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EXECUTIVE SUMMARY

The Sargasso Sea ecosystem generates a variety of goods and services that benefit people. These goods
and services, often referred to as ecosystem services, provide some outputs that are directly commercially
important (e.g., commercial fish stocks, wildlife viewing that supports tourism) and some that are both
commercially important and that provide important recreational opportunities (e.g., recreational fishing).
The Sargasso Sea ecosystem also provides ecological functions that are essential in the support of human
life (e.g., oxygen production and carbon capture and storage). High-seas ecosystems, like that of the
Sargasso Sea, abound in genetic diversity and biological compounds that may yield new chemical and
medicinal products.

Some ecosystem services in the Sargasso Sea may be harvested directly (e.g., fish or seaweed). In other
cases, ecosystem functions provided by the Sargasso Sea may act as only an intermediate element in the
production of ecosystem services, for instance when Sargassum supports part of the life cycle of
organisms that ultimately benefit people far from the region (e.g., eels spawned in the Sargasso Sea are
harvested in North America and Europe). The Sargasso Sea ecosystem is part of larger oceanic processes
whose ecological and environmental outcomes may affect human well-being globally (e.g., carbon
sequestration).

This report provides a variety of measures of the Sargasso Sea’s economic value and impact, especially
net and gross revenues associated with ecosystem services supported by the sea. Measures of net revenues
capture the net benefit of a resource to society. Gross revenues capture important measures of economic
activity and impact. Gross revenues support local taxes, income, and jobs. (Note: gross and net revenues
are not the same and cannot be added together.)

We present an initial and admittedly incomplete picture of the economic contribution of the Sargasso Sea
with a focus on the services provided by the sea’s offshore ecosystems. Our findings provide estimates for
only a selection of the ecosystem services known to depend on a healthy Sargasso Sea and do not reflect
the complete and total net value or economic impact of these services.

A suite of ecosystem services can be tied to the ecological conditions and health of the Sargasso Sea and
are directly beneficial to human activities. These services include

* Provisioning services, such as commercial fishing.

¢ Cultural services, such as tourism in Bermuda, sport and recreational fishing, education, and
turtle, bird, and whale watching; and

* Regulating services, such as carbon sequestration and coastal erosion prevention.

In addition, the Sargasso Sea has an economic value because of its existence as a unique ecosystem and
home to rare and charismatic species. Moreover, the relatively remote nature of the Sargasso Sea, free
from many terrestrial impacts, generates opportunities for research that are not found elsewhere. We
include these research values as part of our assessment of educational values.

We find the following:

* The economic importance of the Sargasso Sea is significant. Economic expenditures and
revenues directly or potentially linked to the Sargasso Sea total anywhere between tens to
hundreds of million dollars a year.



The greatest economic impacts associated directly with the Sargasso Sea come from
commercial fishing of pelagic species (gross landed value of approximately $100 million/year)
and eel fishing ($66 million/year).

Very large gross expenditures are potentially linked to the Sargasso Sea from whale
watching in other parts of the Atlantic Ocean (estimated at nearly $500 million/year). The
proportion of these expenditures that are dependent on the ecological condition of the Sargasso
Sea could not be estimated.

A healthy Sargasso Sea benefits human activities and people who live within the Sargasso
Sea region, especially in Bermuda. That country receives direct economic benefits from whale
watching, commercial and sport fishing.

The Sargasso Sea also benefits people of other regions of the world. In particular, European
fishers benefit from eel fishing (receiving approximately 90% of estimated total gross eel-fishing
revenues); North American fishers also benefit from this activity. Recent estimates by Sumaila et
al. (2014) suggest that fishing vessels from the Americas also benefit from commercial fishing in
the Sargasso Sea (more than 66% of the estimated total landed value for the Sargasso Sea). North
American businesses and tourists receive most of the benefits of whale watching in other seas
(about 95% of the total value estimated). Central and South American communities as well as the

Caribbean nations benefit from revenues generated by turtle watching. Estimates of this
activity’s economic impact exceed $15 million/year at selected locations, but the share of this
value attributable to the Sargasso Sea remains unquantified.

The Sargasso Sea is a central element in the North Atlantic marine ecosystem and contributes to the
production of ecosystem services that are enjoyed locally and throughout the Atlantic nations. The sea
also generates nonuse and regulating services that benefit people globally. Our findings of the
potentially large economic value and economic impact of the services provided by a healthy
Sargasso Sea ecosystem call for the active management of this ecosystem. These findings also show
that protecting the Sargasso Sea is not solely in the interest of the inhabitants of Bermuda. Better
management of the Sargasso Sea would benefit people and businesses around the globe, in
particular, in North America (whale watching), Europe (eel fishing), and elsewhere in the Americas
(commercial fishing).

Many components of the economic value and impact of Sargasso Sea ecosystem services remain
unquantified, including

* The role of the Sargasso Sea in supporting bird life enjoyed by bird watchers and to sea life
viewed by scuba divers, snorkelers, and others;

* The economic value of the contribution of Sargassum to beach creation and shoreline
protection, carbon sequestration, oxygen production, and biodiversity protection;

* The cultural values of organisms that depend on the sea, such as those of eels to Nordic
peoples; and

* The existence value of the organisms that live in or depend on the Sargasso Sea. These
organisms include rare or threatened species like whales, turtles, sharks, and emblematic species
(e.g., anglerfish), all of which may be valued for their mere existence and may increase the
existence value of the Sargasso Sea as a unique ecosystem. Other organisms may provide
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ecosystem functions or services that are still undiscovered. These values have yet to be
quantified.

Strengthening integrated biophysical and socio-economic research is important for improving the long-
term protection and management of the Sargasso Sea. The ecosystem functions of the Sargasso Sea and
their role in producing and sustaining ecosystem services are still poorly understood, as are human
impacts on the ecological health and function of the Sargasso Sea, which affect ecosystem services and
thus people. Understanding of the value and economic impact of better management will require better
economic and ecological data and a more holistic scientific understanding of the integrated relationship
between people and the Sargasso Sea ecosystem. The importance of improved data and understanding is
underscored by the potentially large amount of economic activity and value that may be tied to the health
of the Sargasso Sea ecosystem and by the potentially large economic benefits of improved management.
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INTRODUCTION

Objectives of the Report

The Sargasso Sea is both ecologically and economically important (Laffoley et al. 2011). However,
quantifying the economic contribution of the Sargasso Sea remains a challenge because this ecosystem
lacks official boundaries and because it is remote from most human settlements. Although the Sargasso
Sea includes Bermuda and the Bermudian Exclusive Economic Zone (EEZ), much of its waters lies in an
area beyond national jurisdictions (ABNJ), known as the high seas. Ocean currents, global biochemical
cycles, and wide-ranging ecological processes mean the ecological and human influence of the Sargasso
Sea is felt within and well beyond its dynamic boundaries.

High-seas ecosystems generate a variety of goods and services that benefit people. These goods and
services, often referred to as ecosystem services, provide outputs that are commercially important (e.g.,
commercial fish stocks, tourism that depends on wildlife viewing) and some that are both commercially
important and that also provide important recreational opportunities (e.g., recreational fishing). These
ecosystems also support many ecological functions that are essential in the support of human life (e.g.,
oxygen production and carbon capture and storage). High-seas ecosystems have proved to be places that
abound in genetic diversity and biological compounds that may yield new chemical and pharmaceutical
products.

This report summarizes the state of knowledge about key, quantifiable ecosystem services that depend, in
part or as a whole, on the Sargasso Sea ecosystem—in particular, key ecological connections between the
Sargasso Sea and human activities. The report also provides the best available information about the
potential economic magnitude or nature of the sea’s ecosystem services.' In this report, the focus is
primarily on the economic activity generated by the offshore ecosystems of the Sargasso Sea (i.e., no
coastal ecosystems and corals are included). Finally, findings highlight critical gaps in our understanding
of the economic services of the Sargasso Sea that need to be filled to help inform the sea’s management.

A Basic Framework for Quantifying Ecosystem Services in the Sargasso Sea

The high seas, defined as the water column outside areas of national jurisdiction, cover 64% of the total
surface of ocean and seas (Druel 2011). High-seas areas are increasingly used for industrial activities that
do not rely directly on ecosystem conditions but that can negatively affect ecosystem health.' These
activities include maritime transport, communication cables, and offshore oil extraction. In the future,
offshore mining might also affect high seas. The high seas sustain living resources that support market-
based activities (e.g., fishing and tourism) as well as non-marketed activities (e.g., carbon sequestration,
shoreline protection). The economic value of these living resources is not always known, particularly
when the resources support activities that lie outside of markets or activities that take place far from the
high-seas areas. As a result, it is often difficult to fully assess the economic consequences of increased
industrialization, pollution, overfishing, and other high-seas environmental stresses.

This report uses an ecosystem services approach to describe and quantify the economic contribution of
ecosystem functions and the living resources that depend on the Sargasso Sea. This approach is well
established in both the literature and international initiatives, including the Millennium Ecosystem
Assessment (MA 2005) and The Economics of Ecosystems and Biodiversity (TEEB 2010b).

The basic ecosystem services approach treats ecosystems as nature’s factories that can produce goods that
are directly used by human activities or that can support ecological functions that in turn affect other

! Unless otherwise noted, all economic information is adjusted to 2012 U.S. dollars to account for inflation.
! Ecosystem health is defined as the capacity of ecosystems to function in a way that is sustainable and near optimal levels.



goods and services that people enjoy. Ecosystem services are defined as the benefits of nature to
households, communities, and economies (Boyd and Banzhaf 2007).

Some ecosystem services in the high seas may be harvested directly (e.g., fish and seaweed). In other
cases, high-seas ecosystems may act as an intermediate element in the production of ecosystem services,
for instance, when a high-seas ecosystem supports only part of the life cycle of organisms that ultimately
are enjoyed elsewhere (e.g., eels spawned in the Sargasso Sea are harvested in North America and
Europe). High-seas ecosystems may also be part of larger oceanic processes whose ecological and
environmental outcomes affect human well-being globally (e.g., carbon sequestration), including
regulating and supporting services that remain poorly understood and difficult to value.

This report summarizes existing information on marine ecosystem services that

* depend primarily on the offshore ecosystem of the Sargasso Sea,

* have a clear ecological connection to the Sargasso Sea,

* correspond to well-defined constituencies and user groups, and

* are likely to be threatened, in an obvious way, by degradation of the health of the Sargasso Sea
ecosystem.

The Sargasso Sea supports all of the four principle classes of ecosystem services described by the MA:
provisioning services such as food, water, fishing; regulating services that affect climate, floods, disease,
wastes, and water quality; cultural services that provide recreational, aesthetic, and spiritual benefits; and
supporting services, such as soil formation, photosynthesis, and nutrient cycling (MA 2005).> NOTE: The
Sargasso Sea provides all these types of services, but because of data limitations, economic information is
provided only for selected ecosystem services.

UNDERSTANDING THE HUMAN BENEFITS OF THE SARGASSO SEA: AN ECOSYSTEM SERVICES
APPROACH

The Sargasso Sea Ecosystem

The Sargasso Sea lies within an oceanic gyre of the western central Atlantic Ocean between
approximately 25 degrees and 75 degrees west longitude and between 20 degrees and 40 degrees latitude
(Figure 1). Unlike other seas, the Sargasso Sea is defined by currents rather than coastline: the Gulf
Stream to the west, the Canary Current to the east, the North Atlantic Drift to the north, and the Antilles
Current to the south. The Sargasso Sea Study Area, as defined by the Sargasso Sea Alliance, lies within
this large sea. The study area covers 4 million square kilometers (km?), an area equivalent to the 28
member states of the European Union.” Bermuda is the only inhabited island fully within the Sargasso
Sea Study Area.

2 For marine ecosystem services, there are many other classification systems (Costanza et al. 1997; Pimentel et al. 1997; Ewel et
al. 1998; Moberg and Folke 1999; Holmlund and Hammer 1999; de Groot et al. 2002; MEA 2003; Hein et al. 2006; Fisher et al.
2009; TEEB 2010a; Haines-Young and Potshin 2010).

3 See http://www.insee.fr/fr/themes/tableau.asp?reg_id=98&ref id=CMPTEF01125.

























































Very large gross expenditures are potentially linked to the Sargasso Sea from whale
watching in other parts of the Atlantic Ocean (estimated at nearly $500 million/year). The
proportion of these expenditures that are dependent on the ecological condition of the Sargasso
Sea could not be estimated.

A healthy Sargasso Sea benefits human activities and people who live within the Sargasso Sea
region, especially in Bermuda. That country receives direct economic benefits from whale
watching and from commercial and sport fishing.

The Sargasso Sea also benefits people of other regions of the world. In particular, European
fishers benefit from eel fishing (receiving approximately 90% of estimated total gross eel-fishing
revenues); North American fishers also benefit from this activity. Based on recent estimates by
Sumaila et al. (2014), fishing vessels from the Americas also benefit from commercial fishing in the
Sargasso Sea (more than 66% of the estimated total landed value for the Sargasso Sea). North
American businesses and tourists receive most of the benefits of whale watching in other seas (about
95% of the total value estimated). Central and South American communities as well as Caribbean
nations benefit from revenues generated by turtle watching. Estimates of this activity’s economic
impact exceed $15 million/year at selected locations, but the share of this value attributable to the
Sargasso Sea remains unquantified.

The Sargasso Sea is a central cog in the North Atlantic ecosystem and a key element in the production of
ecosystem services throughout the region. The Sargasso Sea produces ecosystem services that are enjoyed
locally and throughout the Atlantic nations; it may even generate non-use and regulating services that
benefit people globally. Our estimates of the economic value and impact of the services provided by a
healthy Sargasso Sea support the call for the active management of this ecosystem. They also show that
protecting the Sargasso Sea is in the interest of the inhabitants of Bermuda and of organizations and
inhabitants from other continents.

Many components of the economic value and impact of Sargasso Sea ecosystem services are as yet
unquantified. These include inter alia:

The role of the Sargasso Sea in supporting bird life enjoyed by bird watchers and sea life viewed
by scuba divers, snorkelers, and others;

The economic value of the contribution of Sargassum to the creation of beaches and shoreline
protection, carbon sequestration, oxygen production, and biodiversity protection;

The cultural values of organisms that depend on the sea, such as those of eels to Nordic
peoples;

Passive use values, including the existence of charismatic species and rare or threatened species
like whales, turtles, sharks, and emblematic species (e.g., the Sargassum anglerfish) as well as
potential option values for organisms that are as yet undiscovered.

The existence value of the organisms that live in or depend on the Sargasso Sea, including rare or

threatened species like whales, turtles, sharks, and emblematic species (e.g., anglerfish). All of
these organisms may be valued for their mere existence and may add value to the existence value
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of the Sargasso Sea as a unique ecosystem.”* Other organisms may provide ecosystem functions
or services that are still undiscovered. These values have yet to be quantified.

Given the potentially large amount of economic activity and value that may be tied to the health of the
Sargasso Sea ecosystem and the potential economic benefit of improved management, the scientific
community will need to increase its empirical understanding of the economic values of the Sargasso Sea
and its ecosystem goods and services. In addition to carrying out research on the missing components of
the total economic value of the Sargasso Sea, additional work is required to improve the values estimated
in this report. Table 7 highlights possible areas for further research that would help provide more robust
estimates of economic values.

# For instance, American families were willing to pay $73 per household to help the recovery of the North Pacific right whale
(Lew and Wallmo 2011).
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Table 7. Potential Candidate Areas for Further Research on Economic Values and Impacts of the

Sargasso Sea.

Ecosystem service provided by the
Sargasso Sea
Eel fishing

Commercial fishing

Recreational fishing and sport fishing

Whale watching

Turtle watching

Research and education activities

Existence and cultural values for...

Main focus of further research

Costs of eel and glass eel fishing
Contribution of eels to Asian and European aquaculture

Distribution of revenues and profits from fish depending on the
Sargasso Sea, caught in the Atlantic (per species and per country)

Expenditures and profits for the species linked to the Sargasso Sea
(per species/per country)

Consumer surplus associated with specific species dependent on
the Sargasso Sea

Economic impact, profit, and consumer surplus of the whale
watching industry with a focus on Sargasso Sea—dependent whales
Expenditures, profits, and consumer surplus for turtle watching in
North America with a focus on turtles dependent on the Sargasso
Sea

Budget allocated by countries to research projects linked (directly
and indirectly) to the Sargasso Sea
Economic impact of research and education activities in Bermuda

Use and value of research emanating from the Sargasso Sea

Eels, scombrids and billfish, whales, sea turtles

Researchers are only now beginning to realize the potential economic importance of high-seas
ecosystems, the economic costs of failing to manage them, and the value of better management. This
report merely scratches the surface of the economic importance of the Sargasso Sea.

23



GLOSSARY
Consumer surplus: The difference between what one pays for a good or service and what one
is willing to pay.

Economic impact: Represents a measure of economic activity other than net value and can
include gross revenues, jobs, and wages.

Economic value: Represents the net economic improvement in human well-being and is
commonly measured by contributions to consumer surplus, producer surplus (e.g., rent), or
the combination of the two, which is known as “net social surplus.”

Ecosystem services: Benefits of nature to households, communities, and economies
(Boyd and Banzhaf 2007).

Ecosystem functions: Can be defined as ecological processes. They allow for ecosystem
services provision and contribute indirectly to human well-being. Primary productivity and
water cycle are examples of ecosystem functions.

Ecosystem services approach: Can be defined as a framework that includes computing monetary
values of ecosystem services to integrate these values in global economic assessments (Armstrong
etal. 2010)

Gross revenues: Total amount of money generated by an activity. Gross revenues differ
from net revenues. Net revenues are equal to gross revenues less activity costs and subsidies.

Human well-being: Broadly measured by material life conditions (e.g., income, housing) and
general quality of life (health status, environmental quality, personal security). See
http://www.oecd.org/statistics/ OECD-ICW-Framework-Chapter2.pdf.

Producer surplus: The difference between what a producer receives for a good or service and
the minimum amount that producer would be willing to accept to produce the same good or
service.

Total economic value: “A framework for considering various constituents of value, including

direct use value, indirect use value, option value, quasi-option value, and existence value”
(TEEB 2010b).
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