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The motivation
Coastal and marine ecosystems provide many
benefits (i.e., ecosystem services)

AFood
ARecreation & tourism

ATransportation & energy
AWaste processing
AClimate regulation

AProtection from storms
Awildlife habitat
AResearch & education




Why focus on ecosystem services?
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Why focus on ecosystem services?

Ecosystem services are closely linked

with human well-being

ECOSYSTEM SERVICES

Provisioning
FOOD
FRESH WATER

WOOD AND FIBER
FUEL

CONSTITUENTS OF WELL-BEING

Security

PERSONAL SAFETY
SECURE RESOURCE ACCESS
SECURITY FROM DISASTERS

Supporting Regulating
CLIMATE REGULATION
NUTRIENT CYCLING
S FLOOD REGULATION

PRIMARY PRODUCTION DISEASE REGULATION
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for good life
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ACCESS TO GOODS
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RECREATIONAL

Health

STRENGTH

FEELING WELL
ACCESS TO CLEAN AIR
AND WATER
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Good social relations
SOCIAL COHESION
MUTUAL RESPECT
ABILITY TO HELP OTHERS

Freedom
of choice
and action

OPPORTUNITY TO BE
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WHAT AN INDIVIDUAL
VALUES DOING
AND BEING

Source: Millennium Ecosystem Assessment



The problem
No corner of the oceans remains untouched, and
40% affected by multiple drivers

[] Very Low Impact (<1.4) [[] Medium Impact (4.95-8.47) [ High Impact (12-15.52)
[] Low Impact (1.4-4.95) [[] Medium High Impact (8.47-12) Il Very High Impact (>15.52)

From Halpern et al. 2008, Science



In Massachusetts waters, diverse human
activities contribute to ecosystem change

ACoastal development
ATourism and recreation

ARecreational & commercial fishing

AAq uacu Itu re ©Boston-Photos.co

ASewage outfalls & industrial discharges |

ATransportation and shipping

ACables and pipelines

ANew and emerging uses, e.g.
ARenewable energy
AOffshore agquaculture




Cumulative impacts are more than the

sum of individual activities

NCumul ati ve |
remain a notable
challenge without a
comprehensive research
and monitoring plan and
guidelines to evaluate
human-induced alteration
to ocean resources in
Massachuset:t

- The Massachusetts Ocean
Management Task Force
Technical Report, 2004

(p. 36)
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What Is
Integrated multi-use ocean management?

A Addresses a full range of human uses across
sectors,

A Is supported by credible science,
A Incorporates public and user-group input,
A Is adaptable to changing needs, and

A Supports sustainable marine industries and
resilient ecosystems.

* Analogous to integrated coastal management, ecosystem-based
management, and ecosystem approaches to management




Key elements
of integrated multi-use ocean management

(1) Humans as part of ecosystems
(2) Place-based approach

(3) Interactive and cumulative
effects of human activities

(4) Ecosystem-service focus

(5) Adaptive management of
human-environment interactions

(6) Explicit tradeoffs




What ecological science can
contribute to integrated multi-use
ocean management ’

A Knowledge of
ecosystem functioning

A Monitoring and
assessment of
management success

A Data integration &
decision support tools

Sea scallops, American lobster, juvenile white hake from
http://www.nurc.uconn.edu/coml/coastal.htm




What ecosystem knowledge is most important
to integrated management?

Space: Ecological context
of the Planning Area

Time: Seasonal and longer-
term variability in ecological
conditions

Strongly interacting species

Vulnerable species and
habitats

Massachusetts Ocean Management Planning Area
and Massachusetts Ocean Sanctuaries




Space: Massachuse
part of a larger ecosystem

A The MA Planning Area is at the confluence of two
biogeographic provinces, the Acadian and the
Virginian

A Our waters are connected to the Gulf of Maine, the
Mid-Atlantic Bight, and the North Atlantic via major
currents

A For some species and ecosystem services, the
dominant scale is even larger: the Northeast
Continental Shelf Large Marine Ecosystem

Images courtesy
of MA CZM, USM,
and NOAA

M: h Ocean Manag P ing Area
ﬁSZM and M h Ocean Sanctuaries




Marine species & ecosystems
transcend political boundaries




Time: Dynamics and composition of the Gulf of
Maine food web have shifted in the last 200 years

After Steneck et al. 2004

www.lobsterconservation.com




To what degree are
phase shifts reversible?

On the Great Barrier Reef:

ALoss of herbivores triggered
ecosystem shift

ASurprisingly rapid reversal driven by
rare batfish species

ASpecies that prevent phase shifts may
not be those that reverse shifts

Figure from Bellwood et al. 2006

Batfish



