§’? Final
ol MANAGEMENT PLAN
N and Environmental Assessment

ANVE NIADVMI141S

Z
>
—
O
Z
>
-
<
>
~
Z
M
w
>
Z
@)
]
-
>
~
e




In Memoriam

Gerry E. Studds
1937-2006

Gerry Eastman Studds, former Congressman from the Massachusetts 10th
District (1973-1996) and tenacious advocate for the ocean. Congressman
Studds authored the National Marine Sanctuaries Reauthorization and Improve-
ment Act of 1992, which officially designated the Stellwagen Bank National
Marine Sanctuary. His legacy lives on in the sanctuary’s research, education
and conservation efforts, as well as in the vast array of marine legislation that
he eloquently supported. In honor of his dedication to marine issues, Congress
renamed the sanctuary the Gerry E. Studds Stellwagen Bank National Marine
Sanctuary during the 1996 reauthorization of the Sanctuaries Act.
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Atlantic cod, Gadus morhua, is a keystone predator species of major ecological importance within the Stellwagen Bank National Marine
Sanctuary. It is better known as a popular species for commercial and recreational fishing. While cod often graces the tables of homes
and restaurants as the “center-of-the-plate-special,” it needs also to be recognized and appreciated as a functionally significant compo-
nent of the sanctuary’s wildlife.
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ABout THIS DOCUMENT

This document is the revised final management plan and environmental assessment for the Stellwagen Bank National
Marine Sanctuary. The plan’s primary goal is the protection of sanctuary resources, including the conservation of marine
biodiversity within the sanctuary. The attendant sub-goals include protecting the sanctuary’s ecological integrity while
ensuring sustained provision of the sanctuary’s environmental services. Befitting sanctuary status, the plan advocates a
standard for conservation that is higher than may apply broadly throughout the whole Gulf of Maine.

The management plan is the product of an extensive public process begun in 2000 that resulted in a total of more than
45,500 comments provided during the public scoping and draft management plan review periods, and that relied on the
efforts of more than 300 individuals participating in scoping meetings and over 200 people participating on eleven working
groups. Comments on the draft management plan came from all 50 states, two U.S. Territories and 48 countries attesting to
the sanctuary’s national significance. The vast majority of these comments urged that more be done to restore and protect
the sanctuary’s resources and indicated that the existence value (i.e., non-market value) of the sanctuary’s resources is

highly regarded.

In addition to core research and analyses originating for the preparation of this document, the management plan draws
upon information and rationales provided in more than 840 scientific and professional papers and reports, the great major-
ity being peer-reviewed journal articles. The management plan was extensively peer reviewed by scientists and managers
within NOAA and was offered for critical review and comment to numerous related federal and state agencies.

This final management plan serves as a non-regulatory policy framework for addressing the issues facing the sanctuary over
the next five years. It identifies the need and lays the foundation for restoring and protecting the sanctuary’s ecosystem. It
provides strategic guidance for management actions and focuses those actions on four priority programmatic areas: capac-
ity building, ecosystem protection, marine mammal protection and maritime heritage management.

Craig D. MacDonald, Ph.D.

Superintendent

Stellwagen Bank National Marine Sanctuary
175 Edward Foster Rd.

Scituate, MA 02066

(781) 545-8026

stellwagen@noaa.gov

Recommended citation:
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EXECUTIVE SUMMARY

OVERVIEW

The Stellwagen Bank National Marine Sanctuary (SBNMS
or sanctuary) stretches between Cape Ann and Cape Cod at
the mouth of Massachusetts Bay in the southwestern corner
of the Gulf of Maine (GoM). Nearly the size of the state
of Rhode Island and located wholly within federal waters,
sanctuary boundaries include the submerged lands of Stell-
wagen Bank, all of Tillies Bank and Basin, and the southern
portions of Jeffrey’s Ledge. The sanctuary protects 842 square
miles (638 square nautical miles) of open ocean, overlay-
ing a diverse seafloor topography and array of benthic and
pelagic habitats that support biological communities broad-
ly representative of the GoM.

The sanctuary’s mission is to conserve, protect and enhance
the biological diversity, ecological integrity and cultural
legacy of the sanctuary while facilitating uses that are
compatible with the primary goal of resource protection.
When Congress designated the sanctuary in 1992, it did
so to recognize the nationally significant conservation and
aesthetic qualities of the site. Congress directed that the
sanctuary be managed to maintain the habitats and ecologi-
cal services of the natural assemblage of living resources of
the area, as well as its maritime heritage resources. The Stell-
wagen Bank sanctuary is the only federal entity mandated to
conserve biological diversity and protect maritime heritage
resources in the offshore waters of the GoM.

The management plan review process was a public collabo-
ration of immense proportion largely begun in 2000 that
resulted in a total of over 45,500 comments provided during
both the public scoping and draft management plan review
periods, and that relied on the efforts of more than 300
individuals participating in scoping meetings and over 200
people participating on eleven issue-driven working groups.
During the draft management plan review period alone,
25,529 comments came from all 50 states, two U.S. Terri-
tories and 48 countries attesting to the sanctuary’s national
significance. The vast majority of these comments urged
that more be done to restore and protect the sanctuary’s
resources and indicated that the existence value (i.e. non-
market value) of the sanctuary’s resources is highly regard-
ed. The entire process was coordinated with, and reviewed
by, the 45 members and alternates on the Stellwagen Bank
Sanctuary Advisory Council holding appointments princi-
pally during 2002-2006 and offering representation from
Connecticut to Maine.

The Stellwagen Bank sanctuary was designated for a multi-
tude of reasons, not the least of which was its long history
of human use and its high natural productivity and resource
diversity. The historic exploitation of the whales and fish
on Stellwagen Bank and vicinity helped forge a cultural
tradition that is difficult to perpetuate today as a result of
overfishing, habitat destruction and rapid transformation of
the region’s economy. The modern appreciation for these
resources requires that they be protected for their intrinsic

value, multiple ecosystem services, and recreational and
ecotourism importance, while facilitating uses (includ-
ing appropriate fish production) that are environmentally
sustainable and compatible with the widely recognized
need and Congressional mandate for resource protection.

The environmental condition of the sanctuary is subject to
major alterations that are largely due to the effects of human
activities. The basic diversity of marine life and the patterns
and processes that control the distribution and abundance
of marine organisms in the sanctuary is still not well under-
stood. Yet conserving this biodiversity is central to the imple-
mentation of ecosystem-based sanctuary management, an
evolving approach that stresses the management of the
entire sanctuary ecosystem including all biological commu-
nities, habitats and species populations, together with all
compatible uses. Comprehending the great importance of
marine biodiversity and the need to maintain ecological
complexity and resiliency in the sanctuary, this manage-
ment plan is based on the principal concept of managing
marine resources for biodiversity conservation.

Kty FINDINGS

Primary production (production of new organic matter prin-
cipally by photosynthesis) at Stellwagen Bank is compara-
tively high, being three times greater than the GoM in gener-
al and twice as high as at Georges Bank. There are well over
575 known species of animals in the sanctuary and the list
is largely incomplete. Living landscapes (anemone forests,
sponge gardens, hydroid meadows, worm tube beds) carpet
the seafloor and the associated marine communities support
benthic and pelagic species that are dependent upon them.
The number of invertebrate species that constitute these
landscape features remains to be adequately counted. Water
column and seafloor habitats sustain over 80 species of fish
and provide important feeding and nursery grounds for 22
marine mammal species, including the endangered hump-
back, fin and sei whales and the critically endangered North
Atlantic right whale. The area supports foraging activity by
53 species of seabirds, dominated by gulls, storm petrels,
gannets, auks (alcids), sea ducks and shearwaters. Four
species of endangered or threatened sea turtles are known
to frequent the area. Numerous shipwrecks occur through-
out the sanctuary, encapsulating the rich maritime history of
the place. Of the 35 historic shipwrecks located thus far, five
shipwrecks at four sites are listed on the National Register
of Historic Places.

The sanctuary is a hotspot for prey abundance, which is what
ultimately attracts the whales, sustains the fish, seabirds and
other wildlife, and supports the economic and recreational
viability of most current uses in the sanctuary. Key prey
species include sand lance (small semi-pelagic fish), herring
and planktonic copepods. Sand lance numbers in the sanc-
tuary are the highest and most concentrated anywhere in
the southern GoM, and the sanctuary is in an area of high
relative abundance of herring. Accordingly, the sanctuary
is one of the most intensively used whale habitats in the
northeast continental region of the U.S. The World Wildlife



Fund and USA TODAY named Stellwagen Bank and vicinity
one of the top ten premiere places in the world to watch
whales. The readers of Offshore magazine voted Stellwagen
Bank the best place to watch wildlife and the number three
favorite recreational fishing spot in the northeastern U.S. As
the U.S. partner of BirdLife International, the Massachusetts
Audubon Society (Mass Audubon) has designated Stellwa-
gen Bank an Important Bird Area (IBA) because of its excep-
tional habitat.

However, fishing—especially commercial fishing—impacts
and pressures every resource state in the sanctuary. On an
annual basis, virtually every square kilometer of the sanctu-
ary is physically disturbed by fishing. Fishing has removed
almost all of the big old growth individuals among biologi-
cally important fish populations, and reshaped biological
communities and habitats in the process. Commercial fish-
ing lands 17.0 million pounds to 18.4 million pounds of fish
and crustaceans from the sanctuary each year on average
(1996-2005), yet discards approximately 23% of the total
catch as bycatch (based on 2002/2003 estimates). The part of
the catch from the sanctuary that actually is landed amounts
to 1.9%-2.8% of the total New England landings value for
all northeast fisheries. Fishing removes 3,200 metric tons
of herring from the sanctuary each year on average, an
amount that raises concern over the ecological sufficiency
of the forage base for whales and other sanctuary wildlife.
The area in and around the sanctuary is a high use area for
fixed gear vessels and is a hotspot for observations of fishing
gear entanglements with whales in the GoM. While this
distinction makes the sanctuary an ideal location to focus
disentanglement efforts for large whales, the high relative
frequency of sighted entanglements is not in keeping with
the sense of the term “sanctuary.” Additionally, fishing gear
has impacted nearly all historic shipwreck sites that have
been investigated in the sanctuary.

The sanctuary receives more commercial shipping traffic
than any other location within U.S. jurisdiction in the GoM
and approximately ten percent of the vessel/whale colli-
sions recorded world-wide is reported from the sanctuary
area. The annual mean and maximum operating speeds
of whale watch boats in the sanctuary doubled between
1980-1987 and 1998-2004, as did their annual rate of
whale strikes. The overall level of non-compliance with
NOAA whale watch guidelines, based on the distance trav-
eled by the whale watch boats, was 78%. The sanctuary
may be prone to biological invasion by exotic species. This
is based on factors associated with community maturity and
niche opportunities created by a history of lowered species
diversity and extensive chronic habitat disturbance by fish-
ing, together with the sanctuary’s location amid extensive
commercial shipping traffic that can serve as primary vectors
for the introduction of exotics from hull bottoms and ballast
water. Harmful algal blooms and degraded water quality
continue to be concerns with expanding coastal develop-
ment and increasing urbanization in the region, coupled
with unrelenting population growth and commensurate
waste management needs. Creeping offshore industrial-
ization along the western boundary of the sanctuary in the

form of deepwater LNG ports may lead to chronic under-
water noise affecting sanctuary resources in virtual perpetu-
ity. Over half of all resource condition categories (10 of 17)
evaluated for the sanctuary had fair through poor ratings.
The general trend for habitat and living resources appears to
be static and in need of improvement.

MANAGEMENT PLAN

This document provides the basis to consider how things
should be done differently to improve the resource condi-
tions of the sanctuary, since that is what the findings indi-
cate is needed. The Sanctuary Advisory Council provides a
vision for the future that contrasts the current conditions in
the sanctuary:

“The Stellwagen Bank National Marine Sanctuary is
teeming with a great diversity and abundance of marine
life, supported by diverse, healthy habitats in clean
ocean waters. The ecological integrity of the sanctuary
is protected and fully restored for current and future
generations. Human uses are diverse and compatible
with maintaining natural and cultural resources.”

The management plan represents the first step toward
achieving this vision.

This management plan serves as a non-regulatory policy
framework for addressing the issues facing the Stellwagen
Bank sanctuary over the next five years. It lays the founda-
tion for restoring and protecting the sanctuary’s ecosystem.
It details the human pressures that threaten the qualities
and resources of the sanctuary. It recommends actions that
should be taken now, and some that should be considered
in the near future, for restoring and protecting this special
place.

At this time, NOAA is not proposing any regulations or
changes to the Stellwagen Bank sanctuary designation
document. However, several regulatory initiatives that
derive from the strategies presented in the management plan
ultimately could be considered for action prior to the next
management plan review nominally scheduled for 2015.
These include: management of whale watching, maritime
heritage resources management, preventing local depletion
of key forage species, and instituting requirements for habi-
tat zoning and compatibility analysis. These initiatives may
necessitate that the designation document be amended.

This document provides strategic guidance for management
actions and focuses those actions on four priority program-
matic areas: capacity building, ecosystem protection,
marine mammal protection and maritime heritage manage-
ment. NOAA is focusing on these priority areas because
they will significantly contribute to achieving the vision and
mission of the sanctuary. The eleven action plans in this
document address issues relative to these four areas and are
based extensively on the advice of working groups estab-
lished by the Sanctuary Advisory Council.



Copies of the final management plan and environmen-
tal assessment can be obtained by writing to Dr. Craig
MacDonald, Sanctuary Superintendent, Stellwagen Bank
National Marine Sanctuary, 175 Edward Foster Rd., Scitu-
ate, MA 02066 or by facsimile to (781) 545-8036 or please
call (781) 545-8026 or send an email to stellwagen@noaa.
gov. Copies of this document may be downloaded from the
internet at http://stellwagen.noaa.gov/management.

ORGANIZATION OF THIS DOCUMENT

The management plan is organized into eleven principal
sections.

Section | provides background information on the nation-
al marine sanctuaries and the management plan review
process.

Section Il is an overview of the institutional setting within
which the sanctuary operates.

Section Ill presents the sanctuary setting. This section is
divided into three sub-sections: biodiversity conservation;
physical setting, including geography, geology, and ocean-
ography; and primary producers and decomposers.

Section IV describes the resource states of the sanctuary
and provides context and foundation for the action plans in
Section VII. This section is divided into eight sub-sections:
seafloor and water column habitats, benthic invertebrates,
fishes, seabirds, sea turtles, marine mammals, and maritime
heritage resources.

Section V discusses the kinds and status of human use and
the economic value where available.

Section VI is a summation of the effects of human uses on
sanctuary resources including a discussion of cumulative
impacts.

Section VII contains the action plans, which detail the
management actions the sanctuary will take to address
priority issues and meet the purposes and policies of the
National Marine Sanctuaries Act.

Section VIII provides an environmental assessment of the
two alternatives considered: no action and revising the
management plan.

Section IX lists the sources and literature cited in this docu-
ment.

Section X presents the results of the public comment process
including a numerical and geographic analysis of the find-
ings. It provides general responses to comments and ques-
tions and summarizes the revisions made.

Section Xl includes a number of appendices, which provide
supporting information on various aspects of the manage-
ment plan.

The sanctuary management objectives, included in this
management plan, are organized by priority programmatic
area and their respective action plan in the list that follows.


http://stellwagen.noaa.gov/management

Capacity Building
Administrative Capacity and Infrastructure Action Plan

ADMIN.T Improve Site Staffing and Support Capabilities for SBNMS Programs
ADMIN.2 Maintain and Enhance the Infrastructure of the Site
ADMIN.3 Develop a SBNMS Volunteer Organization to Support Sanctuary Programs and Enhance Site Visibility
Interagency Cooperation Action Plan
IC.1 Facilitate Cooperation and Coordination between Agencies
IC.2 Establish Mechanisms for Improving Information Sharing
Public Outreach and Education Action Plan
POE.1 Improve Outreach and Education Capacity to Increase Sanctuary Visibility, Awareness, and Stewardship
POE.2 Improve Capacity for Formal and Informal Education Programs that Support Management Goals
Compatibility Determination Action Plan
CD.1 Develop a Framework for Sanctuary Compatibility Determination
Ecosystem Protection
Ecosystem-Based Sanctuary Management Action Plan
EBSM.1 Establish a Science Review Protocol
EBSM.2 Establish an Information Management System
EBSM.3 Understand Ecosystem Structure and Function
EBSM.4 Protect Ecological Integrity
EBSM.5 Evaluate the Need and Feasibility of Modifying the Sanctuary Boundary
Ecosystem Alteration Action Plan
EA.1 Reduce Impacts of Laying Cables and Pipelines
EA.2 Reduce Alteration of Benthic Habitat by Mobile Fishing
EA.3 Reduce Impacts of Biomass Removal by Fishing Activity
Water Quality Action Plan
WQ.T Assess Water Quality and Circulation
WQ.2 Reduce Pollutant Discharges and Waste Streams that May Affect the Sanctuary
Marine Mammal Protection
Marine Mammal Behavioral Disturbance Action Plan
MMBD.1 Reduce Marine Mammal Behavioral Disturbance by Vessels
MMBD.2 Reduce Marine Mammal Behavioral Disturbance by Noise
MMBD.3 Reduce Marine Mammal Behavioral Disturbance by Aircraft
Marine Mammal Vessel Strike Action Plan
MMVS.1 Reduce the Risk of Vessel Strike between Large Commercial Ships and Whales
MMVS.2 Reduce the Risk of Vessel Strike through Speed Restrictions
MMVS.3 Support and Develop Research Programs to Reduce the Risk of Vessel Strikes
Marine Mammal Entanglement Action Plan
MME.1 Aid Disentanglement Efforts
MME.2 Reduce Marine Mammal Interaction with the Trap/Pot Fishery
MME.3 Reduce Marine Mammal Interaction with the Gillnet Fishery
Maritime Heritage Management
Maritime Heritage Management Action Plan
MH.1 Establish a Maritime Heritage Program
MH.2 Inventory, Assess and Characterize Historical Resources
MH.3 Protect and Manage Historical Resources
MH.4 Develop and Implement a MH Outreach and Education Program

MH.5 Assess Shipwrecks and Other Submerged Objects for Potential Hazards
MH.6 Facilitate Access to Modern Shipwrecks
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PHOTOGRAPHY AND ART CREDITS

COVER. Feeding humpback whales, Teapot and Tectonic,
during a tagging cruise—Credit: WCNE and SBNMS. Photo
taken under NOAA Fisheries Permit #981-1707. Sea star
and steam release pipe from coastal steamship Portland
—Credit: NURC-UConn, SBNMS and The Science Channel.
Northern red anemone on boulder ridge—Credit: USGS.
Wolffish prowls along the sanctuary seafloor—Credit:
NURC-UConn.

FIRST PAGE. Atlantic cod, Gadus morhua, is a keystone
predator species of major ecological importance within
the Stellwagen Bank National Marine Sanctuary—Credit:
Douglas Costa

Section I. Captain Henry S. Stellwagen—Courtesy of the
Stellwagen Family

Section Il. Smooth sunstar on seafloor—Credit: USGS

Section Ill. Northern red anemone and American lobster—
Credit: USGS

Section IV. Squid and starfish on mud habitat—Credit:
USGS

Section V. Sand lance over gravel, shells and coarse sand—
Credit: USGS

Section VI. Frilled anemones on a boulder—Credit: USGS

Section VII. Burrowing anemone with pink shrimp—Credit:
USGS

Section VIII. Northern sea stars in a muddy basin—Credit:
USGS

Section IX. Shell pile in the trough between sand waves—
Credit: USGS

Section X. Horse star over pebbly substratum—Credit:
USGS
Section XI. Gravel with encrusting coralline algae and

sponges—Credit: USGS
Page 26 “Inside the anemone forest” painting—Credit:
Joline Putnam, RI School of Design!

Page 36. “Exploring the deep boulder reef” painting—Cred-
it: Mary Jane Brush, UConn2

Page 43. Diatoms (Chaetoceros affins, Coscinodiscus sp.,
Chaetoceros debilis)—Credit: Paul Hargraves, Univ. RI

Page 48. Feeding humpbacks and seabirds—Credit: Ari
Friedlander, Duke Univ/SBNMS (NOAA Permit 981-1707)

Page 49. American lobster, cunner and benthic inverte-
brates—Credit: Matthew Lawrence, SBNMS

Page 58. Hydromedusae—Credit: Norman Despres
Page 68. Field of sand dollars—Credit: USGS

Page 74. Northern puffer—Credit: Norman Despres

Page 80. Greater shearwater—Credit: Glen Tepke
Page 88. Leatherback turtle—Credit: Glen Tepke

Page 90. Humpback whale calf fluke—Credit: Kate Sardi,
WCNE/SBNMS (NOAA Permit 981-1707)

Page 116. “Evening Shipping on Boston Bay, 1898” paint-
ing—Credit: William G. Muller

Page 130. Various human uses during a summer day on the
SBNMS—Credit: Regina Asmutis-Silvia

Page 130. Commercial Fishing section—Credit: SBNMS/
NOAA

Page 142. Recreational Fishing section—Credit: SBNMS/
NOAA

Page 152. Whale Watching section—Credit: Regina Asmu-
tis-Silvia

Page 153. Other Recreation and Tourism section—Credit:
Deborah Marx, SBNMS

Page 154. Maritime Transportation section—Credit: SBNMS

Page 164. Cunner and invertebrates—Credit: Tane Casser-
ley

Page 182. Whale tagging research boat—Credit: WCNE/
SBNMS; Humpback and NOAA Ship Nancy Foster—Credit:
WCNE/SBNMS (NOAA Permit 981-1707); Sanctuary exhib-
it at Gloucester Maritime Heritage Center—Credit: Anne
Smrcina, SBNMS; SBNMS facilities—Credit: Anne Smrcina,
SBNMS

Page 205. Haddock—Credit: NURC-UConn; Greater Shear-
water—Credit: WCNE/SBNMS; Atlantic herring—Credit: Jon
Witman, Brown Univ.; Sea Scallop—Credit: USGS

Page 225. Breaching humpback whale—Credit: Ari Fried-
lander, Duke Univ/SBNMS (NOAA Permit 981-1707);
Recreational boat and humpback whales—Credit: Kate
Sardi, Duke Univ./SBNMS (NOAA Permit 981-1707); Dead
right whale with propeller marks—Credit: PCCS; Entangled
humpback whale—Credit: PCCS (NOAA Permit 932-1489)

Page 244. Portland’s steam release pipe—Credit: NURC-
UConn, The Science Channel and SBNMS; Portland’s bitts
with encrusting invertebrates—Credit: NURC-UConn,
The Science Channel and SBNMS; Teacups in Portland’s
galley—Credit: NURC-UConn/SBNMS; Pipes and mug on
Portland’s deck—Credit: NURC-UConn, The Science Chan-
nel and SBNMS.

LAST PAGE. Whales and birds feeding at sunset in the
Stellwagen Bank National Marine Sanctuary—Credit: Cara
Pekarcik, WCNE/SBNMS (NOAA Permit 981-1707)

1,2Both paintings are scientifically accurate portrayals of characteristic seafloor landscapes based on the artists’
examination of over a hundred hours of underwater video made by remotely operated vehicles (ROVs) in the sanctuary.

Both artists are formally trained scientific illustrators.
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This section introduces the management [
plan. It provides overviews of the Office of
National Marine Sanctuaries (ONMS) and the
Stellwagen Bank National Marine Sanctuary.
~ Itaddresses ONMS authorization and sanctu-
ary designation. It describes the management
plan review process and the extensive role of
the Sanctuary Advisory Council in develop-
ment of the action plans. And, it illustrates
the management continuum envisioned for
the sanctuary.




OVERVIEW OF THE OFFICE OF NATIONAL
MARINE SANCTUARIES

The Office of National Marine Sanctuaries (ONMS) serves
as the trustee for a system of 14 marine protected areas',
encompassing more than 290,000 square miles of marine
and Great Lakes waters from Washington State to the Florida
Keys, and from New England to American Samoa (Figure 1).
The ONMS is an office within the National Ocean Service
of the National Oceanic and Atmospheric Administration
(NOAA) (see Sidebar). The sanctuary system includes: 13
national marine sanctuaries and the Papahanaumokuakea
Marine National Monument. The ONMS works coop-
eratively with the public to protect the living marine and
non-living resources of sanctuaries while allowing recre-
ational and commercial activities that are compatible with
the primary goal of resource protection. The ONMS raises
public awareness of sanctuary resources and management
issues through programs of scientific research, monitoring,
exploration, education and outreach.

The national marine sanctuaries are an essential part of
this country’s collective environmental riches. Within their
protected waters, giant whales feed, breed and nurse their
young, coral colonies flourish, and shipwrecks tell stories
of our maritime history. Sanctuary habitats include beauti-

FIGURE 1. THE SYSTEM OF NATIONAL MARINE SANCTUARIES.
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1 Ex. Ord. No. 13158, May 26, 2000, 65 F.R. 34909 Sec. 2. (a) defines a
“marine protected area” as, “...any area of the marine environment that has
been reserved by Federal, state, territorial, tribal, or local laws or regula-
tions to provide lasting protection for part or all of the natural and cultural
resources therein.”

ful rocky reefs, lush kelp forests, whale migration corridors
and destinations, spectacular deep-sea canyons, and under-
water archaeological sites. Our nation’s marine sanctuar-
ies provide a safe habitat for species close to extinction or
protect historically significant shipwrecks. They range in
size from one-quarter square mile in American Samoa’s
Fagatele Bay to the more than 140,000 square miles in the
Papahanaumokuakea Marine National Monument in the
Northwestern Hawaiian Islands—one of the largest marine
protected areas in the U.S. Each sanctuary is a unique
place needing special protection. Serving as natural class-
rooms, cherished recreational spots and places for valuable
commercial activities, marine sanctuaries represent many
things to many people.

The ONMS provides oversight and coordination of the sanc-
tuary system by setting priorities for addressing resource
management issues and directing program and policy
development. The ONMS is responsible for ensuring that
the management plan prepared for each sanctuary is consis-
tent with the National Marine Sanctuaries Act. The ONMS
provides a general budget for expenditures for program
development, operating costs and staffing. On an annual
basis, the ONMS reviews and adjusts funding priorities and
requirements to reflect resource management needs of the
respective sanctuaries. The ONMS also monitors the effec-
tiveness of the management plan,
makes recommendations to promul-
gate regulatory changes where neces-
sary, and monitors intra- and inter-
agency agreements.

THE NATIONAL MARINE
SANCTUARIES ACT

The National Marine Sanctuaries Act
(NMSA) (16 U.S.C. 1431 et seq.) is
the organic legislation governing the
National Marine Sanctuary System
(Appendix A). The ONMS authorizes
the Secretary of Commerce to desig-
nate as national marine sanctuaries
areas of the marine environment or
Great Lakes with special national
significance due to their conserva-
tion, recreational, ecological, histori-
cal, scientific, cultural, archeological,
educational or aesthetic qualities.
Sanctuaries are special areas set aside
in perpetuity for long-term protection
and conservation and are part of our
nation’s legacy to future generations;
in many ways the marine equivalent
to our national parks. The ONMS is
the Federal program within NOAA
charged with managing national
marine sanctuaries. The primary objective of the NMSA
is to protect sanctuary resources. The NMSA also directs
the ONMS to facilitate all public and private uses of those
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resources, to the extent that they are compatible with the
primary objective of resource protection.

The purposes and policies of the NMSA are

(1) To identify and designate as national marine sanctuaries
areas of the marine environment which are of special
national significance and to manage these areas as the
National Marine Sanctuary System;

(2) To provide authority for comprehensive and coordinated
conservation and management of these marine
areas, and activities affecting them, in a manner that
complements existing regulatory authorities;

(3) To maintain the natural biological communities in the
national marine sanctuaries, and to protect, and, where
appropriate, restore and enhance natural habitats,
populations and ecological processes;

(4) To enhance public awareness, understanding,
appreciation, and wise and sustainable use of the
marine environment, and the natural, historical, cultural
and archeological resources of the National Marine
Sanctuary System;

(5) To support, promote and coordinate scientific research
on, and long-term monitoring of, the resources of these
marine areas;

(6) To facilitate to the extent compatible with the primary
objective of resource protection, all public and private
uses of the resources of these marine areas not prohibited
pursuant to other authorities;

(7) To develop and implement coordinated plans for
the protection and management of these areas
with appropriate Federal agencies, state and local
governments, Native American tribes and organizations,
international organizations, and other public and
private interests concerned with the continuing health
and resilience of these marine areas;

(8) To create models of, and incentives for, ways to conserve
and manage these areas, including the application of
innovative management techniques; and

(9) To cooperate with global programs encouraging
conservation of marine resources.

COMPREHENSIVE MANAGEMENT OF NATIONAL MARINE
SANCTUARIES

The NMSA states that the ONMS will “maintain for future
generations the habitat and ecological services of the natu-
ral assemblage of living resources that inhabit [sanctuaries]”
(16 U.S.C. 1431 et seq., §301(a)(4)(A)). The NMSA further
recognizes that “while the need to control the effects of
particular activities has led to enactment of resource-specific
legislation, these laws cannot in all cases provide a coordi-
nated and comprehensive approach to the conservation and
management of the marine environment” (16 U.S.C. 1431
et seq., §301(a) (3)). Accordingly, the ONMS subscribes to
a broad and comprehensive management approach to meet
the NMSA's primary objective of resource protection.

National Oceanic and Atmospheric
Administration (NOAA)

NOAA Mission: To understand and predict changes in
Earth’s environment and conserve and manage coastal and

marine resources to meet our Nation’s economic, social, and
environmental needs (NOAA, 2005).

The ONMS is part of the National Oceanic and
Atmospheric Administration (NOAA), which
conducts research and gathers data about the global
oceans, atmosphere, space and sun, and applies this
knowledge to science and service that touch the lives
of all Americans (www.noaa.gov). In doing so, NOAA
warns of dangerous weather, charts the nation’s seas
and skies, guides the use and protection of ocean and
coastal resources, and conducts research to improve
the collective understanding and stewardship of the
environment that sustains the nation.

A Commerce Department agency, NOAA provides

these services through five major organizations: the
National Weather Service; the National Ocean Service;
the National Marine Fisheries Service; the National
Environmental Satellite, Data and Information Service;
the Office of Oceanic and Atmospheric Research; as
well as numerous special program units. In addition,
NOAA research and operational activities are supported
by the nation’s seventh uniformed service, the NOAA
Corps, a commissioned officer corps of men and women
who operate NOAA ships and aircraft, and serve in
scientific and administrative posts.

National Ocean Service (NOS)

The ONMS is part of the National Ocean Service
(NOS). The NOS (http://www.nos.noaa.gov) develops
the national foundation for coastal and ocean science,
management, response, restoration and navigation.
The NOS maintains a leadership role in coastal and
ocean stewardship by bridging the gap between science,
management, and public policy in the areas of healthy
coasts, navigation, coastal and ocean science, and
coastal hazards. Ten program offices are located within
the NOS:

e Office of National Marine Sanctuaries

¢ Center for Operational Oceanographic Products and
Services (CO-OPS)

e National Centers for Coastal Ocean Science
(NCCOS)

e (Coastal Services Center (CSC)

¢ Office of Coast Survey (OCS)

¢ Office of Ocean and Coastal Resource Management
(OCRM)

¢ Office of Response and Restoration (OR&R)
¢ National Geodetic Survey (NGS)

¢ International Program Office (IPO)

* Management and Budget Office (MBO)



http://www.nos.noaa.gov

This comprehensive management approach differs from
that of various other national and local agencies and laws
directed at resource-specific management. Comprehensive
sanctuary management serves as a framework for address-
ing long-term protection of a wide range of living and non-
living marine resources, while allowing multiple uses of
the sanctuary to the extent that they are compatible with
the primary goal of resource protection. The resources
managed by the ONMS span diverse geographic, adminis-
trative, political and economic boundaries. Strong partner-
ships among resource management agencies, the scientific
community, stakeholders and the public at-large are needed
to realize the coordination and program integration that the
NMSA calls for in order to comprehensively manage nation-
al marine sanctuaries.

OVERVIEW OF THE STELLWAGEN BANK
NATIONAL MARINE SANCTUARY

DESIGNATION

Designation of Stellwagen Bank as the nation’s twelfth (and
New England’s first and only) national marine sanctuary was
the culmination of over a decade of effort (see Appendix B).
In the late 1980s, an elevated public awareness of regional
development activities prompted calls for greater protec-
tion of New England’s marine resources. Stellwagen Bank
was first nominated for consideration as a national marine
sanctuary in 1982 by the Center for Coastal Studies in Prov-
incetown, Massachusetts and the Defenders of Wildlife in
Washington, D.C. The following year NOAA added Stell-
wagen Bank to its “Site Evaluation List” from which NOAA
chose ocean areas as active candidates for designation as
national marine sanctuaries.

NOAA elevated the Stellwagen Bank proposal to Active
Candidate status on April 19, 1989 (54 FR 15787). This was
done in response to a requirement in the 1988 amendments
to the NMSA that a prospectus on the Stellwagen Bank
proposal be submitted to Congress by September 30, 1990
(P.L. 100-627, s. 205(b)(1)). NOAA commenced gathering
public comment and prepared the Draft Environmental
Impact Statement/Management Plan and the Prospectus
for Congress. These were published on February 8, 1991,
initiating a 60-day public comment period and a 45-day
Congressional review period. During the comment period,
a series of public hearings were held, 860 written comments
were submitted, and petitions signed by more than 20,000
persons supporting designation of the Stellwagen Bank
National Marine Sanctuary were received by NOAA.

On October 7, 1992, Congress passed legislation reau-
thorizing and amending Title lll of the Marine Protection,
Research and Sanctuaries Act (MPRSA) [now also known as
the National Marine Sanctuaries Act]. This legislation was
signed into law on November 4, 1992. Section 2202 of
that law designates the Stellwagen Bank National Marine
Sanctuary. Among related initiatives, it establishes the sanc-
tuary boundary; prohibits the exploration for and mining of
sand and gravel and other minerals in the sanctuary; and

requires consultation with the Secretary of Commerce by
Federal agencies proposing agency actions in the vicinity
of the sanctuary that may affect sanctuary resources. The
sanctuary consists of an area entirely within federal waters,
measuring approximately 842 square miles (638 square
nautical miles) and lying off the coast of Massachusetts.

RESOURCE CHARACTERISTICS

The Stellwagen Bank sanctuary was designated for a multi-
tude of reasons, including its high natural productivity and
species diversity, as well as its long history of human use.
Primary production at Stellwagen Bank is comparatively
high; it is three times greater than the GoM in general and
twice as high as at Georges Bank. There are well over 575
known species in the sanctuary and the list is largely incom-
plete. Living landscapes (anemone forests, sponge gardens,
hydroid meadows, worm tube beds) carpet the seafloor
and the associated marine communities support benthic
and pelagic species that are dependent upon them. Water
column and seafloor habitats sustain over 80 species of fish
and provide important feeding and nursery grounds for 22
marine mammal species including the endangered hump-
back and fin whales and the critically endangered North
Atlantic right whale. The area supports foraging activity by
53 species of seabirds dominated by gulls, storm petrels,
gannets, auks (alcids), sea ducks and shearwaters. Fish and
invertebrate populations include both demersal and pelagic
species, such as cod, flounders, bluefin tuna, herring, lobster
and scallops. Leatherback and Kemp’s ridley sea turtles
(endangered species) on occasion visit the area for feeding.

Sitting astride historic fishing grounds and shipping routes,
the Stellwagen Bank sanctuary has been a locus for a vari-
ety of human maritime activities for centuries. As Glouces-
ter is America’s oldest seaport, Stellwagen Bank (formerly
Middle Bank) is among the most historic fishing grounds
in the GoM, harkening back to colonial times. The major
shipping corridors established in the past are still prominent
today where they cross the sanctuary. Shipwrecks on the
sanctuary’s seafloor represent the development of commer-
cial fishing and maritime transportation during the nearly
400 years that maritime commerce passed through the area.
To date 35 historic shipwreck sites have been located in the
sanctuary; four shipwreck sites are listed on the National
Register of Historic Places. These shipwrecks are tangible
connections to the past that allow the sanctuary to study and
better understand the area’s history.

SANCTUARY MANAGEMENT PLAN REVIEW

The sanctuary management plan review (MPR) process is
based on three fundamental steps: 1) public scoping, which
includes a formal comment period and public meetings
to identify a broad range of issues and concerns related to
management of the sanctuary; 2) analysis and prioritization
of the issues raised during scoping, followed by the devel-
opment of action plans; and 3) preparation of the draft and
final management plans and relevant NEPA documentation,
such as an Environmental Impact Statement or Environmen-



tal Assessment. Public review of the draft management
plan provides guidance for staff to revise the document and
prepare the final management plan. Once approved by
NOAA, the final management plan outlines the sanctuary’s
priorities for the next five years.

Management plans are sanctuary-specific documents that
perform many functions, including describing regulations
and boundaries; outlining staffing and budget needs; setting
priorities and performance measures for resource protection,
research and education programs; and guiding develop-
ment of future budgets and management activities. Periodic
management plan review, required by law for all National
Marine Sanctuaries, is conducted to ensure that each site
properly conserves and protects its nationally significant
living and cultural resources. The Stellwagen Bank sanctu-
ary’s existing management plan was published in July 1993.
Five years later, NOAA initiated its five-year management
plan review.

From December 1998 to January 1999, the sanctuary initiat-
ed formal review of its management plan by holding public
scoping meetings in Barnstable, Boston and Gloucester
(MA) to ask the public for comments on the status of site
management. The MPR was delayed several years due to a
change in sanctuary management. The MPR resumed with
an open public comment period during July 2—October 18,
2002. An additional round of nine public scoping meet-
ings, coincident with this comment period, was held during
September and October at the following locations: Mystic,
CT; New Bedford, MA; Provincetown, MA; Falmouth, MA;
Plymouth, MA; Boston, MA; Gloucester, MA; Portsmouth,
NH; and Portland, ME. The State of the Sanctuary Report,
published in June 2002, set the stage for these meetings and
public comment period.

During the scoping process, the public identified a range
of important considerations for sanctuary management.
Eight key topics comprised of 27 issues were synthesized
by sanctuary staff from the input of over 300 participants
who attended the scoping meetings and the approximately
20,000 written comments received during both public
comment periods. These key topics and their respective
issues are listed in Appendix C. Upon conclusion of public
scoping, the Sanctuary Advisory Council engaged in an
intensive effort during 2002-2005 to prioritize these issues
and, through working groups, develop action plans with
recommendations to address them.

The Draft Management Plan was released for a six-month
public review and comment period. The initial comment
period was May 6 - August 4, 2008. Eight public meetings
in four states were held in June at the following locations
throughout New England: Portland, ME; Portsmouth, NH;
Wenham, MA; Boston, MA; Plymouth, MA; Hyannis, MA;
N. Dartmouth, MA; and, Mystic, CT. A total of 103 people
provided comment at these meetings (total attendance was
274). The comment period was extended to October 3,
2008 in response to requests made at these meetings for
additional time for the public to complete reviews and

submit comments. The sanctuary received a total of 25,529
comments on the draft management plan from all 50 states,
two U.S. Territories and 48 countries. All comments are
provided on the sanctuary’s website and are analyzed and
summarized in Section X of this document.

SANCTUARY ADVISORY COUNCIL

Citizens of New England are politically and socially engaged
on issues affecting their communities and the surrounding
environment, including the ocean. The Stellwagen Bank
sanctuary came about largely due to the dedication and
determination of thousands of local citizens and elected
officials who strongly advocated for sanctuary designa-
tion. To this day, public participation permeates nearly
every aspect of the sanctuary’s management and operation,
with people serving on the Sanctuary Advisory Council and
its working groups, becoming involved in the sanctuary’s
community outreach and educational activities, as well as
offering informal advice on a variety of sanctuary issues and
related opportunities.

Much of the time, this public interest is channeled through
the Advisory Council, which serves as the primary connec-
tion to the stakeholders of the sanctuary, including concerned
citizens. The Advisory Council is formed of members from
the public to provide advice to the sanctuary superintendent
on the management and protection of the sanctuary. Section
315 of the National Marine Sanctuaries Act authorizes the
Secretary of Commerce to establish Sanctuary Advisory
Councils. This authority has been delegated to the Director
of the ONMS.

The current Stellwagen Bank Sanctuary Advisory Council
was formally constituted and approved on October 3, 2001;
the first meeting was convened on November 5, 2001. The
Advisory Council is comprised of a total 21 members, of
which 15 voting public members represent various stake-
holder interests and 6 non-voting ex-officio members (or
their designee) represent state and federal agencies. There
are also 15 alternates for the public seats, who assume
the seat and vote in the absence of the respective public
member. [Note: the Advisory Council charter was amended
on December 10, 2007 to increase the number of public
members to 17.] The Stellwagen Bank Sanctuary Advisory
Council has public representation from four states (Connect-
icut, Massachusetts, New Hampshire and Maine) and eight
Congressional districts; the Advisory Council is among the
largest in the national system and is distinguished by its
multi-state representation. Advisory Council membership is
listed in Appendix D.

Advisory Council members are selected through an open
recruitment process to represent the views of their particu-
lar constituency. Applications are reviewed by the Advi-
sory Council executive committee working with the sanc-
tuary superintendent, who makes final recommendations.
Appointment is by the Director of the ONMS. Members are
volunteers serving two- or three-year terms. The Stellwagen
Bank Sanctuary Advisory Council has participated in every



step of the MPR process, including the public scoping meet-
ings.

Between 2002 and 2005 the Advisory Council held frequent
meetings to accomplish the following:

* prioritize issues
e formulate action plan topics
e agree on working group tasking and make-up

e convene working groups to develop and recommend
action plans

e review, revise and adopt working group action plans

e forward amended action plans to the sanctuary superin-
tendent

* prioritize action plan strategies
e formulate a sanctuary vision statement

Appendix E lists the Advisory Council meetings related to
MPR.

RoOLE oF WORKING GROUPS

The preparation of action plans required a prodigious
effort, involving the simultaneous convening of 11 working
groups of the Advisory Council (see Sidebar). This effort was
possible because of the able leadership and dedication of
the Advisory Council members and alternates, who served
as chairs for these groups. Other working group members
represented stakeholder interests, including industry and
environmental organizations, and government agen-
cies having relevant jurisdiction and technical capacities,
academia and general educational institutions, and members
of the concerned public. In some cases, technical advisors
informed working groups on specific issues. Sanctuary
staff represented the sanctuary on each working group and
offered support services, such as making meeting arrange-
ments and preparing minutes. After the other 11 working
groups had completed their tasks, an additional working
group on compatibility determination was convened. This
sequencing was necessary because the sanctuary did not
have the capacity to simultaneously staff this working group,
in addition to the others.

Working group topics generated considerable discussion
among the Advisory Council, particularly with regard to
fishing. Some members felt that fishing warranted its own
action plan. Others felt that the working groups should be
organized around issues and concerns, irrespective of the
type of activity that may be involved. As an outcome, the
effects of fishing were largely subsumed within the broader
context of ecosystem alteration and other related concerns,
such as marine mammal entanglement and damage to mari-
time heritage resources. The Advisory Council chose to
evaluate the suite of impacts first, and then consider their
cause in relation to human activity.

Working group members were selected through an open,
competitive recruitment process approved by the Adviso-
ry Council. Recruitment was conducted by the Advisory
Council executive committee working with the sanctu-

Developing Action Plans

¢ Administrative Capacity and Infrastructure
Development and Maintenance

¢ Interagency Cooperation

¢ Public Outreach and Education

¢ Compatibility Determination

* Ecosystem-Based Sanctuary Management

® Ecosystem Alteration

e Water Quality

® Marine Mammal Behavioral Disturbance

® Marine Mammal Vessel Strike

® Marine Mammal Entanglement

® Maritime Archaeology

¢ Site Characterization

ary superintendent. The working groups followed a set of
ground rules that were approved by the Advisory Council.
Working groups elected to operate by consensus rather than
voting and allowed for alternates among their membership.
Combined membership on the working groups totaled more
than 200 people and is listed in Appendix F.

PrINCIPAL OUTCOMES

The Advisory Council reviewed and, where deemed neces-
sary, modified the working group action plans at their Octo-
ber 10, 2004 meeting. The amended action plans were
adopted by vote of the Advisory Council, and then forwarded
as advice for consideration by the sanctuary superintendent.
At a follow-up meeting in November 5, 2004, the Advisory
Council prioritized the strategies and activities within each
action plan. At their July 11, 2005 meeting, the Advisory
Council developed a vision statement for the sanctuary that
has been adopted by NOAA and included in this document.
It reads as follows:

“The Stellwagen Bank National Marine Sanctuary is
teeming with a great diversity and abundance of marine
life supported by diverse, healthy habitats in clean
ocean waters. The ecological integrity of the sanctuary
is protected and fully restored for current and future
generations. Human uses are diverse and compatible
with maintaining natural and cultural resources.”

The intent and overall goals of the action plans, as submitted
by the Advisory Council, have been maintained and serve as
the foundation for the management plan. NOAA has signifi-
cantly reorganized and condensed these versions in order to
eliminate duplication among them and to make them more
strategic in their expression. The action plans are presented
in Section VII of this document.

Based on the large number of comments on the draft
management plan submitted from across the country and



from around the world, management of the Stellwagen Bank
National Marine Sanctuary clearly elicits broad national and
international interest. The vast majority of the comments
received urged that more be done to restore and protect the
sanctuary’s resources and indicates that the existence value
(i.e., non-market value) of the sanctuary’s resources is highly
regarded. This overriding expression of interest and concern
for this special place validates the sanctuary being desig-
nated by Congress as one of the nation’s notable marine
treasures and denotes strong public resolve that the actions
recommended in the draft plan be implemented.

THE MANAGEMENT PLAN

This management plan serves as a non-regulatory policy
framework for addressing the issues facing the Stellwagen
Bank sanctuary over the next five years. The document
provides strategic guidance for management actions and
focuses those actions on four priority programmatic areas:
capacity building, ecosystem protection, marine mammal
protection and maritime heritage management. NOAA is
focusing on these priority areas because they will signifi-
cantly contribute to achieving the vision and mission of the
sanctuary.

At this time, NOAA is not proposing any regulations or
changes to the designation document and an environmen-
tal assessment (Section VII) accompanies this management

plan, rather than an environmental impact statement pursu-
ant to the requirements of the National Environmental
Policy Act (42 U.S.C sec. 4321-4370 et seq.) and Council
on Environmental Quality (CEQ) regulations (40 CFR Parts
1500-1508). However a suite of regulatory initiatives that
derives from the strategies presented in the draft manage-
ment plan ultimately could be considered. Figure 2 illus-
trates the management continuum envisioned and examples
of potential management actions.

The remainder of this document is organized into ten
sections.

Section Il. Institutional Setting provides an overview of the
administration of the sanctuary and how the sanctuary inter-
acts with other federal and state agencies to accomplish its
mission.

Section lll. Sanctuary Setting introduces the concept of
managing sanctuary resources for biodiversity conservation.
It describes the physical characteristics of the sanctuary and
the primary producers and decomposers that are essential to
the sanctuary’s ecosystems function.

Section IV. Resource States offers an in-depth analysis of the
status of the natural and cultural resources of the sanctu-
ary, drawing on extensive new information never before
compiled in one synthesis. For each resource state, the
analysis begins with a discussion of status, followed by a

FIGURE 2. ILLUSTRATION OF THE PROPOSED MANAGEMENT CONTINUUM FOR THE STELLWAGEN BANK SANCTUARY.
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description of pressures, and concludes with a summary of
the current protections in place.

Section V. Status of Human Uses characterizes the primary
uses occurring within or near the sanctuary.

Section VI. Summation reviews points raised in previous
sections, forms conclusions and considers outcomes of
cumulative actions and effects.

Section VII. Actions Plans presents the suite of recommend-
ed strategies and activities that should be implemented to
adequately address the many issues that need to be resolved,
in order to manage, protect and restore the resources of the
sanctuary.

Section VIII. Environmental Assessment complies with
NEPA and CEQ regulations and provides a description of
the proposed management action and alternatives.

Section IX. Sources Cited lists more than 840 technical
references that offer substantive documentation supporting
or elaborating on statements made in the text.

Section X. Public Comments presents results of the public
comment process including a numerical and geographic
analysis of the findings. It provides general responses to
comments and questions and summarizes the revisions
made.

Section XI. Appendices include background documentation
that lends support, context and fuller understanding to the
management plan.



I1.
NSTITUTIONAL
SETTING

This section profiles the infrastructure and
current capacity of the Stellwagen Bank sanc-
tuary to carry out its mission. It describes the
basic components and functions of the sanctu-
ary consisting of administration and manage-
ment including human resources, funding,
research, education, enforcement and permit-
ting. In addition, it provides brief descriptions
of the various federal, state and local agen-
cies and organizations that bear on sanctuary
management.




HuMaN RESOURCES

SANCTUARY SUPERINTENDENT

The sanctuary superintendent oversees site-specific manage-
mentfunctions, including revision and implementation of the
management plan. The superintendent designates responsi-
bility for implementing specific programs or projects, estab-
lishes the administrative framework to ensure all resource
management activities are coordinated, and maintains and
manages an appropriate infrastructure to adequately support
site operations. The superintendent reports to the Regional
Superintendent for the Northeast and Great Lakes Region of
the Office of National Marine Sanctuaries (ONMS). General
responsibilities of the sanctuary superintendent include:

 Submitting an annual operating plan that recommends
priorities to the ONMS for annual allocation of funds for
site operations and resource protection;

¢ Formulating and directing research, education, marine
resource management and maritime heritage resource
management programs;

¢ Determining staffing needs and requirements;

¢ Coordinating with the ONMS in the evaluation, process-
ing and issuing of permits and the conduct of inter-agency
consultations;

¢ Coordinating on-site efforts of all parties involved in sanc-
tuary activities including state, federal, regional and local
agencies;

* Working closely with constituents and the community;
and

e Evaluating progress made toward achieving sanctuary
goals and objectives.

SANCTUARY STAFF

Basic staffing supports program activities in ten functional
areas:

e Management Planning

e Technology Integration and Management

Site Operations

* Resource Protection

Research and Monitoring

¢ Education and Outreach

* Maritime Heritage Resources

e Sanctuary Advisory Council Coordination
e External Affairs

¢ Office Administration

Sanctuary staff has knowledge and expertise in policy,
marine resource management, education and outreach,
scientific research and monitoring, maritime heritage
resources, geographic information systems (GIS), informa-
tion technology, program development and office adminis-
tration. The organizational structure at the onset of manage-
ment plan revision is shown in Figure 3. There were seven
full-time staff, four of whom were federal employees and
three were contract employees. Five other contract employ-
ees were part-time status. There also was one post-doctoral
fellow working with the sanctuary.

INFRASTRUCTURE

S1TE FACILITIES

The site facilities of the Stellwagen Bank sanctuary are locat-
ed in the Town of Scituate, Massachusetts, approximately
one hour drive south of Boston. These core facilities are situ-
ated in a residential area known as First Cliff, a peninsula
that separates Massachusetts Bay and Scituate Harbor. The
sanctuary offices reside at this one site; there are no plans in
the next five years to develop a satellite office.

However, the sanctuary maintains visitor exhibits in Glouc-
ester and Provincetown [the latter temporarily closed due
to budget limitations] in partnership with private organiza-
tions. It has semi-permanent displays in cooperation with
the New England Aquarium, Cape Cod Museum of Natural
History, Cape Cod National Seashore, Scituate Maritime and
Irish Mossing Museum, and the Woods Hole Aquarium. It

FIGURE 3. ORGANIZATIONAL CHART FOR THE STELLWAGEN BANK SANCTUARY AT ONSET OF MANAGEMENT PLAN REVISION.
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FIGURE 4. OBLIQUE AERIAL PHOTOGRAPH SHOWING THE STELLWAGEN BANK SANCTUARY BUILDINGS (RED ROOFS), PIER AND DOCKS
ON ScITUATE HARBOR IN 2003 DURING FACILITIES RENOVATION.

(Source: Microsoft Corporation/Pictometry International Corp., 2006)

also has multiple traveling exhibits consisting of interactive
kiosks that rotate through town public libraries and commu-
nity educational organizations in the region.

The site facilities consist of an administrative office, meet-
ing annex, boathouse, attached pier and two floating docks
(Figure 4). Administrative offices and conference room
occupy a 6,800-sqg-ft., three-story building in the former
Scituate USCG Station. An adjacent 2,200-sg-ft., two-story
annex houses a meeting facility and office space for visit-
ing faculty, post-doctoral fellows and graduate interns. Both
buildings are climate-controlled using geothermal technol-
ogy. Major renovation of the Administrative Building and
the Annex was completed in 2004.

A 3,565-sq-ft., two-story boathouse is built on pilings over
the water and includes a 300-ft. pier, with two floating
docks attached. The docks have the capacity to berth one
50-ft. vessel and three smaller boats simultaneously. The
pier can berth additional vessels up to 70 ft. on an interim
basis. Additionally, the sanctuary has three moorings adja-
cent to the pier. Renovations are planned for both the boat-
house and pier to better utilize the existing capacity and to
better support operations of the 50-ft. research vessel. The
entire complex of structures was transferred by Congress in
1999 to NOAA from the USCG, which had occupied the
site since 1937.

VESSELS

The sanctuary currently operates one vessel in support
of research and monitoring, education and emergency
response. The R/V Auk is the sanctuary’s aluminum hydro-
foil-assisted research catamaran (Figure 5). The R/V Auk is a
multi-purpose research vessel designed primarily to support
the sanctuary’s science and education missions. Its length
overall is 50 ft., its beam is 19 ft. and its draft is less than 5.5
ft. It has twin 484 hp diesel engines that drive propellers. Its
cruising speed in the sanctuary is 20 kts or less, depending
on mission and standing orders, but has a top speed of 28
kts. It has a fuel capacity of 600 gallons and a range of 400
nm. It carries a crew of two and a science party of 12 for
day trips. While principally intended as a day boat, it can

conduct 2-3 day missions with berthing for six (two crew
and four scientists). Its stable twin-hull configuration and
sea keeping ability provide year-round access to all parts of
the sanctuary.

The vessel incorporates special design features to facilitate
research. The vessel holds both wetand dry labs. It can deploy,
tow, and retrieve scientific equipment with its 750 Ib capac-
ity oceanographic winch. A 2,000-Ib hydraulic A-frame and
articulated knuckle crane aid in the deployment or retrieval
of equipment. Bow thrusters aid in positioning the vessel.
A dive ladder supports diving operations and the spacious
flying bridge facilitates wildlife observations. A 16-ft. rigid
hull inflatable can be deployed as necessary. The R/V Auk
also offers secondary capabilities as an emergency response
asset and for on-the-water enforcement patrols, if required.
The R/V Auk was recognized as one of the “Great Boats of
2006" by Marine News magazine (December 2006).

SANCTUARY ADVISORY COUNCIL

Public involvement in sanctuary management is vitally
important. Section 315 of the NMSA authorizes the Secre-
tary of Commerce to establish Sanctuary Advisory Councils.

FIGURE 5. THE STELLWAGEN BANK SANCTUARY’S 50-FOOT
RESEARCH VESSEL R/V Auk.

II.  Institutional Setting

11



This authority has been delegated to the Director of the
ONMS, who approves Council charters and appoints Coun-
cil members. All sites in the ONMS have Sanctuary Advisory
Councils.

The charter for the Stellwagen Bank Sanctuary Advisory
Council (Advisory Council) was revised and adopted in 2001.
At that time the Advisory Council was composed of a total of
21 members, of which 15 seats were public voting and six
seats were ex-officio non-voting (three federal and three state
agencies). There were also 15 alternates for the public seats,
who assume the seat and vote in the absence of the respec-
tive public member. The charter was amended on December
10, 2007 to increase the number of public voting seats to 17.
The sanctuary superintendent participates in Advisory Coun-
cil meetings in a non-voting ex-officio capacity. The Advi-
sory Council has had public representation from five states
(Connecticut, Rhode Island, Massachusetts, New Hampshire
and Maine) and nine Congressional districts. The Stellwagen
Bank Sanctuary Advisory Council is among the largest in
the national system and is distinguished by its representa-
tion from multiple states. Advisory Council membership is
routinely updated at http://stellwagen.noaa.gov.

The public member seats represent varied constituent inter-
ests. Two seats represent research interests, two represent
conservation interests, two represent education/outreach
interests, and one seat each represents marine transpor-
tation, recreational fishing, whale watching, fixed gear
commercial fishing, mobile gear commercial fishing and
business/industry, while three at-large seats represent the
general public. The two seats added by charter amendment
on December 10, 2007 are for diving and maritime heri-
tage (i.e., archaeology, history). With its broad expertise and
diverse representation, the Advisory Council offers advice
to the sanctuary superintendent on resource management
issues that helps ensure that a wide range of viewpoints are
provided upon which to base management decisions.

In order to better understand and address specific manage-
ment issues and broaden public involvement, the Advisory
Council extends its capacities by forming a variety of work-
ing groups. Working groups invite additional community
members and experts to participate in the development
of sound management advice for the sanctuary. Working
groups are temporary and chaired by an Advisory Council
member. Working groups are instruments of and make their
recommendations to the Advisory Council. The Advisory
Council evaluates the working group recommendations
and in turn makes their recommendations to the sanctuary
superintendent. For a list of current and former Advisory
Council members see Appendix D.

RELATIONSHIP WITH OTHER
AGENCIES AND AUTHORITIES

The Stellwagen Bank sanctuary works with the numerous
other agencies listed below. The laws authorizing many of
these agencies and authorities are provided in Appendix G.

NOAA OFFICES

Several NOAA offices work closely with the sanctuary,
including:
NOAA Fisheries Service (National Marine Fisheries Service
or NMFS)

NOAA Fisheries Service administers NOAA programs that
assess, manage and promote the domestic and international
conservation of living marine resources within the U.S.
Exclusive Economic Zone (3—200 miles offshore). NOAA
Fisheries Service Northeast Regional Office (NERO) (Glouc-
ester, MA) and associated Northeast Fisheries Science
Center (NEFSC) (Woods Hole, MA) serve the northeastern
U.S. Fishery management plans (FMPs) are developed to
manage Northeast fisheries by the New England and Mid-
Atlantic Fishery Management Councils. These plans are
reviewed by NOAA Fisheries Service and, if they comply
with the Magnuson Fishery Conservation and Management
Act (MFCMA) and other applicable laws, are approved and
implemented. Many of these plans are developed coopera-
tively with the states through Interstate FMPs developed by
the Atlantic States Marine Fisheries Commission (ASMFC).
NOAA Fisheries Service promulgates and enforces the
regulations for each FMP. NOAA Fisheries Service Habitat
Conservation Division (HCD) plays an important role in
proposed actions that may affect essential fish habitat (EFH)
including coordination of comments to permitting agencies
and sanctuary zoning.

NOAA Fisheries Service also shares responsibility with the
U.S. Fish and Wildlife Service (USFWS) for the implementa-
tion of the Marine Mammal Protection Act (MMPA) and the
Endangered Species Act (ESA), both of which prevent the
taking of any endangered, threatened or otherwise depleted
species. As part of the MMPA mandate, the NOAA Fisher-
ies Service Office of Protected Resources (OPR) works in
collaboration with the protected resources divisions of
the NOAA Fisheries Service regional offices and science
centers to develop and implement a variety of programs
for the protection, conservation, and recovery of marine
mammals.

NOAA Fisheries Service OPR is also responsible for imple-
menting the ESA, generally managing endangered and threat-
ened marine species, including anadromous salmonids.
NOAA Fisheries Service and USFWS share joint responsibil-
ity for managing sea turtles. In the Atlantic Ocean, NOAA
Fisheries Service manages four species of sea turtles, the
Atlantic salmon, including their critical habitat, five large
whale species and several species of pinnipeds. In coordi-
nation with the regional offices and science centers, OPR
develops policies and regulations to implement the provi-
sions of the ESA with the goal of protecting and recovering
endangered and threatened marine and anadromous species
and their habitat.

NOAA Fisheries Service offers resources to the sanctuary
such as collaborative assistance on environmental policy
processes and enforcement through HCD and NOAA's
Office of Law Enforcement (OLE). NERO and the sanctu-
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ary collaborate on policy issues where there is an overlap
in jurisdiction such as: marine mammal protection, habitat
conservation and marine protected areas. This collabora-
tion extends to permitting of otherwise prohibited activities
in the sanctuary and review of proposed projects that may
impact sanctuary resources such as the recent LNG deep-
water ports. NOAA Fisheries Service and sanctuary staff
periodically serves on each other’s agency issue-specific
working groups. NERO is a non-voting ex-officio member
(Regional Administrator or designated representative) of the
Sanctuary Advisory Council.

Similarly, the NEFSC and the sanctuary collaborate on
science and technical issues where there is an overlap in
jurisdiction. Specifically, collaboration occurs on whale
research, acoustic monitoring, ecosystem-based manage-
ment and ecosystem monitoring.

Office of Marine and Aviation Operations (OMAO)

The Office of Marine and Aviation Operations (OMAO)
operates NOAA's large ships and aircraft by providing high-
ly skilled NOAA Corps officers. The sanctuary periodically
uses the NOAA ships Delaware and Nancy Foster and occa-
sionally NOAA aircraft for research in the sanctuary. NOAA
Corps officers sometimes assist with diving operations in the
sanctuary.

Office of Coastal Resource Management (OCRM)

National Ocean Service’s (NOS) Office of Coastal Resource
Management (OCRM) is responsible for implementing the
Coastal Zone Management Act of 1972 (CZMA), which
Congress passed to address the growing concerns about the
health of the nation’s coastal resources. The office works with
state and territorial governments to implement their coastal
management programs and find local solutions to problems
occurring throughout the entire nation. Thirty-four states and
territories have active coastal management programs. The
Massachusetts Coastal Zone Management (MCZM) program
implements the CZMA for the Commonwealth.

Office of Response and Restoration (OR&R)

NOS’s Office of Response and Restoration (OR&R) has two
Divisions. The Emergency Response Division (ERD) works
to prevent and mitigate harm to coastal resources and is the
primary NOAA office responding to oil spills and hazardous
material releases. ERD provides scientific support to the U.S.
Coast Guard for spills and technical assistance to other agen-
cies for hazardous material releases. The Scientific Support
Coordinator for the Northeast, based in Boston, serves as the
sanctuary’s representative in the case of a hazardous mate-
rial spill. OR&R also works with federal and state trustees to
restore damaged coastal resources.

The Assessment and Restoration Division (ARD) conducts
natural resource damage assessments for releases of oil
and hazardous substances. ARD scientists and economists
provide the technical foundation for these assessments and
work with other trustees and responsible parties to restore
resources injured by releases of oil and hazardous substanc-
es, as well as other injury to resources of national marine
sanctuaries and estuarine research reserves. ARD collects

data, conducts studies, and performs analyses needed to
determine whether coastal resources have sustained injury
from releases of oil or hazardous materials, how to restore
injured resources, and to ascertain the damages that must be
recovered to accomplish restoration. ARD provides techni-
cal support to NOAA's Office of General Counsel and the
Department of Justice for litigation and for settlement of
natural resource damage claims.

Damage Assessment Center (DAC)

NOS’s Damage Assessment Center (DAC) makes natural
resource damage assessments for releases of oil and hazard-
ous substances. DAC scientists and economists provide the
technical foundation for these assessments and work with
other trustees and responsible parties to restore resources
injured by releases of oil and hazardous substances, as well
as other injury to resources of national marine sanctuaries
and estuarine research reserves. DAC collects data, conducts
studies, and performs analyses needed to determine whether
coastal resources have sustained injury from releases of oil
or hazardous materials, how to restore injured resources,
and to ascertain the damages that must be recovered to
accomplish restoration. DAC provides technical support to
NOAA's Office of General Counsel and the Department of
Justice for litigation and for settlement of natural resource
damage claims.

National Centers for Coastal Ocean Science (NCCOS)

NQOS’s National Centers for Coastal Ocean Science (NCCOS)
conducts and supports research, monitoring, assessment, and
provides technical assistance for managing coastal ecosys-
tems and society’s use of them. NCCOS recently completed
the extensive ecological characterization of the sanctuary
region (http://www.nccos.noaa.gov/sbnmns) (NOAA 2006).

Marine Protected Area (MPA) Center

NOS'’s Marine Protected Area (MPA) Center works to imple-
ment Executive Order 13158, which directs federal agen-
cies to conserve the nation’s valuable marine resources
through a variety of tasks related to marine protected areas.
This implementation requires considerable cooperation,
collaboration and information sharing among many govern-
ment and non-governmental institutions. Working with the
Department of the Interior (DOI) and other partners, the
MPA Center: develops the framework for a national network
of MPAs; coordinates the development of information,
tools, and strategies; and guides agencies in their efforts to
enhance and expand the protection of existing MPAs, and
to establish or recommend new ones; coordinates the MPA
web site; partners with federal and non-federal organiza-
tions to conduct research, analysis and exploration; helps
construct and maintain an inventory of existing U.S. marine
managed areas and the MPA List; and supports selection of
the MPA Advisory Committee and its operation.

National Undersea Research Program (NURP)

Office of Oceanic and Atmospheric Research (OAR) National
Undersea Research Program (NURP) and its regional centers
work to support marine science conducted in situ underwa-
ter. NURP is a grant program that provides advanced technol-
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ogies and funding support for scientists to address issues of
national and regional importance through a comprehensive
proposal solicitation and review process. NURP maintains a
network of six regional National Undersea Research Centers
(NURCs), funded by annual grants from NOAA, that imple-
ment the majority of its research mission. The NURC North
Atlantic and Great Lakes at the University of Connecticut
(NURC-UCONN) is one of the six regional centers and is
affiliated with the University of Connecticut. The sanctuary
partners with this center frequently to characterize sanctu-
ary resources. [Note: In 2008 NURP was integrated with the
OAR Office of Ocean Exploration and Research. NURC has
since become the Northeast Undersea Research, Technol-
ogy and Education Center at the University of Connecticut,
which is not formally affiliated with OAR.]

National Sea Grant College Program

OAR’s National Sea Grant College Program encourages the
wise stewardship of marine resources through research,
education, outreach and technology transfer. Sea Grant is a
grant program working in partnership between the nation’s
universities and NOAA. It began in 1966, when the U.S.
Congress passed the National Sea Grant College Program
Act. Sea Grant specializes in synthesizing the latest devel-
opments in marine research and making it accessible to the
public. The sanctuary works closely with MIT Sea Grant and
UNH Sea Grant to increase public awareness of sanctuary
issues and ocean literacy.

OTHER FEDERAL AGENCIES

The sanctuary seeks to provide comprehensive and coor-
dinated sanctuary management in ways that complement
existing regulatory authorities and shares resources when
appropriate. The following federal agencies have jurisdic-
tion or conduct research within or adjacent to the Stellwa-
gen Bank sanctuary.

National Park Service (NPS)

The Department of the Interior (DOI) National Park Service
(NPS) operates the Cape Cod National Seashore (CCNS)
and the Salem Maritime National Historic District. The
NPS conserves scenery and wildlife, historic structures and
provides for the enjoyment of those resources in a manner
that will leave them unimpaired for the enjoyment of future
generations—goals that are consistent with the sanctu-
ary’s mission. The CCNS seashore’s proprietary jurisdiction
extends out to one nautical mile offshore, including north-
ward from the tip of Cape Cod which does not overlap with
the sanctuary jurisdiction that begins three nautical miles
offshore. The sanctuary and CCNS cooperate in areas of
mutual interest, such as increasing awareness of environ-
mental stewardship among the public and interpreting mari-
time heritage resources.

Minerals Management Service (MMS)

DOI’s Minerals Management Service (MMS) manages the
nation’s oil and natural gas resources in the outer continen-
tal shelf (OCS) pursuant to the Outer Continental Shelf Lands
Act (OCSLA), as well as leases pertaining to these resources.

OCS lands technically include the sanctuary, but there is a
moratorium on hydrocarbon exploration in the sanctuary.

U.S. Fish and Wildlife Service (USFWS)

DOIl’s U.S. Fish and Wildlife Service (USFWS) works to
conserve, protect and enhance seabirds, wildlife, and plants
and their habitats. In the sanctuary, the USFWS is respon-
sible for protecting migratory seabirds pursuant to the ESA
and Migratory Bird Treaty Act (MBTA).

U.S. Geological Survey (USGS)

DOI's U.S. Geological Survey (USGS) provides scientific
information to describe and understand the Earth; minimize
loss of life and property from natural disasters; manage water,
biological, energy and mineral resources; and enhance and
protect our quality of life. The USGS has no regulatory or
management mandate. Scientists within the USGS work
within four disciplines: biology, geography, geology and
water. Scientists at the USGS Woods Hole Coastal Geology
Center conduct extensive research on habitat mapping and
classification, sediment transport and contaminant transport
modeling. In 1994-1995, the USGS successfully mapped
the entire sanctuary area in high resolution using multi-
beam echo-sounder technology in conjunction with the
Canadian Hydrographic Service.

U.S. Army Corps of Engineers (USACE)

The Department of Defense (DOD) U.S. Army Corps of
Engineers (USACE) has authority to issue permits, based
on EPA guidelines, for the disposal of dredged materials
at EPA-approved and designated ocean disposal sites (i.e.,
the Massachusetts Bay Disposal Site). Under Section 404
of the Clean Water Act, the USACE is responsible for issu-
ing permits for any marine construction, excavation, or fill
activities in navigable waters of the U.S. In 2000, the USACE
issued a permit for the burying of a fiber optic cable across
the northern portion of the sanctuary.

U.S. Navy

DOD’s U.S. Navy seldom conducts operations in the sanc-
tuary, due to the shallow depths which are unsuitable for
submarine operations, and the crowded waters which make
warfare training exercises inadvisable. Naval ships transit
the sanctuary approximately seven times a year primarily
to access the Port of Boston and in so doing follow inter-
nal protocols of posting a lookout for whales and avoid-
ing discharges in the sanctuary (Tom Fetherston, U.S. Navy,
personal communication, 2004). Operations in deep waters
(greater than 200 m) beyond the sanctuary have the poten-
tial to acoustically disturb sanctuary resources. The Navy’s
Undersea Warfare Center in Newport, Rhode Island has
provided research support to the sanctuary by deploying a
bottom-imaging autonomous underwater vehicle to charac-
terize one of the sanctuary’s historic shipwrecks.

U.S. Coast Guard (USCG or Coast Guard)

The Department of Homeland Security’s U.S. Coast Guard
(USCG) has broad responsibility for enforcing all federal
laws and regulations throughout the sanctuary and assists
NOAA in the enforcement of sanctuary regulations. The



USCG provides on-scene coordination with Regional
Response Center facilities under the National Contingency
Plan for removal of oil and hazardous substances in the
event of a spill threatening sanctuary resource or qualities.
In addition to enforcing fishing and vessel discharge regula-
tions, the USCG is responsible for regulating vessel traffic,
maintaining aids to navigation, increasing boater safety, and
coordinating search and rescue operations. On any given
week, the USCG typically has one 270 ft cutter transiting the
Western Gulf of Maine Closure Area (WGoMCA) looking
for fishery violations. The USCG is a non-voting ex-officio
member (Admiral Tst District or designated representative)
of the Sanctuary Advisory Council.

Environmental Protection Agency (EPA)

The Environmental Protection Agency (EPA) helps protect
sanctuary water quality by regulating sewage outfalls via
National Pollutant Discharge Elimination System Permits
and ocean dumping under Title | of the Marine Protection,
Research, & Sanctuaries Act. Title | requires a federal permit
for the transportation and disposal of any materials beyond
state jurisdiction (3 nm) and out to the 200 mile EEZ. EPA is
responsible for designation of ocean disposal sites, certifying
the dredged material is suitable for disposal in designated
ocean dumpsites, and oversees ACOE permits for disposal
of dredged material.

REGIONAL AUTHORITIES

Three regional fishery management authorities are respon-
sible for managing species occurring in the sanctuary. The
New England Fishery Management Council (NEFMC) and
the Mid-Atlantic Fisheries Management Council (MAFMC)
are authorized by the MFCMA; the Atlantic States Marine
Fisheries Commission (ASMFC) is authorized by the Atlantic
Fisheries Act of 1942 and the Atlantic Coastal Fishery Coop-
erative and Management Act (ACFCMA).

Species or species complexes in federal waters are managed
under fishery management plans (FMPs) prepared by the
NEFMC and MAFMC. For those species that cross juris-
dictional boundaries, one of these authorities will take the
lead on the management plan development and coordinate
implementation with the other as affected. The ASMFC
prepares coastal fishery management plans (CMPs) for any
fishery resource that moves among, or is broadly distributed
across, waters under the jurisdiction of one or more States
or waters under jurisdiction of one or more States and the
U.S. Exclusive Economic Zone, which explains why some
species are double listed below. The respective authority(s)
for managing fisheries for the following species, which at
least sometimes occur in the sanctuary, is as follows:

NEFMC:

* Northeast multispecies (cod, haddock, pollock, halibut,
yellowtail flounder, winter flounder, windowpane floun-
der, witch flounder, American plaice, white hake, ocean
pout, redfish)

* Monkfish

* Atlantic herring

e Scallops

e Skates (thorny and smooth)
® Red crab

¢ Atlantic salmon

e Whiting complex (silver hake, red hake, and offshore
hake)

MAFMC:

e Spiny dogfish ¢ Atlantic mackerel e Squid
¢ Bluefish e Surf clam e Butterfish
e Summer flounder e Black sea bass * Scup
¢ Ocean quahog e Tilefish

ASMFC:

e American lobster ¢ Northern shrimp
¢ Menhaden * Tautog

e Striped bass ¢ Atlantic sturgeon
* American eel ¢ Bluefish

¢ Atlantic menhaden ¢ Atlantic herring
e Scup e Summer flounder
¢ Winter flounder ¢ Black sea bass

e Spiny dogfish and coastal sharks
¢ River herring (alewife and blueback herring)

The regulation of fishery resources in national marine sanc-
tuaries is a collaborative process whereby the sanctuary
superintendent works with fishery managers and the coun-
cils to ensure that sanctuary resources are appropriately
managed (Appendix H). Stellwagen Bank sanctuary works
primarily with the NEFMC on fishery management and
habitat protection issues. Sanctuary staff sits on the advisory
board to the Habitat and MPA committee. The NEFMC is a
non-voting ex-officio member (Executive Director or desig-
nated representative) of the Sanctuary Advisory Council.

Gulf of Maine Council on the Marine Environment (GoM
Council)

The Gulf of Maine Council is a U.S.-Canadian partnership
of government and non-government organizations work-
ing to maintain and enhance environmental quality in the
GoM to allow for sustainable resource use by existing and
future generations. The sanctuary and the GoM Council
share many common goals and objectives albeit at different
scales. To date, interaction between the two organizations
has been intermittent. Much of what is being learned about
the smaller scale of the sanctuary is applicable and transfer-
able to the larger scale gulf. Many of the projects of the
GoM Council are of related interest to the sanctuary.

STATE AGENCIES

The sanctuary lies entirely outside of state waters. However,
the sanctuary boundaries to the north and south are co-termi-
nus with those of the Commonwealth of Massachusetts.

Massachusetts Executive Office of Environmental Affairs
(EOEA)

The Executive Office of Environmental Affairs (EOEA) is
responsible for implementing the Commonwealth’s environ-



mental protection policies including those related to coastal
zone and ocean protection. EOEA recently developed an
ocean management policy. EOEA oversees the MCZM
Office, the Ocean Sanctuaries Program and the Board of
Underwater Archaeological Resources. The sanctuary coor-
dinates with EOEA primarily on proposal reviews for proj-
ects that may mutually impact on both state and sanctuary
(federal) waters.

Coastal Zone Management Office (MCZM)

The Massachusetts Coastal Zone Management (MCZM)
implements the Coastal Zone Management Act (CZMA) on
behalf of the Commonwealth. The sanctuary works with
MCZM on issues such as pollution prevention, invasive
species, ballast water discharge, MPA policy and habi-
tat protection. The MCZM south shore extension agent is
co-located at the sanctuary headquarters in Scituate. MCZM
is a non-voting ex-officio member (Director or designated
representative) of the Sanctuary Advisory Council.

Massachusetts Division of Marine Fisheries (DMF)

The Massachusetts Division of Marine Fisheries (DMF) is
responsible for managing the Commonwealth’s fishery
resources and developing and implementing fishery poli-
cies including aquaculture. The sanctuary works with DMF
on issues such as project proposal review, MPA policy,
contingency planning and fish research. DMF is a nonvoting
ex-officio member (director or designated representative) of
the Sanctuary Advisory Council.

Massachusetts Division of Fish and Wildlife and Environ-
mental Law Enforcement (DFWELE)

The Division of Fish and Wildlife and Environmental Law
Enforcement (DFWELE) is responsible for enforcement of the
Commonwealth’s environmental protection laws. DFWELE
oversees the Massachusetts Environmental Police (MEP).
The MEP provides uniformed patrol officers to enforce laws
on both land and water. One of MEP’s South Coastal offices
is co-located at the sanctuary headquarters in Scituate.
By formal agreement, MEP officers are cross-deputized to
work with NOAA OLE in sanctuary enforcement. MEP is a
nonvoting ex-officio member (Director or designated repre-
sentative) of the Sanctuary Advisory Council.

Massachusetts Board of Underwater Archaeological
Resources (BUAR)

The Board of Underwater Archaeological Resources (BUAR)
is responsible for managing the Commonwealth’s under-
water archaeological resources. The sanctuary works with
BUAR on outreach efforts associated with maritime heritage
resources and on the development of maritime heritage
resource management policies in the sanctuary.

State Ocean Sanctuaries Program

The Ocean Sanctuaries Program protects five state-designat-
ed ocean sanctuaries (two of which abut the sanctuary) from
exploitation, development or activity which would seriously
alter or otherwise endanger the ecology and appearance of
the ocean, the seabed, or the subsoil of the seabed, or the
Commonwealth waters adjacent to the Cape Cod National

Seashore. Activities specifically prohibited in ocean sanctu-
aries include the building of any structure on the seabed or
under the subsoil; the construction or operation of offshore
electrical generating stations; the removal of sand and grav-
el; oil and gas exploration and exploitation; and the dump-
ing or discharge of commercial or industrial waste.

LocAaL GOVERNMENT AGENCIES
Town of Scituate

The town and the sanctuary are developing a relation-
ship around common interests such as marine operations,
increased ocean literacy, heritage resource management
and environmental stewardship. Specifically, the town and
sanctuary are working on the following projects:

* Marine operations — the sanctuary is considering leasing
slip space at the town’s new Marine Park for winter berth-
ing of the R/V Auk and the sanctuary provides the Fire
Department slip space at its pier;

® Ocean literacy — the sanctuary has placed a temporary
interactive exhibit at the town library and provides presen-
tations upon request to town and school groups;

¢ Heritage resources — the sanctuary worked with the
town’s historic commission to create an exhibit at the
town’s Maritime and Irish Mossing Museum and the sanc-
tuary has facilitated the town’s application for designa-
tion as a “Preserve America City” which would qualify the
town for potential grant funds to develop and interpret its
heritage resources; and

¢ Environmental stewardship — the sanctuary provides the
town use of its meeting annex for marine-related commit-
tee meetings including the Waterways Commission and
the Marine Park Authority Committee.

City of Gloucester

The mayor’s office facilitated development of the sanctuary’s
exhibit in partnership with the Gloucester Maritime Heritage
Center. The sanctuary worked with the mayor’s office to help
facilitate the town’s successful application for designation as
a “Preserve America City.”

City of Provincetown

The sanctuary is working with the city to secure a space for
a permanent sanctuary visitor center or expanded exhibit. A
static sanctuary kiosk in place on the city’s MacMillan pier
is in the process of being upgraded.

TooLS FOR FORMALIZING
RELATIONSHIPS

The sanctuary superintendent has numerous options to
formalize interactions with these and other federal, state
and local agencies or private interests including:

* Memoranda of Understanding and Memoranda of Agree-
ment formalize in writing, relationships between the sanc-
tuary and other entities for a specific purpose or project;



* Interagency Agreements are used to share expertise,
equipment and/or personnel;

¢ Grants/Cooperative Agreements are financial assistance
tools used to provide or receive certain funding for proj-
ects and/or products benefiting the public;

e Contracts are used to procure goods and services to meet
sanctuary goals and objectives;

¢ Consultation is formal communication between agencies,
which can be invoked when one agency’s activity may
affect the resources of another.

SANCTUARY FUNDING

APPROPRIATIONS

Funding for the ONMS is derived primarily from federal
appropriations and divided into two principal categories:
funds for base budget and funds for capital facilities. The
ONMS distributes its base budget funds to individual sanctu-
aries for site-specific core operations (labor costs for existing
staff and other administrative expenses) and programmatic
costs (the additional costs the sanctuary incurs carrying out
management strategies such as marine mammal protection).
Capital facility funds supplement the site’s base budget to
cover costs of such things as exhibits and building reno-
vations. Each action plan in Section XII of this document
includes a table identifying costs for the individual strate-
gies over the next five years (from the date of publication
of this document). The tables provide a rough estimate of
the programmatic costs needed to implement each of the
strategies.

ADDITIONAL SOURCES OF SUPPORT

In addition to federal appropriations, the sanctuary relies on
partnerships, appropriate outside funding sources, such as
grants and in-kind services, to assist in the implementation
of the management plan. These other sources include:

The National Marine Sanctuary Foundation (NMSF)

The National Marine Sanctuary Foundation (NMSF) provides
collaborative opportunities for the national marine sanctu-
aries through public and private sector partnerships. The
NMSF helps to develop external funding opportunities for
ONMS outreach and education programs and other resource
protection efforts. The NMSF is a private, non-profit, 501(c)
(3) tax exempt organization.

Federal, Regional, State and Local Agencies

Federal, regional, state and local agencies participate in
on-going resource protection, management, monitoring,
enforcement and permit programs to help carry out sanctu-
ary goals and objectives. As intra- and interagency relation-
ships become formalized and common goals and objectives
are identified, the sanctuary pursues opportunities to share
staff, expertise and financial resources, as appropriate.

Nonprofit Organizations and Foundations

Nonprofit organizations and foundations have joined the
sanctuary in numerous cooperative projects. For example,
in conjunction with the sanctuary, the International Wildlife
Coalition originated and the Whale and Dolphin Conser-
vation Society spearheads the “See-A-Spout” program to
increase boater awareness of how to enjoy and protect
marine mammals in the sanctuary and beyond.

RESEARCH AND MONITORING

The sanctuary conducts a robust science program focused
on providing information to support key management
needs. Science is comprised of both research and moni-
toring activities. The science coordinator works with the
superintendent to develop the program and is responsible
for both conducting and facilitating science activities in the
sanctuary. A status summary of the current research and
monitoring projects supporting sanctuary management is
presented in Table 1. By necessity, the sanctuary relies on
partnerships with other organizations that have the special-
ized knowledge and/or technical capability to conduct the
science essential to answer management questions.

The year-around capabilities of the R/V Auk enhances the
sanctuary’s capacity to understand seasonal dynamics in
ecosystem structure and function. The sanctuary provides
office space for visiting scientists, fellows and interns work-
ing on sanctuary research needs. Renovation of the boat-
house and development of the marine operations center will
expand support for science conducted in the sanctuary. The
following is a brief description of recent science findings in
the sanctuary that have management implications.

Marine mammal protection:

* Whale tagging has begun to reveal the underwater behav-
ior of humpback and right whales. Humpbacks feed in the
water column and scour sand habitats to forage on prey
species such as sand lance. The latter behavior makes
them highly vulnerable to entanglement in fishing gear on
the seafloor.

e Right whales have been documented spending extensive
time feeding on zooplankton patches less than 20 m below
the sea surface where prey is concentrated along the ther-
mocline. This is within a depth range that increases the
chances of collision with deep draft oceangoing vessels
that are not always able to detect whales in time to divert
from their path.

e Right whales vocalize extensively during the winter and
early spring. This makes their detection and monitoring
possible by remote hydrophones on the seafloor and has
implications for the extent of anthropogenic noise in the
sanctuary that masks communication of this endangered
species.

Ecosystem protection:

e The Western Gulf of Maine Closure Area (WGoMCA)
overlaps 22% of the sanctuary and is referred to as the



“sliver.” The sliver serves as a relatively unimpacted refer-
ence area for studying seafloor habitat recovery in the
absence of bottom tending fishing gear relative to natural
disturbance. Preliminary results demonstrate that cessa-
tion of fishing gear impacts can help restore ecosystem
structure.

¢ Cod tagging on gravel and boulder reef habitats reveals
that approximately 35% of the tagged cod are long-term
residents of specific small areas and an additional 13%
are repeat visitors to the same area they were tagged. This
implies that local subpopulations of cod and possibly other
demersal species may respond to relatively small scale
area management measures, such as marine reserves.

e Biodiversity in mud habitats is equivalent to or greater
than biodiversity in other habitats such as gravel and
boulder reefs, implying that measures to restore or protect
biodiversity need to include representation of all habitat
types in the sanctuary.

Maritime heritage:

* The sanctuary contains many shipwreck sites of historic
value and importance.

e Shipwrecks have been heavily impacted by fishing gear.

e Shipwrecks in deep water have good structural preserva-
tion.

e Shipwrecks become important habitat for sessile organ-
isms and refugia for fish.

TABLE 1. SUMMARY OF CURRENT RESEARCH AND MONITORING PROJECTS IN THE STELLWAGEN BANK SANCTUARY.

Type Funding
Project — -
Research | Monitoring | Intramural | Extramural Collaboration
Marine Mammal Protection
NMFS, WHOI, UNH, UHI,
Whale tagging for understanding behavior [ ] [ ] [ | Duke, WCNE, Harvard, Penn
State, UVM, IFAW
i?(;[ﬁr?aaclt(\;vraves as a predator/prey aggrega- - WHOI, Uol
Passive acoustic characterization [ ] [ ] [ ] Cornell U., NMFS
Cornell U. USCG, UNH,
AlS-based right whale alerts [ | [ | IFAW, NMFS, Excelerate Ener-
gy, Suez Energy
Commercial shipping [ | [ ] [ | USCG, UNH
Marine mammal distribution [ | [ ] WCNE, PCCS
Regulatory compliance using AlS [ | NMEFS, IFAW
Whalewatch guidelines [ | [ | [ | NMFS
Ecosystem Protection
Seafloor habitat recovery monitoring [ | [ ] ;g&,%g?onn, U. Maine,
Use assessment | ]
Water quality [ ] ] Battelle, MWRA
Ocean observing ] ] GoMOOS
Commercial fisheries effort [ | [ ] NMFS, NEFMC
Sand lance ecology [ ] ] [ | MFP, Boston U., Duke U.
Fish tagging [ | [ ] [ | Boston U.
Trends in fish size [ [ ] UPenn
Historical ecology [ [ | UNH
Ecosystem service modeling [ | [ | LBJ?\JSE)?N%E/ AUS\,/m,OP
HabCam [ [ ] WHOI
Marine Debris [ | [ ] WHOlI, Stellwagen Alive
Maritime Heritage Management
National Register listed site monitoring [ ] [ ] [ ] NURC-UConn
Maritime heritage inventory | | [ | NURC-UConn
Historic wrecks characterization [ | [ | [ | NURC-UConn
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EDUCATION AND OUTREACH

The goals of the education and outreach program are to bring
information about the sanctuary’s research and resource
protection programs before the public, to encourage stew-
ardship of sanctuary resources, and to advance ocean liter-
acy among students, teachers and the general public, which
is a NOAA priority. The education coordinator works with
the sanctuary superintendent to develop the education and
outreach program and is responsible for conducting and
facilitating activities that implement it.

The education and outreach program for the sanctuary
consists of multiple elements including print publications
and audio-visual productions, general public outreach,
user group outreach, formal education, informal education,
media relations and exhibits. A summary of representative
education and outreach products and programs developed
by the sanctuary or through collaboration with its partners
is listed in Table 2. Many of the sanctuary’s education and
outreach projects have developed as cooperative ventures
with partners including non-governmental organizations,
educational institutions, museums and aquariums. In recent
years, a variety of projects have been initiated that meet site
needs and incorporate ONMS priorities, including several
education mini-grant projects.

INTRAMURAL

Intramural products and programs are specific to the sanctu-
ary and are funded primarily through NOAA. These efforts
are directed at delivering information about ongoing sanc-
tuary research and resource conservation programs to the
general public and specific user groups. Funding for these
programs has come from the site budget, national educa-
tion mini-grants, capital facilities funds for exhibits, and
national program priority allocations. The following is a
brief description of recent education products and programs
developed by the sanctuary that have management impli-
cations, particularly in describing work in three principal
resource sectors—marine mammal protection, ecosystem
protection and maritime heritage management.

Media Relations. The sanctuary has produced press
releases, media advisories and backgrounders, including
notices about upcoming sanctuary advisory council meet-
ings, special events, workshops and research results. When
applicable, press conferences have been held to announce
significant findings, as was done with the confirmation of
the wreck of the steamship Portland. Editorial board visits by
sanctuary staff have also been made to major news outlets.
When appropriate, sanctuary staff members have been
interviewed by reporters from print and broadcast media
to provide technical expertise and program content to the
stories. Recent articles have highlighted sanctuary whale
tagging research and shifting of the Boston Traffic Separation
Scheme to protect whales from ship strikes. Media relations
is a key means of disseminating sanctuary news to the wider

public.

Publications and Audio-Visual Materials. The sanctuary has
produced various printed and A-V materials, including an
annual summer newspaper called “Stellwagen Soundings”
since 1995 and periodic newsletters called “Stellwagen
Banknotes” since 2002, along with a variety of other flyers,
brochures, posters and videos. The summer newspaper,
print run of approximately 40,000, contains updates on
sanctuary research, discussions of management issues, and
provides information on stewardship programs. It is distrib-
uted in bulk to whale watch operations, museums, and tour-
ism centers and serves as the major outreach tool for the
sanctuary to the interested public.

Web Site. The sanctuary redesigned the entire Web site in
2006 to better meet management needs. It serves as the
primary year-round distribution point for sanctuary infor-
mation. The Web site now includes sections about the
resources of the sanctuary, visitor uses, research and educa-
tion programs, enforcement, staffing and facilities. The site
incorporates design and navigation standards developed for
the ONMS’s Web page.

Exhibits. The sanctuary has developed seasonal visitor exhib-
its in Provincetown and Gloucester, gateway communities
to the sanctuary. The sanctuary has also developed several
traveling exhibits, including interactive computer kiosks that
tour local public libraries, a trade show pop-up, window
shade banners and photograph collections, which have
been displayed at various venues, including the Indepen-
dence and Cape Cod Malls, Nantucket Whaling Museum,
Salem National Historic Site Visitor Center, New England
Aquarium and South Shore Natural Science Center; a newly
redesigned version of the show was completed in 2007.
These exhibits provide a means of explaining key sanctu-
ary management issues and research to the public, using
attractive visual media, including videography, photography
and computer graphics. The sanctuary exhibit at the New
England Aquarium is a collaborative effort that received
funding from various governmental and non-governmental
sources.

EXTRAMURAL

Various organizations and commercial operations, such as
whale watch companies, provide education and outreach
about the sanctuary to the public without funding from the
sanctuary. The organizations often consult with sanctuary
staff in the development of their outreach programs, and
may use data or imagery from the sanctuary in the prod-
ucts or programs they produce. Table 2 includes listings of
extramural projects that have been entirely undertaken by
outside organizations or have some component of external
funding/expertise and sanctuary participation.

Of foremost importance in this category are public outreach
products (advertising flyers and brochures from whale watch
companies, books and articles) and formal and informal
education programs, including multi-day programs or dock-
side half-day programs on regional tall ships. These vessels
include the Provincetown Center for Coastal Studies’ Spirit
of Massachusetts, Sea Education Association’s Corwith



Cramer, and the Commonwealth of Massachusetts’ Schoo-
ner Ernestina. Marine policy and marine science programs
at area colleges and high schools may include informa-
tion about the sanctuary when covering the Gulf of Maine
ecosystem.

COLLABORATIVE

The sanctuary collaborates with many institutions in the
development and delivery of public outreach products,
such as printed information, video programs; formal and
informal education programs; and exhibits. In many cases,
the sanctuary shares the cost of the project with its part-
ners, or may offer in-kind support in the form of staff time or
facility use. These collaborative efforts are a key element in
disseminating information about sanctuary resources, issues
and management activities to a wider public. Table 2 lists
important collaborative education and outreach efforts; the
following productions and programs are of particular note.

MEepiA PRODUCTIONS

The high cost of producing audio-visual programs has led to
several collaborative projects. The sanctuary provided tech-
nical expertise and staff assistance in the production of The
Science Channel’s one-hour special on “The Wreck of the
Portland,” on the History Channel’s “Deep Sea Detectives:
Portland” and Chronicle Magazine’s episodes focusing on
shipwrecks. Game Warden/Wildlife Journal produced an
episode on the sanctuary research and enforcement, and
Divers Down covered fish and invertebrate biodiversity.

The sanctuary aided master storyteller Jay O’Callahan in
the development of his oral presentation/tape/CD on “The
Spirit of the Great Auk,” which focused on human use of
the marine environment and extinction of a marine species.
This audiotape/CD serves as a companion piece to the
NOVA special (The Haunted Cry of a Long Gone Bird). The
“Whaling to Watching: Right Whales” video was developed
jointly with the Gray’s Reef National Marine Sanctuary and
the Georgia Department of Natural Resources, and serves
as a companion piece to a book and poster by the same
name.

In 2005 and 2006, the sanctuary worked with the National
Undersea Research Center at the University of Connecticut
to deliver two live broadcasts from sanctuary historic ship-
wreck sites in collaboration with the Provincetown Memo-
rial Museum and the Gloucester Maritime Heritage Center.
These programs, in addition to showings at on-shore audito-
riums, were streamed live on the World Wide Web.

ForMAL AND INFORMAL EDpUcCATION

The sanctuary has worked collaboratively with various orga-
nizations to develop education products and programs for
formal and informal education audiences (K-12, college/
graduate students, teachers, and user groups). Of particular
note was a 13-week course offered at the Cape Cod Muse-
um of Natural History in the spring of 2005 that focused on
sanctuary resources and issues, and was targeted to high
school educators, whale watch naturalists and the interested

public. The sanctuary has worked with the Boston Globe to
develop two education supplements: “Water” in 1998 and
“Saltwater Sanctuary” in 2002. A special issue of the Massa-
chusetts Marine Educators quarterly journal focused on the
sanctuary in 1997 and again in 2007.

Less formal, more user-oriented education programs have
also been developed, including the Fish and Invertebrate
Identification Programs for divers, and the See-A-Spout boat-
er education program with the Whale and Dolphin Conser-
vation Society to promote safer boating around whales. The
annual Whale Naming Workshop serves to identify new
humpback whales in the sanctuary, a service to research-
ers and naturalists, and is conducted in collaboration with
several local non-governmental organizations.

ENFORCEMENT AND PERMITTING

ENFORCEMENT

Sanctuary resource protection depends in part upon enforce-
ment of sanctuary regulations and other applicable state and
federal statutes and regulations. The sanctuary’s approach
to enforcement focuses on two specific components: 1) the
use of interpretive enforcement as a means to inform the
public and encourage voluntary compliance, and 2) the
legal enforcement of regulations. Currently the sanctuary
enforcement program consists of ad hoc patrols conducted
by the USCG or the OLE and Massachusetts Environmental
Police (MEP). Routine patrols are not conducted because of
budget limitations to fund dedicated enforcement officers.
When a violation is documented in the sanctuary, NOAA
OLE and General Counsel prosecute the case.

Sanctuary regulations are enforced by the NOAA OLE and
the USCG, through cooperative agreements which allow
OLE to cross-deputize enforcement officers from state
agencies. Accordingly, enforcement officers from MEP are
authorized to enforce sanctuary regulations. The sanctu-
ary currently has individual enforcement agreements with
USCG and the MEP. The sanctuary continues to develop
and update cooperative agreements among enforcement
agencies (see Strategy ADMIN 2.5) for purposes of ensur-
ing effective enforcement of sanctuary and other pertinent
federal regulations.

PERMITTING

Permits are required in all sanctuaries for conducting activi-
ties otherwise prohibited by sanctuary regulations (current
sanctuary regulations, Appendix I). Under current regula-
tions, the sanctuary superintendent may issue, in some
cases with ONMS Director’s approval, a permit to conduct
an activity in the sanctuary otherwise prohibited by sanctu-
ary regulations provided the activity: 1) is research related
to the resources of the sanctuary, or 2) furthers the educa-
tional value of the sanctuary, or 3) furthers the management
purposes of the sanctuary (15 CFR Subpart N).

The permit application process requires the submittal of a
project summary, including the exact location of activities,



description of methods, rationale for use of the sanctuary
environment, explanation of environmental consequences,
and plan for reporting results to the sanctuary. In consid-
ering whether to grant a permit the sanctuary superinten-
dent (or ONMS Director where appropriate) evaluates:
the professional and financial responsibility of the appli-
cant; the appropriateness of the methods envisioned to the

purpose(s) of the activity; the extent to which the conduct
of any permitted activity may diminish or enhance the value
of the sanctuary as a source of recreation, or as a source of
educational or scientific information; the end value of the
activity; and such other matters as may be deemed appropri-
ate (15 CFR Subpart N).

TABLE 2. SUMMARY OF REPRESENTATIVE EDUCATION AND OUTREACH PRODUCTS AND PROGRAMS DEVELOPED BY THE STELLWAGEN BANK
SANCTUARY OR THROUGH COLLABORATION WITH ITS PARTNERS.

Products and Programs Intramural | Extramural Collaboration
Publications
Book — Stellwagen Bank: A guide to the whales, sea birds, and .
S ; ; Provincetown Center for Coastal
marine life of the Stellwagen Bank National Marine Sanctuary. [ | Studies (PCCS
1995. tudies ( )
Stellwagen Soundings — annual newspaper (bulk distribution, Bulk distribution though whale
approx. 40,000) 4-color, 8-page, tabloid, 1995-present - watch companies, aquariums,
g ¢ / ¢ ) museums, tourism offices, NGO'’s

Stellwagen Banknotes — periodic newsletter (approx. 5,000 per
issue) B&W, 8-page, 8.5x11 (1-2/yr) until 2008, color, 12-pages, |
8.5x11 (1-2/yr) 2008—present.
State of the Sanctuary Report — 2002. [ |
Whale Watch Guidelines — brochure — 2001, 2006. [ ] NOAA Fisheries Service

. International Fund for Animal
Whale Safety Sticker — 2001. Welfare (IFAW)

International Wildlife Coalition
See A Spout boater education brochure, sticker, transparencies and - - (IWC) — 2003, 2005; Whale and
CD — 2003, 2005, 2007. Dolphin Conservation Society
(WDCS) — 2007

Advertising flyers and brochures from whale watch companies Various companies and whale
incorporating sanctuary information. research groups
Technical fact sheets on sanctuary geology and oceanography. U.S. Geological Survey (USGS)
Assorted flyers and fact sheets, including sanctuary rack card, Prov- -
incetown exhibit rack card — 1994—present.
Sanctuary Posters — underwater bathymetry, humpback whale, Port- National Undersea Research
land shipwreck, boulder reef art, anemone forest art, map H Center-UConn, Na.tlonal Marine

’ ’ ! ) Sanctuary Foundation, USGS
Exhibits
Provincetown MacMillan Wharf Kiosk — 1995-present. [ | PCCS
Provincetown Exhibit (formerly at Bradford Street, now in Aquarium - PCCS
Wharf) — 2001-2007.
Gloucester Maritime Heritage Center — temporary exhibit 2004— - - Gloucester Maritime Heritage
2005; permanent exhibit 2006; expanded 2008—present. Center (GMHC), NMSF
Biodiversity Photo exhibit at Capitol Hill in Washington, DC, Inde-
pendence Mall/Kingston, Cape Cod Museum of Natural History; Various underwater and nature
South Shore Natural Science Center; Nantucket Whaling Museum, [ | photographers, NURC-UConn,
New England Aquarium Education Center and other locations — USGS
1997-2001.
Whale Research Photo Exhibit — South Shore Natural Science - Various whale researchers/ photog-
Center — 2007. raphers
Revised/Updated Photo Exhibit (whale research) — South Shore - Various whale researchers/
Natural Science Center, other locations in future — 2007. photographers
Traveling Touchscreen Kiosks and Windowshade Exhibit for librar-
ies, nature centers and other educational venues and public meet- [ ]
ing places — 2006—present.
NE Aquarium — interpretive signs; Immersive Theater show —
Storm Over Stellwagen; Stellwagen Bank Sanctuary exhibit (two .
tanks and associated signage) in Gulf of Maine cold water gallery - . NE Aquarium (NEAG), NMSF
— 1997—present.

[I. Institutional Setting



TABLE 2. SUMMARY OF REPRESENTATIVE EDUCATION AND OUTREACH PRODUCTS AND PROGRAMS DEVELOPED BY THE STELLWAGEN BANK
SANCTUARY OR THROUGH COLLABORATION WITH ITS PARTNERS.

Products and Programs Intramural | Extramural Collaboration

Scituate Maritime and Irish Mossing Museum (Shipwreck exhibit)

— 2003-present. n Scituate Maritime Museum

Woods Hole NOAA Fisheries Service Aquarium — signs, photos,
and tanks with sanctuary species; distribution of sanctuary litera- [ | NOAA Fisheries Service
ture — 2000—present.

Sanctuary wall panels at Provincelands Visitor Center of the Cape

Cod National Seashore — 1997—present. = Cape Cod National Seashore
Portable 8’x10’ Pop-Up Exhibit and Portable Windowshade Panels
. . |
with sanctuary overview content — 1996-present.
National Aquarium in Washington DC (tank with photos) — 2003- - - NMSEF

present.

Automatic Information System exhibit explaining marine safety U.S. Coast Guard, Cape Cod

technology and its use in whale conservation (2010). = - National Seashore, Halibut Point
State Park

Public Outreach Programs & Events — General Public

Sanctuary Speakers Program — staff talks to various groups, includ- -

ing Rotary Clubs, Power Squadrons, historical societies, etc.

Stellwagen Bank National Marine Sanctuary Celebration and Great
Annual Fish Count in Gloucester — 2002-2008.

GMHC, New England Aquarium
Dive Club

Sanctuary Open House — 2006. |

Participation in various fairs and celebrations, including Marshfield
Fair, Duxbury Bay Day, Earth Day (Boston), Gloucester Seafood [ ] [ |
Festival 1994—present

Whale Day with inflatable right whale model at various sites,
including Independence Mall, Cape Cod Mall, Boston Children’s [ | [ ]
Museum, South Shore Natural Science Center 1997—present.

WhaleNet, NOAA Fisheries
Service, WDCS

Stellwagen Bank Sanctuary 10th Anniversary Lecture Series —

2002. | | NEAq

Stellwagen Bank lectures as part of Cape Cod Biodiversity Course Cape Cod Museum of Natural

with Cape Cod Museum of Natural History — 2002, 2003. = = History (CCMNH)
gtoe(z)agwshlp Portland Symposium with Portland Harbor Museum — - - Portland Harbor Museum
Sustainable Seas Expedition (SSE) and Sanctuary Weekend on - - National Geographic Society
Central Wharf — 1999. (NGS), NEAq
Sanctuary Video and Lecture Series in Scituate — 2006-2007. [ |
User Group Meetings and Conferences
Coastal Zone 97 conference (sanctuary booth). [ | ]
Boston Sea Rovers (divers) Annual Conferences (sanctuary booth)
| |
2000-present.
Massachusetts Marine Educators Annual Conferences (sanctuary - -
workshops and exhibits — 1994—present.
National Marine Educators Conference (sanctuary workshop and - -
exhibit) — 2001.
Massachusetts Environmental Education Society Annual Meetings - -
(sanctuary booth) — 1998, 1999.
Fish Expo, Workboat Atlantic (sanctuary booth) — 2000, 2002, - -
2004, 2006, 2008.
Massachusetts Lobstermen’s Association Annual Meetings (sanctu- - -
ary booth) — 2002—present.
Oceans 2006 Conference (sanctuary booth). [ | ]
Cape Cod Natural History Conference (sanctuary presentations) — - -

2005—present.
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TABLE 2. SUMMARY OF REPRESENTATIVE EDUCATION AND OUTREACH PRODUCTS AND PROGRAMS DEVELOPED BY THE STELLWAGEN BANK

SANCTUARY OR THROUGH COLLABORATION WITH ITS PARTNERS.

(2007).

Products and Programs Intramural | Extramural Collaboration
Media Outreach
Press releases and community calendar notices as needed (fax and -
e-mail distribution) 1994—present.
Interviews with local print, radio, TV and cable stations as needed
|
— 1994—present.
PSA on right whales and the sanctuary 1996. [ | [ | Boston University
Articles in tourism publications, including Kids on the Cape — free
articles in publications (250,000 circulation) 2002-present; Official - - Cape Cod Chamber of Commerce,
Cape Cod Guidebook (Cape Cod Chamber of Commerce) 4-page Kids on the Cape Publication
article — 2004- present.
Boston Globe Newspaper in Education supplements on “Marine
Sanctuary” (2002) and “Water” (1998) with text and images provid- [ | | Boston Globe
ed by the sanctuary.
Articles in trade publications, including Sea History, Oceanogra- - -
phy, etc. — on-going.
Audio-Visual Productions
SBNMS web page development 1999-present
SFeIlwqgen Bank: A Sanctuary Worth Protecting — 5 minute over- - Creative Resources Group
view video (2008)
“The Wreck of the Portland” one-hour HD TV program. [ | The Science Channel
“Deep Sea Detectives: Portland” one hour TV program. [ | History Channel
“Massachusetts Shipwrecks” (2006) and “Wreck of the Portland” . .
(2001) half-hour TV program. | Chronicle Magazine (WCVB-TV5)
“Stellwagen Bank” one-hour TV program. [ | Game Warden/Wildlife Journal
“Bounty of the Banks” (1998) half-hour video. [ |
“Northern Right Whales: From Whaling to Watching” (1997) half- - - Gray’s Reef NMS, Georgia Dept. of
hour video. Natural Resources
“The Spirit of the Great Auk” audiotape by master storyteller Jay - -
O’Callahan (2002).
GreenCape radio shows with WOMB in Provincetown (5-15 - Creative Resources Group (studio
minute programs) — 1998. time donation)
Live Video Programs of missions to the Portland and Palmer/
Crary shipwrecks — 2005, 2006. DVDs of footage from programs [ | [ ] NURC-UConn

Education Programs K-12 and college/graduate — Guest Lectures, workshops, programs, products

Graduate Credit course on Stellwagen Bank National Marine Sanc-

tuary natural and cultural resources (credit from Framingham State [ | [ ] CCMNH
College) — 2005.
Right Whalg Mini Course and Lecture Series, 12 professional devel- - - WDCS
opment points for educators — 2007.
Northern Right Whale: From Whaling to Watching — educator book - - Gray’s Reef NMS
and poster — 1997.
Marine  Advanced  Technology
ROV Teacher Workshops — 2004, 2006; annual support for region- - - Education Center (MATE), New
al ROV Competition (2003-present). England Chapter Marine Technol-
ogy Society (NE-MTS)
“Lefty the Right Whale” traveling inflatable whale program for
|
elementary schools — 1997—present.
Staff talks and workshops at various schools, High School science - Mass Marine Educators (MME);
symposia workshops — 1994—present. Mass Maritime Academy
Annual Marine Art Contest (K-12) — 1994—-present. | [ ] MME, NEAq

[I. Institutional Setting




TABLE 2. SUMMARY OF REPRESENTATIVE EDUCATION AND OUTREACH PRODUCTS AND PROGRAMS DEVELOPED BY THE STELLWAGEN BANK

SANCTUARY OR THROUGH COLLABORATION WITH ITS PARTNERS.

Products and Programs Intramural | Extramural Collaboration
Boston Harbor Educators Conference with Stellwagen Bank Sanc- - - MME
tuary 15th anniversary theme (2007)
Newspaper in Education Supplement (topics: water — 1998; sanc- - - Boston Globe
tuary — 2003).
Exploring Data with GIS to Experience Sanctuaries (EDGES) curric- Channel Islands, Gray’s Reef and
ulum — 2004; Discovering Sanctuaries GIS teacher workshop [ | [ | Florida Keys NMSs; National
— 2005. Geographic Society (NGS)
MimiFests for students (1500 students per year) — 1995-1999; - - Barn School Trust and Brockton
teacher workshop 1995. and Plymouth School Systems
Sustainable Seas Expedition — web pages, logs, activity in teacher - - NGS
resource book — 1999.
Salt Water Studies Teacher Workshop — 2004, 2005 [ | [ | Wagquoit Bay National Estuarine
P ¢ ’ Research Reserve (WBNERR)
Cape Cod Biodiversity college course (3-week marine component)
—1998-2001. 5 5 CCMNH
Stellwagen Bank Science and Education Symposium — 1997. | [ | MME
Student Ocean Forum — 2002, 2003, 2004. [ ] [ ] Coastal America; NEA(q
Heroes of the Planet (1999) — distance learning lecture series - - Cape Cod Community College and
(subjects Sylvia Earle, Dick Wheeler, U.S. Coast Guard). Cape and Islands high schools
Aquanaut Program with, cruise support and on-shore education
1994-2007. | | NURC-UConn
Marine Technology and Marine Trades mini course, offered free to . .
students and the general public — 2008-present " = Massasoit Community College
Boston University Marine Program undergraduate research course N
in the Stellwagen Bank Sanctuary -- 2008-present. " = Boston University
User Education Programs
Most whale watch companies
Whale Watch passenger education by on-board naturalists, support traveling into the sanctuary; some
. ) || s .
materials provided by sanctuary. are affiliated with whale research
groups
Reef Environmental Education
Fish and Invertebrate Identification courses for divers — - - Foundation (REEF); Professional
2002-2008. On-line resources 2004-present. Association of Diving Instructors
(PADI); MIT Sea Grant
International Wildlife Coalition
See a Spout boating safety around whales — 2001—present. | [ | (IWC), WDCS, and NOAA Fisher-
ies
. . Whale Center of New England
Whale Naming Workshop, production of new whales CD-ROM — - - (WCNE), PCCS and other cetacean
2001-2007.
research groups
On-the-water Boater Education Outreach Campaign — 2001- - Massachusetts Environmental
2003. Police (MEP)
Stellwagen Bank Flotilla of the USCG Auxiliary/Operation Ceta-
cean Shield and other joint Stellwagen Bank National Marine Sanc- [ | [ | USCG Auxiliary
tuary and USCG programs — 1996—present.
Whale Watch Naturalist Lectures — 2002, 2006. [ | [ | NEAq, WDCS
Whale .SENSE - .whale watch company certification and captain/ - - NOAA Fisheries, WDCS
naturalist education program — 2009-present
- s . . NOAA Fisheries, On the Water
Tuna Fishing Outreach Program with signage, print and television - - Magazine, NOAA Office of Law

ads to reduce whale harassment incidents — 2009-present

Enforcement
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I11.
SANCTUARY
SETTING

This section presents the concept of managing
marine resources for biodiversity conserva-
tion in the sanctuary. It describes the physical
¥ setting of the sanctuary including its geogra-
phy, geology and oceanography, as well as its
connectivity to other parts of the Gulf of Maine.
It profiles the primary producers and decom-
posers essential to the sanctuary’s ecosystem
function.




BI10ODIVERSITY CONSERVATION

The environmental condition of the sanctuary is subject to
major alterations that are largely due to the effects of human
activities. Threats to resource states (e.g., water quality,
ecological integrity, habitat complexity) fall into two gener-
al categories: those that involve exploitation of resources
above a certain level or threshold and those that destroy
or degrade marine habitats and the associated biological
communities. Exploitation includes both directed harvest
and incidental taking of marine life. Threats to habitat
include activities leading to physical alteration, various
sources of pollution, coastal development and introduction
of alien species. Many of these threats are interrelated and
have cumulative impacts.

The ability to accurately evaluate the scale and conse-
quences of changes in the sanctuary’s resource states (and
the subsequent impacts on human society) is challenged by
inadequate knowledge of historic baselines for comparison
with conditions today. The basic diversity of marine life and
the patterns and processes that control the distribution and
abundance of marine organisms in the sanctuary is still not
well understood. At the same time, exciting new technolo-
gies and conceptual advances permit us to implement novel
research approaches that seek to reveal fuller understanding
of the sanctuary’s ecological structure and the diversity and
function of its biological communities.

NOAA can and should play a powerful role in protecting
this special marine area, increasing public awareness and
support for marine conservation, and providing sites for
research and monitoring. By changing public attitudes,
improving scientific understanding and developing effec-
tive models for management, the sanctuary can extend its
benefit well beyond the limit of its geographic boundaries.
Comprehending the great importance of marine biodiversity,
and thereby gaining insights to interpret, explain and main-

tain ecological complexity, is the basis for marine resource
management in the Stellwagen Bank sanctuary.

EmprHASIS ON CoMMUNITY ECOLOGY AND
CONSERVATION BroLocy

Sanctuary management is predicated on the application
of science to help formulate understanding of key issues
and problems and to infuse the related public dialogue
with substantive fact and thought. While many scientific
disciplines (e.g., geology, oceanography) are invoked in
the process, ultimately, ecology is paramount. While there
have arisen a variety of approaches to the study of ecology
(e.g., physiological, evolutionary), three basic and classical
approaches remain fundamental to the science and are prev-
alent in the articulation of public policy. These approaches
are population ecology, community ecology and ecosystem
ecology (Ricklefs and Miller, 2000; Ricklefs, 2001).

Population ecology emphasizes the uniquely biological
properties that are embodied in the dynamics of popula-
tions. A population consists of many organisms of the same
species living together in the same place. Populations differ
from organisms in that they are potentially immortal, their
numbers being maintained over time by the births and
deaths of new individuals that replace those that die. Popu-
lations also have properties such as geographic boundar-
ies, densities and variations in size and age composition.
Population ecology is essentially the study of the vital rates
(births, deaths, recruitment) and biological processes that
maintain numbers of animals in a species population.
Population ecology is directly relevant to the management
of fisheries, forestry and agriculture where rates of removal
by harvest need to be balanced against natural means and
rates of replenishment.
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Community ecology is concerned with understanding the
diversity and relative abundances of different species living
together in the same place. An ecological community is the
sum of many populations of different species living in the
same or similar habitats. The community approach focuses
on interactions among multiple populations, which promote
and limit the coexistence of species. The focus of commu-
nity studies is principally on how biotic interactions such as
predation and competition in relation to habitat influence
the numbers and distributions of organisms. These interac-
tions include feeding relationships, which are responsible for
the movement of energy and materials through the ecosys-
tem, providing a link between community and ecosystem
approaches. Community ecology has particular relevance
to the understanding of the nature of biological diversity and
to the management of national marine sanctuaries.

Ecosystem ecology describes the dynamics of energy trans-
formations and material transfers among large assemblages
of organisms and the physical environment occupied by
those organisms. Ecosystems are large and complex systems,
sometimes including many thousands of different kinds of
organisms living in a great variety of habitats. In the course
of their lives, organisms transform energy and process mate-
rials. To accomplish this, organisms must acquire energy
and nutrients from their surroundings and rid themselves
of unwanted waste products. In doing so, they modify the
conditions of the environment and the resources available
for other organisms, and they contribute to energy fluxes
and the cycling of elements. Ecosystem function results
from the activities of organisms as well as from physical and
chemical transformations in the seafloor, water column and
atmosphere. Ecosystem understanding and approaches to
both fishery and sanctuary management are recognized as
essential by NOAA.

For purposes of implementing ecosystem-based resource
management, the term “ecosystem” needs to be defined.
A marine “ecosystem” is a human construct that artificially
delineates a related portion of the ocean (Francis et al.,
2007) over what can be a variable spatial scale (e.g., Stell-
wagen Bank sanctuary, Gulf of Maine). In the context of
this management plan, a marine ecosystem is defined by
NOAA (2005:3): “An ecosystem is a geographically speci-
fied system of organisms, the environment, and the process-
es that control its dynamics. Humans are an integral part
of an ecosystem. An ecosystem approach to management
is management that is adaptive, specified geographically,
takes into account ecosystem knowledge and uncertain-
ties, considers multiple external influences, and strives to
balance diverse social objectives.”

Conservation biology is a related discipline important to
sanctuary management. Within the broader framework of
ecosystem studies, conservation biology and community
ecology are often linked (Wilson, 2000). Conservation biol-
ogy is the scientific discipline charged with understanding
the primary threats to biodiversity and with providing infor-
mation critical for balancing resource use with the preser-
vation of functioning ecosystems (Lawler et al., 2006). It

addresses the biology of species, communities and ecosys-
tems that are perturbed, either directly or indirectly, by
human activities or other agents (Soule, 1995). It tends to
be a crisis-driven discipline (Soule, 1985; Wilson, 2000).
To effectively inform policy and management, conserva-
tion research addresses the most pressing problems and the
most threatened systems and organisms. In keeping with
the tenets of conservation biology, this management plan is
issue-oriented and takes a Pressure-State-Response approach
to problem solving and protecting and conserving sanctuary
resources, as discussed in the Resource States section.

During the public comment phase of sanctuary manage-
ment plan revision, questions were raised about the respec-
tive roles of the Office of National Marine Sanctuaries
(ONMS) and NOAA Fisheries Service. Both parts of NOAA
strive to meet a common goal of preserving or restoring
the ecological integrity of unique habitats while recogniz-
ing that human uses of those habitats must be managed in
an environmentally sustainable manner. Both ONMS and
NOAA Fisheries Service work towards that goal using the
various statutory and regulatory tools at their disposal.

Under the Magnuson-Stevens Fishery Conservation and
Management Act (MFCMA), NOAA Fisheries Service strives
to provide for sustainable fisheries using principles of popu-
lation ecology while at the same time conserving the habitat
of both target and non-target marine species. While many
of the existing fishery management plans focus on single
species or multi-species complexes, NOAA Fisheries Service
is mandated to consider the broader impact of fishing on the
ecosystem and has begun converting many of these plans
into ecosystem plans. The ONMS is principally tasked with
managing biological communities (together with maritime
heritage resources) using the principles of community ecol-
ogy within explicitly designated areas (under the National
Marine Sanctuaries Act (NMSA)). The primary purpose of
the NMSA is resource protection. Both take an ecosystem
approach to managing fisheries and sanctuaries respectively
and when applied in a complementary fashion, both stat-
utes can advance the goal of conserving and restoring the
ecological integrity of important marine areas.

Conserving biodiversity is central to the implementation
of ecosystem-based sanctuary management, an evolving
approach that stresses management of the entire sanctuary
ecosystem including all biological communities, habitats
and species populations, together with all uses. Biodiver-
sity encompasses all levels of organizational complexity in
the sanctuary, from genetic diversity to species diversity to
community diversity. Maintaining the ecological integrity
of the sanctuary and, hence, its sustained production of
resources and services requires attention to how the compo-
nent species interact and how we value those species and
interactions.

USE oF COASTAL AND MARINE SPATIAL
PrLANNING

As will be explained in following subsections of this manage-
ment plan, biodiversity is a key parameter that characterizes



the composition and health of marine life. Understanding
and monitoring marine biodiversity is critical to effectively
implementing ecosystem-based management. Coastal and
Marine Spatial Planning (CMSP) represents one of many tools
currently emerging to support ecosystem-based manage-
ment. On December 4, 2009, the Interagency Ocean Poli-
cy Task Force, convened by the White House Council on
Environmental Quality, released its Interim Framework for
Effective Coastal and Marine Spatial Planning (http:/www.
whitehouse.gov/administration/eop/ceqg/initiatives/oceans/
interim-framework).

This interim framework defines CMSP as “a comprehen-
sive, adaptive, integrated, ecosystem-based, and transpar-
ent spatial planning process, based on sound science, for
analyzing current and anticipated uses of ocean, coastal,
and Great Lakes areas. CMSP identifies areas most suitable
for various types or classes of activities in order to reduce
conflicts among uses, reduce environmental impacts,
facilitate compatible uses, and preserve critical ecosystem
services to meet economic, environmental, security and
social objectives.”

To ensure that values associated with marine biodiversity
are integrated within CMSP processes, biodiversity can be
translated as services provided by an ecosystem. Doing so
necessitates developing indices that reflect both naturally-
occurring variability in ecological value and the impacts of
human activities on ecological value within an ecosystem.
Such indices are best developed within areas where high
resolution data on species distribution and abundance,
genetic diversity, and environmental variables associated
with habitat preference and provisioning are available to
inform a case study.

The Stellwagen Bank sanctuary represents a highly produc-
tive marine protected area that supports seasonally abundant
marine mammal, seabird and fish populations as well as a
diversity of invertebrate (e.g., mollusks, sponges, zooplank-
ton, phytoplankton) and microbial species. It hosts a variety
seafloor habitat types over a complex bathymetry. The sanc-
tuary is also heavily used for a variety of human activities
and is mandated under the NMSA to ensure that these uses
are compatible with the primary goal of resource protection.
Meeting this mandate depends on comprehensive charac-
terization of biodiversity and evaluation of biological value
within the sanctuary. CMSP can help guide these activities
through complex database integration and spatial visualiza-
tion.

Several monitoring programs in or overlapping the sanc-
tuary area have generated high-resolution information on
the distributions of large whale populations and human
use (e.g., fishing effort, whale watching, large commercial
shipping) as well as physical environment (e.g., sediment
type, bathymetry). Some of these datasets have longer time
series than other datasets available most anywhere else in
the world (e.g., distribution of large whales, fishing effort).
In addition, an ocean observing system in the sanctuary
focused on acoustic detection of vocally-active species,
assessment of noise impacts, and underwater sound propa-

gation modeling is being used to inform biological obser-
vation system development, mapping of human-induced
impacts and tracking of climate change affects.

Due to the richness of these datasets and the richness of
the collaborative research relationships that have gener-
ated them, Stellwagen Bank sanctuary is poised to play a
critical role in developing spatially and temporally explicit
metrics of ecological value within sanctuary waters, provid-
ing a road-map for regional and national CMSP efforts. This
management plan makes summary assessments and makes
reference to representative research products drawn from
these datasets and incorporates this information into action
plan strategies and activities that were developed based on
an extensive, transparent and inclusive process of public
participation. CMSP is one of the principal tools being used
to guide management of sanctuary resources, including
managing for biodiversity conservation.

MANAGING FOR BIODIVERSITY CONSERVATION

In federal waters, marine biodiversity conservation is
achieved primarily by the interplay of four national stat-
utes: the MFCMA, MMPA, ESA, and the NMSA. These stat-
utes encompass two main objectives: (1) enable long-term
sustainable harvest and/or human use and (2) protect and/
or restore species, habitats, biological communities, and/or
ecosystems.

The MFCMA was primarily designed to ensure the sustain-
able harvest of fish and shellfish and has evolved to include
the capability to protect the habitat of target and non-target
species. Similarly, the MMPA was designed to protect
marine mammal species many of which were severely
depleted. While offering broad protection to these species
to ensure their recovery, the MMPA also regulates sustain-
able harvest or take in specialized cases. By ensuring that
marine mammals are protected as “significant functioning
elements of the ecosystem” the MMPA maintains the capa-
bility to protect individual animals, species, populations,
and the habitats that sustain them. The ESA’s mandate over-
laps that of the MMPA for marine mammal species facing
extinction. The ESA’s mandate to protect listed species also
includes a mandate to protect distinct animal population
units and habitats deemed critical to their survival.

Enacted around the same time, Title Il of the Marine Protec-
tion, Research and Sanctuaries Act (now also known as the
NMSA) was the first legislation to focus on comprehen-
sive and area-specific protection of the marine environ-
ment. The NMSA allows uses compatible with the primary
purpose of resource protection. The NMSA affords manag-
ers the opportunity to consider management measures
(e.g., zoned use within designated areas) for the purpose of
maintaining “natural biological communities.” By includ-
ing the broad mandate “to protect, and where appropri-
ate, restore and enhance natural habitats, populations, and
ecological processes” the NMSA highlights its purpose to
provide holistic protection of biodiversity in these special
areas. Thus, within designated sanctuaries, NOAA encour-
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ages integrated implementation of these four statutes for the
purpose of biodiversity conservation.

Of the 3,317 species of marine life documented in the GoM
region to date (COML, 2006), there are 41 species of fish
that are managed by the regional fishery management coun-
cils and the ASMFC, eight species of tuna and shark that
are managed separately as highly migratory species, and
12 species of marine mammals and sea turtles managed
under the ESA. Additionally, there are 39 species of seabirds
managed under the Migratory Bird Treaty Act. Many other
species occur in the GoM which are not subject to direct
management plans, including species that are rare but not
endangered, and this group is sizeable (see Sidebar). While
many of these species could potentially be the subject of
direct management, they often gain significant derivative
benefits from the directed management actions mentioned
above and other actions taken by Federal, State and local
partners in the region.

In addition, seven important fish species—Atlantic wolfish,
cusk, Atlantic halibut, Atlantic salmon, Atlantic sturgeon,
thorny skate and barndoor skate are all on the Species of
Concern List for the Endangered Species Act (NOAA 2006).
While this designation does not grant any protected status,
it indicates that these species warrant attention to insure
their populations do not decline further. All of these species
currently frequent the sanctuary or once did (salmon and
sturgeon). Halibut, salmon, sturgeon and skates are includ-
ed under various fishery management plans (FMPs). Two
of these species (wolfish and cusk), while being considered
for inclusion under the Multispecies FMP, have no directed
fishery management plan despite continued exploitation of
their populations; they are among the top ten species caught
by the recreational fishery in the Stellwagen Bank sanctuary
(see Table 20 in Recreational Fishing section of this docu-
ment).

The NMSA is unique in that it allows management actions
focused on the protection and conservation of the full
spectrum of biological diversity at a unique and significant
site (e.g., the Stellwagen Bank sanctuary) and can serve as
an important complement to other tools available under
the MFCMA and the ESA or MMPA. Congress found that
national marine sanctuaries are areas of the marine environ-
ment which have special conservation and esthetic quali-
ties (among others). Congress mandated that sanctuaries
be designated upon a determination that existing authori-
ties are insufficient or need to be supplemented to protect
the resources of that area. Congress directed that national
marine sanctuaries be managed to maintain the habitats,
and ecological services, of the natural assemblage of living
resources that inhabit these areas. Among the purposes
and policies of the NMSA is provision of authority for
comprehensive conservation and management to maintain
the natural biological communities and to protect, restore
and enhance natural habitats, populations and ecological
processes.

In specifying the management of “natural biological commu-
nities,” “natural assemblages of living resources” and “natu-

Rarity

Ecological rarity is defined in a variety of different

ways over a range of spatial scales, and the forms that
analyses take are highly varied (Kunin and Gaston,
1997). Although definitions of rarity differ in regard to
the metrics involved, the concept of rarity is universally
accepted and implicitly linked to the practice of
managing for biodiversity conservation. Notably, rare
species most often are not targeted for economic gain
but are impacted as a consequence of activities directed
at the exploitation of more abundant species (e.g.,
Auster 2005; Watling and Auster 2005).

Many fish species in the GoM might be considered rare
based on the relative abundance of their numbers that
occur in samples from bottom-trawl monitoring surveys.
For example, over a 30-year period (1975-2005), 90% of
the numerical abundance of the fish community came
from 7-10 species out of a total of 77 species sampled
during NOAA Fisheries Service research trawls (Auster
et al., 2006). The remaining 67-70 species made up
only 10% of the numerical abundance and, therefore,
would be considered to have some degree of rarity in
the community. This example assumes that the species
sampled are susceptible to capture in proportion to
their actual abundance.

Analysis of such sample data leads to questions about
the distribution and abundance of rare species within
the sanctuary. For example, are species rare due to
human-caused disturbance or are they naturally rare in
their associated communities? Answers to this question
lead to discussions of the necessity of management

or the need for listing under provisions of the ESA.
Another question that arises is focused on whether rare
species are distributed sparsely and evenly through
particular habitats or are they rare in most places

and have dense concentrations at limited locations?
Answers to this question may indicate the need to
manage impacts in centers of species abundance and to
insure that potential source populations continue their
ecological function.

ral habitats” rather than focusing on species populations per
se, Congress essentially mandated that national marine sanc-
tuaries be managed to protect and conserve biodiversity. In
managing for biodiversity conservation, the authorities and
protection measures afforded by all relevant statutes should
be brought to bear on solving the problems described in this
management plan. Given the unique roles that sanctuaries
can play in overall resource conservation and management,
it is reasonable to anticipate that the management plan
would advocate for a higher level of conservation of living
marine resources in the Stellwagen Bank sanctuary than may
apply broadly throughout the whole Gulf of Maine. And it is
reasonable to expect that human uses such as fishing would



Concept of Environmentally Sustainable Fishing

The concept of environmentally sustainable fishing is com-
patible with the goal of managing sanctuary resources for
biodiversity conservation. An environmentally sustainable
fishery protects the fish and the environment in which
they live while allowing responsible use of the species that
come from that environment. Itis a fishery in which target
species populations and associated habitats and biological
communities remain functionally intact while ensuring a
future for the industry and all those who depend on the
fishery for their livelihoods. It is a fishery based on the
principle of optimization that incorporates within its goals
the maintenance of biodiversity, biological community
structure and ecological integrity together with the realiza-
tion of economically and socially viable fishery production
and yield.

An environmentally sustainable fishery is conducted in a
manner that does not lead to over-fishing or depletion of
the exploited resources to a level that imperils their ability
to be a long-term functional component of the ecological
community and the industry that relies on them. For those
populations that are depleted to that level, the fishery is
conducted in a manner that demonstrably leads to their
recovery to sustainable levels. Environmentally sustainable
fishing allows for the maintenance of the structure, pro-
ductivity, function and biodiversity of the ecosystem, in-
cluding habitat and associated dependent and ecologically
related biological communities. The fishery is conducted
in a way that does not lead to trophic (food web) cascades
or ecosystem state changes. The fishery does not threaten
biological diversity at the genetic, species or population
levels and avoids or minimizes mortality of, or injuries to
endangered, threatened or protected species. The fishery
minimizes bycatch (unintentional capture of non-target
species) and reduces the wasteful practice of discarding
that bycatch.

The practice of environmentally sustainable fishing is
consistent with the 1995 FAO Code of Conduct for Re-
sponsible Fisheries (United Nations). Environmentally
sustainable fishing is conducted in ways that are consistent
with the MFCMA national standards and that are most
likely to be compatible with the sanctuary’s primary goal
of resource protection. Its practice derives from imple-
mentation of the principles of ecosystem-based resource
management and bears on the related concept of ecologi-
cally sustainable yield (Zabel et al., 2003). Its products can
gain promotional and market advantage through voluntary
certification programs (e.g., Marine Stewardship Council
(MSC); review by Haland and Esmark, 2002) and web site
advisories (e.g., www.fishwatch.noaa.gov; www.seafood-
watch.org) and restaurant ratings (e.g., www.fish2fork.
com). Managing the sanctuary for biodiversity conserva-
tion does not imply that fishing should be eliminated and
may require the sanctuary to work with its partners, includ-
ing the Fishery Councils and NOAA Fisheries Service, to
modify fishing within the sanctuary in order to conserve
biodiversity.

be done in a manner that is environmentally sustainable
(see Sidebar).

BIODIVERSITY EXPLAINED
Basic Understanding

The ocean is the cradle of biological diversity as life
began in the sea. A liter of ocean water contains over
100 million micro-organisms (Sogin et al., 2006). In fact,
micro-organisms represent over 50% of the biomass in
the sea. Some micro-organisms produce their own food
using sunlight while others are predators, hunting for
microbial prey in a fluid and turbid environment. The
ocean also contains larger multi-cellular plants, includ-
ing encrusting species that produce calcareous “skele-
tons” as well as large fast growing kelps that can produce
dense forests rivaling those in tropical jungles. Unlike
the land and freshwater realms of our planet, the ocean
contains representatives of every major type of animal
group (phyla) on earth, from sponges to mammals.
Although animals are but a single branch of the tree of
life, they are the group with which we are most familiar.

Biological diversity is, simply stated, the variety of life on
earth; it is the variability in all living things at all levels of
examination (United Nations, 1992). Itis inclusive of the
millions of plants, animals and microbes; the genes they
contain; and the ecosystems they build into the living
environment. The definition of “biological diversity” or
“biodiversity” deserves some discussion as it can mean
different things to different people. The most common
meaning refers simply to “species diversity,” which is all
of the species in a defined area or on earth as a whole,
including bacteria, protists, and fungi as well as the
multi-cellular organisms (plants, animals).

The genetic variation within species, both among
geographically separate populations and among indi-
viduals within single populations is termed “genetic
diversity.” While species diversity by definition includes
all of the species, or particular groups of species in an
area, genetic diversity refers to the variation within single
species. The level of genetic diversity within a popu-
lation is an indication of the ability of the population
to respond to and persist in the face of environmental
change.

At the highest levels of complexity, “community diver-
sity” and “ecosystem diversity” refer to the different
biological communities and their associations with the
physical environment (i.e., the ecosystem) that occur
within an area, geographic region or the earth as a whole.
The diversity of communities and ecosystems within a
region is an indication of the range of evolutionary forces
that have influenced species distributions. The range of
organisms supported at particular sites such as the sanc-
tuary provides a benchmark to understand both natural
and human-induced change.

Species richness, quantified simply as the number of
species in a particular area, is one of the most straight-
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forward means of characterizing biodiversity and is the prin-
cipal metric used in this document. Using this measure,
there are over 575 species in the Stellwagen Bank sanctuary.
Appendix ] provides a preliminary list of species, ordered
by phylum, currently known to occur within the sanctuary
boundaries. The list is incomplete as it does not include
many pelagic planktonic species that are difficult to capture
and identify. NOAA intends to augment this list as more is
learned about the diversity of species in the sanctuary.

Functional Relevance

Increasing domination of ecosystems by humans is steadily
transforming them into depauperate systems (Vitousek et
al., 1997; Sala et al., 2000). Over-exploitation (overharvest,
bycatch and indirect effects of fishing) and habitat loss are
considered the top threats to marine biodiversity (Kappel,
2005). The potential consequences of biodiversity loss have
received considerable attention (Kinzig, Pacala and Tilman,
2002). Yet managing ecosystems to promote biodiversity
can have important practical, utilitarian benefits by main-
taining multiple ecosystem services over time in the face
of change (Duffy, 2009; Palumbi et al., 2009). Ecosystem
services include provisioning services (e.g. fish and seafood),
regulating services (i.e. climate), recreational services (e.g.
fishing, diving and boating), cultural services (e.g. aesthetic
and spiritual values), and supporting services (e.g. nutrient
cycling and primary production) (MA, 2005).

The relationship between biodiversity and ecosystem
functioning (and services) has emerged as a central issue
in ecological and environmental sciences during the last
decade (Daily et al., 1997; Loreau et.al., 2001; Loreau,
Naeem and Inchausti, eds., 2002; Hector and Bagchi,
2007). The concept has not been without controversy,
which is now largely resolved (Hooper et al., 2005). This
relationship is amply demonstrated by two comprehensive
meta-analyses that examined the results of over 100 experi-
ments and more than 400 measures of biodiversity effects
(Balvanera et al., 2006; Cardinale et al., 2006). Compelling
evidence has accumulated from marine systems to suggest
that sustainable ecosystem services depend upon a diverse
biota (Sala and Knowlton 2006; Worm et al., 2006; Palumbi
etal., 2009). Itis now generally understood that conserving
biodiversity should be a goal of ecosystem-based manage-
ment.

Biodiversity can act as biological insurance for local ecosys-
tem functioning by allowing functional compensation
between species or phenotypes in time (lves et al., 1999;
Yachi and Loreau, 1999; Lehman and Tilman, 2000; Norberg
et al., 2001; Loreau et al., 2003). A prerequisite for this
effect, however, is that local diversity be maintained through
time. A management system that conserves biodiversity will
help to accrue more “eco-service capital” for human use
and will maintain a hedge against unanticipated ecosystem
changes from natural and anthropogenic causes (Palumbi
et al., 2009). This management plan provides the basis to
explore how maintenance and conservation of biodiversity
can be achieved at the scale of the sanctuary in order to
realize the attendant benefits.

BioceEoGraPHIC CONTEXT

GurF oF MAINE (GoM) LARGE MARINE EcosysTem (LME)

The GoM LME forms a distinctive sub-region of the North
American continental shelf in the northwest Atlantic Ocean,
based not only on topography and circulation but on the
communities of organisms that inhabit the area (Sherman et
al., 1996). The GoM LME is located at the southerly end of
the Acadian biogeographic province, which also includes
the Bay of Fundy and the Scotian Shelf. The Stellwagen
Bank sanctuary is the only national marine sanctuary in the
Acadian biogeographic province.

Georges Bank is included in the Acadian biogeographic
province by some scientists but in the Virginian biogeo-
graphic province to the south by others. The affinity to one
or the other biogeographic province is based on differences
in the distributions of major groups of organism, patterns
of endemism or oceanographic features (Cook and Auster,
2007). Many scientists view Georges Bank, as well as the
southern New England Shelf and mid-Atlantic Bight, as a
broad transition zone with no unique biogeographic char-
acteristics.

The Stellwagen Bank sanctuary is located in the southwest
part of the GoM LME and has depths that range from 20
to greater than 200 m. The shallower parts of the sanctu-
ary support species that are primarily coastal in origin while
the deeper waters support species more characteristic of
northern and deeper marine communities. Seafloor topog-
raphy in the western GoM blocks the flow of Maine deep
water from the north and east, thereby excluding species
that reside in conditions characteristic of Maine deep water
environments from sanctuary waters.

The diversity of organisms that occur in the Stellwagen Bank
sanctuary is a subset of the species that occur within the
larger GoM LME. While not all species found in the GoM
LME occur within its boundaries, the sanctuary contains a
representative sample of many of the species in the region.
Because of the wide range of depths (that cross major water
column boundaries) and the high diversity of habitat types
(e.g., mud, sand, gravel, boulder), the sanctuary exhibits a
wide range of communities and species in a relatively small
area (Auster et al., 2001; Auster, 2002; Cook and Auster,
2006).

The GoM LME is relatively species poor when compared to
other shelf ecosystems in the world ocean. For example,
while the GoM has 652 species of fish (GoM Register of
Marine Species at http://www.usm.maine.edu/gulfofmaine-
census/Docs/About/GoMRMSClassification/index.htm;
downloaded 8 August 2006), the tropical seas off northern
Australia and Indonesia contain over 2,000 species of fish
(Allen and Steene, 1999)—a diversity hotspot with the great-
est number of fish species on earth.

Biopiversity CoLDSPOT

Biodiversity “hotspots” are regions of the world with unusu-
ally high concentrations of endemic species (species that
are found nowhere else on Earth) and that, by the original
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definition (Myers, 1988), also suffer severe habitat destruc-
tion. Today the term is more loosely applied to areas having
the perceived biological quality of high species richness.
The term is used in practice to identify areas of the world
that should be managed to protect biodiversity (Myers et
al., 2000).

By this definition, hotspots occur almost exclusively at
lower latitudes in tropical and subtropical climes. Temper-
ate places in the world that may be relatively species poor
can also have high biological value, when those values are
defined differently. Such places are considered to be biodi-
versity “coldspots” (Kareiva and Marvier, 2003). Coldspots
take on particular and unique importance when they can
be linked in additive fashion to become part of a regional
network that fully characterizes and effectively maintains
functioning ecosystems.

The Stellwagen Bank sanctuary is an important biodiver-
sity coldspot. The sanctuary area is one of thirty priority
sites for networked marine ecosystem conservation in New
England and Maritime Canada that were identified through
an extensive science-based approach (Crawford and Smith,
2006). That study is the foundation for a systematic effort to
conserve and network high-quality and enduring examples
representative of the full range of communities, habitats,
environmental gradients and ecological processes in the
GoM and northeast continental shelf. The sanctuary was
a particularly important contributor for meeting a range of
network goals, including demersal fish goals (89%), marine
mammal goals (73%) and benthic habitat and seascape
goals (80%).

So while the GoM region is not a global hotspot of biologi-
cal diversity (sensu Myers, 1988), it does contain species
endemic to the region, species which are the products of
evolutionary forces that act selectively within the region.
Hence the GoM LME contains a unique fauna based on a
number of species occurring nowhere else, some having a
distinct genetic composition if they are a subset of a wider
ranging species, and others occurring within unique commu-
nities or habitats and having a unique ecological role when
compared to other regions.

FUNDAMENTAL CONCEPTS OF BIODIVERSITY

HistoricAL BASELINES

To the extent possible, an understanding of the historic
abundance and diversity of organisms in the Stellwagen
Bank sanctuary area is essential to effectively manage for
biodiversity conservation. Long-term population trends of
economically important fish species, as well as marked
changes in the ecosystem through time, can be used to
make empirical estimates of key metrics. While historical
baselines may be insufficient by themselves to set realistic
targets for restoration efforts, they add useful perspective
for consideration of what the goals and policies should be
(e.g., Ames 1997, 2004; Reeves et al. 2002; Roberts, 2007;
Bolster, 2008).

The phenomenon of “shifting baselines” as described by
Pauly (1995) and Jackson et al., (2001), whereby standards of
resource condition degrade through time, directs us towards
the importance of historical perspectives as tools for deter-
mining long-term trends and setting baselines for compari-
son. Historical baselines can help avoid underestimations
of ecosystem capacity or biased policy decisions resulting
from lack of historical context. For example, Rosenberg et
al. (2005) used fishing logs from the mid-19th century to
model Atlantic cod biomass on the Scotian Shelf of Canada
in 1852.

Using daily catch records, fleet activity and communication
with other vessels, Rosenberg et al. (2005) inferred fishing
capacity of the Beverly (Massachusetts) fishing fleet, and
related the change in catch per unit fishing effort between
1852 and 1859 to a population dynamics model. This
analysis allowed for estimation of original biomass prior to
1852 of 1.26 million metric tons of Atlantic cod. The 2002
biomass estimate, determined by Canada’s Department of
Fisheries and Oceans was approximately 3,000 metric tons,
a decline of 99.7% from the population biomass of 1852.
Growth of cod populations due to recent conservation efforts
does not bring numbers of fish close to historical biomass.

Cod in the GoM-Georges Bank ecosystem (which includes
the sanctuary) are no longer one of the biomass dominants
of the fish community, only comprising around 5-10% of
the total fish biomass in the ecosystem (Serchuk et al., 1994;
Link et al., 2009). The history of the US northwest Atlantic
cod fishery and subsequent changes in the fish community
are well documented (Serchuk and Wigley, 1992; Serchuk
et al., 1994; Murawski et al., 1997; Fogarty and Murawski,
1998), with cod currently around 25-30% of historical
levels. Fish biomass is now dominated by elasmobranch
and pelagic species in this ecosystem.

Determination of historical baselines of ecosystem condition
are required to make appropriate conservation decisions.
Without a historical baseline, there is the risk that managers
and the public mistakenly assume that recent condition of
the resource in question is an appropriate reference point
on which to base target restoration measures when, in fact,
this reference point represents a significantly degraded
condition. Absent historical context to gauge ecological
potential, restoring the sanctuary’s resources may result in
serious underestimation of the system’s capacity to respond.
The decade-long Census of Marine Life project, History of
Marine Animal Populations (HMAP), typifies this approach
(http://www.hmapcoml.org).

As a part of HMAP, the GoM Cod Project focuses on the
collection and analysis of historical data of fish popula-
tions in the GoM. The first phase of a subset of this project
collected and reviewed historical sources that could be used
to provide biological indicators and population trends for
fishes in the sanctuary area (Claesson and McKenzie, 2005).
Data indicate that the sanctuary area was identified as a site
of high biological productivity from the earliest times (Figure
6). The Sidebar on researching historical trends draws from



FIGURE 6. EXPLORER JOHN SMITH’S Mapr oF NEw ENcLAND, 1616,
WITH STELLWAGEN BANK AND THE SANCTUARY AREA (SHADED BLUE) SUPERIMPOSED.

Embellishment,
1635 edition

The ship was positioned over Stellwagen Bank (and within the boundaries of what today is the Stellwagen Bank sanctuary) and was
an early convention to identify good fishing grounds. In the 1635 revised edition, the map was embellished with a pyramid of “cod
heads” under the ship to depict the area as being especially good fishing. Courtesy: Karen Alexander, GoM cod project, University

of New Hampshire.

Claesson and McKenzie (2005) and offers background for
the work conducted in the sanctuary.

The second phase of this research incorporated the data
into a Geographical Information System (GIS) database and
through analysis of the data determined historical trends
in fish diversity and population abundance in the sanctu-
ary among other findings (Claesson and Rosenberg, 2009).
Their analysis indicates that from ca. 1900 to 2000: (1) the
diversity of bottom-dwelling species in the western GoM
(including the sanctuary) appears to have declined signifi-
cantly, and that (2) the maximum annual catch levels of
historically important commercial species in the sanctu-
ary have declined by nearly 50 percent. Additionally, top
predators in the sanctuary, such as halibut and swordfish,
were overfished to near extirpation by the late 19" and early
20" centuries.

TroOPHIC INTERACTIONS

Food Webs

Other than primary producers and chemosynthetic organ-
isms that make their own food from inorganic sources,
all other organisms must consume others to sustain life
processes, grow and reproduce. The range of interactions
of species feeding on one another is referred to as a food or

trophic web. The food web is a conceptual model of how
the ecosystem functions.

Species are grouped according to trophic level (TL) as
primary producers (like phytoplankton and algae), primary
consumers (those that feed on primary producers), second-
ary consumers (those that feed on organisms that feed on
primary producers), and up through higher TL predators
(like sharks and tunas and humans) as well as the tremen-
dous diversity of microbial organisms that either prey on
other microscopic prey or decompose organic material in
microbial food webs. While this is a highly simplistic view
of the major types of trophic interactions that occur within
natural communities, the true nature of such interactions are
highly complex when many species are involved.

For the GoM region, which includes the Stellwagen Bank
sanctuary, Link (2002) developed a food web model that was
composed of 81 “trophic compartments” from detritivores
and phytoplankton through to human predators (Figure 7).
Some nodes of this food web are actual species (like Atlantic
cod and silver hake) while other nodes are designated as
trophic groups (like copepods and sponges). The food web
is most detailed for fishes and their interactions with primary
prey and reveals a highly complex and interconnected set of
relationships. Bowman and Michaels (1984) provide a relat-
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Researching Historical Trends

Context. European settlement marked the beginning of documented ex-
ploitation of marine resources in Massachusetts Bay. Explorations of the
New England region reported the abundance of fish as far back as 1602,
when Bartholomew Gosnold visited the sanctuary area. The abundant
marine resources provided surrounding settlements with close, protected
fishing grounds to make a living. From Plymouth to Gloucester, regional
fishing camps grew into towns that were dependant on the local fisher-
ies. As early as 1670, concerns arose over the coastal fisheries resources.
Licensing fees and limits on the taking of particular fish species, such as
mackerel, came about in the Plymouth colony. However, open ocean re-
sources were viewed as “inexhaustible,” a view held until relatively recent
times.

The early 19th century brought about rising concerns over declines in fish
species and populations. In 1839, David Humpheys Storer reported con-
cerns of fisherman over changes in “composition, size, and distribution

of the region’s fish populations.” Louis Agassiz established the Museum
of Comparative Zoology at Harvard University, collecting samples and
investigating the biology of fishes of the GoM. Human activity, such as
damming rivers, and pollution had significant effects on fish populations,
particularly anadramous species such as alewife, shad and salmon, as did
directed fishing pressures.

The federal government established the U.S. Fish Commission in 1871 to
investigate the declines of fisheries of the area and research the biology
and oceanography of the regional marine ecosystem. This Commission
was replaced by the U.S. Fish and Wildlife Service in 1940. The federal
government did not impose fishing restrictions on the banks or any off-
shore areas of New England until the mid 20th century. In 1970, the Na-
tional Marine Fisheries Service became a part of the NOAA.

Sources of Information. Baselines based on historical data and trends

are essential to decision-making agencies needing to compare present
resource conditions to those of the past. Sources of these historical data
range from personal journals of sailors aboard fishing vessels, to docu-
ments annually reported to the federal government. Maps, journals or log
books, letters and interviews taken directly from fishermen throughout
the history of this area provide specific quantitative fish counts, areas of
high catch and trends of catch throughout years of fishing, as well as ob-
servations and insight into the lives of fishermen and their thoughts on
changing environmental conditions.

Private business records from many fishermen provide some of the most
detailed information with names, bait used, catch and other personal
information. Newspapers from local fishing towns, as well as census data
from the Commonwealth of Massachusetts, provide detailed information
on vessels owned and run in the region, giving insight into fleet size and
investments or products of the fisheries in the area.

Scientifically collected data from government research vessels through the
U.S. Fish Commission, local government or local scientific societies such
as the Boston Society of Natural History, are available in serial sets pub-
lished as early as 1834. Federal statistics collected from fishermen on a
monthly basis (in the later half on the 19th century) provide data on types
of fish caught, landings, numbers of crew members and fishing methods.
Legislative documents from as early as the 17th century and right up
through the 20th century provide information on regulations focused on
local fishing activities. These various forms of historical documentation
provide many parts to a puzzle that must be carefully pieced together, pro-
ducing baseline context for conservation decision making.

ed analysis of the food habits of seventeen
species of Northwest Atlantic fish.

This food web, based on relationships
between predators and prey from across
the northeast continental shelf (north-
west Atlantic ocean), is in sharp contrast
to food webs developed in more discrete
and complex habitats such as coastal kelp
forests and coral reefs. It is in such distinct
habitat types that trophic cascades have
been shown to regularly occur when these
communities are disturbed by human
activities.

Trophic Cascades and Guilds

Trophic cascades occur when change
in the abundance of a particular species
affects the abundance of species at two or
more lower TLs. For coastal kelp forests in
the GoM, Steneck et al., (2004) defined
trophic relationships that were signifi-
cantly more limited and well defined than
those for the northeast continental shelf
(Figure 8). The effects of human exploi-
tation over the last century produced
trophic cascades in the kelp forests by
reducing predators such as cod and other
gadids (phase 1). This reduced predation
pressure, primarily on green sea urchins,
resulting in urchin dominated communities
that decimated kelp forests and shifted the
dominant primary producers to species of
corralline algae (phase 2). Overexploita-
tion of urchins in the late 1980s and early
1990s resulted in the recovery of kelp
forests and increased abundances of crabs
and lobsters (phase 3). Similarly, over-
exploitation of piscivores and herbivores
has caused trophic cascades on coral reefs
shifting the system from one dominated by
corals to one dominated by algae (Jackson
et al., 2001).

One of the underlying assumptions of the
trophic relationships discussed above is
that interactions of species within particu-
lar habitat patches (e.g., kelp forests, coral
reefs) is tightly linked to those habitats,
and that interactions with species outside
of those habitats is weak (i.e., not “leaky”).
While made an explicit assumption of
many trophic web models, this is not
necessarily the case in less complex and
more spatially extensive habitats such as
those of the offshore GoM, including the
Stellwagen Bank sanctuary. For example,
approximately half of the fish species in
communities on deep boulder reefs in the
sanctuary are either seasonal residents or



FIGURE 7. SPECIES AND TROPHIC INTERACTIONS OF THE NORTHWEST ATLANTIC FOOD WEB.

This tangled “bird’s nest” represents interac-
tions at the approximate trophic level (TL) of
each species, with increasing TL towards the
top of the web. The left side of the web gener-
ally typifies pelagic organisms, and the right
to middle represents more benthic/demersal
oriented organisms. Species interactions in
the top half of the web are dominated by
predation on fish.

1 = detritus, 2 = phytoplankton, 3 = Calanus sp., 4 = other copepods, 5 = ctenophores (comb jellies), 6 = chaetognatha (arrow
worms), 7 = jellyfish, 8 = euphasiids, 9 = Crangon sp., 10 = mysids, 11 = pandalids (shrimp), 12 = other decapods, 13 = gammarids
(amphipods), 14 = hyperiids, 15 caprellids, 16 = isopods, 17 = pteropods, 18 = cumaceans, 19 = mantis shrimps, 20 = tunicates (sea
squirts), 21 = porifera (sponges) , 22 = cancer crabs, 23= other crabs, 24 = lobster, 25 = hydroids, 26 = corals and anemones, 27 =
polychaetes, 28 = other worms, 29 = starfish, 30 = brittlestars, 31 = sea cucumbers, 32 = scallops, 33 = clams and mussels, 34 =
snails, 35 = urchins, 36 = sand lance, 37 = Atlantic herring, 38 = alewife, 39 = Atlantic mackerel, 40 = butterfish, 41 = loligo (squid),
42 =illex, 43 = pollock, 44 = silver hake, 45 = spotted hake, 46 =white hake, 47 = red hake, 48 = Atlantic cod, 49 = haddock, 50 =
sea raven, 51 = longhorn sculpin, 52 = little skate, 53 = winter skate, 54 = thorny skate, 55 = ocean pout, 56 = cusk, 57 = wolfish,
58 = cunner, 59 = sea robins, 60 = redfish, 61 = yellowtail flounder, 62 = windowpane flounder, 63 = summer flounder, 64 = witch
flounder, 65 = four-spot flounder, 66 = winter flounder, 67 = American plaice, 68 = American halibut, 69 = smooth dogfish, 70 =
spiny dogfish, 71 = goosefish, 72 = weakfish, 73 = bluefish, 74 = baleen whales, 75 = toothed whales and porpoises, 76 = seals, 77
= migratory scombrids (tunas), 78 = migratory sharks, 79 = migratory billfish, 80 = birds, 81 = humans (adapted from Link, 2002).

transients (Auster and Lindholm, 2006) suggesting that such
habitats are quite “leaky” and that predator-prey interactions
extend beyond their boundaries.

Given the high levels of exploitation of fish species on the
northeast continental shelf, the concern is that regional or
shelf-wide trophic cascades could occur, resulting in long-
term changes in the shelf ecosystem including that of the
sanctuary. Such cascades have already occurred in more
discrete habitats in the nearshore environment of the GoM
(Jackson et al., 2001; Steneck, 2004; Frank et al., 2005)
as noted above. However, an analysis of patterns in the
abundance of fish species within particular trophic guilds
(groups of species that feed on the same kinds of prey, e.g.,
piscivores, benthivores, crab eaters, echinoderm eaters,
planktivores, shrimp-fish eaters) in the Georges Bank region
inclusive of the Stellwagen Bank sanctuary revealed that
most trophic guilds remained remarkably stable over the
four-decade time series studied, despite large changes in
the abundance of individual species (such as Atlantic cod)
within the guilds (Garrison and Link, 2000a,b; Auster and
Link, 2009).

These data suggest that there is a form of compensation in
the way fish communities within the GoM and the sanctuary
respond to exploitation and that in habitats and landscapes
where significant connectivity occurs, a level of protec-
tion against trophic cascades exists. In the offshore GoM,

researchers have shown that compensation in the abun-
dances of species within trophic guilds, including piscivores,
may buffer the potential for trophic cascades (Auster and
Link, 2009). The generalist nature of predators in this system
and their ability to switch among multiple prey species
precludes strong top-down control of prey populations and
trophic cascades following predator removal (Sissenwine et
al., 1984; Jennings and Kaiser, 1998). The generally weak
interactions observed likely account for the relative stability
of the trophic structure despite major changes in community
structure.

However, overexploitation has altered the dynamics of this
ecosystem primarily through the reduction of dominant
species and subsequent adjustments in biomass distribu-
tion among species. While the trophic guild structure of the
community has remained static, fishing pressure has altered
the dynamics by targeting two major feeding guilds. Fishing
pressure was and is directed primarily at large piscivores
(e.g., Atlantic cod, white hake, goosefish) and large benthi-
vores (e.g. yellowtail flounder, haddock). As a result, the
current biomass dominants include pelagic species (spiny
dogfish, silver hake) and planktivores (herring, mackerel).
The dominant fish species have become smaller and feed
at lower trophic levels, and the Georges Bank (also sanctu-
ary) fish community has shifted from a primarily demersal
community to a pelagic community (Garrison and Link,



FIGURE 8. TROPHIC CASCADES IN KELP FORESTS ALONG THE COAST OF MAINE.
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demonstrated with ecological studies. Apex fish predators (all above TL 3.2) feed on invertebrates (TL less than 3). Predatory inverte-
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linkage with other species in this system. Note: Lobster’s trophic linkages are weak despite their abundance in recent years because
they feed primarily on lobster bait in the trap fishery (Steneck, unpublished) (adapted from Steneck et al., 2004).

2000b). Garrison (2000) determined that ontogenetic (size-
based) changes in diets are an important feature of the trophic
structure in this system and attributed seasonal changes in
trophic structure to both predator and prey migrations.

Structuring Biological Communities

While trophic cascades per se among fish communities may
not have occurred on the northeast continental shelf, despite
the extreme effects of overexploitation on individual species,
competitive interactions due to changes in the populations
of exploited species have impacted the composition of GoM
fish communities as indicated above. As further example,
the decline in cod and flounders due to fishing likely result-
ed in a competitive release allowing extreme increases in
skates and spiny dogfish on Georges Bank (Fogarty and
Murawski, 1998). Also, due to the direct effects of fishing
on cod, it appears that the ecological (trophic) role of cod
has been diminished relative to historical roles in many
cod ecosystems including GoM/Georges Bank (Link et al.,
2009). Consider also the documented historical decrease in
trophic level in the northeast continental shelf fishery land-
ings discussed next.

Trophic levels of marine ecosystems are widely recognized
in marine science as an important abundance indicator and
broad measure of ecosystem health (UNEP Convention on
Biological Diversity, 2004). Claesson and Rosenberg (2009)

used landings and statistical records of the U.S. Commission
of Fish and Fisheries (1893-1935) to derive a Mean Trophic
Index (MTI) for Stellwagen Bank and for comparison a MTI
for the GoM (1902-1935) (Figure 9). These historic trends
in trophic level are only for targeted and long-lived demer-
sal species (halibut, cod, haddock, hake, cusk and pollock).
Species lower in the food chain, as well as fisheries with
significant natural oscillations such as mackerel, were not
included in the analysis and do not influence the trophic
level shifts. Consequently, the authors attributed the shifts in
trophic level primarily to overfishing and changes in fishing
technology.

The results presented in Figure 9 show that the trophic
level of commercial species in the GoM (hence community
composition) declined steadily from a high of 3.89 in 1908
to a low of 3.72 in 1927. The trophic level of Stellwagen
Bank exhibits a more varied pattern that Claesson and
Rosenberg (2009) attribute to shifts in fishing technology,
such as adoption of steam-powered net trawling vessels,
and periodic abandonment of Stellwagen Bank for more
lucrative fishing further offshore to Georges Bank and
Brown Banks with species abundances at Stellwagen Bank
temporarily rebounding during the interim. In addition, this
analysis shows that sub-regional baselines do not parallel
one another temporally and may vary significantly in
exploitation rates and biological trends.



The abundance and distribution of preferred prey species
has played a significant, perhaps critical, role in structur-
ing the distribution of baleen whale populations in the
GoM (Payne et al., 1990). The distribution of humpback
whales has been shown to be significantly correlated with
the number of sand lance obtained from standardized trawl
tows (Payne, et al., 1986). Humpback whale sightings from
1978-1986 showed a shift in distribution from the upper
GoM-lower Bay of Fundy region to the southwestern GoM
concurrently with an increase in sand lance in this area
during the same period. This shift in distribution coincided
with a dramatic increase in the concentrations of sand lance
throughout the shelf waters of the eastern United States. The
sand lance populations apparently expanded in response to
the collapse of the Atlantic herring stocks in the mid-1970s
due to over-fishing from foreign, distant water factory fleets
(Meyer et al., 1979; Sherman et al., 1981).

Significant changes in the biomass of sand lance and the
abundance of copepods have co-occurred with a shift in
the occurrence and abundance of four species of baleen
whales (northern right, humpback, sei and fin) in the south-
ern GoM (Payne et al., 1990). Peak years in the abundance
of the copepod Calanus finmarchicus were the lowest years
in abundance for sand lance. Right whales and sei whales
were common in the region only during 1986, when C.
finmarchicus reached a regional maximum and sand lance

were at a regional minimum. These distributional shifts
in cetaceans have been characterized as an ecological
response to human-induced changes in the abundance of
herring and mackerel due to over-harvesting and a compen-
satory response by sand lance (Payne et al., 1990).

Since the elimination of foreign fisheries on the northeast
continental slope in the late 1970s, Atlantic herring popula-
tions were able to re-colonize much of the area’s spawn-
ing habitat during the period from 1988-1993 (US DOC,
NOAA, 1993a). During 1992-1993, the abundance of sand
lance was well below the average for previous years. This
change in the abundance of species which feed at the same
TL is referred to as a “biomass flip.” This shift in the abun-
dance and distribution of cetacean prey could possibly trig-
ger a similar shift in the distribution of humpbacks and other
cetaceans that feed on these small pelagic species. Many
species of marine mammals and predatory fish follow the
movements and abundance of their prey, which in turn may
be linked to physical oceanographic conditions including
circulation patterns, water temperature and salinity as well
as local depletion of prey species due to targeted fishing
activity.

Climate Change and Ocean Acidification

Climate change and the associated effects of ocean acidifi-
cation may have the most unpredictable effects on commu-

Ficure 9. MEAN TroprHIC INDEX (MTT) BASED ON U.S. CoMMISSION OF FisH AND FISHERIES STATISTICAL BULLETIN LANDINGS
FOR STELLWAGEN BaANK (1893-1935) aAND THE GoM (1902-1935).
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and regional abundance of commercial fishes. (Figure adapted from Claesson and Rosenberg, 2009)



nity structure and trophic interactions in the sanctuary and
hence its biodiversity. Rising atmospheric carbon dioxide
(CO2) concentration is causing global warming and ocean
acidification (Caldeira and Wickett, 2003; Feely et al., 2004;
Orr et al., 2005), which increasingly are recognized as
important drivers of change in biological systems (Lovejoy
and Hannah, 2005). As impacts of climate change strength-
en they may exacerbate effects of existing stressors and
require new or modified management approaches (Keller et
al., 2009).

Many species are at the southern or northern limits of their
distributions in the sanctuary area. Small increases in water
temperature may result in significant increases in more warm
temperate species and the loss of cold water taxa. Climate
change has important implications for fish stocks on the
Northeast U.S. continental shelf (Nye et al., 2009) and for
Atlantic cod specifically (Drinkwater, 2005; Fogarty et al.,
2008; Link et al., 2009). Long-term trends in warming have
already resulted in shifts in the distribution of fishes in the
GoM (Murawski, 1993; Garrison, 2001). During the last 40
years, many familiar species have been shifting north where
ocean waters are cooler, or staying in the same general area
but moving to deeper waters than they have traditionally
been found (Nye et al., 2009). These shifts ultimately will
effect ecosystem functioning within the Stellwagen Bank
sanctuary.

Climate change can interact with and acerbate the effects
of overfishing (Drinkwater, 2002; Clark et al., 2003) and
work indirectly to cause distributional and abundance shifts
among prey and predators (Beaugrand et al., 2003). Heav-
ily fished stocks appear more sensitive to climate change
and often show a larger shift in response (Nye et al., 2009).
Beaugrand et al. (2002) link the gradual northward shift in
distribution of the copepod C. finnmarchius in the eastern
North Atlantic with climate change. This copepod is an
important food resource for several species of fish of major
ecological and economic value in the sanctuary such as sand
lance and the larval stages of cod and is the principal prey
for the critically endangered North Atlantic right whale.

Ocean acidification is caused by the oceanic uptake of
anthropogenically released COy, which in its dissolved form
is carbonic acid. Approximately one-third of the anthropo-
genic CO; produced in the past 200 years has been taken
up by the oceans (Sabine et al., 2004). Although oceanic
uptake of anthropogenic CO3 will lessen the extent of glob-
al warming, the direct effect of CO2 on ocean chemistry
may affect marine biota profoundly (Fabry et al., 2008). The
implications of such changes to the marine ecosystem of the
sanctuary are considerable.

While the biological impacts of ocean acidification on
marine fauna are only beginning to be understood, suffi-
cient information exists to state with certainty that deleteri-
ous impacts on some marine species are unavoidable, and
that substantial alteration of marine ecosystems is likely
over the next century. The first direct impact on humans
may be through declining harvests and fishery revenues
(Cooley and Doney, 2009). High priority areas for research

include high latitude regions (Orr et al., 2005), but the state
of ocean acidification in the northeast U.S. continental shelf
ecosystem is largely undefined and in need of understand-
ing (NOAA, 2010).

Elevated partial pressure of CO; in seawater can impact
marine organisms both via decreased calcium carbonate
(CaCO3) saturation, which affects calcification rates, and via
disturbance of acid-base (metabolic) physiology (Fabrey et
al., 2008). Increasing ocean acidity may interfere with the
ability of organisms to form calcium carbonate structures:
tests, shells and otoliths, and will alter the fundamental
chemical balances that are critical to ocean life. Whatever
the specific mechanism(s) involved, however, the impact of
elevated levels of dissolved CO» on marine calcification is
more varied than previously thought (Ries et al., 2009).

Species in the sanctuary that are notably at risk include those
fundamental to primary production (i.e. the protists, notably
test-forming phytoplankton such as coccolithopores), species
that serve as critical prey at the base of the food web (i.e.
copepods and other zooplankton), and invertebrates with
calcified hard parts (e.g. certain sponges, molluscs, echino-
derms and crustaceans) that populate seafloor communities
and can be of great ecological and/or commercial impor-
tance (e.g. scallops, shrimp, lobsters). Cascades up the food
web could include impacts to the multiple endangered and
threatened species of whales that rely on the sanctuary as a
major feeding area.

Possible changes in sound propagation also are an important
consideration with respect to ocean acidification because
absorption of sound varies with pH levels (Hester et al.,
2008). Ocean acidification’s effects on low frequency sound
propagation conditions could have negative consequences
for vocalizing marine animal communication ranges (Hester
et al., 2008). Concerns regarding the ability of animals to
communicate in increasingly noisy marine environments
are particularly relevant to the sanctuary because of the
high co-occurrence of ship traffic and marine mammals.
Research is needed to predict the consequences of ocean
acidification on communication ranges for different species,
and to better understand the influence of spatial and tempo-
ral variance in propagation conditions resulting from ocean
acidification on low frequency communication.

HABITATS

A variety of habitats across a range of depths occurs within
the sanctuary to support its biodiversity. The underwater land-
scape is a patchwork of habitat features that are composed
of both geologic and biologic components. Habitat is
defined as the location occupied by an organism, popula-
tion or community. It is the physical part of the community
structure in which an organism finds its home, and includes
the sum total of all the environmental conditions present in
the specific place occupied by an organism. Habitats can
be found on the seafloor or in the water column. Seafloor
habitats are formed by the physical substrata in an area or by
the combination of physical substrate and inhabiting organ-



FIGURE 10. MULTI-BEAM SONAR IMAGE OF THE STELLWAGEN BANK SANCTUARY AREA SHOWING (@) SUN-ILLUMINATED SEAFLOOR
TOPOGRAPHY AND (b) BACKSCATTER INTENSITY OF SEDIMENTS.

Source: USGS.

isms (biogenic habitats), such as anemones attached to a
boulder.

Habitat features provide shelter from predators and the flow
of tidal and storm generated currents, serve as sites that
enhance capture of prey such as drifting zooplankton, and
serve as foci for spawning activities including egg laying
and brooding young. All organisms have particular habitat
requirements and the important attributes of “habitat” vary
between species and between the various life history stages
within species.

Regional topography and surficial seabed features of the
sanctuary have been mapped in great detail based on multi-
beam echo sounder imagery and on extensive ground-truth-
ing with video and photographic imagery and geological
and biological sampling. Habitat characterization produc-
es descriptors of habitats based on geological, biological,
chemical and oceanographic observations. Habitat classi-
fication produces a set of habitat types based on a suite of
standard descriptors of topographical, geological, biological,
natural, and anthropogenic features and processes. Habitat
mapping is the spatial representation of described and clas-

sified habitat units (Valentine et al., 2005). The development
of a new seabed classification scheme has made it possible
to map habitats based on substrate texture, seabed dynam-
ics, the complexity of physical and biological structures on
the seabed, and fauna (Valentine et al., 2005).

The simplest classification of habitats in the Stellwagen Bank
sanctuary that can be discerned is based on the multi-beam
echo sounder imagery which reveals backscatter intensi-
ty—a measure of the hardness of the substrate (Figure 10).
Based on this imagery, the sanctuary contains three basic
physical habitat types: gravel, sand and mud with the follow-
ing coverage: 34%, 28% and 38%, respectively. Bedrock
outcrop and piled boulder reefs are other important physical
habitats. Bedrock outcrop is found only on Sanctuary Hill
in the northeastern-most corner of the sanctuary; piled boul-
der reefs are extensively associated with sand and gravel
areas of the sanctuary (Valentine et al., 2001). Imagery from
ground-truthing and physical sampling reveals that each of
the three basic habitat types can be further subdivided into
more descriptive categories such as mobile rippled coarse-
grained sand, for example (Valentine et al., 2005).

Ill.  Sanctuary Setting
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PHYSICAL SETTING

The physical setting of the sanctuary is the structural founda-
tion for its biological processes. The first set of sanctuary
regulations that were established when the sanctuary was
designated in 1992 was intended to, among other things,
prevent Stellwagen Bank from being mined for its sand and
gravel resources. Minerals extraction has enormous poten-
tial to adversely impact the ecosystem functions of the sanc-
tuary by physically altering the surface profile of Stellwagen
Bank and its attendant oceanography. Exploring for, devel-
oping or producing industrial materials such as sand and
gravel within the sanctuary are strictly prohibited. Other
regulations prohibit the drilling into, dredging or otherwise
altering the seabed of the sanctuary or constructing, placing
or abandoning any structure, material or other matter on the
seabed of the sanctuary, except as exempted as an inciden-
tal result of traditional fishing operations, for example.

An understanding of the physical setting—the linkages
between its geography, geology and oceanography—enables
understanding of how regional, large-scale processes of the
GoM ecosystem connect with and directly impact the local
biodiversity patterns and processes at the scale of the sanc-
tuary. For example, the habitats of marine mammals are
affected by the physical and chemical properties of the water
through which they swim and communicate, the topography
and substrate type of the ocean bottom and water column
characteristics where they feed, the physical state of the
ocean surface where they breath, and the numerous factors
influencing the distribution of food organisms (including
temperature, salinity, currents and winds) that determine
their distribution and local abundance.

GEOGRAPHY

The Stellwagen Bank sanctuary stretches between Cape Cod
and Cape Ann at the mouth of Massachusetts Bay and is
virtually the size of the state of Rhode Island (Figure 11). It
covers 842 square-miles (2,182 km2) of marine waters and
is located entirely within federal jurisdiction. At its greatest

distance from the coast, the sanctuary is located approxi-
mately 25 nautical miles east of Boston, Massachusetts, and
3 nautical miles off Cape Ann and Cape Cod. On a regional
scale, the sanctuary is a part of the GoM LME.

The sanctuary is a topographically diverse area that encom-
passes the submerged Stellwagen Bank and Basin, Tillies
Bank and Basin and a portion of Jeffreys Ledge in the south-
ern GoM. The GoM is a large gulf of the Atlantic Ocean on
the northeastern coast of North America, roughly between
Cape Cod in Massachusetts to the south and Cape Sable
Island on the southern tip of Nova Scotia to the northeast
(Figure 12). It includes the entire coastlines of the States of
New Hampshire and Maine, as well as Massachusetts from
the north side of Cape Cod, and the southern and western
coastlines of the Canadian provinces of New Brunswick and
Nova Scotia, respectively. Massachusetts Bay and the Bay of
Fundy are included within the GoM LME.

There are three major basins contained within the GoM:
Wilkinson Basin to the west, Jordan Basin in the northeast,
and Georges Basin in the south, which are isolated from
each other beneath the 650 ft. (200 m) isobath. Georges
Basin, just north of Georges Bank, is the deepest of the
three at just over 1,200 ft. (370 m) and generates a pocket
at the end of the Northeast Channel, a deep fissure between
Georges Bank and Browns Bank, the southwestern edge of
the Nova Scotian Shelf. The Northeast Channel is the major
channel between the GoM and the rest of the Northwest
Atlantic. A secondary, shallower connection to the rest of
the Atlantic is the Great South Channel, located between
Georges Bank and the Nantucket Shoals. The sanctuary’s
geographic location relative to the arctic and temperate
regions of the Northwest Atlantic makes it an obvious focus
for biodiversity research.

GEOLOGY

Stellwagen Bank is the most prominent geological feature
in the sanctuary and is one of only two shallow (less than
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20 m depth) sandy banks in the
Gulf of Maine (GoM)—the other
one being Georges Bank. Stellwa-
gen Bank is a glacially-deposited
feature, curved in a southeast-to-
northwest direction for almost
32.2 km; it measures 18.75 miles
in length and roughly 6.25 miles
across at its widest point, at the

southern-most portion of the bank ! z
(Figure 11). The seabed of the sanc-

tuary is a complex of geomorphic [~ y 27
features and substrate types that — + Tl

formed by: 1) glacial ice move-
ment; 2) erosion and deposition of
sediments during ice melting and
sea level rise; and, 3) reworking by
modern currents (Valentine et al.,
2005). Glacial and post-glacial
processes and topography in the |
sanctuary are depicted in great 0
detail at the Web site http://wood-
shole.er.usgs.gov/project-pages/
stellwagen/posters/topo_pdf.

Like Cape Cod and the islands of
Martha’s Vineyard and Nantuck-

et, Stellwagen Bank and other !
submerged banks and ledges off i
the northeastern United States 7%

coast were created by the advance = | '}

and retreat of glaciers. Stellwa- = o
gen Bank owes much of its exis-
tence to the Laurentide Ice Sheet
that advanced out of Canada .
and into southern New England
approximately 21,000 years ago B &
(Oldale, 1993,1994). As the ice W

sheet advanced, it was shaped : e -
into huge lobes. One ice lobe was

formed by what is now Cape Cod  * \
Bay; the other by the present-day i .
Great South Channel, located to  ©
the southeast of Cape Cod. The .
advance of ice over the continen-
tal land mass ground the land into o
fragments and carried them along fid
with the movement of the ice.

With general climatic warming

between 18,000 and 15,000 years ago, the glaciers began
to melt and retreat from their coverage. The ice lobes
became more pronounced, and retreated at differing rates,
depending on the depths of topographical depressions
within which they moved. During this process enormous
amounts of pulverized continental land were released from
the melting ice. These land fragments, or “outwash” from
the two ice lobes formed much of the present-day Cape Cod
peninsula. Retreat of the ice lobe formed by the Great South
Channel was sufficiently slow that much of the land frag-

FIGURE 11. THE STELLWAGEN BANK SANCTUARY IN RELATION TO ADJACENT LAND AND

ASSOCIATED GEOGRAPHIC PLACES.

The image shows the glacially-deposited Stellwagen Bank within the boundaries of the
national marine sanctuary. Source: NOAA/NOS.
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ments it carried melted out and was deposited on the sea
floor. These materials formed the submerged elevation now
known as Stellwagen Bank

Through the continual evolution and refinement of technol-
ogies for mapping the seafloor, the characterization of the
sanctuary landscape is also continuously evolving (Valen-
tine et al., 2001). Multi-beam imagery provides a level of
resolution of landscape features that has been unattainable
with lower resolution bathymetric and seafloor geological
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surveys. Multi-beam imagery provides a highly detailed
picture of the seafloor landscape, providing detailed bathym-
etry. Most multi-beam systems also provide a measure of
acoustic backscatter. Using backscatter data, the relative
hardness of a substrate can be determined by the strength of
the acoustic signal reflectance.

The USGS completed an initial series of 18 seafloor topo-
graphic maps (scale 1:25,000) in 1997 that covers the entire
sanctuary. The data were collected using a hull-mounted
multi-beam system. This map series was followed by sun-
illuminated versions of the multi-beam maps in 2001. Addi-
tional backscatter and sediment characterization maps are
in preparation that will also cover the sanctuary.

The entirety of the sanctuary as well as a surrounding buffer
area has been mapped using multi-beam sonar (approxi-
mately 1,100 nm? in total) at a vertical resolution of approxi-
mately 25 cm and a horizontal resolution of approximately
10 m. Figure 10 shows the sun-illuminated seafloor topog-
raphy and acoustic backscatter sediment maps of the sanc-
tuary. Substrate type is color coded and superimposed over
the bathymetry. The sanctuary multi-beam map, in conjunc-
tion with extensive ground truthing (e.g., video, still photos,
sediment samples), provides the most complete character-
ization of the seafloor in the GoM. For more information

FIGURE 12. GENERALIZED DIAGRAM OF THE COUNTER-CLOCKWISE CIRCULATION PATTERNS

IN THE GoM.

on seafloor maps of the Stellwagen Bank sanctuary go to
the Web site http://woodshole.er.usgs.gov/project-pages/
stellwagen/stellwagenbank.html.

This section served as an introduction to the gross geological
features and processes of the sanctuary area. Descriptions of
additional geological aspects of the sanctuary are provided
in subsequent discussions of landscapes and physical and
biogenic habitats.

OCEANOGRAPHY

Ocean circulation through and around the Stellwagen Bank
sanctuary drives the dynamic biology of the area, and that
circulation is greatly influenced by the sanctuary’s loca-
tion within the greater GoM. While Stellwagen Bank is an
important feature driving local water circulation, the sanctu-
ary’s water properties and dispersal mechanisms are largely
determined by large-scale oceanographic patterns. To gain
perspective, it is necessary to understand these large-scale
patterns and how they influence the smaller-scale unit of
the sanctuary. Many processes (tides, currents, sea surface
temperature, internal waves, thermal fronts, wind forcing,
thermoclines, etc.) comprise the oceanographic character of
the region and their interactions drive large and small-scale
biological dynamics.

An in-depth description of the
sanctuary area’s physical ocean-
ography is provided in (Clark et

Source: Pettigrew et al. (2005).
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al., 2006). Drawing from that
document, a general description
of the key oceanographic features
that shape the sanctuary environ-
ment follows and includes discus-
sion of general patterns of circula-
tion at different geographic scales
and the role of internal waves.
A key attribute of the sanctu-
ary’s physical oceanography is its
regional connectivity with other
parts of the GoM. This connectiv-
ity is important in understanding
the sanctuary’s ecological role in
supplying and receiving larval
recruits across the region, as well
e as the paths taken by pollutants
and contaminants in relation to
the sanctuary.
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GENERAL PATTERNS OF
CIRCULATION

GuLF oF MAINE CIRCULATION

A combination of physical and
oceanographic  characteristics
in the GoM results in cycles
of biological productivity that
support exceptionally large and
diverse populations of fish, that in
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turn attract and support seasonal popula-
tions of cetaceans and seabirds. Bounded
by underwater offshore banks, the prevail-
ing counterclockwise circulation results
from ocean currents, freshwater inflow,
and the configuration of shoreline and
underwater topography which together

FIGURE 13. GENERALIZED DIAGRAM OF THE VARIOUS WATER CIRCULATION PATTERNS
IN THE UPPER LAYERS THAT EXIST WITHIN THE STELLWAGEN BANK SANCTUARY

DURING STRATIFIED CONDITIONS.

Solid lines represent most common patterns; dashed lines represent less common
patterns. Source: Lermusiaux (2003).

create a nearly self-contained oceano-

graphic system (Figure 12).
42,6

The interior GoM has cyclonic circulation
regions situated over three deep basins—
Georges, Jordan and Wilkinson. The
gyres are influenced by the deep inflow of
saline waters through the Northeast Chan-
nel and forced by topography (Hannah
et al, 1996; Lynch, 1999). The domi-
nant temporal variability in the gyres or
between gyres is on the order of months
(Xue et al., 2000). The current patterns
in the GoM are greatly affected by the
physical characteristics of the gulf and its
coastline.
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In general, cold water enters the gulf
over the Scotian Shelf, Browns Bank and
through the Northeast Channel. Water
flows around Nova Scotia and into the
Bay of Fundy. The coast then deflects
currents southwestward forming the GoM
gyre, which rotates counterclockwise,
moving surface waters about 7 nm per
day. Tidal fluctuations and shallow water
over Georges Bank form a secondary,
clockwise-spinning gyre. Water leaves
the gulf through the Great South Channel
and over the eastern portion of Georges
Bank. It takes about three months for
surface water to completely circle the
GoM. Deep waters also circulate, but
much more slowly, taking about a year to
complete the circuit (Xue et al., 1999).

41.8

41.6

Current speed and direction can vary

spatially and temporally throughout the

GoM. Over 20 buoys are stationed throughout the gulf that
collecthourly oceanographic and meteorological data as part
of the Gulf of Maine Ocean Observing System (GoMOOS).
For more information, visit URL http:/gomoos.org/buoy/
buoy_data.shtml. Hourly current speeds were obtained
from the GoMOOS Buoy A during 2002-2006 to examine
monthly and inter-annual patterns. During this time period,
mean current speed was highest (and most variable) during
April and May and lowest speeds were observed during the
summer and fall.

Massachusetts Bay Circulation

Circulation in Massachusetts Bay (Figure 13) is controlled by
the large-scale circulation in the GoM, localized wind forc-
ing, and freshwater inflow (Signell et al., 2000). The Maine
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Coastal Current (MCC) flows south at 5-15 cm/s along the
Maine and New Hampshire shoreline. A weak branch (2-5
cm/s) occurs near Cape Ann. Usually the MCC flows south
along the eastern edge of Stellwagen Bank and east of Cape
Cod (Normandeau Associates, 1975; Vermersch et al., 1979;
Blumberg et al., 1993; Bumpus, 1973; Lynch et al., 1997).
However, as explained below, the MCC can strongly influ-
ence the circulation pattern in Massachusetts Bay and Cape
Cod Bay depending on the season (Figure 13).

The circulation pattern can be altered by seasonal wind and
runoff events (Signell et al., 2000). The main current joins
smaller coastal currents and flows southward, often pene-
trating deep into Cape Cod Bay (Jiang and Zhou, 2004).
Seasonal variation in stratification occurs in Massachusetts
Bay, with well-mixed conditions during winter and strong
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stratification during summer (Geyer
et al., 1992). The stratification
greatly reduces vertical exchange
between surface and bottom waters
and isolates the bottom water from
the direct influence of wind stress
and river runoff (Signell et al.,
2000).

The seasonal variations of stratifica-
tion, wind stress, and river discharge
change the nature of transport and
dispersion processes in Massachu-
setts Bay. During winter, strong
northerly winds enhance the coun-
ter-clockwise circulation along the
shoreline and northward flow in the
deeper portions of the Bay (Butman,
1975; Brickley, 1994). In the spring,
shallow (5-15 m) fresh water plumes
enter the Bay, commonly generating
strong currents (20-30 cm/s) with
10-30 km spatial scales (Butman,
1976; Lee, 1992). Summer condi-
tions stratify the water column and
frequent southwesterly winds can
result in localized upwelling along
the western and northern coast.
During the fall, mean circulation
reverses and flows northward as the
result of strong cooling (Geyer et
al., 1992).
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Significance to the Sanctuary

These  broad-scale  circulation
patterns significantly affect water
column mixing and transport mech-
anisms in the sanctuary. Mixing on
the continental shelf is an important
process for redistributing nutrients,
sediments, freshwater, pollutants,
plankton and fish larvae (Carter et
al., 2005). Stellwagen Bank serves
as a boundary between the GoM to
the east and Massachusetts Bay to
the west and is an important deter-
minant of the water properties within Massachusetts Bay.
The sanctuary is located along the major path of the Maine
Coastal Current, while also receiving surface and subsurface
flows from Massachusetts Bay (Figures 12 and 13).

The physical oceanographic processes at work in Massa-
chusetts Bay are critical to the generation of biological
productivity and maintenance of biological diversity in the
sanctuary. These ecological qualities are in turn important
to sustaining local fishing and recreation industries and for
resource conservation efforts. Understanding circulation
patterns helps to identify biological sources to and exports
from the sanctuary in the form of larval recruits or zooplank-
ton concentrations and provides insight into the transport

FIGURE 14. SYNTHETIC APERTURE RADAR (SAR) IMAGE OF INTERNAL WAVE EVENTS IN

MassACHUSETTS Bay oN Aucust 7, 2003.

Three internal wave packets are obvious as curvilinear features in the sanctuary area north
of Cape Cod. Image courtesy of European Space Agency, processed by Jose da Silva, Univ.
of Lisbon. Envisat ASAR, 7 August 2003 2:30 GMT; image precision mode.

and deposition of sediments and “red tide” spores as well
as potentially harmful contaminants from local sewage
discharges.

INTERNAL WAVES

Internal waves are particularly important for internal mixing
and localized transport within the sanctuary area (Figure
14). Stellwagen Bank (most notably) and Cashes Ledge are
biologically productive as a result of internal wave dynam-
ics (Sherman et al., 1996). Internal waves are literally waves
under the ocean’s surface that occur at the interface between
two water layers of differing densities (Brown et al.,1989).
They occur when seasonally stratified water is forced over
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abrupt topographic features, such as banks or ledges, by
diurnal tides. Internal waves disappear as they approach
shallow water (typically 25 to 40 m in depth) because of
decreasing depth (Jackson and Apel, 2004). Internal waves
usually occur in Massachusetts Bay between May and Octo-
ber when the water column is stratified.

Internal waves contribute to the energetics of the upper
ocean in many ways; in particular, they enhance mixing
and nutrient availability (Jackson and Apel, 2004). Plank-
ton distribution exhibits strong vertical displacements and
mixing associated with the passage of internal wave packets
(Haury et al., 1979). The ability of internal waves to mix
stratified water layers during the summer provides a mecha-
nism for benthic-pelagic trophic coupling by moving phyto-
plankton downward to benthic communities (Witman et al.,
1993). This mechanism may also serve as vertical transport
for passively dispersed larvae of benthic invertebrates and
fish (Witman et al., 1993; Meekan et al., 2006).

Strong convergence of internal waves at the bottom causes
sediment re-suspension (Boczar-Karaiewicz et al., 1991),
including recently settled invertebrate larvae and toxic
algae cysts (Scotti and Pineda, 2004). The existence of
trapped cores (pockets of water) between internal wave
crests also suggests internal waves are a prime candidate
for concentrating and transporting larvae which nourish
benthic communities (Scotti and Pineda, 2004). Internal
waves, and potentially other related transport mechanisms,
have a significant influence on ecological processes in the
sanctuary (Scotti and Pineda, 2004).

Internal waves can have additional benthic impact by
re-suspending sediments. Recent evidence (Butman et al.,
2006) has shown that benthic currents associated with inter-
nal waves caused sediment re-suspension within Stellwagen
Basin at depths between 50-85 m. Net transport direction
was offshore and currents were of considerable speed to
carry sediments 5-20 km. Thus, sediments in shallower
portions of Massachusetts Bay are frequently re-suspended
and carried offshore and are typically deposited in the deeper
Stellwagen Basin. Due to weaker current flows, sediments
re-suspended in Stellwagen Basin do not typically leave the
basin, but are re-deposited (Butman et al., 2006).

Synthetic Aperture Radar (SAR) can detect internal waves
by emitting pulses of microwave energy, producing a two-
dimensional radar backscatter map of the roughness of the

ocean surface (Apel and Jackson, 2004). In SAR imagery,
internal waves appear as packets or groups of waves charac-
terized by alternating bright and dark bands and decreasing
wavelengths from front to back of each packet, indicating
direction of propagation. While wave packet size is vari-
able, imagery from Massachusetts Bay and surrounding
waters has shown high density (number of packets/km2)
internal waves within the Stellwagen Bank sanctuary area
(Figure 14).

CONNECTIVITY

The GoM connects the New England states (Massachusetts,
New Hampshire, and Maine) and the Canadian provinces
(New Brunswick and Nova Scotia) with 93,239 km2 of ocean
along 19,424 km of shoreline. Stellwagen Bank sanctuary
is integrally connected with the rest of the GoM through
water circulation. The sanctuary both receives water and
associated particles (larvae, plankton, etc.) via the Maine
Coastal Current and disperses water and particles to areas
to the south (Great South Channel) and east (Georges Bank).
A recent example of this connectivity occurred when one
of the sanctuary’s acoustic recording units deployed on the
bottom broke free and drifted to Georges Bank where it was
retrieved by the USGS. Additionally, this connectivity has
been shown through the use of telemetered drifter buoys.

NOAA Fisheries Service NEFSC has deployed telemetered
drifter buoys for several years throughout the GoM to serve
as proxies for the transport of American lobster larvae which
remain in the water column as plankton for approximately
one month. Many of the buoys deployed in or near the
Stellwagen Bank sanctuary have revealed how complex the
surface currents are in Massachusetts Bay and how strong
the connection is between the sanctuary and areas to the
east and south, such as Georges Bank and outer Cape Cod
and the Islands (Figure 15). These drifter tracks correspond
well with the generalized circulation depicted in Figure 12.

The implication of this connectivity is that the sanctuary
serves as both a source (for export) and a sink (for import)
for larvae of most fish and invertebrate species throughout
the southwestern and central GoM. The Stellwagen Bank
sanctuary is known to be one of the two primary spawn-
ing sites for haddock in the GoM (Colton, 1972) and thus
plays an important role in the life-cycle of this species, for
example.



FIGURE 15. SELECTED TRACKS OF TELEMETERED DRIFTER BUOYS DEPICTING GENERALIZED CURRENT FLOW IN THE VICINITY OF THE
STELLWAGEN BANK SANCTUARY.
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(a) Track of drifter buoy 65208 deployed on May 2004 off of Isle au Haut, Maine, revealing connectivity between the south-west
margin of the GoM, the sanctuary and Georges Bank; (b) Track of drifter buoy 65207 deployed on June 27, 2006, off of Boston Harbor
revealing connectivity between the sanctuary and the interior GoM; and (c) Track of drifter buoy 55202 deployed on June 13, 2005,
off of Cape Ann, Massachusetts, revealing connectivity between the sanctuary and the islands south of Cape Cod. Courtesy: James
Manning, NOAA Fisheries Service/NEFSC.



PRIMARY PRODUCERS AND DECOMPOSERS

Marine bacteria, protists (e.g., algae, phytoplankton, proto-
zoans) and fungi are crucially important at many levels of
ecosystem function. By most accounts vascular plants and
seaweeds are not common in the sanctuary, but micro-
scopic organisms are astronomically numerous and make
up the bulk of the primary producers and decomposers,
fixing carbon and recycling nutrients through a variety of
biochemical processes. These microscopic organisms are
actively engaged in all processes of biologically induced
energy transfer through all ecosystem pathways involving
all TLs, biological communities and habitats. While the
species diversity of this group of organisms is poorly docu-
mented, their great importance as a functioning element of
the sanctuary ecosystem merits their acknowledgement in
this document.

Investigations of biodiversity are complicated by the paucity
of knowledge of certain taxonomic groups, particularly
those in the following three categories (prokaryotes, protists
and fungi). What one taxonomist considers a species may
be only a subspecies to another. The greater scientific
body relies on the expertise of taxonomists in their fields of
specialization as to what level of phenotypic and genetic
variation is sufficient to warrant species status. In addition,
many taxonomic groups such as the marine bacteria and
fungi have received little attention in relation to their species
diversity. Instead, one must consider their generic or func-
tional diversity. With such disparities, the study of biodiver-
sity in these groups is just beginning; an annotated technical
summary follows. Scientific nomenclature not explained in
the text is described in the glossary of this document.

These organisms are mostly found in or on the sediments
and plankton of the sanctuary. Plankton consists of micro-
scopic drifting organisms that inhabit the water column. The
plankton is primarily divided into broad functional (trophic
level) groups consisting of bacterioplankton, phytoplank-
ton and zooplankton. Bacterioplankton are bacteria and

archaea which play the role of decomposers and recyclers.
Phytoplankton are largely pro- or eukaryotic algae that live
in the upper water column where there is sufficient light to
support photosynthesis; they serve as the primary produc-
ers. However, the TL of some phytoplankton is not straight-
forward, and some species, e.g., certain dinoflagellates are
mixotrophic (producers or consumers) depending on envi-
ronmental conditions. Zooplankton are small protozoans
or metazoans (e.g., crustaceans and other animals) that feed
on other plankton and serve as the primary consumers in
the ecosystem.

Zooplankton are not addressed separately in this document
because of the extensive treatment that would require, but
their ecosystem role as primary consumers of phytoplank-
ton and prey for organisms at higher TLs is enormously
important. Certain species, such as the Calanoid copepod
Calanus finmarchius is prey both for fish (e.g., sand lance)
and whales (e.g., North Atlantic right whale) in the sanctu-
ary.

Viruses, another group of microscopic organisms, also are
not given any treatment here because virus diversity has
not been addressed in the Northwestern Atlantic (Fuhrman,
1999). Viruses are known primarily as pathogens and little
is known of their ecology. The topic is of pragmatic impor-
tance due to the likelihood for transport or accidental intro-
duction of exotic pathogens and the complicated density
dependant functions of disease. The role of virus particles as
pathogens and gene vectors in nature makes the lack or near
absence of data on their distribution in the GoM an acute
problem, but only a general concern for sanctuary manage-
ment at this time because there are no overt problems.

PROKARYOTES

Prokaryotes (bacteria and archaea, the latter group not
distinguished in this review) are the biochemical special-
ists of the ecosystem. Each bacterium consists of a simple,
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single cell, lacking a nucleus and chromosomes to organize
its: DNA. Nonetheless, bacteria accomplish many unique
biochemical transformations due to the enormous range
of their metabolic capabilities. Only a very small amount
(perhaps less than 1%) of all microbial diversity has been
studied (Colwell et al., 1995). Thus, it would be impossible
to include a list of prokaryote species found in the sanctu-
ary. The official list of the described bacteria is contained
in the International Journal of Systematic Bacteriology. In
marine communities, some taxonomic categories are stud-
ied considerably more than others.

Margulis and Schwartz (1998) provide a description of
the major prokaryotic lineages and functional groups and
describe their intimate relationships with higher organ-
isms. The prokaryotes are involved in virtually every
metabolic pathway and every link in the marine food web
(e.g., Cavanaugh, 1994; Dubilier et al., 1999; Hinrichs et
al., 1999). Bacteria drive and regulate a seemingly infinite
number of marine processes (e.g., Schlitz and Cohen, 1984;
Schropp et al., 1987; Hines et al.,, 1991) and yet almost
nothing is known of their distribution or diversity. Bacteria
in the North Atlantic, as everywhere, are the key operators
of biological processes in marine sediments (Chepurnova et
al., 1987; Christensen and Rowe, 1984; Lyons et al., 1980;
Vetriani et al., 1999) and constitute a significant portion of
the primary producers within the euphotic zone (Ducklow,
1999). The evolution and species diversity of certain of
these groups has been considered (Kawasaki et al., 1993),
while others have been ignored or await description. Rath
et al. (1998) discuss the biological diversity of marine snow
communities.

In marine ecosystems, like most others, prokaryotes play a
significant role as pathogens (Colquhoun et al., 1998; Cook
and Lynch, 1999; Greger and Goodrich, 1999; Lewis et al.,
1992; Linn and Krieg, 1978; Schropp et al., 1987; Tall et al.,
1999). The ecology, physiology and evolution of bacteria
are discussed in every issue of the Journal of Fish Diseases,
yet a synthesis and overview of prokaryote ecology in the
marine environment is lacking and probably premature
because of all that is still unknown.

Bacterial communities are governed by distinct tempo-
ral cycles (Balch, 1981; Glover et al., 1985b; Keller et al.,
1982, 1999), inherent behavioral variances (Dalton et al.,
1996) and site-specific environmental variables (Cuhel et
al., 1983; Ducklow et al., 1992; Ducklow et al., 1993; Nold
and Zwart, 1998). Spatial variances in bacterial commu-
nity structure are apparent across landscapes (Mullins et al.,
1995; Murray et al., 1999; Zubkov et al., 1998) and across
ocean strata (Gutvejb et al., 1987; Townsend and Cammen,
1985). Some researchers have investigated the ecology of
specific prokaryotes (Balch et al., 1992; Fredrickson et al.,
1999; McHatton, 1999; Rieley et al., 1999), but such stud-
ies are rare when weighed against the overall diversity and
functional importance of the group.

Several studies have considered the genetic diversity
of marine prokaryotes (Field et al,, 1997; Fuhrman and

Ouverney, 1998; Giovannoni et al., 1996; Zumarraga et
al., 1999), but these results are difficult to interpret in light
of the species definition dilemma. The picoplankton or
ultraplankton (0.2-2 micrometers in size) are given sepa-
rate status by some. Glover et al., (1985a) and Murphy and
Haugen (1985) suggest that cyanobacteria (formerly referred
to as blue-green algae) are the most important segment of
the bacterioplankton in unproductive sites, since cyanobac-
teria are known for their resourcefulness in acquiring nitro-
gen under oligotrophic conditions. Murphy and Haugen
(1985) cover the vertical distribution and abundance of the
cyanobacteria. Glover et al. (1985a, 1985b) include them in
discussion of the picoplankton, as do Murphy and Haugen
(1985). Genetic work suggests this group is globally inter-
mixed (Mullins et al., 1995).

Davis et al. (1978) showed that marine waters contain
approximately equal amounts of heterotrophic and auto-
trophic picoplankton. A heterotroph is an organism that
requires organic substances to get its carbon for growth and
development; it is known as a consumer in the food chain.
An autotroph is an organism capable of synthesizing its own
food from inorganic substances, using light or chemical
energy; it is known as a producer in the food chain. These
general studies are only first insights into the functional
diversity of marine prokaryotes. No studies have related this
topic directly to the sanctuary.

Wichels et al. (1998) discuss bacteriophage (a virus that
infects bacteria) diversity in the North Sea. One would
expect similar levels of diversity in the sanctuary, but the
constituent species from that region may be quite different.

ProTISTS

Protists are an extremely diverse group of mostly single-
celled eukaryotes—organisms having nuclear membranes
and other cell organelles—ranging from slime molds and
protozoans to phytoplankton and red, brown and green
algae. The protists are a paraphyletic grade, rather than a
natural group, and do not have much in common besides a
relatively simple organization (unicellular, or multicellular
without highly specialized tissues). Protists were tradition-
ally subdivided into several groups based on similarities to
higher kingdoms: the animal-like protozoa, the plant-like
algae, and the fungus-like slime molds. While these groups
have been replaced by phylogenetic classifications, they are
still useful as an informal way to characterize this assem-
blage of organisms.

Several authors have described the macrophytes (large
aquatic plants) and phytoplankton assemblages of the north-
east region. Villalard-Bohnsack (1995) presents an illustrat-
ed key to the seaweeds. South and Tittley (1986) devel-
oped a checklist of the benthic algae for the whole North
Atlantic. Bigelow (1924) gives an overall description of the
offshore plankton from the GoM. A comprehensive discus-
sion is given by Taylor (1957) for the northwestern Atlantic
and addresses geographic distribution of algal species with-
in that region. Marshall and Cohn (1982b, 1983) discuss



general patterns of distribution and diversity of the algae. A
more recent discussion of the topic is given in Silva (1992).
Vadas and Steneck (1988) outline the geographical zonation
of benthic algal species, and Townsend and Cammen (1985)
showed zonation along vertical strata of the open ocean.

Mathieson (1989) includes some discussion of the distribu-
tion and diversity of the Rhodophta (red algae); their taxon-
omy is unresolved. Taylor (1957) includes most species one
would encounter in the region. Mathieson (1989) includes
discussion of the distribution and diversity of the Phaeophy-
ta (brown algae) as well. South and Tittley (1986) include
some discussion of the distribution of benthic Phaeophytes.
There is currently no text dedicated to this group, and there
is no research relating the specific diversity or distribution of
the Phaeophyta relative to the sanctuary. Mathieson (1989)
discusses the distribution and diversity of the Chlorophyta
(green algae). Taylor (1957) covers the green algae in his
descriptions, and this dated work is still one of the most
complete. There are no published descriptions or records
for these macrophytes from the Stellwagen Bank sanctuary.

Cahoon et al. (1993) discussed the productivity of benthic
micro-algae on Stellwagen Bank, one of the few studies to
address the habitus of this ocean feature. Phytoplankton
water column productivity at Stellwagen Bank was found
to be three times greater than the GoM in general and
twice as high as at Georges Bank (Schlitz and Cohen, 1984;
Sissenwine et al., 1984; Walsh, 1988; Cohen et al., 1993).
Protist productivity is at least partially governed by physical
oceanographic processes, and several authors consider this
relationship in the region of the sanctuary (Townsend et al.,
1987; Franks, 1990; Townsend, 1991; Kerkhof et al., 1999).
A more detailed examination is provided by Matta and
Marshall (1983). Ducklow et al. (1992, 1993) discuss the
growth of the protists during a plankton bloom, an impor-
tant food web phenomenon.

In addition to physical-spatial variances, seasonal environ-
mental variances play a significant role in growth, produc-
tivity (Durbin et al., 1995b; Keller et al., 1982) and patterns
of diversity (Marshall and Cohn, 1982) of the protists.
Mathieson (1989) discusses seasonal variance and its rela-
tion to reproduction of the protists in the GoM. Glover et al.
(1985b) cover diurnal variations in the photosynthetic rates.
Environmental and biological variances at all time scales
may affect protist diversity.

Diatoms are a major group of eukaryotic algae and one of
the most common types of phytoplankton. Most diatoms are
unicellular, although some form chains or simple colonies; a
characteristic feature of diatom cells is that they are encased
within a cell wall made of silica. The general distribution of
diatoms is covered in Marshall (1984). Over 1,000 species
have been described. Several authors address the diatoms
in their general discussion of marine algae (Bigelow, 1924;
Marshall and Cohn, 1982; Sears and Cooper, 1978; Taylor,
1957). Round et al. (1990) describe the diatom genera and
their biology, and include the marine groups.

Dinoflagellates are a large group of flagellate algae; most are
marine plankton. About half of all dinoflagellates are photo-
synthetic, and these make up the largest group of eukaryotic
algae aside from the diatoms. The dinoflagellates are most
famous for their toxic blooms, i.e., “red tides” (Franks and
Anderson, 1992). The blooms are so deadly they have even
killed large whales (Geraci et al., 1989). Tomas (1995) is the
most recent comprehensive text for the diatoms and dinofla-
gellates. Tomas (1997) covers the marine phytoplankton on
the whole, including species level descriptions of the most
common representatives of the major groups.

Other than the general summaries of the microbial commu-
nities discussed above, there are virtually no works that
address the Cryptophyta (unicellular flagellate phyto-
plankton similar to dinoflagellates) as they relate to Stell-
wagen Bank or the GoM. Genetic variance in the cocco-
lithosphores is discussed by Edvardsen and Medlin (1998),
and the major groups have been described (Throndsen et al.,
1993). Coccolithopores are species of planktonic single-
celled algae that produce and encase themselves in cocco-
liths, which are individual plates of calcium carbonate. The
coccoliths, which are dispersed after death or continuously
shed by some species, settle to the sea floor and become
part of the sediments. Coccoliths are the main constituent
of chalk deposits such as the white cliffs of Dover.

Foraminifera are amoeboid protozoans with reticulating
pseudopods (fine strands of cytoplasm) that branch and
merge to form a dynamic net; they typically produce a
mineral shell or “test” They can be planktonic or benthic.
A number of forms retain unicellular algae and conduct
photosynthesis. These organisms play a critical role in both
primary production and transport of minerals, energy and
nutrients to benthic communities. Corliss and Emerson
(1990) addressed the distribution of benthic foraminifera.
Settling foraminifera (components of marine snow) have
been associated with diverse bacterial assemblages (Rath et
al., 1998) and their diversity is of considerable interest to
paleontologists. The foraminifera Families and Genera have
been carefully delineated for marine communities (Hemle-
ben et al., 1989; Sen Gupta, 1999), though new groups are
regularly being discovered and described.

Stoecker et al. (1989) discuss the distribution of heterotrophic
protists on Georges Bank and briefly address the Choanofla-
gellida, Rhizopoda, Actinopoda, Microspora, Ciliophora and
Sporozoa (groups of motile unicellular or colonial protozo-
ans). This is perhaps the only peer-reviewed study of its kind
and there is no definitive text in print on the heterotrophic
protists elsewhere in the GoM or the northwestern Atlantic.
The Sporozoans are parasites of organisms which are found
within the sanctuary (Sherburne and Bean, 1979; Lom et
al., 1980; Bachere and Grizel, 1982). The Ciliophora are of
special interest both as food for many marine larvae and as
symbionts with higher taxa (i.e., Dupuy et al., 1999).



Funai

Cavaliere (1977) provides one of the first descriptions of
marine fungi (Kohlmeyer and Volkmann-Kohlmeyer, 1991);
Ho et al. (1991) provide some of the more recent taxonomi-
cal revisions. Some taxa have been found in association with
Foraminifera and marine snow (Kohlmeyer, 1985). Several
taxa are known to be parasitic (Goff and Glasgow, 1980).
There are no recent descriptions of marine fungi from the
GoM or Stellwagen Bank. In general, marine fungi have
been greatly ignored by scientists relative to most groups.
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This section documents the status, pressures
and current protections for sanctuary resourc-
es. These resources include seafloor' and
water column habitats, benthic invertebrates,
fishes, seabirds, sea turtles, marine mammals
and maritime heritage resources. This section
provides context and validation for the sanc-
tuary action plans.




CONTEXT

The nutrient-rich waters of the Stellwagen Bank sanctuary
sustain an abundant biodiversity largely representative of
the GoM LME and totaling well over 575 species of marine
life including over 80 species of fish, 53 species of seabirds
and 22 species of marine mammals, for example. As a
comparatively shallow continental shelf area, offering great
variety among its geological features and topographic relief,
the sanctuary is a biodiversity haven when compared to the
open ocean of the North Atlantic. In addition to the array
of different kinds of species, the sanctuary exhibits diverse
habitats, biological communities and species assemblages
and displays a complex tapestry of interwoven environ-
mental processes, all of which are extensively impacted by
multiple human uses.

Biodiversity in the sanctuary is heavily mediated through
habitat type and condition. In this document, habitats are
divided into two principal categories: seafloor (benthic)
and water column (pelagic) habitats. These habitats are
composed of multiple types, such as gravel beds and piled
boulder reefs. Habitat quality and structural complexity
are important factors in supporting biodiversity. For exam-
ple, the condition of benthic habitat affects the life history
processes of recruitment, survivorship and growth of the
organisms that occupy the seafloor. The condition of habi-
tats also influences the community processes of competi-
tion, predation and symbiosis. Within water column habi-
tats, water quality can affect biodiversity by prohibiting or
enabling survival of rare or cosmopolitan species.

Understanding the processes that control the abundance,
distribution and interaction of species (i.e., the functional
composition of communities) is a central challenge facing
management of the sanctuary. The level of difficulty in
meeting this challenge is heightened by recognition that
the sanctuary’s resource states are greatly compromised.

Water quality is threatened by multiple sources of pollution,
including point, non-point and atmospheric sources and
marine debris. Population declines and biomass removals,
degraded seafloor habitats and invasive species compro-
mise the ecological integrity of the sanctuary. Coastal plan-
ning and fishery management policies have limited, but not
prevented, harmful impacts—both incremental and cumu-
lative—on sanctuary resources.

This section is organized within a Pressure-State-Response
framework that mirrors the approach used in the Stellwagen
Bank National Marine Sanctuary Condition Report (NMSP,
2006). “Pressures” are human activities (such as fishing or
pollutant discharge), which alter the marine environment
leading to changes in the “state or condition” of sanctuary
resources (e.g., water quality, ecological integrity, habitat
complexity). Sanctuary management then “responds” (e.g.,
Action Plans section) to changes in pressures or states with
policies, programs, and/or regulations intended to prevent,
eliminate or mitigate pressures and/or environmental damage
in order to protect and conserve sanctuary resources.

Section 302(8) of the NMSA defines sanctuary resources
as “any living or non-living resource of a national marine
sanctuary that contributes to the conservation, recreational,
ecological, historical, educational, cultural, archaeological,
scientific, or aesthetic value of the sanctuary.” The sanctu-
ary resources described in this section on Resource States
are: seafloor habitat, water column habitat, benthic inver-
tebrates, fishes, seabirds, sea turtles, marine mammals and
maritime heritage resources. Each resource subsection
begins with a summary of its status based on the best avail-
able information followed by the known human pressures
that impact the status. A summary of the current protection
measures that are in place affecting the resource in question
is presented next.
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SEAFLOOR AS HABITAT
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The species composition of seafloor communities in general
is highly correlated with the grain size of benthic sediments,
and seafloor substrata represent an important component of
habitat for many organisms in the sanctuary. Recent studies
on the continental shelf of the northeastern United States,
including portions of the Stellwagen Bank sanctuary, indi-
cate that substrate and water mass characteristics are highly
correlated with the composition of benthic communities
(e.g., Auster et al., 2001; Skinder, 2002) and may therefore
serve as proxies for the distribution of biological diversity,
where detailed information on the distributions and abun-
dances of species is lacking (Cook and Auster, 2006).

Infaunal invertebrates, those that burrow into the seafloor,
show strong associations with grain size in sand and uncon-
solidated mud sediments in the sanctuary (Grannis and
Watling, 2004). Epifaunal species, those that live on the
seafloor, are linked to variation in larger grain sizes at the
scale of the GoM (Skinder, 2002). Within each habitat type,
there are many microhabitats formed by the combination
of habitats and inhabiting organisms. For example, cerian-
thid anemones that burrow in mud
provide structure and shelter on the
seafloor and serve as important habi-
tat for redfish and hake (Figure 16).

Biological communities are formed
by the interaction of populations
with habitats in a particular area.
The interaction of fish with their
habitat is of particular concern and
has been well-studied in the Stell-
wagen Bank sanctuary. For purposes
of discussion in this document, the
ecological role of seafloor habitats is
largely restricted to our understand-
ing of links to the distribution and
abundance of fishes. Macroalgae
(i.e. seaweeds) are virtually absent
from and appear to play no substan-

FIGURE 16. EXAMPLE OF A MICROHABITAT
FORMED WITHIN A MUD HABITAT BY
BURROWING ANEMONES.

In this example, Cerianthid anemones provide
refuge to juvenile Acadian redfish. Image
courtesy: Ivar Babb and Peter Auster, NURC-
UConn.

tive role in structuring seafloor habitats in the sanctuary;
instead benthic invertebrates typically make up the biogenic
structure of the seafloor.

Average gross benthic microalgal production on Stellwagen
Bank was a relatively small fraction (approximately 6%) of
average integrated water column phytoplankton production
(Cahoon et al., 1993). Microscopic examination of surface
sediment samples showed that the benthic microflora was
dominated by pennate diatoms (more than 97% of total
cells). Cahoon et al. (1993) cite a personal communication
with C. Mayo indicating that macroalgae grew on Stellwagen
Bank before bottom trawling eliminated them. Macroalgae
are reported growing at depths to 50 m elsewhere in New
England waters (Vadas and Steneck, 1988). Benthic primary
production historically on Stellwagen Bank may have been
higher with the presence of macroalgae.

HABITAT MEDIATED INTERACTIONS

There is an important biogenic component to habitat
complexity. For instance, many fish species in the sanctu-
ary associate with particular microhabitats formed by other
living organisms (Auster, 1998). Attached and emergent
invertebrates such as erect sponges and burrowing anemo-
nes provide important habitat structure, while certain mega-
faunal organisms such as skates produce pits and burrows,
which also provide structure by adding to the complexity of
sediment surfaces. Reductions in seafloor habitat complex-
ity increase the mortality of early demersal phase juvenile
fish, such as Atlantic cod and winter flounder that utilize the
structure provided by emergent fauna and physical substrata
for protection from predation (Gotceitas and Brown, 1993;
Tupper and Boutilier, 1995; Lindholm et al., 1999; Scharf et
al., 2006). Modeling studies have demonstrated that such
habitat-mediated mortality of juvenile fish can have signifi-
cant population-level effects (Lindholm et al., 1998, 2001).

The distribution and abundance of demersal fishes at large
spatial scales is correlated with temperature and depth, but
medium to small-scale variation is attributed to consider-
able extent to habitat attributes (i.e., sediment type, struc-
tural complexity, prey type and
abundance) on the seafloor (Lang-
ton et al., 1995). The distribution of
a variety of demersal fishes in the
GoM LME is correlated with various
structural habitat features such as
boulder reefs, distribution of sand
wave features, density of amphipod
tubes, and presence and density
of sponges, anemones and other
epifauna (Auster et al., 1997, 1998,
2003a, 2003b; Auster 2005; Auster
and Lindholm 2006). The commu-
nities of fishes in the sanctuary are
directly correlated with particular
habitats defined by a combination
of both geologic and biologic attri-
butes (Auster et al., 1998).

IV. Resource States



The patchiness and spatial arrangement of habitats mediate
many of the behavioral interactions of fishes. Fish exhibit,
as many mobile organisms do, a range of behavioral interac-
tions that have negative, neutral, or positive consequences
in terms of growth and survivorship. For example, predation
has a positive consequence for the predator and a nega-
tive one for the prey. Other interactions include competi-
tion and mutualism. Competition for shelter sites can be
intense when the abundance of individuals is high and
shelter space is limited, such as rock crevices for night-time
shelter required by cunner. Mutualistic relationships within
and between fish species are often short term in scope and
mediated in part by habitat features. For example, the forag-
ing activities of one species can aid in prey capture of other
species. Flounders are sometimes followed by piscivores
such as silver hake which gain access to disturbed prey
such as shrimp and small fish when flounders sift through
sediments in search of infaunal prey (e.g., Auster et al.,
1991, 2003a). Such relationships, while lasting only tens
of seconds, are repeatedly linked to particular habitats and
species groups and constitute important feeding strategies.

Habitat complexity mediates access to prey and the behav-
ioral trade-offs in minimizing risk of predation. For example,
Acadian redfish are zooplanktivores and feed in the water
column above boulder reefs. Height of fishes above the
reef dictates the rate of water flow that delivers prey and
distance to shelter is a measure of hunger level and the risk
of predation individuals would take. In general, smaller fish
venture less from shelter than larger individuals. Further,
boulder reef structure also mediates the species composi-
tion and abundance on different parts of reefs. For example,
while Acadian redfish are dominant on the central parts of
reefs with deep crevices formed by piled boulders, cunner
increase in abundance on the margins of reefs, possibly due
to the availability of smaller shelter sites that are better suit-
ed to this species than open deep crevices. Cusk generally
occur in deep crevices on the central parts of reefs while
ocean pout and Atlantic wolfish occur in burrows along reef
margins (Auster and Lindholm, 2006).

As the density of a species within a habitat increases there
is increased competition for resources such as shelter and
prey. At some stage emigration from the habitat patch and
a search for new habitats is a choice made by individuals
who have access only to marginal shelter sites (e.g., with
increased risk of predation) or access only to areas of reduced
prey abundance (e.g., with reduced growth). Acadian
redfish exhibit distribution patterns that are consistent with
increased migration from boulder reefs, due to competition
for shelter or prey, as animals grow in size (Auster et al.,
2003b). While young-of-the-year redfish were found only
in boulder reefs due to habitat selection or extreme preda-
tion in other habitats, some older juvenile redfish move to
habitats composed of dense burrowing anemones. Such
habitats provide some shelter away from boulder reefs as
well as access to zooplankton prey.

HABITAT MEDIATED MOVEMENT

Mediation of fish movement by different habitat types and
features is not well understood for species in the GoM. This
information is needed to understand how key predators
like Atlantic cod influence the structure and composition
of biological communities in the sanctuary. The degree of
localized movement by individuals and their tenure of resi-
dency differentiated by habitat type and season are impor-
tant aspects to be understood, as are the associated factors
of size and sex. The successful conservation and manage-
ment of cod and other commercially important species in
the GoM is highly dependent on this information as well.
Site residency and fidelity among Atlantic cod stocks is now
widely documented (Green and Wroblewski, 2000; Lind-
holm and Auster 2003; Robichaud and Rose, 2001, 2004;
Wright et al., 2006; Neat et al., 2006; Lindholm et al., 2007;
Howell et al., 2007).

Astudy was begunin 2001 in the sanctuary that used acoustic
telemetry technology to quantify cod movement over differ-
ent habitat features of the sanctuary landscape. Cod were
caught and tagged with coded-acoustic transmitters (each
of which emits a unique identification code) then released
within the overlap of the sanctuary and the Western Gulf
of Maine Closed Area (WGoMCA). Movements of tagged
cod were recorded by an array of four acoustic receivers
deployed on the seafloor. Data were collected at the scale
of minutes for several months at a time. Preliminary track-
ing occurred in the gravel habitat of northeastern Stellwagen
Bank in 2001 (Lindholm and Auster, 2003). From May 2002
through October 2002 and from September 2004 through
March 2005, cod movement was investigated at additional
four piled boulder reef sites (Lindholm et al., 2007). The
same piled boulder reefs were used in both periods in order
to quantify any influence of seasonality on cod movement
behavior.

Three broad categories of movement behavior were identi-
fied at each of the four piled boulder reefs, across years and
across seasons: 35% of adult cod (38-94 cm total length)
showed very high site fidelity to individual boulder reefs
(greater than 80% of 1-hour time bins); 51% of cod left after
a couple of days and were never recorded again; the remain-
ing 13% fell somewhere in between those two extremes.
Several animals were recorded at more than one reef. A
few animals exhibited behavior that may be evidence of
homing. The behavior did not differ significantly with fish
length, among individual reefs, and between summer and
winter.

These results are strong evidence that some subset of the
cod population in the sanctuary is “resident” on boulder
reefs. The results of this study are consistent with the results
of a review of 100 years of cod tagging studies in the North
Atlantic. The review revealed that 32% of the tagged cod
in the northwest Atlantic exhibited the sedentary behavior
(Robichaud and Rose, 2004). The high site fidelity of many
cod to individual piled boulder reefs suggests that habitat-
specific management measures, such as marine reserves,
may offer significant protection to cod within the sanctu-



ary. Neat et al. (2006) conclude that marine protected areas
could be an effective management measure in sustaining
small resident populations of Atlantic cod.

HABITAT AND SOUND PRODUCTION

Sound production by fishes can serve a variety of purposes
including species identity, individual identity, mate loca-
tion, readiness to spawn, individual size and level of aggres-
siveness (Lobel, 2002). Over 150 species of fish in the
northwestern Atlantic and at least 51 from the New England
region are known to produce sounds (Fish and Mowbray,
1970; Rountree et al., 2002). Species across a spectrum of
diversity, like Atlantic cod, haddock, silver hake, longhorn
sculpin, cusk, fawn cusk-eel, American eel and cunner all
produce sounds, although the behavioral context for produc-
ing sounds for these and other species is not always clear.
However, there are clear relationships between particular
sounds and spawning events in species like Atlantic cod,
haddock, cusk, and fawn cusk-eel. Assuming much of
sound production is behavior-specific, correlations between
habitat selection and use in terms of spawning or territorial
defense among demersal fishes is inferred.

SEAFLOOR HABITAT RECOVERY

Context

In May 1998, NOAA Fisheries Service established the
WGoMCA at the recommendation of the NEFMC for the
purpose of recovering groundfish stocks, specifically Atlan-
tic cod and haddock. Gear capable of catching groundfish
was prohibited from this closed area, specifically bottom-
tending trawl gear, bottom-tending gillnets, and clam and
scallop dredges. Allowable gear included lobster pots,
hagfish pots, pelagic longline, pelagic hook and line fishing,
recreational hook and line, pelagic gillnets, tuna purse sein-
ing and midwater trawls. The closure area overlaps 22%
(453 km2) of the sanctuary along the eastern boundary; the
area of overlap has been dubbed the “sliver” (Figure 17).

In May 2004, NOAA Fisheries Service, at the recommenda-
tion of the NEFMC, designated the majority of the WGoMCA
as a “Level 3” habitat closed area for the purpose of protect-
ing EFH. A Level 3 habitat closed area is closed indefinitely
on a year-round basis to all bottom-tending mobile gear.
In addition to prohibiting bottom-tending mobile gear, the
closure prohibits bottom-tending gillnets, clam and scallop
dredges, and shrimp trawls. Allowable gears in this closure
are: lobster pots, hagfish pots, pelagic longline, pelagic
hook and line fishing, recreational hook and line, pelagic
gillnets, tuna purse seining and midwater trawls except for
shrimp. For a complete listing of prohibited and allowed
gear visit URL http://www.nero.noaa.gov/nero/fishermen/
multispecies/gom/CAYearRound.htm#wgomca.

De Facto Reference Area

There is no formally designated undisturbed reference or
control area in the Stellwagen Bank sanctuary. Because of
the compelling need for a control site, the sliver has become
a de facto reference area which the sanctuary and other

researchers are using to discern the effects of human versus
natural disturbance on seafloor habitats and their associated
biological communities. However, the sliver is far from a
true control area owing to three shortcomings: (1) several
extractive activities are still allowed (i.e., fishing gears listed
above) that alter the area’s ecological integrity; (2) addi-
tional resources for enforcement are needed to assure deter-
rence of unlawful incursions; and (3) deep mud habitat is
seriously underrepresented (75.5% gravel, 23.5% sand and
1.0% mud) in the sliver making it difficult to draw definitive
conclusions about the effects of fishing in this habitat type.

These shortcomings need to be addressed. As a first step,
the sanctuary formally proposed on July 2, 2003 to the
NEFMC through its Amendment 13 process that the sliver
be designated a ‘habitat research area’ under the MFCMA.
There are several properties of the sliver that make it a suit-
able choice for a habitat research area, including scientific,
practical and political rationales:

¢ The sliver includes the major seafloor habitat types found
in the GoM — bedrock outcrop, boulder, gravel, mud and
sand. This habitat mix enhances the exportability and
extrapolation of research results to diverse areas outside
the habitat research area.

¢ The habitats in the sliver are distributed on both sides of
the closure boundaries, both within the sanctuary (to the

FiGure 17. Map DEPICTING THE WGOMCA (CROSS-HATCHED)
AND ITS OVERLAP WITH THE STELLWAGEN BANK SANCTUARY.

Majority of the WGoMCA is a Level 3 habitat closed area (red
outline) for the purpose of protecting EFH.
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west) and outside of the sanctuary proper (to the east),
making comparative habitat studies possible across the
boundaries.

e The proximity of the sliver to the ports of Boston, Glouc-
ester, Scituate, Plymouth and Provincetown make it
accessible to researchers for day-trips using small and
relatively inexpensive vessels, which makes research in
the sliver more cost-effective than at alternative offshore
northeast continental shelf locations.

The sliver has already been closed to commercial bottom
fishing for nine years. From a scientific perspective, this
greatly enhances study of the ecological processes and
expedites the timeline on which research results can be
attained.

The sanctuary has the resources to help support enforce-
ment of the habitat research area in ways that would
complement regulation under NOAA Fisheries Service
purview.

In its current capacity as a de facto reference area, the
sliver is supporting several on-going long-term studies by
sanctuary staff and sanctuary-supported scientists. Projects
include: (1) quantification of fish movement rates relative
to seafloor habitat type (1998 to the present); (2) recov-
ery of seafloor habitats and associated taxa following the
cessation of trawling, dredging and bottom gillnet fishing
(1998 to the present); and (3) species-area relationships of
multiple taxa (1999 to the present).

This combined research represents a private/public invest-
ment totaling more than $3 million over the past ten years.
Much of this research will continue over the next several
years. The results of these ongoing projects in the sliver,
and other projects currently in various stages of planning
and proposal preparation, will contribute to advancing
ecosystem understanding in the sanctuary and by exten-
sion the GoM. The NEFMC is in the process of revising its
omnibus amendment to better protect EFH and has not yet
acted on the sanctuary proposal.

PRESSURES

DisTURBANCE IN GENERAL

Disturbance is defined as any discrete event in time that
disrupts ecosystem, community, or population structure
and changes resources, substrate availability or the physi-
cal environment (Pickett and White, 1985). Disturbance
can be caused by many natural processes such as currents,
predation and iceberg scour (Hall, 1994). Human caused
disturbance can result from activities such as harbor dredg-
ing, cable laying and fishing with fixed and mobile gear.
Disturbance can be gauged by both intensity (as a measure
of the force of disturbance) and severity (as a measure of
impact on the biotic community). General concepts associ-
ated with the types and ecological implications of spatially
mediated disturbance are described in the accompanying
Sidebar.

Types of Spatially Mediated Habitat
Disturbance

The spatial extent of disturbed and undisturbed biologi-
cal communities is a concern in designing and interpret-
ing research studies (Pickett and White, 1985; Thrush et
al., 1994) and in managing the sanctuary. Single, widely
spaced disturbances may have little overall effect on habi-
tat integrity and benthic communities, and may show re-
duced recovery times as a result of immigration of mobile
species (e.g., polychaetes, gastropods). In the ecological
literature, this is a “Iype 1” disturbance, where a small
patch is disturbed but surrounded by a large unimpacted
area.

In contrast, a “Iype 2” disturbance is one where a small
patch is unimpacted but surrounded by a large disturbed
area. Recruitment into such patches requires large scale
transport of larvae from outside source patches, or signifi-
cant reproductive output (and high planktonic survival
and larval retention) from the small undisturbed patches.
Making predictions about the outcome of either type of
disturbance, even where spatial extent is known, is diffi-
cult since transport of colonizers by either immigration or
recruitment depends on oceanographic conditions, larval
period, movement rates of juveniles and adults, time of
year and distance from source.

Type 1 disturbances have habitat recovery rates that are
generally faster because they are subject to immigration
dominated recovery versus the dependence on larval re-
cruitment for the recovery of Type 2 disturbances. The
associated population responses of obligate and faculta-
tive habitat users to such disturbances are also variable.
Obligate users are restricted by narrow requirements and
have no habitat options; facultative users have options
because of less restrictive requirements. Obligate habitat
users have a much greater response to habitat disturbance
than facultative users.

Comparatively, it would be difficult to detect responses
from populations of facultative habitat users to Type 1
disturbance because of the large adjacent areas of undis-
turbed habitat. Type 2 disturbances would produce large
responses in obligate habitat users because a large per-
centage of required habitats would be affected. Faculta-
tive habitat users would have a measurable response only
at population levels where habitat mediated processes
became important.

This discourse on the types of spatially mediated habitat
disturbance and the respective responses of obligate and
facultative habitat users is relevant to how the sanctuary
will eventually have to approach management of fishing
activities and other impacts to biogenic habitats (structure
and associated populations). The majority of the sanctu-
ary area is subjected to chronic disturbance by fishing
and the sliver is the only relatively unimpacted patch (see
sections on spatial distribution and density of commercial
and recreational fishing under Human Uses in this man-
agement plan).



TABLE 3. COMPARISON OF INTENSITY AND SEVERITY OF VARIOUS SOURCES OF PHYSICAL DISTURBANCE TO THE SEAFLOOR
(BasED ON HaLL (1994) AND WATLING AND NORSE (1998)).

Intensity is a measure of the force of physical disturbance and severity is a measure of the impact on the benthic community

(adapted from Auster and Langton (1999)).

volumes of sediment removal

Source Intensity | Severity
ABIOTIC
Waves Low during long temporal periods but high during | Low over long temporal periods since taxa adapted
storm events (to 85 m depth) to these events but high locally depending on storm
behavior
Currents Low since bed shear normally lower than criti- | Low since benthic stages rarely lost due to currents
cal velocities for large volume and rapid sediment
movement
BIOTIC
Bioturbation Low since sediment movement rates are small Low since infauna have time to repair tubes and
burrows
Predation Low on a regional scale but high locally due to | Low on a regional scale but high locally due to small
patchy foraging spatial scales of high mortality
HUMAN
Dredging Low on a regional scale but high locally due to large | Low on a regional scale but high locally due to high

mortality of animals

Land Alteration

(Causing silt-laden
runoff)

exert a strong physical force

Low since sediment-laden runoff per se does not

Low on a regional scale but high locally where silt-
ation over coarser sediments causes shifts in associ-
ated communities

Fishing High due to region wide fishing effort

High due to region wide disturbance of most types
of habitat

Table 3 summarizes the effects of the range of agents which
produce disturbance in marine communities. The various
forms of disturbance range from small to large in spatial
scale as well as acute to chronic in periodicity. From an
ecological perspective, fishing is the most widespread
form of direct disturbance in marine systems below depths
(approximately 85 m) which are affected by storms (Watling
and Norse, 1998; Auster and Langton, 1999; National
Research Council, 2002).

Activities that have the greatest potential impact on the
seafloor habitats of the sanctuary are the laying of under-
water cables and pipelines, the use of mobile fishing gears,
removal of forage species and bycatch due to fishing, and
ocean dumping. The chief distinction between these activi-
ties is whether they produce chronic (repeated) or acute
(intermittent) disturbance. Chronic disturbance has lasting
effects because the ecosystem does not recover fully before
the next disturbance. Fishing impacts have the greatest
effect on seafloor habitats of any human activity in the Stell-
wagen Bank sanctuary for this reason.

The laying of an underwater cable has occurred only once
in the sanctuary (in 2001) and is an acute impact. The
results of this impact are discussed below. Ocean dump-
ing of vessel-generated wastes occurs more frequently in the
sanctuary; however, at current discharge levels and dilution
rates that activity does not have the lasting effects on physi-
cal structure and ecological integrity as does fishing. Much
of the following discussion of pressures applies primarily to
or involves fishing activities because of the pervasiveness
of those activities in the sanctuary and the abundant infor-

mation available in the scientific literature on the habitat
disturbance effects of fishing.

DISTURBANCE OF SEAFLOOR HABITATS IN THE SANCTUARY

Preliminary results of the Seafloor Habitat Recovery and
Monitoring Project (SHRMP) (see Sidebar and Figure 18) are
listed below. This project was designed to evaluate the rela-
tive effects of disturbance due to laying the fiber-optic cable,
fishing and natural disturbance over a decadal time frame.
Samples have been collected from 1998-2008 and will
continue through at least 2010. The preliminary results to
date demonstrate patterns and trends important to consider
in regards to seafloor habitat status within the Stellwagen
Bank sanctuary:

1. There are significant differences in epifaunal community
structure between boulder and gravel habitats despite the
fact that both are composed of hard substrate (Tamsett et al.,
in review).

2. Within boulder and gravel habitats there are differences
in community structure between sites inside and outside the
sliver indicative of impacts from fishing activities (Tamsett et
al., in review). Figure 19 presents images representative of
these results.

3. Within mud habitats there are differences in infaunal
community structure between sites inside and outside the
sliver indicative of impacts from fishing activities (Nena-
dovic, 2009).

4. Contrasts in the composition of sand habitat infaunal
communities inside and outside of the sliver are not clearly
different, suggesting that fishing effects superimposed on



Seafloor Habitat Recovery and Monitoring Project (SHRMP)

The long-term Seafloor Habitat Recovery Monitoring Project (SHRMP) was initiated in 1998, when the WGoMCA
went into effect, and is ongoing through 2010. The project uses the sliver as a relatively unimpacted reference site
to quantify the recovery of seafloor habitats and associated biological communities previously subject to fishing
activities and to understand the dynamics of these habitats and communities over time. The study design includes
representative sites inside and outside the sliver in mud, sand, gravel and boulder habitat types. The study compares
and contrasts the effects of natural and fishing-related disturbance on seafloor habitats and community structure.

In 2001, NOAA permitted installation of a fiber-optic cable across the sanctuary, including the northern portion of
the sliver. At that time the objectives and hypotheses of SHRMP were modified to include the effects of the cable
laying (a one-time, acute anthropogenic disturbance). The revised monitoring program began in summer 2001 and,
pursuant to terms of the permit, will continue through 2010.

Sampling. Four sites are sampled along the fiber optic cable route, located directly over the cable trench and in
adjacent areas, both inside and outside of the sliver (Figure 18). A total of eight other sites on four different habitat
types are sampled, half inside and half outside the sliver, to monitor fishing impacts (Figure 18). Four of these sites
(inside) serve as reference sites; the other four (outside) sites serve as impact sites for fishing disturbance.

Primary sampling of the fiber optic cable route, the fished sites and the respective control sites is done using
underwater imaging systems (still and video)

from various underwater vehicles, as well as grab FIGURE 18. LOCATION OF LONG-TERM SAMPLING SITES FOR THE
samples for fine-grained sediments. Additional SEAFLOOR HABITAT RECOVERY MONITORING PROJECT.
sampling is conducted using 51de-sca‘n sonar Triangles indicate fiber optic cable monitoring sites; circles indi-
to understand the large scale dynamics of cate SHRMP sites: Ta = mud closed, 1b = mud open; 2a = sand
the seafloor landscapes. Current meters are closed, 2b = sand open; 3a = gravel closed, 3b = gravel open; 4a

q = boulder closed, 4b = boulder open. Cable sites: 5a = on cable
deployed on the seafloor to characterize the open, 5b = off cable open; 6a = on cable closed, 6b = off cable

level of oceanographic forcing of sediment closed.
transport processes and the related variation in
landscape features (e.g., natural disturbance by
storm driven currents).

Project Objectives. The general objective of
SHRMP is to compare the distributions of mi-
crohabitats and associated fauna in impacted
and unimpacted areas with regard to the laying
of the fiber optic cable and fishing. This objec-
tive can be stated as two null hypotheses (that an
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observed difference is due to chance alone and
not due to a systematic cause):

HO(1): There are no differences in the relative
abundance of each microhabitat type in
impacted and unimpacted sites, and:

HO(2): There are no differences in faunal
abundance, density and microhabitat
associations between impacted and unimpacted
sites.

The specific objectives of the project are to
quantify the relative impacts of the laying of the

fiber optic cable and fishing with respect to: ) SHRMP Stations :
¢ fish communities A  Cable Stations

e microhabitat structure T Cable

e softsediment infaunal communities Sliver

¢ hard-bottom epifaunal communities
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FIGURE 19. IMAGES ILLUSTRATING DIFFERENCES IN COMMUNITY COMPOSITION AND ABUNDANCE FOR HARD BOTTOM HABITATS IN THE
STELIWAGEN BANK SANCTUARY WHERE FISHING IS EITHER RESTRICTED OR ALLOWED.

Top images are from sanctuary sampling sites within the WGoMCA where use of bottom tending commercial fishing gear capable
of catching demersal fishes is prohibited. After seven years, these hard substrate seafloor areas are still recovering. The two bottom
images show sanctuary areas where fishing with commercial gear on the seafloor is permitted. All of these photos were taken at
sampling sites located at approximately 65 meters depth during a 2005 monitoring survey conducted as part of the Seafloor Habitat
Recovery Monitoring Project (SHRMP). Images courtesy: Peter Auster, NURC-UConn.

background patterns of natural disturbance have similar
effects on sand communities. However, there are measur-
able effects on emergent species in sand communities indi-
cating the effects of fishing outside of the sliver (Nenadovic,
2009).

5. Community structure is changing across time both inside
and outside the sliver in all habitats, suggesting a dynamic
environment where both natural and human caused distur-
bances (from fishing) mediate the composition of seafloor
communities (Nenadovic, 2009; Tamsett et al., in review).

6. Analysis of epifaunal communities from inside and outside
the sliver along the route of the fiber-optic cable does not
demonstrate an effect of the acute impact of the cable being
laid but does suggest a chronic effect from fishing (Grannis,
2001; Nenadovic, 2009).

7. The trench produced during the cable burial operation
in 2001 is still visible in 2009 along significant parts of the
path through the sanctuary based on sidescan sonar records,
demonstrating that the passage of eight years has been insuf-

ficient time for sediment transport processes to fill in the
feature (Auster and Lindholm, unpublished).

8. There are also trends in the composition of particular
species and groups consistent with the role of different driv-
ers of community composition (Tamsett et al., in review).
For example, the abundance of ascidians (primarily the tuni-
cate Mogula sp.) has increased significantly inside the sliver
over time while the brachiopod Terebratulina septentrionalis
has increased outside. The exact mechanism that produced
such differences is not clear but various types of direct and
indirect interactions, where differential rates of survivorship
or competitive interactions mediated by fishing disturbance
result in such patterns, are hypothesized. Across the entire
area there has been a decline in brittle stars, obviously
resulting from some type of area-wide effect, such as the
possible heightening of predation due to increasing demer-
sal fish populations.

9. Finally, while community composition tended to be more
similar within each station than between stations from each
year, the pattern of similarity from 2005 data suggest a great-
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er degree of difference in composition between replicates
from inside gravel and boulder stations than those paired
stations outside. This pattern suggests the dominance of
local processes, such as predation and competition, may
be driving community composition inside the closed areas
(i.e. contributing to greater variation in species distributions
within stations) in contrast to larger spatial scale disturbance
processes produced either by natural events or fishing
that dominate at outside stations. This pattern in commu-
nity composition is consistent with the types of responses
observed in single species, such as those described above.

The SHRMP findings from the hard substrata sampling sites
indicate that the WGoMCA is having a significant impact on
invertebrate community structure and that the community
inside the closed area on both boulder and gravel habitats is
recovering from chronic fishing gear impacts (Tamsett et al.,
in review). However, the lack of directionality indicated by
that study suggests that community structure under protect-
ed and impacted regimes is dynamic and that “recovery”
of the seafloor community has not, and perhaps will not,
reach a stable climax state. These results suggest recovery
without resilience (Paine et al., 1998; Gunderson, 2000)
given that community structure or component species with-
in the closed area have yet to reach any stable configura-
tion. Only the results of continued monitoring over a longer
time scale will determine the operative type of community
model involved. For reference, the upcoming subsection on
successional shifts in community state discusses generally
accepted models of community change.

The SHRMP project is longitudinal in design, assessing
annual changes in representative seafloor habitats inside
and outside of the WGoMCA over a decadal time frame
within the Stellwagen Bank sanctuary. Two other stud-
ies have measured the effects on benthic communities of
closing fishing within the WGoMCA in areas north of the
sanctuary over Jeffreys Ledge. GCrizzle et al. (2009) and
Knight (2005) conducted studies, principally during 2002-
2004, that compared effects of fishing on benthic habitats
inside versus outside the WGoMCA off New Hampshire
and Maine, respectively. While results differed somewhat
in regard to specific gear-habitat effects and recovery times,
the overall conclusion of these three studies to date indi-
cates significant impacts from multiple fishing gear types
and subsequent recovery of seafloor habitats and associated
benthic communities inside the WGoMCA.

HaBITAT DisTurRBANCE DUE 1O FISHING

The pervasiveness of disturbance by bottom trawling and
dredging and the effects of that disturbance are extensively
demonstrated by the recent literature, for example: Auster
et al,, 1996; Auster and Langton, 1999; Ball et al., 1999;
Caddy, 1973; Churchill, 1989; Collie et al., 1997; Collie,
1998; Collie et al., 2000; Chuenpagdee et al., 2003; Collie et
al., 2005; Dayton et al., 1995; DeAlteris et al., 1999; Dorsey
and Pederson, 1998; Duplisea et al., 2002; Engel and Kvitek,
1998; Freese et al.,, 1999; Friedlander et al., 1999; Grannis,
2005; Grizzle et al., 2009; Hall, 1999; Hansson et al., 2000;
Henry et al., 2006; Jennings and Kaiser, 1998; Jennings et al.,

2001a,b, 2002; Johnson, 2002; Kaiser et al., 1996; Kaiser,
1998; Kaiser and de Groot, 2000; Kaiser et al., 2002; Kaiser
et al., 2006; Knight, 2005; Lindegarth et al., 2000; Mayer
et al., 1991; McConnaughey et al., 2000; Messiah et al.,
1991; Palanques et al., 2001; Pilskahn et al., 1998; Riemann
and Hoffmann, 1991; Rijnsdorp et al., 1998; Roberts et al.,
2000; Sanchez et al., 2000; Simpson, 2003; Simpson and
Watling, 2006; Smith et al., 2000; Sparks-McConkey and
Watling, 2001; Tillin et al., 2006; Thrush et al., 1998, 2001;
Tuck et al., 1998; Watling et al., 2001; Watling and Norse,
1998; and Widdicombe et al., 2004. The majority of these
studies were conducted in the North Atlantic, and all bear
on the kinds of seafloor habitat disturbance due to fishing
that pertain to the Stellwagen Bank sanctuary. Many of these
studies were reviewed by the NEFMC in its Amendment 13
description of fishing effects on the environment (NEFMC,

FIGURE 20. SIDE-SCAN SONAR IMAGE OF BOTTOM OTTER TRAWL
TRACKS OVER THE MUD HABITAT OF GLOUCESTER BASIN IN THE
STELLWAGEN BANK SANCTUARY.

The area depicted (100 m swath width) is extensively furrowed
by trawl doors during successive tows by fishing vessels. A trawl
door is attached to each side of the mouth of the net to keep
it open. Recent trawl tracks are colorized to provide contrast;
earlier tracks are evident in the background. The image was
made by side-scan sonar towed behind a research vessel in
2005; the center stripe indicates the path of the instrument.
Source: NOAA/SBNMS.
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2003). An example of the intensity of bottom trawling on a
seafloor habitat in the sanctuary is presented in Figure 20.

Effects of Disturbance

The structural complexity of habitats is important to support-
ing and maintaining biodiversity and population abun-
dance. Based on the studies cited above, it is evident that
bottom mobile fishing gear (otter trawls and dredges) can
crush, bury and expose marine animals and structures on
and in the substratum, sharply reducing structural complex-
ity. This gear can decrease density of organisms, biomass
and taxonomic richness in benthic communities. It can shift
taxonomic composition towards taxa less tolerant of physi-
cal disturbance. It can also alter bio-geochemical cycles.
This fishing gear has a number of effects that can profoundly
alter the value of habitats for fishes and change the compo-
sition of epifaunal and infaunal invertebrate communities
as well.

For example, a large number of research studies (e.g., Auster
and Langton, 1999) has shown that bottom contact fish-
ing gear has the following general effects on the physical
structure of seafloor habitats: (1) smoothing of bedforms
like sand waves and ripples; (2) removal of habitat-forming
epifaunal species like sponges, bryozoans and corals; and
(3) removal of “ecosystem engineers” that produce various
structures based on their activities, such as crabs and fishes
that produce burrows and depressions.

Studies have also shown generalized effects on community
composition and ecosystem processes (e.g. Zabel et al.,
2003). Increased disturbance from fishing can shift stable
seafloor communities from those that are dominated by
slow-growing and long-lived species to those dominated by
organisms that are fast-growing and short-lived (i.e., oppor-
tunistic or weedy). While communities are often a mosaic of
both types, the large scale impacts of fishing can homogenize
communities to those dominated by the “weedy” species
that gain competitive advantage from periodic disturbance.

Bottom contact fishing gear can alter the biological struc-
ture of seafloor habitats as well and influence the diversity,
biomass and productivity of the associated biota (Auster et
al., 1996). These effects vary according to gear used, habi-
tats fished and the magnitude of natural disturbance, but
tend to increase with depth and the stability and complexity
of the substrate. The effects are most severe where natural
disturbance is least prevalent, where storm-wave damage is
negligible and biological processes, including growth and
recruitment, tend to be slow. Long-lived epifaunal species,
many of which are also structure-forming, can suffer
substantial adverse effects. Benthic habitats and the effects
of fishing are extensively reviewed in Barnes and Thomas,
eds. (2005).

Meta-Analysis of Fishing Effects

Empirical studies of fishing effects realistically can not
be done everywhere under conditions that separate the
effects of gear type, habitat and community composition.
However, it is possible to use a wide range of empirical

studies to conduct a meta-analysis that extracts such infor-
mation from existing studies. Collie et al. (2000) showed
that inter-tidal dredging and scallop dredging had a greater
impact on seafloor communities than did trawling. Further,
communities in stable gravel, mud and biogenic habitats
(e.g., sponges, corals) were more affected by fishing than
communities in unconsolidated sediments like coarse grain
sand. Rates of recovery after impacts were fastest in less
stable and complex habitats like sand (e.g., six months to
one year), while biogenic habitats had the longest recovery,
on the order of years to decades. Similar findings regarding
differential recovery rates of habitats are reported in more
recent studies as well (Link et al.,, 2005; Stokesbury and
Harris, 2006; Collie et al., 2005).

A recent and comprehensive summary of gear effects on
benthic marine habitats was prepared by the National
Research Council, which verifies and amplifies earlier
research findings. This report, entitled “Effects of Trawling
and Dredging on Seafloor Habitat” (NRC, 2002) reiter-
ated four general conclusions regarding the types of habitat
modifications caused by trawls and dredges:

e Trawling and dredging reduce habitat complexity.

¢ Repeated trawling and dredging result in discernable
changes in benthic communities.

¢ Bottom trawling reduces the productivity of benthic habi-
tats.

e Fauna that live in low natural disturbance regimes are
generally more vulnerable to fishing gear disturbance.

The NRC report also summarized the indirect effects of
mobile gear fishing on marine ecosystems. It did not consider
the effects of all gear types, only the two (trawls and dredges)
that are considered to most affect benthic habitats.

A related 2003 study of the collateral impacts of fishing
methods ranked various types of fishing gear based on sever-
ity of impacts to habitats and degree of bycatch (Morgan
and Chuenpagdee, 2003). The highest impact gears were:
bottom-tending trawls, bottom-tending gillnets, dredges
(e.g., scallop and clam) and pelagic gillnets. Medium impact
gears were: pots and traps, pelagic longlines and bottom-
tending longlines. Low impact gears were: midwater trawls,
purse seines, and hook and line.

Successional Shifts in Community State

Disturbance has been widely demonstrated as a mechanism
which shifts communities (Dayton, 1971; Pickett and White
1985; Witman, 1985; 1987). Auster and Langton (1999)
provide an in-depth synthesis of disturbance ecology related
to seafloor communities and fish habitat. General models
produced from such work are useful for understanding fish-
ing as an agent of disturbance from an ecological perspec-
tive and are discussed below.

Assumptions regarding the role of fishing on the dynamics
of marine communities generally assert that the cessation or
reduction of fishing will allow populations and communities
to recover, that is, recover to a climax community state as is



the case in long-lived terrestrial plant communities (e.g., the
succession of old farm fields to mature forest). That does not
always happen in marine ecosystems.

Succession of communities implies a predictable progres-
sion in species composition and abundance. Such knowl-
edge of successional patterns would allow managers to
predict future community states and directly manage
patterns of biological diversity. While direct successional
linkages have been found in some communities, others are
less predictable. Two generalized models (from Auster and
Langton, 1999) that depict patterns in shifts in community
state due to disturbance are illustrated and discussed in the
Sidebar.

These two models of shifts in community state due to distur-
bance illustrate the complexities underlying management
of biological communities in the sanctuary. Changes of
community structure due to disturbance may or may not
be predictable based on numerous factors including type of
habitat and organism. The models portend that the charac-
ter and structure of present-day communities in the sanctu-
ary very likely have changed and in ways that may not be
strictly reversible.

CURRENT PROTECTION

Sanctuary regulations (15 C.F.R Part 922 Subpart N) prohibit
drilling into, dredging or otherwise altering the seabed of
the sanctuary; or constructing, placing or abandoning any
structure or material or other matter on the seabed of the
sanctuary, except as an incidental result of: (1) anchoring
vessels; (2) traditional fishing operations; or (3) installation of
navigation aids. The exemption for traditional fishing activi-
ties reduces the effectiveness of these regulations in manag-
ing habitat disturbance, and thereby protecting ecological
integrity and managing for biodiversity conservation.

The most effective regulations to date for protecting seafloor
habitat and communities in the sanctuary are those promul-
gated by NOAA Fisheries Service under the MFCMA to
restore groundfish stocks in the GoM and protect EFH. Over
the past two decades NOAA Fisheries Service, in collabora-
tion with the NEFMC, has promulgated fishing regulations
that have significantly reduced fishing effort, and, therefore,
habitat impacts to some degree in the northeast region
which includes the sanctuary. Examples of these regula-
tions are: reducing fishing days at sea, creating groundfish
and habitat closed areas (e.g., WGoMCA), increasing net
mesh size to allow escapement of juvenile fish, reducing
trawl net roller gear sizes to prevent trawlers from accessing
high relief habitat, and creating seasonal closures to protect
migrating or spawning species.

While these regulations help to reduce fishing mortality and
rebuild fish stocks, with the exception of the WGoMCA and
roller gear size reduction, their overall effect on protecting
or recovering seafloor habitats and the biological communi-
ties of the sanctuary is less clear.

Models of Pattern Shifts in Community State
Due to Disturbance

The first pattern is the successional model where
communities change from type A to B to C and so
forth (Figure 21). There are empirical examples

of this type of succession in soft bottom benthic
communities. Succession is based on one community
of organisms producing a set of local environmental
conditions (e.g., enriching the sediments with organic
material) which make the environment unsuitable for
continued survival and recruitment but are favorable
for another community of organisms. Disturbance
can move the succession back in single or multiple
steps, depending on the type of conditions that prevail
after the disturbance. The successional stages are
predictable based on the conditions which result from
the organisms themselves or from conditions after a
perturbation.

The second pattern is the lottery model which is less
predictable and disturbance mediated (Figure 21).
There are multiple outcomes for community recovery
after the end of the disturbance. Empirical studies of
such relationships are generally found in hard substrate
communities. Shifts in community type are produced
by competition and disturbance (e.g., predation,
grazing, storms, fishing gear) that can result in shifts
toward community types which are often unpredictable
because they are based on the pool of recruits available
in the water column at the time that niche space
becomes available.

FIGURE 21. TWO CONCEPTUAL MODELS OF PATTERN SHIFTS IN
COMMUNITY STATE DUE TO DISTURBANCE.

(from Auster and Langton, 1999).
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WATER COLUMN AS HABITAT

StaTUS

The water column in the Stellwagen Bank sanctuary
represents important habitat for numerous planktonic and
nektonic organisms as well as many fishes, turtles, seabirds
and marine mammals. In addition to the three major water
masses occurring throughout the GoM, each of which
provides habitat for a variety of organisms, the interaction of
moving water masses with the sanctuary’s complex seafloor
topography creates local zones of upwelling and mixing
that serve as habitat as well. Additionally, features such
as thermal fronts and the thermocline (sharp temperature
gradients between water packets of differing characteris-
tics) and shear zones (separating countervailing currents),
for example, segment and highly structure the open ocean,
creating ecotones that serve as unique midwater habi-
tats. An ecotone is a transition area between two adjacent
ecological communities.

In general, major surface currents flow counterclockwise in
the vicinity of the sanctuary. Local productivity is seasonal
with the overturning and mixing of ocean waters from deep-
er strata during the spring and fall producing a complex and
rich system of overlapping midwater and benthic habitats.
The heightened seasonal productivity supports a large vari-
ety of marine mammal and fish species in the water column.
Many of these predators rely on both water column and
benthic habitats for foraging.

Water column productivity due to phytoplankton was
reported to be quite high at Stellwagen Bank, being consis-
tently highest at the surface where it was more than an order
of magnitude greater than at the bottom (Cahoon et al.,
1993). Phytoplankton production at Stellwagen Bank is also
comparatively high (ca 2.9 g C m-2-d-1) relative to elsewhere
over the northeast continental shelf. Typical phytoplankton
production rates in the GoM and the mid-Atlantic Bight are
ca 0.8 g C m-2d-1 (Schlitz and Cohen, 1984; Walsh, 1988)
and ca 1.3 g C m-2d-1 in shallow portions of Georges Bank
(Schlitz and Cohen, 1984). Based on the information in
these studies and Sissenwine et al. (1984), primary produc-
tion at Stellwagen Bank is three times greater than the GoM
in general and twice as high as at Georges Bank.

While there is concern for impacts to seafloor habitats
due to fishing, there is also concern for impacts to water
column habitats due to pollution and contamination includ-
ing biological agents like harmful algal blooms (HABs) and
invasive species. Refer to the Sidebar for a description of
potential sources of pollution and contamination. Refer
to Bothner and Butman (2007) for a summary of processes
influencing the transport and fate of contaminated sedi-
ments in Massachusetts Bay.

Regular monitoring of key water quality indicators and
associated seafloor variables is conducted in and around
the sanctuary to detect and evaluate trends that could favor
HABs or otherwise threaten environmental functions in the
sanctuary. The Stellwagen Bank sanctuary relies on collabo-
ration with the MWRA for routine water quality monitoring
and on the occasional assessments of the NOAA National
Status and Trends (NS&T) Bioeffects (BE) Program and the
National Benthic Surveillance (NBS) Program to understand
and characterize the threats to and status of water column
and related seafloor habitats in the sanctuary. The NBS
Program is a collaborative effort between NS&T and NOAA
Fisheries Service. The threat of introduction of water-borne
invasive species may be under-appreciated and deserving
fuller understanding as provided below.

MONITORING

In 2001, the Stellwagen Bank sanctuary increased the area
coverage of water quality monitoring within its boundar-
ies to better determine whether the MWRA sewage outfall,
which began operating in September 2000, was causing
increased eutrophication and contaminant loading. To
leverage resources and obtain compatible information that
could be integrated into the existing data base for ongo-
ing monitoring work, the sanctuary added four new stations
to MWRA's existing five stations within the sanctuary area
(Libby et al., 2006). Werme and Hunt (2008) provide an
overview of MWRA outfall monitoring and background
information on environmental concerns, monitoring design,
and Contingency Plan thresholds for effluent, water-column,
sea-floor, and fish-and-shellfish monitoring.

The MWRA's discharge permit recognizes concerns about
possible effects of the outfall on the sanctuary and requires
an annual assessment of those possible effects. The MWRA
classifies stations as near field and far field for the purpose
of assessing potential impacts from the sewage outfall; those
in the sanctuary are included among the far field stations.
During 2001-2005, independent contractors sampled the
four additional stations in August and October, which are
two of the six MWRA survey periods each year. Sampling
included measurements of water column physical variables
(salinity, temperature, density structure), nutrients, chloro-
phyll and dissolved oxygen, as well as the numbers and
species of phytoplankton and zooplankton. Due to budgets,
the sanctuary discontinued funding for its additional stations
in 2006 and MWRA has discontinued monitoring most
of its farfield sites except for two in Cape Cod Bay, one at
the southern end of the SBNMS and one in the northwest
corner just outside the SBNMS boundary. MWRA reduced

IV. Resource States



Potential Sources of Pollution and
Contamination

Much of the pollution reaching the sanctuary comes from
non-point sources or from distant point sources. Several
waste water treatment facilities discharge directly into Mas-
sachusetts Bay, the largest being the Massachusetts Water
Resources Authority (MWRA) Boston Harbor outfall locat-
ed 9.5 miles from Boston and 12 miles west of the sanctu-
ary border. Air pollution from power plants and industrial
facilities, some as far away as the mid western part of the
country, and urban smog release a variety of chemicals
over Massachusetts Bay, some of which are accumulated by
organisms.

In addition, the sanctuary is heavily traveled by commercial
and recreational vessels and cruise ships that discharge
wastes during their voyages. Shipping activities may result
in a variety of chemical releases from discharges, spills
and/or collisions, and the possibility of importation of
invasive species. Other sources of contamination include
clean material disposal at the Massachusetts Bay Disposal
Site (historical dumping operations there have included
hazardous military and industrial wastes and dredge spoils)
and disturbances during the laying of underwater pipes
and cables (only one of which crosses the sanctuary). Of
particular concern are the cumulative impacts of multiple
activities that could contaminate the habitats and resources
of the sanctuary and increased environmental loading of
nutrients and pollutants above scientifically established
background levels.

Nutrient enrichment is one factor in the development of
harmful algal blooms (HAB). HABs are high densities of
toxic phytoplankton (e.g., Alexandrium sp.) that can kill
marine life and impair human health. Saxitoxin from
these organisms was implicated in the death of 14 hump-
back whales in 1987. HAB events have occurred periodi-
cally since 2005 and covered a broad area encompassing all
of Massachusetts Bay (including the sanctuary) and Cape
Cod Bay. While no injury or mortality of sanctuary resourc-
es has been observed, high concentrations of Alexandrium
cysts have been recorded in the sediment of the sanctuary.

HABs can cause temporary paralytic shellfish poisoning
(PSP). On June 14, 2005, at the request of the U.S. Food
and Drug Administration, NOAA Fisheries Service took
emergency action to temporarily close a portion of Federal
waters off the coasts of New Hampshire and Massachusetts
to shellfish harvest due to the presence of high levels of the
toxin that causes PSP. This area is part of the Temporary
PSP Closure Area. The northern component of the PSP
Closure Area includes the sanctuary and, when in effect,
prohibits all bivalve molluscan shellfish fishing, with the
exception of sea scallop adductor muscles harvested and
shucked at sea. NOAA Fisheries Service has periodically
reinstituted the closure area and most recently extended it
through December 31, 2010. Refer to the Web site http://
www.nero.noaa.gov for the final emergency rule and back-
ground information on this series of temporary closures.

the sampling stations based on nine years of data showing
no farfield effect of the outfall. MWRA will increase the
sampling frequency to nine times per year for the farfield
stations which will help address the sanctuary’s concern
about major rain events that result in increased effluent
discharge.

The four sanctuary stations were strategically placed to
detect nutrient inputs to the sanctuary from the GoM and
Merrimack River to the north, as well as from the MWRA
outfall to the west (Figure 22). The data allow inferences
about fine scale circulation patterns and water column
productivity in the sanctuary. The data were also entered
into a three-dimensional computer model that was devel-
oped to understand how the system might respond to
increased and decreased levels of nutrients, dilution of
outfall and dispersion (Jiang, 2006).

While the timeframe for analyses reported in the manage-
ment plan covers 1991-2005, additional results to date
show no evidence of increased eutrophication or unac-
ceptable contaminant loads in the sanctuary relative to
the outfall startup (Hartwell et al., 2006; Werme and Hunt,
2006, 2007; Werme et al., 2008, 2009). Results from
the 1991-2005 timeframe are considered to be gener-
ally representative of continued water quality conditions

FIGURE 22. LOCATION OF WATER COLUMN STATIONS,
INCLUDING THE ADDITIONAL STELLWAGEN BANK SANCTUARY
STATIONS SAMPLED IN AUGUST AND OcTOBER 2001-2005.

F32 and F33 sampled in February, March and April; other
stations sampled in February, March, April, June, August and
October. Source: MWRA, 2006.
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FIGURE 23. ANNUAL MEAN AMMONIUM (TOP) AND NITRATE
(BOTTOM) CONCENTRATIONS IN THE STELLWAGEN BANK
SANCTUARY, THE NEARFIELD AND CAPE COD BAY RELATIVE TO
THE OUTFALL STARTUP.

Source: MWRA, 2006.
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within the sanctuary. Additionally, this timeframe overlaps
and allows comparison with the results of assessments of
sediment contamination conducted during 1983-1994 and
in 2004 as reported in the following section.

Overall, water quality within the sanctuary was excellent
during 2005 and there was no indication of any effect of
the MWRA outfall (Libby et al., 2006). While ammonium
concentrations rose in the near field sampling stations
following start of the outfall diversion, there has been no
parallel annual increase in the area of Stellwagen Bank
or Cape Cod Bay (Figure 23 top). Nitrate concentrations
(Figure 23 bottom) continue to show an upward trend in
offshore Massachusetts Bay and in the near field, a regional
phenomenon that predates the outfall diversion and is not
well understood.

Other measurements of nitrogen and dissolved phosphate
also show these long-term trends. Concentrations of total
dissolved nitrogen (Figure 24 top) and dissolved inorganic
nitrogen (Figure 24 middle) have consistently been higher
in samples from the sanctuary than those measured at other

FIGURE 24. TOP: ANNUAL MEAN TOTAL DISSOLVED NITROGEN
(TDN); MIDDLE: DISSOLVED INORGANIC NITROGEN (DIN);
BotTroM: TOTAL NITROGEN (TN) IN THE STELLWAGEN BANK
SANCTUARY, THE NEARFIELD AND CAPE CoD BAY RELATIVE TO
THE OUTFALL STARTUP.

Source: MWRA, 2006.
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stations. In contrast, concentrations of total nitrogen have
been similar in all regions (Figure 24 bottom).

The mean annual chlorophyll levels have not changed in
response to the outfall discharge (Figure 25). Annual chlo-
rophyll levels were similar in the nearfield, Cape Cod Bay
and Stellwagen Bank. Concentrations of dissolved oxygen
and percent saturation have not declined in the Stellwagen
Basin or in the near field (not shown). Rather than showing
a decline, levels in 2005 were slightly high compared to the
baseline years (1992-2000).



FIGURE 25. ANNUAL MEAN CHLOROPHYLL IN THE STELLWAGEN
BANK SANCTUARY AND OTHER REGIONS RELATIVE TO THE
OUTFALL STARTUP.

Source: MWRA, 2006.
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No changes in concentrations of sewage tracers or sewage-
related contaminants were observed in the sediment samples
from stations within the sanctuary and there were no changes
in community parameters in 2005 (Maciolek et al., 2006).
The deep-water stations continued to support a distinct
infaunal community with recognizable differences from
communities in the nearfield and Cape Cod Bay. Benthic
community parameters at individual stations showed no
pattern of change following start-up of the outfall in 2000
(Figure 26). Overall the numbers of individual organisms
and species per sample have increased, as has the index of
species diversity (log series alpha), paralleling results from
throughout Massachusetts Bay. No consistent pattern has
been found that relates to outfall operation.

ASSESSMENT

In 2004, field samples were taken to assess the status and
trends of chemical contamination in sediments and resident
biota and to assess the biological condition of the vari-
ous habitat types found in the Stellwagen Bank sanctuary
area (Figure 27). Sampling efforts employed a combina-
tion of the NOAA NS&T BE Program and the NBS Program
protocols. The BE Program assesses sediment contamina-
tion, toxicity and benthic community condition. The NBS
Program also addresses sediment contamination, in addi-
tion to contaminant body burdens and histological indica-
tors in resident fish. Data from 2004 were contrasted with
historical (1983-1994) NOAA data, and the data from the
MWRA to assess the spatial and temporal trends in chemi-
cal contamination in and around the sanctuary. The work
reported here was done by NCCOS in cooperation with the
sanctuary and unless indicated otherwise, the following
account is excerpted from Hartwell et al. (2006).

[nan analysis of the spatial distribution of select contaminants
in sediments, the lowest concentrations were consistently
found in the Stellwagen Bank sites (Figure 28). Contami-
nant data from the 2004 sampling effort are consistent with

FIGURE 26. BENTHIC COMMUNITY PARAMETERS AT STATIONS
(FF05, FF04) IN or (FF14, FF11) NEAR STELLWAGEN BANK
SANCTUARY (1992-2005) RELATIVE TO THE OUTFALL STARTUP.

Source: MWRA, 2006.
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historical data. The NS&T NBS long-term sediment moni-
toring data (1984-1991) showed similar spatial distribution
patterns. The larger pattern indicates a gradient of contami-
nant concentration from inshore to offshore. This suggests
an export of contaminants from Boston Harbor eastward
toward Stellwagen Bank and southward toward Cape Cod
Bay via suspended sediments and/or the water column.

The NBS data show similar patterns of spatial distributions
based on contaminant concentrations in winter flounder
liver. Overall, tissue contaminant concentrations were high-
er in organisms collected in and around Boston Harbor than
those from remote sites, with intermediate concentrations in
the mid-Bay area between the Harbor and Stellwagen Bank.
These observations also suggest that export from Boston



Harbor is a source of contamination for Massachusetts Bay
and possibly for the sanctuary.

The Hartwell et al. (2006) study evaluates and summarizes
contaminant conditions in the sanctuary area over a period
of about twenty years. The current (2004) status of chemical
contaminants in the shallow portions of Stellwagen Bank is
significantly lower than those of the other regions of Massa-
chusetts Bay including Cape Cod Bay. Boston Harbor is the
most polluted zone of the Massachusetts Bay/Cape Cod Bay
system. Sediments in the deep areas in Stellwagen basin are
accumulating contaminants from a variety of sources.

The temporal assessment revealed no statistically significant
trends for trace metals and Polycyclic Aromatic Hydrocar-
bons (PAHSs), while banned but persistent organic contami-
nants (DDTs and chlordanes [both pesticides]) show very
slow decreasing trends over the monitoring years. The
persistence of some organic compounds at relative high
concentrations in Boston Harbor implies that the Harbor
may be a continuing source of contaminants to other areas
of Massachusetts Bay including the sanctuary. However,
data in the current study indicates that pollution impacts
in the sanctuary appear minimal and are largely consistent
with the finding from MWRA monitoring.

In a separate study, a comparison of PCBs, organochlorine
pesticides and trace metals in cod liver from Georges Bank

Ficure 27. LocaTioN oF THE NOAA NS&T BE sAMPLING
SITES (2004) WiITHIN MASSACHUSETTS BAY INCLUDING THE
STELLWAGEN BANK SANCTUARY.

Sampling was done within six zones indicated by the red lines:
Boston Harbor, Massachusetts Bay, Area Between Bays, Cape
Cod Bay, Stellwagen Basin and Stellwagen Bank. Source:
Hartwell et al., 2006.
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FIGURE 28. CONCENTRATION OF CONTAMINANTS, SELECT METALS (CD [cADMIUM] AND PB [LEAD]) AND ORGANIC COMPOUNDS
(ToTtAL PCBS [POLYCHLORINATED BIPHENYLS] AND DDT [PESTICIDE]), IN SEDIMENTS WITHIN MASSACHUSETTS BAY INCLUDING THE
STELLWAGEN BANK SANCTUARY.

Source: Hartwell et al., 2006.
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(GB), Wilkinson Basin (WB) and Stellwagen Bank (SB) was
conducted in 2003-2004 (Monosson and Lincoln, 2006).
Heavy metals As, Cu, Se, and Zn were detected in cod livers
at all sites, while Hg, Cd, and Ag were detected primarily
in cod livers from GB. Several metals including Al, Cr, Mn,
Tl, and V were detected in only a few fish across all sites or
not at all. Concentrations of detectable metals in female
cod livers from GB tended to be consistently higher than in
cod from WB of SB. PCBs were detectable in the majority
of cod livers from all sites with the highest mean concentra-
tions measured in female cod livers from SB. Of the several
organochlorine pesticides and their metabolites analyzed
in this study, only DDT and its metabolites, a-chlordane,
endrin and heptachlor were detected in more than 50% of
the samples across the sites. While detectable, these differ-
ent contaminants tended to be present in relatively low
concentrations, and the authors conclude that the levels of
contamination in cod at these sites pose little risk to repro-
duction and development in this species.

INVASIVE SPECIES

Invasive species, also commonly referred to as non-indig-
enous, alien, exotic, introduced, nuisance or bio-invader
species, are organisms that have moved into an area outside
of their natural geographic range, often assisted by anthro-
pogenic agents (e.g., ships, aquaculture). Once introduced,
marine invasive species can spread rapidly by water borne
dispersal of planktonic eggs and larvae. Their environmental
effect can be similar to that of the relatively rare species in a
biological community that, when triggered by environmen-
tal signals, suddenly expands in population and geographic
distribution with negative consequences (e.g., HABs). Once
established, their numbers can be difficult to control.

Efforts are in progress to eradicate outbreaks of invasive
species at widely scattered locales around the world (Bax
et al., 2001). As rates of bio-invasions continue to increase,
the need will increase to reduce the impact of such invad-
ers and to provide control options (Thresher and Kuris,
2004). However, the public trust nature of marine resourc-
es and the openness of marine systems, particularly over
large spatial scales such as the GoM or even the sanctuary,
potentially compromise many of the solutions heretofore
used to manage terrestrial and aquatic invasive species,
e.g., physical removal, biocidal eradication, environmental
remediation (Lafferty and Kuris, 1996; Thresher 2000; Kuris,
2003). Morris and Whitfield (2009) address the challenges
to controlling and managing invasive Indo-Pacific lionfish
along the southeast U.S.A. within areas of high ecological
importance including national marine sanctuaries.

Invasive species are recognized as a serious emerging threat
to biological diversity (Drake and Mooney, 1989). Impacts
of invasive species threaten 36% of marine species, yet only
8% of the conservation studies published on marine systems
have dealt with this topic (Lawler et al., 2006). Importantly,
community ecology theory can be used to understand and
to possibly anticipate biological invasions by applying new
concepts to alien species and the communities that they

invade (Shea and Chesson, 2002) (see Sidebar). To be fore-
warned is to be forearmed.

Long evident in the management of agricultural pests, early
detection and rapid response afford the greatest opportu-
nity to control pest invasions. Thresher (2000) evaluated
the results of efforts to control marine invasive species and
makes four key points. (1) Exotic species have been and
continue to be introduced by a range of vectors; priorities
for management action need to be based on a critical evalu-
ation of the real risks posed by each vector, and encompass
an understanding that even major effort directed at a few
vectors will not prevent new incursions of invasive species.
(2) Eradication of new incursions is achievable, but is
uncommon and limited to those situations where the exotic
was either detected quickly or otherwise still had a limited
distribution. (3) Long-term options for management of inva-
sive species have to take into account social and cultural
issues that make some options unfeasible. And (4), groups
likely to pose major threats in the future include pathogens,
marine macroalgae and genetically enhanced production
lines developed for use in mariculture.

Specific Occurrences

Didemnum sp. is a colonial ascidian (sea squirt or tunicate)
with rapidly expanding populations on the east and west
coasts of North America (Bullard et al., 2007). It is part of
a growing global problem of tunicate invasions (Lambert,
2007) that includes southern New England and the GoM
(Dijkstra et al., 2007a, b; Osman and Whitlatch, 2007;
Mercer et al., 2009). Didemnum sp. is a particular concern
on Georges Bank (Valentine et al.,, 2007; Lengyel et al.,
2009; Morris et.al., 2009; York et al., 2008) where detailed
analysis of bottom photographs suggest it is able to out-
compete other epifaunal and macrofaunal taxa and where it
has had a significant impact on the species composition of
the benthic community (Lengyel et al., 2009). At present,
there is no evidence that the spread of the tunicate there will
be held in check by natural processes other than smothering
by moving sediment (Valentine et al., 2007). Didemnum
sp. has the potential to become a significant problem in the
sanctuary as well.

First observed in 2003, Didemnum sp. has invaded gravel
habitats on Georges Bank fishing grounds and the infesta-
tion is persistent and increasing in density (USGS, 2006).
Within the 88 sq mi study area, the colonies doubled at 75
percent of the sites observed in 2005 and 2006. Prelimi-
nary evaluation of the sample data indicates that 50-75 %
of the gravel is covered at some study sites. Sea-squirt mats
smother the gravel habitat and render it unusable by the
native community; no other species are known to prey on or
over-grow the mats. The tunicate potentially can be spread
by mobile bottom fishing gears that break-up and fragment
the colonies and aid in their dispersion and colonization of
new areas. For more information visit URL http:/woodsh-
ole.er.usgs.gov/project-pages/stellwagen/didemnumy/.

Didemnum sp. was also noted as occurring in the Stellwagen
Bank sanctuary as early as 2003. During 2009 the sanctuary
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worked with researchers at WHOI using
HabCam to continuously photographi-
cally survey, at high resolution along
transects, the most likely seafloor habi-
tats within the sanctuary for infestation
by Didemnum sp. and to sample possible
infestations to confirm presence at the
time of detection. HabCam is a towed
camera sled originally designed as a tool
to survey sea scallops which has evolved
into an optical habitat mapping system
for characterizing benthic community
structure, sediment characteristics and
water column properties. This effort is
the first comprehensive assessment of
a major harmful invasive species to be
undertaken in the sanctuary and pend-
ing findings, may serve as the foundation
to help formulate and direct potential
control actions.

Biological agents such as phytoplank-
ton spores or cysts which develop HABs
can behave similarly to invasive species.
Nutrient enrichment is one factor in the
development of HABs, but so too are
the niche opportunities created by the
disturbance of their associated biological
communities. These communities occu-
py water column and seafloor habitats
and support the HAB organism in its vari-
ous life stages. Planktonic and benthic
predators as well as competitors for
seafloor habitat settlement space serve
as natural controls that limit population.
HAB events due to the toxic phytoplank-
ton Alexandrium sp. have been recorded
in the sanctuary since 2005. As noted
above, some of the highest concentra-
tions of Alexandrium cysts in Massachu-
setts Bay and Cape Cod Bay have been
recorded in the sediment of the sanctu-
ary.

Means of Introduction

While niche opportunities for invasive
species may be created by human activi-
ties that disturb biological communities
and their habitats, the primary means by
which many of these invasive species are
introduced in the marine environment is
via ballast water from ships. Scientists
estimate that as many as 3,000 alien
species per day are transported by ships
around the world; however, not all trans-
ported species survive the trip or expo-
sure to their new environment (MITSG,
2004). Other methods of introduction
include:

Community Ecology Theory Relating to Biological Invasions

Two concepts that are relevant to understanding the introduction of inva-
sive species in the GoM and the Stellwagen Bank sanctuary are: commu-
nity maturity and niche opportunity (Shea and Chesson, 2002).

Community Maturity. Community maturity is defined as the opportunity
an ecosystem has had to accumulate species and for species adaptation
within the ecosystem to have taken place. It depends on the time that the
ecosystem has had the current climate, including its short-term fluctua-
tions and recurring disturbance events. Maturity depends also on the size
of the species pool that has historically served as a source of species to the
ecosystem.

Biological communities that have had less evolutionary time to assemble,
and less time for their constituent species to adapt to the local conditions,
are likely to have fewer species with broader niches. Species in these com-
munities might also have lower competitive abilities than those in com-
munities such as coral reefs) that have had a longer time to evolve under
their present environmental regime. The former communities, which
characterize those in the GoM, tend to be less invasion resistant.

The North Atlantic is relatively young, the assembly of its biota from the
North Pacific is recent, i.e., 3.5 Mya (Vermeij, 1991), its nearshore envi-
ronments have been frequently glaciated causing localized extinctions at
approximately 20,000 year cycles (Adey and Steneck, 2001), and its species
pool is comparatively low throughout the region. On the basis of com-
munity maturity, both the GoM and the sanctuary as a subset would seem
inherently susceptible to biological invasion.

Niche Opportunity. Niche opportunity is a concept which defines condi-
tions that promote invasions in terms of resources, natural enemies, the
physical environment, interactions between these factors, and the manner
in which they vary in time and space. Niche opportunities vary naturally
between biological communities but can be greatly increased by disrup-
tion of communities, i.e., disturbance. Recent niche theory predicts

that low niche opportunities (high invasion resistance) result from high
species diversity (Stachowicz et al., 1999; Shea and Chesson, 2006). This
theory has been confirmed in experimental communities of sessile marine
invertebrates where increased species richness significantly decreased
invasion success, apparently because species-rich communities more com-
pletely and efficiently used available space (Stachowicz et al., 2002).

The sanctuary would also seem prone to biological invasion because of the
niche opportunities afforded (together with the sanctuary’s location amid
extensive commercial shipping traffic that can serve as primary vectors for
the introduction of exotics from hull bottoms and ballast water). The ma-
jority of the sanctuary area is chronically disturbed by fishing, especially
seafloor habitats regularly swept by bottom otter trawling. The results of
the SHRMP research (described in the subsection on Seafloor Habitats)
indicate the greater relative ecological importance of physical disturbance
by fishing versus natural events such as storms. See also Figure 19 in this
document for portrayal of seafloor habitats in the presence and absence
of bottom contact fishing and the respective difference in their associated
biological complexity.

Analysis of historical baselines indicates that the diversity of bottom-
dwelling species in the western GoM including the sanctuary area appears
to have declined significantly from ca. 1900 to 2000 due to the extensive
exploitation of fish populations (Claesson and Rosenberg. 2009). The
widespread chronic disturbance of seafloor habitats due to fishing and the
history of lowered species diversity are factors that may create niche op-
portunities for biological invasion in the sanctuary.




® Organisms attaching to the hulls of vessels

e Algae used as packing material for fisheries prod-
ucts

e Fouling or accumulation of organisms in fishing
nets that are then re-deployed in other areas

* Mariculture of introduced marine species (e.g.,
fish, shellfish and seaweed)

* Natural processes such as ocean currents

The introduction of invasive species is considered
to be one of the most harmful types of disturbances
that can occur within any ecological system (Dietz,
2005). Once established, these species have the
potential to change the structure, pattern and function
of a biological community. Some of the ecological
impacts associated with the introduction of invasive
species in the marine environment include:

e Occupying habitat space and competing for food
of native species

e Altering the gene pools of native organisms through
cross breeding

e Shifting predator/ prey relationships
e Spreading disease and/or parasites

These impacts can take time to present themselves.
Oftentimes invasive species, although present,
remain in low abundance until some aspect of their
environment changes allowing their competitive
release against native species. These changes could
be the result of a change in temperature that allows
for an increase in growth rate or reproduction, or a
change in the abundance of a native competitor or
predator that enables the invasive to become better
established (Dietz, 2005).

General Status

A growing number of non-native marine organ-
isms are appearing in the waters of the GoM (Table
4). Of these only the tunicate Didemnum lahillei
is documented from the Stellwagen Bank sanctu-
ary. Researchers attribute this increase in number
of invasive species to two regional trends: (1) warm-
ing coastal waters becoming more hospitable to
non-native species; and (2) lower biodiversity result-
ing from the urbanization of shore lands and the
increase in human activity and pollution stressing
critical marine habitats (Dietz, 2005). According to
the Massachusetts Institute of Technology Sea Grant
(MITSG) Rapid Assessment Survey (RAS) conducted
in August of 2000 and 2003, a total of 34 introduced
organisms, several of which were identified for the
first time in this region, and 37 organisms whose
native geographic distribution is unknown were
discovered throughout New England coastal waters
(Pederson et al., 2005). For more information visit
URL http://www.usm.maine.edu/gulfofmaine-census/
Docs/About/Organisms/Invasive.htm.

TABLE 4. INVENTORY OF KNOWN INVASIVE SPECIES TO THE GULF OF
MAINE REGION.

Of these only the ascidian (tunicate) Didemnum lahillei is documented
from the Stellwagen Bank sanctuary. Common name is included in
parentheses if known. Source: Dietz (2005).

Scientific Name and Type of Organism

Chlorophyta (green algae)

Codium fragile (deadman’s fingers, green fleece)

Rhodophyta (red algae)

Bonnemaisonia hamifera

Grateloupia turuturu

Lomentaria clavellosa

Lomentaria orcadensis

Neosiphonia harveyi

Porifera (sponges)

Halichondria bowerbankia (bread-crumb sponge)

Cnidaria (hydroids, anemones, jellyfishes)

Cordylophora caspia (colonial hydroid)

Diadumene lineate (striped anemone)

Sagartia elegans (purple anemone)

Polychaeta (segmented worms)

Janua pagenstecheri (formerly Spirorbis pagenstecheri) (bristleworm)

Gastropoda (snails)

Littorina littorea (common periwinkle)

Bivalvia (clams, oysters, mussels)

Ostrea edulis (European oyster)

Arthropoda (crabs, shrimps)

Praunus flexuosus (mysid shrimp)

laniropsis sp. (isopod)

Caprella mutica (skeleton shrimp)

Microdeutopus gryllotalpa (amphipod)

Carcinus maenas (European green crab)

Hemigrapsus sanguineus (Asian shore crab)

Anisolabis maritime (maritime earwig)

Bryozoa (moss animals)

Barentsia benedeni

Bugula neritina

Membranipora membranacea (lacy crust bryozoan)

Ascidiacea (tunicates, sea squirts)

Ascidiella aspersa

Botrylloides violaceus

Botryllus schlosseri (golden star tunicate)

Didemnum lahillei

Diplosoma listerianum

Molgula manhattensis (sea grapes)

Styela canopus (formerly Styela partita)

Styela clava (club tunicate)

Protozoa (single-celled organisms)

Haplosporidium nelsoni (Eastern oyster parasite)

Perkinsus marinus (Eastern oyster parasite)

Bonamia ostreae (European oyster parasite)
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PRESSURES

Although studies show that water
quality in and around the Stellwa-
gen Bank sanctuary is currently at
acceptable levels by most standards,
the continuing pressures of point-
and non-point sources of pollution
are cause for continued concern and
constant vigilance. Given the sanc-
tuary’s proximity to the populous
coastal zone in Massachusetts, New
Hampshire and southern Maine, as
well as being “downwind” from the
industrial activity of the mid-west
and northeastern part of the U.S.,
the sanctuary is exposed to pollut-
ants from a variety of anthropogenic
sources.  These sources include
direct discharge of waste to coastal
waters (generally referred to as point
sources) and indirect contamination
(generally referred to as non-point
sources).

Point source discharges potentially
impacting the sanctuary include
discharges from publicly owned
treatment works (POTWs), indus-
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FIGURE 29. LOCATION OF SEWER OUTFALLS, THE MWRA OUTFALL, INDUSTRIAL
DISCHARGE SITES AND DUMPING / DISPOSAL SITES WITHIN MASSACHUSETTS BAy.

Also indicated are the locations of state ocean sanctuaries, the Cape Cod Bay Right Whale
Critical Habitat Area and the Stellwagen Bank sanctuary as well as the pattern of general
ocean circulation for the area. Source: MWRA (2004).
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While it appears that inputs from point source discharges
have been decreasing over the past decade, it has been diffi-
cult to adequately estimate the magnitude of the non-point
source inputs. A major component missing in the present
MWRA and the Stellwagen Bank sanctuary water monitor-
ing projects is “event-driven” sampling geared to wastewa-
ter system failures and storm-water overflows. While 98%
of the effluent in 2002 underwent secondary treatment, for
example, there was still part of the waste-stream that was
released untreated or only partially treated due to storm
events and temporary inability of the facility to handle the
overflow.

The most significant types of point and non-point source
discharge and disposal activities occurring in the sanctuary
vicinity are discussed in greater detail below.

New MWRA outfall site

Former Mass. Bay disposal
site or Foul Area (FA)

Disposal Site (MBDS)

Cape Cod Bay
Ocean Sanctuary

Northern
Right Whale
Critical
Habitat
Area

*
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SOURCES

Municipal Waste Discharges

Massachusetts Bay and Cape Cod Bay historically have
received inputs of waste in the form of effluent or sludge
from a number of pipes extending from municipal wastewa-
ter treatment plants along the coast of Massachusetts (Figure
29). In the past, the total combined flow of this material
was reported to be 566 million gallons per day (MGD), with
approximately 500 MGD of that total being discharged by
the MWRA treatment works at Deer and Nut Islands, the
plants that served the greater Boston Area.

These discharges into Boston Harbor combined with CSOs
were considered to be the greatest point sources of contami-
nants (metals, PAHs, PCBs, nutrients) to the Massachusetts
Bay area (Menzie-Cura, 1991). However, over the years
improved treatment and pre-treatment methods and tech-



nologies have helped to dramatically lessen the quantity of
pollutants discharged into the Massachusetts Bay/Cape Cod
Bay system (MWRA, 2002).

In a major effort to improve the quality of waste water enter-
ing into Massachusetts Bay, the MWRA constructed a new
wastewater treatment facility on Deer Island. The facility,
completed in 2000, provides a more effective, secondary
treatment of the wastewater and eliminates the discharge
of sludge into coastal waters. This new plant also moved
the discharge point, known as the ocean outfall, from the
entrance of Boston Harbor to the waters between 12.7 km
and 15.1 km (7.9 mi. and 9.4 mi.) east-northeast of Deer
Island inside Massachusetts Bay.

The MWRA is the discharge site of most significance to the
sanctuary, with the new location being sited approximately
23.12 km (12.5 nm) from the sanctuary western bound-
ary. The facility discharges 350 million gallons of second-
ary treated sewage per day. While the new MWRA outfall
tunnel remains a leading source of contaminants in Massa-
chusetts Bay, the repeated environmental monitoring and
assessments conducted by the MWRA and NOAA discussed
above conclude that scientifically determined baselines for
key indicator variables are not being exceeded in the sanc-
tuary and adjacent areas.

Currently, under the Massachusetts Ocean Sanctuaries Act
(MOSA) any new discharge of wastewater into areas desig-
nated as ocean sanctuaries by POTWs and CSOs is prohib-
ited along the coast of Massachusetts except for the area
between Marshfield and Lynn. However, according to the
MOSA, existing wastewater treatment plants may increase
their discharge volumes if a case of “public necessity and
convenience” can be made (Massachusetts Department of
Conservation and Recreation, M.G.L. c. 132A, 12A-16F, 18,
and 302 CMR 5.00).

Massachusetts Bay Disposal Site

Between the 1940s and the 1970s, numerous offshore areas
throughout Massachusetts Bay were used for the disposal
of a variety of industrial waste products including canisters,
construction debris, derelict vessels and radioactive waste.
These activities were largely unregulated and unrecorded.
Today, this type of disposal activity is not allowed within
Massachusetts Bay. Currently there are only two dredge
disposal sites active within Massachusetts Bay and Cape
Cod Bay: the MBDS designated in 1993, and the Cape Cod
Bay Disposal site designated in 1990. Each of these active
sites is monitored by the U.S. Army Corps if Engineers under
their Disposal Area Monitoring System (DAMOS).

The MBDS is the disposal site of most significance to the Stell-
wagen Bank sanctuary. The MBDS is located directly adja-
cent to the western boundary of the sanctuary and encom-
passes an area two nautical miles in diameter, centered at
42°25.1'N X 70° 35.0'W (Figure 29). This site incorporates
the areas of two historic disposal sites, the Industrial Waste
Site (IWS), an area that was once authorized for the dispos-
al of toxic, hazardous and radioactive materials and the
Interim MBDS (also known as the Foul Area Disposal Site
[FADS]) designated only for the disposal of dredged materi-
als. Given the proximity of the dumpsite to the sanctuary,
there is lingering concern that these dumped materials have
impacted sanctuary habitats and that previously-dumped
toxic materials might be leaking. Currently, the MBDS is
the most active disposal site in DAMOS, receiving dredge
materials from many ports, including Scituate, Hingham,
Boston, Salem and Gloucester.

Since 1982, approximately 8.4 million cubic yards of
dredged material have been disposed at the current MBDS
or the original MBDS location, established in 1977 and
located one nautical mile eastward and one-half nautical
mile northward of the current MBDS location (USACE,

FIGURE 30. ANNUAL DISPOSAL VOLUMES AT THE MASSACHUSETTS BAY DISPOSAL SITE FOR THE PERIOD 1982-2003.

Source: USACE (2004).
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TABLE 5. TIME TAKEN FOR OBJECTS TO DISSOLVE AT SEA.

(Source:

IMO http://www.imo.org/Environment/mainframe.asp?topic_id=297 )
Paper bus ticket 2-4 weeks

Cotton cloth 1-5 months

Rope 3-14 months

Woolen cloth 1 year

Painted wood 13 years

Tin can 100 years

Aluminum can 200-500 years

Plastic bottle 450 years

2004). Annual disposal volumes for the period 1982-2003
are indicated in Figure 30. While sediments derived from
dumping, as well as contaminants from the IWS (e.g., toxic
chemicals, low level radioactive waste), have the potential
to contaminate the sanctuary (Wiley et al. 1992), both the
EPA and NOAA concluded in 1993 that MBDS would not
threaten resources within the sanctuary. Recent assessments
(Hartwell et al., 2006) support that early assessment.

In areas approved for ocean disposal of dredged material,
such as the MBDS, those that utilize the site must conform
to the EPA's ocean dumping criteria regulations. The site
can only be used for disposal following an individual
disposal determination that concludes that ocean disposal is
an “environmentally appropriate alternative” as compared
with other disposal alternatives. If there are no economi-
cally feasible alternatives to a particular dumping proposal,
EPA is directed to grant a project-specific waiver unless
“certain unacceptable environmental harms would result.”
Currently disposal of contaminated materials, as defined
by state regulations, is not permitted at the MBDS (USACE,
2003).

Vessel Discharges

The location of many ports and harbors in Massachusetts Bay
and Cape Cod Bay, particularly the Port of Boston, means
that large numbers of vessels regularly travel through the
sanctuary. On average, over the period 2000-2005, there
were 2,257 transits per year to/from the Port of Boston by
large deep drafts ships, the majority of which crossed the
sanctuary. There are approximately 100 cruise ship depar-
tures or ports of call from Boston annually and this number
is expected to increase; Boston is now considered one of
the fastest growing high-end cruise markets in the country.
See the Maritime Transportation section of this document
for details.

Approximately 800 commercial fishing vessels use Massa-
chusetts Bay as a fishing area or as a transit zone to open
ocean fishing areas. On average, 327 commercial fishing
vessels and 105 party and charter boats fished the sanctu-
ary on an annual basis during 1996-2005. The popularity
of recreational fishing and whale watching in the sanctuary
accounts for many of the boats frequenting the area, espe-
cially during the months of April through October. On aver-

age, party and charter fishing boats made 1,967 trips per
year to the sanctuary during 1996-2005. (See the Commer-
cial and Recreational Fishing sections of this document for
details.)

Discharges from vessels have the potential to be a significant
source of pollution to the sanctuary. Appendix K provides
information on the types of vessel discharges, their produc-
tion and current status of regulation. Cruise ships serve as
the example for type and production, but the regulations
apply generally or as specified. Time taken for represen-
tative types of discarded objects to dissolve in seawater is
provided in Table 5.

Hazardous Material Spills

Accidental discharges and vessel casualties do occur with-
in the sanctuary. For example, according to the USCG, a
total of four fishing vessels sank within the boundaries of
the sanctuary during 2003-2005. These vessel casualties
resulted in only minor discharges of oil into the marine
environment and had no significant impact on the sanctu-
ary. Other than such incidents, there have been no spills or
accidental discharges in or around the sanctuary area over
the last decade that would have placed sanctuary resources
at risk (S. Lehmann, NOAA/NOS, personal communication,
2005).

TRANSPORT PATHWAYS

Contaminant levels are a concern due to: (1) the discharge
from the MWRA outfall; (2) the historic and current discharge
of municipal sewage from the Boston metropolitan area and
other cities and towns along Massachusetts Bay; (3) the
historic dumping of toxic material at the Massachusetts Bay
Disposal Site; and (4) the air deposition of toxic materials
transported from the western part of the country. Knowledge
of transport pathways and residence times of contaminants
in the Massachusetts Bay/Cape Cod system helps in the
evaluation of the threats they pose to sanctuary resources.

Boston Harbor, Stellwagen Basin and Cape Cod Bay are
long-term sinks for fine-grained sediments and associated
contaminants from all sources in the region. Bottom depos-
its on the inner shelf of the western shore of Massachusetts
Bay are gravel, coarse sands and bedrock. Fine sediments
do not accumulate here because storm currents resuspend
and displace them. During much of the year, a weak coun-
terclockwise circulation persists in Massachusetts and Cape
Cod Bays, driven by the southeastward coastal current from
the GoM. Currents flow southwesterly into the Massachu-
setts Bay south of Cape Ann, southward along the western
shore, and easterly out of the Bay north of Race Point at the
tip of Cape Cod. This flow pattern may reverse in the fall,
especially near the western shore. The flow-through flush-
ing time for the surface waters in most of Massachusetts Bay
ranges from 20 to 45 days (USGS, 1998).

Northeasters (storms) generate large waves that enter Massa-
chusetts Bay from the east. The currents associated with
these waves resuspend the bottom sediments in exposed
areas along the western shore of Massachusetts Bay. The
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wind-driven currents flow southeastward parallel to the
coast (with an offshore component near the bottom) and
carry the suspended sediments toward Cape Cod Bay and
offshore into Stellwagen Basin. Sediments settle to the sea
floor along these transport pathways. Currents caused by
surface waves are the principal cause of sediment resus-
pension. Cape Cod Bay is sheltered from large waves by
the arm of Cape Cod, and waves are rarely large enough
to resuspend sediments at the seabed in the deep areas of
Stellwagen Basin. Thus once sediments reach Stellwagen
Basin or Cape Cod Bay, carried either by the mean current
flow or transported by storm waves, it is unlikely that they
will be re-suspended and transported away again.

As indicated previously, sampling for this assessment was
coordinated by NS&T in collaboration with the NOAA
Northeast Fisheries Science Center. Data from 2004 were
contrasted with historical data, and data from the MWRA to
assess the spatial and temporal trends in chemical contami-
nation in the region as a whole. Both the NOAA and MWRA
sampling regimes included sampling sites within the follow-
ing four zones: Boston Harbor, Massachusetts Bay, Area
Between Bays and Stellwagen Bank (Figure 27). The lowest
contaminant concentrations were consistently found in the
Stellwagen Bank sites (Bothner et al.,, 1993, 1994; Bothner
and Butman 2005; Hartwell et al., 2006).

CURRENT PROTECTION

Sanctuary regulations (15 C.F.R Part 922 Subpart N) specifi-
cally prohibit:

1. Discharging or depositing, from within the boundary of
the sanctuary, any material or other matter except:

e fish, fish wastes, chumming materials or bait used in or
resulting from traditional fishing operations in the sanctu-
ary;

e biodegradable effluent incidental to vessel use and gener-
ated by marine sanitation devices approved in accordance
with the Federal Water Pollution Control Act [Clean Water
Act (CWA)];

e water generated by routine vessel operations (e.g., cool-
ing water, deck wash down and gray water as defined by
the Federal Water Pollution Control Act), excluding oily
wastes from bilge pumping; or

e engine exhaust.

2. Discharging or depositing, from beyond the boundary of
the sanctuary, any material or other matter except those list-
ed above, that subsequently enters the sanctuary and injures
a sanctuary resource or quality;

3. Lightering in the sanctuary (transferring cargo, usually oil,
between vessels).

Oil spills or spills of hazardous substances in U.S. waters
come under policies and procedures that are known as Natu-
ral Resource Damage Assessments (NRDA). It is possible to
apply NRDA to any vessel discharge that contains oil and
petroleum, and/or toxic substances if the discharge causes
injury and damage to marine resources and living organ-

isms. The environmental laws addressing NRDA include the
Comprehensive Environmental Response, Compensation,
and Liability Act of 1980 (CERCLA/Superfund) and the Oil
Pollution Act of 1990 (OPA). It is also possible to apply the
CWA to discharges of petroleum and hazardous substances
as well as excessive nutrients, and sewage containing patho-
gens and bacteria that could impair water quality. Lastly,
the disposal of plastic trash, and other overboard trash by
vessels is regulated by the Marine Plastic Pollution Research
and Control Act of 1987 in the U.S. as well as MARPOL
73/78 Annex V.

Vessel discharges and potential contaminants that could
be problematic are: black water (vessel sewage), gray
water (soils, cleaning solvents, metals, pesticides, medical
waste), bilge water (fuel, oils, cleaning agents, paint, rags),
ballast water (foreign marine organisms), hazardous materi-
als (chemicals from cleaning and photo processing, paints,
solvents, inks) and solid waste disposal.

There are no direct federal regulations for control of nutri-
ents such as nitrogen and phosphorous (NRC, 2000), for
biologically active agents (hormones, endocrine disrupters),
or for pathogens, including viruses, parasites and bacteria
(NRC, 1994). Concern over biologically active agents is
increasing because of their potential to alter the health of
organisms, the growing industrial proliferation and public
use, and the high density of biotechnology companies in the
Boston metropolitan area that may inadvertently discharge
these agents.

BENTHIC INVERTEBRATES

StaTUS

The sanctuary’s benthic invertebrates include species from
nearly all GoM invertebrate phyla. These animals live in
(infauna) or on (epifauna) the seafloor during most of their
lives, although most species have pelagic larvae. Char-
acterized as “sessile” (sedentary or attached) or “motile”
(free moving), benthic invertebrates range in size from little
known microscopic forms (hydroid medusae) to the more
common larger macroscopic organisms (e.g., scallops).
Invertebrate communities vary with substrate; while cerian-
thid anemones may be the most visible in deep-mud basins,
sand dollars might dominate shallow sand areas.
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The Stellwagen Bank sanctuary supports a wide variety
of seafloor substrates including mud, sand, gravel, piled
boulder reefs and bedrock habitats. The seafloor provides
a base for attachment by a variety of sessile invertebrates
including bryozoans (moss animals), ascidians or tunicates
(sea squirts), sponges, anemones, barnacles and hard-tube
worms that form dense encrustations. Larger sessile inverte-
brates, such as sea whips (gorgonians) and sponges, provide
refuges for many smaller cryptic (camouflaged) inverte-
brates. Other dominant benthic invertebrates include brittle
stars, starfish, bivalves, shrimps, crabs and lobsters.

Structure-forming epifaunal invertebrates (such as sponges
and anemones) provide critical habitat for juvenile fish of
many species (such as Atlantic cod and Acadian redfish),
while the greater invertebrate community provides an
important source of food for these and many other fish
species in the sanctuary. In the GoM, invertebrates, includ-
ing sponges, jellyfish, worms, mollusks, echinoderms such
as starfish, sea urchins and sand dollars, and crustaceans,
outnumber vertebrates such as fishes, birds, and mammals,
almost two-to-one (1,669 known invertebrate species versus
914 vertebrates).

GoOM AND NORTHEAST REGION

The diversity of invertebrate animals in the GoM is only
generally described in the scientific literature; their many
types are sorely under-represented in species counts. Many
of the following citations are the principal works repre-
sentative of the major taxonomic groups in the Northeast
region. Although this section is intended to be primarily
about the macrobenthic invertebrates of the sanctuary (and
principally those that are structure-forming), the following
annotated overview strives to recognize the greater cross-
section of invertebrate diversity. Scientific nomenclature
not explained in the text is described in the glossary of this
document.

The aggregate macrobenthic invertebrate fauna of the conti-
nental shelf ecosystems of the Northeastern United States
consists of 44 major taxonomic groups (phyla, classes,
orders) (Theroux and Wigley, 1998). A striking fact is that
only five of those groups (belonging to four phyla) account
for over 80% of both total biomass and number of individu-
als of the macrobenthos. The five dominant groups are Bival-
via, Annelida, Amphipoda, Echinoidea and Holothuridea.
The macrobenthos of the New England region (a subset
of the northeastern continental shelf area) is dominated
by members of only four phyla: Annelida (e.g., segmented
worms), Mollusca (e.g., shellfish and squid), Arthropoda
(e.g., crabs and shrimp) and Echinodermata (e.g., starfish
and sea cucumbers).

Hartman (1964) describes the region’s Porifera (sponges);
Larson (1976) discusses Cnidarian taxonomy of the north-
eastern United States. Caims (1991) provides a checklist
of the cnidaria and ctenophores from North America.
The region’s species of Hydrozoa (hydroids, jelly fishes)
are described in Fraser (1944). Bush (1981) discusses the
Turbellaria (flat worms) in the Northwestern Atlantic. Smith

(1964) covers the taxonomy of nemerteans (flat worms) and
nematodes (round worms) in the region. Bryozoans (moss
animals) are critical sources of benthic structure and their
taxonomy in the northeastern United States has been recent-
ly revised (Ryland and Hayward, 1991). Although the litera-
ture may suggest that the Bryozoa are well studied overall,
remarkably little is known about the distribution of species
within the GoM.

Molluscs are ever-present. Cephalopods such as squid are
nektonic predators with a complex life history (Mauerer and
Bowman, 1985). Gastropods (snails) and Bivalves (clams,
mussels) are part of the epifaunal and infaunal benthic
community (Maney and Ebersole, 1990). Nudibranchs (sea
slugs) have been well described and many have a unique
life history (Bleakney, 1996). Hunter and Brown (1964)
describe the taxonomy of local molluscs. Work by Cook
and Brinkurst (1973) covers the taxonomy of the Annelida
(segmented worms) of the northeastern United States.

Coffin (1979) and Ho (1977, 1978) wrote the classic descrip-
tions of the Copepoda in the region; a more recent analy-
sis was done by Dudley and Illg (1991a, b). Tremblay and
Anderson (1984) provide an annotated list of local species.
Durbin et al. (1995a, b) discuss the relationship between
environmental variables and the copepod community
(notably Calanus finmarchicus). Kahn and Wishner (1995)
describe the spatial and temporal patterns of this and other
copepod species on baleen whale feeding grounds. Lynch
et al. (1998) present a model of the population growth of
Calanus finmarchicus; Meise-Munns et al. (1990) discuss
longer-term population trends and the inter-annual variabil-
ity in availability. Copepods may play an important link in
the ecology of toxic dinoflagellates (Teegarden and Cembel-
la, 1996); the species diversity of the two groups may be
closely related.

Bowman and Abele (1982) review the Crustacea and their
species diversity as a whole. Productivity and growth of the
Decapoda (crustaceans e.g., lobster, crabs) is extensively
researched because of that taxonomic group’s commercial
importance. Steneck et al. (1991), Wahle (1995) and Range-
ley and Lawton (1999) discuss the geographical distribu-
tion of the American lobster. Fell (1982) covers the general
taxonomy of the Echinodermata; Pawson (1997) covers the
holothurians. Ecinoderms are greatly affected by physical
disturbance to the benthos of the GoM, according to Collie
et al. (1997) and Thrush et al. (1998). Smith (1964) covers
the ascidian (tunicate) taxonomy.

A first-order assessment (presence/absence) of the kinds and
species of invertebrates in the sanctuary was conducted
based on the analysis of a 19-year database (1953-1972)
collected during NOAA Fisheries Service research cruises
beginning over 50 years ago as described in Theroux and
Wigley (1998). The analysis was done in 2003 by John
Crawford of the University of Pennsylvania who served as
visiting scientist with the Stellwagen Bank sanctuary during
that year. The analysis included over 4,000 data records for
the sanctuary obtained using standardized sampling meth-
ods involving four gear types: (1) Campbell grab, (2) 1.0



FIGURE 31. REPRESENTATIVE SPECIES OF SPONGES IN THE STELLWAGEN BANK SANCTUARY.

(@) common palmate sponge (/sodictya palmata) sheltering a sculpin; (b) boring sponge (Cliona celata) on left side of image, Halichon-
dria panicea with knobs on right side of image; (c) lophon nigricans; and (d) miscellaneous sponge species interspersed with hydroids
(feathery organisms pictured here). Credits: (a-c) NURC-UConn; and (d) Tane Casserley, NOAA Maritime Heritage Program.

meter dredge, (3) scallop dredge, and (4) otter trawl. The
analysis produced a taxonomic list documenting inverte-
brate species in the sanctuary, which has been incorporated
into the sanctuary’s species list (Appendix J).

IMPORTANCE OF STRUCTURE-FORMING INVERTEBRATES

A great diversity of structure-forming invertebrate species
lives on or in the seafloor of the Stellwagen Bank sanctu-
ary. Many of these invertebrates create and are the source of
important biogenic habitats (e.g., anenome forests, sponge
gardens, hydroid meadows, worm tube beds, burrows and
other substrate modifications) which promote and sustain
biodiversity and make a pivotal contribution to ecosystem
function.  Structure-forming macrobenthic invertebrates,
such as sponges, bryozoans, tunicates and anemones, play a
particularly important role in the ecology of small, juvenile
fishes, offering shelter from currents and serving as nurseries
and refugia from predation, for example.

As explained in the section on seafloor habitats, biogenic
structures underpin and shape the biological communities
associated with them; they form the “living landscapes”
that carpet the sanctuary seafloor. Their three-dimensional
structure and sessile behavior make these particular inver-

tebrates highly susceptible to damage from mobile fishing
gear, e.g., trawls and dredges. Below are some examples
of the invertebrate species that form the living landscapes
of the sanctuary. The accompanying discussion does not
include the hundred or so other species of benthic inver-
tebrates, such as echinoderms (e.g., starfish, brittle stars,
sand dollars, sea cucumbers) and crustaceans (e.g., lobsters,
crabs, shrimp, isopods) that serve different ecological roles
(e.g., predators, scavengers) within the benthic communi-
ties of the sanctuary. Many of these structure-forming and
other benthic invertebrate species are colorfully pictured in
Martinez (2003).

Sponges

Sponges are common throughout the Stellwagen Bank sanc-
tuary and serve as important habitat and refugia for a variety
of organisms (Figure 31). The boring sponge Cliona celata
is known within the sanctuary (Ward, 1995) and grows on
mollusk shells at depth to 40 m (Gosner, 1971). They attach
to both living and abandoned shells, contributing to the
breakdown of shells on the sea floor. Cliona may grow to
a diameter of 20 cm and can be free-standing (Ruppert and
Fox, 1988). Gosner reports that the gamma form may be
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FIGURE 32. REPRESENTATIVE SPECIES OF CNIDARIANS IN THE STELLWAGEN BANK SANCTUARY.

(a) stalked hydroid (Corymorpha pendula); (b) pink-hearted hydroid (Tubularia corcea); (c) soft coral (Gersemia rubriformis);
and (d) stalked jelly (Haliclystus auricula).
(c) Bob Michelson; and (d) Jeff Hannigan.

Credits: (@) NURC-UConn; (b) Tane Casserley, NOAA Maritime Heritage Program;

a massive free-standing structure (Gosner, 1971). lophon
nigricans is an erect sponge that has been collected in the
sanctuary (McNaught, in preparation) and lives at depths of
29-740 m (Gosner, 1971).

Cnidarians

Cnidarians are a large and varied phylum including jellies,
hydroids, corals and anemones. These soft-bodied inverte-
brates serve as refugia for other organisms and are highly
vulnerable to damage from fishing gear. Many cnidarians
such as the hydroids have a polyp (attached) and medusa

(free floating) stage (Figure 32). Each “flower” of the pink-
hearted hydroids (Tubularia corcea) is an animal or polyp
approximately 3 cm long with the blossom about 1 cm
across. These hydroids are found in the sanctuary (Ward,
1995) and serve as habitat for other organisms. Another
species, the stalked hydroid (Corymorpha pendula) is known
to extensively carpet the seafloor in some areas of the sanc-
tuary. The branching soft coral (Gersemia rubiformis) is
known to occur within the sanctuary and grows to 15 cm or
more in height (Ward, 1995), occurring at depths of 37-91



m (Gosner, 1971). Gorgonians may take 30 years to reach
full size (Ruppert and Barnes, 1994).

Sea pens and pansies (Pennatulacea) are found anchored to
soft bottoms (sand or mud) and are fleshy structures which
generally have a stalk or pedestal anchored to the substrate
and secondary polyps at the upper end of the stalk (Barnes,
1974). Sea pens are common in Georges Basin, the Stell-
wagen Bank area and Jeffreys Ledge with densities as high
as 8/m-2 having been measured (Langton et al., 1990). They
are found on mud and silt bottoms, at depths of 174-351 m.
They have been collected as by-catch by fishermen (Langton
et al., 1990) and are sometimes damaged by traps (Eno et
al., 2001). The Pennatulacea encountered by Theroux and
Wigley (1998) were feather-shaped and stood 10-25 cm
high.

Anemones are a common, abundant class of cnidarian that
serve many important functions in the sanctuary such as:
refugia, a food source, and, in turn, a predator on zooplank-

ton and even fish (Figure 33). They are found throughout
the sanctuary on all bottom types, but are most common
on sandy substrata and are most abundant at depths of 100
m or more (Theroux and Wigley, 1998). The colorful and
abundant northern red anemone Urticina felina is found to
73 m depth and is 5 cm high by 12 cm wide. The burrow-
ing anemones, Ceriantheopsis americanus and Cerianthus
borealis, may have tubes extending over 45 cm into the
water column and 4 cm in diameter. Cerianthus borealis is
most common in deep muddy basins (130 m to > 400 m)
with burrowed tube lengths of 45 cm. Behavioral-ecologi-
cal studies have revealed a close association between Ceri-
anthus sp. and Acadian redfish within the Stellwagen Bank
sanctuary (Auster et al. 2003).

Annelid Worms

Worms are an important food source for many bottom-
dwelling fishes. They can be important detritivores (decom-
posers), predators or filter feeders. Some worm species build

FIGURE 33. REPRESENTATIVE SPECIES OF ANEMONES IN THE STELLWAGEN BANK SANCTUARY.

(a) mud anemone (Cerianthus borealis); (b) northern red anemones (Urticina felina) shown on boulder [These animals catch, kill and
digest prey as large as fish. They sting prey with nematocysts on their tentacles and draw the stunned prey into the mouth in the center
of the tentacles.]; (c) shipwrecks can serve as substrate for frilled anemones (Metridium senile); and (d) unidentified frilled anemone
species. Credits: (a-c) NURC-UConn; and (d) Norman Depres.
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FicURE 34. EMPTY OCEAN QUOHOG SHELLS (ARCTICA
ISLANDICA) SERVE AS HABITAT FOR A VARIETY OF FISH SUCH AS
THE OCEAN POUT SHOWN HERE.

(Credit: NURC-UCconn).

complex three-dimensional structures. The serpulid worm
(Filograna implexa) is an important member of the seafloor
community on pebble/cobble substrate in Georges Bank,
where its abundance is known to be reduced by dredging
(Collie et al., 1997). This species occurs in the sanctuary
(McNaught, in preparation) and is found at depths from
33-55 m (Gosner, 1971). It can grow to a tube length of 5
cm with groups of tubes joining to form large above-surface
structures (Ruppert and Fox, 1988). Myxicola infundibulum
is a soft-bodied burrowing worm approximately 3x20 cm in
size (Gosner, 1971). McNaught et al. (in prep) found them
in the northern parts of the sanctuary around the submerged
fiber-optic cable in the sliver (closed area). Depths range
from the shallow littoral zone to 55 m (Gosner, 1971).
Trumpet worms (Pectinari goudi) are known in the sanctu-
ary (Ward, 1995). Their delicate tubes are made from sand
grains and most of the tube is buried.

Bryozoans

Bryozoans are sessile colonial animals, commonly referred
to as “moss animals.” They are most common on shell and
gravel substrata and are most abundant in shallow water
(less than 100 m) in Massachusetts Bay (Theroux and Wigley,
1998). Colonies of spiral tufted bryozoans (Bugulia turrita)
are found within the sanctuary (Ward, 1995) and are known
from very shallow depths to more than 27 m. Colonies of
Bugula spp. tend to be small, less than 2.5 cm in height
(Gosner, 1971), and are soft, bushy and plant-like in form
(Ruppert and Fox, 1988; Ruppert and Barnes, 1994). Two
species of erect bryozoans were reported from the sanctuary
in the SHRMP study, Caberea ellisii and Idmidronea atlan-
tica. These species were more abundant within the cable
closed area (sliver), which is protected from the effects of
fishing that occur outside the closed area.

Molluscs

Molluscs such as clams, mussels and scallops are an impor-
tant component of the sanctuary ecosystem serving as
habitat and a food source for many species, while filtering

FIGURE 35. REPRESENTATIVE SPECIES OF TUNICATES IN THE
STELLWAGEN BANK SANCTUARY.

(a) sea grape (Molgula spp.); (b) sea peach (Halocynthia pyri-
formis); and (c) stalked tunicate (Boltenia ovifera). Credits: (a)
Jeff Hannigan; (b) Bob Michelson; and (c) Kevin McCarthy.

plankton and organic particles from the water column. The
shells of dead ocean quohog (Arctica islandica) are known
to provide habitat for juvenile hake (Auster et al. 1991) and
other fish as well as invertebrate species (Figure 34). Found
at depths from 11-165 m, shells may be 10 cm in length
(Gosner, 1971). Ocean quohogs can live to be more than

IV. Resource States

79



100 years old and have been aged in excess of 200 years
(NMFS, 2000).

Tunicates

The tunicates (sea squirts) fall within the phylum Chordata,
meaning they are primitive relatives of vertebrates (Figure
35). Ciana intestinalis and Mogula spp. are reported from
the littoral zone to depths of about 500 m (Gosner, 1971)
and are found throughout the sanctuary. Ciana intestinalis
forms colonies to a height of 12 cm; Mogula spp are small-
er, with the largest species forming colonies to only 7 cm,
and most less than 3 cm (Gosner, 1971) (Ruppert and Fox,
1988). Didemnum sp. is discussed in the previous section
under invasive species.

PRESSURES

Pressures are the same as those for seafloor habitats, princi-
pally fishing practices that disturb seafloor communities and
the laying of cables or pipelines.

CURRENT PROTECTION

Sanctuary regulations (15 C.F.R Part 922 Subpart N) prohibit
drilling into, dredging or otherwise altering the seabed of
the sanctuary; or constructing, placing or abandoning any
structure or material or other matter on the seabed of the
sanctuary, except as an incidental result of: (1) anchoring
vessels; (2) traditional fishing operations; or (3) installation
of navigation aids. The exemption for traditional fishing
activities reduces the effectiveness of these regulations in
protecting ecological integrity including habitat and biodi-
versity.

Several indices of biodiversity are based on numbers of
individuals of a species as well as the number of species.
These measures of diversity are sensitive to the effects of
traditional fishing. A reduction in biodiversity in the sanctu-
ary does not require that species are entirely removed (i.e.,
local extinction). “Local extinction” is a common scientific
term in community ecology and conservation biology. It
is defined as the eradication of any geographically discrete
population of individuals while others of the same species
or subspecies survive elsewhere.

The most effective regulations for protecting benthic inver-
tebrates are those promulgated by NOAA Fisheries Service
under the MSA in order to restore groundfish stocks in
the GoM and protect EFH. Specifically, over the past two
decades NOAA Fisheries Service in collaboration with
the NEFMC has promulgated fishing regulations that have
significantly reduced fishing effort, and therefore distur-
bance to invertebrates, in the entire northeast, including
the sanctuary. Some examples of these regulations are:
reducing fishing days at sea, creating groundfish and habitat
closed areas (e.g., WGoMCA), reducing trawl net roller gear
sizes to prevent bottom trawlers from accessing high relief
habitat, and creating seasonal closures to protect migrat-
ing or spawning species. The protections provided by the
WGoMCA and the results to date are previously described.

FisHES

StaTUS

Fish are a vital component of the sanctuary’s biological
diversity and also one of its strongest links to the human
population. The groundfish community in the sanctuary,
made up of fishes such as Atlantic cod, haddock, whiting
(silver hake) and various flatfish, has been sought for food
from the earliest European settlements to the present. The
fish species found in the sanctuary are generally representa-
tive of fish assemblages in the GoM region. Of the known
652 GoM species, over 80 species of fish exist in the sanctu-
ary. These known species are listed by common and scien-
tific name in Appendix J.

The diverse seafloor topography and nutrient-rich waters in
the sanctuary result in increased primary productivity and
large zooplankton populations, which support abundant
populations of small schooling species such as sand lance,
herring and mackerel. Many groundfish and larger pelagic
fish prey upon these schooling species, which also form
part of the varied diet of marine mammals and seabirds.
Fish found in the sanctuary range in size from small snake
blennies to basking sharks. Some fish, such as giant bluefin
tuna, are annual migrants to the area, while others, such as
the Acadian redfish, are likely year-round residents.

Fishes are among the species most identified with use of
and co-dependence on both seafloor and water column
habitats because of their obvious mobility. Their distribu-
tion and abundance in the sanctuary was used to illustrate
the ecological role of seafloor habitats and was described
extensively in that section. As juveniles and adults, many
species become closely associated with benthic habitats and
communities (e.g., Atlantic cod, haddock), but virtually all
species spend part of their life in the water column as eggs or
larvae (as also do many benthic invertebrate species). Many
species of fish live on the seafloor and feed in the water
column (e.g., Acadian redfish, sand lance) and many other
species live entirely in the water column (Atlantic herring,
bluefin tuna). Out of the wide array of ecological niches
filled by fishes, and the related sets of selective forces that
shape their speciation, diverse species have evolved.
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FIGURE 36. SEASONAL MEAN FISH SPECIES DIVERSITY (SPECIES RICHNESS) ACROSS THE GOM FOR THE PERIOD 1975-2005.

(Figure excerpted from Auster et al, 2006.)
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One of the most geographically comprehensive data sets of
species composition and abundance across the GoM LME
is for demersal fishes (e.g., Atlantic cod, haddock). NOAA
Fisheries Service has collected a unique time series of data
that stretches across more than four decades (1963-present).
This time series has been the basis for two comprehensive
analyses of fish species diversity in the GoM inclusive of
the sanctuary that address both temporal trends and spatial
patterns.

Trends

The first analysis of these trawl data using a 25-year time
series (1970-1994) found that the sanctuary had 41 of 48
resident fish species, 7 of 17 annual migrants, and 6 of
12 shallow coastal species suggesting that the sanctuary
supported a significant number of the species represented
in the GoM LME (Auster, 2002). The author concludes that
patterns in species richness and evenness are conservative
properties of fish assemblages at the scale of the GoM but
not at the scale of the sanctuary and that managing fishing
at the regional scale does not necessarily maintain trends in
diversity in the sanctuary.

The second analysis of the NOAA Fisheries Service trawl
data using a 30-year time series (1975-2005) showed that
the Stellwagen Bank sanctuary is in an area of high fish
species diversity in the GoM (Auster et al., 2006) (Figure
36). Values for mean species richness at the regional scale
were variable across the GoM and between spring and fall
in most of the sample strata, but were consistently high in
the sanctuary. Overall, slightly lower richness values were
evident in spring than in fall. This difference is attributed
to colder temperatures in spring and a reduced number of
southern migrants that draw from a more diverse species
pool than do migrants from the north during this season.

FIGURE 37. GEOGRAPHIC STRATA OF SIMILAR BATHYMETRIC
PROFILE USED TO COMPARE DIVERSITY INDICES WITH THE
STELLWAGEN BANK SANCTUARY.

(Figure excerpted from Auster et al., 2006.)

In order to contrast the uniqueness of the Stellwagen Bank
sanctuary with other similar regions in the GoM, fish
species richness within the sanctuary was compared across
other geographic strata that have similar bathymetric ranges
(Figure 37). Species richness within the sanctuary was over-
all higher than or equal to species richness within most of
the other strata (Figure 38) (Auster et al., 2006). This differ-
ence was most pronounced in the fall. Figures 36, 37 and
38 are based on NOAA Fisheries Service sampling strata for
the GoM.
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FIGURE 38. COMPARISON OF FISH SPECIES DIVERSITY (SPECIES RICHNESS) BETWEEN THE STELLWAGEN BANK SANCTUARY AND OTHER
SIMILAR STRATA WITHIN THE GOM FOR THE PERIOD 1975-2005.

(Figure adapted from Auster et al., 2006.)
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Relative to other indices, species richness is a conservative
and robust metric for general comparison of fish species
diversity across these strata. The high abundance of sand
lance captured within the sanctuary during spring 1980-
1984 severely depressed the diversity index value of several
other indices examined by Auster et al. (2006). The lower
diversity index values reported for the Margalef’s, Shannon,
Simpson, and taxonomic diversity indices in the spring
during the 1975-1989 time period all occurred because
sand lance dominated trawl sample abundance within the
sanctuary and this species alone comprised more than 50%
of the total abundance. High fish larval abundance within
the sanctuary during the winter and spring months during
1977-1988 was also driven by sand lance (Auster et al.,
2006), where their long hatching period (Nov-May) and
persistent larval stage maintains a dominant presence in the
sanctuary area (Reay, 1970).

The diversity indices presented in the foregoing discussion
are described as follows. Species richness is the simplest
index and represents the total number of species from each
sample. Margalef’s index incorporates both species richness
and the number of individuals in a sample; it is a measure
of the number of species per individual. The Shannon index
is a measure of both species richness and the number of
individuals of each species in a sample; it is most sensitive
to changes in the number of rare species in a sample. The
Simpson index is an estimate of the probability that any two
individuals drawn from a sample are members of the same
species; it is most sensitive to changes in number and abun-
dance of dominant species in a sample. Taxonomic diversi-
ty depends on the relatedness of species connected through
links of a classification tree (i.e., number of links between
species in a sample based on connections at generic, family,
class levels, etc.) and is based on the average number of
links between two individuals chosen at random from the
sample. Magurran (2004) and Clarke and Warwick (2001)

provide overviews of the range of diversity indices available,
their calculation and issues regarding interpretation.

Patterns

In general, the greater an area that is sampled the greater
number of species that are found. An analysis of the rate at
which fish species increase with increasing area sampled in
the sanctuary showed that more complex habitats do not
necessarily harbor greater species diversity overall. Differ-
ent habitats (i.e., gravel, boulder reef, mud) were found to
contain some similar and some unique species and that
particular habitats, like boulder reefs, were not significant-
ly more species diverse than others; however the highest
slope for both species-area and species-individual curves
was for mud habitat (Auster et al., 2006). These data were
collected using an ROV and counts of fish and classification
of habitats were accomplished using video observations of
fish communities on the seafloor, much like divers counting
fish on coral reefs, and allowed sampling within particular
habitats.

The patterns of species diversity identified for both the
large and small scale studies cited above suggest that habi-
tats within regions and the regions within the larger GoM
LME contain part of the overall pool of species. That is, the
number of species coexisting in local communities, such as
in the sanctuary, must be a result of processes that function
at both local and regional spatial scales. Any sites within
the GoM should be expected to have some, but not all of
the species represented within the LME and that a network
of sites across the GoM would be needed to contain repre-
sentative examples of diversity for the entire biogeographic
province. A study of marine invertebrate communities that
occur on shallow rock walls from around the world has
found similar patterns for epifaunal species (Witman et al.,
2004).



The findings reported here and in other sections of this docu-
ment describing resource states support the conclusion that
the sanctuary is an important biodiversity area and a priority
area for networked marine ecosystem management in the
GoM (Crawford and Smith, 2006).

TRUNCATION OF SizE AND AGE STRUCTURE

Large fish produce many more potential offspring than small
fish because egg number and volume increase with the
maternal weight (Figure 39). Weight increases roughly with
the cube of length and as fish mature they devote a greater
proportion of energy stores to egg production. It is now
also evident that old fish produce healthier (higher fertility)
eggs and larvae than do young fish (Berkeley et al., 2004a;
Marteinsdottir and Steinarsson, 1998; Wright and Gibb,
2005). The eggs of older fish are invariably of higher qual-
ity than the eggs of younger fish due to the greater amount
of oil stored in the yolk sac at parturition (i.e., hatching).
This produces larvae that grow faster and which are more
resistant to starvation than larvae from younger females.
A doubling of the growth rate of larval Atlantic cod for
example, due to sufficient energy stores in the yolk sac, can
produce a 5- to 10-fold increase in survival rate (Meekan
and Fortier, 1996).

FIGURE 39. ANNUAL PER CAPITA EGG PRODUCTION (IN
MILLIONS OF EGGS) FOR COD (GADUS MORHUA) AS A FUNCTION
OF AGE (AND BY IMPLICATION SIZE).

Fecundity estimated from Bireta and Warwood (1982); mean
lengths at age estimated from O’Brien (1999). (Figure excerpt-
ed from Carr and Kaufman, 2009.)
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Many species of marine fish are long-lived, with the maxi-
mum age of species in a diverse range of families often
exceeding 100 years (Cailliet et al., 2001). The association
of longevity with variability in recruitment is also widespread
among many fish species (Longhurst, 2002). The adaptive
value of a long life span is that reproductive output is allo-
cated across many years, a bet-hedging strategy that ensures
some reproductive success despite potentially long periods
of environmental conditions unfavorable for larval survival
(e.g., Secor, 2000a). A growing body of evidence indicates
that a broad age distribution can also reduce recruitment
variability (Lambert 1990; Marteinsdottir and Thorarinsson
1998; Secor, 2000b).

Berkeley et al. (2004) offer two mechanisms by which
reproductive optimization due to broad age distribution
can occur: (1) there may be age-related differences in the
time and location of spawning, effectively spreading larval
production over temporally and spatially variable environ-
mental conditions (Hutchings and Myers, 1993; Lambert,
1987); and (2) older fish may produce eggs and larvae,
which can survive under conditions inadequate for survival
of progeny from younger fish (Hislop, 1988; Marteinsdot-
tir and Steinarsson, 1998). Whereas older fish are likely to
produce larvae of better condition, in larger numbers and in
more frequent batches than younger fish, thereby ensuring
population viability, fishing offsets this benefit by selectively
removing larger, older individuals.

These findings are important considerations for sanctuary
management because high numbers of larger, older fish are
important for the longterm persistence of fish populations
(Lambert, 1990; Leaman and Beamish, 1984; Marteinsdot-
tir and Thorarinsson, 1998; Trippel et al, 1997). Larger
fish, especially among keystone species such as Atlantic
cod, are important agents in the structuring of biological
communities through size mediated differences in food
habits and rates of predation, as well as in competitive
outcomes between species of the same or similar feeding
guilds (e.g., Garrison, 2000). Large fish are also the target
of commercial and recreational fishing activities, which in
light of current knowledge may be contrary to optimizing
conservation benefit (Berkeley et al., 2004b; Birkeland and
Dayton, 2005), depending on the management objective,
e.g., maintenance of biological communities.

Big Old Fat Females

Research on a variety of fish species indicates the importance
of experienced spawners (BOFFs or “big old fat females”)
to the sustainability of fish populations. Empirical studies
indicate that Atlantic cod exhibit a BOFF effect. Research-
ers examined the strength and significance of this effect to
stock rebuilding using a dynamic model and the Stellwagen
Bank sanctuary as the target area (Carr and Kaufman, 2009).
Results of this modeling study indicated that first, second
and third-time spawners were cod ages 1 to 9 years old and
experienced (BOFF) spawners were ages 10 and 11. BOFF
spawners contributed about ten times more offspring that
survived their first year than did younger, less experienced
spawners. Third-time spawners contributed the greatest
proportion of recruits but still had much lower per capita
reproductive output than BOFF year classes. The reproduc-
tive value of first and second-time spawners was negligible
due to both low output and low larval survival.

Chronic overfishing of many New England groundfish stocks
has resulted in much younger average age populations than
would occur under a more conservative fishing mortal-
ity objective. The relative contribution to spawning stock
biomass by age class of GoM cod for 1983 to 2007 (Figure
40) reveals the dominant proportions coming from ages 5
and under (NOAA, 2008). Cumulative contributions of cod
age 8 and older have only been about 10% since 1983.
In contrast, the biological reference points for managing
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(Adapted from Figure 38.1 in NOAA, 2008.)
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(Adapted from Figure 38.2 in NOAA, 2008.)
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the fishery are based on preserving 40% of the maximum
spawning potential (MSP) of the unfished cod population.
The expected consequences of fishing at a rate much lower
than contemporary exploitation patterns are shown in Figure
41. In this example, about 41% of the annual recruits would
be expected to come from cod ages 8 and older. While this
outcome is yet to be realized, current management advo-
cates a nearly four-fold increase in the proportion of older
fish in the population.

Carr and Kaufman (2009) conclude that failure to protect
large, experienced female cod produces a yield that may be
optimal in a conventional sense but may not be sustainable
under historic high levels of exploitation. Current fishery
management explicitly recognizes this principle by estab-
lishing proxy values for fishing mortality rates at maximum
sustainable yield (Fmsy) that are based on preservation of
an acceptably large fraction of maximum spawning poten-
tial rather than seeking maximum yield per recruit. Under
a fishing policy that controls fishing mortality to protect
40% of the maximum spawning potential (F40%MSP), the
expected proportion of age 11 and older cod would be about
14 times the average fraction observed between 1983 and
2007 (NOAA, 2008). Contrary to popular belief, contempo-
rary fishery objectives advocate a much larger range of ages
in the spawning population and much larger reproductive
contributions from larger fish than currently occurs.

Historic truncation of the age structure is the consequence
of chronic overfishing and the failure to meet target mortali-
ties rather than a consequence of management policy. Trun-
cation of the cod size distribution from chronic overfishing
eliminates large “old growth” cod as a functional compo-
nent of the ecosystem, altering the food web and possibly
also other aspects of community structure. Carr and Kauf-
man (2009) conclude that if fishery management objectives
are for cod populations to rebuild and for cod to once again
become a major functional part of the ecosystem, then the
BOFF effect should be incorporated explicitly into manage-
ment models for fishing in the Stellwagen Bank area; most



likely they should apply to
the GoM as a whole for the
sanctuary to appreciate major
benefits.

FIGURE 42. DECREASE IN MAXIMUM LENGTH OF WHITE HAKE SAMPLED IN THE STELLWAGEN BANK
SANCTUARY BY NOAA FISHERIES SERVICE STANDARDIZED TRAWL SURVEYS OVER THE PERIOD

1963-2000.

(Figure excerpted from Crawford and Cooke, in preparation.)
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FIGURE 43. REDUCTION IN MAXIMUM LENGTH OF 15 SPECIES OF ECOLOGICALLY AND
COMMERCIALLY IMPORTANT FISH OVER A 38-YEAR PERIOD (1963—2000) WITHIN THE STELLWAGEN

BANK SANCTUARY.

All species showed decreases in maximum length; those signified by the blue bars were statisti-
cally significant. The number in parenthesis following fish name was the number of trawl samples
analyzed for the respective fish species identified (Crawford and Cook, in preparation).
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For seven of these species (white hake, goosefish, winter
flounder, silver hake, cod, yellowtail flounder, haddock),
the decrease was significant. Estimated maximum length
decreases for the seven species ranged from 15% to 49%
for this period. The maximum length of white hake was

reduced by nearly half (49%) and Atlantic cod was reduced
by 27% over this period, for example. The average decrease
for all 15 species combined was 20%. Results of the analy-
sis presented next, in which the maximum length of some
of these species appears to be increasing since the onset
of fishery management actions, indicate that a contribut-
ing cause of the decrease in maximum length is the conse-
quence of nearly four decades of heavy exploitation.



A subsequent analysis of the maximum length of fish caught
in the sanctuary for a more recent time period (1990-2005)
offers some cause for optimism for a subset of the species
originally examined by Crawford (i.e., Atlantic cod, haddock,
white hake, American plaice, winter flounder, witch floun-
der, and yellowtail flounder). Since the onset of fishery
management actions in the 1990s, the maximum length of
some species, particularly cod and haddock, appears to be
increasing (Figure 44). Other species (particularly the flat-
fishes) show signs of a reversing trend in maximum size but
are still of concern. The data analyzed are from the NOAA
Fisheries Service research trawl surveys conducted within
the sanctuary and serve to update the results of the analysis
by Crawford presented above.

The finding of the great extent to which the size and (by
implication) age structure of key commercial and ecologi-
cally important fish species has been truncated in the
sanctuary compounds the likely population consequences
of the BOFF effect, if it extends to these species as well.
Related work with haddock suggests that it does (Wright
and Gibb, 2005). The removal (i.e., absence) of large size
classes among these key predatory species should also have
a profound effect on the composition of their associated
biological communities within the sanctuary due to ontoge-
netic diet shifts associated with predator morphology and/
or habitat. Size-based diets are a common pattern in the
Northeast shelf fish community and diet shifts have impor-
tant implications for trophic dynamics and both sanctuary
and fisheries management (Garrison and Link, 2000). In the
case of piscivores (such as cod), the range of available prey
generally increases with predator size related to increases in
predator gape width (size of mouth), swimming speed and
visual acuity (reviewed in Juanes, 1994).

The truncation of old-growth age structure due to fishing
can also have a profound effect on the genetic make-up
and expression of traits within exploited fish populations.
Selective fishing pressure on the larger (older) individuals of
fishes over recent decades has caused the rapid evolution of
decreased body size and fecundity of northern cod (Olsen et
al., 2004). An evolutionary change more troublesome than
the reduction in body size and fecundity is the reduction
of genetic diversity within fish species due to the harvest-
ing of old-growth age structure. Marine fish populations
are vulnerable to the loss of genetic variability, potentially
leading to reduced adaptability and population persistence
when the older members of the fish population are removed
(Hauser et al., 2002).

Notwithstanding potential selection for smaller average sizes
at age, recent changes in average weights at age of GoM
cod (Figure 45) strongly suggest environmental change as a
causal mechanism. The magnitude of decreases in average
size is much more rapid than any putative selective process
could achieve, even with extraordinarily high trait heritabil-

ity.
Historic Baselines

The Gulf of Maine Cod Project at the University of New
Hampshire conducted a three-year survey and analysis
of historical documents and manuscripts relevant to the
marine historical ecology of the Stellwagen Bank sanctu-
ary. The following summary of key findings derives from the
final report of that study (Claesson and Rosenberg, 2009),
which reinforces the long-term significance of the sanctu-
ary’s ecosystem and marine resources to the broader GoM
system. At the same time, the study highlights the historical
role of Stellwagen Bank’s marine resources in the develop-
ment and well-being of GoM coastal communities. While

FiGURE 44. CHANGE IN MAXIMUM LENGTH OF A SUBSET OF FISH SPECIES SAMPLED IN THE STELLWAGEN BANK SANCTUARY DURING
1990-2005.
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the study encompasses benthic invertebrates and fishes, the
prevalent analysis is of fishes because of the rich statistical
information gathered from the archives of the U.S Commis-
sion of Fish and Fisheries.

The study indicates that marine animal trophic level, rich-
ness, abundance and habitat quality in the sanctuary and
the GoM declined sharply over an approximately 100-year
period (1900-2000). The results of this research into the
effects of climate factors such as sea surface temperature
and the North Atlantic oscillation on these baseline shifts
were uncertain. Therefore, the authors focused on docu-
menting anthropogenic impacts, specifically, the effects of
fishing on the sanctuary’s marine animal populations and
habitats. Indirect factors such as industrial pollution, river
damming and reclamation of wetlands have interfered with
spawning and migration of marine species. However, the
direct impact of fixed- and towed-net fishing gears on Stell-
wagen Bank which has resulted in the removal of biomass
and seafloor habitat disturbance was concluded to be the
primary cause for declines in species richness and abun-
dance within the sanctuary.

The following list summarizes the results of the quantitative
and qualitative analysis of the historical record by Claesson
and Rosenberg (2009):

a) Nearshore and microbank fish populations in the GoM
including Stellwagen Bank were significantly deterio-
rated and had declined by ca. 1800;

b) Top predators in the sanctuary, such as halibut and
swordfish, were overfished to near extirpation by the late
19th and early 20th centuries;

) Steady decline in the trophic level of commercial fish
species in the GoM began in the early 1900s with the
advent of steam-powered bottom trawling;

d) Diversity of bottom-dwelling fish species in the western
GoM appears to have declined significantly from ca.
1900 to 2000;

e) Maximum annual catch levels of historically important
commercial fish species in the sanctuary have declined
by nearly 50% from ca. 1900 to 2000; and,

f) Proportional catch ratios of haddock to cod in the sanc-
tuary have inverted in the last 100 years from 3:1 to 1:7,
signaling resurgence in cod but a concomitant decline in
haddock catches.

Management Implications

One of the principal objectives of this management plan is
to protect and restore the ecological integrity of the sanctu-
ary. In order to do this, the recent evidence discussed above
suggests that old-growth age structure and large body-size
classes be maintained in the population. As previously
explained (Habitat Mediated Movement section of this
document), 35% of Atlantic cod tagged in the sanctuary
demonstrated a high degree of site fidelity (Lindholm and
Auster, 2003; Lindholm et al., 2007). Further, the majority of
the cod tagged in the sanctuary area (tagging areas 124 and

FIGURE 45. OBSERVED AVERAGE WEIGHT (KG) AT AGE (YEARS)
FOR GOM COD FOR THREE FIVE-YEAR STANZAS: 1983—-1987;
1993-1997; anp 2003-2007.

(Adapted from Figure 40.1 in NOAA, 2008.)
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132) by Howell et al., (2007) were recaptured in the area
where they were released. Additionally, a meta-analysis
of 100 years of cod tagging studies across the North Atlan-
tic showed a high rate (32%) of sedentary behavior for the
species. These findings suggest that management directed
at the sanctuary area alone (as opposed to the entire GoM)
may be effective in meeting the sanctuary’s objectives.

However, potential concentration of fishing effort at the
sanctuary’s boundaries could offset the protective value of
the closed area to the degree that residency was temporary
(Murawski et al., 2005). Hence sanctuary policies must be
coordinated with and complement policies of the NOAA
Fisheries Service Northeast Regional Office and the New
England Fishery Management Council. Generally, closures
of areas without concomitant reductions in effective fishing
mortality are insufficient to reduce fishing mortality on the
population.

Old-growth age structure in long-lived fish (such as cod) can
be maintained by three approaches (Berkeley et al., 2004b):
(1) lowering catch rates substantially, which can be econom-
ically infeasible; (2) implementing slot limits (release of both
small and large individuals), which may be impractical due
to capture mortality (e.g., via swimbladder expansion and
barotraumas); and (3) implementing marine protected areas
(MPAs) to ensure that at least part of the stock can reach old
age and large size.

As indicated below under regulatory provisions, NOAA
Fisheries Service has instituted regulations that are work-
ing to lower catch rates in the GoM region and established
the WGoMCA in 1998 (although only overlapping 22% of
the sanctuary area), hence implementing two of the three
approaches identified that could help restore and maintain
old-growth size and age structure of fishes in the GoM. The
data series used to examine old-growth size structure in the



sanctuary will continue to be extended to include the most
recent data years available for all 15 species and analyzed
to evaluate whether and to what degree these management
actions are effective at increasing the maximum sizes of
these ecologically important fish species within the sanctu-
ary.

The identification of historic stable states and the services
and benefits afforded by its productive and diverse ecosys-
tem is critical to the restoration of the Stellwagen Bank sanc-
tuary. The assessment of late 19th- and early 20th-century
fisheries of Stellwagen Bank, as presented in Claesson and
Rosenberg (2009), provides baselines for comparison to
current ecosystem conditions in the sanctuary. Through this
comparative analysis, long-term trends have been identified
which may be used to direct future management decisions.
For example, this research has shown significant declines in
the biodiversity and abundance of fishes as well as major
shifts in the composition of the Stellwagen Bank fisheries.
These historic baselines are significantly different from the
contemporary knowledge used to prepare the sanctuary
Condition Report (NOAA, 2007) and buttress the need for
management actions that improve current conditions and
help restore the ecological integrity of the sanctuary. [For
comparison of the historic and contemporary condition
ratings refer to section VI. Summation, Table 24.]

PRESSURES

Commercial fishing with mobile gear, such as trawls and
scallop dredges, together with fixed gear, such as bottom-
tending gill nets and lobster pots, occurs extensively
throughout the sanctuary. Commercial fishermen take
species from four principal categories: groundfish, pelagics,
other finfish and invertebrates. On average, 327 commercial
fishing vessels per year fished in the sanctuary during 1996-
2005 (see Commercial Fishing section of this document for
details). Stressors resulting from commercial fishing include
alteration of habitat and biological communities, removal
of biomass, disturbance of feeding whales, entanglement of
marine mammals, discharges of pollutants and destruction
of historic resources. Other stressors, i.e., water quality,
HABs, invasive species, are addressed in previous sections
of this document.

The sanctuary is also a popular destination for recreational
fishing boats. Recreational fishing by party, charter and
private boats in the sanctuary targets primarily groundfish
but also pelagic species such as bluefin tuna, shark and
bluefish. On average, 69 party and charter boats per year
fished in the sanctuary during 1996-2005 (see Recreational
Fishing section of this document). Party boat and charter
boat recreational fishing occurs over much of the sanctu-
ary; however, the precise amount of private recreational use
of the sanctuary has not been quantified. The recreational
fishing fleet is estimated to take 25% of the Atlantic cod in
the GoM (NEFMC, 2003). Stressors resulting from recre-
ational fishing activities include targeted removal of large
fish, fishing at times and places associated with spawn-
ing aggregations, discard mortality, disturbance of feeding

whales, vessel strikes to whales, discharge of pollutants and
destruction of historic resources.

CURRENT PROTECTION

REGULATORY PROVISIONS

Fishery resources in the Northeast, including in the sanctu-
ary, are regulated by NOAA Fisheries Service with input from
the NEFMC, the Mid-Atlantic Fishery Management Council
(MAFMC) and the Atlantic States Marine Fisheries Commis-
sion (ASFMC). Some restrictions on fishing that affect the
sanctuary have been put in place, including limited access
programs and effort controls, rolling closures for groundfish-
ing, catch and minimum size limits for individual species,
and a large, permanent year-round habitat closure in the
WGOoMCA. See Sidebar for related considerations.

The latest approved Fishery Management Plan (FMP) devel-
oped by the NEFMC and the MAFMC is currently imple-
mented by Amendment 13 to the Northeast Multispecies
FMP (2004) (50 CFR Part 648). Other plans exist for the
following species: Atlantic salmon; Atlantic sea scallop;
American lobster (50 CFR Part 697); northeast multispe-
cies and monkfish; mackerel, squid and butterfish; surfclam
and ocean quahog; summer flounder; scup; black sea bass;
Atlantic bluefish; Atlantic herring; spiny dogfish; Atlantic
deep-sea red crab; tilefish; and the skate complex.

The Northeast Multispecies FMP establishes the following:
 Reduction in the number of Days at Sea

e Minimum size regulations for several major commercial
and recreational species including but not limited to:
monkfish, Atlantic cod, haddock, pollock, witch flounder,
yellowtail flounder, American plaice and winter flounder

e Closures of spawning areas over Georges Bank, southern
New England and the GoM

e New habitat closed areas over Georges Bank, southern
New England and the GoM

e Increase in the mesh size of mobile trawl gear and gill-
nets

e Fish excluder devices and modified gear (raised footrope)
for small mesh exempted fisheries

e Limits to hook size and number for hook gear
* Marking requirements for gillnet gear

In addition, federal lobster regulations (50 CFR Part 697)
limit trap sizes and the number of traps allowed.

Under Amendment 13, the NEFMC and the MAFMC have
also developed an updated FMP for Atlantic herring in coor-
dination with the ASMFC; they also have developed a fish-
ery management plan for the Arctic surf (or Stimpson) clam,
for which commercial exploitation has been initiated in the
Stellwagen Bank area (Amendment 13, 50 CFR part 648).

The northern shrimp FMP was developed by the ASFMC.
The ASFMC is additionally responsible for striped bass and
bluefish fisheries; the plan for the latter species is devel-
oped in cooperation with the MAFMC. The MAFMC is also



charged with sole responsibility for management plans on
summer flounder, butterfish, short and long-finned squid,
surf clam, ocean quahog and mackerel.

Fishing for commercial bluefin tuna is regulated under the
International Commission for the Conservation of Atlan-
tic Tuna (ICCAT), as implemented via the Atlantic Tunas
Convention Act of 1975. Quotas for bluefin tuna are
determined by ICCAT. NOAA Fisheries Service allocates
this quota by categories assigned to the four gear types
employed in the fishery: hand-line, rod and reel, harpoon
and purse seine net. The species is also caught incidentally
by pelagic longline vessels.

Fishing for Atlantic striped bass in the sanctuary is prohibited
by the general provisions set forth in 50 CFR 697.7(b). This
section states that it is unlawful for any person to do any of
the following: (1) fish for striped bass in the US EEZ [Exclu-
sive Economic Zone]; (2) harvest any striped bass from the
EEZ; (3) possess any striped bass in or from the EEZ (noted
exceptions in areas of New York and Rhode Island); and (4)
retain any striped bass taken in or from the EEZ. Boundaries
of the Stellwagen Bank sanctuary fall entirely within the EEZ
hence this regulation applies to the sanctuary.

CATCH SHARE (SECTOR) PROGRAMS

There is growing interest in moving towards catch share
programs in New England and away from traditional effort-
based fisheries management approaches, such as regulating
the number of days fishermen can fish or restricting access
to certain areas during times of year when fish aggregate
and/or spawn. Catch share programs are now in place in
13 federally managed fisheries in the United States. Sector
management is a type of catch share program, where a
group of fishermen are afforded a share of the total catch
and more flexibility in making daily business decisions
about how and when they want to fish.

The NEFMC in June 2009 approved the development of 17
new fishing sectors, and modification to two existing sectors,
under the Northeast Multispecies Fishery Management
Plan Amendment 16. Under proposed measures which are
being reviewed by NOAA Fisheries Service, federal limited
access groundfish permit holders have the option to either
join a fishing sector or continue to fish under days at sea
requirements. These sectors plan to fish widely throughout
Georges Bank and the GoM, including the waters of the
Stellwagen Bank National Marine Sanctuary.

On December 10, 2009, NOAA released a draft policy on
the use of catch share programs in fishery management plans
(http://www.nmfs.noaa.gov/sfa/domes_fish/catchshare/
docs/draft_noaa_cs_policy.pdf). The draft NOAA policy
encourages well-designed catch share programs to help
rebuild fisheries and sustain fishermen, communities and
vibrant working waterfronts. It is unclear at this time how
implementation of these sectors will facilitate the realization
of certain sanctuary management strategies (e.g., reducing
seafloor habitat disturbance, fishery bycatch reduction).

Related Considerations

Fishing is not currently subject to regulation by the
Stellwagen Bank sanctuary pursuant to the sanctuary
Designation Document (Appendix B). In 1993 when
the sanctuary was established, NOAA/NOS concluded
that adequate legal mechanisms existed under the
MFCMA to provide appropriate management of
fisheries and that no supplementary fishing regulations
under the NMSA were necessary (USDOGC, 1993).

In the 17 years since sanctuary designation conditions
have changed. As of the 4th quarter of 2009, 16 stocks
require rebuilding within the New England fisheries;
16 stocks are overfished and overfishing is occurring
in eight stocks (Status Determination Report, 2009
4th Quarter, NOAA Fisheries Service, NERO; http://
www.nmfs.noaa.gov/sfa/statusoffisheries/SOSmain.
htm). Associated context is provided in Rosenberg et
al., (2006). Moreover, the condition of resource states
in the sanctuary is now more fully characterized and is
much better understood than in 1993, when the first
management plan for the sanctuary was published by
NOAA.

Importantly, for those stocks currently experiencing
overfishing, the MFCMA calls for all overfishing to

be eliminated by 2010. In terms of an ecosystem
approach to management, NOAA must also consider
the significant collateral effects of fishing on sanctuary
resources that must be accounted for under the
comprehensive resource protection objectives of the
NMSA. These include biodiversity loss at the genetic,
species and community levels; food web changes and
shifts in community composition that occur through
depletion of forage species and top level predators; the
truncation of population size and age structures; and,
degradation and loss of the sanctuary’s biogenic habitats
and living landscapes.

The congressionally mandated periodic review of
sanctuary management plans allows national marine
sanctuaries to adjust to better protect sanctuary
resources. NOAA has determined that renewed
consideration should be given to reduction of ecological
impacts from fishing activities and mobile fishing
gear in the sanctuary as described in the Ecosystem
Alteration Action Plan in this document, for example.
An explanation of the regulatory coordination tools
available through the NMSA on fishery management
issues in national marine sanctuaries is provided in
Appendix H.



http://www.nmfs.noaa.gov/sfa/statusoffisheries
http://www.nmfs.noaa.gov/sfa/statusoffisheries
http://www.nmfs.noaa.gov/sfa/domes_fish/catchshare/docs/draft_noaa_cs_policy.pdf
http://www.nmfs.noaa.gov/sfa/domes_fish/catchshare/docs/draft_noaa_cs_policy.pdf

SEABIRDS

StaTUS

Seabirds are defined as birds that spend a large proportion
of their lives at sea, feeding either entirely or predominantly
on marine organisms, and coming ashore for relatively short
periods for resting or breeding (Schreiber and Burger, 2001).
Most seabirds are assigned to one of three orders: the Procel-
lariiformes (e.g., shearwaters, fulmars, petrels and albatross-
es), the Pelecaniformes (e.g., gannets, pelicans, boobies
and cormorants) or the Charadriiformes (e.g., gulls, terns,
auks). Seabirds are usually numerically abundant, long lived
(15-70 years) and feed at a variety of TLs (i.e., predators and
scavengers). As such, seabirds can be very responsive to
changes in their environment. The following background
draws heavily from Pittman and Huettmann (2006).

The broad-ranging movements and longevity of seabirds
mean that they track environmental changes at spatial
and temporal scales that are otherwise difficult to monitor
(Diamond and Devlin, 2003; Huettmann and Diamond,
2006). For example, seabird species are useful bioindica-
tors by providing valuable information to define pelagic
habitat types (Springer et al., 1996) and assess ecosys-
tem health (Furness and Greenwood, 1993). Changes in
seabird distribution and abundance, as well as breeding
success, growth rates, survival and diet composition, have
been closely linked to regional climate variability (e.g.,
North Atlantic oscillations and El Nifo/La Nifa events)
and global climate change (Aebischer et al., 1990; Brown,
1991; Monaghan, 1992; Montevecchi and Myers, 1997;
Schreiber and Schreiber, 1989;) and changes in prey abun-
dance (Cairns, 1987; Diamond and Devlin, 2003; Hamer
et al., 1991; Garthe et al.,, 1996). Seabirds also have the
potential to function as indicators of pollutants, particularly
since they rapidly bio-accumulate chemicals that are lipid-
soluble such as organo-chlorines (e.g., DDT, PCBs) and

organo-metals (e.g., methyl mercury) (Chapdelaine et al.,
1987; Furness and Camphuysen, 1997).

The GoM is locally and internationally recognized as an
important area for seabirds, with seabird densities that are
considerably higher than adjacent oceanic waters (Powers et
al., 1980; Powers, 1983; Powers and Brown, 1987; Platt et
al., 1995). The shallow banks and shelves, including Brown’s
Bank, Georges Bank, Stellwagen Bank, Cashes Ledge, Cape
Cod and the Grand Manan region, have long been known
to support large numbers of seabirds (Powers, 1983; Powers
and Brown, 1987; Huettmann and Diamond, 2006). In its
capacity as the U.S. partner of BirdLife International, the
Massachusetts Audubon Society (Mass Audubon) has desig-
nated Stellwagen Bank an Important Bird Area (IBA). An
IBA is a site that provides essential habitat to one or more
species of breeding, wintering or migrating birds, and which
supports high-priority species, large concentrations of birds,
exceptional bird habitat, and/or has substantial research or
educational value.

Species FREQUENTING THE GoOM

Many of the seabirds observed in the GoM are seasonal
migrants that have traveled vast distances from remote
islands in the south Atlantic where they nest (Brown, 1973).
For example, Wilson’s storm-petrel migrates to the GoM
during summer from breeding sites in sub-Antarctic islands.
Sooty shearwaters and greater shearwaters are also summer
migrants to the GoM from breeding sites on several remote
south Atlantic islands (Tristan da Cunha and Gough Island)
and sub-Antarctic islands (Huettmann, 2000). Other birds,
including some arctic terns and red phalaropes connect the
GoM with southern and western Africa (Brown, 1979).

Black-legged kittiwakes and great cormorants are winter
migrants, typically migrating from more northerly regions
along with some auks, especially razorbills. Other seabirds
migrate shorter distances (e.g., from Canada) to specific sites
within the GoM that are considered to be important moult-
ing grounds for immature birds (Huettmann and Diamond,
2000; Huettmann et al., in press). Non-resident seabirds
visiting the GoM typically exhibit a spring and fall arrival
and departure pattern (Powers and Brown, 1987). Atlan-
tic puffins from Maine and Canada are frequently observed
feeding in the sanctuary during winter months. The majority
of shearwater species in the region are migrants and breed
outside the study area (Brown, 1988, 1990).

Seabirds that have established breeding colonies in the
GoM region include Atlantic puffin, black guillemot,
common murre, Leach’s storm-petrel, razorbill, common
eider and several species of cormorant, gull and tern. In
fact, the islands of Maine provide the only breeding sites in
the United States for Atlantic puffin and razorbill (one of the
rarest breeding auks in North America) and provide some of
the southernmost breeding sites for Leach’s storm-petrel and
common eider. These breeding sites prompted the U.S. Fish
and Wildlife Service (GoM coastal program) to recognize
approximately 300 “nationally significant” seabird nesting
islands in the GoM.
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RELATIONSHIPS WITH THE ENVIRONMENT

Many seabirds have distinct utilization patterns associated
with specific ocean currents and water masses, and the
boundaries between those features, as well as finer-scale
oceanographic and bathymetric features that affect prey
dispersion and availability (Balance et al., 2001; Daunt et
al., 2003; Schneider, 1990b, 1997). In most regions, ocean-
ographic (e.g., sea surface temperature and chlorophyll
concentrations) and bathymetric variables show a strong
across-shelf spatial gradient that is associated with patterns
of seabird distribution and prey abundance.

Seabird preference for shallow continental shelf waters
versus deeper oceanic waters, proximity to shore, or to
some distinct bathymetric feature (e.g., continental shelf
edge) have been found to explain broad-scale patterns in
abundance for a wide range of seabird species (Schneider,
1997; Wynne-Edwards, 1935; Yen et al., 2004a, b). For
example, Yen et al. (2004a, b) found that seabirds target
regions of complex and steep topographies where oceano-
graphic conditions lead to elevated productivity (fronts and
upwelling zones) and increased prey retention.

The razorbills, murres and puffins (Alcidae), terns and some
gulls (Laridae), fulmars, shearwaters and storm-petrels
(Procellariiformes), gannets (Sulidae) and cormorants (Phala-
crocoraciidae) are key components of the offshore ecosys-
tem, where they form an important group of predators of
small fish, squid and planktonic crustaceans. The primary
prey items for most of these seabird species are small fish
including Atlantic herring, sand lance, hake and mackerel,
although they will also feed on cephalopods, crustaceans,
annelids and some plant material (Powers et al., 1980; Hall
et al.,, 2000; Diamond and Devlin, 2003).

Stomach content analysis of 156 individuals of nine seabird
species (five species of Procellariiformes and four gulls, Lari-
dae) collected at sea from the northeastern continental shelf
showed that all species fed on fish, with sand lance being
an important prey item for most marine birds throughout
the year (Powers et al.,, 1980). Squid were also a major
prey item for many species, particularly greater shearwaters,
while euphausiids (pelagic crustaceans) were an important
component of the diet of Wilson'’s storm-petrel.

SEABIRD UTILIZATION OF THE SANCTUARY

An estimated 60 species of seabird were recorded within
the GoM, based on sightings from the Manomet Bird Obser-
vatory (MBO) surveys (1980-1988). Nearly all of these, 53
species, were identified for the Stellwagen Bank sanctuary;
they are listed by common and scientific name in Appen-
dix J. Species rank based on frequency of occurrence was
very similar between the sanctuary and the broader GoM,
with the exception of gulls which, respectively, were more
frequently and shearwaters, less frequently sighted within
the sanctuary. In addition, there were five separate sight-
ings of the federally endangered roseate tern in the GoM,
one of which was recorded within the sanctuary. Since
the surveys, MBO was renamed the Manomet Center for
Conservation Sciences.

Predictive Modeling

The NOAA National Center for Coastal and Ocean Science
(NCCOS) integrated the MBO seabird survey database
covering the U.S. portion of the GoM with the PIROP (Inte-
gre des Recherches sur les Oiseaux Pelagiques) seabird
survey database covering the Canadian portion of the GoM
for predictive modeling purposes (Pittman and Huettmann,
2006). The combined database provides large sample sizes
and exceptional spatial and temporal resolution for the GoM
region and the northeastern U.S. continental shelf. This
database was used to model and predict temporal patterns
of seabird distribution and total abundance across a very
broad spatial scale.

Monthly total abundance data for eight focal seabird species,
corrected for effort, were compared to examine temporal
patterns of abundance (Pittman and Huettmann, 2006). For
this analysis, the GoM region was divided into 5 x 5 minute
cells. Although the model presented a simplified estimate
of monthly changes in seabird abundance, the temporal
patterns of presence and absence for the GoM were clearly
shown. This was true at the scale of the sanctuary area when
seasonal summer-winter comparisons were made.

The sanctuary area supported all eight focal species in
either one or both seasons. The sanctuary supported a high-
er number of species during winter months than summer
months. In winter months, the maximum mean number of
focal species (per cell) using the sanctuary was eight. High-
est seabird diversity was recorded over the northern tip of
Stellwagen Bank and southern Tillies Basin. In summer
months, the maximum mean number of focal species (per
cell) using the sanctuary was four, with highest mean number
of species occurring over the central Stellwagen Bank area
and Tillies Basin. Non-breeding summer migrants (greater
shearwater and Wilson’s storm-petrel) were particularly
prevalent within sanctuary waters.

Patterns of prevalence indicated that auks used the sanctu-
ary more in winter than summer. Highest auk prevalence
was recorded in winter at the southern end of the Stellwa-
gen Bank and northern tip of Cape Cod. Highest preva-
lence for auks in winter over the southern tip of Stellwagen
Basin was also predicted in the model. Similar seasonal use
patterns were found for razorbill, with absence in summer
and intermediate level prevalence in the southern part of
the sanctuary in winter. Greater shearwaters were more
prevalent than auks in both winter and summer seasons,
with sightings recorded from most cells within the sanctuary
area. Tillies Basin supported highest prevalence of greater
shearwaters, particularly in the summer months.

Northern gannets were widespread throughout the sanc-
tuary in winter with highest prevalence in the south and
central portions of the sanctuary. Northern gannets were
also recorded in summer, although they were both less
widespread and less prevalent than in winter. Wilson’s
storm-petrels were also distributed throughout the sanctu-
ary in summer with highest prevalence over shallow waters
on central Stellwagen Bank and over deeper waters of Tillies



Basin. Wilson’s storm-petrels were not recorded within the
sanctuary during winter months.

Standardized Survey

During July 1994-August 1995, a 14-month long study was
undertaken by the sanctuary to quantify and map patterns of
human and wildlife use of the sanctuary, including seabirds
(D. Wiley and S. Highley, unpublished data). Each month
data were collected along 10 standardized shipboard survey
tracklines (strip transects of 400 m width) that crossed the
sanctuary at 5 km (2.5 nm) intervals providing complete
coverage of the southern two-thirds of the sanctuary that
were surveyed. The 1994-1995 survey was repeated in
2001-2002 with area coverage at this later date including
the entire sanctuary but excluded seabirds. (Refer to Wiley
et al., 2003 for details of the methodologies used.)

The distribution of data grouped by seabird family was
analyzed to portray the grid density and spatial intensity of
seabird use of the sanctuary. Data were binned into 5 x 5
minute grid cells for analysis, as done for the GoM region
model discussed above. The analysis of the standardized
survey data was done by NCCOS on behalf of the sanctu-
ary during preparation for their larger scale GoM modeling.
These results do not appear in their published work (Pittman
and Huettmann, 2006).

Sightings totaling 5,825 seabirds of 34 species in nine
families were recorded within the sanctuary during July
1994-August 1995 (Table 6). Their relative seasonal abun-
dance grouped by family is summarized in Figure 46 for the
calendar year July 1994-June 1995. This figure should be
referred to in the subsequent descriptions of seasonality. The
spatial distribution and density over all seasons for selected
families is presented in a series of grid plots of the sanctuary
that accompany the following family accounts (Figure 47).

The family Laridae (gulls, terns and jaegers) was numerically
dominant over the year, being less abundant in the spring.
Highest numbers were seen in vicinity of the northern and
southern portions of Stellwagen Bank. Great black-backed
gulls and herring gulls were most frequently seen.

The family Hydrobatidae (storm-petrels) was present only
during spring (especially) and summer. Storm-petrels were
sighted widely over Stellwagen Bank and area in spring,
with highest numbers in both the northern and southern
portions; but sightings in summer were entirely in the south-
ern portion of the bank, especially the southwest corner and
adjacent area.

The family Sulidae (gannets and boobies) was most numer-
ous during fall (especially) and spring, although present in
lower numbers over other seasons. Highest numbers were
seen widely over and around Stellwagen Bank and Basin.

The family Alcidae (auks, murres and puffins) was present
only during fall and especially winter. Numbers were seen
widely over Stellwagen Bank and area in both seasons, but
areas of greater concentration occurred in both the northern
(especially) and southern portions of the bank in winter.

TABLE 6. SIGHTINGS TOTALING 5,825 SEABIRDS OF 34 SPECIES
IN NINE FAMILIES RECORDED IN THE STELLWAGEN BANK
SANCTUARY DURING Jury 1994-Aucust 1995.

Family Common Name Count
Great Black-Backed Gull 1,516
Herring Gull 1,431
Black Legged-Kittiwake 276
Common Tern 48
Ring-Billed Gull 11
Laridae Pomarine Jaeger 5
Least Tern 4
Laughing Gull 3
Parasitic Jaeger 2
Unidentified Gull 1
Unidentified Jaeger 1
Total 3,298
Wilson’s Storm-Petrel 1,100
Hydrobatidae Leach’s Storm-Petrel 4
Total 1,104
. Northern Gannet 510
Sulidae
Total 510
Razorbill 219
Unidentified Large Alcid 30
Dovekie 14
k Atlantic Puffin 5
Alcidae
Common Murre 5
Black Guillemot 4
Thick-Billed Murre 1
Total 278
Common Eider 206
White-Winged Scoter 37
. Black Scoter 12
Anatidae
Surf Scoter 6
Oldsquaw 2
Total 263
Greater Shearwater 176
Sooty Shearwater 64
Procellariidae Cory’s Shearwater
Manx Shearwater
Northern Fulmar
Total 256
Double-Crested Cormorant 54
Phalacrocacidae | Great Cormorant 27
Total 81
Common Loon 21
Gaviidae Red Throated Loon 1
Total 22
Unidentified Phalarope 12
Scolopacidae Red-Necked Phalarope 1
Total 13

Total

5,825




The family Anatidae (ducks, geese and swans) was princi-
pally sighted during summer, fall (especially) and winter.
Highest numbers were seen over Stellwagen Basin and the
western margin of the bank.

Sightings of species in the remaining four families were
relatively rare during this particular 12-month period. The
Procellariidae (shearwaters and fulmars) were sighted in
spring, summer (notably) and fall; they were not sighted in
the winter. This family is customarily well-represented in
the sanctuary, which is the case when the entire 14-month
sampling period is considered (Table 6) rather than just the
12 months chosen for the seasonal analysis. This variability
in sightings is discussed below.

The family Phalacrocacidae (cormorants and shags) was
sighted mostly during fall and especially spring; they were
not sighted in the winter. The Gaviidae (loons and divers)
were sighted in spring, summer and especially fall; they
were not seen in winter. The Scolopacidae (sandpipers and
phalaropes) were sighted only in summer.

Sources of Variability

Variability in seabird sightings occurs seasonally and inter-
annually within the Stellwagen Bank sanctuary. Comparison
of the predictive modeling results over 1980-1988 (9-year
period) at the scale of the GoM with the standardized survey
sightings over 1994-1995 (1-year period) at the scale of the
sanctuary demonstrates general agreement in seasonal pres-
ence or absence by species for some major groups. For
example both analyses indicate that razorbills (auks) use the
sanctuary more in winter and storm-petrels in summer.

However, the predictive modeling indicates that northern
gannets are widespread in the sanctuary in winter, espe-
cially, and summer, whereas the standardized survey sight-
ings made over a shorter time frame indicate that the family
Sullidae (gannets and boobies) was most prevalent in fall
especially and spring. Anecdotal observations from the
sanctuary tend to support the fall-spring pattern as well. As
noted above, seabirds are far ranging and environmentally
facile; oceanographic climate and late or early seasonal
turnover of sanctuary waters and associated productivity
changes have the potential to influence seabird abundance
patterns within relatively short time frames at the geographic
scale of the sanctuary.

Standardized survey sightings in the sanctuary demonstrate
that the relative abundance of seabird species can vary as
much within the same month (August) between subsequent
years (1994 and 1995) as between different months (August
and February) in the same year (1995) (Figure 48). Great
black-backed gulls accounted for the majority (60.1%) of
the seabirds recorded in August 1994, while Wilson’s storm-
petrels made up the majority (76.7%) of the seabird sight-
ings in August 1995. Likewise, while Wilson” storm-petrels
made up 76.7% of the sightings in August (summer) 1995,
razorbills made up 50.7% of the seabirds recorded in Febru-
ary (winter) that same year.

The combined use of predictive modeling and standardized
surveys allows for the start of a comprehensive assessment

FIGURE 46. RELATIVE SEASONAL ABUNDANCE OF SEABIRDS
WITHIN THE STELLWAGEN BANK SANCTUARY FOR THE CALENDAR
YEAR Jury 1994—June 1995.

Data are individual sightings of species from the standardized
survey grouped by family.
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and understanding of the seabird communities in the sanc-
tuary. Results to-date indicate that while it is certain that a
characteristic set of seabird species routinely use the sanc-
tuary, and while there are demonstrated spatial patterns of
seasonal use among the major groups, relative abundance
among these species varies greatly and seasonal and inter-
annual variability is high.

PRESSURES

Historically, the main threats to seabirds have been coastal
development, predation by humans and other animals,
removal of prey through fisheries activity and pollution of
the marine environment. Drury (1973, 1974) describes the
extensive harvesting of seabirds for food and feather in New



FIGURE 47. PART 1. SPATIAL DISTRIBUTION AND DENSITY OF SEABIRDS IN THE STELLWAGEN BANK SANCTUARY.

Data are individual sightings of species from the standardized survey for the period July 1994 — August 1995 grouped by family and
aggregated over all seasons. Families included in the figure are: Laridae (gulls, terns and jaegers), Sulidae (gannets and boobies),
Hydrobatidae (storm-petrels), Alcidae (auks, murres and puffins), Anatidae (ducks, geese and swans), and Procellaridae (shearwaters
and fulmars). Data were analyzed by ArcView’s ArcMap program.
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FIGURE 47. PART 2. SPATIAL DISTRIBUTION AND DENSITY OF SEABIRDS IN THE STELLWAGEN BANK SANCTUARY.

Data are individual sightings of species from the standardized survey for the period July 1994-August 1995 grouped by family and
aggregated over all seasons. Families included in the figure are: Laridae (gulls, terns and jaegers), Sulidae (gannets and boobies),
Hydrobatidae (storm-petrels), Alcidae (auks, murres and puffins), Anatidae (ducks, geese and swans), and Procellaridae (shearwaters
and fulmars). Data were analyzed by ArcView’s ArcMap program.
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England that resulted in extirpation of many seabird species
even from remote outer islands by the turn of the 20th centu-
ry. Great auks (Pinguinus impennis) were once frequently
sighted in the GoM where some populations over-wintered,
but were hunted to extinction by 1844. Great auk bones
have been found in Massachusetts (Martha’s Vineyard, East
Wareham, Marblehead, Eagle Hill and Plum Island) and at
least ten islands along the Maine coast (Burness and Monte-
vecchi, 1992). Refer to the Sidebar for more information
about the great auk.

Interactions between fisheries and seabirds have been well
documented in many regions worldwide, with both increas-
es and declines of seabird populations linked to patterns
of fishing activity (Tasker et al.,, 2000; Tasker and Furness,
2003; Votier et al., 2004). Intense fishing activity can
impact seabird populations through reduction of prey abun-
dance and perturbation of prey population and community
structure (Pauly et al., 1998; Tasker et al., 2000). Food web
changes related to heavy fishing over many years have been
found to adversely affect seabirds in the GoM (Lotze and
Milewski, 2004). In addition, mortality related to entangle-
ment with fishing gear has been reported.

Based on NOAA Fisheries Service fishery observer data for
1994-2003, entanglement currently is not considered a
major source of seabird mortality in the GoM or the sanctu-
ary (Soczek, 2006). While occurring at a low rate, this study
found that 88.6% of the overall observed seabird bycatch
in the New England area was in the gillnet fishery, and
shearwaters, particularly the greater shearwater, comprised
78.6% of all identified seabirds. This species is not currently

classified as globally endangered or threatened (BirdLife
International, 2004), but the potential for declines in the
population have prompted its inclusion in the “Moderately
Abundant Species with Declines or High Threats” category
of the American Bird Conservancy’s Green List (American
Bird Conservancy, 2004) and in the “High Concern” cate-
gory in the North American Waterbird Conservation Plan
(Kushlan et al., 2002).

Possibly the greatest threat for many seabirds (particularly
terns and auks) in the GoM is from other seabirds, primarily
gulls (Drury, 1965). Increases in fishery discards (offal and
bycatch) and the spread of open landfills during the mid-
1900s led to increased herring gull and great black-backed
gull populations. This in turn led to greater pressure on
other seabirds, particularly terns, through competition for
prime nesting sites and increased predation by gulls on their
eggs and chicks (Anderson and Devlin, 1999; Drury, 1965;
Platt et al., 1995).

Industrial contaminants are also a potential threat to seabird
populations (Burger and Gochfeld, 2002). Elevated PCBs
have been found in roseate tern chicks at Bird Island
(Massachusetts) (Nisbet, 1981) and a wide range of metals
has been found in common terns at breeding colonies in
Massachusetts (Bureger et al, 1994). The impact of pollut-
ants on seabirds, including sub-lethal effects, has not been
adequately assessed for the GoM.

Analyses of changes in seabird populations in the Bay of
Fundy (northern GoM) since European colonization have
shown that approximately 50% of marine and coastal bird

FIGURE 48. DEMONSTRATED HIGH SEASONAL AND INTER-ANNUAL VARIABILITY IN THE RELATIVE ABUNDANCE
OF SEABIRD SPECIES FREQUENTING THE STELLWAGEN BANK SANCTUARY BASED ON STANDARDIZED SURVEY SIGHTINGS DATA
FOR THE PERIOD JuLy 1994—-Aucust 1995.
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The Great Auk

For 17th century European sailors to New England, the great auk (Figure 49) was a common and welcomed sight,
indicating proximity to land. But by the middle of the 19th century the species had disappeared completely and
forever (Eckert, 1963). While this once plentiful sea bird cannot return to life, the sad story of its extinction lives
on as a stark reminder that humans do and have had a significant and sometimes permanent impact on the marine

ecosystem of the Stellwagen Bank sanctuary.

The only flightless species of North Atlantic bird, the great auk was a noble animal of great speed and strength in

the water. The largest of the alcids, the great auk was bigger than a goose in size and penguin-like in appearance.
They were in fact the first birds to be called “penguins” (scientific name: Pinguinus impennis), but their name was
changed to great auk after scientists determined that they were not related to the birds of similar appearance in
southern latitudes. One of their closest living relatives today is the razorbill which winters in large numbers in the

sanctuary.

The great auk was a powerful and graceful swimmer, capable of diving to great
depths in search of food. It made an annual migration in vast rafts of individuals

FIGURE 49. ILLUSTRATION OF
THE GREAT AUK.

swimming along the surface of the sea from summer breeding locations on or

near Labrador, Newfoundland and points north and east, to winter feeding ]
grounds on Stellwagen Bank, Georges Bank, and along the New England and

Adapted from painting by John
. Audubon titled “Pinguinus
impennis—Great Auk.”

Mid-Atlantic states. The birds spent most of their lives in the water—visiting land

only to lay one egg per pair each year in massive breeding colonies.

But these terrestrial sojourns proved fatal for the great auk. Heavy bodies, small
wings and flightlessness, the very qualities that adapted the great auks so well to
their aquatic environment, coupled with the birds’ tendency to group together
in large numbers, made the animals easy prey for human visitors to the nesting
colonies. First hunted for use as fish bait and food (fresh meat and eggs and
salted meat for long voyages), the great auk later became economically popular
for its oil and its feathers for fashion and for mattresses. The final chapter of

its existence was closed by collectors searching for specimens for public and
private museums, but the species was doomed by the time of the inauguration of

President George Washington.

For generations, sailors and fishermen decimated the flocks, thinking that there
would always be more. Even in the waning hours of the great auk’s existence,

scientists claimed there had to be additional stocks in the more northerly areas. We know now that they were
very wrong. The naming of the sanctuary’s research vessel in honor of this icon to local extinction is a constant
reminder that the public must be ever-vigilant in protecting the resources of the Stellwagen Bank sanctuary.

species have been severely affected by human activity with
several species extirpated and major colonies abandoned
(Lotze and Milewski, 2004). With the exception of the great
auk, re-colonization of abandoned breeding colonies has
taken place for most species, albeit relatively slowly with
estimated re-colonization time considered to take as long
as 45 years for the common murre and 133 years for the
northern gannet (Lotze and Milewski, 2002).

CURRENT PROTECTION

Sanctuary regulations (15 C.F.R Part 922 Subpart N) prohibit
the taking of any seabird in or above the sanctuary, except
as permitted by the Migratory Bird Treaty Act, as amended,

(MBTA), 16 U.S.C. 703 et seq., and the Endangered Species
Act (ESA), 16 U.S.C. 1531 et seq., or possessing within the
sanctuary (regardless of where taken, moved or removed
from), except as necessary for valid law enforcement
purposes, any seabird taken in violation of the MBTA.

In addition where applicable, the MBTA, which implements
conventions with Great Britain, Mexico, Russia and Japan,
makes it unlawful except as permitted by regulations “to
pursue, hunt, take, capture, kill... any migratory bird, any
part, nest or egg” or any product of any such bird protected
by the Convention (16 U.S.C 703).



SEA TURTLES

StaTUS

GENERAL KNOWLEDGE

Sea turtles are long-lived species that mature late in life
and move great distances during their lifetimes, migrating
hundreds or even thousands of kilometers between foraging
and nesting grounds. They spend their lives at sea but return
to land to reproduce.

Sea turtles are generally solitary creatures that remain
submerged for much of the time they are at sea, which
makes them extremely difficult to study. They rarely interact
with one another outside of courtship and mating. Adult
females nest in multiyear cycles, usually 2—4 years. They
come ashore several times to lay hundreds of eggs during a
nesting season in tropical waters. After about 50 to 60 days
of incubation, the hatchlings emerge and head for the open
ocean to begin life as pelagic drifters. This period is often
referred to as the “lost years.” In most cases, it is not known
where the hatchlings go or how long this period lasts. While
maturing over the course of several decades, sea turtles
move in and out of a variety of ocean and coastal habitats.
This open ocean existence often frustrates efforts to study
and conserve them. Juvenile survival to adulthood is low.

Sea turtles serve important functions in the ecosystems in
which they are found. For example, seagrass beds where
green turtles graze regularly are more productive, nutrients
are cycled more rapidly and the grass blades have higher
protein content, thus benefiting other species. Some popu-
lations of sea turtles, whose feeding areas may be hundreds
or even thousands of kilometers from their nesting beaches,

serve an important role in nutrient cycling by transporting
massive quantities of nutrients from the nutrient-rich feeding
grounds (in colder waters of the North Atlantic) to typically
more nutrient-poor coastal and inshore habitats in the vicin-
ity of the nesting beaches (in tropical waters).

OCCURRENCE IN THE SANCTUARY

Seven species of sea turtles occur worldwide, four of which
have been recorded in GoM: Kemp’s ridley, leatherback,
loggerhead and green. Only the leatherback and Kemp’s
ridley are seen with any regularity in the GoM. Leatherbacks
and loggerheads have been the species most commonly
reported in the sanctuary. Two families of sea turtles are
represented in the sanctuary: the Dermochelyidae is repre-
sented solely by the unique Dermochelys coriacea (leather-
back), which lacks the hard shell that characterizes the other
sea turtles that make-up the family Cheloniidae. Three of
the species recorded in the GoM are listed as endangered,
and the fourth as threatened, under the ESA (Table 7).

Leatherback turtles have been sighted in the vicinity of the
sanctuary in the spring and summer, and strandings have
occurred in Cape Cod Bay spring, summer and fall. The
predicted seasonality of leatherbacks is in the summer only.
Loggerhead turtles have been sighted around the sanctuary
in summer and strandings in Cape Cod Bay have occurred
year-round. The predicted seasonality of loggerheads around
the sanctuary is in the summer only. There have been no
sightings of Kemp’s ridley turtles around the sanctuary,
though they have stranded in Cape Cod Bay winter, spring
and fall. This species is not predicted to occur around the
sanctuary throughout the year (Department of Navy, 2005;
Shoop and Kenney, 1991). For additional information
regarding sea turtle species accounts, visit URL http://www.
iucn-mtsg.org/species/

PRESSURES

Sea turtles are transient visitors to the Stellwagen Bank
sanctuary and there is very little documentation of human
impacts to turtles in the vicinity of the sanctuary. In general,
major threats to sea turtles in the U.S. include, but are not
limited to: destruction and alteration of foraging habitats,
incidental capture in commercial and recreational fisher-
ies, entanglement in marine debris and vessel strikes. The
NOAA Fisheries Service Observer Program documents fish-
ing impacts to protected species and is the primary source for
such information. NOAA Fisheries Service has not recorded
any sea turtles taken in gillnets or otter trawls fished within
the sanctuary since 1994 (NOAA Fisheries Service, unpub-
lished data).

TABLE 7. CONSERVATION STATUS OF SEA TURTLES FOUND IN THE STELLWAGEN BANK SANCTUARY AND GOM REGION.

Common Name Scientific Name ESA Status
Kemp’s Ridley Lepidochelys kempi Endangered
Leatherback Dermochelys coriacea Endangered
Loggerhead Caretta caretta Threatened
Green Chelonia mydas Endangered
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Sea turtles die from eating or becoming entangled in non-
degradable debris each vyear, including packing bands,
balloons, pellets and plastic bags thrown overboard from
boats or dumped near beaches and swept out to sea. Leath-
erbacks especially, cannot distinguish between floating
jellyfish—a main component of their diet—and floating
plastic bags.

Turtles are affected to an unknown, but potentially signifi-
cant degree, by entanglement in persistent marine debris,
including discarded or lost fishing gear including steel and
monofilament line, synthetic and natural rope, and discard-
ed plastic netting materials. Monofilament line is the princi-
pal source of entanglement for sea turtles in U.S. waters.

To effectively address all threats to marine turtles, NOAA
Fisheries Service and the USFWS have developed recovery
plans to direct research and management efforts for each
sea turtle species. More information on threats to marine
turtles is available at: http://www.nmfs.noaa.gov/pr/species/
turtles/.

CURRENT PROTECTION

Sanctuary regulations (15 C.F.R Part 922 Subpart N) prohibit
the taking of any marine reptile in the sanctuary, except
as permitted by the ESA, as amended, 16 U.S.C. 1531 et
seq., or possessing within the sanctuary (regardless of where
taken, moved or removed from), except as necessary for
valid law enforcement purposes, any marine reptile taken in
violation of the ESA.

Sea turtles are given legal protection in the U.S. and its
waters under the ESA, which lists the leatherback, Kemp’s
ridley and green turtle as endangered; the loggerhead is
listed as threatened. This designation makes it illegal to
harm, harass or kill any sea turtles, hatchlings or their eggs.
It is also illegal to import, sell, or transport turtles or their
products. NOAA Fisheries Service has jurisdiction over sea
turtles in the water; USFWS has jurisdiction over sea turtles
when they are on land.

Presently, all sea turtle species are listed in the International
Union for the Conservation of Nature (IUCN) and Natural
Resources Red List as endangered or vulnerable; included
in Appendix | of the Convention on International Trade in
Endangered Species (CITES) of Wild Fauna and Flora; and,
all species are listed in Appendices | and II of the Conven-
tion on the Conservation of Migratory (CMS) Species of Wild
Animals.

MARINE MAMMALS

Marine mammals are a functional part of the biodiversity
of the Stellwagen Bank sanctuary in a number of important
ways, including their interdependence on seafloor and water
column habitats and their predator-prey relationship to key
forage species. They are a highly visible component of the
species mix, which merits special consideration because
of their charismatic attraction and universally protected
or endangered status. They also are highly attuned to the
acoustic environment and might be especially prone to
harassment and behavioral disturbance due to human activ-
ity.

The major issues associated with marine mammals in the
sanctuary are distinctly different from the issues otherwise
associated with biodiversity conservation, such as biomass
removal, changes in food webs and community composi-
tion, and disturbance or degradation of seafloor habitats
and landscapes. Instead, marine mammal issues include
entanglement in commercial fishing gear, vessel strikes from
shipping, ocean noise, localized prey depletion, and marine
pollution and contamination. However, the interactions
with fishing and shipping are the key mortality factors for
marine mammals (NOAA, 2007).

Of special note, the data set for humpback whales in the
Stellwagen Bank sanctuary is the longest and most detailed
study of baleen whales in the world. Matrilineal studies
show evidence of four generations (1975-2006) of hump-
back use of, as well as inter-generational site fidelity to, the
sanctuary as a feeding and nursery area. The newly-estab-
lished sister sanctuary relationship between the Stellwagen
Bank sanctuary and the Sanctuario de Mamiferos Marinos
de la Republica Dominicana (Dominican Republic hump-
back whale sanctuary) is the first conservation management
action worldwide to protect a migratory marine mammal
species on both ends of its range (between sanctuary feed-
ing/nursery grounds and the largest mating/calving grounds
for humpback whales in the North Atlantic) by functionally
linking two important nationally acclaimed marine protect-
ed areas.
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CETACEANS AND PINNIPEDS

The marine mammal fauna of the Stellwagen Bank sanctu-
ary is diverse and has significant ecological, aesthetic and
economic value. At least 22 species of marine mammals are
known to occur in the waters over and around the sanctu-
ary—six species of baleen whales (Mysticeti), eleven species
of toothed whales (Odontoceti), and five species of phocid
seals (Pinnipedia) (Table 8). For many of these species, the
biological productivity of sanctuary waters provides primary
habitat for feeding and other critical activities such as nurs-
ing. In fact, the sanctuary is one of the most intensively used
cetacean habitats in the northeast continental shelf region of
the United States (Kenney and Win, 1986).

Both cetaceans and pinnipeds are subject to a variety of
human-related pressures, ranging from the visible impacts
of human activities (e.g., vessel strikes, entanglements in
fishing gear) to ubiquitous threats such as pollution, boat
traffic and noise. In some instances, the impacts may be
difficult to assess but may be particularly significant, espe-
cially for marine mammals that live in coastal areas or an
environment that brings them into close contact with human
activities.

Cetaceans

Cetaceans are divided between two suborders: the Mystice-
tes (baleen whales) and the Odontocetes (toothed whales).

Representatives of both suborders are found in the sanctu-
ary and throughout the GoM. Two morphological features
distinguish cetaceans: mysticetes have baleen and two blow-
holes, and odontocetes have teeth and a single blowhole.

Baleen Whales

Baleen whales in the sanctuary range in maximum length
from 6.4 m (26 ft.) for the minke whale to 30 m (100 ft.)
for the blue whale. They have evolved baleen, instead of
teeth, to feed upon zooplankton and small schooling fish.
The plates of baleen form an efficient filtration system that
separate prey from vast volumes of water taken into the
mouth. Baleen whales typically forage throughout the water
column, preying on species (such as sand lance, herring and
copepods in the sanctuary) that are found from the surface
to several hundred feet down. Humpback whales also are
known to feed along the ocean bottom, scouring sand and
gravel seafloor habitats that shelter sand lance; other species
might also engage in similar behavior.

Within the sanctuary, the mysticetes are represented by six
species arranged into two families, the Balaenopteridae
(rorqual whales) and the Balaenidae (right whales) (Table 8).
The Baleanopteridae are characterized by their sleek body
form, generally, and the “rorqual” pleats on the underside
of the mouth. This family includes the blue, fin, sei, minke
and humpback whale, with the latter being alone in its own
genus. The rorquals are ‘gulpers,” feeding in discrete events,
taking prey a mouthful at a time.

TABLE 8. CONSERVATION STATUS OF 22 SPECIES OF MARINE MAMMALS SIGHTED IN THE STELLWAGEN BANK SANCTUARY.

Group Common Name Scientific Name MMPA Status ESA Status

Blue whale Balaenoptera musculus Endangered

Fin or Finback whale Balaeneptera physalus Endangered

Baleen Whales Humpback whale Megaptera novaeangliue Protected under Endangered

(Mysticetes n=6) Sei whale Balaenoptera borealis the MMPA Endangered
Minke whale Balaenoptera acutorostrata

North Atlantic right whale Eubalaena glacialis Endangered

Sperm whale Physeter macrocephalus Endangered

Long-finned Pilot whale

Globicephala melaena

Atlantic White-Sided Dolphin

Lagenorhynchus acutus

White-Beaked Dolphin

Lagenorhynchus albirostris

Harbor Porpoise

Phocoena sp.

Toothed Whales Bottlenose Dolphin

Tursiops truncatus

Protected under

(Odontocetes n=11)
Common Dolphin

Delphinus delphis

the MMPA

Striped Dolphin

Stenella coeruleoalba

Grampus (Risso’s) Dolphin

Grampus griseus

Killer whale or Orca

Orcinus orca

Beluga Delphinus leucas
Harbor Seal Phoca vitulina
Gray Seal Halichoerus grypes
Seals Harp Seal Pagophilus groenlandica Protected under
(Pinnipeds n=5) the MMPA
Hooded Seal Cystophora cristata

Ringed Seal

Pusa hispida




The Balaenidae includes the North Atlantic right whale,
characterized by its robust body with no dorsal fin, no ventral
pleats and very long, narrow baleen. The right whales are
“skimmers,” grazing through patches of zoolplankton with
their mouths open and continuously filtering prey as they
swim. This skimming can be done at the sea surface, along
the density gradient of mid-depth thermoclines or over the
seafloor.

Besides the unique filtering system for feeding, most baleen
whales share a number of broad characteristics in common.
Most have wide geographic ranges and extensive migrations.
They lack any known capability for sonar or echolocation.
They often have a mating system in which both males and
females are promiscuous. Often, they exhibit a relatively
short period (less than one year) of maternal care with no
strong kinship bonds aside from a mother and her new calf.
They have large bodies requiring massive quantities of small
prey. Despite these commonalties, the baleen whales of the
sanctuary exhibit many differences. For more information,
see species descriptions in Appendix. L.

Toothed Whales

Toothed whales observed in the sanctuary are represented
by four families: Delphinidae (dolphins), Phocoenidae
(porpoises), the Physeteridae (sperm whales) and Monodon-
tidae (beluga whale). Of the eleven odontocete species that
have been sighted in the sanctuary, common visitors include
the white-sided dolphin, long-finned pilot whale and harbor
porpoise (Table 8). From giants like the sperm whale to the
diminutive harbor porpoise, sightings of odontocete species
vary from year to year and may demonstrate cyclical or
extralimital occurrences in the vicinity of the sanctuary.

As arule, the odontocete diet consists of larger prey than that
taken by the baleen whales. Unlike baleen whales, which
often engulf large prey patches and ingest thousands or even
millions of organisms at once, toothed whales usually feed
by taking one item (such as a single fish) at a time. They
often swallow their prey whole, and their teeth function to
grip rather than to chew.

Unlike the baleen whales, the odontocetes usually do not
make long annual migrations. Their seasonal responses
tend to be onshore-offshore movements. Toothed whales
are highly social animals, moving around in groups called
pods. Different species and different populations within a
species may vary in how these pods are organized. Some
pods may be stable relationships between individuals over
long periods of time; other pods may represent seasonal
associations surrounding feeding or reproduction. For more
information, see species descriptions in Appendix L.

Pinnipeds

True seals, or phocids, comprise one of three major families
of pinnipeds (i.e., seals, sea lions and walrus). The term
“pinniped” means “wing- or fin-footed” and refers to the
family’s modified front and hind appendages, which have
a fin-like appearance. Members of the family Phocidae,
called true or earless seals because they lack external ear

flaps, are represented by five species in the sanctuary (Table
8). Of the five seal species found with any frequency in the
Stellwagen Bank sanctuary, two (harp, hooded) are found
only sporadically. The ringed seal is rare while gray and
harbor seals can be found year-round, albeit generally in
single sightings. Each species uses the sanctuary and nearby
coast in different ways, but they do share many character-
istics. Like toothed whales, pinnipeds have a broad diet
including a wide variety of fishes, squid and other prey. For
more information, see species descriptions in Appendix L.

CEeTACEAN HABITAT

The southern GoM, particularly the area of the Great South
Channel, Stellwagen Bank and Jeffreys Ledge, supports the
highest densities of baleen whales on the northeast U.S.
continental shelf (Kenny and Winn, 1986). Additionally,
critical habitat designation was established for the North
Atlantic right whale in 1994 inclusive of the southwestern
portion of the Stellwagen Bank sanctuary and Cape Cod
Bay. The GoM (which includes sanctuary waters) is recog-
nized as one of five geographically distinct feeding grounds
for aggregations of endangered humpback whales in the
western North Atlantic (Katona and Beard, 1990).

Cetaceans are capable of traveling large distances relatively
rapidly, but also show distinctive site fidelity to specific feed-
ing grounds and calving areas. Humpback, fin and right
whales exhibit strong maternal fidelity to specific feeding
grounds in the southern GoM (Clapham and Seipt, 1991).
Weinrich found that individual humpback whales which
visit Stellwagen Bank and Jeffreys Ledge as calves are more
likely to return in subsequent years (Weinrich, 1998).

Hotspot for Prey Abundance

Sand lance are common in the GoM and prefer shallow
areas of sandy bottom or fine gravel (such as Stellwagen
Bank) for burrowing and spawning (Robards et al., 1999).
Herring use the seafloor for spawning (Stevenson and Scott,
2005). Sand lance and herring represent a vital link in the
area’s ecology, serving as a major food source for a variety
of piscivorous species including invertebrates, many other
fishes, numerous seabirds and a dozen species of marine
mammals (Robards et al., 1999; Stevenson and Scott, 2005).
Within the Stellwagen Bank sanctuary, sand lance is a noted
food source for humpback whales (Overholtz and Nicolas,
1979; Payne et al., 1990; Hain et al., 1995; Weinrich et
al., 1997; Weinrich et al., 2000; Friedlaender et al., 2009;
Hazen et al., 2009).

Sand lance occur within the Stellwagen Bank sanctuary at
higher levels of abundance than in any other area of the
southern GoM (Figure 50). The figure also depicts the high
herring abundance that occurs in waters from just north of
Cape Ann south to Cape Cod Bay, including the sanctuary,
relative to other parts of the southern GoM. Sand lance
distribution shows close association with sand and gravelly
sand habitats, while herring distribution does not (Figure 50).
The sanctuary and adjoining area is designated essential fish
habitat (EFH)) for herring larvae, juveniles and adults under



FIGURE 51. OVERLAY OF SPATIAL DISTRIBUTION OF NORTH

FIGURE 50. SPATIAL DISTRIBUTION AND DENSITY OF KEY PREY ATLANTIC RIGHT WHALE RELATIVE ABUNDANCE (SIGHTINGS-PER-
SPECIES FOR PISCIVOROUS CETACEANS IN THE STELLWAGEN UNIT EFFORT: SPUE) ON SPATIAL DISTRIBUTION OF CALANUS
BANK SANCTUARY AND THE SOUTHERN GOM. COPEPODS FOR THE STELLWAGEN BANK SANCTUARY AND THE

S A . . SOUTHERN GOM.
Sand lance abundance is indicated in the top panel; herring

abundance is indicated in the bottom panel. The spatial Circles represent right whale SPUE; color shading represents
extent of sand and gravelly sand habitats is denoted in both density of copepods. Lower panel indicates spring season
panels. Data are from the NMFS Northeast Fisheries Science conditions; upper panel indicates summer season conditions.
Center research trawl surveys for the period 1975-2000. Figure North Atlantic right whale SPUE data are for 1978-2005; cope-
excerpted from Pittman et al., 2006. pod data are for 1977-1988. Figure excerpted from Pittman et
al., 2006.
mww 6O°W BE"W 6T°W

43°N

£
s &
o
| =
e
,.-I'-' Vi - "rT'
T0°W BO°W ET°W
. ie ri Mean log density im®
Sondionesomrce Parog i et i Nk
1875 1o 2000 1875 10 2000 1977-88
= 1- 1000 s 1-500 = =i 2
® 1001 - 2000 ®  501-2000 ®  10-50 T rion: 54
& 2001 - 10000 & 2004 - 5000 . 51100
@ 10001 . 15000 @ 5001 - 10000 ® -0 B Low:13
@ 1500130052 ® 1000112348 2 S—
o 2% Skm Sand —y 50 m mobaih
—— Gravely sana

102 Stellwagen Bank National Marine Sanctuary Management Plan and Environmental Assessment



the Magnuson-Stevens Fishery Conservation and Manage-
ment Act (NEFMC, 2006).

The distribution and abundance of North Atlantic right
whales are closely linked to the life history and spatial distri-
bution of its main prey, the calanoid copepod Calanus finm-
archiscus. Calanus early life stages coincide with the spring
phytoplankton blooms on which they feed, particularly in
Massachusetts and Cape Cod Bays, in waters overlapping
or adjacent to the Stellwagen Bank sanctuary. This species
of copepod also is prey for the sand lance, which in turn is
important as prey for piscivorous baleen whales, as noted
above.

Comparison of the spatial patterns of North Atlantic right
whale abundance and Calanus abundance (all life stages
combined) for both the spring and summer season shows
a clear geographic shift in whale abundance that broadly
tracks Calanus abundance hotspots (Figure 51). In spring
(lower panel), these hotspots were located along the north-
ern slope of Georges Bank, the Great South Channel, Cape
Cod Bay and the western portion of the Stellwagen Bank
sanctuary. In summer (upper panel), Calanus hotspots shift-
ed offshore towards the central, southern GoM.

The margins of Stellwagen Bank are sites of high horizon-
tal and vertical movement of both water and plankton due
largely to the bank’s exposure to GoM water circulation
(Flagg, 1987). The interaction between physical oceanog-
raphy and bathymetry creates environmental conditions
that result in the aggregations of large numbers of plank-
tivorous fishes, such as sand lance and Atlantic herring,
which are key prey for humpback, fin and minke whales,
as well as dolphins and porpoises. These same environ-
mental conditions support an abundance of Calanus which
are the primary prey of right whales. These environmental
variables interact to establish the sanctuary as a hotspot for
prey abundance.

Predictors of Cetacean Relative Abundance

Predictive modeling to explain patterns of cetacean relative
abundance, based on sightings-per-unit-effort (SPUE) and
on environmental data including bathymetry, substratum
type, potential prey and oceanography, was used to explain
spatial patterns of cetacean densities in the southern GoM
for the period 1997-2005 (Pittman et al., 2006). Analysis
of the SPUE data was based on 34,589 cetacean observa-
tions. Model results were reported for spring and summer,
which were least variable because the modeling techniques
performed best for seasons with the highest cetacean abun-
dance.

Prey availability or habitat indicators of prey availability
were important predictors of distribution and density for
important cetacean species which frequent the sanctuary.
Sand lance abundance was a contributing factor in every
case. Significant predictors of abundance for humpback,
fin and minke whales in all cases included proximity to the
100 m isobath, sand and gravely sand, and mean (average)
sand lance abundance. The 100 m isobath is the general
lower depth limit of sand lance distribution and sand and

gravely sand is preferred habitat for sand lance (Meyer et al.,
1979). Zooplankton abundance (all species combined) and
abundance of the calanoid copepod Calanus finmarchiscus,
were among the most significant predictors for the North
Atlantic right whale abundance. Other significant predic-
tors of right whale abundance included sand and gravely
sand, and mean sand lance abundance. The combined
abundance of sand lance, hake, mackerel and herring were
among the significant predictors for Atlantic white-sided
dolphin abundance.

Results of the predictive modeling also found that the 100
m isobath was a hotspot for herring, suggesting that hump-
back and fin whales may switch prey depending on local
availability. Prey switching by these species has been noted
between seasons (Macleod et al., 2004) and inter-annually
(Payne et al., 1986; Weinrich et al., 1997). In winter, there
was a shift in the SPUE for humpback and fin whales from
Stellwagen Bank to deeper waters over Tillies Basin and
Jeffreys Ledge, both areas in or overlapping with the sanctu-
ary and associated with abundant herring (Pittman et al.,
2006). This winter shift may result from decreased avail-
ability of sand lance prior to their spawning and decreased
accessibility because sand lance spend more time buried in
the sand during winter. A geographically similar but longer
term shift from Stellwagen Bank to Jeffreys Ledge, and switch
from sand lance to herring prey, was reported for humpback
whales between 1988 and 1994 (Weinrich et al., 1997).

CETACEAN OCCURRENCE

Southern Gulf of Maine

Using the SPUE database for 1997-2005, Pittman et al.
(2006) calculated the occurrence and relative abundance of
cetaceans within the southern GoM. Among baleen whales,
the Stellwagen Bank sanctuary was used most heavily by
humpback and fin whales and to a lesser degree by minke
whales, all of which are piscivorous and feed on sand lance
and herring in the sanctuary (Figure 52a). North Atlantic
right whales and sei whales, both of which feed primarily
on plankton, also used the sanctuary although occurrence
was higher for right whales (Figure 52b). The occurrence of
toothed whales in the sanctuary was highest among Atlan-
tic white-sided dolphins, but included pilot whales as well
(Figure 52b).

A comparison of the spatial distribution patterns for all baleen
whales and all dolphins and porpoises in the southern GoM
showed that both groups have very similar spatial patterns
of high- and low-use areas (Figures 53 and 54). The baleen
whales, whether piscivorous or planktivorous, were more
concentrated than the dolphins and porpoise. They utilized
a corridor that extended broadly along the steeply sloping
edges in the southern GoM, indicated broadly by the 100 m
isobath. The Stellwagen Bank sanctuary supported a high
abundance of cetaceans throughout the year. The waters on
and around the sanctuary also support high cetacean rich-
ness (number of species) (Pittman et al., 2006).



FIGURE 52A. SPATIAL DISTRIBUTION AND RELATIVE ABUNDANCE OF KEY CETACEAN SPECIES IN THE STELLWAGEN BANK SANCTUARY AND
THE SOUTHERN GOM BASED ON INTERPOLATION OF SPUE FoR THE PERIOD 1970-2005.

Data are aggregated for all seasons. Species depicted include the humpback whale, fin whale, minke whale, North Atlantic right
whale, sei whale, Atlantic white-sided dolphin and pilot whale. Figure adapted from Pittman et al., 2006.
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FIGURE 52B. SPATIAL DISTRIBUTION AND RELATIVE ABUNDANCE OF KEY CETACEAN SPECIES IN THE STELLWAGEN BANK SANCTUARY AND
THE SOUTHERN GOM BASED ON INTERPOLATION OF SPUE FoR THE PERIOD 1970-2005.

Data are aggregated for all seasons. Species depicted include the humpback whale, fin whale, minke whale, North Atlantic right
whale, sei whale, Atlantic white-sided dolphin and pilot whale. Figure adapted from Pittman et al., 2006.
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FIGURE 53. SEASONAL PATTERNS OF INTERPOLATED SPUE DATA FOR ALL BALEEN WHALE SPECIES IN SPRING, SUMMER, FALL AND
WINTER AND ALL SEASONS COMBINED FOR THE STELLWAGEN BANK SANCTUARY AND THE SOUTHERN GoM (1970-2005).

Figure excerpted from Pittman et al., 2006.
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FIGURE 54. SEASONAL PATTERNS OF INTERPOLATED SPUE DATA FOR ALL DOLPHINS AND PORPOISES IN SPRING, SUMMER, FALL,
WINTER AND ALL SEASONS COMBINED FOR THE STELLWAGEN BANK SANCTUARY AND THE SOUTHERN GoM (1970-2005).

Figure excerpted from Pittman et al., 2006.
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Stellwagen Bank Sanctuary

Direct knowledge of the relative occurrence and spatial/
temporal distribution of cetaceans in the Stellwagen Bank
sanctuary was derived from two sources: non-standardized
data collected aboard whale watching vessels and standard-
ized surveys conducted by the sanctuary. Whale watch
sightings data were provided by the Provincetown Center
for Coastal Studies and the Whale Center of New England.
Whale watching trips targeted high use areas where compa-
nies expected to see the largest number of whales, particu-
larly humpbacks. The database is robust in that it consists
of multiple daily trips occurring from April through Octo-
ber, has been continuous over 25 years (1979-2004), and
consists of over 255,000 sightings of animals. However,
effort is not equally distributed throughout the sanctuary.

Standardized surveys of the entire sanctuary for a 12-month
period were conducted from July 2001-June 2002 (Wiley et
al., 2003). This survey provided equal effort in all parts of
the sanctuary, but was of a limited time span (one year) and
sample size (528 sightings of 2,124 animals). Use of both
databases provides a richer understanding of the relative
occurrence and spatial/temporal distribution of cetaceans in
the sanctuary. Relative use of the sanctuary by species and
seasonal trends were based only on the 12-month standard-
ized survey data.

Among baleen whales, the Stellwagen Bank sanctuary
was used most heavily by humpback whales, followed by
minke, fin and right whales (Figure 55). Among humpback
whales, Robbins (2007) determined that the sanctuary is
preferentially used by juveniles (nursing) and reproductively
mature/active (pregnant and lactating) females. The occur-
rence of toothed whales in the sanctuary was highest for
white-sided dolphins, followed by harbor porpoise and pilot
whales (Figure 56). In general, the sanctuary was dominat-
ed by baleen whales during the summer period and toothed
whales during the winter (Figure 57).

A comparison of both databases revealed similar patterns of
spatial distribution and density (Figure 58). Baleen whales in
particular tended to cluster on the northwest and southwest
portions of Stellwagen Bank with a secondary cluster on the
southeast section of the Bank. A three-dimensional visual-
ization of the spatial distribution of these whales over 25
years further illustrates this finding (Figure 59). A common
feature of each of these areas of high use is a substrate
dominated by sand and gravelly sand, seafloor habitat types
which support concentrations of sand lance. Standardized
survey data revealed an additional high use area on the
southern portion of Jeffreys Ledge (Figure 58).

HumpBACK WHALE FORAGING BEHAVIOR

The Stellwagen Bank sanctuary is leading a multi-institu-
tional tagging project investigating the underwater foraging
behavior of humpback whales to understand how they use
habitat and interact with fishing gear and shipping. Tagged
whales carry a computerized package developed at the
Woods Hole Oceanographic Institution (WHOI) that contin-
uously records pitch, role, heading and depth (Johnson and

Tyack, 2003). Tag-derived data are mapped in four dimen-
sions using GeoZui4D software, allowing scientists to create
virtual whales that move like the tagged animals. GeoZui4D
is a software application developed at the University of New
Hampshire (UNH) for interacting with time-varying geospa-
tial data (Ware et al.,, 2006), such as that provided by the
whale tags. Tag data were also viewed in TrackPlot (Ware et
al., 2006; Wiley et al., 2005) to provide a static 3-D repre-
sentation of spatial patterns in whale movement.

Figure 60 illustrates behavior that is typical of the high inter-
related use of both seafloor and water column habitats by
humpback whales feeding in the sanctuary based on the
tagging results of 15 individuals in July of 2006. Sand lance
prey fields were simultaneously mapped acoustically in
areas adjacent and parallel to the whale tracks, confirming
their presence in large numbers (Figure 61). Acoustics offer
a minimally invasive technique for collecting continuous
along-track data on biomass at fine horizontal and vertical
spatial scales throughout the water column (Simmonds and
MacLennan, 2005). The whale tracks were mapped over
the sanctuary’s seafloor multi-beam sonar image, which
indicated that the whales were feeding over sand and mud
which is sand lance habitat. More extensive treatment of
this research is provided in Friedlaender et al. (2009) and
Hazen et al. (2009).

The depth versus time series recorded for the subject whale
shows how and when it uses the water column, demon-
strating pronounced shifts in lengthy bouts of repeated
dives (Figure 60). During hours of daylight, dusk and early
evening (1400 hr to 2100 hr) the whale spent its time in
an alternating series of frequent short duration dives to
the seafloor followed by extensive time spent in the upper
water column and at the surface. During the ensuing hours
of darkness and pre-dawn (2120 hr to 0440 hr) the whale
spent its time in long duration dives to the seafloor. Bouts of
predominantly near-surface activity resumed with the return
of daylight. These findings of diurnal foraging patterns are
generally supportive of those of Goodyear (1989), who also
conducted tagging studies of feeding humpback whales
on Stellwagen Bank during times of high sand lance abun-
dance. Sand lance make daytime migrations into the water
column where they form schools and feed, returning to the
seafloor at night (Casey and Myers, 1998), a behavior that
corresponds to the whale’s diel (24-hr period) use of these
habitats.

Two types of foraging behavior were characteristic of
how humpback whales differentially used water column
and seafloor habitats in the sanctuary (Friedlaender et al.,
2009). During the “daylight” sequence, whales engaged in
repeated bubble-net feeding near the sea surface in which
individual or multiple animals exhale, encircle and corral
sand lance in the water column. By diving below the level
of schooling sand lance, the whales presumably can better
detect their prey contrasted and profiled against the sky as
well as prevent their prey from fleeing to shelter afforded
by the seafloor. During the “darkness” sequence, whales
engaged in repeated bouts of bottom feeding where they



FIGURE 55. RELATIVE OCCURRENCE OF FIN, HUMPBACK, MINKE
AND RIGHT WHALES IN THE STELLWAGEN BANK SANCTUARY.

Data are based on standardized surveys from July 2001-June
2002 (303 sightings of 361 animals). Adapted from Wiley et
al., (2003).

FIGURE 56. RELATIVE OCCURRENCE OF HARBOR PORPOISE,
WHITE-SIDED DOLPHINS AND PILOT WHALES IN THE STELLWAGEN

BANK SANCTUARY.

Data are based on standardized surveys from July 2001-June
2002 (162 sightings of 1,708 animals). Adapted from Wiley et

al., (2003).
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FIGURE 58. COMPARISON OF THE SPATIAL DISTRIBUTION OF BALEEN WHALES WITHIN THE STELLWAGEN BANK SANCTUARY FROM
‘WHALE WATCH AND STANDARDIZED SURVEY DATA.

Whale watch data (a.) are non-standardized observations made during April through October from 1979-2004 (n = ~255,000).
Survey data (b.) are based on standardized surveys from July 2001-June 2002 and include animals not identified to species (352
sightings of 413 animals). Survey data are adapted from Wiley et al., 2003. Whale watch data were collected by the Provincetown
Center for Coastal Studies and the Whale Center of New England. The two illustrations are Kriged density plots of information from
both data sets using a 5,000 m search radius analyzed by ESRI ARCGIS.

turn on their side to scour the sandy bottom while feed-
ing on sand lance burrowed in the seafloor. Each of these
characteristic behaviors is illustrated in Figure 60. Results
from Friedlaender et al. (2009) suggest that surface feeding
activities in humpback whales are based primarily on visual
prey detection and secondarily on the presence of prey over
a certain threshold level in the water column.

Hazen et al. (2009), in fact, show that humpback whales on
Stellwagen Bank maximize their foraging efficiency when
surface feeding by preferentially targeting dense, vertically
oriented patches of sand lance. Hazen et al. (2009) found
that whale surface feeding was significantly affected by prey
school shape. Surface feeding occurred more often around
prey schools with a large area, taller height and shorter
length. Longer schools were often associated with a thin
layer (less than 2.5m tall) in the water column, potentially
more difficult or less cost-effective to consume. Using gener-
alized additive models (GAM) and classification and regres-
sion tree models (CART), Hazen et al. (2009) observed that
surface feeding was more likely above acoustically detected
prey densities of -65 dB, affirming that there were thresholds
in surface-feeding behavior in the sanctuary.

Measured sand lance schools reached up to 4km in length
and vertical thickness up to 30m; mean school length was
139 m and mean height was 7.9 m (Hazen et al., 2009).
Examples of such schools are shown mapped in Figure 61.
This visualization of actual data depicts the linear transect
through a series of prey patches in the sanctuary and
provides a 2-dimensional portrayal of 3-dimensional prey
aggregations (i.e. length, width, vertical thickness). Diver-
based observations of sand lance school characteristics and
behavior near the seafloor at Stellwagen Bank are described
in Meyer et al. (1979). Because the spatial characteristics
of prey fields is an important determinant of the optimality
of humpback whale foraging, maintenance of prey patch
integrity needs to be considered in sanctuary management.

While this tagging research was directed at humpback
whales foraging on sand lance in the sanctuary, the same
surface feeding behavior is expected to extend to humpback
whales feeding on Atlantic herring (Clupea harengus) in the
sanctuary. Humpback whales in the western North Atlantic
are documented to use bubbles (including “nets”) to feed
on herring (Haine et al., 1982; Weinrich et al., 1992) and
sanctuary researchers have witnessed bubbles being used
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FIGURE 59. A THREE-DIMENSIONAL VISUALIZATION OF THE SPATIAL DISTRIBUTION OF BALEEN WHALES WITHIN THE STELLWAGEN
BANK SANCTUARY (1979-2004).

Data are non-standardized observations from whale watching vessels operating from April through October (n = ~255,000) and
collected by the Provincetown Center for Coastal Studies and the Whale Center of New England.

by humpback whales to capture herring in the portion of the
sanctuary overlapping Jeffreys Ledge. Bubble-net feeding
by humpback whales on herring and other epipelagic prey
(e.g., krill) in southeast Alaska is well documented (Juraz
and Juraz, 1979; D’ Vincent et al., 1985; Sharpe, 2001).

Laboratory experiments have determined that Pacific
herring, Clupea harengus pallasi, exhibit strong avoidance
to bubbles and could be contained within a circular bubble
net (Sharpe and Dill, 1997). Sonar measurements of water
depth at which humpback whales begin bubble-net feeding
on herring in southeast Alaska (mean 17.1 m) (Sharpe, 2001)
is very similar to the depth (approximately 20m) at which
humpback whales begin bubble-net feeding on sand lance
in the sanctuary (e.g., Figure 60 this document). Based on
Sharpe’s (2001, Chapter 4) detailed descriptions, the under-
water behavior of humpback whales bubble-net feeding
on herring in southeast Alaska is similar to how humpback
whales bubble-net feed on sand lance in the sanctuary
(Friedlaender et al., 2009; Hazen et al., 2009).

CONSERVATION STATUS

All marine mammal species are protected under the MMPA;
five baleen whale species frequenting the Stellwagen Bank
sanctuary are listed as endangered under the ESA (i.e., blue,
fin, humpback, sei and North Atlantic right whale) (Table
8). The North Atlantic right whale population continues to
be depleted (NOAA, 2006); the best estimate of the size of

the population is 300 to 350 animals. Earlier models indi-
cated that this population was likely declining rather than
remaining static or increasing (Caswell et al., 1999). More
recent models that estimate survival rate from re-sightings
data collected during 1980-2004 indicate that the median
population growth rate is about 1% (Pace et. al, 2007).
However, the models also revealed that this population has
almost no capacity to absorb additional mortality. Because
the primary causes of premature mortality among right
whales are anthropogenic, mainly ship strikes and fishing
gear entanglements, recovery of the right whale population
is contingent upon reducing the effects of these activities on
the species (Pace et al., 2007).

PRESSURES

Habitat loss, habitat degradation and competition for prey
are recognized as key threats to cetaceans worldwide
(Reeves et al., 2003). Known or potential threats to the
survival of marine mammals are due to the increasing pres-
sures of human activity in and around the sanctuary and the
marine mammals’ dependence on resources that are also
used intensively by humans. Marine mammals are vulner-
able to disturbances caused by ship noise, industrial activ-
ity and other acoustic inputs to the marine environment,
collisions with powered vessels and entanglements with
fishing gear. Other types of human activities (e.g., water
pollution) occur that may influence living resource quality

IV. Resource States



FIGURE 60. A TIME/DEPTH PLOT OF THE DIVING BEHAVIOR OF A TAGGED HUMPBACK WHALE IN THE STELLWAGEN BANK SANCTUARY
OVER A 15-HOUR PERIOD IN JuLy oF 2006.

The animal used complex spiral bubble maneuvers in the water column to corral fish (presumed sand lance) during daylight and
exhibited bottom side-roll behavior at night. Ribbon tracks used to visualize behavior were created using TrackPlot (Ware et al.,

2006). Data are from Wiley et al. (unpublished).
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(e.g., reduced availability of prey). High levels of chemical
contaminants in the tissues of cetaceans may be affecting
the animals’ immune and reproductive systems (Reeves,
2003).

There are undoubtedly more threats than are presently
recognized, and even the most basic information on ceta-
cean mortality caused by human activity is limited due to
funding restraints, under-reporting and the lack of directed
scientific effort. Moreover, the total impact of the vari-
ous threats cannot be predicted by simply summing their
effects as though they were independent. For example, the
immunosuppressive effects of environmental contaminants
(Lahvis et al., 1995) with range shifts of pathogens caused
by global warming and ship ballast transport (Harvell et
al., 1999) could increase the susceptibility of cetaceans to
emergent diseases. While research is underway to better
identify emerging threats, cautionary measures should be
taken to moderate or eliminate the relevant and acknowl-
edged anthropogenic input factors (Reeves, 2003).

BEHAVIORAL DISTURBANCE

There are numerous ways in which marine mammals are
disturbed or potentially disturbed by human activities
within or around the Stellwagen Bank sanctuary. These
include activities associated with vessels, aircraft flying over
the sanctuary, fishing activities and underwater noise from
the high number of vessels passing through and nearby the
sanctuary.

Whale Watching

Whale watching tours began in New England in 1975,
and within a decade the regional whale watching industry
became the largest in the United States and one of the larg-
est in the world (Hoyt, 2001). Twelve to fifteen commer-
cial whale-watch companies operate regularly scheduled
trips on as many as 22 vessels that make multiple trips
daily to the sanctuary, from April through October, out of
six Massachusetts ports. A sampling of tracks from whale
watch vessels representing all companies and all ports were
recorded in 2003 during whale watch trips to the sanctu-
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FIGURE 61. VISUALIZATION SHOWING THE NOAA SHIP NANCY FOSTER ACOUSTICALLY MAPPING SAND LANCE PREY FIELDS IN THE
STELLWAGEN BANK SANCTUARY.

The horizontal band is the zone of cavitation caused by the ship’s propellers and is an artifact. Prey fields are evident below this
zone: yellow = higher density; red = lower density. Visualization portrays actual data. Image: UNH/SBNMS.

ary and adjoining areas (Figure 62). With the exception of
vessels departing from Newburyport, the northernmost port
depicted, virtually all whale watching trips were made to
the sanctuary and almost all of these were made to north-
ern and southern Stellwagen Bank, where whales histori-
cally are most abundant (Figures 58 and 59). More than
one million people visit the sanctuary yearly aboard these
platforms (Hoyt, 2001).

There is growing awareness however, that cetacean tour-
ism can have a downside (Corkeron, 2004; Lusseau, 2004).
Intensive, persistent and unregulated vessel traffic involv-
ing multiple approaches and erratic paths that focuses on
animals while they are resting, feeding, nursing their young
or socializing can disrupt those activities, and possibly cause
short and long-term problems for targeted populations.
Impact studies worldwide have shown changes in ventila-
tion rate, avoidance behavior, displays of annoyance and
changes in habitat use ((Donovan, 1986; Baker, 1988; Cork-
eron, 1995; Williams et al., 2002; Lusseau, 2004; Scheidat
et al., 2004). Underwater noise of whale watching boats
can potentially affect whales (Erbe (2002). The concerns are
further compounded by the increase in popularity of whale
watching, not just on commercial vessels, but also privately-
owned recreational vessels. In both cases, instances occur
where numerous boats surround a single whale or group of
whales, disturbing the animals and at the same time detract-
ing from the quality of the tourist experience.

If behavioral disturbance is repeated above a certain
threshold, it could lead to impairments in an individual’s
breeding, social, feeding and resting behavior. If enough
individuals are so affected, this could contribute to second-
ary deleterious effects on a population’s long-term repro-
ductive success, distribution or access to preferred habitat
(Fair and Becker, 2000; Bejder and Samuels, 2003; Higham
and Lusseau, 2004). Using data primarily from sightings
(1980-2005) in the Stellwagen Bank sanctuary, Weinrich
and Corbelli (2009) found that whale watch exposure did
not correlate with reduced reproductive success in hump-
back whales. While it is reassuring that disturbance from
whale watching was not affecting the reproductive success
of these whales, finding such a population effect would be
an extreme consequence of the activity and may not be
the most appropriate objective to manage for in a National
Marine Sanctuary.

This situation reinforces the importance of determining
the proper metric for both determining management goals
and measuring impact. Reproductive failure would be an
extreme impact resulting from the culmination of an accu-
mulation of lesser stressors. It may be appropriate for the
sanctuary to take actions that reduce known stressors to
assure the general well being of whales using the sanctuary,
even if research results haven’t shown drastic cumulative
population level effects. Further, some of the results report-
ed by Weinrich et al (2009) showed a confounding relation-
ship with the importance of the sanctuary as a major feeding

IV. Resource States



One important aspect of the Northeast region whale watch
guidelines is a series of recommended vessel speeds within
various distances from the whales: less than or equal to 13
knots at a 1-2 nm distance to whales (zone 3); less than or
equal to 10 knots at a 1-0.5 nm distance to whales (zone
Vessels were from the 12 major companies that operate regu- 2); and less than or equal to 7 knots within 0.5 nm distance
Irﬁratse?hfﬁggsti;':: each company was monitored approxi- to whales (zone 1). Details of the approach guidelines

Y ' can be found at the following web address: http://www.
nero.noaa.gov/shipstrike/info/guidetxt.htm or Appendix M.
The industry considers these guidelines to be more strin-
gent than approach guidelines/regulations in other regions,
_ where distance restrictions exist but no speed restrictions
s e have been established. The industry has used these guide-
lines to argue against the need for additional restrictions
such as speed regulations in the sanctuary. A recent study
conducted in the sanctuary indicates that compliance with
the speed portion of the guidelines by the commercial whale
watch fleet was extremely low and that speed exceedances
were excessively high (Wiley et al., 2008).

FIGURE 62. GPS TRACKS OF 36 COMMERCIAL WHALE
WATCHING TRIPS FROM SIX MAJOR WHALE WATCHING PORTS
IN MASSACHUSETTS THAT WERE MONITORED BY ONBOARD
OBSERVERS DURING THE SUMMER AND FALL OF 2003.

Observations in this study were made on 46 commercial
whale watching trips in 2003 and 2004 that occurred in and
around the sanctuary; all of the principal whale watching
companies were represented. Results indicate that whale
watching vessels often ignored speed zone guidelines and
the degree of non-compliance increased as distance from
the whale(s) increased (Table 9). The overall level of non-
compliance based on distance traveled by the whale watch
vessels (data from all speed zones combined) was 78%.
The maximum vessel speed recorded in zone 1 (where the
level of non-compliance was lowest and boats were closest
to whales) differed little from the maximum vessel speed
recorded for the entire whale watch trip (Figure 63).
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When the magnitude of the whale watching activities in
the sanctuary is viewed in context of the critical role the

TABLE 9. THE LEVEL OF NON-COMPLIANCE WITH THE SPEED
PORTION OF THE NOAA WHALE WATCHING GUIDELINES BASED
ON THE MONITORING OF 46 COMMERCIAL WHALE WATCHING
TRIPS OPERATING IN AND AROUND THE STELLWAGEN BANK

Working with the whale watching industry and non-profit SANCTUARY DURING 2003-2004.

conservation organizations, NOAA established voluntary  Gpg receivers onboard each vessel provided information on
whale watch guidelines in the Northeast region in 1999 the vessel’s track and speed. Non-compliance was registered
following a sharp increase in whale watch vessel speeds and ~ when a vessel’s speed exceeded that specified by the guide-
collisions with three whales, at least one of which was fatal ~ lines. For each speed zone, a vessel’s non-compliant level was
(Weinrich, 2005). The guidelines (operational procedures) calculated by comparing the distance the vessel traveled out

. ) ) of compliance to the total distance traveled in that zone. The
were first developed in 1984 by an ad hoc committee of industry’s non-compliant level was calculated by summing the

whale watch naturalists, captains and scientists (Beach and  total non-compliant distances for all vessels traveling in a zone
Weinrich, 1989). The intent of the guidelines is to avoid  and comparing that to the total distance traveled by all vessels
harassment, behavioral disturbance and possible injury or ~_in that zone.

habitat, potentially masking subtle effects of whale watch
exposure on the inclusive fitness of individual whales.

death to large whales by both commercial and recreational Zone Suggested Industry Non-Compliant
vessels. While the guidelines are voluntary and difficult to | Number Speed Non-compliant |  Range for All
enforce, NOAA Office of Law Enforcement enforces the (Knots) Level (%) Trips (%)
intent of the guidelines through the take and harassment 1 <7 62 33-84
provisions of the ESA and MMPA. These guidelines are less 5 =10 93 67-100
restrictive than the majority of other guidelines or regula- —

3 <13 92 61-100

tions world-wide (Carlson, 2007), which often contain a
100 m minimum approach distance. Overall 78 33-100
(=) less than or equal to
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FIGURE 63. COMPARISON OF A VESSEL’S MAXIMUM RECORDED TRIP SPEED AND ITS MAXIMUM RECORDED ZONE 1 SPEED FOR 46
COMMERCIAL WHALE WATCHING TRIPS REPRESENTING 12 COMPANIES OPERATING IN AND AROUND THE STELLWAGEN SANCTUARY IN
2003 anDp 2004.

In general, all vessels attained speeds well above the 7 knots (horizontal black line in figure) specified by the guidelines for zone
1 and reached near maximum trip speeds in zone 1. This indicates that operators were not following speed guidelines meant
to safeguard whales. Speed data were derived from GPS devices and collected by unannounced and inconspicuous observers.
Speed zones around whales were identified by those observers using military grade binoculars with a digital compass and laser
rangefinder to position whales. ESRI ARCGIS was used to create speed zones around the whales for purposes of calculation.
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sanctuary serves as a major feeding and nursery area for
several endangered species of whales, particularly hump-
back whales (Robbins, 2007), combined with the minimally
restrictive approach guidelines and lack of compliance
where measured (Wiley et al., 2008), the subject animals
would seem to be at risk from the effects of whale watching.
The high degree of non-compliance and the magnitude by
which the recommended speeds in each zone were exceed-
ed by whale watching vessels indicate that the guidelines
cannot be relied upon as a voluntary measure to reduce
the risk of behavioral disturbance or vessel strike to whales
in the sanctuary and that regulation should be considered.
Such regulation would be aligned with NOAA's Ship Strike
Reduction Program. The MMBD AP proposes several strate-
gies that address this issue (AP: MMBD 1.1).

Ocean Noise

There is growing evidence that noise in the ocean has
increased dramatically over the past 50 years (Andrew et
al., 2002; MacDonald et al., 2006). Over the past few
decades the shipping contribution to ambient ocean noise
has increased by as much as 12 dB, coincident with a signif-
icant increase in the number and size of vessels comprising
the world’s commercial shipping fleet (Hildebrand, 2009).
As the primary source of low frequency ocean noise is
commercial shipping (Wenz, 1962), noise is expected to
increase most dramatically in areas experiencing increased
commercial shipping such as access-ways for growing ports.

Although pre-industrial ambient noise estimates are not
available for the Stellwagen Bank sanctuary, growth in the
Port of Boston continues to be accompanied by increases in
large vessel traffic transiting the sanctuary.

In a 2006 study conducted within the sanctuary, noise
produced by large commercial vessels was at levels and
within frequencies that warrant concern regarding the
ability of endangered whales to maintain acoustic contact
within greater sanctuary waters (Hatch et al., 2008). The
high use patterns in the Stellwagen Bank sanctuary have led
to it being a case study to address noise management in a
spatially explicit context, and has resulted in the conclu-
sion that noise generated by transportation networks that
extend far beyond sanctuary boundaries must be managed
to conserve its resources (Hatch and Fristrup, 2009). Effec-
tive noise control policies must be developed through part-
nerships among transportation and resource management
agencies, surmounting differences in missions and historical
precedents.

Increasing ocean noise is problematic given growing
evidence that some underwater sound sources can nega-
tively impact sensitive marine species (NRC, 2003). For
example, some marine mammal populations have been
documented to respond to sources by altering their breath-
ing rates, spending more time underwater before coming up
for air, changing the depths or speeds of their dives, shield-
ing their young, changing their song note durations and/or



swimming away from the affected area (Richardson et al.,
1995; NRC, 2005). In addition, high intensity underwater
sounds can cause temporary or permanent hearing loss in
marine mammals, which in a few cases has been associated
with animals becoming disoriented and stranding (NRC,
2005).

Finally, but perhaps most importantly for the sanctuary
as indicated above (Hatch et al., 2008), increasing ocean
noise may “mask” signals produced by acoustically-active
marine animals to communicate with conspecifics (NRC,
2003). Such masking would decrease the distance over
which signals could be received by conspecifics, thus limit-
ing their utility as reproductive, feeding and/or navigation
behaviors. Acoustic masking from anthropogenic noise is
considered a threat to marine mammals, particularly low-
frequency specialists such as baleen whales (Clark et al.;
2009). Although there has been much less research on
the impacts of noise on non-mammalian marine animals,
many fish and marine invertebrates also utilize sound to
communicate (e.g., haddock in the sanctuary, Van Parijs et
al., 2009).

Given the importance of sanctuary waters to several vocally-
active and endangered marine mammals (e.g., humpback,
fin, sei and North Atlantic right whales), conducting research
and developing a policy framework to minimize human-
induced underwater noise is a cautionary guiding principle
in the management plan (AP: MMBD.2). In implementing
this principal, the Stellwagen Bank sanctuary is serving as the
research venue of an ambitious multi-year passive acoustic
project aimed at developing a suite of tools to monitor and
map ocean underwater noise over a mesoscale region (for
more project details see Hatch and Fristrup, 2009). A variety
of reports and reviews have highlighted the fact that marine
protected areas such as the Stellwagen Bank sanctuary can
represent “test beds” to evaluate the efficacy of methods
to continuously monitor underwater noise (Van Parijs and
Southall, 2007) and create policy to regulate anthropogenic
sources (McCarthy, 2004; Cummings, 2007; Firestone and
Jarvis, 2007; Haren 2007; Scott, 2007).

Tuna Fishing

Tuna fishing consists of a variety of gear types and methods
including harpoon, hook and line (trolling, jigging, anchored
chumming, or casting lures to surface feeding fish) and purse
seine. The target species is principally bluefin tuna, which
is often attracted to the same forage base (sand lance and
Atlantic herring) as piscivorous marine mammals such as
endangered humpback and fin whales, minke whales and
dolphins and porpoise. To help find tuna, fishermen often
search directly for the prey and sometimes use surface feed-
ing whales and birds as indicators of tuna availability and
location (Sacco, 2008). Indirectly, commercial whale watch
boats are used as proxies in the search for feeding whales.
As a result, there is a high co-occurrence of baleen whales
where tuna fishing occurs in the sanctuary (Figure 64), and
the potential for interaction and disturbance is correspond-
ingly high (Figure 65).

During 2006-2009, there were 37 reports filed on tuna fish-
ing/whale altercations (mostly whales being hooked with and
trailing tuna fishing gear) in the sanctuary that resulted in 22
enforcement cases (NOAA OLE, personal communication).
Most of these cases resulted in the issuance of warnings,
which count as a first offense should the vessel be encoun-
tered repeating the violation. Several of these cases could
lead to further enforcement actions under the MMPA and
ESA. In 2009, the Stellwagen Bank sanctuary, in partnership
with NOAA OLE and NOAA Fisheries Service Highly Migra-
tory Species Division and Protected Resources Division, ran
a series of advertisements in On the Water magazine and
television show that alerted fishermen to this problem. This
outreach effort is planned to continue in 2010.

In addition to the direct effect of hooking the whales, there
is a serious related indirect effect that can impair NOAA's
programmatic response to a larger problem. The observa-
tion of a hooked whale trailing tuna fishing tackle in 2007
prompted calls from so many whale watch patrons, that it
clogged the whale disentanglement hotline jeopardizing its
effectiveness (S. Landry, PCCS, pers. comm., 2007). The
hotline serves to notify and mobilize the disentanglement
team of an entangled whale, usually in fixed fishing gear
such as gillnets and lobster trawls. See Entanglement section
that follows for expanded treatment. Since whale watch
boats may be in close proximity to whales where viewing is
enhanced, this public response has the potential to recur as
long as whales are sighted adorned with tuna fishing gear.

In most other regards, entanglements with tuna fishing
gear are cryptic and hard to detect at a distance, hence the
number of reports is likely a fraction of the actual number of
whales impacted. Disentanglement is not possible because
of the light weight of the fishing gear which provides no
purchase to the cutting tools routinely used in such an oper-
ations. In 2009, entanglement of a seabird (shearwater) in
tuna fishing tackle also was documented. Sanctuary regula-
tions prohibit the taking or possessing of any seabird, in or
above the sanctuary, in violation of the MBTA.

Other Activities

Additional activities that impact whale behaviors include
watercraft approaching whales too closely, vessels disrupt-
ing critical feeding behaviors (such as transiting through
bubble clouds or bubble nets) and potential disturbance
by aircraft, specifically fixed-wing aircraft, helicopters and
airships (APs: MMBD 1.2, 1.3 and MMBD.3).

VESSEL STRIKES

Research indicates that approximately 10% of the vessel/
whale collisions recorded world-wide were reported from
the Stellwagen Bank sanctuary area (including Cape Cod
Bay and Boston Harbor) and that the sanctuary area is a
“hot spot” for vessel strikes along the eastern U.S. seaboard
(calculated from Jenson and Silber, 2003) (Figure 66). Data
indicate that about 39% of the reported strikes result in
mortality or serious injury (Anon, 2004). Species struck
include four endangered species (humpback, fin, sei and
North Atlantic right) and one protected species (minke).



FIGURE 64. CO-OCCURRENCE OF BALEEN WHALES AND TUNA
FISHING IN THE STELLWAGEN BANK SANCTUARY DURING JULY
2001-June 2002.

Whale distribution is represented as a Kriged density plot of
sightings data from the standardized survey using a 5,000 m
search radius and analyzed by ESRI ARCGIS. Dots indicate
locations where bluefin tuna were caught based on Fish-
ing Vessel Trips Reports (VTR) for the same period. Source:
NOAA Fisheries Service VTR data selected for the sanctuary
area. The VTR database is discussed in the Human Uses
section under Commercial Fishing — data types and sources.
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Vessel types involved in the strikes of these whales include
large commercial ships, commercial whale watch vessels
and private recreational-type boats. Historical records
demonstrate that the most numerous, per capita, ocean-
going strikes recorded among large-whale species accrue
to the North Atlantic right whale (Vanderlaan and Taggart,
2006). Where possible, reducing the co-occurrence of
whales and vessels is likely the only sure means of reducing
ship strikes (Silber et al., 2009).

Vessel Speed

Jenson and Silber (2003) documented 27 reported vessel/
whale collisions that occurred in the greater Stellwagen
Bank area over a 22-year period (1980-2002) with a general
increase in strikes occurring between 1984 and 2001. The
annual mean cruising speed of commercial whale watch
vessels in the Stellwagen Bank sanctuary over the related
25-year period (1980-2004) increased from 11 kts to 28 kts,
with maximum speeds doubling from 20 kts to 40 kts; the

FIGURE 65. PHOTOGRAPH OF A HOOKED HUMPBACK WHALE
IN THE STELLWAGEN BANK SANCTUARY TRAILING TUNA
FISHING TACKLE.

Credit: Provincetown Center for Coastal Studies.

FIGURE 66. APPROXIMATE LOCATION OF SHIP STRIKES TO
BALEEN WHALES ALONG THE EASTERN SEABOARD OF THE
U.S. INCLUDING THE STELLWAGEN BANK SANCTUARY FROM
1979-2002.

Note high occurrence in and around the sanctuary where
indicated by arrow. Positions inferred from Jensen and Silber
(2003).
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Ficure 67. HisToriCAL TRENDS (1980-2004) IN THE CRUISING SPEED (ANNUAL
MINIMUM, MAXIMUM AND MEAN) OF COMMERCIAL WHALE WATCH VESSELS OPERATING
WITHIN AND AROUND THE STELLWAGEN BANK SANCTUARY.

Reported strikes of whales due to collision with the whale watch boats are also indicated
in the year that they occurred. Data for 1980-2002 were gathered by naturalists on whale

watch cruises and provided by the Whale Center of New England; data for 2003-2004
were gathered by data loggers integrated with GPS receivers during the sanctuary study
of industry compliance with NOAA whale watch guidelines (Wiley et al., in press).
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FIGURE 68. MAXIMUM AND AVERAGE SPEED IN KNOTS FOR ALL (156) TRACKED
COMMERCIAL VESSELS TRANSITING THE STELLWAGEN BANK SANCTUARY DURING THE
MONTHS OF APRIL AND May 2006 using THE USCG’s AIS.

The number of vessels of each type tracked within this time frame is indicated along the
bottom axis.
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higher speeds began in 1998 (Figure
67). The annual rate of strikes by
these whale watch vessels during
1998-2004 (5/7 = 0.714) was 3.2
times greater than during 1980-1997
(4/18 = 0.222). [Note: There were
no reported strikes between 2005
and 2009, which lowers the rate
during 1998-2009 (5/12 = 0.417).
However, that rate of strike is nearly
twice (1.9 times) the rate during

1980-1997 when vessel speeds
were lower.]
Vanderlaan and Taggart (2007)

calculate that the greatest rate of
change in the probability of a lethal
injury to a large whale (any species)
due to vessel strike occurs between
vessel speeds of 8.6 kts and 15 kts;
the probability drops below 50%
at 11.8 kts and approaches 100%
above 15 kts. The increased vessel
speed by commercial whale watch
vessels operating in the sanctu-
ary places whales at greater risk of
being struck and raises the probabil-
ity of lethal injury. Increase in size
and speed of vessels generally has
resulted in a corresponding increase
in the number of vessel strikes
(e.g., Laist et al., 2001; Taggart and
Vanderlaan, 2003; Pace and Silber,
2005).

To further characterize speed of
commercial vessels transiting the
sanctuary, records from the USCG
Automatic  Identification  System
(AlS) were analyzed for the months
of April and May 2006. The AlS data
were collected as part of a collabor-
ative effort between the Stellwagen
Bank sanctuary and the USCG (see
below). O