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a b s t r a c t

This study examined how the United States’ National Oceanic and Atmospheric Administration (NOAA)

has begun to implement and change its management strategy towards one of an ecosystem approach to

management (EAM). In 2005, surveys were conducted with NOAA scientists and resource managers in

nine NOAA programs in eight geographic regions across the United States. We quantitatively examined

temporal and spatial trends in NOAA’s EAM project implementation. Through a qualitative analysis of

the data, we identified important lessons learned, best practices, and challenges of NOAA EAM projects.

A content analysis identified three of the most frequently provided ‘‘success strategies’’ and include: (1)

encouraging collaborations, (2) utilizing multidisciplinary approaches, and (3) identifying common

priorities among constituents. We conclude with recommendations for initiatives that NOAA, and

others interested in EAM, can undertake to facilitate further ecosystem management opportunities.

& 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The demand for marine natural resources is increasing as
human populations continue to grow, challenging conventional
approaches to marine resource management that were not
previously anticipated [1,2]. These challenges have prompted
resource managers to develop a more holistic approach towards
managing resources, one that incorporates both the entire
ecosystem and human resource use into their management
strategies [4]. Ecosystem approaches to management (EAM) has
been heralded as the expansive approach to resource manage-
ment to meet this challenge [3,4]. EAM is advantageous because
when marine resource managers understand the complex eco-
logical and socioeconomic environments in which marine eco-
systems must be managed, they may be able to anticipate the
effects that management will have on the ecosystem.

Due to the differing values of those who use or define EAM,
along with the intrinsically broad nature of EAM, definitions of
this concept vary. Grumbine [4] defines the main tenet of this
strategy as one which ‘‘integrates scientific knowledge of
ecological relationships within a complex sociopolitical and
values framework toward the general goal of protecting native
ecosystem integrity over the long term’’ [4]. A major goal is the
ll rights reserved.
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ability to maintain productive, resilient, and healthy resources, the
maintenance of natural processes and evolutionary potential,
species, and habitat types, while incorporating the needs of
humans and a realistic scientific and sociopolitical view of
management (Table 1) [4–8]. The prerequisites in meeting this
goal require a clear definition of both the components of the
ecosystem to be managed and the desired end conditions for
those components.

Prompted by the Rio Summit in 1992, and born of the
Interagency Ecosystem Management Task Force (IEMTF) [9], the
United States federal government established an ecosystem
management initiative for public lands/waters to foster ecologic
and economic sustainability [9–12]. Specifically, the IEMTF called
for agencies of the federal government to adopt a proactive
approach to ensure a sustainable economy and environment
through principles of ecosystem management. At the time,
EAM was not fully implemented within many federal environ-
mental management strategies even though the concept had been
well used in scientific, state, and local resource management
communities [4].

From the IEMTF, the National Oceanic and Atmospheric
Administration (NOAA) was one of 13 federal agencies that
committed to EAM in 1993 [11]. NOAA, in the US Department of
Commerce, conducts research and gathers data about the global
oceans, atmosphere, space, and sun. NOAA services are provided
by five major organizations and numerous special program units:
the National Weather Service (NWS), the National Ocean Service
(NOS), the National Marine Fisheries Service (NMFS), the National
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Table 1
Some of the substantive changes between traditional resource management and

ecosystem approaches to management (EAM)

Ecosystem approaches to management: a paradigm shift

Traditional management EAM

Localized geographic scale Multiple scales

Individual species Multiple species and entire ecosystems

Short- to median-term perspectives Long-term perspective and

intergenerational sustainability

Humans impacts considered by

individual sectors

Humans an integral part of ecosystems

Management not integrated with

research

Adaptive approach to management of

complex systems

Managing commodities Sustaining production potential for goods

and services

Based on Refs. [31,32].

Table 2
The four NOAA divisions (line offices) that provided responses (n ¼ 57) to the EAM

survey, their respective focus within NOAA’s mission and the percent of the total

number of EAM projects reported

Division Focus %

EAM

National Marine Fisheries

Service (NMFS)

Conserves, protects, and manages living marine

resources

42

Ocean and Atmospheric

Administration (OAR)

Create environmental products and services

related to climate, air, weather, coastal, and

oceanic prediction and management

26

National Marine Sanctuary

Program (NMS)

Manages and protects 13 sanctuaries and one

coral reef ecosystem reserve in the USA

12

National Ocean Service

(NOS)

Measures and predicts coastal and ocean

phenomena, protects large areas of the oceans,

works to ensure safe navigation, and provides

tools and information to protect and restore

coastal and marine resources

19
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Environmental Satellite, Data and Information Service (NESDIS),
and the Office of Oceanic and Atmospheric Research (OAR). Each
of these divisions uniquely contributes towards NOAA’s execution
of EAM by conducting varying components of ecosystem research
(Table 2). NOAA’s implementation of EAM represents not only a
shift in the tools and techniques used to manage marine resources
but also a reorientation of NOAA’s collaboration with other
agencies and partners. The difficulty in this shift is at least
partially due to the fact that NOAA is a mission-driven federal
agency with dual responsibilities which range from regulating
and promoting commerce, to preserving and conserving (Table 2).
For example, NOAA is legally mandated to fulfill the require-
ments of the Magnuson Stevens Fishery Conservation and
Management Act (MSFCMA). This act carries the charge of both
‘‘management and conservation,’’ and to ‘‘enhance development’’
of domestic US fisheries. These dual responsibilities, like many
federal regulatory agencies face, are made especially difficult in
the face of our limited knowledge in regard to marine ecosystem
dynamics.

NOAA has already begun the transition towards EAM, most
notably in its adoption of ecosystem-based fishery management
(EBFM), as mandated by the 1996 Sustainable Fisheries Act (SFA)
amendments to the Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA) [14,15]. However, the implementa-
tion of EAM spans outside of just fisheries management and
encompasses areas of resource management that are often
secondarily ranked. The long-term success of EAM will depend
on NOAA’s ability to sustain a credible ecosystem science
enterprise while supporting legislative mandates that it must
fulfill. In examining NOAA’s progress in implementing EAM, we
seek to provide information that may be valuable to other
agencies wishing to incorporate EAM into their management
strategies.

This paper will discuss how NOAA operationalizes EAM to
meet the challenge of both environmental protection and
regulation. The goal of our study is to identify the challenges
NOAA faces in implementing EAM and provide examples of some
of the policy tools and multidisciplinary collaborations which
form NOAA’s EAM effort. We study NOAA’s progress in imple-
menting EAM as an example of a large multidisciplinary agency
that may represent many of the challenges other large agencies
face. As noted by others [13], EAM implementation is not the
same as policy adoption, and NOAA has, like other large federal
regulatory agencies, faces challenges in incorporating new
practices in its management style and on-the-ground policy
approaches.

1.1. Context of NOAA’s EAM policy

In 2004, NOAA renewed its effort to evolve its management
towards EAM. This renewed interest was at least partially in
response to the United States Ocean Action Plan (USOAP) [16],
which firmly endorsed the importance of focusing on EAM. Much
as Gore’s Interagency Task Force predicted in 1995 [12], the
USOAP prescribes that if EAM is not undertaken, then manage-
ment of the nation’s coastal and marine resources will continue to
be insufficient to handle the current and future stressors [16]. In
accordance with the USOAP, NOAA’s 2004 Strategic Plan began a
more comprehensive plan towards incorporating specific gui-
dance for an EAM approach [17]. NOAA defines an ecosystem
approach to management (EAM) as:

An ecosystem approach to management (EAM) is one that
provides a comprehensive framework for living resource
decision marking. In contrast to individual species or single
issue management, EAM considers a wider range of relevant
ecological, environmental, and human factors bearing a
societal choices regarding resource use.

EAM is differentiated from more narrowly focused manage-
ment by a number of defining characteristics: EAM is (1)
geographically specified, (2) adaptive in its development over
time as new information becomes available or as circum-
stances change, (3) takes into account ecosystem knowledge
and uncertainties, (4) considers the fact that multiple simulta-
neous factors may influence the outcomes of management
(particularly those external to the ecosystem), and (5) strives
to balance diverse societal objectives that result from resource
decision making and allocation. Additionally, because of its
complexity and emphasis on stakeholder involvement, the
process of implementing EAM needs to be (6) incremental and
(7) collaborative [17,18].

The monitoring, research, and advisory services that comprise
the ecosystem science at NOAA are implemented to meet the
many statutory mandates for aquatic resource and coastal
management for which NOAA is responsible. Within the marine
management community, the gradual incorporation of ecosystem
perspectives into natural resource policies has culminated in a
formal embrace of ecosystem management by NOAA. As the
implementation of EAM at NOAA becomes more ubiquitous and
better integrated into management strategies, we expect further
clarification of the goals of NOAA EAM projects, along with a
construction of a better scientific foundation for management
decisions. NOAA’s progress towards implementing EAM more
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effectively provides insight for local, regional and international
agencies interested in natural resource management into the
challenges and lessons learned by a multidisciplinary and multi-
faceted agency.
2. Methodology

In 2005, NOAA asked the nine programs that are uniquely
associated with the ecosystem science and management within
NOAA to participate in a survey of the initiatives that constitute
ecosystem approaches to management. The survey was comprised
of one categorically based question and 12 open ended questions,
and was directed to middle and upper managers, and field
scientists involved in integrated management (Appendix). At the
time of the survey, NOAA did not have a written EAM execution
policy on how to plan or implement ecosystem approaches.
Therefore, the survey participants were provided with the work-
ing NOAA definition of EAM and asked to submit input on efforts
which involve ‘‘the integration of various components of EAM
while taking a holistic view of a specified geographic area,
involving multiple disciplines, sectors (e.g. fisheries, coastal
management, water quality, habitat, etc.) and partners’’. A pilot
survey was performed on a subsample of participants and results
from the survey were used to identify potential biases in the
survey. Three initiatives from the pre-test were provided to survey
respondents to use as examples of the level of depth we sought
from the responses.

The final survey questions solicited information specific to
NOAA’s ecosystem-related activities that met the current NOAA
EAM definition, or activities utilizing many of the characteristics
of EAM as defined by NOAA. The survey sought to:
1.
 identify and quantify how NOAA temporally and spatially has
distributed its EAM efforts,
2.
 quantify and highlight the resources and partners NOAA
employs in these efforts, and
Fig. 1. NOAA survey response of EAM
3.
act
qualify and describe the lessons learned and best practices
from NOAA’s past and present experiences in implementing
EAM.
Survey responses were included without judging if the submitted
EAM initiative truly reflects an ecosystem approach.

We present both quantitative and qualitative analyses of the
survey results. The quantitatively analyzed results focus on
identifying patterns in EAM initiative decision-making structure,
budgetary and collaborative mechanisms, the total spatial scale of
projects, and the total number of employees dedicated to each
EAM project. Statistical analyses on survey data were analyzed
using software SPSS 12.0.2 [19] and results were considered
significant at pp0.05. A quantitative examination of spatial and
temporal patterns in EAM project implementation was conducted;
Chi-square tests were used to identify statistically significant
relationships between projects in various geographic regions and
the NOAA division organizing the initiative (e.g. NMFS, OAR, NOS).
Linear regression analyses were used to identify if any relation-
ships existed between the amounts of funding available for an
EAM project, the spatial scale, or length of time the EAM project
had been implemented.

The qualitative analysis utilizes a content analysis to describe
the lessons learned from NOAA’s experiences in implementing
EAM. The content analysis method examined the large amounts of
textual information from the survey and systematically identifies
its properties, e.g. the frequencies of most used keywords by
detecting the more important structures of its communication
content. The results of this analysis identified three measures
which were consistently mentioned across geographic regions and
among both middle and upper level management. Additionally,
using a content analysis of key words/phrases from the survey
responses, we grouped responses by ‘‘success strategies’’ that
were identified in implementing an EAM project. The eight eco-
regions included in this study are the: Northeast U.S. Continental
Shelf, Southeast Continental Shelf, Gulf of Mexico, California
ivity per eco-region (n ¼ 66).
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current, Alaska ecosystem complex, Pacific Islands, Great Lakes,
and the Caribbean ecosystem (Fig. 1).
Fig. 2. The number of EAM initiatives reported in the survey per NOAA program

(e.g. line office). Numbers in parentheses represent FY05 budget in millions that

was dedicated to ecosystem-related programs or research.
3. Results and discussion

3.1. Quantitative analyses

3.1.1. Regional activities and spatial distribution

From the programs who participated in the NOAA EAM survey,
66 regional activities were identified within NOAA’s eight eco-
regions (Fig. 1). The Gulf of Mexico region yielded the highest
number of EAM initiatives (20%), followed by the Northeast (18%).
The Great Lakes contain 12% and the Pacific Islands contained 13%
of NOAA’s EAM activities. Eleven percent of the EAM efforts
spanned across multiple regions and therefore were categorized
as national efforts due to their broader scope (i.e. habitat
conservation initiatives and marine protected areas).

A significant portion of the EAM activities reported in the Gulf
of Mexico and Great Lakes regions are likely due to specific
recommendations made in the 2004 USOAP. The USOAP mandates
regional cooperation at an interagency and international level.
One indirect result of this mandate was Executive Order (EO)
13340, which established the Regional Collaboration of National
Significance for the Great Lakes (2004) [20]. This EO acknowl-
edges the national significance of the Great Lakes and directed
federal agencies to create policies and strategic management
plans for the Great Lakes system. The Administration also
committed to supporting a regional partnership in the Gulf of
Mexico for increased integration of resources, knowledge and
expertise to enhance ecological and economic health of the Gulf of
Mexico [20]. The regional partnership resulted in the creation of
the Gulf of Mexico Alliance whose objective was to provide an
integrated management approach for the Gulf of Mexico led by
surrounding states.

In addition to examining if EAM projects were conducted in
specific geographic regions, we also calculated the average
duration of existing EAM projects. The largest proportion of
EAM projects were begun approximately 7 years ago (range
0.6–25 years). However, it should be noted that earlier EAM
projects that incorporated regional cooperation and the human
element may have been implemented into past management
plans, but may not have been previously defined as EAM per se.
The spatial scale of EAM projects widely varied, with some survey
respondents reporting EAM efforts in patches as small as 14.6 km2

and as large as 14,425,000 km2 (mean ¼ 702,736.25 km2). One of
the spatially largest projects identified was an international
collaboration made of 25 nations, along with numerous US
agencies, of which NOAA is one, that make up the Antarctic
Marine Living Resource Program (AMLR). The AMLR Program
emphasizes research to manage the Antarctic marine living
resources from an ecosystem perspective. The principal mission
of NOAA’s AMLR research component is to collect the scientific
information needed to detect, monitor, and predict the effects of
harvesting and associated activities on target, dependent, and
related species and populations of the Antarctic. Similar to the
purpose of establishing the Great Lakes EO, Congress established
the AMLR after the creation of the Antarctic Marine Living
Resources Convention Act of 1984. The program fulfills the
responsibility the United States assumed by signing the Conven-
tion of the Conservation of Antarctic Marine Living Resources
(CCAMLR) in 1982, part of the Antarctic Treaty system. This treaty
specifically requires the use of an ecosystem approach and
symbolizes one of NOAA’s most successful EAM endeavors. This
project has been successful implementing an ecosystem approach
not only because it focuses on regulating fishing for certain
species, but it also aims to ensure that fishing does not adversely
impact other species that are related to, or dependent on, the
target species. For example, while krill harvesting is regulated and
monitored directly, CCAMLR also seeks to monitor the potential
effect which harvesting may exert on species that either eat krill
or which in turn are eaten by krill predators. CCAMLR therefore
seeks to preserve the ‘‘health’’ of the ecosystem by setting
conservative (i.e. precautionary) krill catch limits to take account
of the needs of associated species in a manner which preserves
the ecological sustainability of all the species concerned.

In examining how NOAA divides its EAM efforts within some of
the multiple divisions which make up NOAA’s ecosystem enter-
prise, NMFS reported the largest number of projects focusing on
EAM (n ¼ 24); NOAA’s OAR had the second largest number of EAM
projects (n ¼ 15). NOAA’s NOS (n ¼ 9) oversaw a number of
projects in programs ranging from the National Marine Sanctuary
Program (NMS) (n ¼ 7), to the Emergency Response Division
(ERD) (n ¼ 2) (Fig. 2). The number of EAM projects reported by
NOAA divisions partially corresponds to NOAA’s 2005 budget
towards all ecosystem-related research activities. NMFS by far has
the largest share of the 2005 NOAA’s total budget for all
ecosystem-related research (58%), of which EAM efforts would
be a part [21]. In addition, NMFS has been developing EBFM for
many years prior to the USOAP’s call for a greater commitment
towards EAM. This in effect has given NMFS a ‘‘leg-up’’ in
beginning the transition of this management strategy because of
statutory mandates requiring EBFM. NOAA’s NOS oversaw 30% of
NOAA’s ecosystem budget, and Oceanic and Atmospheric Research
receives 11%, of NOAA’s total ecosystem-related budget [21]. A
Chi-square test indicated that there were no statistically sig-
nificant relationships between geographic regions and the NOAA
division (e.g. NMFS, OAR, NOS) that organized the project
(w2
¼ 78.30, d.f. ¼ 63, sig. ¼ 0.093). This indicates that no single

geographic region appears to be the focus of NOAA’s EAM efforts.
3.1.2. Resources and partners

NOAA dedicates almost a fourth of its annual budget to
ecosystem research, observation, and management activities
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($1.3 billion in 2005) [21]. The mean number of full time
equivalent (FTE) workers dedicated to EAM projects as reported
in the 66 initiatives include 8.4571.0 persons. A Pearson’s
correlation test indicated the number of personnel in any given
program was linked to the number of initiatives the agency
reported in the survey (r2

¼ 0.52, d.f. ¼ 46, sig. ¼ 0.05). Predic-
tably, the number of personnel dedicated to EAM projects was
also directly correlated to the total funding dedicated to the
project (r2

¼ 0.48, d.f. ¼ 28, sig. ¼ 0.02). Total funding for projects
funded by different divisions within NOAA correspond to the
amount each agency receives from NOAA’s total ecosystem-
related budget. There was no correlation between the amount of
funding, or number of FTE’s dedicated to EAM projects based on
geographic location, respectively. A linear regression indicated
no relationship between the amount of funding available
and the spatial scale of the EAM project (F ¼ 0.92, d.f. ¼ 10,
sig. ¼ 0.98). There also was no predictive relationship between the
number of years an EAM project had been implemented with its
level of funding (F ¼ 3.32, d.f. ¼ 27, sig. ¼ 0.080). This may be a
function of earmarks designated for some of these projects, and
not necessarily the emphasis NOAA has placed on regional
management.

The number and type of collaborations and partnerships that
NOAA employed in its EAM efforts also significantly varied.
Seventy percent (n ¼ 41) of participants reported projects with
strong collaborative ties to cities, counties, tribes, local watershed,
international organizations, non-governmental organizations
(NGO) and stakeholder groups (Fig. 3). The most common types
of collaboration reported in EAM projects were those with
researchers located within other NOAA divisions and programs
(95% of collaborations), followed by those with State programs
(71%). A Pearsons bivariate correlation test indicated that NOAA
programs that collaborated with State programs also were highly
likely to collaborate with local programs (r2

¼ 0.49, d.f. ¼ 41,
sig. ¼ 0.001). Similarly, those projects that collaborated with State
programs also tended to be projects that collaborated with both
other Federal agencies outside of NOAA (r2

¼ 0.37, d.f. ¼ 41,
sig. ¼ 0.02), and international collaborators (r2

¼ 0.34, d.f. ¼ 41,
sig. ¼ 0.03).
NOAA
State
Local
NGO
Other Fed
University
International
Other

5.23%
6.4%

8.72%

16.28%

14.53% 8.72%

16.86%

23.26%

Fig. 3. Percent of EAM projects reporting collaborations with various groups

interested in resource management both internal and external to NOAA (n ¼ 41).

‘‘Other’’ represents organizations such as Regional Fisheries Management Councils

and the US State Department.
The quantitative analysis of the regional and financial
commitments, and collaborative efforts in implementing EAM,
demonstrate NOAA’s commitment towards attempting to inte-
grate this management strategy into its ecosystem science
enterprise. However, the true challenge will be how to repartition
resources to continue to expand EAM efforts to other areas within
NOAA within the constraints of funding limitations.
3.2. Qualitative analyses

3.2.1. Successful strategies

The survey asked respondents to list important lessons
learned, best practices, and challenges of EAM projects with
which they were involved. In addition, a content analysis
identified key words from participant responses to identifying
successful aspects of EAM efforts and these were grouped into
themes. The most frequently provided ‘‘success strategies’’
focused on (1) collaborations (n ¼ 46), (2) multidisciplinary
approaches (n ¼ 31), and (3) identifying common priorities
(n ¼ 25), respectively.

3.2.1.1. Collaborations. Collaborations with outside research part-
ners as well as cooperation with local communities are constantly
being developed and expanded at NOAA. Experience in sustain-
able development and ecosystem management projects has
shown that if local communities are not actively involved,
constituents may lose interest, or assume that activities are being
imposed upon them [7]. Successful EAM depends on partnerships
between the different users and beneficiaries and must be
established between different sectors and stakeholders. Networks
and partnerships between government agencies, NGO’s, interna-
tional organizations and funding agencies are one of the most
effective means of accumulating a broad information base that
can assist in making management decisions. Survey respondents
recommended implementing EAM on a broader scale and the
need to develop more formal mechanisms to ensure effective
coordination across NOAA programs or with partners at the re-
gional level. Formal mechanisms may facilitate a more consistent
regional organization structure and recognize the fact that no
single NOAA program or external partner is capable of providing
the comprehensive ecosystem science required for fully im-
plementing EAM. Developing partnerships with local commu-
nities and other stakeholders should be one of the aims of future
EAM activities. Everyone who has experience with the cooperative
process has noted that the work is not easy, and many of the
problems stem from not recognizing unequal power distributions
are a source of tension. Experience has shown that success hinges
on equalizing the power dynamic between groups [4]. To assist in
negotiation cooperation, we recommend that leadership should
continue with its practice of serving as the role of facilitator rather
than the traditional chairperson role [25]. In addition, an under-
standing of how and why people make decisions, risk assessment,
and institutional diversity were identified by the respondents as
important issues in implementing an ecosystem approach.

NOAA has made strides in developing collaborations by
adopting Integrated Ecosystem Assessments (IEA) as a way to
compile large, complex data sets from both natural and social
scientists into a single assessment, while involving multiple
internally and externally generated sciences. The products from
an IEA include ecosystem models and forecasts (e.g. food web
dynamics and species interactions, population dynamic models,
risk assessment and management strategy evaluations). One large
benefit of IEA is that it consolidates data collected at different
levels both within and outside of NOAA. Collaborators work
closely with NOAA to make data collection consistent. Integrated
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assessment methodology continues to be a powerful tool for
managers because of its ability to incorporate intricate social,
economic, and political regional management into a single
assessment that serves both NOAA and its collaborators. Addi-
tionally, this methodology serves as important vehicle for
identifying the long-term research needs and priorities.

3.2.1.2. Developing additional capabilities. Survey respondents
emphasized the need for multiple disciplines to be involved in
assessing the needs, defining problems, studying alternatives,
proposing solutions, and implementing the best solution within
an ecosystem approach. The technical expertise of implementing
EAM should be inclusive of scientific knowledge of the land–
ocean–atmosphere coupling, environmental policy, politics, social
justice, and psychology, to start. After all, the foundation of EAM is
managing people in the environment, not controlling the en-
vironment.

The majority of projects were found to be heavily weighted
towards monitoring and ecosystem functioning while proposing
relatively limited activities towards understanding society’s
response to the changing ecosystem components, developing
social science methods, and linking the science to policy
implications. The human dimension of governing ecosystems
and conducting ecosystem research is an important factor in
ensuring comprehensive understanding of any ecosystem [16,17].

NOAA’s strength is clearly its strong natural science research
and development capabilities. However, a strong social science
arm that effectively advises natural resource managers as to how
to take into account social aspects into its marine policy is also
clearly needed. More needs to be done to develop and link social
sciences with management [16,25,28]. Tradeoffs among conflict-
ing societal objectives, including conflicts between short- and
long-term governance goals of the ecological, political, and social
factors of resource management are a continuing challenge
[7,18,23]. This is made especially difficult with mounting econom-
ic pressures associated with dwindling and over-exploited
resources, along with legal mandates that tend to have priority
over other management initiatives. Identifying societal objectives
and facilitating their incorporation into decision-making through
an inclusionary and democratic process will facilitate an open
dialogue with constituents [25]. This may be accomplished by
incorporating societal objectives into policy, implementation, and
management decisions; jointly establishing priorities by means
that encourage sustainability and create stewardship behaviors;
and finally, integrating priorities from multiple jurisdictions and
disciplines representative of those affected by the decisions.

3.2.1.3. Identify common priorities. The final major theme identi-
fied from the content analysis focused on the desire to increase
the amount of time and energy needed to improve the amount of
‘‘buy-in’’ or stakeholder commitment of all partners involved.
Survey responses indicate that a common problem is the time-
liness of identifying problems which will allow for more flexibility
in reaching goals, including those operationally defined such as
the budgetary process. This problem can only be overcome by
having NOAA and its stakeholders identify common priorities.

Social science surveys have been employed in the National
Estuarine Research Reserve System (NERRS) to assess stakeholder
perceptions of how successful natural resource management
has been in a regional context. NERRS is a network of 27 areas
representing different biogeographic regions of the United States
that are protected for long-term research, water-quality monitor-
ing, education and coastal stewardship. Established by the Coastal
Zone Management Act of 1972, the reserve system is a partnership
program between NOAA and the coastal states. NOAA provides
funding, national guidance and technical assistance. Each reserve
is managed on a daily basis by a lead state agency or university,
with input from local partners. Reserve staff work with local
communities and regional groups to address natural resource
management issues, such as non-point source pollution, habitat
restoration and invasive species. Through integrated research and
education, the reserves help communities develop strategies to
deal successfully with these coastal resource issues. NOAA-
developed stakeholder assessments have helped to identify
obstacles of the process and clarify where educational and
training resources should be directed. This focus on developing
social science capabilities through NERRS is considered one of
NOAA’s largest success stories in that the framework used by
NOAA to identify priority issues and proposed solutions across
stakeholders has been implemented by using both NOAA’s natural
and social science capabilities.

However, challenges in implementing successful stakeholder
involvement in EAM projects continue to need to be addressed.
Elkhorn Slough Tidal Wetland Plan learned that at various stages
of the process it is important to hold joint meetings so that all
decision-makers can hear the scientific discussions. This strategy
may appear to be time and resource consuming, but proved to be
worthwhile. Participants noted that if the less technical decision-
makers had only received paper reports or presentations from the
scientist then the consensus process would have taken longer.
Joint meetings also forced the scientists to articulate the science
for a broad audience. Another approach entails meeting with
individual stakeholder groups or making the effort to attend
regularly scheduled group meetings to discuss the planning
process. By doing so, NOAA enables allowed stakeholder groups
to get updated on the EAM process and provide feedback. Larger
public meetings are not as successful in accomplishing the level of
detail or afford tailored messages for stakeholder groups.

3.2.2. Survey constraints

Not all programs responsible for ecosystem-related activities
provided responses to the survey. Therefore, although the survey
does provide a glimpse into EAM activity throughout the USA, it is
not an entirely comprehensive analysis of NOAA EAM efforts. The
inventory, however, does afford a glimpse into how field staff
within the regions interpret the NOAA EAM definition. We study
NOAA’s progress in implementing EAM as an example of a large
multidisciplinary agency representing many of the challenges
other large agencies may face. Future studies may wish to
compare how NOAA’s financial and workforce expenditures
compare to other natural resource agencies implementing EAM,
along with a comparison of their EAM performance. Also of
importance will be a latitudinal examination of NOAA’s EAM
efforts under future variation in administration or budgetary
availability.

3.2.3. Future directions and conclusions

Our results indicate progress in putting EAM principles into
practice, but full implementation of ecosystem principles has not
been achieved. Survey respondents noted that management
interventions tend to miss a critical EAM principle, the human
component. Others have noted the immense negative impact
increasing population growth has on natural resources [29].
Ecosystem management strategies require more consideration
of social/cultural conditions, population dynamics, and socio-
economic factors that places pressure on our natural resources.

Ecosystem management principles are implicitly or explicitly
engrained in many of the more than 90 separate pieces of federal
legislation, which give NOAA its stewardship authorities (Table 3).
The evolution of EAM has become better understood in the last
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Table 3
Partial listing of legislative requirements mandating NOAA’s ecosystem science

programs

Atlantic Coastal Fishery Cooperative Management Act

Endangered Species Act

Fish and Wildlife Coordination Act

NAFO Treaty

Magnuson-Stevens Fishery Conservation and Management Reauthorization Act

Clean Water Act

National Environmental Policy Act

Estuary Restoration Act of 2000

National Sea Grant College Program Act

Marine Mammal Protection Act

Coastal Zone Management Act of 1972

Convention for the Conservation of Antarctic Marine Living Resources

International Whaling Commission Treaty

National Marine Sanctuary Act

Coral Reef Conservation Act of 2000

High Seas Fishing Compliance Act

Northern Pacific Halibut Act

Oil Pollution Act

Global Change Research Act

Government Performance and Results Act

Oceans and Human Health Act

Harmful Algal Bloom and Hypoxia Research and Control Act of 1999

National Aquaculture Act of 1980

Ocean Dumping Act

Coastal Wetlands Planning, Protection, and Restoration Act

Pollution Prevention and Control Act

Federal Power Act

Global Change Research Act

ICES Treaty

Atlantic Tunas Convention/International Convention for the Conservation of

Atlantic Tunas
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few years among resource managers and policy-makers. However,
survey results also indicate less support from managers than field
scientists. As respondents mentioned in the survey, the coordina-
tion of vast amounts of ecosystem data is a monumental
endeavor, yet one that is needed in order to make informed
ecosystem management decisions. Along with coordinating
people and information, leveraging funding to support a balanced
research portfolio is complicated through NOAA’s complex
organization and budgeting structure. These concerns must
be both communicated to constituents and coordinated with
strategic planning that involves constituents for effective
implementation.

Another concern is how to operationalize ecosystem ap-
proaches across NOAA programs within legislative authorities.
We believe these concerns are due to the disjointedness between
the planning and execution of programs. This is likely a problem
which afflicts any large agency with long-term planning cycles.
Therefore, the implementation of EAM must heavily rely upon
setting, achieving, and articulating incremental milestones within
an ecosystem management mission. Setting short- and long-term
program goals with clear performance measures, and realistic
outcomes remain a priority for achieving successful EAM.
Dispersal of funding can be difficult among stovepipe organiza-
tional structure that does not have a ‘‘big picture’’ focus. NOAA
continues to improve its use of strategic planning that involve
matrix management and corporate performance measures with
clear targets and indicators among programs sharing a research
focus.

One of the conclusions of this EAM project review is that many
of the challenges NOAA faces are likely to be encountered with
any large management science agency, either domestically or
internationally. Some of these challenges might be rectified by
identifying and strengthening the needed capabilities to deliver
ecosystem science. Empirical research has stated that increased
knowledge alone is not enough to ensure change [26], nor is
knowledge of ecosystem approaches a means to declare EAM
success. Sound science is the cornerstone for EAM but unless the
science can be articulated and packaged in a manner to guide
policy then we risk missing a chance to fully operationalize and
reap the benefits of EAM implementation. An adaptive governance
structure in which policy is not only understood in all levels of
management, but is also given equal priority with legal mandates
is the cornerstone of future success.

EAM is an accepted principle within NOAA, but the full
execution of EAM in NOAA’s daily activities (e.g. balancing natural
and social science research) remains difficult. NOAA’s most recent
changes towards implementing EAM serve as a reminder that
these type of large evolutionary processes often occur in any
management agency over time and that these changes must be
incremental and adaptive in nature. Absent of a comprehensive
legislative mandate to implement EAM, change must come from
the highest forms of leadership and by experts within the agency
that can integrate various disciplines and tools to make better
decisions based upon the EAM concept. All agencies interested in
implementing EAM can use tools such as the National Environ-
mental Policy Act (NEPA) to execute EAM principles. NEPA, a law
passed in 1969, could be revitalized and more thoroughly applied
toward the goal of insuring long-term ecological health. This could
be accomplished by shifting the importance currently placed on
the action segments of the policy, namely the completion of an
Environmental Assessment (EA) and an Environmental Impact
Statement (EIS), to other aspects of NEPA more beneficial to
ecosystem management. By utilizing a more interdisciplinary
approach to investigating the future implications of current
actions, NEPA may be utilized so as to place an emphasis on the
sustainability of natural systems, a fundamental aspect of
effective ecosystem management [30].

Grumbine [4] concludes that the success of EAM is based on
broad changes in social, economic, and political values. The long-
term implications of these changes are cultural and political
institution transformations necessary to implement EAM on a
scale broad enough for large natural systems management
agencies. A next step for NOAA will be to design an integrated
EAM policy reflecting the agency’s mission with social, ecological,
economic, and political factors in conducting ecosystem research
and EAM. The necessary governance structure and political will
from the budget and top management are therefore needed for
EAM to be fully realized at NOAA. The efforts toward EAM to date
are encouraging and future expansion of efforts will move this
very large agency towards a better fulfillment of its ecosystem
vision.
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