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' ABSTRACT

~ The sustamablhty, health and biomass yields of marine resources can be enhanced
by the 1mplementat10n of a more holistic and ecologlcally based strategy for : assessmg,
momtormg, and 1 managmg coastal ecosystems than has been generally practtced during most
of this century. A major milestone was reached in advancing toward a more ecologically
based management practice when the majonty of coastal natlons of the world endorsed the
declaratxon made at the Umted Natlons Conference on Enwronment and Development
s0 as to mamtaln and 1mprove its hfe-support and productive capacities; develop and
increase the potentlal of marine living resources to meet human nutritional needs, as well
as social, economic, and development goals, and promote the mtegrated management and
sustamable development of coastal areas and the marine enviroriment. Marine resource ’
problems underscored by UNCED are being addressed Post-UNCED large marine
ecosystem-scale programs for advancement toward resource sustainability, ecosystem health,
and econormcally vxable blomass ylelds are now bemg rmplemented The programs are

B

countrxes, and lesser developed countrres around the margms of the ocean basms

" ECOSYSTEM SUSTAINABILITY

Human ifitérvention and climate change are sources of additional vanabihty in the
natural productivity of coastal marme ecosystems.” Within the near shore areas and,
extendmg seaward around the margms of the global land masses, coastal ecosystems are

being’ subjected to increased stress from toxic effluents, habxtat degradation, excessive
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nutrient loadings, harmful algal blooms emergent diseases, fallout from !aerosol
contaminants, and eprsodrc losses of hvmg marine resources from pollutlon effects and
overexplortatlon The long-term sustamabrhty of coastal ecosystems as sources for healthy
economies appears to be dtrrumshmg A growing awareness that the quality of the global
coastal ecosystems are being adversely impacted by muluple driving forces has accelerated
efforts to assess, monitor, and mitigate coastal stressors from an ecosystem perspectlve The
Intergovernmental Oceanographlc Commission (IOC) of the United Nations Educational,
Scientific, and Cultural Orgamzatlon (UNESCO) is encouragmg coastal natlons to estabhsh
national programs for assessing and monrtormg coastal ecosystems, so as to enhance the
ability of national and reglonal management orgamzattons to develop and implement
effective remedial programs for i improving the quahty of degraded ecosystems (IOC 1992)
This encouragement follows from the 51gmﬁcant milestone achieved in July 1992 with the
adoption by a majority of coastal countries of follow-on actions to the United Nations
Conference on Environment and Development (UNCED). The UNCED declarations on
the ocean exphcxtly recommended that natlons of the globe (1) prevent reduce, and control
productive capacztzes, (2) develop and i zncrease the potentzal of marine living resources to meet
human nutritional needs, as well as social, economic, and development goals and (3) promote
the zntegrated management and sustainable development of coastal areas and the marine
envzronment UNCED also recognized the general importance of capacrty building, as well
as the 1mportant lmkage between momtonng the changmg states or "health" of coastal
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The concept of sustamablhty as apphed to marine resources and ecosystems has been

the subject of recent debate. In an article pubhshed in Sczence, Ludwig et al. (1993) argue *
that basic research in ecology to be conducted in support:of the Sustainable Brosphere i

Initiative of the Ecological Socrety of America (Lubchenco et al,, 1991) may be leading to

complacency, as the most pressmg 1ssues being addressed to avo1d further degradatron of .
global renewable resources are 1ncreasrng human populattons and excesswe use of resources, .

not necessarrly more screntrflc research. They support their arguments with cxtatlons of:
(1) the apparent failures in fisheries management to' maintain ecologically balanced stock
v1ab1hty in the face of i 1ncrea51ng fishing effort, and (2) that clalms of sustamabrhty were

suspect as populations are overexplmted because scientific consensus on resource status is .

dlfflcult to obtam Rosenberg et al. (1993) dlspute the Ludwrg et al. (1993) assertlons and
and lessons for future 1mprovements. They argue that “there is a sound theoretlcal and
empirical basis for sustainable use of marine resources, that overexplo1tatlon is not
inevitable, or the result of madequate scientific advice, and that sustarnable use of

.renewable resources is an obtamable management objectrve. In the development of a .
sustainable harvestmg management regime, Rosenberg et al. (1993) empha51ze the need for -

taking into account, environmental conditions and exploitation rates by 1mplementmg
approprrate momtormg programs to, 1dent1fy and track the shlfts in populauon responses.

They conclude that sustainable development of 1 marme resources is achievable if sc1ent1ﬁc |

advice based on blologrcal socral and econorruc consnderattons is an integral part of the
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development of pohcxes for renewable resource use. This conclusion is in agreement W1th
Mangel et al. (1993), who : argue that "sustainable use" of renewable resources is achlevable
when humans use living components of ecosystems in ways that allow natural processes to

replace what is used. Under these conditions, the ecosystem "will renew itself indefi mtely
and human use will be sustainable."

An ecosystems approach for ecologlsts interested in contnbutmg toward a
scientifically based: strategy for resource sustamabxhty is gtven by Hollmg (1993). He
emphasizes the need to recognize that there is an emerging science that is multidisciplinary
and focused on populatlons and ecosystems on large spat1a1 scales that include
socioeconomic considerations i in planmng and implementation appropnate to the issue of
resource sustainability. - The more traditional, but nonetheless important, disciplinary
oriented ecologlcal studies can contnbute more to resource sustalnablhty when they are
conducted within a framework of sciénce at the level of orgamzatlon that is multldtsc1pllnary
and focused on issues affecting populatlons within an ecosystems perspective. , The

international GLOBEC regional programs (Skjoldal et al, 1993), the International

Geosphere-Blosphere Program on the Land-Oceans Interactlon in the Coastal Zone
Program (IGBP, 1994) and Joint Global Ocean Flux Study (IGBP 1994) are examples of
the newly emerging large-scale multldlsc1plmary marine ecosystem science. Linkages
between these process-oriented studies and the more applied studies that are focused on
supporting the sustamablhty of marine resources are being encouraged by nat10na1 and
international funding agenmes concerned with the sustainability of natural resources: In this
regard -the - definition of sustamabxhty used by Holling and -carried forward in this
perspectlve focuses on. ecosystem studies in support of "the social and economic
development of a region with the goals to invest in the maintenance and restoration of
critical ecosystem functions, to synthes1ze and make accessible knowledge and understanding
for economies, and to develop and communicate the understanding that provides a
foundation of trust for cmzens" (Holling, 1993). .

In practrce therefore it would be 1mportant to establish institutional- arrangements '
for ensurmg that appropriate socioeconomic considerations are exercised in the application
of science in support of regimes aimed at the sustamablhty of .renewable resources.
Regional examples of this approach to ecosystem sustainability can be found in the
objectives. of the Convention for the Conservation of Antarctic Living Marine Resources
(Scully, 1993), and the ministerial declarations for the protection of the Black Sea (Hey &
Mee, 1993), and the North Sea (North Sea Task Force, 1991). The Black Sea Declaration
refers specrﬁcally to the objectrves of UNCED Agenda 21, Chapter 17, that _calls for
mtegrated management and sustainable development of coastal areas, marine environmental
protection, sustainable use and conservation of living resources under national Jurxsdxctton,
and the need for addressmg critical uncertainties for the management of the marine
environment and strengthemng of international and regtonal cooperauon and coordination
(Hey & Mee, 1993). = An effort to develop a management system for the Barents Sea
Ecosystem that prov1des stronger links between science and socioeconomic considerations
from an ecosystems perspective is under consideration (Eikeland, 1992).



. An essentlal component of an ecosystem management reglme is the mcluswn of a
screntrfrcally based strategy that monitors and assesses the changmg states and health of the
ecosystem by trackmg key bxologrcal and environmental parameters. From this perspectlve,
marine ecosystem assessment and monitoring is defined as a component of a management
system that includes: (1) regulatory, (2) institutional, and (3) decxsron-makmg laspects
relating to marine ecosystems, and therefore, would include a range of activities needed to
provide management information about ecosystem conditions, contaminants, and resources
at risk. Based on experiences in ‘North Amerrca Europe and elsewhere, the core
component of a comprehensive coastal ecosystem assessment and momtormg system that
consists of conceptual and numerical modelling capability, laboratory and field research,
time-series measurements, data analysrs synthesxs and mterpretatlon and a capacrty for
initiating the effort with preliminary or scoping studies is most likely to be successful (NRC,
1990). The pr1nc1pal characteristic of a comprehensrve ecosystem assessment and
monitoring program is the integration and coordination of the component parts of the effort -
into a total ecosystems approach desrgned to produce scientific mformatxon m support of
coastal resources management :

......

scale need to be strengthened to improve understandmg of broader—scale trends in marine -
ecosystem qualrty Several recent reports that address these issues have been consulted in
the preparatlon of this perspective, including the United Nations’ report on the status of the
global mariné environment (GESAMP, 1990), the IOC’s report on the Global Ocean
Observing System (GOO¥) presented to the UNCED in 1992 (IOC, 1992), the reports of -
several international commissions; including the Helsinki Commission (HELCOM), the
Oslo-Paris Commission (OSPARCOM) the North Sea Task Force (NSTF, 1991), and the
report of the International Council for the Exploration of the Sea (ICES) Working Group
on Environmental Assessments and Monitoring Strategies (WGEAMS, 1992).

Mitigating actions to reduce stress on marine ecosystems are required to ensure the
long-term sustainability of marine resources. The principles adopted by coastal states under
the terms of the United Nations Convention for the Law of the Sea (UNCLOS) have been
mterpreted as supportrve of the management of living marine resources and coastal habitats
from an ecosystems perspectlve (Belsky, 1986, 1989). However, at present no smgle
mternatronal institution has been empowered to monitor the changmg ecologrcal states of

marine ecosysterns and to reconcile the needs of individual nations with those of the
commumty of nations in taking appropnate rmtlgatlon actlons (IUCN, 1990; Myers 1990)
stress. rmtrgauon in support of marine resources development and sustamablllty at less than'
the global level has been recognized from a strategic perspective (Taylor & Groom, 1989;
Malone, 1991; Hey, 1992). Achievement of UNCED goals will requrre the implementation
of a new paradigm aimed at greater mtegratmn of the highly sectorized approach to solving-
problems of coastal habitat degradation, marine pollution, and, the overexploitation of
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frshenes than has been practlced in ocean momtormg and management by coastal nations
- during most of this century. It will also require a workmg partnership between the
developed and developmg natrons of the world. Such an approach; if aided by external
: fundmg sources and based on prmcrples of ecology and sustainable development would

represent a stgmﬁcant advance to efforts of lrmrted scope and application presently aimed
in lhlS direction in developmg countries.

‘ An ecologtcal framework that may be useful i achrevmg the UNCED objectrves is
the large marine ecosystem concept (LME). 'LME:s are areas which are bemg subjected to
increasing stress from growmg exploitation of fish and other renewable resources, coastal
zone damage, habitat losses, river basin runoff, dumping of urban wastes and fallout from
aerosol contaminants. - The LMEs are reglons of ocean space encompassmg coastal areas
from river basins and estuaries on out to the seaward boundary of continental shelves and
the seaward margins of coastal current systems. They are relatively large ocean regions
characterized by distinct, bathymetry, hydrography, productivity, and trophically dependent
populations. . The theory, measurement, and modelling relevant to monitoring the changing
states of LMEs are imbedded in reports on ecosystems with multiple steady states, and on
the pattern formation and spatial diffusion within ecosystems (Hollmg, 1973, 1986, 1993;
Pimm, 1984; AAAS, 1986, 1989, 1990, 1991, 1993; Beddmgton 1986; Mangel 1991; Levin,
1993).

From the ecologlcal perspectrve the concept that “critical | processes controllmg the
structure and function of biological communities can best be addressed ona regronal basis -
(chklefs 1987) has been applred to ocean space in the utilization of marine ecosystems as
distinct global units for marine research, momtonng, and management The concept of
momtorlng and managing renewable resources from an LME perspective has been the topic
~ of a series of national and international symposia and workshops initiated in 1984, wherein
. the geographlc extent of each region is defined on the basis of ecological criteria (Table 1).
The spawning and feeding migrations of fish communities within the LMEs have evolved
in response to the distinct bathymetry, hydrography, productmty, and trophodynamrcs of the
system As the spatial dimension of biological and physrcal processes directly influencing
the success of populatron renewals within the reglons under consideration are large, the

term large marine ecosystem is used to characterize them. Several LMEs are senu-enclosed
- including the Black Sea, the Baltic Sea, the Mediterranean Sea, and the Carrbbean Sea.
Within the extént of LMEs, domains or subsystems can be characterizéd. For example, the
Adriatic Sea is a subsystem of the Mediterranean Sea LME. In other LMEs geographrc
limits are defined by the scope of continental shelves. Among these are the U.S. Northeast
Continental Shelf and its four subsystems-the Gulf of Maine, Georges Bank, Southern New
England, and the Mid-Atlantic Bight (Sherman et al,, 1988), the Icelandrc Shelf and the
Northwestern Australian Shelf. For LMEs with’ narrow shelf areas and well-defined
- currents, the seaward boundaries are limited to the areas affected by coastal currents, rather
than relymg on the 200-mile Exclusive Economic Zone (EEZ) limits. Among the coastal
current LMEs are the Humboldt Current, California Current, Canary Current, Kuroshlo
Current, and Benguela Current. It is the coastal écosystems adjacent to the land masses that
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are being stressed from habitat degradation, polluuon and overexplortanon of marme

resources. Nearly 95% of the usable annual global biomass y1eld of fish and other living -

marine resources is produced in 49 LMEs identified within, and in some cases extendmg
beyond the boundarles of the EEZs of coastal natlons located around the margins of the
ocean basins (Figure 1).- :
l

A Levels of pnmary producuon are persxstently hxgher around the margms of the ocean
basins than for the open-ocean pelagic areas of the globe. It is within these coastal ocean
areas that pollutlon has its greatest impact on natural productmty cycles mcludmg
eutrophxcatxon from high mtrogen and phosphorus effluent from estuaries:. The presence
of toxins in poorly treated sewage discharge, harmful algal blooms, and loss of wetland
nursery areas to coastal development are also ecosystem-level problems that need to be -
addressed (GESAMP 1990). Within several of the coastal LMEs, overflshmg has caused
biomass flips among the dominant pelagic components of fish communities resultmg in
multimillion metric ton losses in potential biomass yield (Fogarty et al;, 1991). The biomass
flip, wherein a dominant species rapidly drops to a low level to be succeeded by another .-
species, can generate cascading effects among other 1mportant components of the ecosystem,
including marine birds (Powers-& Brown, 1987), marine mammals, and zooplankton
(Overholtz & Nicolas, 1979; Payne et al, 1990). Recent studies implicate climate -and
natural environmental changes as prime drmng forces of variability in fish populatlon levels
(Kawasaki et al., 1991; Bakun, 1993; Alheit & Bernal, 1993). The | growmg awareness that
biomass yields are bemg influenced by multlple driving forces in marine ecosystems around
the globe has accelerated efforts to broaden monitoring strategles to encompass food chain
dynamics and the effects of environmental perturbatlons and pollution on living marine-
resources from an ecosystem perspective. ‘

PERTURBATIONS AND DRiVING lfoRCE's IN LMEs

The LMEs that together produce approxrmately 95% of the annual global fishenes :
. biomass yield are listed in Table 2. Although the United Nations Food and Agnculture '
Organization (F. AO) world fishery statistics have shown an upward trend in annual biomass
yrelds for the past three decades (1960 through 1990), it is largely the clupeoids that are .
increasing in abundance (FAO, 1992). A large number of stocks have been and continue
to be fished at levels above long-term sustamablllty The variations in abundance levels
among the specres constltutmg the annual global biomass yields are indicative of changing
_regional ecosystem states caused by natural environmental perturbations, overexploitation,
and pollution. Although the spatial dlmensrons of LMEs preclude a strictly controlled
experrmental approach to their study, they are perfectly amenable to the comparative
method of science as described by Bakun (1993) '

An effort was initiated i in 1984 10 convene a series of symposia and conferences to
provxde an international forum for bringing forward the results of multldrsmplmary syntheses
of available information on the principal driving forces of .change in biomass yields for




selected LMEs.  Since 1984 case studies 1nvest1gat1ng the major causes of large-scale
perturbations in biomass yields of 29 LMEs have been completed (Table 1). The principal
driving forces for biomass changes vary among ecosystems. Results of the case studies,
including generahzanons on prmcrpal secondary, and tertiary driving forces, are given in five
volumes published in cooperation with the American Association for the Advancement of
Science. A list of the principal investigators and contributors to the volumes is given in
. Table 1. In some systems, natural envxronmental perturbation is the principal driver of
change in fisheries biomass productlon (e.g, Oyashlo Kuroshio, Benguela and Humboldt
Current Ecosystems) In several shelf ecosystems, overexplonatxon is the principal source
of changes in the structure of the fish community and biomass y1elds (e.g., Gulf of Thailand,
Northeast Shelf of the U.S. Yellow Sea Ecosystems) And in other ecosystems, the
principal cause for- structural change in the fish community is the effect of coastal
eutrophxcatlon (e.g., Black Sea, northwest Adriatic Sea Ecosystems).” For séveral other
systems, the evidence for causes of observed changes in biomass yleld are mconclusrve (e.g,;
. Gulf of Mexrco East Bering Sea, North Sea Ecosystems).

CORE ASSESSMENT AND MONITORING MODULES FOR LMEs

Consideration should be | grven to the use of standard and 1ntercahbrated protocols
for measuring changing ecological states of the watersheds, bays estuanes, coastal waters
and biomass yields of LMEs. Long-term historical time series data on hvmg marine
resources (some up to 40 years), coupled with measured or inferred long-term pollutant
loading histories, have proven useful for relating the results of intensive monitoring to the
quantification of “cause and effect' mechanisms affecting the changing ecological states of
LME:s. Temporal and spatral scales influencing biological. productlon and changmg
ecological states in marine ecosystems have been the toplc of a number of theoretrcal and
empirical studies. - The selection of scale in any study is related to the processes under -
investigation. An excellent treatment of this topic can be found in Steele (1988) He -
indicates that in relation to general ecology of the sea, the best known work in marine
population dynamics includes: studies by Schaefer (1954), and Beverton & Holt (1957), -
following the earher pioneering approach of Lindemann .(1942). However, as noted by -
‘Steele (1988), this array of models is unsuitable for consideration of temporal or spat1a1
variability in the ocean: A heuristic prolecuon was produced by Steele (1988) to illustrate
scales of importance in monitoring pelaglc components of the ecosystem mcludmg
phytoplankton zooplankton, fish, frontal processes, and short-term but large-area episodic
effects (Figure 2). The LME approach defines a spaual domain based on ecological .
prmcxples and, thereby, provrdes a basis for focused temporal and spatial scientific research
and monitoring efforts in support of management aimed at the long-term productmty and
. sustamabxhty of marine habitats and resources. - L

. 4

A momtormg strategy for measurmg the changmg states of LMEs suxtable for' -

1mplementanon on the coasts of developing countries was recommended by a panel of-
mternauonal experts that met at Cornell University in July 1991 (Sherman & Laughlm'
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1992) The strategy included: (1) regular trawhng using a stratified random samphng

‘design to’ measure changes in the fish community; (2) plankton surveys to measure

biofeedback to perturbations at the planktonic trophlc level; and (3) measurements on the
effects of pollutxon l

Trawhng Module .o - : . : : i

‘ Changes in | the brodrversrty, abundance, and dlstnbutxon of the fish populatxons of
the North Sea and the Northeast Continental Shelf of the United States have been assessed
using trawling techniques for several decades (Azarovitz & Grosslein, 1987). The surveys
have been conducted by relatively large research vessels. However, Standardxzed sampling -
procedures, when deployed from small ;calibrated trawlers, can provide important
information on diverse changes in fish species. The fish catch provides bxologlcal samples '

. for population demographics and trophic interactions involving studies of age and growth,

fecundlty, and predator-prey dynamics (ICES, 1991), data and the collection of samples to
monitor coastal pollution. Samples of trawl-caught fish can be used in studies of
contaminant burdens and to monitor pathologlcal conditions that may be associated with
coastal pollution. The trawlers can also be used as platforms for obtalmng water, sediment,
and benthic samples for momtonng harmful algal blooms, virus vectors of disease,

' eutrophxcanon anoxia, and changes in benthrc community studies.

Plankton Module

r

L The plankton of LMEs can be méastired by deploymg Contmuous Plankton Recorder
(CPR) systems from commercial vessels of opportunity (Glover, 1967). -The advanced -
plankton. recorders can be fitted with sensors for temperature,, sahmty, chlorophyll,
rutrate/mtrlte petroleum hydrocarbons hght blolurmnescence, and primary productivity
(Aiken, 1981; Aiken & Bellan, 1990; Williams & Aiken, 1990; UNESCO, 1992; Wlllxams,
1993), provxdmg the means to monitor changes in phytoplankton, zooplankton, primary-
productivity, species composition and dominance, and long-term changes in the physical and
nutrient characteristics of the LME, as well as longer term changes relating. to the
bxofeedback of the plankton to the stress of climate change (Colebrook, 1986; . Dickson et

, 1988; Jossi & Srmth 1990; Hayes et al,, 1993; J0551 & Goulet, 1993; Wllhams, 1993).
Plankton momtormg using the CPR system is at present expanding in the North Atlantic -
(Colebrook et al,, 1991) : |

Pollutlon and Ecosystem Health Effects Module

The 1mplementatxon of the protocols for International Mussel Watch Status and

- Trends of Contaminant Loading in Fish Tissues and Sediments (Whlte and Robertson, in

press), and methods for monitoring the frequency and extent of harmful algal blooms
(Smayda, 1991; I0C, 1993a) and emergent vectors of disease (Epstein; 1993) provrdes the
ecosystem health module of the balanced LME " core momtormg effort.

I
|
|
!
|
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SOCIOECONOMIC COMPONENT S

A drstmgulshmg feature of the LME approach is its emphasrs on practlcal
apphcatlons of its scientific fmdmgs in managmg the LME and on the exphcrt mtegratron )
_of economic analysis with the scientific research to assure that prospectrve management .
measures are cost-effective. Economists and policy analysts will need to work closely with
ecologists and other scientists to identify and evaluate management optlons that are both
scientifically credible and economrcally practical. : o

, The economic and management information is to be closely integrated with the
enclosed science throughout and is desrgned to respond adaptlvely to enhanced screntrf' ic
information. This component of the LME approach to marine reésources management, was
developed by James Broadus; Dlrector of the Marine Policy Center, Woods Hole
Oceanographlc Instrtutlon It consrsts of six interrelated elements: :

(1) Human forcmg functzons--The natural startmg pointis a generahzed
characterrzatron of the ways in which human activities affect the natural
marme system and the expected sensitivity of these forcing functions to various
types and levels of human activity. Population dynamics, coastal development
and land-use practrces in the system’s dramage basin are clear examples
Work mtegratmg the efforts of natural and social scientists should concentrate
further on resolvmg apparent effects (such as eutmphlcatlomassomated red
tide events or changing fish population structures) that are confounded by
cycles or complex dynamics in the natural system itself. Progress is possible,
too, in achieving better characterizations of the way in which human forcing

.is mediated by alternate management optlons Emphasis should be on
isolating and quantifying those forcing activities (sewage dlscharge, agncultural
runoff, fishing effort) likely to be expressed most prommently in effects on the
natural system

() Assessmg Impacts-Another natural element in the systermc
approach is to estimate and even predrct the economic impacts of unmanaged '
degradation in the natural system and, obversely, the expected benefits of
management measures. Such assessment is a form of standard benefit-cost
analysrs but it requnres scientific mformatlon to describe the effects of human
forcmg so they may be quantlﬁed in economic terms. Initial analy51s should
focus on the social and economic sectors likely to experience the largest
impacts: ﬁshmg, aquaculture, pubhc health, recreauon, and tourism.

3) Feedbacks--Collaboratrve effort should also be devoted to -
1dent1fymg and estimating the feédbacks of economic 1mpacts into the human. -
_ forcing function. Extensive coastal eutrophrcatron for example, associated
'w1th coastal development and runoff, nught reduce the surtabllrty of coastal
areas_for aquaculture production and increase its exposure to red tide
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damage, thereby puttmg apremium on capture ﬁshery andi mcreasmg pressure
on wild stocks. 'Similar feedbacks, both negative and posrtlve, should be
addressed and expressed in economic terms for all the major sectors;

(%) Ecosystem Servzce/T he Value of Bzodzverszty--Specxal consrderatlon

should be given to improved knowledge of how the natural system generates o
economic values. Many valuable services provided by natural systems arenot -
traded in markets or included i in plannmg evaluations, so extra care must be‘
made to assure that they are not sacrificed through i ignorance. The semces
provrded by coastal wetlands as nurseries for fisheries, natural pollutton fllters -

.. and storm buffers is a well-known example that has particular relevance to
coastal reclamation activities. Other examples are more subtle, including the
. importance - of predator-prey relatlonshtps and the possibility of losing
unrecogmzed "keystone species in a valuable ecosystem. Experience suggests
that growing economic values on aesthetic and recreational /tourism amenities
may be expected in the LME setting as well. A variety of sources of
economic value arising from the natural drversxty of the LME should be

- identified and assessed in regard to existing uses and potential management-
innovations. ~

(5) Envzronmental Economzcs—-Many of the elemeénts descnbed in thts'
sectton comprise topics in Environmental Economics. Specialists in that field
attempt to estimate the economic values (both use and non-use) associated
_with-environmental resources and to identify the conditions associated with
their optimal management (to derive the greatest net benefits for society). An
1mportant element is the collaboration between scholars from developing.
nations and those from the developed countries to transfer and adapt to the
.needs and techniques of Environmental Econormcs

(6) Integrated Assessment--The ultlmate ObjCCthC is the mtegrat10n of -
all the results achieved above, with scientific characterizations of thé LME,
intoa comprehensrve analytlc framework (decrston support envrronment) that
will perxrut 1ntegrated assessment of human practices, effects, and
management options in the region. ‘Such work is at the forefront of recent
research on the human dimensions of global environmental change as well as -
research on human interactions w1th natural coastal/marme systems. - '
A systems approach to the management of LMEs is deptcted in Table 3. Thé LMEs
represent the link between local events (e.g., fishing, pollution, enwronmental dtsturbance)
occurring on the datly-to-seasonal temporal scale and their effects on living marine resources

and the more ubrqurtous global effects of climate changes on the multidecadal tlmescale
"I‘he regtonal and temporal focus of season to decade is consistent with the evolved spawmng

and feeding migrations of the fishes. These rmgrattons are seasonal and occur over
hundreds to thousands of kilometers within the unique physical and blologrcal charactenstxcs

|
|
|
|
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of the reglonal LME to whlch ‘they have adapted As thé fisheries represent most of the
usable bxomass yleld of ‘the LMEs and fish populations consist of several age classes, it
follows that measures of variability in growth, recrurtment and mortahty should be
conducted over multlyear tnmescales Similarly, changes in populatlons of marine mammals
and marine bird species will require multlple-year time-series observations. Consideration
of the naturally occurring environmental events and the human-induced perturbatlons

mcludlng coastal pollution, affecting demography of the populatlons within the ecosystem
is necessary. Based on scientific inferences of the principal causes of variability in
abundance and with due con51derat10n to socioeconomic needs, managemernt options from
an ecosystems perspective can be considered for 1mplementatxon The final element in the
» system, with regard to the concept of resource maintenance and sustained yield, is the .
feedback loop that allows for evaluation of the effects of management actxons that consrder'
both fisheries and ecosystem health.

PRESENT AND FUTURE ECOSYSTEM SUSTAINABILITY EFFORTS

The "core" assessment and momtormg approach to LME research and momtormg
provides a conceptual framework for collaboration in process-oriented studles conducted by
the National Science Foundation (NSF)-NOAA sponsored GLOBal ocean ECosystems
dynamics (GLOBEC) program in the United States and the International GLOBEC
Program Developing LME monitoring strategies are compauble with the proposed Global -
Ocean Observing System (GOOES) of the IOC and those modules to be focused on living
marine resources and ecosystem health (IOC, 1993b). -

societal needs and the utxhty of long—term, broad-area coastal ocean assessment and

momtormg studies aimed at enhancing the long-term susta1nab1hty of marme resources. If

the proposition for time-series monitoring of changmg ecosystem states 1s to be reahzed in

this perlod of shrmkmg budgets, it would be in the best interests of science and : socxo-‘
economic interests to be tightly linked in the endeavor. The basis for the Imkage was -
emphasized not only in the UNCED declarations on the oceans, but also ini a series of

recent developments revolving around: (1) global climate change; (2) legal precedent for

international cooperation 1mphc1t in the Law of the Sea; (3) a growing interest in marine

ecosystems as reg10nal units for marine research, monitoring, and management (4) the

effort of the IOC to encourage the 1mplementat10n of a GOOS; and (5) renewed national

interests in 1mprovmg the health of degraded coastal ecosystems In the United States, this

interest has resulted in the enactment of recent leglslatlon mandatmg the estabhshment of
a national coastal momtormg program for assessing the changmg states of "coastal ecosystem

health" and reporting the findings to the U.S. Congress as a recurring biannual responsibility
of NOAA and EPA (NCMA; 1992)

A miore hohstxc approach to coastal ccosystems assessment and momtonng as a
means for fostermg mtematronal cooperation in achieving sustamablhty objectives for
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marine resources between the more developed and less developed countries is presently
underway.. The 49 large marine ecosystems that have been identified for comparatrve
sustamablhty studies are located around the margms of the ocean basms and extend over
the coastlines of several countries. They are in regions of the world ocean most affected by ‘
overexplo1tatron pollution, and habitat degradation, and collectively represent target areas
for mitigation effort, partrcularly in the stressed coastal ecosystems adjacent to centers of
population densities in developing countries. The Global Environment Facility (GEF) of
the World Bank in collaboration with NOAA, IOC UNEP, FAO, Natural Environment
Research Council (NERC) the Sir Alister Ilardy Foundation for Ocean Science, and
scientists from national marine resource agencies of several of the more developed countries
(e.g.; Belgium, Canada, Denmark, France, Germany, The Netherlands, Norway, and the
United ngdom) are prepared to assist developmg nations in implementing coastal
ecosystem assessment, momtormg, and mitigation, programs aimed at providing a scientific
basis for improving the prospects for the long-term sustainable development of marine
resources (Sherman et al,, 1992). Two of these programs are in the advanced plannmg
stage, one for the Gulf of Guinea Ecosystem that brings together into a single program
effort five countnes of the region--Ivory Coast, Ghana Nigeria, Benin, and Cameroon. The
other program is being developed Jomtly by marine specialists from China and Korea for
the Yellow Sea large marine ecosystem (Wu & Qiu, 1993) The first of these projects is
scheduled to be implemented in the Gulf of Guinea LME in summer, 1994

A comprehensrve reglonal project to assess, momtor and rmtrgate stresses on the
Black Sea Ecosystem is being supported by the GEF (Mee, 1992). It appears that marine
resource managers and scientists are being responsrve to implementing rrutlgatron actions
for marine resources at risk from overexplortatlon and habitat degradatlon and that
initiatives in support of a more comprehensive systems approach for ensuring the long-term
sustainability of marine resources are likely to be underway in marine ecosystems of Africa,
and Asxa _

The growmg partnership’ among fundmg agencies, marine ecolog1sts and
socioeconomic interests marks an important step toward realization of the UNCED
declaration aimed at reversing the dechmng condition of coastal ecosystems, and enhancmg
the long-term sustainability of marine resources. :

REFERENCES

AAAS [Amerlcan Assocranon for the Advancement of Scrences] 1986. Vanablllty and
management of large marine ecosystems. AAAS Selective Symposmm 99, Westview
Press, Inc.; Boulder

AAAS. 1989. Biomass and geography of largé marine ecosysterns AAAS Selectrve
Symposium 111, Westview Press, Inc., Boulder .




13

AAAS. 1990. Large marine ecosystems Patterns, processes ‘and y1elds AAAS Press,
Washington, DC .

AAAS, 1991) Food chams yrelds models, and management of large marine ecosystems
Westvxew Press, Inc., Boulder

AAAS 1993. Large marine ecosystems Stress mltlgatlon and sustamablllty AAAS Press,
Washmgton DC

Aiken, J. 1981. The Undulatmg Oceanographic Recorder Mark 2. J. Plankton Res 3: 551-
‘ 560. .
Aiken, J., and 1. Bellan 1990. Optlcal oceanography:* An assessment of a towed method
pp. 39-57. In P.J. Herring, A. K. Campbell, M. Whitfield, L. Maddock (Eds.) nght
- and life in the sea. Cambridge Univ. Press, London.

Alheit, J., and P. Bernal, 1993. Effects of physical and b1ologlcal changes on the bxomass
' yxeld of the Humboldt Current ecosystem. Pp- 53-68. In K. Sherman, L. M.
Alexander, and B. D. Gold (Eds.) Large marine ecosystems: Stress, mitigation, and
sustainability. AAAS Press, Washington, DC. 376 pp. o P

Azarov1tz T.R;; and M D. Grosslein. 11987, Fishes and squrds Pp- 315-346. In R: H.
Backus (Ed) Georges Bank, MIT Press, Cambndge, MA. 593 pp.. -

Bakun, A. 1993. The Cahforma Current Benguela Current, and Southwestern Atlantrc

Shelf ecosystems: A comparatlve approach to identifying factors regulating biomass

. y1elds Pp- 199-221 In K. Sherman, L. M. Alexander, and B. D. Gold (Eds.) Large

‘ * marine ecosystems: Stress, mitigation, and sustamabrlxty AAAS Press Washmgton'
DC. 376 pp. . . o S

Beddmgton J.R. 1986. Shifts i in resource populatrons in large marine ecosystems pp. 9.
18. InK. Sherman and L. M. Alexander (Eds.) Variability and management of large -
marine ecosystems. AAAS Selected Symposium 99. Westvrew Press Inc,, Boulder, '
CO 319 Pp- : ,

Belsky,M H. 1986 Legal coristraints and optxons for total ecosystem management of large

* marine ecosystems. pp. 241-261. Jn K. Sherman and L. M. Alexander (Eds.) -

Vanabrllty and management of large marine ecosystems . AAAS Selected
Symposium 99. Westview Press, Inc., Boulder, CO. 319 pp. -

Belsky, M. H. 1989 The ecosystem model mandate for a comprehenswe Umted States
_ ocean policy and Law of the Sea. San Diego L. Rev. 26(3):417-495.

Beverton, RJ.H. and S 1. Holt 1957. On the dynamlcs of explorted fish populatlons Fxsh



14
Invest. Minist.'Agric. Fish. Food (G.B.) Ser. II 19:1-533.

Colebrook, J. M. 1986. Environmental influences on long-term varrablhty in marine

plankton. Hydroblologla 142: 309-325

Colebrook, J. M, A. I. Warner, C. A. Proctor, H. G. Hunt, P. Pntchard AW.G. John D.
Joyce, and R. Barnard. 1991. 60 years of the continuous plankton recorder.: survey: ¢
A celebration. The Sir Alister Hardy Foundation for Ocean Science, Plymouth
England. ,

Dickson, R. R., P. M. Kelly, J. M. Colebrook, W. S. Wooster, and D. H. cushmg]' 1988.
~ North wmds and productlon in the eastern North Atlantic. J, Plankton Res 10 151-
-+169. ,

Elkeland P. O. 1992. Multispecies management of the Barents Sea large marine
ecosystem: A framework for discussing future challenges The Fridtjof Nansen
Institute, Polhogda; Postboks 326, Fridtjof Nansens vei 17, N-1324 Lysaker Norway
R:004- 1992 ISBN:82-7613- 030-5 ISSN 0801-2431. '

Epstem P.R. 1993. Algal blooms and publrc health World Resour. Rev. 5(2) 190-206

FAO [Food and Agnculture Organization of the UN]. 1992. FAO yearbook of fishery
statistics. Vol. 70 (for 1990) FAO, Rome.

Fogarty, M., E. B. Coher, W. L. Michaels, and W. W. Morse. 1991." Predation and the
regulatron of sand lance populations: Anexploratory analysis. ICES Mar. Sc1 Symp. -
193:120-124. _

GESAMP [Group of Experts on the SClentlflC Aspects of Marine Pollutron] 1990 The.
state of the marine env1ronment UNEP Regronal Seas Reports and Studies No. 115
Nalrobr .

Glover, R S. 1967 The contmuous plankton recorder survey of the N orth Atlantrc Symp
Zool Soc. Lon. 19:189-210. .

'Hayes G. C M. R: Carr, and A. H. Taylor 1993. The relatlonshlp between Gulf Stream’

posrtlon and copepod abundance derived from the Continuous Plankton Récorder

survey:. Separating the blologrcal sxgnal from samplmg noise. J. Plank. Res 15 1359-
1373. :

Hey, E. 1992. A healthy North Sea ecosystem and a health North Sea ﬁshery Two sides”
- of the same regulation? Ocean Develop. Int Law 23:217-238.

Hey, E.,"and L. D. Mee. -1993. Black Sea. The ministerial declaration: An important step.

»




. 15
Environ. Pol. Law 2315:215-217; 235-236. |
Holling, C. S. 1973. Resrhence and stablllty of ecologrcal systems. Instltute of Resource .
' Ecology, Univ. British Columbia, Vancouver Canada 23 pp.’

Hollmg, C. S. 1986 The resilience of terrestrial ecosystems local surprlse and global
change. pp. 292-317. In W. C. Clark and R.-E. Munn (Eds.) Sustainable
development of the biosphere. Cambrldge Univ, Press, London. 491 pp- T

Hollmg, C.S. 1993 Investmg in research for sustamabllrty Ecologlcal Apphcatrons 3i552-
- 555.

ICES [Intematxonal Council for the Exploration of the Sea]. 1991. Report of the
Multlspecres Working Group. ICES C M. 1991/Assess:7.

IGBP [Internauonal Geosphere-Biosphere. Prograitime]. 1994. IGBP in action: Work plan
1994-1998. Global Change Report No. 28. The International Geosphere-onsphere
Programme (IGBP): A Study of Global Change of the International Counc1l of
Scientific Umons (ICSU), Stockholm 1994.

10C [Internatlonal Oceanographlc Comrmssron of UNESCO] 1992. GOOS. Global
Ocean Observing System, An initiative of the Intergovernmental Oceanographlc
Comrmssmn (of UNESCO) IOC, UNESCO, Paris, France.

I0C. 1993a. Intergovemmental Oceanographxc Commissioni--Outline of a' HAB training
and capacity building program. Second Sessioni of the Joint IOC-FAO
' Intergovernmental Panel onHarmfulAlgalBlooms, Paris, 14-16 October 1993 10C-

' FAO/IPHAB-II/InfG

IOC.. 1993b Report of the IOC Blue Ribbon Pariel for a Global Ocean Observmg System
~ (GOOS). ‘The case for GOOS IOC/INF-915 Corr Paris, 23 February 1993. SC-
93/WS3. , . .

IUCN [Internatronal Union for Conservatlon of Nature and Natural Resources] 1990.
* Caring for the world. A strategy for sustainability. Second Draft, June 1990,
prepared by thé World Conservation Union (IUCN), thé United Nations
Environment Programme (UNEP), and the World Wide Fund for Nature (WWF)
Gland Switzerland.

Jossi, J. W, and J. R. Goulet, Jr. 1993. Decadal trénds in zooplankton of the US.
Northeast Shelf Ecosystem and adjacent waters. ICES J. Mar. Sci. 50:303-313.

Josm, J. W and D. E: Smith. 1990. Continuous plankton records: Massachusetts to Cape
Sable, N.S,; and New York to the Gulf Stream, 1989. NAFO Ser. Doc. 90/66 1-11.



16 ;

|
Kawasaki, T., S. Tanaka, Y. Toba, and A. Tamguch1 (Editors). 1991. Long-term varlabrhty
of pelaglc fish populations and their environment. Proceedings of the International

. Symposium, Sendal Japan, 14-18 November 1989. Pergamon Press, Tokyo, Japan

' . f
Levin, S. 1993 Approaches to forecastmg biomass yields in large marine ecosysterns pp
36-39. In K. Sherman, L. M. Alexander, and B. D. Gold (Eds.) Large marine
ecosystems: Stress, nuugatlon and sustainability. American Association for the
Advancement of Science (AAAS) Press. Washmgton DC. 376 pp. - L

Lindemann, R. L. ‘1942. The trophic dynamic aspect of ecology. Ecology 23:399-418.

Lubchenco, J,, A: M. Olson, L. B. Brubaker, S. R. Carpenter, M. M. Holland, S. P.
Hubbell, S. A. Levin, J. A. MacMahon, P. A. Matson, J. M. Melillo, H. A. Mooney,
C. H. Peterson, H. R. Pulliam, L. A. Real, P.J. Regal, and P. G. Risser. 1991. The-
sustainable biosphere initiative: An ecological research agenda. Ecology 72:371-412.

Ludwig, D., R Hiibom,.and C. Walte_rs. 1993. Uncertainty, resource exploitation, and
conservation: Lessons from History. Science 260:17, 36. :

Malone, T. C. 1991. River flow, phytoplankton production and or(ygen depletron in
Chesapeake Bay. pp. 83-93. In R. V. Tyson and T. H. Pearson (Eds.) Modern and
ancient continental shelf anoxia. Geologlcal Soc1ety Spec. Publ No. 58.

Mangel, M. 1993 Effects of hlgh seas driftnet fisheries on the northern right whale dolphln
Lzssodelphzs borealis. Ecol. Appllc 3(2):221-229.

Mee, L. 1992. The Black Sea in CI‘lSlS A need for concerted international action. Ambro
21(4): 1278°1286.

NCMA [Natronal Coastal Momtormg Act] 1992. One Hundred Second Congress of the
~United States of America, at the Second Session.. The National Oceanic and
" Atmospheric Administration Authorization Act of 1992 H.R. 2130 Washington, DC,
October 29, 1992,

NRC [Nauonal Research Councll] 1990. Managmg troubled waters: The role of marine
environmental momtormg National Academy Press, Washington, DC, USA.

NSTF [North Sea Task Force] 1991. Scientific Activities in the Framework of the North
Sea Task Force. North Sea Environment Report No. 4. North Sea Task Force, Oslo

and Paris Commissions, International Council for the Exploration of the Sea,
London. : : ,

Overholtz, W. J,, and J. R. Nicolas. 1979. Apparent feedmg by the fin whale BaIaenoptera, .
physalus, and humpback whale, Megoptera novaeangliae, on the American sand lance,




17
Ammodytes amencanus, in the Northwest Atlantic. F ish. Bull U. S 77:285-287.

Payne, P M D. N. Wlley, S. B. Young, S. Pittman, P. J. Clapham andJ W. Jossi. 1990.
Recent fluctuations in the abundance of baleen whales in the southern Gulf of Maine-:
in relatlon to changes in selected prey. Fish. Bull,, U.S. 88:687-696.

Prmm S. L. 1984 The complexrty and stablhty of ecosystems. Nature 307: 321-326

Powers, K. D., and RGB Brown. 1987. Seablrds Chapter 34. pp. 359-371. In R. H
Backus (Ed) Georges Bank. MlT Press, Cambrldge, Mass. 593 pp. '

Rxcklefs R. E. 1987. Community diversity: Reélative roles of local and reglonal processes.
Science 235(4785) 167-171.

Rosenberg, A. A, M. I. Fogarty, M. P. Sissenwine, J. R. Beddingtton', and J. G. Shepherd.
1993. Achieving sustainable use of renewable resources. Science 262:828-829.

Schaefer, M. B. 1954. Some aspects of the dynarmcs of populatlons important to the
management of the commercml marine fisheries. Bull. Inter-Am. Trop. Tuna Comm.
1:27-56.

Scully, R T. 1993. Convention on the Conservation of Antarctic Marine Living Resoturces.
pp. 242-251. In K. Sherman, L. M. Alexander, and B. D. Gold. (Eds.) Large marine .
ecosystems: Stress, rmtlgatlon, and sustainability. AAAS Press Inc.,; Washmgton, DC.

Sherman K., N. Jaworski; and T. Smayda 1992.. The Northeast Shelf Ecosystem Stress,
mitigation, and sustainability, 12-15 August 1991 Symposium Summary. U.S. Dep.
Commer NOAA Tech. Mem. NMFS-F/NEC-94.

Sherman K,and T. Laughlm (Eds) 1992. Large marine ecosystems momtormg workshop
_ report. US Dep. Commer., NOAA Tech. Mem. NMFS-F/NEC-93. (In press).

Sherman, K,; M. Grosslem, D. Mountain, D. Busch, J.O Rellly, and R. Theroux. 1988. The
continental shelf ecosystem off the northeast coast of the United States. pp 279-337.
In H. Postma and J. J. Zilstra (Eds.) Ecosystems of the world 27: Contmental
shelves. Elsevier, Amsterdam, The Netherlands

Skjoldal H.R, T.T. Nop J. stkc,J H. Fossa, J. Blmdhelm andS Sundby 1993. Mare
cogmtum Science plan for research on marine ecology of the Nordic: Seas :
(Greenland Norwegian, Iceland Seas) 1993-2000. A regional GLOBEC program
with contributions also to WOCE arid JGOFS. Institute of Marine Research, Bergen,
Norway, May 1993.



.18
Smayda, T. 1991.. Global epidemic of noxious phytoplankton blooms and food chain
consequences in large ecosystems. pp. 275-308. In K. Sherman, L. M. Alexander,

and B. D. Gold (Eds.) Food chains, yields, models, and management of large marine
ecosystems Westview Press, Inc., Boulder, CO. 320 pp. . ;
l

Steele, J. H. 1988. Scale selectlon for blodynamlc theories. pp. 513-526. In B. J.
Rothschild (Ed) Toward a theory on biological-physical interactions in the World
Ocean, NATO ASI Series C: Mathematical and Physical Scrences, Vol. 239,
Kluwer Academrc Publishers, Dordrecht, The Netherlands 650 pp. - ’

Taylor P, and A. J. R. Groom (EdltOl‘S) 1989 "Global issues in the Umted Natlons
framework Macmlllan London. 371 pp. :

UNESCO [Umted Natrons 'Educational, Scientific and Cultural Organization]. 1992.
Monito'ring the health of the oceans: Defining the role of the Continuous Plankton
Recorder in global ecosystems studies. The Intergovernmental Oceanographic
Commission and The Sir Alister Hardy Foundation for Ocean Science. IOC/INF-
869 SC—92/WS 8. ,

"WGEAMS [Working Group on Environmental Assessments and Momtonng Strategies].
1992. Report of the Working Group on Environmental Assessments and Momtonng '
Strategies. ICES C.M. 1992/Poll:9, Sess. V, ICES, Copenhagen, Denmark.

White, H. H., ‘and A. Robertson B1010g1ca1 responses to toxic contamlnants in the estaurine .
and shelf ecosystems of the northeast United States. In K. Sherman, N. A. Jaworski,
and T.-Smayda (Eds.) Stress, health; and sustainability of marine resources: The
Northeast Shelf Ecosystem. (in press) .

. ‘ 1.

Williams R 1993 Evaluations of new techmques for monitoring and assessing the health
of large marine .ecosystems. Jn D. Rapport (Ed.) NATO advanced research
workshop evaluating and monitoring the health of large-scale ecosystems. Spnnger-
Verlag, Berlin (in press)

deployed from shlps of-opportumty in the North Sea. In H. O. Nielsen (Ed)
Environment and pollution measurement sensor ‘and systems. Proc. SPIE 1269, pp.
186- 194 '

Wu, B, and J. Qiu. 1993.  Yellow Sea Flsherles From smgle and multr-specres
management towards ecosystems management J. Oceanogr. Huangha1 and Bohai
‘Seas 11(1):13- 17. :

|
'

!
i
t



- South China Sea

19

Table 1. List of 29 Large Marine Ecosystems and sub-systems for which syntheses relatmg ’
. to principal, secondary, or tertxary driving forces controlling vanabxhty in blomass yields have
been completed by February 1993.

Large Marine Ecosystem Volume No.* Authors

-~ M. Sissenwine
P. Falkowski
J. Yoder o
W.J. Richards and M. F. McGowan

U.S. Northeast Continental Shelf

U.S. Southeast Continental Shelf

Gulf of Mexico

B. E. Brown et al.
California Current A. MacCall

M. Mullin

D. Bottom |

L. Incze and J. D. Schumacher
H. Hovgaard and E. Buch

B. Ellertsen et al.

H. R. Skjoldal and F. Rey

Eastern Bering Shelf
West Greenland Shelf
Norwegian Sea
Barents Sea

V. Borisov
North Sea N. Daan
‘Baltic Sea G. Kullenberg .
Iberian Coastal T. Wyatt and G. Perez-Gandaras
Mediterranean-Adriatic Sea G. Bombace
Canary Current C. Bas
Gulf of Guinea D. Binet and E. Marchal
Benguela Current R.J.M. Crawford et al.

A. Bakun _
W. J. Richards and J. A. Bohnsack
T. Piyakarnchana :

Patagonian Shelf
Caribbean Sea o ,
South China Sea-Gulf of Thailand

Yellow Sea Q. Tang

Sea of Okhotsk V. V. Kusnetsov

Humboldt Current J. Alheit and P. Bernal .

Indonesia Seas-Banda Sea J. J. Zijlstra and M. A. Baars

Bay of Bengal S. N. Dwivedi

Antarctic Marine - &S . R.T. Scully et al.

Weddell Sea G. Hempel

Kuroshio Current M. Terazaki

Oyashio Current T. Minoda

Great Barrier Reef R. H: Bradbury and C. N. Mundy
G. Kelleher

MU NN WE=E LWL WLWUBNDUMUN NN R R RN WWRRONRA = DN A AR

D. Pauly and V. Christensen

*Vol. 1, Vanabxhty and Managcment of Large Marine Ecosystcms, AAAS Selected Symposium 99 Westvnew Press, Bouldcr,
1986. 319 pp.

Vol. 2,.Biomass Yields and Geography of Large Marine Ecowstcms, AAAS Selected Symposlum 111, Westview Press,
Boulder, CO, 1989, 493 pp.

Vol. 3, Large Marine Ecosystems: Patterns, Processes, and Yxelds AAAS Symposxum, AAAS Press, Washmgton, DC, 1990 .
242 pp. .-
Vol. 4, Food Chains, Yxclds, Models, and Managcment of Large Marine Ecosystcms, AAAS Symposium, Wcstwcw Press,
Boulder, CO. 1991. 320 pp.

Vol. §, Stress, Mitigation, and Sustamabxhty of Large Marine Ecosystcms, AAAS Press. Washmgton, DC 1993. 376 pp .
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Table 2. Contributions by country, and large marine ecosystem (LME) representing 95 percent of
the annual global catch in 1990.

Percentage of? LME:s producing Cumulative
world marine annual biomass percentages
Country nominal catch yield
Japan 1225 Opyashio Current, Kuroshio Current;

Sea of Okhotsk, Sea of Japan, Yellow
Sea, East China Sea, W. Bering Sea,
E. Bering Sea, and Scotia Sea

USSR 11.37 Sea of Okhotsk, Barents Sea, Norwegian
Shelf, W. Bering Sea, E. Bering Sea, and
Scotia Sea
China 8.28 W. Bering Sea, Yellow Sea, E. China
' Sea, and S. China Sea
Peru 827 Humboldt Current
USA | 6.76 Northeast US Shelf, Southeast US Shelf,

Gulf of Mexico, California Current,
Gulf of Alaska, and E. Bering Sea

Chile 5.98 Humboldt Current | - 5291
Korea Republic 3.28F* Yellow Sea, Sea of Japan, E. China
Sea, and Kuroshio Current
Thailand 2.96F South China Sea, and Indonesian Seas
India 2.78 Bay of Bengal and Arabian Sea
Indonesia 276 . Indonesian Seas
Norway 211 Norwegian Shelf and Barents Sea
Korea D. P. Rep. 1.98F Sea of Japan and Yellow Sea
Philippines 1.96 S. China Sea, Sulu-Celebes Sea

Canada 1.90 Scotian Shelf, Northeast U.S. -
: Shelf, Newfoundland Shelf

tPercentages based on fish catch statistics from FAO 1990 Yearbook, vol. 70, FAO, 1992. Some
fraction of the catch made by fishing operations of long-distance trawlers may be actually caught
in other LMEs. f

*F = Percentage calculated using FAO estimate from available sources of information.
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Table 2 continued.

Percentage of’ LMEs producing Cumulative
world marine annual biomass percentages
Country nominal catch yield
Iceland 1.82 Icelandic Shelf
Denmark 2.07 Baltic Sea and North Sea 76.25
Spain 1.73 Iberian Coastal Current and Canary Current
Mexico - 1.46 Gulf of California, Gulf of Mexico,
and California Current
France 1.03F North Sea, Biscay-Celtic Shelf, 80.47
Mediterranean Sea
Viet Nam 0.74 South China Sea
Myanmar 0.72 Bay of Bengal, Andamah Sea
Brazil : 0.71F Patagonian Shelf and Brazil Current
Malaysia 0.71F Gulf of Thailand, Andaman Sea, .
Indonesian Seas, and S. China Sea
UK-Scotland 0.70 North Sea
New Zealand 0.68 New Zealand Shelf Ecosystem
Morocco 0.68 Canary Current
Argentina 0.66 Patagonian Shelf
Italy : 0.57 Mediterranean Sea
Netherlands 0.52 North Sea
Poland 0.52 Baltic Sea
Ecuador 0.47 Humboldt Current
Pakistan 0.44 Bay of Bengal

*Percentapes based on fish catch statistics from FAO 1990 Yearbook, vol. 70, FAO, 1992. Some
fraction of the catch made by fishing operations of long-distance trawlers may be actually caught
in other LMEs.

*F = Percentage calculated using FAO estimate from available sources of information.




22

Table 2 continued.

Percentage of* LMEs producing Cumulative
world marine annual biomass percentages

Country nominal catch yield

Turkey 041 Black Sea, Mediterranean Sea

Germany (F.R. and N.L.) 041 Baltic Sea and Scotia Sea

Ghana 0.40 Gulf of Guinea

Portugal 0.39 Iberian Shelf and Canary Current 90.20

Venezuela 0.38 Caribbean Sea

Namibia 035 Benguela Current

Faeroe Islands 0.34 Faeroe Plateau

Senegal 0.34 Gulf of Guinea and Canary Current

Sweden 031 Baltic Sea

Bangladesh 0..31 Bay of Bengal

Ireland 0.28 Biscay-Celtic Shelf

Hong Kong 0.28 S. China Sea

Nigeria ‘ 0.26 Gulf of Guinea

Australia 0.25 N. Australian Shelf and Great Barrier Reef

Iran, I.R. 0.24F Arabian Sea

UK Eng., Wales 0.21 North Sea

Cuba 0.20 Caribbean Sea

Panama 0.19 California Current and Caribbean Sea

Greenland 0.17 East Greenland Shelf, West Greenland Shelf

*Percentages based on fish catch statistics from FAO 1990 Yearbook, vol. 70, FAO, 1992. Some
fraction of the catch made by fishing operations of long-distance trawlers may be actually caught
in other LMEs.

*F = Percentage calculated using FAO estimate from available sources of information.
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Percentage of! LME:s producing - Cumulative
world marine annual biomass percentages

Country nominal catch yield

Sri Lanka 0.19 Bay of Bengal

Greece 0.16 Mediterranean Sea

Oman 0.15 Arabian Sea

Angola 0.12 Guinea Current, Angola Basin

United Arab Em. 0.11 Arabian Sea 95.01

'Percentages based on fish catch statistics from FAO 1990 Yearbook, vol. 70 FAO, 1992. Some
fraction of the catch made by fishing operations of long-distance trawlers may be actually caught

in other LMEs.

*F = Percentage calculated using FAO estimate from available sources of information.
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Table 3. Key spatial and temporal scales and principal elements of a systems approach to the
research and management of large marine ecosystems.

1. Spatial-Temporal Scales
Spatial Temporal Unit
1.1 Global Millennia-Decadal Pelagic Biogeographic
(World Ocean)
1.2 Regional Decadal-Seasonal Large Marine Ecosystem§
(Exclusive Economic Zones)
13 Local Seasonal-Daily Subsystems
2. Research Elements |
2.1 | Spawning Strategies

22 Feeding Strategies
23 Productivity, Trophodynamics
24 Stock Fluctuations/Recruitment/Mortality

25 Natural Variability
(Hydrography, Currents, Water Masses, Weather)

2.6 Human Perturbations
(Fishing, Waste Disposal, Petrogenic Hydrocarbon Impacts, Toxic Effects,
Aerosol Contaminants, Eutrophication Effects, Pollution Effects, Viral Disease

Vectors)
3. Management Elements--Options and Advice--International, National, Local
3.1 Bioenvironmental and Socioeconomic Models
32 Management to Optimize Sustainable Fisheries Yields
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Figure 1. Boundaries of 49 large marine ecosystérs.
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Figure 2. A simple set of scale relations for the food web P (phytoplankton), Z
(zooplankton), F (fish), MM (marine mammals), and B (birds). Two physical processes are
indicated by X, predictable fronts with small cross-front dimensions and (Y) weather events
occurring over relatively large scales. (Adapted from Steele, 1988.) S



