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Abstract

A large effort has advanced an ecosystem
approach to fisheries management in Alaska and a
framework has been developed to provide
ecosystem-based  information  to  support
management decisions (Livingston, 2005). This
framework uses status and trend data of ecosystem
components and information on human effects to
assess impacts of individual fisheries on
ecosystem components, ecosystem effects on
particular stocks, and ecosystem-level impacts of
both fishing and climate stressors. Efforts are
ongoing to develop associated ecosystem-level
objectives, indicators and thresholds. The
continuing challenge is to define regional
management objectives at an operational level and
use ecosystem indicators to measure progress
towards achieving management goals.

In addition to identifying management objectives
for a region, we also need a better understanding
of the complex mechanisms underlying ecosystem
function and structure linking climate variability,
oceanographic processes, and ecology/fisheries.
Accounting for the emergent properties of
ecosystems (Carpenter and Folke, 2006) and
deriving measures that provide a balance between
diversity, productivity, stability and resilience,
(Steele, 2006) will be important parts of a
framework for sustainable ecosystem approach to
management.

We review objectives of ecosystem approaches to
management and ecosystem approaches to
fisheries management from a variety of
organizations. In addition, we review indicators in
the Alaskan Ecosystem Considerations appendix
in view of these objectives. Gaps in the existing
indicator framework are outlined and future work
to improve indicators is outlined.

Introduction

In many cases fisheries management has focused
on single species targets and management
objectives, thereby ignoring many of the
ecosystem components, processes and interactions
(Pikitch et al., 2004). In recent years there has
been a global call for the implementation of an
Ecosystem Approach to Management (EAM) and
an Ecosystem Approach to Fisheries (EAF) to
focus on different management priorities and to
consider the ecosystem as a whole rather than
single target species. The overall objective of
EAM is an integrated approach to management of
land, water, and living resources that promotes
conservation and sustainable use over a broad
range of human uses in an ecosystem. EAF is an
integrated approach to fisheries management that
takes ecosystem interactions and processes into
account.

There has been a large effort to advance an
ecosystem approach to fisheries management in
Alaska and a framework has been developed to
provide ecosystem-based information to support
management decisions (Livingston et al., 2005).
This framework uses status and trend data of
ecosystem components and information on human
effects to assess impacts of individual fisheries on
ecosystem components, ecosystem effects on
particular stocks, and ecosystem-level impacts of
both fishing and climate stressors. Efforts are
ongoing to develop ecosystem-level objectives,
indicators and thresholds. The continuing
challenge is to account for the emergent properties
of ecosystems (Carpenter and Folke, 2006), e.g.,
vulnerabilities, uncertainties, and biogeochemical
cycles linked to biodiversity and fisheries
production, and to provide a balance between
diversity, productivity, stability and resilience,
(Steele, 2006) to formulate a framework for
adopting a sustainable ecosystem management
strategy.
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In a recent article, Steele (2006) pointed out that,
although an ecosystem-based management (EBM)
approach to marine resources is a “worthy ideal,”
there are shortcomings to be addressed. The major
task ahead of us is to untangle the complexity
underlying the rates of ecological change (Jackson
et al., 2001), and link it to patterns and policy
(Fowler, 1999), and climate change (Hsieh et al.,

2005). In other words, how does ecosystem
science relate to ecosystem-based fishery
management?

In the current literature there is a wealth of
information regarding management of ecosystems
and resources (Christensen et al., 1996; Mangel et
al., 1996), and some theoretical frameworks have
been proposed to translate ecosystems indicators
to ecosystems-based fisheries management
policies (Pikitch et al., 2004; Link, 2005;
Livingston et al., 2005; Rice and Rochet, 2005;
Rochet and Rice, 2005).

In particular, we need to develop ecosystem
indicators that can match and address each
management action toward a specific goal (e.g.,
the reduction of bycatch). Management actions
also need to be placed in the context of climate
change. Major ecosystem shifts in the Bering Sea
at the ecological level can be related to shifts in
regional atmospheric and hydrographic forcing
(Grebmeier et al., 2006; Overland and Stabeno,
2004), and the response to quasi-decadal climate
variability has been linked to the recruitment of
commercially-exploited fishes in the northeast
Pacific Ocean (Hollowed et al., 2001; Duffy-
Anderson et al., 2005), the eastern Bering Sea
(Wilderbuer et al., 2002) and the Gulf of Alaska
(Bailey et al., 2005; Ciannelli et al., 2005).

In this review we evaluate the range of objectives
being expressed by various international, national
and regional groups with regard to EAF and EBM
and evaluate the current indicators/indices for the

Bering Sea proposed by current research
programs, governmental agencies (National
Oceanic and  Atmospheric  Administration,
NOAA), and non-governmental organizations

(NGOs), e.g., North Pacific Research Board
(NPRB), and NGOs relative to these objectives.
We will identify gaps or shortcomings with the
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existing indicators and provide suggestions for
improvement.

Ecosystem indicators/indices will be grouped in
different domains: climate/oceanography (e.g.,
climate/atmosphere, hydrographic and physico-
chemical processes, climate regime shifts);
ecological (e.g., primary producers, zooplankton,
fish, food web and population dynamics, life
history parameters, natural genetic variation,
resilience); fisheries (e.g., catch per unit effort
(CPUE), spawning biomass, recruitment, fish
catch and fisheries mortality); and management
and conservation (e.g.,, EAM, adaptive
management, social-ecological system, and native
knowledge of the ecosystem). We will propose an
aggregation of the existing ecosystem
indicators/indices based on ecological information
from correlative studies in retrospective analyses,
model simulation and ongoing monitoring
programs. We will suggest types of statistical
analyses that can be performed to provide a better
understanding of the current use of the ecosystem
indicators/indices, and outline current gaps in our
knowledge of the Bering Sea ecosystem.

Background information and terminology

Here, we review some of the definitions,
principles, goals and objectives described in recent
reports from different agencies, and emphasize
common objectives regarding how to implement
an EAF.

EAM can be defined according to the
Communication Partnership for Science and the
Sea (COMPASS; McLeod et al.,, 2005) as “an
integrated approach to management that
considers the entire ecosystem including humans.
The goal of ecosystem-based management is to
maintain an ecosystem in a healthy, productive
and resilient condition so that it can provide the
services humans want and need. Ecosystem-based
management differs from current approaches that
usually focus on a single species, sector, activity
or concern; it considers the cumulative impacts of
different sectors. Specifically, ecosystem-based
management:

e Emphasizes the protection of ecosystem

structure, functioning, and key processes;



e Is placed-based (e.g., specific geographic
location) in focusing on a specific ecosystem
and the range of activities affecting it;

o Explicitly accounts for the interconnectedness
within systems, recognizing the importance of
interactions between many target species or key
services and other non-target species;

e Acknowledges interconnectedness  among
systems, such as between air, land and sea; and

o Integrates ecological, social, economic, and
institutional perspectives, recognizing their
strong interdependences.”

McLeod et al. (2005) also defined as EAM and
EAF as being complementary but different.
“Managing individual sectors, such as fishing, in
an ecosystem context is necessary but not
sufficient to ensure the continued productivity and
resilience of an ecosystem. Individual human
activities should be managed in a fashion that
considers the impacts of the sector on the entire
ecosystem as well as on other sectors. The longer-
term, integrated, cumulative impacts of all
relevant sectors on an ecosystem must be
evaluated, with a mechanism for adjusting impacts
of individual sectors.”

FAO (FAO 2001, 2003a,b, 2005) has described
the main goal of EAF as: “to plan, develop and
manage fisheries in a manner that addresses the
multiple needs and desires of societies, without
jeopardizing the options for future generation to
benefit from the full range of goods and services

provided by marine ecosystems.” The FAO (2005)

listed the following principles that should be

addressed by EAF:

o “‘Fisheries should be managed to limit their
impact on the ecosystem to an acceptable level;

e Ecological relationships between species
should be maintained;

e Management measures should be compatible
across the entire distribution of the resource;

e Precaution in decision-making and action is
needed because the knowledge on ecosystems is
incomplete;

e Governance should ensure both human and
ecosystem well-being and equity.”

These principles are also consistent with the
principles outlined by the UN Convention on

Biological Diversity. The EAF approach has to be
initiated by fishery agencies; however, its
implementation needs a wider support from other
entities involved in the management of aquatic
resources. In this respect, the North Pacific
Fishery Management Council (NPFMC, 2006)
recognizes the importance of implementing an
EAF and in June 2000, based on different
guidelines, proposed a definition for Ecosystem-
based Fishery Management as “the regulation of
human activity toward maintaining a long-term
system sustainability (within the range of natural
variability as we understand it) of the North
Pacific covering the Gulf of Alaska, the Eastern
and Western Bering Sea and the Aleutian Islands
region.” This definition is based on previous
guidelines provided by NOAA and from a review
by the Pacific States Marine Fisheries Commission
(PSMFC).

NOAA’s EAM:

e Is adaptive;

Is regionally directed,;

Takes account of ecosystem knowledge;
Considers multiple external influences;
Strives to balance diverse societal objectives.

PSMFC’s EAF:

o Employs spatial representation;

e Recognizes the significance of climate/ocean
conditions;

e Emphasizes food web interactions;

e Ensures broader societal goals are taken into
account (possibly by incorporating broader
stakeholder representation);

e Utilizes and expanded scope of monitoring
(total removal, cumulative effects, non-target
species, environmental covariates);

e Acknowledges and responds to higher levels of
uncertainty;

o Pursues ecosystem modeling/research;

o Seeks improved habitat information (target and
non-target species).

The Ecosystem Principles Advisory Panel (EPAP)
produced a report for the Congress in 1999 to
describe the Fishery Ecosystem Plan (FEP). As
reported by NPFMC (2006), the EPAP’s main
goal was to “Maintain ecosystem health and
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sustainability...” based on the following

principles:

e The ability to predict ecosystem behavior is
limited;

e Ecosystems have real thresholds and limits
which, when exceeded, can effect major system
restructuring;

e Once thresholds and limits have been exceeded,
changes can be irreversible;

e Diversity is important to
functioning;

e Multiple scales interact within and among
ecosystems;

e Components of ecosystems are linked;

e Ecosystems boundaries are open;

e Ecosystems change with time.

ecosystem

These goals, objectives and definitions are in line

with the FEP’s mission goals proposed by NOAA

in their strategic plan for 2006-2011 (NOAA,

2005). The goals and priorities of NOAA for

2006-2011 are focused on five NOAA Mission

Goals and below are the first two of these goals

more closely related with the implementation of an

EAF:

e “Protect, restore, and manage the use of
coastal and ocean resources through an
Ecosystem Approach to Management;

e Understand climate variability and change to
enhance society’s ability to plan and respond.”

NOAA defines the following outcomes:

o “Healthy and productive coastal
ecosystems that benefit society;

o A well-informed public that acts as a steward of
coastal and marine ecosystems.”

marine

In order to achieve these outcomes, NOAA listed a

number of performance objectives:

e “Increase number of fish stocks managed at
sustainable levels;

e Increase the number of protected species that
reach stable or increasing population levels;

o Increase the number of regional coastal and
marine ecosystems delineated with approved
indicators of  ecological health and
socioeconomic benefits that are monitored and
understood;
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e Increase the number of
populations  eradicated,
mitigated;

¢ Increase the number of habitat acres conserved
or restored;

e Increase the portion of population that is
knowledgeable of and acting as stewards for
coastal and marine ecosystems;

e Increase environmentally sound aquaculture
production;

e Increase the number of coastal communities
incorporating ecosystem and sustainable
development principles into planning and
management.”

invasive species
contained, or

The Alaska Fishery Science Center (AFSC)
develops and implements research programs to
address the NOAA Fisheries objectives under
NOAA Mission Goals 1 and 2 (Ecosystem
Considerations, Boldt, 2005).

These types of information are used to describe in
more detail the Fishery Ecosystem Plans as
reported by the EPAP (1999). Further, the Pacific
States Marine Fisheries Commission provided
information for NPFMC and the Pacific Fishery
Management Council on how to use an EBM
approach  within their fishery management
programs. The EPAP provided a list of
recommendations for developing an FEP and the
PSMFC (2005) provided a list of actions from the
National Marine Fishery Service (NMFS, 1999)
and recommendations for implementing those
actions, some of which are listed here:

e “Define management goals to reflect the
societal objectives;

o Develop a conceptual model of the influence of
oceanographic and climatic factors;

¢ Expand/modify the conceptual of the ecosystem
to include life history characteristics and
spatial variation;

e Develop a numerical representation combining
the food web model (which include dynamic
model of managed species), the oceanographic
model, and explicit representation of
management measures and quantities that have
been identified as metrics of attainment of the
management goals;

e Use models to identify indices that are relevant
for the stated goals. ldentify which indices can



be used for the basis of decision making.
‘Traffic light’ approaches may be useful.”

From the analysis of these different sources of

information, NPFMC (2006) provided some broad

objectives for a management approach for the

Bering Sea/Aleutian Islands Gulf of Alaska (BSAI

[GOA]) Groundfish Fisheries as follows:

e ““Prevent overfishing;

e Promote sustainable
communities;
Preserve the food web;

e Manage incidental catch and reduce bycatch
and waste;

e Avoid impacts to
mammals;

¢ Reduce and avoid impacts to habitat;

e Promote equitable and efficient use of fishery
resources;
Increase Alaska Native consultation;

e Improve data quality, monitoring and
enforcement.”

fisheries and

seabirds and marine

From NOAA’s Goals and Priorities emerge the
need to develop an EAF and EAM at a regional
scale and allow inter-regional comparison. For the
implementation of this type of research plan,
agencies such as NOAA will benefit from the
research presented by independent organizations
like the Pew Oceans Commission (2003), the
World Wildlife Fund (WWF) and The Nature
Conservancy (2004), COMPASS (McLeod et al.,
2005), North Pacific Marine Science Organization
(PICES, 2004), as well as the U.S. Commission on
Ocean Policy (2004). Further information on
policy and science related to EAF and EAM is
discussed in Field and Francis (2006), and Scandol
et al. (2005).

A comparison of the broad-level objectives
outlined by various groups for an EAM is shown
in Table 1. Similar objectives emerge from this
comparison.  All acknowledge the need to:
(1) protect ecosystem structure, functioning and
key processes, including diversity and habitat,
(2) account for food web interactions, (3) manage
regionally, (4) incorporate precaution into
decisions, (5) integrate broad societal goals, and
(6) acknowledge multiple, external influences,
including climate. Sometimes diversity or habitat

is not explicitly mentioned in the objectives but is
inferred from the broad objective to protect
ecosystem structure and functioning.

Within this framework we need to develop
regional research programs for place-based EAF
and EAM. In this respect, a framework of an
ecosystem impacts assessment for the BSAI and
GOA was developed (Livingston et al., 2005),
which pointed out the need to define better
ecosystem indicators that can be used to address
the following goals and objectives:

Goal: Maintain predator—prey relationships

Objectives:

e Maintain pelagic forage availability;

e Reduce spatial and temporal concentration of
fishery impact on forage fish;

¢ Reduce removals of top predators;

¢ Reduce introduction of non-native species.

Goal: Maintain energy flow and balance
Objectives:

¢ Reduce human-induced energy redirection;

¢ Reduce system impacts due to energy removal.

Goal: Maintain diversity

Objectives:

e Maintain species diversity;

e Maintain functional (trophic, structural habitat)
diversity;

e Maintain genetic diversity.

An annual Ecosystem Considerations appendix
(Boldt, 2005) organizes knowledge of ecosystem
change at a variety of levels and provides a
scientific assessment of the roles of humans and
climate in producing change and whether we are
achieving the above goals and objectives.

As pointed out by Scandol et al. (2005), EAF is
closely connected to policies related to
Ecologically Sustainable Development (ESD), but
the science community has difficulties translating
policy statements to specific ecosystem targeted
studies directed toward the implementation of an
EAF (Browman and Stergiu, 2004). We will
discuss and compare in more detail the need for an
integration of ecological indicators in view of the
goals and objectives proposed and discuss a subset
of potential ecosystem indicators according to
different domains.
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Ecological indicators

For the Bering Sea, the indicators listed in Fig. 4
(Boldt, 2005) have been used to examine
correlations among climate, oceanography, and
fisheries and are comparable with the indicators
reported by Overland et al. (2004).

With reference to the subset of goals and
objectives in  the  Alaskan  Ecosystem
Considerations appendix, the following indicators
have been suggested and are listed in relation to
the potential indicators discussed in the PICES
North Pacific Ecosystem Status report (PICES,
2004) for the Bering Sea and the Gulf of Alaska
(Table 2).

Indicators in  the  Alaskan  Ecosystem
Considerations appendix have been organized to
assess impacts to predator—prey relationships,
diversity, and ecosystem energy  flows
(Appendices 4 and 5). However, indicators could
also be arranged to relate to NPFMC Groundfish
fishery management plans (FMP) goals (Table 3).

Further development of aggregate indicators that
can provide information on ecosystem changes in
relation to climate shifts and changes in
community species composition would be helpful
to reduce the number of indicators presented in the
Alaskan Ecosystem Considerations appendix. We
will now discuss the use of a subset of ecosystem
indicators within three domains: climate and
oceanography, ecology, and management and
conservation.

Climate and oceanographic domain
Climate

As described in Overland et al. (1999), three
dominant modes of climate variability occur
during the winter in the eastern Bering Sea, the
Arctic Oscillation (AO), the Pacific Decadal
Oscillation (PDO), and EI Nifio Southern

Oscillation (ENSO) events.  They have an
influence on both the spatial distribution and
intensity of the winter storms in relation to the
position and strength of the Aleutian Low (AL).
These climate modes have been used to identify
different periods and patterns during the winters
for over 30 years in the eastern Bering Sea
(Overland et al., 1999): 1967-1976 (negative
PDO, mixed AO, and positive AL), 1977-1988
(positive PDO, negative AO and AL), and 1989—
1998 (mixed PDO, positive AO, and negative AL),
and major ecosystem shifts in the northern Bering
Sea (Grebmeier et al., 2006). Some of the links
between climate change and ecosystem processes
in the Bering Sea have been illustrated by
Overland and Stabeno (2004) showing changes in
the surface air temperature (SAT) in relation to sea
ice concentration and other ocean processes, some
of which ultimately affect the recruitment of
Bering Sea winter spawning flatfish (Wilderbuer
et al.,, 2002). The effects of climate change in
relation to pelagic ecosystem processes, including
phytoplankton blooms, zooplankton abundance
and the survival of larval/juvenile fish, and their
recruitment, has been studied in the southeastern
Bering Sea (Hunt et al., 2002).

It is important to recognize the difference between
regime shift and phase transition when we try to
link climate and ecological processes. According
to Ciannelli et al. (2005) regime shifts can be seen
as the changes of a forcing variable of a system,
such as climate, and its effect on the entire
ecosystem. Phase transitions are related to the
mechanistic properties of a system and how it
responds to both exogenous (e.q.,
climate/environmental forcing) and endogenous
forcing (e.g., density-dependence processes).
Therefore, regime shifts can be regarded as a set of
homogeneous controlling variables, whereas phase
transitions can been seen as a set of homogeneous
observational variables of the system attributes
such as diversity patterns at the community level
and recruitment processes at the population level
(Ciannelli et al., 2005).
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Fig.4 Bering Sea indicators combining climate, oceanography, fisheries. Red colors indicate the large changes in
recent years (largest one third of values in record). The middle third is shown in grey and the lowest third is shown
in green. The combined indicators are the result of a mathematical analysis (principle component analysis) which
resolves the trends in all the time series into two major components. To demonstrate covariability over time, the
values in the same series have been inverted, as noted by the asterisk (from the Bering Climate web page at:
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Table 2

Comparison of ecosystem indicators for the goals and objectives reported in the Alaskan Ecosystem

Considerations for 2006 appendix (2005) and PICES North Pacific Ecosystem Status report (2004).

Indicators

PICES North Pacific

Goals Objectives Ecosystem Considerations appendix Ecosystem Status report
Maintain Maintain pelagic Population trends in forage biomass Biomass index, catch biomass,
predator-prey | forage (quantitative — walleye pollock biomass, plankton (phytoplankton,
relationships | availability Atka mackerel, non-target species such as zooplankton),

squid and herring)

Changes in CPUE of non-
target species

Reduce spatial
and temporal
concentration of
fishery impact
on forage fish

Degree of spatial/temporal concentration
on forage species (qualitative — species as
above)

Geographic areas in relation to
changes in biomass (basin,
coastal domain, middle
domain, outer domain),
Forage fishes biomass changes
in CPUE*

Reduce Trophic level of catch; sensitive bycatch Marine birds and mammals,
removals of top levels (quantitative: sharks, birds; pinnipeds, cetaceans
predators qualitative: pinnipeds),
Population status (whales, pinnipeds,
seabirds) relative to MBAL
Reduce Total catch
introduction of
non-native
species
Maintain Reduce human Trends in discard (quantitative) and offal
energy flow included energy production,
and balance | redirection Scavenger population trends relative to
discard and offal production (qualitative),
Bottom gear effort (qualitative measure of
unobserved gear mortality on bottom
organisms)
Reduce system Trends in retained catch (quantitative) Catch and abundance trends
impacts due to
energy removal
Maintain Maintain species Population size relative to MSST or ESA Species diversity measures
diversity diversity listing thresholds, linked removals
(qualitative),
Bycatch of sensitive (low population
turnover rate) species that lack population
estimates (quantitative: sharks, birds,
structural habitat biota)
Maintain Guild diversity or size diversity changes Shifts in demersal fish and
functional linked to fishing removals (qualitative), benthic invertebrates
(trophic, Bottom gear effort (measure of benthic
structural guild disturbance),
habitat) Structural habitat biota bycatch
diversity
Maintain genetic Degree of fishing on spawning Groundfish recruitment
diversity aggregations or larger fish (qualitative),

Older-age-group abundance of target
groundfish stocks

* CPUE = catch per unit effort; MBAL = minimum biological acceptable level; MSST = minimum stock size
thresholds; ESA = Endangered Species Act
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Table 3
Considerations for 2006 appendix.

Comparison of Alaska groundfish fishery management plan (FMP) goals to indicators in the Ecosystem

Groundfish FMP Goals

Ecosystem Considerations Indices

Prevent overfishing

Status of stocks, annual surplus productivity

Promote sustainable fisheries and communities

Fishing overcapacity programs

Preserve food web

Many indices of pelagic forage availability, spatial/temporal
conc. of fishery impact on forage fish, removals of top
predators, introduction of non-native species

Manage incidental catch and reduce bycatch and
waste

Prohibited species, discards, bycatch

Avoid impacts to seabirds and marine mammals
productivity, and chronology trends

Seabird and mammal incidental take, population abundance

Reduce and avoid impacts to habitat

EFH research, effects of fishing gear on habitat research

Promote equitable and efficient use of fishery
resources

Fishing overcapacity programs, groundfish fleet
composition

Increase Alaska native consultation

Alaska Native Traditional Environmental Knowledge of

climate regimes

Improve data quality, monitoring and
enforcement

EFH = Essential Fish Habitat

Time lags between climate, ecological processes
and fisheries

There is a need to understand the complex
mechanisms underlying the connections between
climate variability and the ecological response to
this exogenous forcing in relation to fisheries
management. In the present fisheries management
framework there are no specific considerations of
the importance of time-lags and delayed responses
or of the type of actions to be taken to respond to
climate/fishery related processes (King and
McFarlane, 2006). However, their framework
approach to incorporate climate regime shifts into
management strategies and policy is a single-
species approach and is far from the essence of an
EAF and EAM that require moving from a single-
species to a multi-species framework.

In order to implement a framework that includes
climate-driven changes in the ecosystem as regime
shifts or phase transitions, we need to further
understand the links between climate processes,
physical oceanographic processes and primary
productivity.  There is the need to develop
adequate methods for the detection of regime
shifts (Rodionov and Overland, 2005) to allow a
better definition of the type of climate/physical
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oceanographic indicators we can use to explain the
variability we observed at the population,
community and ecosystem level at different
temporal and spatial scales. We need to look in
more detail at the importance of time lags when
considering potential causal direct/indirect links
between climate and ecological processes
(Belgrano et al., 1999).

Climatic, atmospheric, and oceanic variables need
to be first linked to the variations in
phytoplankton, primary production (e.g., Chl a,
SeaWiFS data) and nutrients (e.g., BASIS survey
2000-2004; BS FOCI; SEBSCC nutrients), since
we need to understand the links between climate
forcing and changes in the primary production
required (PPR), Pauly and Christensen (1995) for
recruitment processes, predator-prey relationships,
and diversity. We need to consider the importance
of spatial autocorrelation (Legendre, 1993) and
adequate  multivariate  analysis  approaches
(Borcard et al., 1992) to define the ecological
variation explained by exogenous and endogenous
processes.

The Alaskan ecosystem protection goals, such as
the maintenance of predator—prey relationships
and biological and genetic diversity, are closely



related to exogenous forcing and further research
iS necessary to capture the complexity of these
relationships to refine the existing “ecological
indicators” used to describe variability patterns.

Ecological domain

We will consider a subset of ecological processes
that are part of a broader ecological domain that
are related to these goals:

e Maintain predator—prey relationships;

¢ Maintain energy flow and balance;

¢ Maintain diversity, including genetic diversity.

Ecology

The analysis of food webs has been used to
describe  communities as complex adaptive
systems as well as to look at the links between
food-web complexity and ecosystem stability.
Food webs can provide a working framework for
linking observed/predicted patterns to specific
management issues.

For the maintenance of predator-prey relationships
we have to realize that aquatic food webs are
strongly size-based (Sheldon et al., 1972).
Therefore, individual body size provides a link
between individual organisms making up a
community and predator-prey interactions. As
pointed out by earlier studies individual body mass
can be described by scaling laws (West and
Brown, 2005) and linked to the biological
properties of a system to provide estimates of
ecosystem properties such as production (Kerr,
1974; Boudreau and Dickie, 1992; Kerr and
Dickie, 2001; Jennings and Blanchard, 2004).

There is the need to link the structure of size-based
food webs to predator-prey body-size ratios,
trophic transfer efficiency, and abundance-body-
size relationships. These properties have been
recognized since the earlier work by Sheldon and
Kerr (1972) and more recently by others (Link,
2002a,b; Nicholson and Jennings, 2004) to be
important ecosystem descriptors used for assessing
the effect of both climate change and fishing
pressure on marine ecosystems, but they have not
yet been used to link patterns to policy. A key
issue is to understand the relationships between
structure and diversity in food webs (Jennings et

al., 2002; Cohen et al., 2003) that includes the
recent development in scaling theory and
macroecology (Belgrano et al., 2002; Li, 2002;
Jennings and Mackinson, 2003) applied to marine
systems.

In this context the use of a size-based food web
approach framework will allow us to better
understand the abundance-body-size relationship
for communities that share a common energy
source (Cyr, 2000; Ware, 2000; Brown and
Gillooly, 2003; Cohen et al., 2003). In this
respect, the following indicators can be used
examine the links between predator—prey
relationships in relation to specific management
issues:

¢ body size,

¢ Predator-Prey Mass Ratio (PPMR),

¢ Trophic Efficiency (TE),

e Trophic Level (TL).

The investigation of complexity and stability
issues in food webs dates back to the early work
by May (1972, 1973) when he developed a
framework to relate the number of species, S, the
connectance in the food web, C, and the number of
links, L, (e.g., species interactions). More recently
these food web properties have been extended into
network analysis and theory (Williams and
Martinez, 2000; Dunne et al., 2002, 2004; Krause
et al., 2003; Morris et al., 2005). However,
further work is necessary on the use of statistical
inference in food web models (Solow and Beet,
1998; Neubert et al., 2000; Solow, 2005).
Complexity—stability implications are related to
both food web dynamics and biodiversity process
and have been recently reviewed by Dunne et al.
(2005), Kondoh (2005), and Naeem (2006). This
particular aspect is related to the third Alaska
ecosystem protection goal “Maintain diversity
including genetic diversity.”

In particular we can refer to the re-analysis of the
Benguela food web dynamics by Yodzis (1998,
2000) where he used an energetic and allometric
modeling approach to show that the interaction
between hake and fur seals is linked to many other
species in the food web. As Kondoh (2005) points
out it is important to understand the relationship
between connectance, C, and population
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persistence in the presence of adaptive foragers in
relation to the adaptive food web hypothesis
(Kondoh, 2003a,b), “where the effect of changing
species richness on population stability depends
on the fraction of adaptive foragers and their
adaptation rate (Kondoh, 2005).”

In the context of species diversity and biodiversity
measurements related to fisheries (Hoff, 2006) we
often see the use of a richness index, evenness
index, and the Shannon-Weaver, or Shannon-
Wiener index of diversity based on Simpson’s
(1949) indices. This measurement is the alpha (o)
diversity that measures the diversity in species at
individual sites. Since we are interested in the
variation in species composition among locations
in a geographic area (e.g., Bering Sea, GOA) we
need to use the beta (B) diversity. As pointed out
by Legendre et al. (2005), “If the variation in

community  composition is random, and
accompanied by biotic processes (e.g.,
reproduction) that generate spatial

autocorrelation, a gradient in species composition
may appear and beta diversity can be interpreted
in terms of rate of change, or turnover, in species
composition along that gradient.”

In this respect, the following indicators can be
used to link species diversity and trophic,
structural habitat diversity to specific management
issues:

e species body-size,

beta (B) diversity,

species richness,

species rank,

habitat conservation.

However, as pointed out by Bascompte et al.
(2006), there is a need to understand further how
communities shape co-evolutionary interactions
and how these networks are related to biodiversity
maintenance. In this respect it is important to
maintain genetic diversity and to develop
management tools aimed at preserving natural
genetic variation in fish populations and
maintaining genetic diversity (Conover and
Munch, 2002):

o Size-dependent mortality.
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With reference to the second Alaska marine
protection goal, Maintain energy flow and
balance, in a recent review by Morris et al. (2005),
Zorach and Ulanowicz (2003) and Krause et al.
(2003), some of the current metrics used to
understand the interrelationships between food
webs and the properties of ecosystems have been
discussed in the context of food web complexity.
The following indicators may be tested in the
context of food web stability and energy flow, and
balance:

e Trophic Efficiency (TE),

Trophic Level (TL),

Interactive Connectance (IC),

Total System Throughput (TST),

Average Mutual Information (AMI).

Fisheries

When we turn to fisheries, the kind of ecological
indicators used in relation to an ecosystem-based
fishery management approach (EAF) are
overwhelming (e.g., CPUE, spawning biomass,
recruitment, production biomass, consumption
biomass, fishing mortality, etc.). Cury et al.
(2005a,b) used a subset of indicators in relation to
trophodynamics derived from model output as
well as from observed patterns emerging from
field data. With reference to the three goals from
the Alaskan Ecosystem Considerations appendix:
(1) Maintain predator-prey relationships, (2)
Maintain energy flow and balance, and
(3) Maintain diversity including genetic diversity,
some ecological indicators have been used to
integrate similar goals. For example:

Trophic Level of the Catch (TLC),

Trophic Level (TL),

Mixed Trophic Impact (TI),

Fishing-in Balance (FIB) index,

recruitment indices,

total biomass,

forage biomass indices,

fishery bycatch,

Primary Production Required (PPR).

However, we need to provide ecological indicators
that can account for ecosystem-level patterns and
match them with the criteria for implementing an
EAF.



Management and conservation domain

To have an ecologically sound approach to
managing uses of marine resources, we need to
clarify and understand that there are links between
the rates of ecological change, climate change and
human disturbance (Jackson et al., 2001).

Recalling the overall objectives of EAF (Pikitch et

al., 2004):

1. ““avoid degradation of ecosystems, as measured
by indicators of environmental quality and
system status

2. minimize the risk of irreversible change to
natural assemblages of species and ecosystem
processes

3. obtain and maintain long-term socioeconomic
benefits without compromising the ecosystem

4. generate knowledge of ecosystem processes
sufficient, robust and precautionary fishery
management measures that favor the ecosystem
should be opted.”

Development of aggregate indicators of
sustainable use limits is important. As an
example, Fowler and Hobbs (2002) used empirical
information to estimate the Ecologically
Allowable Take (EAT) for the Bering Sea and
Georges Bank, (northwestern Atlantic) to address
guestions regarding total biomass that can
sustainably be consumed by humans as predators
in such systems. Validating the information used
to derive such indicators and ensuring that they are
based on contemporary, well-estimated parameters
is ongoing. Aggregate indicators can also be
derived from whole-ecosystem approaches, such
as those obtained from ECOPATH/ECOSIM
models.

A systemic management approach is proposed
(Fowler 1999, 2003) to understand ecosystem
dynamics and the emergence of ecosystem
patterns to management issues. Systemic
Management (SM) can be defined as a
macroecological approach that is based on
emergent patterns (probability distributions) that
are directly relevant to specific management
questions.  Macroecology (Brown, 1995) is a
statistical approach used to investigate processes
related to invariant—variant patterns of structured
class-size, body mass, species abundances,

composition and interactions across different
spatial and temporal scales (Belgrano and Brown,
2002; Jonsson et al., 2006; Naeem, 2006).
Therefore, a SM approach could also be used to
address questions related to the spatial and
temporal distribution of fisheries harvest, as well
as to the establishment of marine reserves and
closed seasons (Fowler and Crawford, 2004),
which are part of EAF and EAM. An example of
other management questions that have been
addressed systemically include how to allocate
catches over space, time, and alternative resources
species (Fowler, 1999; Fowler and Crawford,
2004).

As pointed out by Baskett et al. (2005), in the
context of Marine Protected Areas, we need to
consider the importance of evolutionary changes
induced by fishing (e.g., changing size-dependent
mortality) in relation to the harvested species.
Management and conservation actions need to be
taken in consideration of the knowledge that the
interactions between species are embedded in
multispecies food webs with different degrees of
complexity that cannot be ignored (Yodzis, 2000).
We need to maintain the natural variability in
populations and species diversity by reducing the
selective pressure exerted by commercial fisheries
on prey stock by taking into account predation
patterns observed in large predators (e.g., marine
mammals). Therefore, we need to define what is
sustainable in terms of selectivity by body size to
address genetic effects of commercial harvesting,
as pointed out by Birkeland and Dayton (2005)
and Etnier and Fowler (2005), and to better
describe the trophic position of the harvested
species in relation to the patterns of predation rates
(Melian and Bascompte, 2004; Bascompte et al.,
2005), as well as by accounting for natural
mortality, M, that in current fisheries models is
often attributed a constant value (Yodzis, 2001).

If we now return to the subset of ecological
indicators to be used in implementing an EAF and
EAM we need to consider the temporal and spatial
scales at which ecosystems operate (Naeem,
2006), and match those with the scale at which
policy and management decisions and actions
operate. We also need to address the issue of
complexity (Taylor, 2005) in EBM and to consider
ecosystems as complex adaptive systems (Lansing,
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2003), where the emergence of patterns is often
the result of local interactions operating at
different spatial and temporal scales. In a fisheries
co-management context, for example, the
application of game theory combining economic
and biological parameters showed interesting
results in addressing problems related to a fishery
cooperative system (Trisak, 2005).

Outlook

Given the urgency of moving toward sustainable
fisheries, we need to consider the use of ecological
and socio-economic indicators as part of a
framework for an EAF and EAM of marine
resources and promote the health of the oceans
(Cury et al., 2005a,b; Livingston et al., 2005) by
addressing long-term objectives.

Models

We often turn to models to address both
theoretical and applied questions.  Fisheries
management has used, to date, single-species
models focused on target species (Hilborn and
Walters, 1991; Quinn and Deriso, 2000) and
embedded in stock assessment estimates using
virtual population analysis tools (Yodzis, 2001).
The maximum sustainable yield (MSY) fishing
rate concept, criticized by Larkin (1977) and
Walters et al. (2005), was shown to be
inappropriate for use in the context of ecosystem-
based fishery management. Despite efforts to
move toward a multi-species approach (Walters et
al., 1997) single-species management approaches
are the current management practice (Hoffman and
Powell, 1998). Single-species approaches typically

used in stock assessment need to take into
consideration  allometric  relations involving
individual body-size (Yodzis, 1998). Also, the

intrinsic growth rate, r, should be used in a
stochastic framework that takes into account both
endogenous and exogenous forcing, if we need
ecological/fisheries oriented indicators from stock
assessment studies.

Multi-species modeling uses a bioenergetic
approach (Christensen and Pauly, 1992) and
simulations using the (ECOPATH/ECOSIM)
modules have been used successfully for
addressing fishery-induced ecosystem changes in
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the Gulf of Thailand, but less successfully to
address, for example, the decline of Steller sea
lions in relation to fisheries management in the
Bering Sea (Trites, 1999). The ECOPATH model
approach has also been tested in the context of
fishing effects on food web dynamics in the
eastern and western Bering Sea ecosystems (Aydin
et al., 2002). Other applications of multi-species
ecosystem models have been developed for the
eastern Bering Sea using a multi-species virtual
population analysis (MVPA) as described by
Livingston and Jurado-Molina (2000) and for the
Bering Sea groundfish fisheries (Jurado-Molina
and Livingston, 2002).

As part of the process to move toward a multi-
species approach to EAF, we need to describe and
evaluate the many ecological indicators so far
proposed in the context of fisheries management.
Ecological indicators have been evaluated from
model output (Fulton et al., 2005), and by
statistical approaches (Link et al., 2002; Mueter
and Megrey, 2005). However, we may need to
consider the spatial variation of community
composition data and apply statistical methods that
include space as a variable (Legendre, 1993). We
need models that combine the effects of different
mortality factors as shown, for example, in the
case study for collapse of the Barents Sea capelin
(Hjermann et al., 2004) and we need to consider
the non-linearity present in the dynamics of large-
scale marine ecosystems (Hsieh et al., 2005).

Ecological indicators

Future work will take the multiple ecological
indicators for each of the three ecosystem
protection objectives outlined for the Bering Sea
ecosystem and develop aggregate indicators. In
the PICES report (2004), information gaps are
listed for three major areas or domains: climate,
ocean productivity, and living marine resources;
suggesting the need to link climate and
oceanographic process to nutrients dynamics,
phytoplankton and zooplankton variability, and
food web dynamics. We need to develop
ecological indicators that can be used for EAF and
EAM at different spatial scales across
geographical areas and integrate this information
with GIS data. We need to maintain and expand
the current monitoring programs and combine the



information with oceanographic data derived from
satellites (Polovina and Howell, 2005). Toward
this end there are initiatives to develop a
theoretical framework to provide environmental
vulnerability indicators (EVI) which provide a
way to quantify environmental vulnerability,
conservation status and resilience across different
spatial and temporal scales (Villa and McLeod,
2002).

There is a need to understand the complexity and
the mechanisms underlying the ecological
processes that are at the core for improving our
ability to translate this type of information into
tools that can be used to sustain ecosystem
services (Carpenter and Folke, 2006), but as
pointed out by Steele (2006), “At present, the
science is unable to measure and relate the
fundamental concepts of diversity, productivity
and resilience for management decisions.”
Although this might be true for ecosystem-level
measures of these attributes, certainly these
attributes are considered in decision-making at
lower organizational levels (e.g., species) by
fishery managers. Thus, the implementation of
system-level management measures is not likely in
the short-term. In the meantime, definition of
more specific, operational objectives in regions
will allow the measurement of more refined, sub-
system level indicators to measure performance.

References

Aydin, K.Y., Lapko, V.V., Radchenko, V.. and
Livingston, P.A. 2002. A comparison of the eastern
and western Bering Sea shelf and slope ecosystems
through the use of mass-balanced food web models.
NOAA Technical Memorandum, NMFS-AFSC-130
pp. 78.

Bailey, K.M., Ciannelli, L., Bond, N.A., Belgrano, A.
and Stenseth, N.C. 2005. Recruitment of walleye
pollock in a physically and biologically complex
ecosystem: A new perspective. Progr. Oceanogr.
67: 24-42.

Bascompte, J., Jordano, P. and Olsen, J.M. 2006.
Asymmetric coevolutionary networks facilitate
biodiversity maintenance. Science 312: 431-433.

Bascompte, J., Melian, CJ. and Sala, E. 2005.
Interaction  strength  combinations and the
overfishing of a marine food web. Proc. Nat. Acad.
Sci. 102: 5443-5447.

Baskett, M.L., Levin, S.A., Gaines, S.D. and Dushoff,
J. 2005. Marine reserve design and the evolution of

size at maturation in harvested fish. Ecol. Appl. 15:
882-901.

Belgrano, A. and Brown, J.H. 2002. Oceans under the
macroscope. Nature 419: 128-129.

Belgrano, A., Lindahl, O. and Henroth, B. 1999. North
Atlantic Oscillation primary productivity and toxic
phytoplankton in the Gullmar Fjord, Sweden (1985-
1996). Proc. Roy. Soc. B 266: 425-430.

Belgrano, A., Allen., A.P., Enquist, B.J. and Gillooly,
J.F.  2002. Allometric scaling of maximum
population density: a common rule for marine
phytoplankton and terrestrial plants. Ecol. Lett. 5:
611-613.

Birkeland, C. and Dayton, P.K. 2005. The importance
in fishery management of leaving the big ones.
Trends Ecol. Evol. 20: 356-358.

Boldt, J.L. (Editor). 2005. Ecosystem Considerations
for 2006. Appendix C of Bering Sea/Aleutian
Islands and Gulf of Alaska Stock Assessment and
Fishery Evaluation Reports. North Pacific Fishery
Management Council, 605 W 4th Avenue, Suite
306, Anchorage, AK, 99501.

Borcard, D., P. Legendre, and P. Drapeau. 1992.
Partialling out the spatial component of ecological
variation. Ecology 73: 1045-1055.

Boudreau, P.R. and Dickie, L.M. 1992. Biomass spectra
of aquatic ecosystems in relation to fisheries yield.
Can. J. Fish. Aquat. Sci. 49: 1528-1538.

Browman, H.I. and Stergiu, K.l. 2004. Introduction.
Politics and socio-economics of ecosystem-based
management of marine resources. Mar. Ecol. Progr.
Ser. 300: 241-242.

Brown, J.H. 1995. Macroecology. University of
Chicago Press, Chicago.

Brown, J.H. and Gillooly, J.F. 2003. Ecological food
webs: high quality data facilitate theoretical
unification. Proc. Nat. Acad. Sci. 100: 1467-1468.

Carpenter, S.R. and Folke, C. 2006. Ecology for
transformation. Trends Ecol. Evol. 21: 309-315.

Christensen, V. and Pauly, D. 1992. ECOPATH II: a
software for balancing steady-state models and
calculating network characteristics. Ecol. Model. 61:
169-185.

Christensen, N.L., Bartuska, A.M., Brown, JH,
Carpenter, S., D’Antonio, C., Francis, R., Franklin,
J.F., MacMahon, J.A., Noss, R.F., Parsons, D.J,,
Peterson, C.H., Turner, M.G. and Woodmansee,
R.G. 1996.The report of the Ecological Society of
America committee on the scientific basis of
ecosystem management. Ecol. Appl. 6: 665-691.

Ciannelli, L., Bailey, K.M., Chan, K-S., Belgrano, A.
and Stenseth, N.C. 2005. Climate change causing
phase transitions of walleye Pollock (Theragra
chalcogramma) recruitment dynamics. Proc. Roy.
Soc. B 272: 1735-1743.

31



Cohen, J.E., Jonsson, T. and Carpenter, S.R. 2003.
Ecological community description using the food
web, species abundance and body size. Proc. Nat.
Acad. Sci. 100: 1781-1786.

Conover, D.O. and Munch, S.B. 2002. Sustaining
fisheries vyields over evolutionary time scales.
Science 297: 94-96.

Cury, P.M., Shannon, L.J., Roux, J-P., Daskalov, G.M.,
Jarre, A., Moloney, C.L. and Pauly, D. 2005a.
Trophodynamic indicators for an ecosystem
approach to fisheries. ICES J. Mar. Sci. 62:
430-442.

Cury, P.M., Mullon, C., Garcia, S.M. and Shannon, L.J.
2005b. Trophodynamic indicators for an ecosystem
approach to fisheries. ICES J. Mar. Sci. 62: 577-
584.

Cyr, H. 2000. Individual energy use and the allometry
of population density. pp 267-295. In Scaling in
Biology. Edited by J.H. Brown and G.B. West,
Oxford University Press, Oxford.

DFO (Department of Fisheries and Oceans). 2003.
Pacific Region State of the Ocean. Department of
Fisheries and Oceans (DFO) Science Ocean Status
Report, Ottawa, Canada, 2002.

Duffy-Anderson, J.T., Bailey, K., Ciannelli, L., Cury,
P., Belgrano, A. and Stenseth, N.C. 2005. Phase
transitions in marine fish recruitment processes.
Ecol. Complexity 2: 205-218.

Dunne, J., Williams, R.J. and Martinez, N.D. 2002.
Food web structure and network theory: the role of
connectance and size. Proc. Nat. Acad. Sci. 99:
12,917-12,922.

Dunne, J., Williams, R.J. and Martinez, N.D. 2004.
Network structure and robustness of marine food
webs. Mar. Ecol. Progr. Ser. 273: 291-302.

Dunne, J., Brose, U., Williams, R.J. and Martinez, N.D.
2005. Modeling food-web dynamics: complexity-
stability implications. pp. 117-129. In Aquatic Food
Webs: An Ecosystem Approach. Edited by A.
Belgrano, U.M. Scharler, J. Dunne and R.E.
Ulanowicz, Oxford University Press, Oxford.

EPAP (Ecosystem Principles Advisory Panel) 1999.
Ecosystem-based fishery management: A report to
Congress by the Ecosystem Principles Advisory
Panel, National Marine Fisheries  Service,
Washington, DC.

Etnier, M.A. and Fowler, C.W. 2005. Comparison of
size selectivity between marine mammals and
commercial fisheries with recommendations for
restructuring management policies.  U.S. Dep.
Commer., NOAA Technical Memorandum, NMFS-
AFSC-159. 274 pp.

FAO (Food and Agriculture Organization). 2001.
Towards ecosystem-based fishery management: A
background paper prepared by FAO for the
Reykjavik conference on Responsible Fisheries in

32

the Marine System. Reykjavik 2001/4, FAO
Reykjavik.

FAO (Food and Agriculture Organization). 2003a.
FAO technical guidelines for responsible fisheries: 4
Fisheries Management (2) The ecosystem approach
to fisheries. Food and Agriculture Organization of
the United Nations, Rome.

FAO (Food and Agriculture Organization). 2003b.
Towards ecosystem-based fisheries management: A
background paper prepared by FAO for the
Reykjavik conference on Responsible Fisheries in
the Marine System. pp. 393-403. In Responsible
fisheries in the marine ecosystem. Edited by M.
Sinclair and G. Valdimrssen, FAO and CABI
Publishing, Cambridge.

FAO (Food and Agriculture Organization). 2005.
Putting into practice the ecosystem approach to
fisheries. Food and Agriculture Organization of the
United Nations, Rome.

Fowler, CW. 1999. Management of multi-species
fisheries: from overfishing to sustainability. ICES J.
Mar. Sci. 56: 927-932.

Fowler, C.W. 2003. Tenets, principles, and criteria for
management: the basis for systemic management.
Mar. Fish. Rev. 65: 1-55.

Fowler, C.W. and Crawford, R.J.M. 2004. Systemic
management of fisheries in space and time:
tradeoffs, complexity, ecosystems, sustainability.
Biosphere Conserv. 6: 25-42.

Fowler, C.W. and Hobbs, L. 2002. Limits to Natural
Variation: Implications for Systemic Management.
Animal Biodivers. Conserv. 25: 7-45.

Field, J.C. and Francis, R.C. 2006. Considering
ecosystem-based fisheries management in the
California current. Mar. Policy 30: 552-569.

Fulton, E.A., Smith, A.D.M. and Punt, A. 2005. Which
ecological indicators can robustly detect effects of
fishing? ICES J. Mar. Sci. 62: 540-551.

Grebmeier, J.M., Overland, J.E., Moore, S.E., Farley,
E.V., Carmack, E.C., Cooper, L.W., Frey, K.E,,
Helle, J.H., McLaughlin, F.A. and McNutt, S.L.
2006. A major ecosystem shift in the northern
Bering Sea. Science 311: 1461-1464.

Hilborn, R. and Walters, C.J. 1991. Quantitative
fisheries stock assessment. Chapman and Hall, NY.

Hjermann, D.O., Ottersen, G. and Stenseth, N.C. 2004.
Competition among fishermen and fish causes the
collapse of Barents Sea capelin. Proc. Nat. Acad.
Sci. 101: 11,679-11,684.

Hoff, G.R. 2006. Biodiversity as an index of regime
shift in the eastern Bering Sea. Fish. Bull. 104: 226-
237.

Hoffmann, E.E. and Powell, T.M. 1998. Environmental
variability effects on marine fisheries: four case
histories. Ecol. Appl. 8 Suppl.: S23-S32.



Hollowed, A.B., Hare, S.R. and Wooster, W.S. 2001.
Pacific basin climate variability and patterns of
northeast Pacific marine fish production. Progr.
Oceanogr. 49: 257-282.

Hsieh, C., Glaser, S.M., Lucas, A.J. and Sugihara, G.
2005. Distinguishing random  environmental
fluctuations from ecological catastrophes for the
North Pacific Ocean. Nature 435: 336-340.

Hunt G.L., Jr., Stabeno, P., Walters, G., Sinclair, E.,
Brodeur, R.D., Napp, J.M. and Bond, N.A. 2002.
Climate change and control of the southeastern
Bering Sea pelagic ecosystem. Deep-Sea Res. 1l 49:
5821-5853.

Jackson, J.B.C., Kirby, M.X., Berger, W.H., Bjorndal,
K.A., Botsford, L.W., Bourque, B.J., Bradbury,
R.H., Cooke, R.G., Erlandson, J., Estes, J.A,
Hughes, T.P., Kidwell, S., Lange, C.B., Lenihan,
H.S., Pandolfi, J.M., Peterson, C.H., Steneck, R.S.,
Tegner, M.J. and Warner, R.R. 2001. Historical
overfishing and the recent collapse of coastal
ecosystems. Science 293: 629-638.

Jennings, S. and Blanchard, J.L. 2004. Fish abundance
with  no fishing:  predictions based on
macroecological theory. J. Animal Ecol. 73: 632-
642.

Jennings, S. and Mackinson, S. 2003. Abundance-body
mass relationship in size-structured food webs. Ecol.
Lett. 6: 971-974.

Jennings, S., Warr, K.J., and Mackinson, S. 2002. Use
of size-based production and stable isotope analyses
to predict trophic transfer efficiencies and predator-
prey body mass ratios in food webs. Mar. Ecol.
Progr. Ser. 240: 11-20.

Jonsson, T., Cohen, J.E. and Carpenter, S.R. 2005.
Food webs, body size, and species abundance in
ecological community description. Advances Ecol.
Res. 36: 1-84

Jurado-Molina, J., and Livingston, P.A. 2002.
Multispecies perspectives on the Bering Sea
groundfish fisheries management regime. North Am.
J. Fish. Mgmt. 22: 1164-1175.

Kerr, S.R. 1974. Theory of size distribution in
ecological communities. J. Fish. Res. Bd. Can. 31:
1859-1862.

Kerr, S.R., and Dickie, L.M. 2001. The biomass
spectrum: A predator-prey theory of aquatic
production. Columbia University Press, New York.

King, J.R. and McFarlane, G.A. 2006. A framework
for incorporating climate regime shifts into the
management of marine resources. Fish Mgmt. Ecol.
13: 93-102.

Kondoh, M. 2003a. Foraging adaptation and the
relationship between food-web complexity and
stability. Science 299: 1388-1391.

Kondoh, M. 2003b. Response to comment on “foraging
adaptation and the relationship between food-web
complexity and stability.” Science 301: 918.

Kondoh, M. 2005. Is biodiversity maintained by food-
web complexity? - the adaptive food-web
hypothesis. pp. 130-142. In Aquatic Food Webs: An
Ecosystem Approach. Edited by A. Belgrano, U.M.
Scharler, J. Dunne and R.E. Ulanowicz, Oxford
University Press, Oxford.

Krause, A.E., Frank, KA. Mason, D.M. and
Ulanowicz, R.E. 2003. Compartments revealed in
food-web structure. Nature 426: 282—285.

Lansing, J.S. 2003. Complex adaptive system. Ann.
Rev. Anthropol. 32: 183-204.

Larkin, P.A. 1977. An epitaph for the concept of
maximum sustained yield. Trans. Am. Fish. Soc.
106: 1-11.

Legendre, P. 1993. Spatial autocorrelation: trouble or
new paradigm. Ecology 74: 1659-1673.

Legendre, P., Borcard, D. and Peres-Neto, P.R. 2005.
Analyzing beta diversity: partitioning the spatial
variation of community composition data. Ecol.
Monogr. 75: 435-450.

Li, W.K.W. 2002. Macroecological patterns of
phytoplankton in the northwestern Atlantic Ocean.
Nature 419: 154-157.

Link, J.S. 2002a. Ecological considerations in fisheries
management: What does it matter? Fisheries 27:
10-17.

Link, J.S. 2002b. Does food web theory work for
marine ecosystems? Mar. Ecol. Progr. Ser. 230:
1-9.

Link, J.S. 2005. Translating ecosystem indicators into
decision criteria. ICES J. Mar. Sci. 62: 569-576.
Link, J.S., Brodziak, J.K.T., Edwards, S.F., Overholtz,

W.J., Mountain, D., Jossi, JW., Smith, T.D. and
Fogarty, M.J. 2002c. Marine ecosystem assessment
in a fisheries management context. Can. J. Fish.

Aquat. Sci. 59: 1429-1440.

Livingston, P.A. and Jurado-Molina, J. 2000. A
multispecies virtual population analysis of the
eastern Bering Sea. ICES J. Mar. Sci. 57: 249-299.

Livingston, P.A., Aydin, K., Boldt, J., lanelli, J. and
Jurado-Molina, J. 2005. A framework for ecosystem
impacts assessment using an indicator approach.
ICES J. Mar. Sci. 62: 592-597.

Mangel, M., Talbot, L.M., Meffe, G.K., Agardy, M.T.,
Alverson, D.L. et al. 1996. Principles for the
conservation of wild living resources. Ecol. Appl. 6:
338-362.

May, R.M. 1972. Will a large complex system be
stable? Nature 238: 413-414.

May, R.M. 1973. Stability and Complexity in Model
Ecosystems, second edition, Princeton University
Press, NJ.

33



McLeod, K.., Lubchenco, J., Palumbi, S.R. and
Rosenberg, A.A. 2005. Scientific consensus
statement on marine ecosystem-based management.
Signed by 219 academic scientist and policy expert
with relevant expertise and published by the
Communication Partnership for Science and the Sea
(COMPASS) at http://compassonline.org/?q =EBM.

Melian, C.J. and Bascompte, J. 2004. Food web
cohesion. Ecology 88:352-358.

Morris, J.T., Christian, R.R. and Ulanowicz, R.E.
2005. Analysis of size and complexity of randomly
constructed food webs by information theoretic
metrics. pp. 73-85. In Aquatic Food Webs: An
Ecosystem Approach. Edited by A. Belgrano, U.M.
Scharler, J. Dunne, and R.E. Ulanowicz, Oxford
University Press.

Mueter, F.J. and Megrey, B.A. 2005. Distribution of
population-based indicators across multiple taxa to
assess the status of Gulf of Alaska and Bering Sea
groundfish communities. ICES J. Mar. Sci. 62: 344—
352.

Naeem, S. 2006. Expanding scales in biodiversity-
based research: challenges and solutions for marine
systems. Mar. Ecol. Progr. Ser. 311: 273-283.

NMFS (National Marine Fishery Service). 1999.
Ecosystem-based fishery management: A report to
Congress by the Ecosystems Principles Advisory
Panel.

NOAA  (National Oceanic and  Atmosphere
Administration). 2005. New priorities for the 21%
Century. National Marine Fisheries Service

Strategic Plan. pp. 1-19.

Neubert, M.G., Blumenshire, S.C., Duplisea, D.E.,
Jonsson, T. and Rashleigh, B. 2000. Body size and
food web structure testing the equprobability
assumption of the cascade model. Oecologia 123:
241-251.

Nicholson, M.D. and Jennings, S. 2004. Testing
candidate indicators to support ecosystem-based
management: the power of monitoring surveys to
detect temporal trends in fish community metrics.
ICES J.Mar. Sci. 61: 35-42.

NPFMC (North Pacific Fishery Management Council).
2006. Fishery ecosystem plan for the Aleutian
Islands. Revised discussion paper. NPFMC.

Overland, J.E., Adams, J.M. and Bond, N.A. 1999.
Decadal variability of the Aleutian low and its
relation to high-latitude circulation. J. Climate 12:
1542-1548.

Overland, J.E., Bond, N.A. and Wang, M. 2004. Ocean
and Climate Changes. pp. 39-57. In Marine
ecosystems of the North Pacific. PICES special
publication number 1, 280 p.

Overland, J.E. and Stabeno, P.J. 2004. Is the climate of
the Bering Sea warming and affecting the

34

ecosystem? Eos, Trans. Am. Geophys. Union 85:
309-312.

PSMFC (Pacific State Marine Fishery Commission).
2005. Strengthening scientific input and ecosystem-
based fishery management for the Pacific and North
Pacific Fishery Management Councils. Seattle,
Washington.

Pauly, D. and Christensen, V. 1995. Primary production
required to sustain global fisheries. Nature 374:
255-257.

PEW Oceans Commission. 2003. Managing marine
fisheries in the United States. Proceedings of the
PEW Commission Workshop on Marine Fishery
Management.

PICES. 2002. PICES Science: The first ten years and a
look to the future. PICES Scientific Report No. 22,
102 pp.

PICES. 2004. Marine ecosystems of the North Pacific
Ocean. PICES Spec. Pub. 1, 280 pp.

Pikitch, E.K., Santora, C., Babcock, E.A., Bakun, A.,
Bonfil, R., Conover, D.O., Dayton, P., Doukkis, P.,
Fluharty, D., Heneman, B., Houde, E.D., Link, J.,
Livingston, P.A., Mangel, M., McAllister, M.K,,
Pope, J. and Sainsbury, K.J. 2004. Ecosystem-based
fishery management. Science 305: 346-347.

Polovina, J.J. and Howell, E.A. 2005. Ecosystem
indicators derived from satellite remotely sensed
oceanographic data for the North Pacific. ICES J.
Mar. Sci. 62: 319-327.

Quinn, T.J. and Deriso, R.B. 2000. Quantitative Fish
Dynamics. Oxford University Press.

Rice, J.C. and Rochet, M.-J. 2005. A framework for
selecting a suite of indicators for fisheries
management. ICES J. Mar. Sci. 62: 516-527.

Rochet, M.-J. and Rice, J.C. 2005. Do explicit criteria
help in selecting indicators for ecosystem-based
fisheries management? ICES J. Mar. Sci. 62: 528—
539.

Rodionov, S.N. 2004. A sequential algorithm for testing
climate regime shift. Geophys. Res. Lett. 31:
d0i:10.1029/2004GL019448 (L09204).

Rodionov, S.N. and Overland, J.E. 2005. Application of
a sequential regime shift detection method to the
Bering Sea ecosystem. ICES J. Mar. Sci. 62: 328-
332.

Scandol, J.P., Holloway, M.G., Gibbs, P.J. and Astles,
K.L. 2005. Ecosystem-based fisheries management:
An Australian perspective. Aquat. Living Res. 18:
261-273.

Sheldon, R.W. and Kerr, S.R. 1972. The population
density of monster in Loch Ness. Limnol. Oceanogr.
17: 769-797.

Sheldon, R.W., Prakash, A. and Sutcliffe, W.H. 1972.
The size distribution of particles in the Ocean.
Limnol. Oceanogr. 17: 327-340.



Simpson, E.H. 1949. Measurement of diversity. Nature
163: 688.

Solow, A.R. 2005. Some random thoughts on the
statistical analysis of food-web data. pp. 69-72. In
Aquatic Food Webs: An Ecosystem Approach
Edited by A. Belgrano, U.M. Scharler, J. Dunne, and
R.E. Ulanowicz, Oxford University Press.

Solow, A.R. and Beet, A.R. 1998. On lumping species
in food webs. Ecology 79: 1294-1297.

Steele, J.H. 2006. Are there eco-metrics for fisheries?
Fish. Res. 77: 1-3.

Taylor, P.J. 2005. Unruly Complexity: Ecology,
Interpretation, Engagement. University of Chicago
Press, Chicago.

Trisak, J. 2005. Applying game theory to analyze the
influence  of  biological characteristic ~ on
fishers’cooperation in fisheries co-management.
Fish. Res. 75: 164-174.

Trites, A.W. 1999. Ecosystem considerations and the
limitations of ecosystem models in fisheries
management: insight from the Bering Sea. pp. 609-
620. In Ecosystem Approaches for Fisheries
Management, University of Alaska, Fairbanks.

U.S. Commission on Ocean Policy Report. 2004. An
Ocean Blueprint for the 21* Century. Final Report,
Washington, DC.

Villa, F. and McLeod, H. 2002. Environmental
vulnerability indicators for environmental planning
and decision-making: guidelines and applications.
Environ. Mgmt. 29: 335-348.

Walters, C.J., Christensen, V. and Pauly, D. 1997.
Structuring  dynamic  models of  exploited
ecosystems from trophic mass-balance assessments.
Rev. Fish Biol. Fish. 7: 139-172.

Walters, C.J., Christensen, V., Martell, S.T. and
Kitchell, J.F. 2005. Possible ecosystem impacts of

applying MSY policies from single-species
assessment. ICES J. Mar. Sci. 62: 558-568.

Ware, D.M. 2000. Aquatic ecosystems: properties and
models. pp. 267-295. In Fisheries Oceanography:
An Integrative Approach to Fisheries Ecology and
Management. Edited by P.J. Harrison and T.R.
Parson, Blackwell Science, Oxford.

West, G.B. and Brown, J.H. 2005. The origin of
allometric scaling laws in biology from genomes to
ecosystems: towards a quantitative unifying theory
of biological structure and organization. J. Exper.
Biol. 208: 1575-1592.

Wilderbuer, T.K., Hollowed, A.B., Ingraham, W.J., Jr.,
Spencer, P.D., Conners, M.E., Bond, N.A. and
Walters, G.E. 2002. Flatfish recruitment response to
decadal climatic variability and ocean conditions in
the eastern Bering Sea. Prog. Oceanogr. 55: 235—
247.

Williams, R.J. and Martinez, N.D. 2000. Simple rules
yield complex food webs. Nature 404: 180-183.

(WWF) World Wildlife Fund and The Nature
Conservancy (TNC). 2004. Bering Sea ecoregion
strategic action plan. Part | and Il. WWF Alaska and
TNC Alaska.

Zorach, A.C. and Ulanowicz, R.E. 2003. Quantifying
the complexity of flow networks: how many roles
are there? Complexity 8: 68—76.

Yodzis, P. 1998. Local trophodynamics and the
interaction of marine mammals and fisheries in the
Benguela ecosystem. J. Animal Ecol. 67: 635-658.

Yodzis, P. 2000. Diffuse effects in food webs. Ecology
81: 261-266.

Yodzis, P. 2001. Must top predators culled for the sake
of fisheries? Trends Ecol. Evol. 16: 78-84.

35



"x1puadde suoneiapIsuo) walsAsod3 ayl Jo Jeak ayl Ylim palou Si JoyIne syl pue ‘uoidas SI0JedIpU| W)SAS00T ay) W) UaXe) Iam elep

1SOIN ‘MO|=3q Umtoamh S91J13S awW} 3y} Uo paseq ‘10119 prepuels sy} \E oc_c_>__u pue uesw ay} mc_uom.znsm >Q po1e|Nd|ed alaM Saliss sawll € JO Yydes 10J Saljewouy
ey002 DNHdN ssewolq Buiumeds Jad 31nidal pawlojsuel-Bo| ajos peayre|4  0002-2.6T SH4 J18U10 18410

ey002 DWAdAN ssewolq Bulumeds Jad 1n1oal pawlojsuel)-6o| 8|0s X00 /66T-SL6T 9|0S %00y 18410 19410

ev002 DW-dN ssewolq Bulumeds Jad 3n1dal paw.ojsuen-6o| Ysiool UIBYLUON  €66T-LL6T suJayuoN I8Y10 18410

ey00Z DINAdN ssewolq Buiumeds Jad unioas pawlojsuen-boj yosad ueadQ ayoed £66T-096T d0d 1BYI0 18U10

ey002 DWAdAN ssewolq Bulumeds Jad 1n1oal pawlojsuel)-6o| 8j0s UYMO|IBA  866T-796T S4dA Y10 19410

yodai S|y} ‘oouin] pue oo ssewolq geJd [elo] 200Z-086T ssewolq qeid J8y10 18410

002 JN4dN ssewolq Buiumeds sad 1nioa1 pawiojsuell-Ho| doreld exsely  666T-GL6T sore|d My JENTe} JETTe}

yodau siyy ‘yine sayores AsnIns ul ssewolq ysiAllar  €002-286T ustAjiee SE e} Jay10

1odal siy) ‘ireq pue si1abbg uowles Aeg |0islig Jo yored [elol  £00Z-9S6T uowles gg JEETiTe) 18410

‘wwod 'siad ‘SM4SN ‘oobeid ‘3°'a puels| |ned 1S 1e (B6a sad sbuybpayy) Auanonpoid aunw pajiig-1dIyL  2002-926T NNGL Jayo IEIe)

‘wwod 'siad ‘spm4dsn ‘oobeiq ‘3'q puejs| |ned 1S re (66a Jad sbuibpayy) Ananonpold aunw uowwod Z002-9/6T NNOD 18U10 19410

yodau siyy ‘J81eniy (Iney Aanins Jad saioads # BAe) ssauyol ysypunoib eas buag £002-2861 ssauyoly sg Aisiang Aisianp salads

yodai siy} ‘1e1eniy (xapul Jaualp-uouueys) Ausianip ysypunolb eas buag £002-286T Aislana sg Aislang Auslanp salads

uodai siy) ‘seyores spuejs| uennajy/ess buuag yoreo 19biel-uou OdvH Z002-L66T OdvH Ausisng  Ausianip seioads

ey00Z ON-dN Spue|s| Uennajy yoed [elol  £002-296T yared |y moyy ABJauz [erowas ABisug

ey00Z OW-dN eag Bulieg yoreo €101 £002-7S6T yared sg moyy ABiauz rerowsal ABisuz

yodal siyy ‘uood (sAep Inoy z) uoirednp |med) oibejad eas Bueg £002-G66T  IMeld] dibelad sSg moyj ABisug  uonoalipas ABisug

yodal sy ‘uood (sAep Inoy {72) uoireinp |mel) WONoq pue|s| uennaly £002-066T jMel] wonog |v Moy} ABiaug  uonoalipas ABiaug

uodail siy ‘uood (sAep Inoy {g) uoneinp melsi wonog eas bullag £002-066T  IMel| wonog Sg Moy} ABisug  uonoalipas ABisug

yodal sy} ‘uood (sMooy o Jaquinu) uoyd (sullbuoj) aul| pue Y00H Spue|s| Uelnaly T00Z-066T T+H IV mojy ABlaug  uondauipal Abisug

1odas sy ‘uood (sxooy jo Jaquinu) Loya (suybuoj) aul pue YooH eas buuag T00Z-066T J1+H sg moyy ABisug  uondalpal ABiaug

‘wwod 'siad ‘sp4sn ‘oobeiq ‘3'q puejs| |ned 1S 1e (66a 1ad sbuibpayy) Auanonpoid axemmiy pabbal-pay  2002-S/6T M1 mojy ABieug  uondauipal Abisug

‘wwo? 's1ad ‘sp4sn ‘oobeiq ‘3'a puejs| |ned 1S 1e (66a Jad sbuibpayy) Auanonpoid axemniy pabbal-yoelg 2002-S/6T Mg mojy ABlaug  uondauipal Abisug

ey002 DWAdN ssewolq Bulumeds Jad 3n1oal pawlojsuen-6o| pod oioed  £002-226T pod moyy ABisug  uonoauipas ABisug

uodai siyy ‘183NN SAaAINS |Mel} WON0g Ul S81eIgalaAul pue ysl) Jo Loya Jun Jad yoyeo [e1ol  £002-286T (ando)boj Aaid-1orepaid SaAlJeU-UOU 0AU|

ey002 DINAAN ssewolq Buiumeds Jad 1nioaJ pawliojsurl-Bo| Japunoj) YIooMoLY 0002-926T 41V Aaid-iorepaid slorepaid doj

ey002 DWAdN ssewolq Buiumeds Jad 3n1dal pawlojsuen-6o| 10gin) puejuasls  £00Z-€.6T 19 Aaid-1orepaid sloyepaid do |

yodas siy} ‘elsa ] pue Jiejpuls SuNod uol| eas J9||8)s dnd-uoN  00Z-686T spadiuuld Aaid-iorepaid slorepaid dog

yodai siy) ‘seyores yo1edAq 3leys zo0z-.66T syleys Aald-1orepaid slorepaid dog

1odai siy} ‘uoisBuin yoreo ay} Jo |aAa] aiydouy puels| uennaly £00Z2-296T 19A8] aiydoa | |V Aaid-iorepaid sloyepaid do |

yodai sy} ‘uoisbuin yorea ayl Jo [9A8] alydoay eas Buag  £00Z-7S6T |1oA9) olydoi] sg Aaid-iorepaid siorepaid dog

yodai siy} ‘seyoresy yoreodAq pinbs  z00z-266T pinbs Aalid-1orepaid abe.oy 21bejad

yodal sy} ‘seyares yo1eadAq ysiy abelo4 z002Z-266T ysiy abeloH Aa1d-1orepaid abelo} oibejad

ey002Z DIN4dN ssewolq Buiumeds Jad 1nioai pawlojsuen-bo| yoojjod aks|rep\  Z00Z-796T 320]|0d Aaid-iorepaid abeloy o1bejad

ey00Z DW4dN ssewolq Buiumeds Jad 1nioai pawlojsuen-6o| [aiexoew exly  2002-..6T [EYENRLETIRY Aaid-1orepaid abe.oy o1bejad

uodal syl 1san sunioal -abe Buliay delbo]  v002-8.6T BunieH Aalid-1orepaid abelo} oibejad

Wiy xapuyAoheeou arewndbunag mmm//:dny ainyesadwal WoNog JaWwWNS  £002-286T 19 Jswwnsg  "uolinug [eaisAyd arewnD
Juwyxapul/AoBeeouarewoBuLag mww/:dny X8pu| Uone|iosO aN0lY  £002-TS6T IOV “uouiAug [edlsAyd arewn|d
iy xapuyAobeeou arewnpbunag mmm//:dny ainresadwsa) aoepns eas Ae|\  £002-0.6T 1SSAelN  "uosiaug [eaisAud arewl|D
1sa1e|' 0ad/opd/npa-uoibuiysem-oesil//:dny uone|Ioso [epedaq dyioed  ¥002-TO6T 0dd ‘uouAug [edishyd arewD
iy xapuyAobeeou-arewnobunag mmm//:dny ainresadwal Jre JojuIm 89euNS  ¥00Z-9T6T 1VS ‘uodiaug [edisAyd arewl|D
Wiy xapuyAobeeou arewnobunag mmm//:dny sa|qeleA 3ol pare|aliod Alybiy 9 Jo uoneuIqWod Y $00Z-7S6T Xapul 89| "uoJiaug [ealsAud arewl|D
92In0S uondiiosag EEIES Xapu| a1NquNY sse|D

SANVTSI NVILNITV ‘YIS ONI¥3d

"'900Z 40} SuoIRIapISU0D WaISAS09T D Xipuaddy JO Z ajqe.L ul pajuasald Sal1as s spues| uenna|y/eas buliag Jo s82inos pue suonduosaq ¢ Xipuaddy



¥0 €0 ¢0 T0 00 66 86 L6 96 S6 ¥6 €6 ¢6 16 06 68 88 /8 98 S8 ¥8 €8 ¢8 18 08 6L 8L LL 9L SL ¥v.L €L ¢L TL OL

2002-L66T o | + o = o |+ OdVH Ais1anip sajdads
200¢2-266T + |+ = = o |+ @ ' N - X pinbg abeioy o1bejad
¥002-686T| - - - - o o + + + o — @ . NuAXA@ . H - H spadiuuid sioyepaid do
2002-L66T o | ++ ] o o - - - syreys siorepaid do.
2002-L66T R EREE _ 9 T-<X<G 0 I usy abeioy abeio} aibejod
€002-S66T o|lofo - -+ o]+t ] o 0 G'0-<X<G0 [ ey d1bejad S8 uopoaipal ABisuz
£002-066T o o o = - o|-|+]|oflo]of|of of++ + G'0<X<9'T |mes L wonod IV uonoanpal ABisug
€002-066T = - - o - |lo |+ ]+ o +]of+]+ - . . IMelL WoNog S8 uonoalpal ABisu:

T002-066T = = = = = + o o + |+ | o ++ tt @ HAX.A@ N BETL :o_“omh_”m_ >Em:“
T002-066T - - - -+l + |+ ]+ o ]+]o0 - Tt 9¢<X I T+H sg uopoaupal ABiauz
2002-9.6T + |+ [4 - - | o o [4 o | + | + - |+ + UC@@OI_ I AWOD Y0
€£002-286T ++ | + [} = + o + = = + = [} [} + [} + = [} o + = ] 19 Jswwng srewn))
0002-LL6T - - - - - - - - - - | o [4 - ofofo|+]+ |+ + o[+ o+ | ]+ SH4 1Yo
166T-S.6T - |- - - - - - | o [ oo |+ |+ |+ ]|+ |+ + + + 0o fo o o | + 3]0S %20y Yo
0002-9.6T - - o | - = o - - - - o - O |+ [+t |+ |+ [++] O O |+ [+ | O o + d1v sioyepaid do .
€£002-€.6T + |+ |+ o - - - - - - - - - + o - - o|+| + ] o - - oo |+ |+ [of+ ]+ ]|+ 19 siorepaid do).
€66T-LL6T + o] = = = + + = = o ++ = = = o o] o + SUIBYUON 1BYI0
£66T-096T - - - - - o o o + + | ++ + + ++ + + + + + o o o o o 0 |dod 1B8Y10
866T-796T - - - - [ - - - [¢] - - - - - - - ] - o [ o o o + + |+ |+ [+ + | + [s3a 1BYIO
2002-S.6T + - + o + |0 - o o|o o + oo - o - + |+ ] 0 [ZRls] uondanpai ABiaug
2002-9/6T + | o [ o|=|-|o o o oflofo|o]|o]| = + o | ++ nWEL 1BYI0
2002-G/6T ++ | - + = + |0 = = oo [¢] = + [¢] o|o = + [ + + + D Rk:] uonoanpai ABisug
2002-086T - - - - o|lo]Jo|o|lo|o|o|f++] ++ ]|+ | o] o - - - - o o + ssewolq qeld 1Yo
€002-2861 ++ | - + o o[+ |o] o - o + o] + o - - = - = o] + + Ssauyoly sg Ausianp sa1vads
2002-796T = = = ] [¢] = ° o ° ° = +| 0 o o o = || = o o = + o + + | ++ + + + + o o [ - | dd0ll0d abeloy aibejad
€002-2.6T o o o o + o o o [} © © o o © o ° ° o ° o [} + + 0 | ++ | ++ | +++ pod uonoauipal ABIsug
666T-G/6T + [} [} [} - o o = [} = [} = o = [} = = o = = o + + + + ++ |+ aore|d My 19Y10
€002-¢861 ofofoJ+++] + |+ |+ + |0+ |0fo0fO - ) i i - i i i i usyAliac 1Bsyo
£002-2861 - S|t 0 O |+t [+ [+ | + [+ ] 0]+ ]+ 0 - - - Sl ] - - - Aysiona sg Aysianip sepads
£002-286T ++] 0] 0 0 ofofojojp+|++f+]oOo]oO ° ojofo - = -[° 3 (3ndo)Boj SaAnRU-UOU 01U
2002-L.6T o] - LA IRl R B o A DR - O+ o]+ O] 0} - - - O 0[O0 ++ [212%0eN'Y abeloy a1belRd
v002-8/6T| © = ° o o = = o o o o o o + o o o o o o o + +H+ | o o o BulaH sbelo) o1bejod
QOONuHmmH - o + - + + o o - + o ++ + + + ++ o - - - o o o o o - - = + + o + o o = [e)2 arewl|D
€£002-7S6T + + o © o o|o]| o o + o |+ | + o o + o o ]of - - = - - - - = - o + + | ++ | ++ | O |yoeosg renows. ABisug
vooz-06T| + | + | 0o | © o - - |o ]| + - o+ |-]o o o|lofo - - - + - |+ | ]+ = = + ] o0 = - | + |1ssken arewnd
¥002-T06T| © ++ o o - o + o o - + o o == o - + ++ + + + + o + o - o + - - - o - - + | oad arewn;D
¥002-9T6T| + + - ++ - o o 0 | ++ - o o o - o + - + o + o o + + + ++ + o == - - o == - [ A arewnD
£002-9S6T o - [} [} + - SO IS I I I I + + o fofo|+]+ ]+ o o |+ |+ | o = s o o S S - | + | uvowpes ag 1Yo
£002-296T o o o o o + |+ |+ |+ | + |4+ |+ ] O o ++ | - - o o] + o o o o - - - - - - = - = T |udred v leaowsas ABiaug
€002-296T [s] [s] o] o] [s] [s] [s] o o o + + + + + + + + + + + + + + + o o o o] o + o = = |1ene) oydouL v siorepaid do.
¥002Z-¥S6T| - - + | = + o+ o=+ |0 O N [ - [} - o|oflo]o - - o | = | - o + [+ |+ o+ ]|+ |0 |xepuag srewnd
£002-VS6T + |+ |+ + +|ofo|l+ ]|+ ]|]o|o]ofo + o|lofo|o]o]|]o]f+ + + + oo + x|+ ]+ ]+ | o]0 |oneomdoisa sioyepaid do
pezieuoN oroipu sseip

(‘uoneue|dxa joquAs Joj abed 1xau 83S) "epeuR)d pue "S'M dY] JO SISLOD 1SB3 8yl Uo SWialsAs0da 10} pasn (£002) O4a
pue (Z00Z) ‘Ie 18 YulT] Se poylaw Jejiwis e Buisn ‘quasaid ay) 01 0L6T WOLL SPUR|S| UBIIN3|Y/ /@3S Buliag ay) ul Sa1Ias awi Saljewoue pazipsepuels G Xipuaddy



"OrYT-621T (65 '19S Tenby "ysi4 ‘¢ "ued IXa1u09 Juswabeuew SaLIaysl)
B Ul JUSWISSASSe WAISAS023 auLIRlN 200z 'C'IN ‘Auebo4 pue '@ L ‘yuws “AAC “ISSOr @ ‘UIRIUNOIAL "' ‘Z1OYIBAQ “4'S ‘SprempT “ 1™ “Melzpoldg St “ul]
"¥00/£002 "day snieis WaisAsod3 "09S "SIAPY “19S "UeD (0-4Q) SUesdO pue saliaysid 40 Juswieda "WaisAsod3 4|9yS UeNO0IS UIS)Se 8y} Jo alels €002 "04d

SERVEDETEN |

3]0S UJMO][9A 4SA 8]0s peayle|4 SH4

alnwi pajlig-»a1y L NINGL Hoya 1un Jad yoyed 3Ndo
ainyeladLua) aoeyns vas 1SS a1INwW uowwo) NINOD
ainjesadwa) Jre adepINs 1VS vas Buiieg sg
aemimniy pabbsl-pay IMTY aYemmny pahbal-soelg Mg
yolad uesdQ dij1oed dOd Aeg |o1sug a4
X8pu] Uone|[IasQ Jlj1oed odd Japunoj} yroomouly 41v
aul] pue 3ooH I+H X8pu] UOHEJ[IISO MY [e)v/

UJaouo9 JejnanJed Jo eaJe 1elIqRY JdVH BSe|V MV
100N} puB|U33IS) 19 spue|s| uenna|y [\
pusba

*3]qel SIYY Ul papNoul Salias awinl 8yl Jo uondiiassp
e 10} 900Z 10} SUOIRISPISUOD W.a1SAS00T D xIpuaddy 89S “a|qe|leAr aWO093Q SaIIas-aWll 8SOY) UBYM pappe aq |[IM Tey) So|qelieA aWOoS ale a1ayl ‘IsAamoy
‘Spue|s| uenna|y/ess Buliag ayl ul sassadoad wa1sAs0da 01 aourpiodwil J1I3Y) JO 9SNBISQY USSOYD a4am pajuasald salias awil ayl 18yiabol padnoib alem sasuodsal
Je[lWIS YIIM S3]qeLIeA Jeyl 0S Sixe-A ay) uo pabuelie a1am Sa11as aWi] "elep Ou 31edlpul S||39 YUe|q ‘SaljewWwou. JO SUOISIAIP USA3S Juasaidal Buipeys pue s|oquiAS



