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WELCOME

UshaVaranasi
NOAA, NMFES
Northwest Fisheries Science Center
2725 M ontlake Blvd. East
Seattle, WA 98112-2097
Tel: 206-860-3200
Usha.Varanasi@noaa.gov

| welcome all of you to Seattle for the 6™
NMFSNationa Stock Assessment Workshop.
These workshops allow NMFS experts to
exchange information about their work and
forge new collaborations. While we all are
good at presenting our research at externa
conferences, we usualy do not get many
opportunities to discuss our research inter-
nally within our own agency. We al owe
thanksto Mike Sissenwinefor initiating these
workshops six years ago when he was the
NMFS Chief Scientist and to Bill Fox for
expanding the theme of the workshops.

| am extremely pleased to host the 6™
NMFSNational Stock Assessment Workshop.
Itisparticularly rdevant that the NWFSC host
this year’'s workshop with its ecosystem
theme. Asyou know, our Center focuses on
living marine resources of the Pacific North-
west: marine and anadromousfishesand their
habitats. A major goa of our research pro-
gramsis to incorporatethe ecosystem princi-
ples and considerations that you will be ex-
ploring here over the next three days.

What do we mean by “ecosystem ap-
proach?’ In simple terms an ecosystem
approach recognizes that plant and animal
communities are interdependent and interact
with their physical environment. To ulti-
mately sustain our living marineresourcesand
achieve optimum vyield, fisheries managers
must use a paradigm that recognizes and
incorporates these ecological linkages among
species and their habitats. Hence, our goal as
scientistsis to improve our scientific under-
standing of key aspects of the life histories of

exploited species in a holistic ecosystem
environment. In other words, we must exam-
ine the quality and health of the individuals;
therelevant biotic interactions; and how these
factors interact in relation to the physica
environment that surrounds them. Only then
can we fully understand variability in recruit-
ment, stock structure, and the other compo-
nentsthat collectively determinethecondition
of our fisheries

Two broad areas of research focus at the
NWFSC are centered on Pacific salmon and
west coast groundfish. We are facing prob-
lems of declining stocks of both salmon and
groundfish. Understanding of anthropogenic
factors affecting survival and abundance of
these stocks as well as long-term climate
shiftsand ecosystemfactors, such aspredation
and prey resources, must be better understood
in order to provide accurate forecasts of the
potential for recovery o listed stocks, to hdp
us rebuild overfished stocks, and to help us
support sustainable fisheries.

Asyou al know well, large numbers of
Pacificsalmon stocksarelisted asendangered
or threatened under the Endangered Species
Act (ESA). Our challengeisto providestrong
scientificunderpinning for recovery of Pacific
salmon which have a complex life history.
Our salmon analysis clearly embraces an
ecosystem approach. Ecosystem studies
include investigation of nutrient cycling from
marine environment to freshwater habitas,
and elucidation of thebiological and physical
factors that affect survival of juveniles in
estuaries and the coastal ocean. Wehavetied



these research initiatives and analyses of risk
together in a new approach that we call the
"Cumulative Risk Initiative" (CRI). TheCRI
guantitatively examinesthewholelifecycleof
salmon and all the factorsthat cause mortality
and impede recovery. We consider genetics
habitat, harvest, hydropower, climate, and
other factors (such as water quality) in order
to understand the cumulative impact of natu-
ral and anthropogenic risk factors on salmon.
One of our papers on Thursday will present
this CRI approach which we see as a proto-
typefor modeling other complex systems. We
will be seeking to incorporate such cross-
cutting ecosystem approachesinto even more
of our fisheries research.

For groundfish, we are involved with
rebuilding overfished stocks on the west coast
and evaluating the status of marine spedes,
particularly seven species in Puget Sound
which have been petitioned for listing under
ESA. The high degree of urbanization in
Puget Sound represents a major challenge
because it layers human-caused factors over
natural variability. Compared to the other
four Science Centers, our groundfish program
isrelatively new. But over the past fiveyears
we have made major strides in building a
groundfish program to improve our
groundfish assessments, and devel oping new
working relationships with diverse constitu-
ents. With collaboration of other west coast
Science Centers, we are just now completing

a comprehensive research plan for the west
coast groundfish which spans topics from
stock assessments to habitat to economics.
We will be using this plan to prioritize our
work in critical areas, while incorporating
ecosystem principles in our assessments of
groundfish.

The NWFSC has a long history of re-
search on the effects of contaminants on
marine species. Today, we are also working
on the far-reaching principles of defining
essential fish habitat for salmon and ground-
fish, and investigating Harmful Algal Blooms
whose effects may spread broadly in an eco-
system.

Ecosystem principles must be embraced
by the agency if we are to be stewards of
living marine resources for the long-term.
The challengeis“How?" Will single species
assessments suffice in some situations? Can
thehighinformation demandsof afull ecosys-
tem model be met? Can we design safe, low
information approaches that still allow sus-
tainable fisheries for key species? This
NSAW providesagreat opportunity for scien-
tists throughout NMFS to gather and discuss
these issues.

Welook forward to sharing our ideasand
work with you this week, and learning from
your ecosystem and stock assessment efforts
in other areas.



INTRODUCTION

PamelaM. Mace
NOAA, NMFS
Office of Science and Technology
1315 East-West Highway
Silver Spring, MD 20910
Tel : 508-548-2357
Pamela.M ace@noaa.gov

The National Marine Fisheries Service
(NMFS) National Stock Assessment Work-
shops (NSAWSs) have two primary general
objectives:

(i) to address an important and topical
theme of common concem to all
NMFS Science Centers

(ii) to provide aforum for interaction for
a large diversity of NMFS scientists
involved in conducting stock assess-
ments, providing management advice,
and related activities

Topics, host Science Centers and dates
for the previous five NSAWSs follow:

15T NSAW: “Determination of Allowable
Biological Catches’, Southesst Fisheries
Science Center, Miami FL, 19-22 March
1991.

20 NSAW: “Defining Overfishing -- Defin-
ing Stock Rebuilding”, Southwest Fisher-
ies Science Center, La Jolla CA, 31
March - 2 April 1992.

3"° NSAW: “Bycatch and Discard Mortality:
Sampling, Estimation and Implications
for Scientific Advice’, Northeast Fisher-
ies Science Center, WoodsHole MA, 20-
22 July 1993.

4™ NSAW: “ Spatial Patterns: Survey Design,
Geographic Analysis, and Migration
Models’, Alaska Fisheries Science Cen-
ter, Seattle WA, 10-12 August 1994.

5™ NSAW: “Providing Scientific Adviceto
Implement the Precautionary Approach
Under the Magnuson-Stevens Fishery
Conservation and Management Act”,
Southeast Fisheries Science Center, Key
Largo FL, 24-26 February 1998.

The theme for this, the 6™ NSAW,
hosted by the Northwest Fisheries Science
Center on 28-30 March 2000, was “Incorpo-
rating ecosystem considerations into stock
assessments and management advice.” This
theme was chosen becauseit is highly topical
and has wide appeal. While there has been a
longstanding requirement in the Magnuson
Act to incorporate ecosystem considerations
in the fisheries management process, in most
cases to date this has only been accomplished
inacursory or qualitative manner, and thereis
currently escalaing pressure from scientists,
fishers, managers, and environmentalists to
more explicitly consider multispeciesinterac-
tionsand other ecosystem effects. Inaddition,
two major committees have recently been
working on ecosystem management in marine
fisheries: one convened by the Ocean Studies
Board of the National Research Council,
which released its report on “ Sustaining Ma-
rine Fisheries’ in October, 1998; and an
Ecosystem PrinciplesAdvisory Panel (EPAP)
convened by the National Marine Fisheries
Service, as required by the 1996 Sustainable
Fisheries Act, which submitted its report to
the U.S. Congressin April 1999. There have
also been severa recent conferences and
symposia on ecosystem considerations (e.g.,
the 16" Lowell Wakefield Fisheries Sympo-



sium held in Anchorage AK in October 1998
had the theme of “Ecosystem Considerations
in Fisheries Management”).

The theme of ecosystem considerations
haspotentially wide appeal toalargediversity
of NMFS and other scientists and managers,
including thoseinvolved in survey design and
planning (who may need to redesign surveys
to monitor whole ecosygems rather than just
targeting particul ar species), stock assessment
scientists (who may need to include
multispecies or oceanographic effectsin thar
assessment models and management advice,
either qualitatively or quantitatively), ocean-
ographers (who may need to develop or fur-
ther expand data collection programs and
modelsthat explicitly incorporate physical or
other oceanographic phenomena into assess-
ment models), fisheries managers (who may
need to weigh risks and benefits in a
multispecies rather than a single species
context), economists and other social scien-
tists (who may need to develop models for
evaluating trade-offs between different types
of ecosystem perturbation in terms of net
economic benefits), aquaculturists (who may
need to evaluate the impacts of marine agua-
culture on natural ecosystems), and virtudly
every other sub-discipline associated with
fisheries.

A Steering Committee consisting of one
representativefrom the headquarters Office of
Science and Technology and one or two
representatives from each of the Science
Centers was formed to further develop the
overall theme and organize the workshop.
Steering Committee members were Pamela
Mace (Officeof Scienceand Technology), Ed
Casillas (Northwest Fisheries Science Center,

Rick Methot (Northwest Fisheries Science
Center), Alec MacCall (Southwest Fisheries
Science Center), Bill Overholtz (Northeast
Fisheries Science Center), Mike Prager
(Southeast Fisheries Science Center), and
Grant Thompson (Alaska Fisheries Science
Center).

The workshop consisted of seminars,
poster sessions, software demonstrations, and
discussion groups that addressed theme areas
and formul ated conclusionsand recommenda-
tions pertaining to these themes. The four
theme areas were

1. Ecosystem properties

2. Biological and technological interac-

tions

3. Short and long-term climate and
other environmertal/oceanographic
effects

4. Secondary effects of fisheries

Theoverall trigger question for the meet-
ing was “What are the pros and consof going
beyond single species?’

This Technical Memorandum contains
the Proceedings of the 6™ NSAW, including
thefull text of an overview paper presented by
Jason Link of the Northeast Fisheries Science
Center, abstracts of seminars and posters
presented during the NSAW, discussion group
reports, and a summary of workshop conclu-
sions and recommendations on ecosystem
considerationsin stock assessments and man-
agement advice. The agendaisreproduced in
Appendix | and a list of the 83 participants
and their affiliationsis contained in Appendix
Il.



OVERVIEW PAPER

Fisheries Management in An Ecosystem Context:
What Does this Mean, What Do We Want, and Can We Do It?

Jason S. Link
NOAA, NMFS
Northeast Fisheries Science Center
Food Web Dynamics Program
166 Water Street
Woods Hole, MA 02543
Tel: 508-495-2340
Jason.Link@noaa.gov

There has been considerable recent inter-
est in ecosystem-based fisheriesmanagement,
as evinced by several reports, books, and
conferences (e.g., Christensen et al. 1996,
Larkin 1996, the NRC Ocean Studies Board
Meeting in Monterey, California in 1996
(ESA 1998), Jennings and Kaiser 1998, the
Wakefield Symposium in Anchorage, Alaska
in 1998 (Alaska Sea Grant 1999), the report of
the Ecosystem Principles Advisory Panel
(EPAP) 1999, Hall 1999, NRC 1999, the
ICES-SCOR Symposium in Montpelier,
France in 1999 (ICES 2000), and Kaiser and
de Groot 2000). Several factors have contrib-
uted to the current rel evance and awareness of
thisissue, including conflicts between stake-
holders, disparate legidlation, debate over the
most important processes in an ecosystem,
limitationsof single-speciesmanagement, and
useof thisperspective asascapegoat to justify
any position. Itisinsightful to remember that
consideration of factors that impact marine
resource popul ations in a context beyond just
the species level has along and notable his-
tory infisheriesscience. Spencer Baird, inhis
seminal report to the United States Congress
(1873), noted five areas of research needed to
explorepotential causesof declinein Southern
New England fisheries:

“1. The decrease or disappearance of the
food upon which thefish subsist, neces-
sitating their departure to other locali-
ties.

2. A change of location, either entirely ca-
pricious or induced by the necessity of
looking for food elsewhere, asjust re-

ferred to.

3. Epidemic diseases, or peculiar atmo-
spheric agencies, such as heat, cold, etc.

4. Destruction by ather fishes.

5. The agency of man; this being manifested
either in the pollution of the water by the
dischargeinto it of the refuse of
manufactories, etc. or by excessive
overfishing, or the use of improper appa-
ratus.”

Certainly these are resonant of contemporary
terms such as trophic cascades, regime shifts,
essential fish habitat, top-down/bottom-up
controls, and overfishing. There has been
notableadvancement of technologies, method-
ologies, and theory over the past 130 yearsto
address these topics. Y et despite the attention
given to this problem during the past century
and a half, many basic questions remain unad-
dressed.

There are two mgjor reasons why these
guestions have not been fully addressed. First
isthe inherent difficulty of ever fully elucidat-
ing, particularly to the point of predictability,
the multiple and complex dynamics of ecosys-
tems. Second is the lack of unambiguous
terminology used to identify the issues in an
inter-disciplinary context, especialy given the
ecological, oceanographic, ichthyological,
social, and economic mosaic within which
fisheries management operates.

So let us start by asking what does the
term “ecosystem” mean? This team likely
evokes thoughts of multispecies approaches or



the entire fish community for many fishery
scientists, but is actually much broader than
this, including the entire food web and all
abiotic factors that act upon a system. An
ecosystem is defined as “an ecological com-
munity together withitsenvironment, consid-
ered as a unit” (adapted from Tansley 1935).
Ecosystems are complex, and cover many
processes at many levels of the biological
hierarchy. Once one takes a complex system
and attempts to assess it in an even more
complex socio-political arena, many ambigu-
ousterms become associated withthe topic of
ecosystem management. Let us attempt to
clarify these taams.

Are we really doing ecosystem manage-
ment in a fisheries context or fisheries man-
agement in an ecosystem context? | submit
thelatter. Technically, we cannot manage an
ecosystem. Ecosystem-based fishery manage-
ment iseffectively shorthand for moreholistic
approachesto resource all ocation and manage-
ment (Larkin 1996). The question then be-
comes, what are we trying to do with
ecosystem-based fishery management? Are
wetrying to simultaneously optimizetotal fish
yield in a system, optimize the yield of a
particular species, provide long-term eco-
nomic viability, conserve biodiversity, main-
tain a particular ecosystem state, protect
certain species, or protect certain ecosystem
services? Itisclear fromthislist of objectives
that there will be conflicting goals. The Eco-
system Principles Advisory Panel (EPAP
1999) report to the United States Congress
simply statesthat the goal of ecosystem-based
fisheries management is to maintain ecosys-
tem health and sustainability.

Ecosystem health is a misnomer. The
human analogy of medical homeostasis or
toxicological resistance does not apply
(Wicklum and Davies 1995). If humanshave
ablood pressure, pulse rate, temperature, and
brain wave activity within acertainrange, we
are healthy. If these and related metrics are
outside of a specified range, we are termed
unhealthy and if we persist autside of this
range we will ultimately cease to function.
Alternatively, ecosystemscan exhibit multiple
states that are just as functional as any other.

Some states are certainly more desirable than
others, but many areviable. | propose we use
the term “ecosystem status” instead of ecosys-
tem health to describe the condition of an
ecosystem in aless subjective and value-laden
manner.

Ecosystem products (or services) isaterm
that connotes the measurement and evaluation
of specified outputs produced by a system.
Although a useful term, we should remember
that there are services provided by an ecosys-
tem beyond the scope of fisheriesmanagement.
For example, marine ecosystems provide the
basis for tourism, eco-tourism, diving, trans-
portation, climate regulation, CO, scrubbing,
mineral extraction (oil and otherwise), discov-
ery of new materials, and development of new
medicines, in addition to commercia and
recreational fishing. How we collectively
prioritizethese products, maintain theability of
asystem to continue to produce these sarvices,
and recognize the impacts of fishing on these
aspects of the ecosystem remains a key chal-
lenge for national and international resource
management.

Ecosystem integrity is also a subjective
term. How do we measure, reproduce, or
evaluateintegrity? Thisimpliesthat unlesswe
do something, whatever that may be, the criti-
cal processes in an ecosystem will break and
ceaseto function. Asdiscussed earlier, ecosys-
tems will continue to function, albeit with
different configurations. | propose we usethe
term “ecosystem sustainability” instead of
ecosystem integrity to refer to the maintenance
of specified processes we would like to see
persist in a system. We can measure and
evaluate processes in a sygem over time to
ascertain how sustainable a particular ecosys-
tem state might be. However, this begs the
question, what is it that we are attempting to
sustain?

There is a duality when considering eco-
system approaches to fisheries management.
The argument has polarized about two ex-
tremes: either one can approach management
from the perspective of theentire ecosystem, or
from a single-species goproach that is cogni-
zant of broader ecosystem considerations.



Single-species approaches generally do not
consider species interadions, changes in
ecosystem structure or function, biodiversity,
non-fishing ecosystem services, protected or
rare species, non-target species, ecosystem
effects of discarding unwanted bycatch, or
gear impacts on habitat. Conversely, ecosy/s-
tem approaches generally do not consider
demographic parameters, density-dependent
effects, stock-recruitment relationships, ge-
netic diversity, economic tradeoffs, or stan-
dards, reference pants and performance
statistics. Thisduality isreally afalsedichot-
omy, and actually represents two extremes
aong a gradient (Figure 1). We can and
shouldincorporatesome of the best agpectsof
all approaches from this gradient.

This gradient of approaches implies
several opportunities and tradeoffs. We can
mai ntain a single-species approach and forget
ecosystem issues, conduct multiple single-
species assessments in “harmony,” conduct
single-species assessments with explicit pre-
dation mortality or habitat or climate consider-
ations, conduct multispedes assessments,
construct aggregate biomass models, or drop
population dynamics entirely and focus on
whole system models Certainly more meth-
odology is available at the single-species end
of the spectrum and this is much cheaper (in
terms of dollars, time, and data) than the
ecosystem end of possible approaches. Con-
versely, the higher end of the hierarchy incor-
porates a greater variety of processes more
explicitly and captures marny critical factors
that are omitted from the single-species ap-
proaches. Regardless of our current position
along thisgradient, itisclear that wewill have
to incorporate a broader, more interdisciplin-
ary approach to fisheries science.

One explicit consideration should be
biomass tradeoffs. We know that the sum of
single-species MSY is greater than MSY for
the system, and it is energetically impossible
tosimultaneously maximizeyieldformultiple
species. Our objective, as difficult as it may
be, should be to specify the species mix we
want in the fish assemblage of an ecosystem,
which raises the consideration about alterna-
tive steady states. Presuming we can even

agree what the optimal ecosystem date should
look like in terms of species composition,
relative abundance, and other factors, it is
guestionableif we can manipulate a system to
that end. Although we may desire to go back
tothe“glory days’ of acertain ecosystem state,
we need to be frank about the probability that
amultispeciestrajectory may not bereversible,
particularly given environmental regime shifts
and habitat changes.

This brings us to what is doable and what
isintractable | do not mean to imply that the
task of ecosystem-based fisheries management
is hopeless, when in fact we can set up bounds
that may increase the chances of sustaining a
certain fish assemblage tha concurrently
minimizes ecological impads to a system.
How do weimplement such considerationsinto
fisheries management? In many instances, we
already do. There are several FMPs that con-
sider groups of fish as assemblages, there are
ecological considerationswritten into many of
the same FMPs, there are many single-species
assessments that incorporate a host of broader
considerations, and there are several multi-
Speciesor aggregate model sthat exist and have
been used with some success. Let us continue
to use and expand upon these approaches.

What do we need to do to improve our
implementation of ecosystem considerationsin
fisheries management? First, we need to con-
tinuethedialogueto clearly define our goalsin
an ecosystem context, and devel op protocolsto
resolve competing goals for any given ecosys-
tem. Thiswill be an iterative process, and we
will want to ensure that al stakeholders are
provided an opportunity for input. Second, we
should explore a suite of ecosystem metrics
and indicatorsto determineif there are ecosy/s-
tem anal ogsto single-species reference pants,
standards, and control rules Table 1 lists
examples of indices, parameters, and similar
metricsalong the gradient that may beuseful to
determine whether an ecosystem isoverfished.
We should ask if these metrics are general
enough to be useful, sensitive to change, feasi-
ble to measure, and incorporate uncertainty.
Third, we need to develop and apply more
appropriatetheory, models, and methodsat the
aggregate and system level. Some of these



approaches exist or can be extended from is a fruitful areafor research. Fourth, we
single-species approaches, but several associ- should maintain current
ated issueshaveyet to befully explored. This

Can Control & Measure Fishing Effort Realism
4 >
Parsimony Addresses Ecosystem Issues
Existing Methods and Metrics Data Requirements (=Cost)
Stock/Single Multi-species Aggregate Ecosystem
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Figure 1. A gradient of possibilities from single-species to whole system approaches for fisheries
management, noting key processes and pros or cons at each level.



monitoring and establish additional monitor-
ing programs. Maintaning current monitor-
ing is essential to provide baseline informa-
tion for key species and many of the system-
level emergent properties can be calculated
from our extant resource survey data. Expan-
sion of monitoring programs is essential to
include habitat characterization, environmen-
tal variables, and non-target species. Finaly,
we need to formalize Fishery-Ecosystem
Plans (FEPs). What should an FEP ook like?
We need to review these issues and develop
guidelines similar to, but qualitatively differ-
ent than, those that exist for single-species
FMPs.

What does an ecosystem approach to
fisheries management provide that we cannot
obtain from a single-species approach? An
ecosystem approach moreexplicitly addresses
the effectsof fishing on non-target species, on
habitat, on speciesinteractions, and on whole
system processes. This approach explicitly
recognizes that marine ecosystems provide
other “goods and services’ besides fishery
harvest; it addresses biomass tradeoffsamong
species,; andit providesincreased accountabil -
ity from stakeholders. Thisapproach changes
the burden of proof to a more precautionary
perspective.

Table 1. Examples of ecosystem emergent properties that can be measured and perhaps serve as
proxies for decision criteriain fisheries managament.

Systems Analysis

Exergy, emergy, total production, total biomass, energy flux,

(Cybernetic) Metrics

Aggregate Metrics

Food Web Metrics

Community Metrics

resilience, persistence, resistance, stability, freeenergy, information
content

Mass flux, ascendancy, redundancy, developmental capacity, guild
composition, trophic transfer efficiency, production and biomass in
atrophic level or group

Connectivity, trophic links, modal chain length, % omnivory, %
cannibalism, linkage density, dlocation of spedes across trophic
levels, interaction strength, cydes, predator/prey ratio

Diversity indices sizespectra, speciesrichness, evenness, dominance,

overlap indices, interaction indioces

Single-species Metrics

MSY, FMAX' FMSY! FO.l’ on%, SSB, MEY’ F:M, Z

Conclusions

Fisheries management in an ecosystem
context isfeasible. Yet it will not work with-
out clearly defined goals. Severa metrics
exist that can measure ecosystem status inde-
pendent of particular goals. We should ex-
plore these indicators as the goal-setting

process continues.

Ecosystem considerations do not substi-
tute for what we already know from a single-
species approach. We still need to reduce
fishing mortality and fishing capacity. We
still need to continue monitoring. 1nvoking
ecosystem considerations is not a crutch for



failing to implement clear-cut single-species
fisheries management advice.

Ecosystem approaches augment single-
species approaches and provide complemen-
tary information that one cannot obtain from
classical methods Asmore and more stake-
hol dersbecomeinvolved with fisheriesissues,
weneed to beasinclusive asfeasible. Recog-
nizing the complexity of ecosysgems will
change the burden of proof.

As we continue to develop ecosystem-
based fishery management, several questions
need to be kept in mind:

1. Why bother with this approach?

What doesthistell usthat we couldn’t get
from a single-species perspective?

2. What are the goals of fishery management
in an ecosystem context?

Arethey clear? Arethey redlistic? Are
they feasible?

3. What isthe best approach to use along the
gradient?

How much data will it need, and is this
availableor feasibleto obtain? What are
the pros and cons of each approach?
What are the cogs?

4. Are there ecosystem analogs to single-
species overfishing definitions?

How do we know if an entire ecosystem
has been overfished, particularly relative
to other edaphic perturbations? Can we
set decision criteria? Can we agree on a
certain ecosystem configuration? Canwe
manage it to that end?

5. How do we implement ecosystem-based
advice? What should be included in a
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Fishery Ecosystem Plan? How do we
educateothersabout theseissues? Dowe
need a paradigm shift and if so, will this
approach enable one in the current man-
agement culture?
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Carrying Capacity of Apex Predators and the Frequency and Cadence
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Carrying capacity hasbeen defined asthe
maximum biomass “supportable” for agiven
level of primary productivity. For apex preda-
tors, this supportable biomass is also a func-
tion of food web structure. Current discus-
sions emphasize that carrying capacity may
change as part of a “regime shift.” In this
frame of reference, ashift in primary produc-
tivity may be considered to be an alternation
between two carrying capacities. However, if
the change represents an oscillation, changes
inthefood web structure or an apex predator’s
long-term carrying capacity will depend not
only on the amplitude of the oscillation, but
on its frequency and cadence, where cadence
isdefined asthe sequencing of theextremesof
productivity.

In this paper, we examine quantitative
models of several North Pacific marine food
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webs. The ecosystems range from the Bering
Sea to subarctic and subtropical gyres to the
eastern tropical Pacific. Each ecosystem has
been hypothesized to respond differently to El
Nino Southern Oscillation (ENSO) and decad-
al scales of physical variation. For each
model, we determine a “static” carrying ca
pacity for apex predators, or the biomass
supportableif primary produdivity remained
constant. Then, we manipulate each system
by varying the frequency and amplitude of
primary production to ask “on what scale of
variation does each ecosystem maximize
production?” The results are compared to
changesin frequency, amplitude and cadence
of forcing that may be expected under scenar-
ios of long-term climate change, and under
fishing pressure which may not have evolved
to take advantage of the natural variation
within the system.
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Ecosystem modeling and managing must
explicitly examine predator/prey interactions,
and the software packages ECOPATH and
ECOSIM have achieved prominence as a
possible approach to such modeling. The
models are extremely general, and this gener-
alization is both their weakness and their
strength.  In particular, the generalizations
allow researchers to compare energy flow
between ecosystems, while the relatively
small parameter set allows modelers examin-
ing a single ecosystem to compare different
types of single-species models for internal
biological consistency.

Moreover, while ECOPATH and
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ECOSIM cannot yet makeexplicit predictions
for specific stocks, they may be extremely
good tools for examining changes in natura
mortality and predator/prey interactionswhich
may occur acrossenvironmental regimeshifts,
and affect the assessment of fished stocks.

So what use is a mass balance (rot equi-
librium!) food web, and what tricks can it
perform? Our aim is to introduce the use of
ECOPATH and ECOSIM with ahealthy sense
of skepticism that must accompany any
model, and determine what ECOPATH can
and cannot do in terms of marine ecosystem
management.



Effect of Nutrient Cycling from Carcasses on Salmon Productivity
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Research over the last decade has estab-
lished the ecol ogical importance of the contri-
bution of nutrients and organic matter that
spawning Pacific salmon maketo thefreshwa-
ter habitats where they spawn. A large pro-
portion of the nitrogen in plants and animals
in streamswhere salmon are abundant may be
derived from spawning fish and juvenile
salmonids exhibit higher growth rates at
locations where carcasses are available. No
method of establishing salmon escapement
goals that meet the nutritional needs of
streamsis available. We examined the rela-
tionship between abundance of spawning
salmon and the nitrogen stableisotoperatio of
coho salmon parr to determine whether a
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saturation level for salmon-derived nitrogen
could beidentified. Coho parr were collected
from 26 sites in western Washington in late
winter. Theisotoperatiointhe coho parr was
related to the abundance of salmon spawning
at that site the previous autumn. The amount
of carcass-derived nitrogen increased with
increasing abundance of carcass tissue up to
0.15 kg of carcass/ n¥ of streambed area but
exhibited no increase above thislevel. These
preliminary data suggest that relationships
between stable isotope values and carcass
abundance may provide a useful supplement
to traditional methods of establishing escape-
ment goals for Pacific salmon.



Simulated Fishery and Trophic Impacts of Tuna Fisheries Compared with
Direct Fishery Impacts on Single Species

C. Boggs!, T. Essington' and J. Kitchell?
INOAA, NMFS
South