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California-Federal Bay-Delta Program: The Most Comprehensive Ecosystem
Restoration Program in the USA—Political 1ssues

Chair: Lester Snow—Executive Director CALFED Bay-Delta Program, Sacramento,

CA+USA

INTRODUCTION-QOVERVIEW OF THE CALFED BAY-DELTA
PROGRAM AND THE ERP

L ester Snow
CALFED Bay-Delta Program, Sacramento, CA « USA

WHY A HEALTHY ECOSYSTEM IS INTEGRAL TO
SOLVING MANY OF THE BAY-DELTA WATER SUPPLY
RELIABILITY PROBLEMS

MaryNichols
CaliforniaResources Agency, Sacramento, CA « USA

Secretary Nicholswill comment on therol e of ecosystem
restoration in theresolution of California slong standing water
use conflicts. Shewill alsodiscussthe benefitsof aninclusive
planning process and the State-Federal partnership.

THE TRADE-OFFS NECESSARY FOR GATHERING
SUPPORT FOR THE ERP FROM WATER USERS AND
ENVIRONENMENTAL COMMUNITIES

Tom Gr aff
Senior Attorney, Environmenta Defense Fund, Oakland,
CA +USA

The environmental community has advocated the restoration of
the Bay-Deltaenvironment for decades. After 150 years of
decay, CALFED’ s Ecosystem Restoration Program holds great
promiseto restore balance to theecosystem. Thebalancewe
seek is considerably morethan the traditional mitigation for the
latest round of environmental insults. What we want isa
restoration, or at least substantial rehabilitation, of the system.
We agreewith CALFED’ s apparent decision - to focuson the
reestablishment of ecosystem processes and functions asthe
basis of its program. There areelements of the program that need
to be strengthened in the planning process, there are guarantees
and assurances that must come out of the negotiations, and
there are funding issues that must be resolved in thepolitical
process before we can declare the Restoration Program a
success. The Restoration Program isweak on measurable
objectives. While we acceptthat therewill alwaysbe scientific
uncertainties, we insist that the goals and objectives of the
program are quantified to the extent possible. Wewant to know
what isin thisgrand deal for the environment. We do not expect
to seethe Restoration Program replace the laws and regulations
that currently protect thisfragile environment, although wetoo
would liketo limit our need to rely onlitigation and regulation to
achieve our objectives. The political process must assurethe
funds to bring about restoration, but thiswill eventually require
asubstantial fee associated with the use and depl etion of Delta
natural resourcesaswell asfundsfrom public treasury. Finaly,
aswe move forward to establish arestored environment toits
rightful place asan essential element of avibrantstate economy,

wewant to make surethat environmental restorationis
sustained. The Restoration Program should not be abasis on
which to build new unjustified damsand canals. Water
conservation, the elimination of water subsidies, and a
vigorous water transfer market must be put intoplaceto
protect our rivers. Sensibleland use and growth management
policies have to go hand in hand with habitat restoration.
Sound environmental policies coupled with sound economic
policieshold thegreatest promisefor meeting CALFED’s
multipleobjectives.

CALIFORNIA AGRICULTURE'S DEPENDENCE ON A
RELIABLE WATER SUPPLY AND EFFECTS OF ITS
INTERRUPTION ON AGRIBUSINESS

BrendaJahns Southwick
CadliforniaFarm Bureau Federation, Sacramento, CA ¢
USA

Cdifornia sCentral Vdley farm community iswatching the
development of CALFED’ sEnvironmental Restoration
Program with great interest and amodicum of hope. Onthe
one hand, we see the opportunity to benefit asa partner in
improved land stewardship. On the other hand, we are
concerned with what appearsto be a cavalier attitude toward
agriculture being forced to bear an unreasonabl e soci etal

cost. Thisresult would be contrary to CALFED’ s adopted
principlethat therewill be no significant redirected negative
impactsinthe Bay-Deltaor other regionsof California.
Perhapsthe most significant benefit we could derivefrom
participating in the Ecosystem Restoration Programis
regulatory relief. If the Program performsaspredicted, we
would expect less conflict between our ability to farm and the
regulatory constraints of the Endangered Species Act and
similar laws. If thisconflict avoidance or resol ution cannot be
achieved, CALFED will bearesource drain rather thanagain.
Second, regulatory certainty iscritical to the success of
CALFED. Weneedto beabletowork with regulatory
agenciesin atimely fashion toimplement environmental rules
and constraintswhile recognizing the nature-driven require-
ments of the land and the plants and trees that make up our
resource base. Wewould prefer to be active participantsin
managing for regulatory mandates as part of our business
plan rather than merely reacting to an unexpected administra-
tiveor legal ruling. CALFED needsto take agrassroots
approach, bottom up rather than top down, and embrace local
participation in restoration projects because farmershave
technical expertiseaswell asintimate knowledge of long-term
environmental conditions and changes that occur seasonally.
Perhaps moreimportantly, farms make up the existing environ-
ment and we want to be treated as partners equal to habitat.
Also, CALFED needsto be methodical —massive changesin
habitat and resource reallocations may not achievedesired
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results. Both regulatorsand the regulated need flexibility to
be creative, to be receptive to changing needs and to not do
massive harm. Thethird outcome critical to asuccessful
Ecosystem Restoration Programisamorereliablewater
supply. Interruptionsinwater deliveriesalwayshit agricul -
turethe hardest. We need more water and wewant to re-
capturewater supplies|oaned to meet environmental
regulatory requirements. Further, our present primary
concern isthat we not lose what we have alegal right to now.
Water supply reliability rationally includes devel opment of
the operational flexibility in surface and groundwater storage
and water transfer programs to meet habitat, agricultural and
other needs via use of existing and new supplies. The
Environmental Water Account must give CALFED managers
the ability to deal with fishery problemsand biol ogical
surpriseswithout taking water destined for farmsinthe
Central Valley. Findly, thelarge-scaleland use changeswith
associated water reall ocation proposed in the Ecosystem
Restoration Plan will permanently diminishthe agricultura
resource and will do so at arate and scal e exceeding that
atributable to urban sprawl. Although CALFED has
promised to focusfirst on existing public land, weknow from
experiencethat isnot enough to fulfill itsambitious agenda.
Large scaleand localized conversionsfrom the agricultura
environment to habitat, even when it involveswilling sellers
(atouchy subject), will force fundamental adverse environ-
mental and socio-economicimpacts, including lossof critical
massto maintain economic viability. The consequences of
those impacts portend profound changesto the California
farm community. We haveto find away to protect the water
infrastructurethat isthefoundation of California sbooming
economy. Wealso must find away to protect the most
unique and valuable agricultural resourcesin theworld —
Cdlifornialand and water. CALFED’ shiggest achievement
would be to allow usto do that as equal partners.

1S-2

URBAN ECONOMIC IMPACTS RESULTING FROM AN
ECOSYSTEM IN A STATE OF DECLINE

PeteRhoads
Metropolitan Water District of Southern California,
Sacramento, CA « USA

Thereliability of water suppliesexported from the Deltaand the
quality of those supplies are paramount issues for urban water
agencies, including the Metropolitan Water District of Southern
Cdlifornia. Theexperienceof theearly 1990’ sdemonstrated that
uncertainties imposed by the Endangered Species Act and the
decline of the Deltaaguatic ecosystem could directly reducethe
reliability of urban supplies. Inwater quality terms, the quality
of existing urban water suppliesfrom the Deltaisnot optimal
and improvementsareessential. From one viewpoint, economic
health and ecosystem health are closely related and that
support for ecosystem improvementswill ultimately benefit
urban water supply objectives. If the ecosystem isn’t healthy,
water supply reliability and the economy will also suffer. This
perspective has guided urban water community support for
ecosystem restoration to date. One of the toughest end-game
dilemmas, however, concerns support for the substantial costs
for ecosystem restoration. Given practical limitationsand
ratepayer patience, where should urban water community
support be focused to best meet the objectives of enhanced
water supply reliability and quality? What is the best balance of
source water quality versus treatment? What is necessary to get
broad stakehol der support for continuing ecosystem enhance-
ment? Do the potential benefits of ecosystem restoration
balance the costs for urban water interests?

California-Federal Bay-Delta Program: The Most Compr ehensive Ecosystem
Restoration Program in the USA—Scientific and Technical 1ssues

Chair: Dick Daniel—-Ecosystem Restoration Program—CAL FED Bay-Delta Program,

Sacramento, CA « USA

THE ROLE OF EXPERIMENTAL RESEARCH,
MONITORING, AND MODELING IN SUPPORT OF
ECOSYSTEM RESTORATION

NicholasG. Aumen
LakePark, FL « USA

Complex and untested ecosystem restoration projectsrequire
asolid underpinning of scienceto increasethe certainty with
which restoration management decisionsare made. Ecosys-
tem restoration in south Floridanow is proceeding on ascale
unequaled anywhere else. Approximately $2billion dollars
over the next eight yearsare committed for: restoration of
one-third of the original KissimmeeRiver channel; reduction
of phosphoruslevelsin agricultural runoff into Lake
Okeechobee; construction of morethan 16,000 haof wet-

lands to remove phosphorusfrom agricultural runoff entering
the Everglades; and other restoration projects. In addition, the
U.S. Army Corpsof Engineers has submitted ahydrological
restoration plan, known as the “Restudy”, to Congress, with a
projected $7.8 billion dollar pricetag over the next 20 years.
Thisrestoration plan callsfor re-plumbing of south Florida' s
extensive canal system to provideincreased environmental
benefits, while still providing water suppliesand flood
protection to arapidly expanding population. High-quality
sciencein support of restoration must becarefully planned
using astructured, decision analysisframework, including
input from managers, scientists, and the public. Research must
bedirected clearly toward the overall management goal's, and
shouldinclude appropriate levels of long-term datacollection,
experimental research, and predictive modeling. Scientists
must participate inensuring that research results are used



appropriately. Peer review of scienceat all phases, but especially
through publication of research resultsin technical venues,
guarantees the quality of the science and withstands the
challenges, whether inthe legal or public arenas, thatmight arise
to good decision making.

APPLIED SCIENCE AND ADAPTIVE MANAGEMENT-THE
CALFED EXAMPLE

L.H.Smith'andL.H. WinternitZ
1US Geological Survey, Sacramento, CA « USA
2CA Dept. of Water Resources, Sacramento, CA « USA

Results of applied science studiesareimportant to policy

devel opment and management of natural resources, but political
windows of opportunity are often shorter than the time periods
necessary for science programsto produce new information and
understanding. Furthermore, synthesizing available scientific
understanding to address a management question and communi-
cating resultsto policy makersisprobably more art than science.
Active adaptive management can improve the use of sciencein
management and policymaking, but can conflict with resource
management and regul atory policies, which are often designed to
avoid perceivedrisks. CALFED, acollaborativeattempt tofinda
comprehensiveresol ution to ecological and water management
problems of the Sacramento and San Joaquin River basins and
their estuary, has embraced the concept of adaptive management
and has produced an initial design of an applied science (moni-
toring and focused research) program. Oneof CALFED’s
challengesin refining the science programisto devel op and
implement adaptive management experimentsthat evaluate
potential rehabilitation actions. Potential water quality and
ecosystem experimentsillustratethe possibilitiesand limitations
of implementing adaptive experiments.

ISADAPTIVE MANAGEMENT REALLY GOING TO BE PART
OF THE CALFED ECOSY STEM RESTORATION PROGRAM?

W.J.Kimmerer
Romberg Tiburon Center, San Francisco State University,
Tiburon, CA « USA

Themost striking contrast between the CALFED Ecosystem
Restoration Program and the other CALFED programsisthe
degree of confidencein the outcomes. Although the success of
actionsto shore up levees, improve water quality, etc., can be
reasonably predicted, thereislittle agreement or understanding
about what actionswill improve conditionsin the ecosystem
Thissituation lendsitself to adaptive management, in which
uncertainty in expected outcomesis acknowledged, and dealt
with through practicesthat maximizelearning with each action
taken. However, several potentia impediments may hinder the
application of adaptive management inthe CALFED ERP. The
firstimpediment isalack of agreement about what adaptive
management is, and about what can actually be learned through
an adaptive program. The second is that adaptive management is
antithetical to the cultures of most agencies, including CALFED:
these agencies are tasked with solving problems, and are

expected to know how to do it before starting. Thethird,
related impediment i sthe conflict between adaptive manage-
ment and both ESA regulations and the other goals of
CALFED, notably the need to provide assurances of water
supply reliability and water quality. ERP can take one of two
courses: use adaptive management as a buzz-phrase while
taking actions that seem reasonabl e, and tacking on post-
hoc monitoring programs; or insist on acknowledging the
high degree of unpredictability inherent in the ecosystem,
and determine bounds within which adaptive management
canreally be donewhile minimizing conflictswith other
programs. Thefirst course hasbeen taken sofar.

ADAPTIVE RESTORATION: A STRATEGIC APPROACH
FOR INTEGRATING RESEARCH INTO RESTORATION
PROXECTS

J.B. ZedlertandJ. Calaway?
1&2pgeific Estuarine Research L aboratory, San Diego
State University, San Diego, CA « USA
Botany Dept. and Arboretum, 430 Lincoln Drive,
University of Wisconsin, Madison, Wl « USA
2Dept. of Environmental Science, University of San
Francisco, San Francisco, CA « USA

At San Diego Bay, a project designed to mitigate damages
due to highway and flood channel construction evolved into
amodel adaptive management program based on restoration
research (i.e., adaptiverestoration). For ~10years, the
CaliforniaDepartment of Transportation and the US Army
Corpsof Engineers(mitigators), the USFishand Wildlife
Service (resource agency and regulator), and the Pacific
Estuarine Research L aboratory (monitorsand researchers)
worked together to eval uate the results of ecosystem
monitoring and to identify shortcomings of habitat designed
for endangered species. Multiple attemptstoimprove
habitat based on field research werefollowed by the
prediction that some mitigation standards would not be
achieved for>40years. Onceit wasclear that habitat for the
light-footed clapper rail could not be providedinatimely
manner, the Fish and Wildlife Service set an alternative
requirement (removal of fill from another, nearby wetland). A
similar adaptive restoration approach is now being used at
TijuanaEstuary. Two restoration sites have scientific
experimentsbuiltinto their designs. (1) The0.7-haTidal
Linkage has one-half of its marsh plain devoted to an
experiment that will show how many of the native salt marsh
species need to be planted to achieve desired ecosystem
functions. (2) The8-haModel Marshisdesigned to
compare ecosystem functioning in replicate areaswith and
without tidal flushing. Key to these projectsare having a
resident research group, long-term research funding, and
managerswho facilitate scientificinvolvement. Theoutcome
will be answersto questionsthat are needed to proceed with
thefull 200-harestoration program at thisNational Estuarine
Research Reserve.

TECHNICAL SESSIONS
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DEVELOPING ESSENTIAL ECOLOGICAL INDICATORS
FOR THE SAN FRANCISCO BAY/DELTA/RIVER SYSTEM

Terry F. YoungandRodney M. Fujita
Environmental Defense Fund, Oakland, CA « USA

Every professional who hasresearched, monitored, or
regulated portionsof the San Francisco Bay-Delta-River
system has been asked the question, “How healthy isthis
ecosystem?’ In order to provide an easily understandable,
yet scientifically valid answer to that question, the Environ-
mental Defense Fund convened apanel of nationally-
recognized scientiststo devel op aset of Essential Ecological
Indicators. In order to accomplish thetask of collapsing alot
of fairly complicated informationinto afew indicators, the
panel considered it important to use amethodical framework
to capturethe completearray of structural, functional, and
compositional elementsof ecologica integrity. The panel
chose not to include stressors, which require a separate set
of indicators. Ecosystem attributesand processesinlarge
estuarine ecosystems such asthe San Francisco Bay-Delta-
River systemfall into six categories. habitat quality (includ-
ing water quality); geomorphology; hydrology; energy and
nutrient flows; native biota; and disturbance. Panel members
then selected indicatorsfor each category, in part by
referring to the more detailed and comprehensive set of
indicators that had been proposed as part of the “CALFED”
program. The draft Essential Ecological Indicatorsarethe
following:

1S-3

INTRODUCTION

Robert T. Lackey
National Health and Environmental Effects Research
Laboratory, USEnvironmental Protection Agency,
Corvdllis,OR*USA

Effectively resolving complex ecological policy problemsor
managing most natural resource systemsmay require
something beyond traditional “command and control” or
“maximum sustained yield” approaches. Normative science
has emerged asacornerstone of some of the most serious
alternativesto traditional environmental or natural resource
management. From asuite of alternativesusing normative
science (i.e., ecosystem management, community based
environmental protection, bioregiona management, ecologi-
cal sustainability, ecological integrity, etc.), | usethe concept
of ecosystem health as an example of apossiblealternative
approachesto natural resource and environmental manage-
ment. Increasingly, ecosystem healthisheralded asa
concept that will help clarify, evaluate, and implement 21st
century ecological policy. Itisthepublicly-asserted corner-
stone of many natural resource and environmental manage-

» Thenumber of habitat types, characteristic of the pre-1850
system, that are still represented by acertain number of viable
patches

» The proportion of major habitat typesrelativetotheir historic
proportions

» Anindex of water quality that reflects exposureto important
types of contaminants

* Anindex of river health that reflectswhether theriver can
meander, flood on occasion, and carry sediment like anatural
river

* Anindex of marsh health that reflectswhether themarshis
complex and growing

* The proximity of current water flowsto pre-disturbanceflows
» Anadditional flow indicator (still to be defined) that captures
theimportance of maintaining anatural pattern of variability of
flowsand salinity

» Anindex of productivity in the Bay and Delta

» Anindex of nativefish species

» Anindex of bird species

» Anindex of riparian and wetland vegetation

» Anindex of speciesthat are habitat specialists

» Anindex of native speciesthat have been decimated or
extirpated inthissystem

» Percent of abundance or biomass of fish, bird, vegetation, and
habitat specialiststhat iscomprised of exotic species.

Many of theseindicatorswill be normalized to reference
conditions. The EElscan potentially become avaluabletool for
adaptive management.

Appropriate Use of the Concept of Ecosystem Health in Environmental M anagement

Chair: Robert T. Lackey—US Environmental Protection Agency, Corvallis, OR « USA

ment programs. As the concept has matured beyond vague
explanations, it hasbecomeincreasingly contentious becauseit
isnormative—it embodiesaset of inherent values. At thecore
of debates over the utility of ecosystem healthisastruggle
over which societal valuesand preferenceswill take prece-
dence. Thefoundation of the concept isthe metaphor of
human health, but this simple metaphor is both a strength and a
weakness. The metaphor providesasimpleintellectual frame-
work for describing complex ecological policy issuesinevery-
day terms. It falters, however, infailing to capturethe most
contentious elements of ecological policy debates—thedecisive
role played by competing individual and societal values and
preferences. Inspiteof itshelpful serviceinillustrating
complex and important policy issues, implementing the concept
of ecosystem healthispronetoimproper useby allowing, if not
encouraging, scientists and others of the“professional elite” to
select which societal preferenceswill be sanctionedin ecologi-
cal policy. Whether current constructs of ecosystem health can
be modified sufficiently to overcomeinherent weaknesses
remainsto be seen. Normative science, withitstacitly derived
value and preference character, provideslittleto resolve
divisive natural resourceor environmental management
problems.



ECOSYSTEM HEALTH: A FLAWED BASS FOR
GOVERNMENT REGULATION AND LAND MANAGEMENT

AllanK.Fitzsmmons
Balanced Resource Solutions, 3192 Rivanna Court,
Woodbridge, VA « USA

The concept of ecosystem healthisill-fated asabasisfor
government land use management policies. Theidearemains
vague. It lacks agreed upon definitions and norms that make it
difficult to operationalize. Where one observer of thelandscape
seesasick ecosystem, asecond viewer may see awheat field.
The spatial units—ecosystems—whose health would be
protected are ad hoc mental constructsfor which theidea of
health has no substantive meaning. More fundamentally, after
morethan half acentury of trying, scholars are unable answer
basic geographic questions regarding ecosystems that are
prerequisitesto using them for land management purposes. We
do not know, for example, where one ecosystem beginsand
another endsin space or time. How can decision makers
fashion rational land management policiesfrom anunclear
concept superimposed on nebulous areaswith no fixed ad-
dress? Given thesefrailties one cannot reasonably expect that
use of the ecosystem health concept will result in cogent land
useregulations or balanced environmental protection policies.

MEASURING ECOLOGICAL PARAMETERS FOR THE
PREDICTION OF SUSTAINABILITY

WayneG. Landis' and John F. McLaughlin'42
Yngtitute of Environmental Toxicology and Chemistry,
Western Washington University, Bellingham, WA « USA
2Huxley College, Western Washington University,
Bellingham, WA « USA

Ecosystem health isat best apoor metaphor for the description
of the non-equilibrium dynamics characteristic of ecological
systems. Point descriptions of statustypically used to measure
health are similarly misleading. We havetaken anovel ap-
proach using an assessment hyperplane. Our goal isto predict
the probability that an ecological system remainswithininthe
hyperplane over aspecified timeinterval. The assessment
hyperplaneisamultivariate space defined by cultural values,
societal lawsand physical/ecological constraints. Sustainability
of an ecological systemisdefined asthetrajectory of the
system remaining in the assessment hyperplane throughout the
assessment period. Threetypesof indicatorsarerelevant to
sustainability: variancein system response, the probability of
leaving the assessment space, and the probability of re-entering
the assessment space. Theformulation of indicators must
recognizethat ecol ogical systemsare dynamically complex and
composed of both deterministic and stochastic components.
Ashasbeen demonstrated in laboratory and field experiments,
the best indicators of impact change over time. Hence, asingle
variable cannot accurately predict both current and future

system status. We provide six requirementsfor developing a
useful set of indicators. (1) Selection criteriamust emphasize
accuracy in predicting system status relative to the assess-
ment hyperplane. (2) Indicator selection should use avariety
of methodswith different assumptionsabout system
structure and function, to avoid problemsof information|oss
withindicesand projections. (3) Impactsto complex systems
are best measured using different variables at different
pointsintime. Indicator selection should consider temporal
variationinindicator accuracy. (4) Selection and use of
indicators should consider the dual deterministic and
stochastic nature of ecological systems. (5) The stochastic
components should be considered explicitly, for they can
affect system dynamicsqualitatively. (6) When many
organismsdisperse among sitesin asystem, prediction
accuracy requires knowledge about spatial processes. In
this case, indicator selection and use must consider the
spatial configuration of thosesites.

TECHNICAL SESSIONS

UNDERSTANDING THE POLITICS OF ECOLOGICAL
REGULATION: APPROPRIATE USE OF THE CONCEPT
OF ECOSYSTEM HEALTH

John Freemuth,
Andrus Center for Public Policy, Dept. of Political
Science, Boise State University, Boise, ID « USA

It is apparent that we have entered an era of the “ paradigm
bazaar,” as hew terms continue to be suggested asframe-
worksfor managing environmental and natural resource
systemsthroughout theworld. Asoneexample, U. S. federal
land and environmental managerstrumpet “ ecosystem
management” as the new approach to environmental and
natural resource management in thiscountry. Inasimilar
vein, our conference meetsto discuss “ ecosystem health”.
Bothtermshaveintuitive, emotional, and rational appeal. Y et,
asexperiencewith ecosystem management will suggest,
ecosystem health isfraught with a number of conceptual
difficultiesthat remain to beworked out. Ecosystem health
canimply theregimeof the professional expert, whowill
present aone-way dial ogue with the citizen who must be
“educated”. Put more bluntly, the health metaphor can
suggest the physician, who once again, knows best how to
take care of the sick patient without interferencefromthe
layman. Environmental management in the United States,
however, takes placein apluralistic and multiple-valuedriven
demacratic system of governance. Environmental managers
are an important voicein this system, but they are not the
only voice. The success of the ecosystem health paradigm,
then, will depend on how the approach can and must be
embedded in that democratic culture of governance and
decision-making in order to be successful. Failureto so
embed ecosystem health may doomitto policy failure.
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system Health

TS-4

The Global Ecological Integrity Project: Understanding and I mplementing Eco-

Chair: Tony McMichael-L ondon School of Hygiene and Tropical Medicing,

London « UK

THE ETHICS OF ECOLOGICAL INTEGRITY AND
ECOSYSTEM HEALTH: THE INTERFACE

LauraWestra
Environmenta Studies, Sarah Lawrence College,
Bronxville, NY « USA

Our group has studied therole of ecological and biological
integrity in natural systems, in support of all life, but alsoin
support of the health of human and non-human animals and
ecosystems. My own contribution to the project has
focused on the ethical implications of the contributions of
the scientistsinvolved in the project. | have argued that
traditional moral theoriesare necessary in order to assess
theimpacts of environmental disintegrity towhichweare
exposed, but they are not sufficient to prescribe appropriate
action. | argue that we need to adopt aradical new
position, inspired by the holism of Aldo Leopold, and |
propose the “ethics of integrity” asthe best candidate for
that role. | support thisclaim through argumentsarising from
the group’ sresearch, and | incorporate the recommendations
of the" Global Integrity Project” asrepresentative of this
radical approach.

PROTECTING ECOLOGICAL HEALTH: THE 21ST
CENTURY PRIORITY

JamesR.Karr
Professor of Fisheriesand Zoology and Adjunct
Professor of Environmental Health and Public
Affairs, University of Washington, Seattle, WA « USA

Human society faces health challenges on many fronts. The
paramount health challenge of the 21st century will likely be
the degradation of earth’sliving systems (ecosystems) and
the resultant loss of goods and servicesthat arecritical to
the success of human society. That |oss, biotic impoverish-
ment, isvisibletoday in three mgjor forms: indirect depletion
of living systems through degradation of the chemical and
physical environment; direct depletion of non-human living
systems; and direct depletion of human systems. This broad
sweep illustratesthe magnitude of current environmental
challenges and the connections between human success
and living systems. It also provides an opportunity to
exercise the ingenuity that has brought usthisfar. The
concept of health isapowerful tool becauseit providesa
short-hand for good condition and is grounded in science
yet it speaksto citizens. When combined with aconcept
such ashiological integrity (thebiological context and
condition that isthe product of evolutionary and biogeo-
graphic processes at a place where human influence has
been minimal), living systems provide benchmark, guide, and

goal for public policy. Ultimately, theloss of living systems, the
loss of ecological health, meanstheloss of our own basisfor
existence. People need, want, and deserve to understand these
issues. To prevent theloss of ecological health, we must institute
widespread and comprehensive biological monitoring to track
trendsin ecological health just aswe monitor trendsin human
health and in the health of local, regional, and national econo-
mies. Successin thisarenadepends on our ability to identify
measurabl e biological attributesthat providereliableand relevant
signal about the biological effectsof human activities. We must
also improve our ability to communicate status and trendsin
living systemsto citizensand policy makers, including thedirect
connection between human actions and those trends. Effective
communication can transform biological monitoringfroma
scientific exerciseinto an effectivetool for environmental
decision making. Are scientistswith knowledge of theseissues
fulfilling their responsibilitiesif they do not facilitate that
communication? Should they label ed with the often pejorative
“advocate” if they dofacilitateit?

ECOLOGICAL INTEGRITY AND MATERIAL GROWTH:
IRREDUCIBLE CONFLICT?

William E. Rees
Director, School of Community and Regiona Planning,
University of British Columbia,Vancouver, BC« CANADA

Ecosystems change naturally over time so how can we (and why
should we) distinguish ‘normal’ ecosystems devel opment from
human-induced ecological change? Under what conditions can
exploited ecosystems be said to have ‘integrity’ or even health?
This paper addresses these questions from the perspective of
basic human ecology. | show that thereis an unavoidable
conflict between maintaining ecologica integrity and materia
economic growth. Humansarelarge social mammalswholivein
groups. We have correspondingly large energy and material
demands, even under pre-industrial conditions. Thusall human
groupsalter their supporting ecosystems, reducing the
biodiversity of their immediate habitats and significantly perturb-
ing amuch larger area. We are atrue‘patch disturbance’ species.
Material consumption by peopleliving in high-income countries
isalready perhapstwo orders of magnitude above pre-industrial
levels. Impoverished peopleeverywherehavesimilarly rising
aspirations. However, sincematerial economic production/
consumptionisreally human ecology, and the economy isan
dependent subsystem of the ecosphere, there is no prospect of
extending industrial-world material standardsto an expected nine
or ten billion peoplewhile maintaining ecosystemsintegrity.
Energy/material flowsappropriated from the ecospherefor
humansareirreversibly unavailablefor use by other speciesor to
maintai n ecosystems structure and function. Pollution takesa



further toll. Continuous expansion of the human enterprise
thereforeinevitably reducesthediversity, biomass, and resilience
of exploited ecosystems. To maintain ecosystemsintegrity —or
even health — requires that we move toward a steady-state
economy and find ways other than material growth to eliminate
chronic poverty. We can reach 1000m), mediumto high genetic
diversity within popul ations (0.150<H<0.250), very high out-
crossing rate (t>0.90) and atendency to absence of spatial
structure. These parameters can changerelatively fast after
anthropic disturbance. The sel ection of indicator speciesfor
monitoring ecosystem health, must take into account the
response to anthropic disturbance. Raretropical tree speciesare
very sensitive to anthropic disturbance, sometimes showing a
very drastic population fluctuation, or inbreeding increase.
Ecological and genetic parametersthat expressthese changes
may be used to monitor forest management and conservation.

1S-5

MEASURING THE IMPACT OF ECOLOGICAL
DISINTEGRITY ON HUMAN HEALTH

Colin Soskolne
Dept. of Public Health Sciences, University of Alberta,
Edmonton, AB « CANADA

We have conducted acorrelational analysisexamining
associations between broad measures of ecosystem health
and the current health status of human populations involv-
ing 203 countries around the world. This study revealed that
likely owing to world trade, the health of human populations
(asmeasuredin life expectancy),percent low birth weight,
infant mortality) improvesasecological capital islost. Two
serious questions emerge from such afinding: 1) for how
long can the health of human societies be sustained while
continuing to draw down ecological capital from other
regions of theworld?2) Arethe measuresused from among
those available the most sensitive and specific to assess
human health impactsfrom declinesin environmental
integrity? Thispaper identifiesthe problemsin thisareaof
investi gation within the context of theliterature and sug-
gests future avenues for research. An emphasis on the
latter’ spracticality for anticipating human health impactswill
be stressed throughout. Multidisciplinary collaborations
needed to devel op appropriate measuresareidentified.

Greater Addo National Park: A South African Case Study of the Opportunities
Provided by a Healthy Ecosystem

Chair: Walt Whitford—-US Environmental Protection Agency, New M exico State

University, NM « USA

THE THREAT OF DESERTIFHCATION TO ECOSY STEM
HEALTH AND SERVICESIN THE THICKET BIOME, EAST-
ERN CAPE, SOUTH AFRICA

Graham | .H. Kerley* M.H. Knight?, and A .F. Boshoff?
Terrestrial Ecology Research Unit, University of Port
Elizabeth, PO Box 1600, Port Elizabeth SOUTH AFRICA
2South African National Parks, PO Box 11040, Hadison Park,
Kimberley « SOUTH AFRICA

TheThicket Biomein South Africaischaracterised by dense
evergreen, low-growing thicket vegetation which historically
supported a high diversity and abundance of indigenous
herbivores. The dominant form of landuseisthrough pastoralism,
based largely on domestic goats. However goat browsing leads
to severe vegetation degradation, characterised by loss of
phytomass, loss of plant species (particularly palatable species),
replacement of perennial plant specieswith annual plants and
invasion by unpalatable, alien plant species. Thisis accompanied
by extensive soil erosion and alteration of soil chemistry. All
these changes lead to aloss of secondary productivity. Our
current understanding is that this degradation through overgraz-
ingisirreversible, and hence can be classified as desertification.

Not only does overgrazing lead to aloss of productivity, but
other ecosystem servicesarelost, including carbon seques-
tration, retention of soil resources, maintenance of
biodiversity, etc. Theloss of ecosystem health also leadsto a
loss of optionsfor sustainable use of natural resources, and it
isthereforecritical that alternativeland use optionsbe

devel oped.

A BIODIVERSITY HOTSPOT: OPPORTUNITIESAND
THREATS IN THE EASTERN CAPE, SOUTH AFRICA

M.H. Knight® A.F. Boshoff?, and Graham |.H. Kerley?
1South African National Parks, PO Box 11040, Hadison
Park, Kimberley « SOUTH AFRICA
2Terrestrial Ecology Research Unit, University of Port
Elizabeth, PO Box 1600, Port Elizabeth « SOUTH AFRICA

South Africaisrecognised asthethird most biologically
diverse country intheworld, and its Eastern Cape Province
includes examplesof al seven of theterrestrial biomesthat
occur. The region around Addo represents a convergence
zoneof thisbiodiversity, with six biomesinterdigitating over a
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few tens of kilometres. Thislandscape scale of biodiversity
isalso reflected at the al phascal e, with the Nama-karoo,
forest, savanna, grassland, thicket and fynbos biomes all
supporting a high diversity of plants and animals (including
thelargemammal sfor which Africaisfamous). Thereisa
relatively high degree of endemism, although thisisnot
symmetrical acrossall taxa. Thisplant diversity isrecognised
by the IUCN asaglobal hotspot of biodiversity, the“Al-
bany” hotspot. Being coastal, thisregional diversity
includes the marine province, which includes sandy and
rocky shores aswell as offshore islands supporting a
diversity of seabirds. Thisregiontherefore representsan
opportunity for the conservation of biodiversity of global
significance. In addition thisbiodiversity representsan
opportunity for the development of amajor nature-based
tourismindustry.

TOWARDS ECOLOGICAL AND ECONOMIC
SUSTAINABILITY OF ALTERNATIVE LANDUSES IN
THE EASTERN CAPE SOUTH AFRICA: CONSERVATION
FOR THE PEOPLE

Graham|.H.Kerley* M.H. Knight?and A.F. Bashoff*
Terrestrial Ecology Research Unit, University of Port
Elizabeth, PO Box 1600, Port Elizabeth SOUTH AFRICA
2South African National Parks, PO Box 11040, Hadison
Park, Kimberley « SOUTH AFRICA

Pastoralism with domestic herbivores, the dominant form of
landuseinthe Thicket Biome, leadstoirreversible degrada-
tion of the natural forage resource upon which it based and
henceisneither ecologically nor economically sustainable.
Thisindicatesthe need for the evaluation of alternative
formsviz. gameranching and conservation/ecotourism, of
landuse which may maintain ecosystem health. Game
ranching, based on venison production and sporthunting of
indigenousherbivores, isecologically sustainable but
providesalower income (albeit sustainabl e) than pastoral-
ism. Despite thislimitation there appearsto be shift towards
game ranching, or acombination of game ranching and
pastoralism, asaviableform of landuse. Conservation/
ecotourismisecol ogically sustainable and economically
lucrative, generating considerably moreincomethan a
comparabl e sized pastoralism operation. It also provides
significantly more employment, at higher incomelevelsthan
pastoralism, and there are major rippl e effects of employment
arising from thetourism trade. In addition, conservation/
ecotourism generates significant regional and national
economic activity on abroader scal e through the expendi-
ture on travel by tourists. Thus conservation and the
associated tourism industry appear to provide the best
socioeconomic opportunitiesinthe Thicket Biome.

THE GREATER ADDO NATIONAL PARK: A REGIONAL
AND NATIONAL CONSERVATION AND DEVELOPMENT
OPPORTUNITY

A.F.Boshoff!, G.I. H. Kerley* and M.H. Knight?
Terrestrial Ecology Research Unit, University of Port
Elizabeth, PO Box 1600, Port Elizabeth « SOUTH AFRICA
2South African National Parks, PO Box 11040, Hadison Park,
Kimberley « SOUTH AFRICA

In South Africathereisgrowing acceptance that ecotourism/
conservation, as arecognised form of land-use based on
healthy ecosystems, can play a major rolein promoting
development and community upliftment inthe Thicket Biome.
The Greater Addo National Park proposal seesthe amalgam-
ation of two existing conservation areasto formaviable
regional and national devel opment and conservation initiative.
The proposal isbased on 11 recognised criteriaand on national
andinternational legislation andtreaties. Itisfully motivated
on the basis of sound conservation, ecotourism and economic
principles, perspectivesand information. The proposed 398 00
0 hapark will include 341 000 haterrestrial and 57 000 hamarine
zones, including offshoreislands. It will bethethird largest,
and geomorphologically and biotically themost diverse,
conservation areain South Africa. It will be unique through the
inclusion of representative areas of six of the seventerrestrial
biomeswhich occur in South Africa, thereby providing
resilienceinthefaceof global climate change. The park will
maintain an extensive suite of terrestrial and marine
biodiversity (species, ecosystem processes and landscapes),
including anumber of large and charismatic species, and will
provide arefugefrom desertification processesinthearea. Itis
ideally suited to ecotourism, having awide range of attractions,
good tourism infrastruc t ure and malaria-free status. The park
will contribute towards human well-being through the provi-
sion of ecosystem services and employment opportunities, and
by stimulating sustai nable economic activity. A number of
issuesrel ating to the establishment, management and socio-
economic potential of the proposed park are discussed.
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INVENTORY, MAPPING AND MONITORING OF COSTA
RICA SBIODIVERSTY: POSSIBLE SOLUTIONS FOR
MANAGING ECOSYSTEM HEALTH

Davis, CA « USA

MaartenKappele
Proyecto ECOMAPAS, Instituto Nacional de Biodiversidad
(INBio) Apartado Postal 22-3100, Santo Domingo de Heredia®
COSTA RICA

In 1998 the Costa Rican ECOMAPAS Project initiated the
mapping of CostaRica’ secosystems and subsequent monitoring
of ecosystem health. ThisNetherlandsfunded Projectisajoint
effort of CostaRica sNational Biodiversity Institute (INBio) and
theNational Conservation Areas System (SINAC) of theMinis-
try of Environment and Energy (MINAE). In accordancewith
INBio and SINAC's mission of saving, knowing and sustainably
usingtropical biodiversity, and asafollow-up of the 1998
approved national Biodiversity Law, the ECOMAPAS Project
contributes in an advanced and innovative manner to the
development of knowledge and wise use of CostaRica secosys-
tems. During afirst two-year phase, five Conservation Areas(i.e.
recognized territorial regionsincluding protected wildlifeareasas
well asboth agricultural and urban areas) covering over 60 % of
the country’ sterritory, are ecologically mapped at adetailed scale
of 1:50,000. The selected Conservation Areasare: Arenal (ACA),
Tempisque(ACT), LaAmistad-Caribe (ACLAC), LaAmistad-
Pacifico (ACLAP), and Osa(ACOSA). Megadiverse protected
areasto be mapped includethe UNESCO recognized LaAmistad
(Talamanca) Biosphere Reserve, whichisboth aWorld Heritage
Siteand aCenter of Plant Diversity. Interpretation of recent aerial
photographs(scale 1:25,000to 1:40,000), field-based ground-
truthing and INBi0’ s species-per-area database form the basis
for the mapping process. Gl S-based |andscape-ecol ogical maps
will integrate different biophysicalthematic layers, aswell as
protected areas and speciesdistributions. The ecologica GISwill
serveasabasic decision-support tool for efficient planning of
ecosystem inventory activities and sound ecosyste management
of protected areas and surrounding buffer zones. As soon asthe
tailor-made and user-friendly GIS systemsare developed ona
Conservation Areabasis, they will beinstalled and maintained at
thedecentralized SINAC/MINAE regiond officesinthefive
previously selected Conservation Areas. SINAC and INBio
personnel will betrained to managethese GI S’ sefficiently and
effectively, for the benefit of the Conservation Areas’ ecosystem
health. For it istheavailability of amonitoring and evaluation GIS
tool, integrating ecol ogical and geographicinformation, such as
proposed by ECOMAPAS, on which the future success of
decision-making in ecosystem management, monitoring and
restoration strongly depends.

Monitoring Biodiversity: Issues, Solutions, and Infrastructure Problems

Chair: Catherine Toft-Dept. of Evolution and Ecology, Univer sity of California,

IDENTIFICATION AND MONITORING IN THE
CONTEXT OF THE NATIONAL BIODIVERSITY
STRATEGY

Victor Canton
Vice-Chair / National Environment Division
(DINAMA), Ministry of Housing, Land Planning
and Environment of Uruguay, Rincon 422/ 3er. Piso,
Montevideo s URUGUAY

In accordance with the United Nations Convention on
Biological Diversity (CBD), each country should develop
national strategies and action plans for the conservation and
sustainabl e use of the biodiversity inareaswithinthelimits
of itsnational jurisdiction, inthe context of thedifferent
levelsaccepted by the CBD : ecosystems, species, and
genetic resources. Asacontracting party of the CBD,
Uruguay started in early 1998 amultisectorial and participa-
tive processto develop his national biodiversity strategy
withthefinancial support of the GEF, the participation of
UNDP asimplementing agency and the National Environ-
ment Division (DINAMA) asleading agency. Uruguay,
located in the Southern Cone of South America, between
Brasil and Argentina has atemperate climate with grasslands
as a predominant ecosystem and al so importants areas of
wetlands, gallery forest, ridgeforest,palm groves and coastal
and lagoon ecosystems. One of thefirst stepsin the process
of the national strategy was gathering existing information
about the uruguayan biodiversity and the identification and
monitoring of the activitiesthat can cause adverse impacts
to the national ecosystems, species and genetic resources.
The process mentioned above must be oriented to policy-
making and management in order to reach an effective action
to theimplementation of the CBD.Theresults of the monitor-
ing are a so important to include themin others sectorial
plansand national policieswith different levelsof relation-
ship with the biodiversity issue (environmental regulations,
agriculture programmes, research policies, etc). Several
constrainswereidentified during the strategies process
related to thetopic of the biodiversity identification and
monitoring, for instance : lack of financial resources; need of
coordination between institutions (including public sector,
private sector and research institutions), gapsin trained
personnel and capacity building programmes, requirements
tointernational cooperation, etc.
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MANAGEMENT AND CONSERVATION OF TROPICAL
FORESTS WITH EMPHASIS ON RARE TREE SPECIES
IN BRAZIL

FlavioBertin GandaraandPauloY . Kageyama
Biological SciencesDept. and Forestry Dept. ESALQ,
University of S8o Paulo, S&o Paulo* BRAZIL

Tropical Forests are known by the high diversity of species

(100to 300 tree species/ ha) andintricate ecological
interactions, what makes conservation and management very
complex. Thisrichnessof speciesincludesseveral patterns
of abundance and spatial distribution. We are giving special
attention to population density of tree species, because this
characteristicsisstrong related to several ecological traits,
like pollination and seed dispersal patterns, roleinthe
succession, and natural regeneration. Common tree species
or speciesthat occur at high population densities generally
have high regeneration capacity (reverse J population
curve), being very favorable to be included in sustainable
management projects. Raretree speciesthat can occurina

very low population density as 1 tree/hato 1 tree/50ha have

long distance pollinators and seed dispensers and a scarce
natural regeneration. Thiskind of species has density and
distance dependent mortality and requires small gapsfor
regeneration. For thesereasons, these speciesare not
suitablefor sustai nable management programs. On the other
hand, they are adequate indicators of tropical forest health.
In primary forests, Tropical tree speciesstudied in Brazil
present long distance geneflow (e.g. pollen flow canreach
1000m), medium to high genetic diversity within populations
(0.150<H<0.250), very highoutcrossing rate (t>0.90) and a
tendency to absence of spatial structure. These parameters
can changerrelatively fast after anthropic disturbance. The
selection of indicator speciesfor monitoring ecosystem
health, must take into account the response to anthropic
disturbance. Raretropical tree speciesarevery sensitiveto
anthropic disturbance, sometimes showing avery drastic
population fluctuation, or inbreeding increase. Ecological
and genetic parameters that express these changes may be
used to monitor forest management and conservation.

TS-7

USING FLORISTIC DATABASES TO MAP BIODIVERSTY
AND AS TOOL FOR CONSERVATION

Exequiel Ezcurratand C. Mourell€?
'San Diego Natural History Museum, San Diego, CA « USA
2Dept. of Geography, Y ork University, ON « CANADA

Animmensely valuable source of information on the distribu-
tion of biological diversity isfoundin biological collections. In
particular, herbarium specimensand their label scontain detailed
historic records that can be converted into databases and used
for quantitative biogeographic analyses. As a case study, we
created adatabasefor columnar cacti in Mexico (Cactaceae,
Tribe Pachycereeag), and a second database for the whole
cactusfamily in Argentina. The recordswere then converted
into biogeographic maps that show patterns resulting from the
distribution of these species. In particular, we mapped (a)
speciesrichness, and (b) speciesturnover, and regressed these
values against mapped environmental preditors such as
temperature, topography, or rainfall. We also mapped the
distribution of endemism, by giving each speciesaweight
inverseto the size of their biogeographic area. Finally, we
analyzed and mapped areas of similar species content, to
highlight areas of uniform floristic content, or “ cactol ogical
regions.” The regression models showed that afew simple
statistical variableswere capable of predicting thedistribution
and occurrence of high-diversity spots. It was aso found that
different life-formshavedifferent patterns of biodiversity, and
that these patterns can be related to environmental factors that
limit thelife-form growth. From an applied point of view, the
resulting maps could be contrasted against the distribution of
protected areas, and recommendationsrelated to conservation
policiesand priorities could be derivedfromthisstudy. Itis
concluded that biological collections can be used astools of
great importance for the monitoring and management of
biological diversity inthewild.

The Role of Culture and Tradition in Ecosystem Health Management: Case Studies
from Developing Countriesand Others

Chair: Alexander Har court—-Dept. of Anthropology, University of California,

Davis, CA « USA

ATTITUDESAND THEIR INFLUENCE ON NATURE
VALUATION AND MANAGEMENT IN RELATION TO
SUSTAINABLE DEVELOPEMENT

H.A.M.deKruijf, E. vanlerland?, J. Dekker®, and C.M. van
der Heide?
!National Institute of Public Health and Environment
(RIVM/BIS), Bilthovens THENETHERLANDS
2Dept. of Economics, Agricultural University, Wageningen
*« THENETHERLANDS
*Dept. of Science, Technology and Society, Utrecht
Universitys THENETHERLANDS

The paper will analyse important aspects of attitudes towardsthe
functions of nature. Then wewill try toindicatewhat elseis
needed to valuate within the framework of attitudesthese
functionsin relation to ecosystem management. The paper will be
based on theanalysis of of information from four countries:
Benin, Bhutan, CostaRica, and The Netherlands.



INTEGRATED VECTOR MANAGEMENT FOR MALARIA
CONTROL: AN AFRICAN PERSPECTIVE

Clifford M. MuteroandBart G. Knals
Thelnternational Centre of Insect Physiology and Ecology
(ICIPE), POBox 30772, Narobi « KENYA

Malariacontinuesto beamajor cause of mortality and
morbidity in many countriesof Africa. Thediseaseisso
common and dreaded that among many communities, any sign
of fever evokesa priori diagnosisfor malaria. Withinthe
African context, past attemptsat high-tech solutionsadminis-
tered through vertical control programmes have not been
sustainablein most countries. Increased resistance by malaria
parasitesto chloroquine, the most commonly available
curative drug, hasleft large populations without an affordable
dternative. Similarly, resistance by mosquitoesto residual
insecticidesincluding DDT has been animportant obstacle,
environmental concerns notwithstanding. Y et, itisbecoming
increasingly evident that amidst al the despondency, the
futurefor malariacontrol may liein simple, community-based
environmental management approaches. Sufficeto say that
morethan 90% of malariaisattributableto environmental
factors which can be feasibly addressed to create the desired
situation of improved health and well-being. Against this
background, the International Centre of Insect Physiology and
Ecology (ICIPE), Nairobi, Kenya, hasinitsMalariaProgramme
re-visited the concept of integrated vector management (1VM),
based on current knowledge about malaria vector behaviour
and ecology. Components of the IVM strategy being devel-
oped by | CIPE include the use of agro-ecosystem management
for minimising mosquito breeding, and thediversion of
hungry mosquitoesto alternate hosts, particularly cattle.
Ethno-botanical products, house screening and naturally
occurring semio-chemicalsare also being evaluated as
components of a*“push-pull” strategy aimed at reducing
human —vector contact. Mgjority of peoplein Africalivein
rural areas, within a setting of subsistence agriculture and
keeping of livestock. ThelCIPE VM approach deliberately
targetsthesetwo traditional economic activities in order to
enhance communities’ participation. Aspart of thelVM
strategy, apilot project isalso being devel oped on the use of
drama, music and song for thedelivery of therelevant informa-
tioninaculturaly-friendly way.

GAMBLING FOR SUSTAINABILITY-LOCAL
INSTITUTIONS FOR FASTURE MANAGEMENT IN
BHUTAN

KarmaUra(presented by Karma Galay)
Centrefor Bhutan Studies, Thimphu* BHUTAN

Each summer, on the 18th of the 7th lunar month of the
Bhutanese calendar, the pastoral communities of thevillages
of Gechukha, Chumpaand Chempain North-western Bhutan
assembl e at their community shrine. The gathering isascene
of daylong prayer sponsored by the community. Supernatu-
ral influenceisinvoked for favourable outcomes. Thisday
long ritual isjust apreludeto the actual business, abrief,
stetistical affair, whichtakesplaceintheevening. Dieare
cast to allocate the communal pasturesto groups herdersfor
the coming year. The group with the highest score getsfirst
choice, the second highest, second choice and so forth.
Until they meet again, oneyear |ater, each herder will be
dependant on the allotted pastures to provide his or her
yakswith sufficient feed. Viewed asrulesof thegame, a
local institute of the type mentioned above, iscrucial for
equitable accessto one of the major resourcesin agro-
pastoral communitiesbecauseit providesamechanismfor
the allocation and division of pastures among herders. But
thisinstitution isalso important for the many other functions
it plays. A tentative outline of these can be made:

First, aninstitutionisvery often eco-specific and thereforeit
may reflect sustainabl e uses of resourceswithin that eco-
niche. This could also mean that the institution can express
accumul ated indigenous knowledge about sustainable
resource use within that eco-niche.

» Second aninstitution sinceit iscorrelated to an eco-niche
is adaptive over eco-niches. Ingtitutional diversity and
ecological diversity therefore go hand in hand.

* Third an institution defined as ‘ rules of the game' regulates
the behaviour of theindividual members of an organization,
beit formal orinformal. Inthissenseaninstitution actsas
coordinator of collective activitiesand obligations of the
membership of that community or organization.

My intention in this presentation isto explore briefly these
three aspects of local ingtitutionswith references primarily to
pasture distribution rulesin Bhutan.
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ECOSYSTEM HEALTH FROM THE NATURAL
RESOURCE AND BIODIVERSTY PERSPECTIVE

Stuart Hurlbert and Daniel W. Anderson
Dept. Wildlife, Fishand Conservation Biology,
University of California, Davis, CA « USA

PHYSICAL AND BIOLOGICAL LINKAGES BETWEEN
THE UPPER AND LOWER COLORADO DELTA

Saul Alvarez-Borrego,
Centro de Investigacion Cientificay de Educacion
Superior de Ensenada, Ensenada, BC « MEXICO

Human intervention hasled to almost total elimination of
water and sediment dischargeinto the Colorado River delta.
During1979-87, 1993 and 1998-99, water rel easesbecame
necessary due to abnormal snowmeltsin the upper basin of
theriver. In spite of the great ecological impact caused by
the construction of dams, life isabundant in the estuary
even during the long periods without surface freshwater
input. Due to sediment resuspension, the water in the
estuary looks brownish and the Sechii disk disappears under
few cm. Macro and microalgae are abundant in the estuary,
possibly because of turbulence and low tides allowing for
enough light for a healthy growth. Phytoplankton chloro-
phyll a often reaches values >5 mg m. Highest recorded
zooplankton biomass, asdry organic weight per m,is 154
mg m3, with calanoid copepods as the most abundant
taxonomic group. These values are as high as those of
healthy estuaries and coastal lagoons. Dolphins are seen
often inside the estuary. Salinity and nutrient values at the
internal extreme of theinverse-estuary evidenceasignificant
fresh groundwater flow fromtheriver. HighNO, valuesin
the delta are due to groundwater input as aresult of the
application of fertilizersintheagricultural areas. Thereisa
significant relationship between the shrimp catch landed in
San Felipeduring 1975-97, and the Col orado River flow at the
Mexico-USborder. The base catch in the absence of flow
into the Upper Gulf is~200tonsyear?, and it increasesto
~600 tonsyear* or greater following yearsof freshwater
input. Analysisof DDT and its metabolitesin clams sampled
from the estuary in 1973 show that asan averagetotal DDT
(thesumof: opDDT, ppDDT, opDDD, ppDDD, opDDE, and
ppDDE) was 0.067 ppm (mgg™* dry weight). Morethan ten
yearslater, in 1985-86, total DDT concentrationsweremuch
lower (0.005-0.011 ppm) compared to thosereported for the
specimens sampled in 1973, and only ppDDE wasfound.
Given the persistence of the organochlorinated pesticidesin
the environment, their presencein 1985-86 was dueto their
use in the past. These values of chlorinated hydrocarbons
arewell below the action levels proposed by theU. S.
National Academy of Sciences asadanger to the environ-
ment.

The Rio Colorado Delta Area: A Case Study of Water Use I ssues
Chair: Juan-Vincent Paler m—M EXUS, Univer gty of California, Riverside, CA « USA

A REGIONAL PERSPECTIVE FOR MIGRATORY WILDLIFE
RESOURCES OF THE COLORADO RIVER DELTA REGION

Daniel W. Ander sont and Eric Mellink?
Dept. of Wildlife, Fish, and Conservation Biology,
University of Cdifornia, Davis, CA « USA
2Centro de I nvestigacién Cientificay de Educacién Superior
de Ensenada. Apartado Postal 2732, Ensenada, BC* MEXICO

Biodiversity conservation of highly mobile organisms, as
exemplified by migratory birds, isincreasingly and correctly
demanding that resourcemanagers adopt region-wide, large-
scale views and approaches that include all aspects of the
environmental requirements of theseresources. Migratory
wildlife are especially sensitive regarding connectivity issues
that involve both temporal aspects (varying annual cycle needs)
and spacial aspects (adequate breeding areas, migratory corri-
dorg/stopovers, and wintering habitat) in their requirements. The
Rio Colorado Deltaareawas described by early biological
explorers as aregion containing the greatest biological diversity
in the entire southwestern US; but today it is an areathat may be
one of the mostecologically degraded ecosystemsin North
America. And, the Rio ColoradoDeltaregionisaprimeexample
illustrating the ideas often expressed by environmentalists, that
in the biological sense, «the wholeisgreater than its parts»; orin
the management context, «think regionally and act locally (in
many places).» The Rio Colorado Deltaregionencompassesa
major past and present link in an ecological chainstretching from
the North American Arcticinto Central Mexico, encompassing
three countries, Canada, the US, and Mexico. In thisregion, as
elsewhere, thereisneed for alarge-scal e, international approach
that maintains the connectivity between its parts. Perhaps
historically inthe southern Pacific Flyway andin aregion where
water resources are scarce and demanded-for by many competing
interests, theseideal s have seldom been met by resource
managers, who often reluctantly and frustratingly find them-
selves at thelow-end of the political power structure. Degraded
habitatsin many areas of the Colorado Delta region now occupy,
often through unlikely historical events, critical linksinamuch
longer web of ever more distantly connected and less-suitable
habitats along the corridors of this «flyway.» The entire regional
systemislong overduefor wildlife habitat restoration and for a
regional/international effort to bring thisabout. Threatsto the
Colorado Deltasystem or partsof it aremany and they are
getting worse; and they vary with specific location and the type
of resourceinvolved. Therewill beno simple orimmediate
solutions. Planning forthe mitigation of natural resource
problemsin thisregion will havetobeintegrated acrossthe US/
Mexico border and must include international support acrossthe
borderintoMexico.



WILDLIFE DISEASE ASAN INDICATOR FOR ECOSY STEM
HEALTH

TonieRocke! andMilton Friend?
1USGSBiIologica ResourcesDivision, National Wildlife
Health Center, 6006 Schroeder Rd., Madison, WI « USA
2USGSBiologica ResourcesDivision, Salton SeaScience
Subcommittee, 8505 Research Way, Middleton, Wi « USA

During recent years, a popular concept has emerged that
ecosystem health ismeasurablein the context of human values
and can be defined by certainindices. Wildlifemortality from
disease agents, whetherinfectiousor chemical, may be consid-
ered asone such indicator of ecosystem health. Somedisease
agents, such as microbes and parasites, are normal and even
essential components of ecosystems. These agents may act to
maintain normal ecosystem function by altering or balancing
populations of animals. However, increasing lossesfrom certain
diseases, such as avian botulism and algal toxicoses, and
catastrophic mortality eventsinwildlife may be anindication of
major perturbationsinenvironmental conditionsor human-
induced accel eration of natural ecosystem changes. Weview
somewildlifemortality eventsasareflection of declining
ecosystem health that may negatively impact wildlife conserva-
tion and biodiversity. The motivation to managewildlife disease
isavaluejudgement focused on reversing the affects of disease
on some valued component of theecosystem or to restore
conditionsto adesired level of ecosystem status. We contend
that standards regarding specific diseases can be established as
an important measurement for ecosystem health and manage-
ment, such astheir frequency of occurrence, the magnitude of
losses, their spatial and temporal patterns of occurrence, and
when possible, environmental conditionsthat promote out-
breaks. Recent mortality eventsinvolving fish and birds at the
Salton Sea of Californiaand avian botulismin general areused to
illustrate these concepts. The environmental conditionsthat
facilitate avian botulism outbreaks are described asthe type of
standards that could be applied for guiding ecosystem manage-
ment.

INTERNATIONAL ASPECTSOF ECOSY STEM CONTAMINA-
TION PROBLEMSIN WILDLIFE OF THECOLORADODELTA
REGION

Miguel A. Moratand Jaqueline Garcig
1US Geological Survey, College Station, TX « USA
2University of Arizona, Tucson, AZ « USA

The Colorado Deltaregion once comprised what are now mostly
agricultural areasinthe United States (Imperial and Yuma
districts) and Mexico (Mexicali and San Luisdistricts), and two
below sealevel depressions, the Salton Sea and Laguna Salada.
Currently, most of thewater from the Col orado River isused for
irrigationin Mexico and only remnantsof theformer Colorado
Deltaregionremain. The Cienegade SantaClaraandthe Rio
Hardy wetlands provide important habitat for many resident and
migratory birds. The Colorado Deltaisaffected by multiple
contaminant stressors, including agricultural pesticidesand

heavy metalsfrom agriculture and other anthropogenic activities.

Recent wildlifemortalitiesinthe upper Gulf of Caiforniaand
Salton Seaareas could be linked to contaminant increasesin
the region, although disease outbreaks a so may have
played amajor role. Theearlier documented contaminant
studiesin biota of the Colorado Deltawere conducted in the
1970son agquatic invertebratesand fish fromirrigation canals
and drainagesintheMexicdi Valey. Some of the most
detailed studies of theimpacts of contaminantsonwildlife of
thelower Colorado Deltawere carried out inthe 1980s,
particularly on birds. Morerecently, contaminant studies
have been conducted in the Cienega de Santa Clara, a
particularly important wetland of the Delta. Current efforts
arefocused on eval uating contaminant threatsto wildlife of
the Rio Hardy and Colorado Deltain general. Because most
water reaching the Deltaisusedfirst for agriculturein
Mexico and the United States, itislikely that birdsusing
wetlandsin the Colorado Deltaare exposed to significant
amounts of pesticidesand other contaminants, theimpacts
of which need to be documented.

RESTORATION ALTERNATIVES FOR THE NATURAL
RESOURCES OF THE LOWER COLORADO RIVER
DELTA, MEXICO

Edward P. Glenn?, Jason Morrisor?, and M. Coher?
*Environmental Research Laboratory, Tucson, AZ « USA
2Pacific Institute, Oakland, CA « USA

Thedeltaof the Colorado River covers 780,000 hectares (ha)
inthe United States and M exico, encompassi ng two bel ow-
sea-level depressions, Salton Sea and Laguna Salada, and
most of thelmperial, Mexicali, Y umaand San L uisirrigation
districts. Approximately 1.5 million peopleliveintheMexico
portion of the deltaalone. Although most of the delta has
been converted from natural habitat to agricultural and urban
uses, 60,000 haof riparian, wetland and salt marsh habitat
dtill existsinthelower delta. Thisnatural areaislargely
contained within alevee system designed to protect

adjacent fieldsfromflooding, and it representsawildlife
corridor extending fromthe U.S.-Mexico border to the Seaof
Cortez. Part of theflood plainiswithin the Biosphere
Reserve of the Upper Gulf of Californiaand Deltaof the
Colorado River. Most of the delta habitats are supported by
water from the United States: theriparian corridor receives
pulseflood flows of surplus Colorado River water during wet
years on the watershed; and Cienega de Santa Claramarshin
the southeastern part of the deltareceives agricultural
drainagewater fromthe Wellton Mohawk irrigation districtin
Arizona. Other wetland and riparian habitatsin the deltaare
supported by agricultural returnflowsoriginatingin Mexico.
The deltacontainsthe most extensive remaining willow
thickets, cottonwood-willow gallery forests, and emergent
marsh systemsin thelower Colorado River ecoregion. The
habitats support migratory and resident waterfowl and
contain large populations of endangered species, including
Y umaclapper rails, desert pupfish, willow flycatchers
(recently documented) and, in the marine zone, vaguita
porpoises and totoaba fish. Restoration and protection of
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thelower deltahabitatswill requirebinational cooperation
and should be based on the principles of sustainability and
equity: 1) the primary management goal must beto provide
for ahealthy ecosystem and to protect human health;

2) water management decisions should be groundedin

15-9

scientific understanding of theregional ecology; 3) thedelta
habitats should be viewed as a binational resource, dependant
upon U.S. water suppliesbut serving asaspeciesreservoir for
theentirelower Colorado River ecosystem, benefiting the natural
environment in both the U.S. and Mexico.

Managing for Ecosystem Health across Political Boundaries

Chair: Deborah Roger s-Genetic Resour ces Conservation Program, Division of

Agriculture and Natural Resour ces, University of California, Davis, CA « USA

NATURE POLICY ASSESSMENT IN THE NETHER-
LANDS: CROSSING POLICY BORDERS FOR STRATEGIC
SURVEYINGAND ASSESSING POLICY PROGRESS

G.W. Lammers, R. Reiling, H.J. Verkaar, and H.A.M. deKr uijf
RIVM, Nature Policy Assessment Office, Bilthoven
THE NETHERLANDS

The last two years Dutch nature policy has been regularly
assessed by reports of the Nature Policy Assessment Office.
This office points out the actual state of landscapes and
habitats, assesses theimpact of current national policiesand
surveys strategically the opportunities for and threats to
nature. In The Netherlands ecosystem health is affected by
agreat variety of conditioning factors, particularly environ-
mental and water quality, spatial impact, site and population
management. Thesefactorsarelargely determined by the
actual use of ecosystemsfor nature protection, agriculture,
recreation, fisheries, housing, timber production, etc. The
degree of useishighly influenced by economic devel op-
ment, demography and technology. Thesefindingsimply
that strategic surveys with regard to the devel opment of
ecosystem health must be ultimately based on forecasts of
economic, technological and demographic devel opments
and must integrate theimpacts of conditioning factors.
Moreover, they should deal with various spatial and
temporal scales. We devel oped techniquesto assessthe
progressin policy related to nature and conditioning factors,
aswell asthe policiesrelated to the use of ecosystems. We
demonstrated that policy makershardly definejustifiable
objectives and targets and that they have problems to
integrate variousfieldsof policy (nature protection, water
and environmental management, physical planning).
Furthermore, wefound evidencethat, evenif real policy
targets ahve been defined, theimplementation of national
policiesto regional authoritiesissometimes problematic
because of thelack of public acceptation and of coherence
of various policy tools. In consequence, we conclude that a
major challengefor policy makersisto crossover politica
boundariesand for researchersto bridge over disciplinary

gaps.

CONTROL OF NATURAL RESOURCE DEGRADATION TO
RESTORE ECOSY STEM HEALTHAND TO HELP SECURE
PEACE IN THE MIDDLE EAST

Scott Christiansen
ICARDA andtheWorld Bank, Cairo» EGY PT

Since 1996 Egypt, Israel, Jordan, the Palestinian Authority and
Tunisia have been engaged in an Initiative to Control Natural
Resource Degradation that focusesto alarge extent on the
rehabilitation of degraded dryland ecosystems. The project takes
placeinthe Working Group for the Environment of the Multilat-
eral Middle East Peace Talks. Thepilot schemes, all in areas of
80-300 mm mean annual rainfall (southern Tunisia; northwest
coast of Egypt and the Sinai; the Negev of Isradl; the Eastern
Slopes of the West Bank; and Wadi Arabain Jordan) involve
applied research methods delivered using a participatory
approach in community settings. The project concentrates on the
themes of (1) incomegeneration from fruit, nut and fuelwood
speciesof trees, medicinal and herbal plants; (2) development of
adapted native biodiversity for grazing and conservation; (3)
water harvesting and run-off farming; and (4) use of recycled
wastewater blended with salinewater. The countriesdivide
responsibilitiesfor the themes so that eachtakesaleadina
particular topic with the Pal estinians being thefocal point for
building of technical capacity and environmental institutions.

ECOSYSTEM HEALTH IN THE GREAT LAKES ASA POLICY
CASE-HISTORY

Michae Gilbertson
Workgroup on Ecosystem Health, Great L akes Science
Advisory Board, International Joint Commission, Detroit,
Ml USA

During thefirst part of thiscentury, water quality intheGreat

L akesbasin deteriorated despitethe signing in 1909 of the
Boundary Waters Treaty and a binational policy decision not to
cause transboundary pollution to theinjury of health and
property. ThefirstGreat LakesWater Quality Agreement was
negotiated in 1972 and wasmainly concerned with control of
phosphorus to counter widespread eutrophication. The concen-
trations of persistent toxic substancespeaked inthelate 1960s
and researchers documented the severe effectson the reproduc-
tion and devel opment of fish eating birds and ranch mink fed



Great Lakesfish. The1978renegotiation reorientedthe Agree-
ment to thevirtual elimination of dischargesof persistent toxic
substances. Though concentrations of many persistent toxic
substances started todeclinein the mid-1970s because of the
implementation of pollution prevention measures by industry and
governments, recent declines havebeen almost imperceptible.
Futureimprovementsto restore ecosystem heal th will depend on
costly remedial work which to date has been underfunded
because of official regulatory scepticism. Researchersatrecent
workshops have adopted amethodology for inferring causality,
and thereby explored thiswidespread scepticism about the
causal relationsbetween exposuresto persistent toxic sub-
stances and effects on human health. Similarly, thereisabroad
divergence of opinion about persistent toxic substances as the
cause of the declines and extirpation of variousfish stocks, and
about the predictions of restoration of these popul ations with
implementation of the pollution provisions of theremedial action
plans.

LAW AND ECOSYSTEM HEALTH: A COMPARATIVE
ANALY SIS OF THE EFFECTIVENESS OF RIPARIAN ZONE
REGULATIONS IN ARIZONA AND COSTA RICA

BernardoAguilar, LigiaUmafia, and ArianaSalvo
Prescott College, 220 Grove, Prescott, AZ « USA

Effective sustainability requiresadynamic balance between
social, economic and ecological aspectsof development. Laws
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establish linksthat allow the adaptation between these
dimensions. Legal evolution depends on the nature of social
institutions. If society lacks awareness of the sustainable
way to regulateits areas of connection with the biosphere,
thelegal framework can becomean obstacleto achieve
ecosystem health. Weillustrate thisproblem through a
comparative analysisof riparian zonelegal protection
between Costa Ricaand Arizona. For different reasonsthese
areasplay akey rolein the socio-ecological balance of the
two States. Y et, their legal protection differswidely. Costa
Rican regul ations establish an obligation to every land
owner of preserving aminimal forest cover around rivers,
streams, lakes, springs and other water bodies. Despitelax
enforcement and conflictswith the CostaRican Constitu-
tion, the eff ectiveness of the regulations seemsto prove
their usefulness. In U.S. and Arizonian Law, unlike wetlands
and water bodies, riparian zones are not specifically regu-
lated. Further, becausethey arefrequently well oxygenated,
they do not fall into thelegal category of wetlands. There-
fore, outside National Parksand other protected areas, these
fragile open ecosystemsarenot legally protected. If both
areas depend highly on their riparian resources, why isthere
such differenceinregulation? Toillustrate the possible
effectsof theadoption of such policiesin Arizona, we
present asimplegraphic simulation for theriparian areasin
the Willow and Watson Lake micro watershedsin Y avapai
County. Thecontrast inlegal protection may be correlated
with differencesin the political ecology of both regions.
Thus, an effective proposal for such legal reformwould
requireamuch deeper process of analysis.

Effectsof Agricultureon Ecosystem and Human Health

Chair: Marc B. Schenker—Dept. of Epidemiology and Preventive M edicine,

School of Medicine, University of California, Davis, CA « USA

INTRODUCTION

MarcB. Schenker
Dept. of Epidemiol ogy and Preventive Medicine, School of
Medicine, University of California, CA « USA

THE NORTH AMERICAN AGRICULTURAL SY STEM-
ECOSYSTEM AND HEALTH IMPACTS

Paul D. Gunder son
Director, Marshfield M edical Research Foundation, Marshfield
Clinic, 1000 North Oak Avenue, Marshfield, Wil « USA

Agriculturein North Americahasevolved acrosstimeinto
distinctly separate sectorswhich offer severely contrasting views
of long-term sustainability. The human health impacts of these
sectors also varies; many impacts have emerged in the absence of
explicit attemptsto engineer unheal thy exposuresout of the
agricultural work site. Healthimpactsdo occur to agricultural
workforcesaswell as other population sectors such as consumers
or rural/suburban neighbors. Healthimpactsinclude most of the

body’ s systems, and can span entire communities. Some
such as muscul o-skel etal disease may primarily impact
individual workers, others such asasthmaor infectious
disease affect entire classes of people. Theevolution of
North American agriculture has caused changein the
virulence of human disease and its dispersion among human
populations. Long term, asystematic approach isneeded to
model potential human health impacts of systemic changein
agricultural production systems.

INFECTIOUS DISEASE HAZARDS TO HUMAN POPU-
LATIONS

Dean O. Cliver
Dept. of Population Health amd Reproduction, School of
Veterinary Medicine, University of California, Davis CA
USA

Thenational Food Safety Initiative of May 1997 refers
repeatedly to “ manure management” and impliesthat the use
of animal manurein vegetable crop production constitutesa
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hazard to consumer hedlth. If thisistrue, those who work in
vegetable-growing fields to which manureis applied must be
at greater risk. The concerniswith zoonotic infectious
agents, such asEscherichiacoli O157:H7, Salmonella spp.,
and Cryptosporidium parvum. Theseare shed, under
certain circumstances, in the manure of food animals. The
effects of varioustreatments and storage of manure on the
infectivity of zoonotic bacteriaand protozoaare under
study; methods that destroy infectivity are known, but not
widely used. Peopleinfected with such agentsmay experi-
encemildto severeintestinal illnessand will shed the agents
intheir feces. Surveys, using various methods of fecal
sampling, are needed to determine the incidence of such
infectionsamong field workers, asrelated to occupational
exposure. Control groupsfor such studies should include
peoplewho work in fieldsto which no manureisapplied and
thosewho work directly with food animal sand their manure.

PM10 AND THEAGRICULTURAL ECOSY STEM

Robert G. Flocchini
Crocker Nuclear Laboratory and Dept. of Land, Air and
Water Resources, University of Cdifornia, Davis, CA ¢
USA

Inrecent years, the presence of particulate matter suspended
and transported in the atmosphere and its potential impact
on human and environmental has been given great attention.
Airborne soil dust particles(< 10 microns) can bethelargest
fraction of microscopic particulate matter transportedin air.

T5-11

Species

In humans, these particles, especialy at the smaller end of the
spectrum, have been shown to be inhaled and captured in the
lungs. Thefull ramifications are yet unknown. Many processes
occurring intherural environment suspend particul ate material.
These processesinclude wind erosion, traffic on unpaved roads,
construction operations, and agricultural activities. These
activities have to be compared to activitiesrelevant to the urban
environment. Y et the contribution to the suspended and trans-
portablefraction of airbornedust from rural activitieshasbeen
poorly characterized with the result that the dataavailable to
regulatory agencies needed to estimate theimpact of these
particulateshasbeen historically of limiteduse. Agricultureisa
known non point-source of particul ates. Recent research efforts,
funded by the United States Department of Agriculture, have
measured dust fluxesfrom the harvesting of almonds, walnuts,
cotton, and figsin California’ s San Joaquin valley. The datawere
collected onavariety of soils. Preliminary resultsindicate that
most f the harvest emissionsareinthesizerangefrom 2.5to 10
microns. Theresults also show significant reduction in particu-
late loading downwind of the harvest site. The need for the
agricultural community to continueto document thetype, size
and elemental composition of these emissionswill be addressed.

PESTICIDE EPIDEMIOLOGY AND ECOLOGY
Michad O'Malley
School of Medicine, University of California,
Davis, CA « USA

Abstract not available.

Eradication Revisited: Thoughtson Appropriate Responseto Exotic Invasive

Chair: JamesR. Carey-Dept. of Entomology, University of California, Davis,

CA+USA

ERADICATION CRITERIA: INSIGHTS FROM MEDFLY

PROGRAMS

JamesR. Carey
Dept. of Entomology, University of California, Davis,
CA - USA

Eradication isdefined as “the purposeful reductionin the
prevalence of aspecific pest to the point of continued
absencewithin aspecified areaby meansof atime-limited
campaign.” The essential difference between control and
eradication isthe economic advantage of thelater over the
former-the cost of atime-limited capital investment as
against the ever recurring costs of control measures.
Eradication of exotic pestsispossiblefrom abiological and
technical point of view, but whether it isfeasible dependson
anumber of biological, ecological, social and operational
factors. Using eradication programs on the medfly and other
fruit fly speciesin Californiaasmodels, | will outlinesix

preconditions for launching an eradication campaign, propose
criteriafor declaring eradication, and discuss biol ogical and
political problemswiththeoverall concept.

ERADICATION REVISTED: THOUGHTS ON APPROPRIATE
RESPONSE TO EXOTIC INVASIVE SPECIES

JudithH.Myers
Depts. of Zoology and Plant Science, Centrefor
Biodiversity Research, University of British Columbia
Vancouver, BC « CANADA

Eradicationistheremoval of every potentially reproducing
individual of aspeciesfrom an areawhich will not be reinvaded
by other membersof the species. Eradicationisawordwhich
should be used with caution because it implies that humans have
the technical ability and financesto achievethisgoal. Thefact
that eradication programs are often designed by asmall group of
specialistswho then must convince most members of society



that the costs of the program and itsthe potential side effects
areworth assuming, can result in dictatorial behavior by the
specialistsand apprehension and mistrust by the public.
Therearefew examples of successful eradication of biological
organisms even though it is often the stated goal of programs
designed in reponse to introduced or “invasive” species. A
better approach isthe prevention of introductions through
regulations of imports of plantsand animalsor materials
which may harbor exotic organisms. However, often commer-
cial pressuresoverriderationaleregulations. | will consider if
there are characteristics of introduced specieswhich may
cause someto be susceptibleto eradication. Ingeneral | feel
that we should not use the word eradication and should adopt
the attitude that since this goal israrely achieved, costs and
benefits should be evaluated based on partia success and the
possibleneed for continued management.

WHY NOT ERADICATION?

Daniel Simber|off
Department of Ecology and Evolutionary Biology,
University of Tennessee, Knoxville, TN « USA

Eradication of non-indigenous species has abad name,
largely becauseit is seen as a pipe dream and because certain
highly publicized unsuccessful eradication attempts have had
disastrous non-target impacts. Another reason for disen-
chantment with eradication isthat the term has been used
colloquialy to mean simply partial removal and control at a
low level rather than the strict definition of total elimination.
However, many eradications have been compl ete successes,
with highly invasive speciestotally removed from aregion.
Although some successful eradications have been from small,
circumscribed areas, others have been from extensiveregions.
Successes are not restricted to highly visible vertebrates—
insects, snails, plants, and even microorganisms have been
eradicated, although certain species’ traits(e.g., aseed bank
inthesoil, self-fertilization) make eradication far moredifficult.
Thebiggest impediment isthe absence of an effective early-
warning system and rapid, coordinated response mechanism.
If invaderswere more quickly detected and personnel were
immediately deployed to attempt eradication, thereislittle
doubt that successeswould be far morefrequent. If the same
methods would be used in an eradication attempt asin along-
term maintenance control program, thereislittleinherent
conflict between the two approaches. On the other hand,
when different methodswould be employed (e.g., chemicals
for eradication, biological control for maintenanceat an
acceptablelevel), the potential existsfor major disputes, tothe
detriment of effective management.

ERADICATION OF INTRODUCED MARINEPESTS

Armand M. Kuris
University of Cdifornia, SantaBarbara, CA « USA

Over the past decade, the extent and impact of introduced
marine species hasbecomeincreasingly recognized asa
major ecological problem. We have considerableinformation
on the mechanisms of introduction and research on their
impactsisunderway. Prevention of further arrivalsis
generally considered the best strategy. However, once
detected, the optionsarelessobvious. Detection of
introduced speciesin the marineenvironmentismore
difficult thaninterrestrial and freshwater habitats. Conse-
quently, detected pests are almost always established pests.
The detection of anintroduced marine specieswas met with
defeatism. Nothing could be done, so no control measures
wereeven attempted. Thisledto a fatalistic perspective
“that wewill just havetolearntolivewiththem...” Re-
cently, based on modeling of diseasesin fisheries, and an
analysisof pest control strategiesinterrestrial and freshwa-
ter systems, biological control of introduced marine pests
has been proposed and is under active investigation in
France, Californiaand Australia. Therecognition that there
was at least atheoretical window of opportunity to control
introduced marine pests quickly led to consideration of other
approaches, including eradication. Two mgjor eradication
attempts have been conducted. Eradication has apparently
been achieved against an established population, at
Cayucos, California, of at least 2.5 million South African
sabellidwormsthat infested mollusc shells. Thiseffort was
theoretically based, and required study of the basisfor
susceptibility among Californiahosts. The second attempt
has just been undertaken at Darwin Harbor, Northern
Territory, Australiaagainst a Caribbean brackish-water
mussel. The afflicted part of the harbor wasisolated and
chlorinated. Itistoo early totell whether thisattempt was
fully successful, but initial resultsare promising.Effortsto
eradi cate marine exotiicswill haveto contend with the scale
of recruitment of marine organisms. But, at |east the ap-
proach is under consideration and investigation.
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The Prairie Ecosystem Study: A Major Interdisciplinary Study of Sustainability
and Ecosystem Health in the Great Plains of Canada (PECOS)

Chair: Darwin Ander son—Dept. of Soil Science, Univer sity of Saskatchewan,

Saskatoon, SK « CANADA

THE PRAIRIE ECOSY STEM STUDY. ISSUES OF
INTERDISCIPLINARITY, SCALE AND SUSTAINABILITY

Darwin W.Anderson
Dept. of Soil Science, University of Saskatchewan,
Saskatoon, SK « CANADA

Theprairieecosystem study (PECOS) isamajor interdiscipli-
nary study of sustainability and ecosystem health in the
semi-arid prairie ecoregion of the Canadian part of the Great
Plains. PECOSwasfunded by the Eco-Research Program,
part of Environment Canada’ s Green Planto foster interdisci-
plinary research on major Canadian ecosystems. PECOS
involved morethan forty professorsfrom the universities of
Saskatchewan and Regina, and included 29 graduate
research projects. | ssuesof scalearean integral part of
ecosystem studies. Researcherswork at different levelsof
detail, sampling only ashort portion of long temporal scales.
Research done at various scales can be inter-rel ated based
onthe concept of integrative or hierarchical levels.
Sustainability itself has strong elements of scale, and can be
regarded astheinteraction of threeinteracting dynamics:
those of scale, information and energy. Agroecosystemsare
likely to be sustainable when they combine at appropriate
scales, the right balance of energy use, and content of
information, including biological (asindiversity), cultural,
and (by necessity) technological information.

TEMPORAL AND SPATIAL DIMENSIONS OF
AGRICULTURAL CHANGE IN THE PECOS AREA

LisaL.Dale-Burnett
Canadian Plains Research Center, University of Regina,
Regina, SK « CANADA

The PECOS area has been farmed for less than one hundred
years. In this short period, change has been a constant: for
farmers, rural communitiesand the natural environment.
Over half of the land has been cropped, average farm size
hasincreased from approximately 320 to 1,000 acres, and
tractors havereplaced ox teams. Inorder to evaluatethe
current sustainability of the prairie ecosystem, itishelpful to
study itspast. By examining how past agricultural inhabit-
ants lived on the land, and by delving into the reasons for
their actions, the changing state of the physical environment
and the actions of current residents can be understood in
context. Thispaper exploresthe spatial and temporal
dimensions of agricultural change between 1900 and 1961 in
part of the semi-arid prairie ecoregion of southwestern
Saskatchewan, Canada. Agricultural change can be pre-
sented at anumber of spatial scales, fromtheindividual farm
unit to the national scale. Temporal scaleaso playsan
important rolein the examination of changethroughtime.

Historical sources, for example, areavailableon various
temporal scales. agricultural censusesareavailableevery five
years, whereas, interviewswith farmers can provideinsight into
the daily round of farm practices. The actions and adaptations
of past inhabitants of the study area can also be explored on
varioushuman levels(e.g., theindividual, therural community,
the provincial community). Thescale or level at which agricul-
tural changeisviewed isan important considerationin the
study of sustainability of the semi-arid prairie ecosystem.

HEALTH AND WELL BEING IN A CHANGING
ENVIRONMENT: PERCEPTIONS OF A RURAL SENIOR
SASKATCHEWAN POPULATION

Gail Remus, Mary MacDonald, Heather Thompson
Collegeof Nursing, University of Saskatchewan,
Saskatoon, SK « CANADA

Concerns about the capacity of the prairie ecosystemsto
sustain agricultural and other land use practicesaswell as
concern about the health and well-being of thoseliving in rural
communities have acquired anew urgency. A rura population
within Saskatchewan was randomly surveyed to determine
perceptions of health and well being. One thousand subjects
wereinterviewed and stratified according to rural/urban
location, gender and rural municipality. Thissurvey was
undertaken as part of aninterdisciplinary research project
funded by the Tri-Council Green Plan program. Thelarger study
titled Sustainability of the Semi-Arid Prairie Ecosystem, in-
volved researchersfrom disciplines such as soil science,

agri culture economics, sociol ogy, biology, nursing and philoso-
phy. This presentation will address the aspects of the study
related to health and well being of seniorswithin the study area.
Participantswere asked to describe their state of health,
satisfactionwith life, aswell astheir outlook ontheir future.
Family and community supports, living arrangements and
retirement planswere also explored. A better understanding of
these aspectswill assist workersin planning health promotion
programsfor seniorslivinginarural area.

PRAIRIE ECOSYSTEM STUDY (PECOS)*: FROM
COMMUNITY TO CHEMICAL ELEMENTS

Helen H. M cDuffie K.M. Semchuk, M.F.O. Crosdey,
A. Senthilselvan, A.M. Rosenberg, L. Hagel, M. Madley,
D.L. Ledingham, P. Hanke, R. Kerrich, A.J. Cessna, D.G. Irvine,
JA.Dosman, V.A. Laxda
Centrefor Agricultural Medicine, University of
Saskatchewan, Saskatoon, SK « CANADA

An evaluation of the sustainability of the Prairie Ecosystem
including the land, the biota and the people was aprimary
objective of PECOS. Inorder to further our understanding of



potential human health risks associated with pesticide expo-
sure, we selected adefined, rural geographical areaand, in
cooperation with the residents, we designed and undertook a
study (1) to characterize human environmental and occupa-
tional exposure to pesticides by questionnaires and by
analysisof blood samples, (2) to assess pulmonary function
using spirometry (3) to examine neuropsychological and
cognitive function using a battery of tests, (4) to evaluate the
freguency of autoimmunity asmeasured by antinucl ear
antibody titers, (5) to assessthe determinants of injury inthis
rural population and (6) to analyse the concentrations of 44
chemical elementsindrinking water samples. Injury patterns
and drinking water quality were each assessed once. All other
testswere completed in winter (Feb/March 1996) and repeated
immediately following early summer herbicide applications.
While environmental and occupational pesticide exposure data
obtained by questionnaireisthe conceptual link among the
biological and environmental measurements, theinteraction
among members of the various disciplineslead to challenges of
the conventional wisdom inherent in each specialty.

(* Ecosystem Resear ch Program Tricouncil Secretariat of Canada).

ECOSYSTEM LEVEL FUNCTIONAL CHANGES IN
BREEDING BIRD GUILDS IN THE MIXED GRASSLANDS
SINCE AGRICULTURAL SETTLEMENT

ToddA.Radenbaugh
Canadian Plains Research Center, University of Regina,
Regina, SK « CANADA

This paper examinestemporal patternsin breeding birds onthe
Mixed Grassland ecoregion of Saskatchewan. Sincetheearly
1900s, humans haveimpacted the Prairiesand significantly
changed ecosystem structure through the reall ocation of
energy, space, and habitat away from native systems. Since the
dynamics of ecosystemsare scal e-dependent, heretheimpacts
of agriculture on broad-scal e patterns and processeswere
exploredto investigateimplicationsfor theregion’ secology,
evolution and management. To measure human impacts,
analysis of breeding bird guilds was conducted over the past
100years. Resultsindicatethat theintroduction of agriculture
has altered ecosystem level functionsin bird guilds on the
Prairies. Further, the conversion of the Prairiesinto human-
dominated systemsishaving major influenceson the hierarchi-
cal structure of grasslands. One major changeisthecreation
of new ecospacethat isaltering broad-scalebiotic interactions,
as measured by the responses of bird guilds. Presently,
humans constitute amajor component of the prairie ecosystem.
Therefore, overall ecosystem function and health must be
addressed in the wider context to include human society and
infrastructures.

SUSTAINABILTIY USING AN INTEGRATED MODEL

Kenneth Belcher
Dept. of Agricultural Economics, University of
Saskatchewan, Saskatoon, SK « CANADA

In order to evaluate the sustainability of complex systems,
such asan agroecosystem, the research procedure must make
explicit the dynamicswithin and between system compo-
nents. In addition, the characterization of sustainability asa
long-term goal impliesthe need for apredictiveresearch
framework. This paper describesthe devel opment of a
computer simulation model that dynamically integratesthe
economic and ecological components of an agroecosystem.
Themodel iscomprised of two primary components: (1) a
soils component that simulates soil quality and crop growth
parameters; and (2) an economic component that simulates
land use and cropping decisions. The model components are
self-standing but dynamically linked in order to simulate co-
evolutionary changes in target agroecosystems. Adopting a
strong sustainability criteria, theintegrated model isusedto
evaluate the sustainability of target agroecosystems and the
trade-off between economic and environmental sustainability,
based on changesin sel ected agri-environmental indicators.
Discussion will focus on the effect of biophysical constraints
onh agro-ecosystem sustai nability in south-western
Saskatchewan and the implication of these constraintsfor
policy development.

THEPRAIRIEECOSY STEM STUDY: HEALTH
OF THE LAND

Darwin W.Anderson
Dept. of Soil Science, University of Saskatchewan
Saskatoon, SK « CANADA

Theprairieecosystem study (PECOS) isamajor interdiscipli-
nary study of sustainability and ecosystem health in the
semi-arid prairie ecoregion of the Canadian part of the Great
Plains. Research on the land and the biotawas the focus of
twelve graduate research projects, al cross-disciplinary to
some degree, and at various scales or levels of detail. The
present state of small parts of the ecosystem, such as soil
aggregation and the nature of the pore space between
aggregates are afunction of both the nature of the minerals
and organic materials making up aggregates, and land use,
particularly practicesthat influence soil organic matter.
Agriculture hasdirect effectson land, and influences
adjacent ecosystems such as wetlands, and the diversity of
speciesthat livethere. Far-ranging speciessuch asferrugi-
nous and Swainson’s hawks, despite reduced populations
and fragmentation of habitats, have a high degree of genetic
diversity; their futureislikely to beinfluenced mainly by
social and economic decisionsthat influence land use. Rare
plants, some of them endangered, benefit from the great
spatial heterogeneity of thelandscape, and arelikely to be
threatened by avariety of direct and indirect human activities
that destroy or modify habitats. Thetrace element composi-
tion of soil and water showstheinfluence of human activities
such asatmospheric deposition of pollutantsfrom metal
smelting, from distant placesfar removedintime.
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TS 13 Challengesto Measuring Progress. Sustainable Development in Mining

Chair: Mark Burgham—Natural Resour ces Canada, Ottawa, ON « CANADA

MEASURING PROGRESS TOWARDS SUSTAINABLE
DEVELOPMENT IN THE METAL INDUSTRY IN
CANADA

Mark Burgham
Senior Policy Advisor, Mineral and Metal Policy Branch,
Mineralsand Metal s Sector, Natural Resources Canada,
Ottawa, ON « CANADA

M easuring progress on sustai nable devel opment represents
amajor challengefor industry, government and other
stakeholders. InitsMineralsand Metals Policy, the Govern-
ment of Canadacommitted to meet the goal of sustainable
devel opment by taking into account environmental, social
and economic considerationsasearly aspossibleinits
decisions. ThePolicy identified the development of
sustainability indicatorsasapriority. To thisend, Natura
Resources Canada has begun a multi-party processto
delineate common values and objectivesthat relateto the
metalsindustry. Theauthor reports on progress of thiswork
and sets out key issues surrounding the development of
indicatorsfor mineralsand metals.

ISSUESOF SCALEIN THESELECTION AND INTERPRE-
TATION OF INDICATORS OF SUSTAINABILITY FOR
MINERAL RESOURCES

Deborah J. Shields' andSV. Solar?
1USDA Forest Service, Rocky Mountain Research
Station, 240 W. Prospect St., Ft. Collins, CO« USA
29 ovenian Geologica Survey, Ljubljanas SLOVENIA

This paper investigates a number of the questions associ-
ated with the use of sustainability indicatorsfor energy and
mineral resourcesat multiple spatial scales. TheUnited
States Forest Service has committed toimplementing
sustainabl e resource management on al National Forest
System (NFS) landsby 2003. Thecriteriaand indicators of
sustainability (C & 1), published in the Santiago Declaration,
will provide the framework for investigating and reporting on
ecosystem and social system condition and trend. These
C& | weredeveloped for and are applicable only to temperate
and boreal forest ecosystems at the national scale; other
ecosystems, resources, and spatio-temporal scaleswere not
addressed during the Montreal Process. Thusthe existing
indicator set will need to be extended to reflect both the
Agency’s multiple use mandate and the diversity of natural
systems present on NFSlands. Becausethereisno natural
scaleat which all systems should be analyzed, effortsare
under way to develop sustainability indicatorsfor nonre-
newableresourcesat the continental or mezo-scale, na-
tional, and forest management unit scales. The degreeto

which indicators defined on and measured at one scale can be
applied at other spatial scaleswill needto be determined, as
will the appropriateness and statistical validity of data
aggregation and dis-aggregation. The factors controlling
socio-economic and biophysical systemsaretypically scale
dependent, suggesting that the key to developing scale-
appropriateindicatorsisunderstanding thosefactors.
Moreover, both the spatial extent of impacts and the methods
for addressing scale can differ between the ecol ogical and
S0ci0-economic contexts, suggesting that single scale
analysisisinadequate for resource management decision
support.

INDUSTRIAL ECOLOGY AND MATERIAL FLOW AC-
COUNTING: MEASURING THE SUSTAINABILITY OF
MINING

EricRodenburg
USGeological Survey National Center, Reston, VA « USA

Industrial ecology and material flow accounting arethe
essential frameworksfor observing and measuring the
sustainability of industrial processes, including mining.
Industrial Ecology isthe scienceof sustainability. To
understand the potential effect of economic activitiesonthe
environment, we must understand the materialsthat are
mobilized in support of thoseactivities. Miningisjust one
facet of our industrial ecology. Industrial ecology isthestudy
of material and energy flowswithin theeconomy — including
their extraction from nature and the return of products,
emissions, and wastes tonature. Industrial Ecology aimsfor a
closed loop economic system or (in theinterim) at least one
that does not overwhelm natural systems' abilitiestoassimi-
|ate waste, emissions, and extractions, and landscape modifi-
cations. When looking at the sustainability of mining we
want to evaluate the material and energy flows associated
with that mining, the disposal of wastes, the processing of
ores and conseguent rel eases, the emissions and rel eases
associ ated with the use of that commaodity as afeedstock and
asembodied infinal products, and the character and mode of
disposal initsultimate fate. Wewant to look at thewhole
system to characterize the sustainability of particular activities
— including mining activities. To do thiswe must understand
both the quantity and character of materialsmobilized to
support those activities.



ADDRESSING GAPS IN ECOSYSTEM HEALTH
ASSESSMENT: THE CASE OF MINERAL RESOURCES

Joy Jacqueline Per eir aand |brahim Komoo
Ingtitutefor Environment and Development (LESTARI),
Universiti K ebangsaan Malaysia, 43600 Bangi,
Selangor Darul Ehsans MALAY SIA

Theissue of ecosystem healthisclosely linked to
sustainability. At the most basic level, ahealthy ecosystem
requires conditions that are sustainable. Sustainability has
been defined as a system’ s ability to maintain structure and
functionindefinitely. Thisdefinitionisapplicableto avariety
of complex systemsranging from cellsto ecosystemsaswell as
economic systems. Indicatorsfacilitate the assessment of
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(MTBE) Case Study

ecosystem health. The selection of indicatorsis based on an
integrated approach involving acombination of biophysical,
socio-economic and human health parameters. Inthe context
of minerals, therearevery few parameters devel oped to
assess ecosystem health. One parameter that has been
proposed as anindicator of threat to ecosystem integrity is
the depletion rate of mineral reserves. Indicators of reduced
threatsto ecosystem integrity include increasing output of
production per unit of non-renewabl e resources; increasing
recycling effortsaswell as declining use of resources. The
study of mineral resource flowsin the Langat Basin has
delineated several potential indicatorsthat will be useful to
the assessment of ecosystem health. These indicators can be
divided into the categories of avail ability of mineral reserves
and resources, which includerates of mineral sterilisation;
extraction of minerals, whichinclude hidden flow parameters;
and utilisation of minerals, including recycling.

TECHNICAL SESSIONS

Environmental Impactsof a Motor Fuel Additive: Methyl Tertiary Butyl Ether

Chair: Daniel P.Y. Chang-Dept. of Civil Environmental Engineering,
Univergity of California, Davise USA

GROUND-WATER ISSUES ASSOCIATED WITH THE USE
OF MTBE AND OTHER OXYGENATES IN
GASOLINE

John S. Zogor ski and Michagl J. Moran
US Geologica Survey, Rapid City, SD « USA

Under mandates of the Clean Air Act Amendments of 1990,
oxygenates such asmethyl tert-butyl ether (MTBE) must be
added to gasoline in some areasof the United States (U.S.) to
reduce ozone formation and carbon monoxide emissions.
Today MTBE isthe most commonly used oxygenate and in
some areas MTBE is also used as an octane enhancer. The
large-scale use of MTBE and its physical and chemical
properties have resulted in its detection in many ground-water
systems. Low concentrations (< 20 ug/L) of MTBE have been
detected frequently in ambient ground water in areas of the
U.S. where substantial amounts of MTBE are used (> 5% by
volumein gasoline). Some of thisground water isused for
domestic and publicwater supplies. Thefrequencies of
detection of MTBE in ambient groundwater are 20.6%in areas
that use substantial amounts of the compound and 2.0%in
areasthat do not use substantial amounts of MTBE (< 5% by
volume in gasoline). On the basisof limited monitoring data,
publicwater supplies have been affected by low concentra-
tionsof MTBE with a frequency of detection of 6.9%. MTBE
in ground water can come from avariety of point and non point
sources. Low concentrations may have a point or non point
source. High concentrations (> 20 ug/L) generally are
associated with point sources such as gasoline stations or
pipelines; however, high concentrationscan result from
certain non point sources. High concentrations of MTBE have
been reported in ground water used for some domestic and
public water supplies. Insome cases, treatment of the water

has been necessary to remove the MTBE or thewellshad to
beremoved from service. At some sites, MTBE has
migrated much farther than other common gasolinecompo-
nents and those long travel distances increase the probabil -
ity that MTBE will be detected in adrinking-water well and
that treatment may berequired. In addition, the occurrence
of MTBE in ground-water systems rai sesimportant water-
quality issuesincluding:

(1) What concentration of MTBE isacceptablein ground
water used for drinking water?

(2) How well do drinking-water monitoring programsin the
U.S. addresschemicalsthat are of concern primarily because
of their taste and odor?

(3) What isthe appropriate mix of drinking-water monitoring
for oxygenates, wellhead protection, and education of local
water resource planners and managers?

(4) What isthe perspective of the hydrogeol ogic and water
quality communitieson the large-scal e use of oxygenatesin
gasoline?

MTBE THREATS TO GROUND WATER QUALITY: REAL
ORIMAGINED?

Graham E. Fogg, Mary Elizabeth, and JamesC. Trask
Hydrologic Sciences, University of California,
Davis, CA « USA

A compilation of statewide groundwater dataon MTBE
detectsin the vicinity of leaking underground fuel tanks
(LUFTs) andin public supply wells providesimportant
insightsregarding impactsof MTBE on Californiaground-
water. State agency data (September 1998) indicate that of
the 5,738 gasoline LUFT sitesthat impact groundwater, at
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least 3,180 (55 percent) have M TBE detectsat level sgreater
than 0.5to0 20 mg/L.. The actual number of LUFT siteswith
MTBE detectsin groundwater may be much larger mainly
because of incomplete site characterizations and siteswhich
were closed before M TBE impactswere assessed. Even
though MTBE introduction into the environment was very
recent with respect to time scal es of groundwater migration,
asof September 1998, 35 of 2,988 (1.2 percent) public
drinking water wellsthat were tested already reported MTBE
detects. Nearly al of the 35 detectsareinwellscompleted at
substantial depths or with substantial screened intervals,
virtualy ruling out low-level, atmospheric MTBE sourcesas
causes of the detects and strongly implicating high-concen-
tration point sources, mainly LUFT sites, asthemost likely
sources. Three-dimensional anaytical and numerical
modeling analysesindicatethat MTBE plumeswill grow at
much faster ratesthan petroleum hydrocarbon plumes (e.g.,
benzene) because of much lower tendency to sorb and
biodegrade. Absent aggressive remediation or containment,
lengths of MTBE plumeswill have grown to approximately 3
to 4 timesgreater than 1995 benzene plumes, with the largest
MTBE plumesexceeding 2,000 ft (600 m) inlength. Further,
the modeling analysisindicatesthat vertical migration can
be expected to extend significantly deeper than the shallow
monitoring well networksthat typify LUFT siteinvestiga-
tions. Indeed, observed MTBE LUFT impactsin the Tahoe
Basin appear to verify these predictions. Asof September
1998, 29 of 43 activegasoline LUFT sitesintheBasin had
MTBE detectsin groundwater. The plumes are already
lateraly (>250t0>1,500ft; >76 to >460 m) and vertically (80
ft; 24 m) extensive, and 11 public supply wellshad been
contaminated or threatened. The Tahoe Basin aquifer
systemsarein alluvial depositsthat are by no meansa
typical of California, although grain sizesare somewhat
coarser and hydraulic conductivitiesthereforetend to be
higher than, for example, depositsinthe Central Valley.

THE EUROPEAN PERSPECTIVE TO MTBE AS AN
OXYGENATE IN FUELS

Eberhard Morgenroth andErik Arvin
Dept. of Environmental Science and Engineering,
Technica University of Denmark, Lyngby « DENMARK

A European perspective on the use and fate of Methyl
tertiary-butyl ether (MTBE) asafuel oxygenateisdiscussed.
Beginning inthelate 70s and up to the mid 80s M TBE was
introduced in gasolinesin European countries as areplace-
ment for lead to raise octane levels. Today MTBE isadded
to gasoline al so to increase the oxygen content to improve
combustion and air quality (carbon monoxide, ozone).
According to a European regul ation the maximum concentra-
tionof MTBE ingasolineis 15val.-%. However, unlikeinthe
US no minimum oxygen concentration isrequired for
gasolinesin Europe. In EU-Europe per year approximately
120 Miotonsof gasoline are sold containing approximately
2.5Miotonsof MTBE. Future EU regulationswill demand a

reduction of benzene and overall aromatics contents of
gasoline which isexpected to result in an increased use of
MTBE. For decision-makersthissituation posesapolitical
dilemmawherethe reduction of one unwanted compound in
gasoline can be the cause for an increased use of another
unwanted compound. Regarding the fate of MTBE inthe
environment only very limited dataare avail able for Europe.
Recently, anumber of reports have been prepared by national
environmental protection agencies. In Denmark MTBE was
found in groundwater in concentrations below 1 mg/l in many
regionswhilein the proximity of gasoline stationsconcentra-
tionsup to afew hundred mg/l of MTBE were measured. Using
reportsof the Danish EPA asan example, measurements of
MTBE in ground water, evaluation of health hazards, and
future policiesarediscussed.

BIOLOGICAL TREATMENT OF MTBE IN BIOREACTORS
AND IN STU

K.M. Scow?, J. Hanson', J. Eweig?, C. Ackerman’,

W. Wright?, E. Schroeder?, and D. Chang?
Dept. of Land, Air and Water Resources, University of
Cdlifornia, Davis, CA « USA
2Dept. of Civil and Environmental Engineering, University
of California, Davis, CA « USA

Thegasoline additive, methyl tertiary butyl ether (MTBE), has
become awidespread pollutant in many aquifersand surface
waters. MTBE isvery mobile, not easily treated by conven-
tional remediation methods, and appearsrelatively resistant to
biodegradation processesin the environment. Biological
removal of MTBE, however, hasbeen demonstratedin a
number of engineered treatment systems. Effectiveremoval of
MTBE intheair phase was demonstrated in both apilot scale
biofilter andinfull scalebiofilters operating at agasoline soil
vapor extraction sitein Richmond Californiaand at the L os
Angeles County Sanitation Districts Joint Water Pollution
Control Plantin Carson, California. A tricklingfilter bioreactor
was effective at removing high concentrations of MTBE from
thewater phase. Fromthefull scalebiofilterinLA, weisolated
abacterial strain (PM1) ableto use MTBE asitssolecarbon
and energy source under aerobic conditions. PM1 can
mineralize high concentrations M TBE to carbon dioxidewithin
aperiod of several daysin laboratory cultures. When inocu-
lated into sediment samplesfrom M TBE-contaminated ground-
water plumes at Port Hueneme and VVandenburg AFB in
Cdlifornia, PM 1 rapidly degraded M TBE and did sowith
repeated additions of MTBE. Nutrient additionswere not
necessary to support degradation except at very high MTBE
concentrations. Fieldtrialsinvolving inoculation of PM 1into
contaminated groundwater at Port Hueneme and Vandenburg
will beginlater thisyear.



COST-BENEHT CONSIDERATIONS FOR THE
INTRODUCTION OF GASOLINE ADDITIVES SUCH AS
MTBE

AA.Kéler
Bren School of Environmental Science and Management,
University of California, SantaBarbara, CA « USA

Theintroduction of gasoline additivesto addressair pollution,
such as MTBE, hasto be carefully evaluated to takeinto
consideration all the costsand benefits associated with the
policy decision. Therecent experienceintheUS, andin
particular in California, indicatesthat there aresignificant costs
associated with these additives, when the entire health and
environmental impact isassessed. MTBE ishighly soluble, and
thustransfers easily to groundwater and surface water bodies,
either asaresultof gasolineleaksor spills. It presents possible
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California, Davis, CA « USA

THE ECOSYSTEM IMPACTS OF HIGHWAY
CORRIDORS

BonnieHarper-Lore
Federal Highway Administration,
USDept. of Transportation, St. Paul, MN « USA

The construction and maintenance of highway corridors have
many environmental impacts. Highways crisscrossthe nation
in an attempt to guarantee our mobility, our national safety, and
and our commerce. Theeconomic and social good resulting
cannot be overvalued. Asthese highway corridors divide the
landscape, however, often the ecol ogic good iscompromi sed.
These impacts devalue both the human and natural environ-
ment. Thelong-term costsinclude: fragmentation of habitat
and migration routes, dispersal of pest species, and reduction
of biodiversity. Short-term costsare more obvious. They
include: Construction and maintenance disturbances that lead
to sedimentation, expansion of weeds, compaction of soils, and
soon. Borrow pitsused for construction reduce resources,
and often becomeartificial wetlands. Visua impactsof large
roadcuts, destruction of vegetation, and thelike occur. The
balance of natureisthrown off by mitigation efforts, wetland
creations, planting of monocultures, roadsi de maintenance
practices, etc. Theseimpactsor coststo the environment are
well known. Thankstothe 1969 National Environmental Policy
Act (NEPA), theseimpacts must be avoided and minimized.
Thispaper will explain the roadsi de rights-of-way view of the
impacts and what State Departments of Transportation across
the nation are doing beyond the NEPA requirements; and what
remainsto bedone.

health concerns and definitely affectsthe taste and odor
quality of the water. Thus, the air quality benefits achieved
by better combustion of theimproved gasolineformulation
may be superceded by water treatment costs. In addition,
there are several other cost categoriesthat haveto taken
into consideration insuch policy decisions, such asmonitor-
ing costs, ecol ogical damages, andrestrictionson recre-
ational activities. Complicating the policy making process,
one hasto take into account the fact that air quality benefits
decreasewith time, sincevehicletechnologiesareimproving,
such that thereduction in emissionsis not necessarily only
dueto the gasoline additive, but also to other factors. The
current work presents an analysis of thesituationin
California, aswell as adiscussion on the aspects of thecost-
benefit analysiswhich may differ for situations such as
Mexico City, Beijing or other citieswith rather different air
pollution levelsand vehicletechnol ogies.

Transportation Corridorsand Ecosystem Health

Chair: Mike Johnson—Dept. of Civil and Environmental Engineering, Univer sity of

THE EFFECTS OF ROADS ON MOUNTAIN LION (FELIS
CON COLOR) IN CALIFORNIA

MelissaM. Grigione! and Michael Johnsor?
Defenders of Wildlife, Washington, DC « USA
2University of California, Davis, CA « USA

Thispresentation givesabrief review of the effects of roads
on severa carnivore speciesin general and then usesthe
mountain lion in California as a case study on how roads
influence space-usefor this speciesin three areas of the state.
The study uses radio-telemetry data and GI S technology to
determinethe effects of roads on mountain lion homerange
size and home range overlap in the Coastal Range mountains
(both the Diablo Range in northern Californiaand the Santa
Anamountainsin southern California) and the SierraNevada
mountains. It appears that roads have a greater impact on
popul ations inhabiting the Coastal Range mountains than in
the SierraNevada. Possible explanationsfor thisare: lower
road densitiesin the Sierra Nevada mountains (perhaps bel ow
some minimum threshold for mountain lions); vast ecol ogical
differences between the two areas not associated with road
densities; and differencesin movement patterns between
mountain lions populations inhabiting the two areas. This
study makes recommendations about the usefulness of GIS
road density datain ecological studies pertaining to carni-
vores and what scales are most relevant for thistype of work.

TECHNICAL SESSIONS
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ENVIRONOMENTAL IMPACTS OF MOBILITY AND
URBAN POLICY OPTIONS: A CASE STUDY FOR THE
BRUSSELS-CAPITAL REGION

Paul Safonov*#2, Vincent Favrel?, and Walter Hecef
YInstitute of Control Sciences, Russian Academy of
Science, Moscow « RUSSIA
2Center for Economic and Socia Studies on the Environ-
ment, Free University of Brussals, Brusselse BELGIUM

The paper tacklesthe ecological aspects of mobility induced
by major regional policy optionssuch asofficesrelocation
and expansion, transport and other urban policiesfor the
case studyof Brussels-Capital region. A system of modelsis
being developed, including: 1) Forecasts of population and
employment dynamics, in accordanceto different economic
and urban policies. 2) A mobility model, providing scenarios
of trafficintensity and its spatial distributionintheregion.
3) A modél linking mobility and emissionsof air pollutants,
calculating a so external costs of transportation. Recommen-
dationsfor improvement of the policy making regional and
urban planning, in order to reduce the ecological pressure,
are discussed.

ECOLOGICAL IMPACTS OF AN INTRODUCED FUNGUS
THAT HAS SPREAD ALONG TOURISM CORRIDORS IN
THE STIRLING RANGE NATIONAL PARK, SOUTH WEST-
ERN AUSTRALIA

David Newsome
School of Environmental Science,
Murdoch University, Murdoch, WA « AUSTRALIA

The Stirling Range National Park lieswithin the south west
Botanical Province of Western Australia, which isan acknowl -
edged center of biodiversity and endemism of international
significance. It isanimportant conservation reserve, genetic
resource and nature based tourism destination. The mountain
scenery and diverse array of wildflowersattract up to 100,000
visitorsayear. Biologically the park containsadiverseflora,
with 1500 plant species, which includes 82 endemicsand
constitutes 20% of thefloraof Western Australia. The health of
the Stirling Range ecosystem is being compromised by the
spread of an exotic fungus(Phytophthora cinnamomi)
accidentally introduced when the road network was expanded
through the national park. The fungus has since been spread
along roadsand fire-control corridorsby infected soil being
carried onthewheel s of vehicles. Morerecently it hasbecome
apparent that walkers, by carrying infected soil on their boots,
have spread the disease along mountain pathways. In south
western Australiaup to 2000 of theindigenous plantsare
susceptible to the pathogen. Ecosystem response to the
infection hasresulted in reduced biodiversity and altered
structural composition of the plant communities. Widespread
loss of dominant or keystone plant speciesislikely to impact
on dependent faunal populations. This study highlights the
roleof exotic organismsin degrading ecosystem health and the
need for active management in tourism centered protected
areas.

Human Communities and Ecosystem Health: Comparing Per spectives and
TS- 1 6 Making Connections

AGRO-ECOSY STEM HEALTH IN HONDURAS
LIVESTOCK AND HUMAN HEALTH PERSPECTIVES

Erin Sifton, D. Waltner-Toews, A. Beaudette, S. Humphries,
and M. Thorburn
Dept. of Population Medicine, University of Guelph,
Guelph, ON « CANADA

Small-scalelivestock productionisessentia totheliveli-
hoods of semi-ubsistence farmersin the Tascal apawatershed
of Honduras. Thisagro-ecosystem health project explored
theinteractions among human, animal and ecological health
asrelated to livestock production using both epidemiol ogical
and participatory methods. Theintegrated research team of
veterinarians, social ogistsand local Honduran agronomists
co-operated with farmersand local committeesto identify the
resources and constraints which could contribute to the
development of sustainable farm management strategies.

COMPARING PERSPECTIVES ON ECOSY STEM HEALTH:
A CASE STUDY FROM SOUTH EASTERN AUSTRALIA

JacquelinedeChazal andlanR. Noble
Institute of Advanced Studies, Australian National
University, Canberra, ACT « AUSTRALIA

Three perspectives on “ Ecosystem Health” are contrasted in
relation to remnant forest patcheslocated in an agricultural
landscape in South Eastern Australia. Thefirst perspective
understands‘ health’ intermsof increasesin forest patch size,
acommonly held ideain conservation biology. The second
perspective uses a survey of opinions on bushland ‘ health’
given by rural landhol ders, environmental management
professionalsand members of community based environment
groupsin the study region. The third perspective applies
Rapport’ setal. (1985) indicators of ‘ ecosystem distress
syndrome’ to abiological field study of remnant forest



patches. The relationships between remnant forest patches
ordered interms of increasesin patch size; according to the
social survey results; and according to Rapport’s et al.
indicatorswill bediscussed. Practical outcomesfor assessing
ecosystem health in terms of the above perspectiveswill be
described.

RELATING INDICATORS OF ECOLOGICAL HEALTH AND
INTEGRITY TO ASSESS RISKS TO SUSTAINABLE
AGRICULTURE AND NATIVE BIOTA

MinghuaZhang?, K. Shawn Smallwood?3,

and Paul Grant*
Dept. of Land, Air, and Water Resources, University of
Cdlifornia, Davis, CA « USA
2 Dept. of Environmental Studies, CaliforniaState Univer-
sity, Sacramento, CA « USA
3Institute for Sustainable Devel opment, San Francisco,
CA+*USA
“Visualization Laboratory, University of Californiag, Davis,
CA+*USA

Human activitiesin Y olo County have contaminated environ-
mental mediawith nitrates, pesticides, and other pollutants that
poserisksto agricultural goals and native biota, and certain
activities have changed the structure and extent of integral
parts of thelandscape that affect ecosystem functionality. We
applied the ecological indicators approach to assessthe
conditions of groundwater, surface water, and assemblages of
biotawithin Y olo County. Indicatorsof ecological healthare
composed of available datathat are carefully integrated to
inform of therisksposed by chemical contaminants. Indicators
of ecological integrity inform of the degreeto which functional
parts of the landscape areintact. We explored how these
indicators might interact and affect each other on acommon
landscape, both in areal sense and in presenting map products
to policy-makers. We also sought to identify those natural
resources and locations within the County that are most
sensitive or vulnerable to past and ongoing land uses, and that
may pose the most serious consequences to sustainable
agriculture and other planning goals. For these purposes, we
used GIS, Mathematica, ecological indicators, and appropriate
statistics. We al so worked with the Davis Visioning Group to
implement our results by providing policy-makersand the
public with map-based risksto the agricultural production
system and native biota.

LAND USE CHANGES DUE TO URBANIZATION FOR
THE MID-ATLANTIC INTEGRATED ASSESSMENT
REGION

Ron Matheny and Keith Endres
USEnvironmental Protection Agency, Landscape
Characterization Branch MD-56, Research Triangle Park,
NCe+USA

This study assesses possible land coverage impacts of
increased population development for the Mid Atlantic
Integrated Assessment (MAIA) region as measured through
theincreasein population and economic activity projections
for theyears2000 AD, and 2010 AD, and 2020 AD. It
projectspossiblereductionsin acresof agriculture, forest,
and wetlands and increases in urbanization as indicated by
the 15 categories of the Multi-Resolution Land Characteriza-
tion dataset. Thisassistsin determining land cover areas
that may bevulnerableto ecological insult from urbanization.
The method used for thisanalysisiscell-based. A diversity
matrix isdevel oped which isweighted for each cell inthe
MAIA region using the Multi-Resol ution Land Characteriza-
tion by the contiguous cells’ land use and distrance from
existing infrastructure. The method first assignsascoreto
each cell which representsthe number of contiguous urban
cellsfor each of three urban classifications (low intensity
residential, high intensity residential, and high intensity
commercial/industrial/transportation). Next, eachcell is
weighted by its Euclidean distance from urban infrastructure
(such asroads, pipelines, cites, etc.). Areassuch as Federal
and state land and military bases are then excluded asis
water (lakes, bays, streamsand rivers). Population rejections
arederived from the 1998 compl ete economic and Demo-
graphic Data Source by Woods & Poole Economics. Since
the MRL uses 3 classificationsfor urban land use, total
employment in 12 economic sectors and the number of
households by income are used to determine the acres
needed for each urban classification. Threescenariosare
used for each projection. The base scenario assumesthat
household acreage needs and sector needs remain constant.
The “smart growth” scenario varies household acreage
needs and sector needs. The third scenario reduces
household acreage and keeps sector needs constant.
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TS 17 Managing for Ecosystem Health in National Parks and Equivalent Reserves

Chair: Michael Soukup—Natural Resources and Science, National Park Service,

Washington, DC « USA

ECOLOGICAL INTEGRITY AS AN IDEAL MEASURE
FOR THE HEALTH OF AN ECOSYSTEM

JohnD.Varley
Y ellowstone Center for Resources, National Park Service,
Y ellowstone National Park, WY « USA

Abstract not available

THE ECONOMICS OF EVERGLADE RESTORATION:
MISSING PIECE

Richard Weisskoff
School of International Studies, University of Miami,
Coral Gables, FL « USA

Therestoration of the FloridaEvergladesisthe largest
restoration in the world today, having already appropriated
morethan $1 billion and preparing a$7.8 billion proposal to
theU.S. Congresson July 1, 1999. Theplanfor Everglades
Restoration, however, failsto consider theimpact of the
improved activity that it will bring to an already fast-growing
region. Therestorationwill allow the accel eration of cattle-
raising and sugar-growing north of the Everglades National
Park and the continuing urban sprawl on the east and west
coasts. Tourismisalsoincreasing at 3% per year and would
be even greater with restoration. This paper reportsthe

results of testing the continuing and accel erating growth
patterns using aregional economic growth model of South
Florida.Wetracetheimpacts of ecosystem restoration on major
activitiesintheregion over the next 35 years. Wefind that the
current trends add up to anincredibleload of economic
activity,plusthe new activity made possible with ecosystem
restoration adds to the already high stresses on the environ-
ment. All these feedbacks of the growing economy and its
changes have been ignored by the Army Corps Restudy
which formsthe blueprint for the present restoration.

YELLOWSTONE CASE STUDY

Michad V.Finley
National Park Service, YellowstoneNational Park,
WY « USA

Abstract not available

WRANGELL-ST. ELIAS CASE HISTORY

Jonathan Jarvis
National Park Service, Wrangell-St. EliasNational Park,
AK +USA

Abstract not available

Nongover nmental Organizations

TS 18 Collaborative Approaches towards Managing for Ecosystem Health: The Role of

Chair: Rita Schmidt Sudman, Executive Director, Water Education Foundation,

Sacramento, CA « USA

MANAGED MARINE AREAS IN CALIFORNIA
Karen Garrison

Natural Resources Defense Council

Oakland, CA « USA

Abstract not available

THE ROLE OF THE PROTECTED AREAS SYSTEM OF
CUBA IN MANAGING FOR ECOSY STEM HEALTH: THE
CASE OF CIDA-WWF-CNAP PROJECT “CONSERVATION
AND SUSTAINABLE DEVELOPMENT IN ZAPATA
SWAMP’

Antonio Pererat, J.L. GerhartZ2, andE. Agnew?
12 Centro Nacional de Areas Protegidas,
LaHabanas CUBA
* WWF Canada, Toronto, ON « CANADA

Inthelast five centuries natural forestsin Cubawere reduced
at 14% of their original area, while natural ecosystemswere
confined to lessthan 20% of thetotal surface of the country. In
thelast yearsthe devel opment of the National System of
Protected Areas(NSPA), hasfoll owed the approach of creating



huge multiple-use protected areas|ocated in the main natural
regionsthat encompass around 2 400 000 ha, whereamore
careful and detailed land use planning process takes place.
These multiple-use protected areasarethe frame of 80 more
restricted coreareas, i.e. national parks, ecological reserves
and so on, that summarize around 732 000 ha. Thisapproach
has represented one of the main toolsto preserve ecological
integrity and ecosystem health in especially sensitive
ecorregions. The paper analyzesthe recent devel opment of
the NSPAs and the role of WWF Country Plan for Cubaasa
support for the consolidation of an integrated approach to
ecosystem management. Thisapproach facilitatesthe
insertion of protected areasin abroader scopethat permit to
work intheframe of large ecosystems, contributing to their
stability and health. We focus on the WWF Canada-CIDA -
CNAP Project Conservation and Sustainable Development in
Zapata Swamp, devoted to the people and biodiversity
richness of that wetland of more than 500 000 ha, the most
important of the West Indies.

HUMANE VALUESASA BASIS FOR ECOSY STEM
HEALTH

JohnW. Grandy
Wildlife Programs, The Humane Society of the United
States, Gaithersburg, MD ¢« USA

Restoring and maintai ning the health of ecosystemswill

require good science and a public that deeply values healthy
ecosystems. The Humane Society of the United States

T5-19

CAN ECOSYSTEMS ADAPT TO 21ST CENTURY
CLIMATE?

Palo Alto, CA « USA

Stephen H. Schneider
Department of Biological Sciences, Stanford University,
Stanford, CA « USA

Itisascientific truismthat climate determinesecol ogical
niches, and itisincreasingly obviousthat life also modifies
climate. This mutual interaction, which | have described with
the metaphor of “the coevolutionof climateand life,” hastaken
on particular poignancy in the past several decades as the
likelihood that human use of the atmosphere as an unpriced
sewer ismodifying the chemical composition with potential
consequences of significance on both climateand life. More-
over, the fragmentation of habitats combined with potentially
unprecedentedly rapid human induced climate changesraises
the prospect of significant disruption to biological communi-
tiesthat inturn arerelevant to human welfare. Large uncertain-
ties attend every aspect of thelogical chain from human
disturbances to theenvironment, to climatic responses, to

(HSUS) believesthat humane values can and should form
the basis both for public sentiment toward the environment
and for the science that supports and advances those public
concerns. Threemajor HSUS programs addressthese
issues. First, our urban wildlife protection program encour-
agespublic tolerancefor and appreciation of our wild
neighbors, disseminating practical techniquesfor the
humane resol ution of backyard wildlife conflictsand the
creation of natural habitatsfor wildlifein urban spaces.
Second, our wildlifeimmunocontraception research program
seeksto devel op new technoligiesfor the humane, non-
lethal control of wildlife populations, while promoting public
dialogue on the potential for humane stewardship of wildlife
and our environment. Finaly, theHSUSWildlifeLand Trust
offerslandownerswho adhereto principles of humane
stewardship the opportunity to protect their landsfor
wildlifeinperpetuity.

Titleand abstract unavailable

RitaSchmidt Sudman
Water Education Foundation, Sacramento, CA « USA

Climate Change and Ecosystem Health

Chair: Stephen Schneider—Dept. of Biological Sciences, Stanford Univer sity,

impacts on nature and society, andto costs of mitigation of
human disturbances. Fortunately, the emerging meta-
discipline of “integrated assessment” is beginning to
approach thisvast problem in aquantitative way. Some of
the conclusions from such studieswill be presented.

CLIMATE CHANGE AND HIGHLAND ECOSYSTEMS IN
COSTA RICA

AlanPounds
Monteverde Cloud Forest Preserve, Puentarenase
COSTA RICA

Evidencefrom CostaRica’ sMonteverde Cloud Forest
indicates that increasesin tropical air and seasurface
temperaturessincethe mid- 1970s have altered regional
hydrology and, consequently, natural communities. Highland
ecosystemsin general and tropical mountainsin particular are
especialy vulnerableto large-scale warming, in partbecause
itisamplified at high elevationsrelativeto sealevel. The
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amplification, duelargely to anincreasein atmospheric
moisture and aresultant shift towards moist adiabatic lapse
rates, may be most pronounced in the tropics, where oceanic
warming ismost systematic. Because of thiswarming,
tropical freezing heights have shifted upwards, and glaciers
on high tropical mountainsare rapidly melting. Thepatterns
at Monteverde suggest that relative humidity surfaces, and
thus cloud formation heights, have likewise shifted upwards.
Dry-season mist frequency, whichisnegatively correlated
with seasurfacestemperaturesin the equatorial Pacific, has
declined dramatically over recent decades. Associated with
the declineis aconstellation of demographic changesthat
have altered communitiesof birds, reptiles, and amphibians
inthe area. The most dramatic change was the disappear-
ance of 20 of 50 frog and toad speciesfroma30-km2 study
areafollowing aperiod of reduced mist frequency in1987.

CLIMATE CHANGE, BIRDS AND ECOSY STEMS:
WHY SHOULD WE CARE?

Jeff Price, Director of Climate Change lmpact Studies,
American Bird Conservancy, Boulder, CO« USA

Nations Intergovernmental Panel on Climate Change projects
anincreaseingloba meantemperaturesof 1-3.5° C by the
year 2100. How will thisclimate change affect birds?Models
of changesin the breeding distributionsof North American
birds predict that most specieswill undergo someshiftin
their ranges. In parts of northern Minnesota and southern
Ontario, thiscould lead to an avifaunawith up to 16 fewer
species of wood warblers than currently occur. InMichigan,
there could be agrossloss of greater than 50% of the
neotropical migrants (including greater than 75% of the
warblers). Unlessall of the components of the ecosystem
change at the samerate, an unlikely prospect, this potential
disruption of the ecosystem couldlead to major impactson
forest health. For example, theloss of insectivoroushbirds
that feed on spruce budworms could lead to outbreaks of
increased severity and frequency. | will present maps
showing thedistributional changes predicted by one climate
change model and various sensitivity analyses aswell as
review the evidence that some changes arealready occur-
ring. Thisincludes preliminary results showing that the
average latitude of occurrence of some speciesof North
American birds hasshifted northward by almost 100kmin
thelast 20 years. | will also discusshow these potential
changesin bird distributions could affect local economies
(forestry and tourism) and other model s of climate change
(e.g., vegetation models).

HISTORICAL STUDIES OF SPECIES RESPONSES TO
CLIMATE CHANGE: PROMISEAND PITFALLS

Rafe Sagarin
Dept. of Ecology, Evaluation, and Marine Biology,
University of California, SantaBarbara, CA and Hopkins
Marine Station, Pacific Grove, CA « USA

Traditional toolsof experimental ecology will belargely
inadeguate in detecting species and community responsesto
global climate change. Instead, historically-based research,
which combines extensive observations of natural systemswith
awide array of historical datarecords can be used to support
the connection between changesin biological systemsand
changesin physical parameters. Most of the small, but growing
number of observational studiesthat attempt to rel ate biological
changesto climate change have used the historical method to
varying degrees of success. | usetwo long-term studies of
possibly climate-related changesto intertidal invertebrate and
plant populationsin central Californiatoillustrate both the
promiseand pitfalls of historically-based studies. 1nonestudy,
we showed that southern invertebrate species have become
more abundant and northern species have become less abun-
dant since 1930. In the second study, we showed that an
important alga, Endocladiamuricata has shifted to alower tidal
height since 1960. Both findings occurred during periods of
warming seatemperatures and are consistent with simple
predictions of species’ responsesto climatewarming. Never-
theless, the unavoidably limited spatial scale and temporal gaps
inthese studiesillustrate some of the weaknesseslikely to be
encounteredin historical scientific research. Other historical
studieslack in athird area, which istaxonomic coverage. Also
apparent isthedifficulty in confidently identifying mechanisms
responsiblefor observed changes. Thisgap will likely befilled
with experimental studiesthat focuson potential impacts of
climate change onindividuals, populations, and communities.
Onthepositiveside, these studiesillustrate theimportance of
long-term data sets, scientific refugia, and permanent study
plotsin establishing astrong correl ation between biological
and climatic change.
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Maintaining and Restoring Forest Ecosystem Health: Case Studies from
Europe, Australia, and North America

Chair: Bruce Wilcox—Center for Conservation, Research and Training, University

of Hawaii, HI « USA

RESTORING NATURALNESS IN SECONDARY FOREST
ECOSYSTEMS TO ENHANCE THEIR ECOLOGICAL
STABILITY

Peter Brang
Swiss Federa Institute for Forest, Snow and Landscape
Research, Birmensdorf « SWITZERLAND

Theability of aforest ecosystem to fulfill multiple human
needs depends on its condition and dynamics, both of which
arerelated to its naturalness. Many forest ecosystemsin
Switzerland and el sewherein central Europeareinfar froma
natural condition as they have been extensively used by
humansfor centuries. Key components, structures and
processes of these forests have been severely altered, and
partly impaired. Restoration of impaired ecosystem properties
to amore natural stateisbeing increasingly advocated.
However, thefull restoration of natural forest ecosystem
dynamics often leads to unwanted fluctuations in the delivery
of products and services to humans, and forest management
therefore aimsat enhancing ecosystem stability. It isconse-
guently unclear to what extent the natural ness of secondary
forest ecosystems should be restored. The conceptual
framework of ecological stability properties providesauseful
approach to address this question. It includes the basic
concepts of resistance—i.e. the ability of an ecosystemto
remain unchanged in spite of the presence of adisturbing
agent —and resilience —the ability of an ecosystemto returnto
areference state (or to reference dynamics) after adisturbance.
Forest ecosystem dynamics, including response patternsto
human and natural disturbances, can be described in terms of
resistanceand resilience. Ecosystem restorationislikely to
changeresistance and resilience of ecosystem components
and processes. Understanding the dynamics of forest ecosys-
tems of varying naturalness enables a human disturbance
regimewith an optimum in ecosystem resistance, resilience,
naturalness, and output of products and servicesto be
introduced.

THE PRECAUTIONARY PRINCIPLEAND ECOSYSTEM
HEALTH: A CASE STUDY FROM THE JARRAH FOREST,
SOUTH-WESTERN AUSTRALIA

Michad C. Calver
School of Biological Sciencesand Biotechnology,
Murdoch University, Murdoch, WA « AUSTRALIA

Maintai ning ahealthy ecosystem does not preclude economic
use of ecosystem components and such use may be an
essential part of maintaining healthy human communities
within the ecosystem. The precautionary principleisone
mechanism for assessing which economic uses or devel op-
mentsareleast likely to degrade ecosystem health. It argues

that: “Wheretherearethreats of seriousor irreversible
damage, lack of full scientific certainty should not be used
asareason for postponing meauresto prevent environmen-
tal degradation. Inthe application of the precautionary
principle, public and private decisions should be guided by:
(i) careful evaluation to avoid, wherever practicable, serious
or irreversible damageto the environment; and (ii) an
assessment of the risk-weighted consequences of various
options’ (Thelntergovernmental Agreement onthe
Environment, May 1992, quoted in Devilleand Harding
1997, “ Applying the precautionary principle’, Federation
Press, Sydney, p.13). However, scientific suspicion of the
precautionary principleisbased largely on confusion asto
proceduresfor incorporating scientific datainto aphilo-
sophical-political process. Herewetake published guide-
lines on applying the precautionary principle and illustrate
how they allow scientific input to the question of whether or
not current multiple-useforestry takes aprecautionary
approach to maintaining ecosystem health inthejarrah
forest of Western Australia. The scientificinput involved (i)
identification of outcomesin similar situationselsewherein
Australia, (ii) selection of indicator species/processesfor
monitoring based on predictions made on the basis of (i)
above and published accounts of processes and indicator
species’ hiology, and (iii) aprescription for monitoring/
experimentation that includes aquantitative requirement for
aprobability of detecting impacts based on statistical power
analysis. On the standards suggested, contemporary
management fall s short of aquantitative definition of
precaution that involves adherence to mearurabl e standards
and cannot provide a strong assurance that it will maintain
ecosystem health.

THE SIEERRA NEVADA FRAMEWORK FOR
CONSERVATION AND COLLABORATION: A CASE
STUDY IN MAINTAINING AND RESTORING ECOSY S
TEM HEALTH

Hal Salwasser
USDA Forest Service, Pacific Southwest Research
Station, Berkeley, CA « USA

The SierraNevadaRangeof Cdifornia, nearly 21,000,000
acres of jagged snowy mountains(8.75 mil. ha), contains
morethan 4,000 lakes and the headwaters of California stwo
largest river systemsand 22 other smaller systems. The
range hosts morethan 3,500 species of native plants, 50% of
the state' s plant diversity and about 400 species of verte-
brateanimals, including morethan 650,000 of one particular
species, Homo sapiens. Thislatter specieshastransformed
the indigenous ecosystems of the Sierra through occupancy
and land uses spanning at least 10,000 years. Sincethe early
1900s, about 62% of the SierraNevadahave been protected
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in public ownership as national parks, national forests, and
other public lands. The singlelargest ownership isthe
National Forest System, 10 national foreststhat comprise
41% of the Range. For thousands of yearsthe Sierrawasthe
subsistence habitat for indigenous people. Later it wasthe
source of the Gold Rush of 1849, then atreasure of foragefor
large herds of cattle and sheep inthelate 1800sand early
1900s, then the source of water and hydropower for farms
and citiesbeginning in the mid 1900s, then a source of timber
for agrowing populationinthelate-1900s. Now, the principal
resourcevauesinthe Sierraderivefromitswater, outdoor
recreation, biological diversity and setting for thousands of
residencesintheurbanizing forest. Thedifferent resource
values and their implications have driven the management of
land and resourcesin the Sierra since humansfirst appeared.
Changes in these values have fueled controversy and
conflict, beginning inthelate. Current resource debates swirl
around old forests, water, biodiversity (chiefly intheform
several mammal, birds, amphibian and fish species), invasive
species, wildland fireand forest fuel sand the impacts of
encroaching humanity inthe lower elevation zones. At-
temptssincethe 1980sto reconciledifferent viewsand
interests asthey affect national forest management have
been only partially successful. Now, alarge, regional scale
planning process is underway to address conflicting values
and bring both the body of scientific knowledge about the
Sierraand citizenswho livein or are affected by what
happensin the Sierrainto astronger rolein shaping conser-
vation plans. This processis known as the Sierra Nevada
Framework for Conservation and Collaboration. This
presentation will report on the impetus, approach, progress
and prospects for the Framework as guidance for sustaining
desired ecosystem conditionsinthe Sierra.

Landscape Health Assessment:
TS - 2 1 and L andscape Fragmentation |

FOREST BIODIVERSITY MANAGEMENT IN ARMENIA:
ISSUES AND DEL IBERATIONS

KarenTer-Ghazaryan
Forest Research and Experimental Centre,
Ministry of Nature Protection, Y erevanes ARMENIA

Armeniaisasmall (areadightly lessthan Maryland state)
mountainous country located in the southernmost part of the
former USSR. Biodiversity in Armeniaisparticularly rich and
specific. The country is situated atthe meeting zone of the
Caucasian, Iranian and Mediterranean floraregions. Dueto this
location and the diversity of climate, altitude differences, sharp
fluctuations of relief and soil variability, areflora, plantassocia-
tionsand faunaextremely rich and diverse. High rate of
biodiversity can be applied also to forest areas, which extend
from 700 t0 2,600 ma.s.|. Notwithstanding that forest areas
occupy only 11% of theland territory, they give shelter to more
than half of thetotal country’ shiodiversity. Theroleof forestry
and forestsfor preservation of many endangered species
cannot be overemphasized, although detailed surveys are
lacking. For instance, broad-leaved deciduous forests support
both specific floraand fauna. Many speciesare compl etely
dependent on forests for their existence.

Following major problems can be mentioned.

* lack of adequate and up-dated information about forest
biodiversity status

« insufficient cooperation between concerned ministriesand
authorities

« poor enforcement, monitoring and control of biodiversity

* lack of trained staff.

The environmental assets found in forests can be very sensitive
to variousforestry operations, logging and other management
activities. It istherefore essential that management methodsare
adapted to existing natura

conditions and environmental resources, and that larger
consideration istaken with respect to thesefactors.

Using Remote I magery, Geospatial Information,

Chair: G.P. Patil-Dept. of Statistics, Pennsylvania State Univer sity, University Park,

PA « USA

LANDSCAPE HEALTH ASSESSMENT USING REMOTE
IMAGERY, GEOSPATIAL INFORMATION, AND LAND-
SCAPE FRAGMENTATION

G. P. Patil
Center for Statistical Ecology and Environmental Statis-
tics, Pennsylvania State University, University Park,
PA « USA

Itisexcitingto seethat it looks now feasibleto do landscape
health assessment using remote imagery and landscape
fragmentation. Using varioustechnologies, itisnow
possible to provide snapshots of landscapes indicative of
variousfeatures of interest pertai ning to human societies,

plant and animal communities, aguatic networks, etc. This
information can be represented invariouskinds of multicolor
mapsthat depict political, natural, methodological, or other
features. These multicolor maps provide abasisforcompara
tive assessmentsof regionswithin apolicy making andimple-
mentation context. Itisalso possibleto extract meaningful
profiles of management units, such aswatersheds, that can be
calibrated and compared in order toassess and manage water-
sheds of aregion. These current developments are part of the
environmental and ecological information superhighway and are
at thecutting edge of regional policy research with remote
imagery and geospatial information. When anatural landscape
iscast asacategorical raster map, amultiresol ution character-
ization of spatial pattern can be obtained whereby the entropy



iscomputed for afiner resolution map, conditioned on the
values of acoarser resolution map. After applicationtoa
sequence of rescaled maps which haveincreasingly degraded
resol ution, the conditional entropy is plotted as afunction of
measurement scale (resolution), thusresultinginamulti-

resol ution profile of fragmentation patterns. For neutral land-
scapesthat are simulated by multiresol ution stochasticgenerat-
ing models, we present amethod to directly compute condi-
tional entropy profiles. Such profilescan provide benchmarks
for comparing results obtained from raster maps of actual
landscapesthat are classified from satelliteimages. Results
show that characteristic landscape types give rise tocharacter-
istic features of these fragmentation (conditional entropy)
profiles.

LANDSCAPE PATTERN CORRELATES OF STREAM
CONDITION: A MULTI-WATERSHED STUDY FROM THE
UNITED STATES MID-ATLANTIC REGION

K. BruceJones!, AnneC. Neale!, James D. Wickham?, Timothy
G.Wadet, Kurt H. Ritters®, Robert V. O'Neill4,and
Rick N. VanRemortel®
USEnvironmental Protection Agency, LasVegas, NV « USA
2USEnvironmental Protection Agency, Research Triangle
Park, NC e+ USA;
3USGeological Survey, Raleigh, NC« USA
40ak Ridge National Laboratory, Oak Ridge, TN « USA
SLockheed-Martin, LasVegas, NV « USA

Human-induced changesin landscape pattern across water-
sheds are known to affect stream conditions, including water
chemistry, habitat, and biota. However, studies to date have
produced mixed results - theimportance of individual landscape
features has varied considerably. Generally, these studies have
been limited to afew watershedswith very different biophysical
settings, which may explain variable responses of stream water
chemistry and biotato certain landscape features. Taking
advantage of a new set of landscape indicators, and a robust
stream database generated by the Environmental Monitoring
and Assessment Program, we analyzed quantitative relation-
ships between stream conditions and 20 landscapeindicators
on 590 watersheds across the mid-Atlantic Region of the United
States. These watersheds represented awide range of bio-
physical and human-use gradients across the Region. Inthis
paper, wereport results of thiscomprehensive study.

ECHELON SCREENING OF REMOTELY SENSED CHANGE
INDICATOR

WayneL.Myers
School of Forest Resources & Envir. Resources
Research Institute, Pennsylvania State University,
University Park, PA « USA

Detecting and mapping landscape changeis crucial formonitor-
ing ecosystem health onregional scales. Preliminary indica-
tions of change can be obtai ned expeditiously from remotely
sensed spectral data acquired by sensorscarried on satellites.

Technical difficulties ariseinscreening images consisting of
change indicators because fine-scale noiseisoften prevalent
and different types of changes vary in the strength of their
expression. Treating achange image as a surface and
determining itstopological structureintermsof echelonscan
facilitate screening for areasof changeto befurther investi-
gated by more definitive but less economical methods.
Echelons provide aview of surface organization asmhierar-
chical hillformswith peaksbeing first-order components.
Initial extraction of first-order echelonsgivesabasisfor
Noi se suppression without smearing of information. The
relative nature of echelons enables flagging of spatially
coherent changes that are subtle as well as changes having
high spectral contrast.

GRASSLAND BIRD COMMUNITIES AND
ENVIRONMENTAL HEALTH: THE ROLE OF
LANDSCAPE FEATURES

DouglasH. Johnson?, Sharon F. Browder?, and Maiken
Winter3
1USGeological Survey, Northern PrairieWildlife Research
Center, Jamestown, ND « USA
2MontanaCooperative Wildlife Research Unit, Missoula,
MT e« USA
8 StateUniversity of New Y ork, Environmental Scienceand
Forestry, Syracuse, NY « USA

Grasslandsare North America’ smost disturbed ecosystem
(Samson and Knopf 1994). Nearly all eastern prairieshave
been converted to annual crop production. Western prairies
frequently suffer from overgrazing, invasive plants, and other
impacts far different from the natural disturbancesunder
which they evolved (Johnson 1996). Associated withthe
loss, degradation, and fragmentation of grasslands, popul a-
tions of birds dependent on prairiestypically have declined.
Recent research has demonstrated areciprocal relationship
between the landscape health of grassland ecosystems and
the breeding bird communities those ecosystems support.
First, avariety of landscape features have been demonstrated
to influence the population size and reproductive success of
birds that use grasslands (Johnson and Winter 1999). And
second, metrics based on the composition of bird communi-
ties have been shown to reflect the health of grassland
landscapes (Browder et al. in prep.). Theserelationships
provide important links between what can besensed remotely
and the actual ecological integrity of thearea. Inthis paper
we survey the recent findings that support these conclu-
sions, and suggest ways in which the relationships can be
employed both for monitoring environmental health and for
managing grassland landscapes.

TECHNICAL SESSIONS

37



SNOISS3ES TVOINHO3IL

38

REGIONAL VULNERABILITY ASSESSMENT:
A CONCEPTUAL APPROACH

Elizabeth R. Smith
USEnvironmental Protection Agency, National Exposure
Research Laboratory, Research Triangle Park, NC « USA

EPA’sRegiona Vulnerability Assessment (REVA) projectis
developing and testing an approach to conducting compara-
tive ecological risk assessmentsat theregional scale. It
seeks an objective and quantifiable answer to answer the
question, “What are the greatest threats accompanying
socioeconomic growth in aregion and which ecosystemsare
most vulnerable?’ ReV A builds on the environmental

15-22

Ecosystems

monitoring base devel oped by theEnvironmental Monitoring
and Assessment Program (EMAP), and incorporatesthe | atest
developmentsin remote sensing, landscape ecol ogy, multime-
diamodeling, and ecological risk assessment. ReVA asorelies
on socioeconomic research to develop internally consistent
scenarios agai nst which to comparerisksfrom future popula-
tion growth and concomitant changesin land use and pollut-
ant generation. Theresearch isbeing conducted in concert
with EPA Region 3 as part of the Mid-Atlanticlntegrated
Assessment (MAIA). Thisresulting methodology will bea
critical aid to stateand local governmentsand regional
planning bodiesindevel oping efficient and effective strategies
for community-based environmental protection.

Management Strategies Employed in the Restoration of Coastal and Marine

Chair: Jonna M azet—Wildlife Health Center, University of California, Davis,

CA+USA

COOPERATIVE RESEARCH IN SUPPORT OF
POPULATION RECOVERY: THE CASE OF THE SOUTH-
ERN SEA OTTER

James Estes!, Jonna M azet ?, David Jessup®, and Andrew
Johnsort
1USGeological Survey-Biologica ResourcesDivision
SantaCruz, CA » USA
2WildlifeHealth Center, School of Veterinary Medicine,
University of California, Davis, CA « USA
3 Office of Spill Prevention and Response, California
Department of Fish and Game, SantaCruz, CA « USA
4 Monterey Bay Aquarium, Monterey, CA » USA

The southern sea otter population is threatened, and recent
surveying indicates that the numbers are declining rather
thanrecovering. The CaliforniaSeaOtter Research Groupis
ateam of scientists representing many disciplineswho have
formed apartnership among their multiple public agencies
and private organizationsin order to provide the research
necessary to implement management strategiesfor the
recovery of thisfragilepopulation. Thiscollaborative
approach isan excellent example of agrassrootseffort by
researchersto build ascientific team capabl e of addressing
the complex issues surrounding the potential extinction of
this keystone speciesin an attempt to prevent the possibly
devastating impactsthat itsloss could have on the Califor-
niamarine ecosystem. Each researcher inthispartnershipis
dedicated to southern sea otter conservation and population
recovery and bringsto the group a unique scientific perspec-
tive and expertise that could not be gathered by any one
organization or governmental agency. Itisonly through
thistypeof collaboration that research which will allow
implementation of astrategic plan for population recovery
can be produced. Additionally, this creative partnership has
resulted in aformidable collection of resourcesfor educa-
tion, publicrelations, and political influence.

NATURAL RESOURCES MANAGEMENT FOR ECOSYS
TEM HEALTH: MANGROVE REHABILITATION AND
RESTORATION IN VIET NAM

Nguyen Hoang Tri?, Phan Nguyen Hong?, W. Neil Adger?, and
P.Mick Kelly?
Mangrove Ecosystem Research Division, Center for
Natural Resourcesand Env. Studies, Vietham National
University, Hanoi « VIETNAM
2Centrefor Social and Economic Research on Global
Environment « UK
SClimate Research Unit, University of East Anglia
Norwich e UK

This paper examine one strategy of ecosystem management
widely practiced in coastal Vietnam, namely mangroverehabili-
tation and restoration, undertaken to enhance and restore |ocal
environments aswell asto benefit local population. It may
provideadua, * win-win’ benefitsinimproving thelivelihood
of local resource users, enhancing speciesand functional
diversity of ecosystems aswell as enhancing sea defenses.
The strategy, therefore, represents a precautionary approachto
improve the ecosystem health. This paper quantifiesthe
economic benefits of mangroverehabilitation undertaken, inter
alia, to enhanceseadefense systeminthree coastal districts of
northern Vietnam. Theresults of the analysis showsthat the
mangrove rehabilitation can bedesirable from an economic
perspective based solely on the direct usebenefits by local
communities. Such activities have even higher benefitcost
ratioswith theinclusion of theindirect benefitsresulting from
the avoided maintenance cost for the sea dike system which
the mangrove stand protect from coastal storm surges.



MULTI-MODELING APPROACHES TO REGIONAL ECO-
LOGICAL ASSESSMENT: ATLSS, THE

EVERGLADES, AND THE ENDANGERED CAPE SABLE
SEASIDE SPARROW

DonaldL. DeAngdis!, LouisJ. Gross!, andM . Philip Nott?2
Thelnstitutefor Environmental Modeling, University of
Tennessee, Knoxville, TN « USA
2TheIngtitutefor Bird Populations, Point Reyes Station,
CA+*USA

Thereisagreat need for toolsto aid analysis of the environ-
mental impactsat regional extentsof alternative management
scenarios, and the ability to link these toolsto social assess-
ment including economics. We arguethat an appropriate
methodol ogy for such atool ismutimodeling. Thisinvolvesa
mixture of modeling approaches based upon theinherent
temporal resolution and spatial extent of varioustrophic
components, linked together by spatially-explicitinformation
onunderlying environmental (e.g. water, soil structure, etc.),
biotic (e.g. vegetation), and anthropogenic factors (e.g. land-
use). We describe our ongoing effort to develop and apply a
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Guelph, ON « CANADA

CONTROLLING AIR POLLUTION: IS THE FAIN WORTH
THE GAIN?

R.T.Burnett
Environmental Health Directorate, Health Canada,
Ottawa, ON « CANADA

Epidemiological studies, conducted in several countries, have
consi stently demonstrated associ ations between ambient
concentrations of ambient air pollution and adverse health
outcomes, including pre-mature mortality, cardio-respiratory
hospitalizations, emergency department visitsfor respiratory
diseases, asthmaattacks, respiratory symptoms, and restricted
activity. These associations have prompted regulatory
agenciesin several countries, including Canada, to either
revise current air pollution standards or establish new guide-
lines. Recent epidemiological researchin Canadalinking air
quality and healthisreviewed. Economic approachesto
evaluating costs and health benefits of controlling air pollut-
ants are discussed, and their useisillustrated in evaluating the
consequences of reducing the sulphur content of gasoline.
Ongoing epidemiological research on the health effectsof air
pollutionisoutlined.

multimodel to aid in restoration planning in South Florida.
The ATLSS (Across Trophic Level System Simulation)
project, involvesanalyzing the ecol ogical impacts of

hydrol ogic planning across the Everglades, but is based on
an underlying structure that can be applied to many
different regions. The approaches currently involved
include spatially-explicit speciesindices, compartment
analysis, differential equationsfor structured popul ations
and communities, and individual -based models. Linking
model swhich operate at very different spatial and temporal
resol utions has been amagjor challenge, requiring avariety
of spatial interpolation methods, and careful design of
model interfaces and linkages with remote sensing dataand
GIS. Such multimodeling effortsarean essential tool to link
together disparate data sets, aid monitoring programs, and
produce rel ative assessments of the ecol ogical impactsat
landscape-levelsof spatially-explicit management plans. We
will provide an overview of the project and then focuson a
particular endangered species (the Cape Sable Seaside
Sparrow) and how the ATLSS project has aided in assess-
ing theimpacts of alternative hydrologic planson this
Species.

TECHNICAL SESSIONS

Human Health Costs of Ecological Degradation

Chair: David Rapport— nternational Society for Ecosystem Health, University of

SCENARIO-BASED HEALTH RISK ASSESSMENTS:!
METHODOLOGICAL CHALLENGES

A.J.McMichad
L ondon School of Hygieneand Tropical Medicine,
London e+ UK

In a stable world, not undergoing fundamental changesin
the conditions of life, epidemiologists can comfortably
assumethat thefuture (of diseaserisksand aetiological
relationships) will resemblethepast. We can therefore use
our painstakingly acquired estimates of dose-response
relationships and of microorgani sm transmission dynamics,
for specific physico-chemical and infective agents, to
estimate the current or future population burden of disease
inrelation to current or immediately foreseeable exposures.
This, for physico-chemical agents, isthe essence of
“quantitative risk assessment” . However, we no longer live
in such aworld. Scientistsin various other disciplines have
identified emerging largescal e environmental changes, with
incipient disruption of global biophysical systems(e.g., the
climate system) and ecological systems(e.g., theproductiv-
ity of agroecosystems and ocean fisheries, and the geo-
graphic range and seasonal variations in vertebrate and
arthropod populationsinvolved in the transmission of
variousinfectious diseases). Thetask for epidemiol ogists
thus changes. We must apply current, and often limited,
knowledge and theory to the modelling of future ranges of
likely health outcomes. The purpose and limitations of
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modelling must be understood; the compounding of
uncertainties (statistical, parametric and structural) must be
coped with; and decisions must be made about how far to
seek to simulatethefuturerea world. (Our experimental
traditions caution us against seeking comprehensive
“horizontal integration” of environmental and ecological
trendswith changesin the social, economic, technological
and demographicreams.)

INTEGRATED RESEARCH ON HEALTH EFFECTS OF
GLOBAL CLIMATE CHANGE

J.A. Patz
JohnsHopkins School of Hygieneand Public Health,
Batimore, MD « USA

Preliminary resultswill be presented from aseriesof research
projects underway at Johns Hopkins and collaborating
institutions to conduct an integrated health risk assessment
of climatechange. Theseinclude: 1) Heat-related mortality in
the US; 2) Hantavirus, El Nifio and risk predictionsfrom
satelliteremote sensing; 3) Malariaand soil moisture
modeling, Kenya; 4) Denguefever, simulation modelsand
climate downscaling ;

5) Water-borne cryptosporidiosis, extremeprecipitationand
runoff modeling; and 6) Chol eraepidemicsin Peruand
coastal marineecology. Background information for these
researchinitiativesareasfollows: 1) mortality ratesintheUS
are highest in thewinter, however, determining cause of
death isimportant to conducting a comparative study
between summer versuswinter mortality; 2) El Nifio driven
flooding in the American SW, enhances vegetative food
sourcesfor deer mice, themammalian vector for Hantavirus;
3) themalariaparasite requirestemperaturesabove 16° Cto
devel op and weather determines mosquito breeding sites
and hiting rates; 4) warmer temperatures shorten dengue
virusdevelopment, further potentiating diseasetransmis-
sion; 5) drinking water contamination by Cryptosporidium
could be affected by changesin water run-off in high risk
agriculture-intensive watersheds; and 6) Vibrio cholera has
been associated with marine zooplankton by R. Colwell and
colleagues. Bloomsfromwarmer seasurfacetemperatures
accompanying El Nifio, may contribute to causing epidemics.
Many of these case study analyses are highly integrated
involving climate change simulation downscaling and
hydrological and ecological modeling, whichin combination
constitute the driving forcesfor the public health outcomes.
Historical validation studieswill also be presented. Inthe
case of water-borne diseases, we have conducted a histori-
cal spatial and temporal analysisof all USwater-borne

disease outbreaksfrom 1940 to 1994, to determine correl ations
with local rainfall. Thisstudy’ sresultswill beincorporated into
anintegrated risk assessment of climate change that combines
an agricultural GIS, hydrologic run-off and climate modeling to
examine cryptosporidiosisrisk under future climate change
scenarios for the Susquehanna River Basin and Chesapeake
Bay drainage areas. Data on US water-borne disease outbreaks
were obtained from the Environmental Protection Agency
(EPA). Precipitation datafor the analysiswere provided by the
National Climate DataCenter (NCDC). Inthe case of dengue
fever validation and modeling studies, data and models of the
US Department of Agriculture (USDA) were utilized. Funding
support for these studiesisfrom EPA’ s Office of Research &
Deveopment and from the Office of Palicy.

HUMAN HEALTH COSTS OF ECOLOGICAL
DEGRADATION

M.Raizenne
Climate Change and Health Office, Health Canada,
Ottawa, ON « CANADA

Environmental degradation will result in adaptive responsesin
populations. Adaptive public health responses to environ-
mental degradation have traditionally been “ prescriptive and
acutely responsive’ to events and situations. Relatively little
attention has been given to systematically developing strate-
giesthat quantitatively include environmental health adapta
tion and mal-adaptation scenarios. Adaptive public and
population health strategiesto global climate change are
increasingly being recognized asimportant componentsin
devel oping mitigation strategiesto combat global warming and
itsassociated impacts. The precautionary principleisincreas-
ingly being recognized asavaluable element in decision-
making on environmental issues. Thereare, however, signifi-
cant direct and indirect costs associated with implementing
strategies based on the precautionary principleasit relatesto
human health impacts. TheAvaluation” of healthisincreas-
ingly being considered in the devel opment of public and
environmental policy. The methods, approach and assump-
tionsto valuing health impacts of environmental factorsare
complex and controversial. Further, itisdebatableifitis
appropriate to use health valuation methods to project the
impacts of environmental degradation. Inthissession, a
science-based risk management framework will be presented.
Theframework will outline considerationsfor integrating
human health issues and health valuation into a climate change
risk management approach. Further, the use of health valua-
tionimpactswill be demonstrated asapplied to air pollution.
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L andscape Health Assessment Using Remote I magery, Geospatial I nfor-
mation and L andscape Fragmentation |1

Chair: G.P. Patil-Department of Statistics, Pennsylvania State Univer-
sity, University Park, PA « USA

RISK AND THREATSTOHUMAN HEALTH DUETO
COLLAPSEOFECOSY STEM HEALTH

Ashbindu Singh' and L adaK ochtcheeva?
*United Nations Environmenta Programme, Environmental
Information and Assessment Program-North AmericaEROS
DataCenter, Sioux Falls, SD « USA
2The Evergreen State College, Olympia, WA « USA

This paper reviews ways in which environmental conditions,
and, in particular, ecosystem health deterioration, affects
human health. It represents the integration and assessment of
environmental data setsto provide ascientific explanationto
maintain the ecol ogical safety of life. Different approachesand
determinant factorsto evaluate risk and threats to human
health are considered. The paper attemptsto demonstrate well-
established links between environmental changes dueto the
collapse of ecosystem and influence on the health of popula-
tion, aswell as an analysis of these global, national, and
regional trends, which provide aseriousground for decision-
making processin the design and implementation of environ-
menta policy.

PREDICTABILITY OF BIRD COMMUNITY-BASED
ECOLOGICAL INTEGRITY, USING LANDSCAPE
MEASUREMENTS

Glen D. Johnson
Private Consultant, Lakeville, PA « USA

A fundamental premise of landscape ecology isthat finer-
scaled local ecological integrity isdirectly influenced by larger-
scaled land usepatterns. Therefore, characterizing landscape
patternsthat are mapped from satelliteimagery may provide
valuable covariate information about averageintegrity “on the
ground”. This conjecture was evaluated in Pennsylvaniafor
102 watersheds where land cover patterns were represented by
an eight-category raster map that wasbased on 30-meter
resolution LANDSAT TM images. For each watershed, asuite
of conventional |andscape variableswas obtained (M cGarigal
and Marks, 1995), along with a“ conditional entropy profile”,
which is a new techniquefor quantifying landscape fragmenta-
tion pattern over multiple measurementresol utions (Johnson,
Myers, Patil and Taillie, 1998; Johnson and Patil, 1998).
Ecological integrity for each watershed was assessed from data
inthe PennsylvaniaBreeding Bird Atlas (Brauning, 1992), first
based on songbird guilds only, then based on a much larger
set of guildsthat incorporated al speciesin the database. The
rel ationship between (abiotic) landscape measurements and
assessed bird community-based ecol ogical integrity was
evaluated using a combination of cluster analysis, regression
modeling and graphing conditional entropy profiles. Results

indi cate that landscape measurements al one, as acombina
tion of land cover proportions and spatial pattern variables,
can do avery reasonablejob of discriminating watersheds
with respect toecological integrity. It still remainselusive,
however, to identify thosewatershedsthat areat acritical
transition towards the worst ecol ogical integrity.

A LANDSCAPE APPROACH TO ECOLOGICAL
INTEGRITY AND PLANNING: THE MAP OF THE
ITALIAN NATURE

Giovanni Zurlini?, O. Rossi?, andV. Amadic®
!National Research Council and Dept. of Environmental
Sciencese ITALY
2Dept. of Environmenta Sciences, ParmasI TALY
Sltalian Ministry of Environment e ITALY

The Map of Italian Nature project started on demand of the
national law n. 394 (1991) in order to definethe status of the
environment asregards“ natural values’ and territorial
“fragility”. An overview of the on-going project activities
and proceduresfor thefirst million haisgiven together with
someillustrativeresults. The primary intent of the projectis
to generatedigital thematics mapsas Giscoveragesat
multiple scaling regions of the existing biodiversity compo-
nentslike species and habitats most threatened with extinc-
tion and reduction by which evaluate natural values and
ecological fragility. Project focused in this phase on the most
threatend structural components of biological integrity and
developed simple evaluation procedures for natural values
and ecological fragility at multiple scaling regions. Basic data
produced concern mosai cs of contiguous CORINE habitat
patches supported by satellite, airborne (photos and
multispectral images) and terrain data, that are al'so used asa
“coarsefilter” approach to biodiversity protection to
complement protection of individual speciesat risk. Ecologi-
cal fragility is estimated eitherthrough simple conceptual
model relating ecological fragility to ecological sensitivity
and human disturbance or as displayed fragility, inferred
from habitat |oss as observed by change detection analyses
of CORINE mosaics. Boundary fractal analysisof CORINE
biotopes mosaicsis used within the Map of Italian Nature
project to quantify the complexity of patch size and shape
relationshipsaswell astoidentify fractal scaling behaviour
of mosaic patterns.

MAPPING WATERSHED HEALTH

KarenKlima
Officeof Water, USEPA, Washington, DC « USA

Abstract not available
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COMPARISON OF MEASURES TO ASSESS ECOSY STEM
DEGRADATION USING REMOTE IMAGERY

KarenBoomer
Center for Statistical Ecology and Environmental Statistics,
Dept. of Statistics, PennsylvaniaState University,
University Park, PA « USA

Ecosystem stressis abstractly defined by parameters such as
water quality, air quality, or proportion of areadevoted to
humanrel ated uses. These parameters are costly to measure
for alargeregion, such asthe State of Pennsylvania. One
measure of stressisthe degree of fragmented land uses,
whichisvisible over large geographic extentswith satellite
imagery. A new approach to quantifying landscape fragmenta-
tionisto measurethe entropy, or degree of dissimilarity, that
isintroduced when the scal e of measurement increases
twofold for agiven area. The parameter of interestisthe
dominance of specific land uses. Thismeasure of conditional
entropy iscompared to traditional metricsusing multivariate
statistical techniques. Watershedswith similar conditional
entropiesaresaid to represent asimilar degree of fragmenta-
tion. Themost similar watershedsare clustered together. As
aresult, areaof high, medium and low fragmentation are
identified within Pennsylvania. Using traditional metricsin
FRAGSTATS a so produces clusters of high, medium, and low
stress areas. The objective isto understand how land use
changes can be used to identify ecological stress.

RECENT CHANGES (1930S-1990S) IN SPATIAL
PATTERNS OF INTERIOR NORTHWEST FORESTS, USA

Paul F. Hessburg,B.G. Smith, R.B. Sdter, R.D. Ottmar, and
E. Alvarado
USDA Forest Service, Pacific North West Research Station
Plant Pathology and L andscape Ecology Research,
Wenatchee, WA « USA

We characterized recent historical and current vegetation
composition and structureof arepresentative sample of
subwatershedsonall ownershipswithintheinterior Columbia

River basin and portionsof the Klamath and Great Basins. For each
selected subwatershed, we constructed historical and current
vegetation mapsfrom remotely-sensed 1932-66 and 1981-93 aerid
photos, respectively. Using the raw vegetation attributes, we
classified and attributed cover types, structural classes, and
potential vegetation typesto individual patches within
subwatersheds. We characterized change in vegetation spatia
patterns using a suite of class and landscape metrics, and a spatial
pattern analysis program. We then trand ated change in vegetation
patternsto changein patternsof vulnerability to wildfires, smoke
production, and 21 mgjor forest pathogen and insect disturbances.
Resultsof changeanalyseswerereported for province-scale
ecological reporting units(ERUs). Here, wehighlight significant
findings and discuss management implications. Twentieth century
management activitiessignificantly altered spatial patternsof
physiognomies, cover types and structural conditions, and
vulnerabilitiestofire, insect, and pathogen disturbances. Forest
land cover expanded in several ERUs, and woodland area ex-
panded in most. Shrubland areadeclined most of al physiognomic
conditionsdueto cropland expansion, conversion to semi- and
nonnative herblands, and expansion of forests and woodlands.
Shiftsfromearly tolate seral conifer specieswereevidentinforests
of most ERUs; patch sizesof forest cover typesarenow generally
smaller, and current land cover ismorefragmented. Landscape
areainold multistory, old singlestory, and stand initiation forest
gtructures declined with compensating increasesin areaand
connectivity of dense, multilayered, intermediateforests struc-
tures. Patcheswith medium and largetrees, regardiessof their
structural affiliation are currently lessabundant on thelandscape.
Finally, forestsof thebasin are now more contagiously dominated
by shade-tolerant conifers, and exhibit elevated fuel loadsand
severefirebehavior attributesindi cating expanded futurerol es of
certaindefoliators, bark beetles, root diseases, and stand replace-
ment fires. Althoughwell intentioned, 20™"-century management
practicesdid not account for landscape-scal e patternsof living
and dead vegetation that enable forest ecosystemsto maintain
their structure and organi zation through time, or for thedistur-
bancesthat create and maintain them. Improved understanding of
change in vegetation spatia patterns, causative factors, and links
with disturbance processeswill assist managersand policymakers
inmaking informed decis onsabout how to addressimportant
ecosystem health issues.

TS 2 5 Managing Ecosystems to Mitigate the Health Impact of Mining Activities

Chair: Jean L ebel-I nter national Development Resear ch Center, Ottawa,

Ontario* CANADA

A CONCEPTUAL FRAMEWORK FOR IDENTIFYING
ISSUES AND INDICATORS TO TRACK HUMAN
HEALTH AND WELL BEING IN A MINING REGION:
REPORTING FROM AN INDIAN CASE STUDY

LigiaM.Noronha
Tata Energy Research Institute, New Delhi « INDIA

Theexerciseof developingaframework of environmental
performanceindicators and sustainability markersin minerals
development in order to be useful and relevant needsto have

amulti-stakehol der perspective and betransdisciplinary. This
presentation discusses the devel opment of thisframework and
the case study upon which it is based. The methodol ogy
involved: 1) the use of the data base and the findings of a case
study that employed an Area-wide environmental quality
management approach. This study combined spatial data
obtained from aerial photographs and remote sensing
products, environmental data, and statistical data obtained
from minelevel questionnaires and socio-economic surveys
inthemining belt of Goa. The various datasetswereinte-
grated using Geographical Information Systems tools. (2) The



understanding of impacts to human health and well being
using an ecosystem approach in the sense that all domains
that affect or are affected by mining activity are studied, such
asthebiophysical, the socio-political -cultural and the eco-
nomic domain. (3) Defining human well being through decom-
posing it into its constituents (such as health and freedom)
and determinants (such asincome, conflict resol ution mecha-
nisms, cleanair, etc.) (4) Adopting amulti-stakeholder
perspective- the government, the mining company and the
community —to identify issues of relevancein each domain. (5)
Using acausal framework, the Pressure-State-Response
framework adapted and expanded to include exposure, effects
and impactsto humansfor eachissue of relevanceidentified
by the stakehol ders.

INTEGRATING HUMAN HEALTH INTO AN ECOSY STEM
APPROACH: A MODEL FOR STUDYING THE IMPACT
OF MINING ACTIVITIES

DonnaMergler
Centred’ étude desinteractionsbiologiquesentrela
santéet I’ environnement (CINBIOSE),
WHO-PAHO Collaborating Centre,
Université du Québec, Montréal, QC « CANADA

The ecosystem approach to human health is an innovative
conceptual model which incorporates human health into the
dynamic interrelations of ecosystem analyses. The ecosystem
approach to human hedlth is an innovative conceptual model
whichincorporates human health into the dynamic interrel a-
tions of ecosystem analyses. Inthismodel, humans are not
solely thedriversand disrupters of the ecosystem or the
passive objects of environmental destruction, but in continu-
ousinteraction with the changing environmental, social and
economic conditions. In thisdynamic process, positiveand
negative factors contribute to current and future well-being,
not only of the present, but also for coming generations.
Health and well-being are, inturn, determinants of social,
economic and cultural sustainable and equitable development.
Adequately applied to environmental and health impact
studies, the ecosytem approach can be auseful tool for
attaining sustainable and equitable development. Indeed,
human health and its consequences are most often omitted
from environmental and cost/benefit impact studies. Here, we
propose a means of integrating the human populationsinto
the ecosystem analysis, using mining activitiesasan example.
With mining devel opment and activitiesin the center, human
populationsform 4 widening concentric circles, representing
workers, thelocal community, remote communitiesand the
general population. The spheresare not completely closed
sincethe activities of one can affect the others both positively
and negatively, influencing their respective health status. The
effects of the interaction between these groups and the
changes brought about by mining activitiesis analyzed for
both positive and negative impacts on health and well-being.

ECOSYSTEM APPROACHES TO INDIGENOUS ISSUES
REGARDING HEALTH AND WELL BEING IN THE
CONTEXT OF MINING: THE CASE OF THE WAYUU
AND EL CERREJON COAL MINING DEVELOPMENT

CrigtinaEchevarria
Institute de Estudios Regionales (INER),
Universidad de Antioquia, Medelline COLUMBIA

Indigenous conceptions of health and wellbeing are
instrinsically ecosystemic. In contrast with western peoples,
I ndigenous Peoples seethemsel ves as part of acomplex
world peopled by other beings that have spirit and intent.
Thisdefinesaparticular ethical position of indigenous
peoples with respect to other beingsin the universe, in the
sense that wellbeing will depend, not only on the health and
“quality of life’ (asinWHOQOL-100) of theindividua sand
human communities (epidemiol ogical perspective), but on
the vitality and and standing (vigencia) of the sistems of
reciprocity between humans (social sistemsof regulation
and control, traditional social support networks based on
kinship, etc.) and between humans and non-humans (inte-
grality and vitality of traditional knowledge onthelocal
environment, cultural systemsof management of the
environment, ritual interchange of favours between this
world and “the other world” (sprit world), etc.). The paper
will also look at five nuclear issues asthe basis of human
and ecosystemic wellbeing from the perspective of indig-
enous peoples:. identity, territory, autonomy, participation
and self development. These will be analyzed in the context
of the case study mentioned above. The presentation
intendsto show that issues arising frommininginindig-
enousterritories are best understood and managed from an
integral (hallistic) approach that mirrorsindigenous concep-
tions of wellbeing, and on the basis of these five nuclear
issues.

ECOSY STEM APPROACHES TO HUMAN HEALTH
RESEARCH IN THE CONTEXT OF MINING IN THE
DEVELOPING WORLD: THE ROLE OF THE
INTERNATIONAL DEVELOPMENT RESEARCH CENTRE
(IDRC)

Jean L ebd
International Devel opment Research Centre, Ottawa,
ON « CANADA

Thereisagreat potential for improving human health
through better natural resource management, a concept that
deserveswider recognition. This potential isbased on the
fact that in nature the well- being of people cannot be
separated from their physical environment, which provides
al species, including humans, with ahome, and both
sustenance and hazards. The presentation will describe the
rolethat IDRC isplaying inthe developingworldintrying to
understand the links between the state of the ecosystem
and the human health and well-being in the context of mining
activities.

TECHNICAL SESSIONS
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ECOSY STEM APPROACHESTO RESEARCHINGHUMAN
HEALTHAND QUALITY OF LIFEIN MINERALSDEVEL -
OPMENT

Alyson War hur st* and CamillaMaclear?
IMining and Environment Research Network, School of
Management, I nternational Centre of the Environment
(ICE), University of Bath« UK
2Mining Environment Research Network, School of
Postgraduate Medicine, University of Bath e UK

Recent Canadian and UK health policy and health research
literature advocates an expanded understanding to human
health and quality of life promotion that moves beyond a
biomedical approach to health services and interventions.
The MERN/INER/TERI researchinitiative supported by
IDRC explores thisexpanded notion of human health,
wellbeing, and quality of life. Thispaper will explorea
holistic approach to the ecosystem effects of mining and the
implicationsthat ecosystems - plant and animal (including
human) species- posefor mineralsdevel opment. It begins
by outlining an approach to understanding ecosystem
health in the broader context of sustainable development
and discusses the concept of the transformation of natural
capital into overall net increases of natural, produced, human
and social capital. It also discussesthe equity of the

1S-26

distribution of thisincreased wealth and the environmental and
social responsibility attached to the transformation process
itself. This holistic approach integrates an understanding of
human health and quality of lifewith acomplex set of social
and cultural conditions, incorporating historical and economic
processes. Many mining companieslimit their approachesto
human health and quality of life effects of mining to biomedical
conceptsof health, thusfocusing primarily on biomedical
interventions and services. This approach does not address
three broad health and quality of life questions. Thefirstis
the question of allocating responsibility for health and quality
of lifeinterventionsand impactsto various stakehol der
groups, e.g. theindividual, community, company or govern-
ment. The second isthe question of assessing from the outset
potential human health and quality of life effectson different
stakeholder groups affected by mining and putting in place
preventative rather than curative solutions; and, the third is
the question of assessing and monitoring the extent to which
minerals devel opment projects contributeto, or detract from,
the health and quality of life of local individualsand communi-
ties. The paper concludes with a consideration of how the
World Health Organisation’ s“ Quality of Life" evaluationtools
and research approaches may be adapted specifically to
mineralsdevelopment projectsasaframework for answering
these questions.

Ecology of Infectious Diseases

Chair: Compton J. Tucker—National Aeronauticsand Space Administration, Goddard

Space Flight Center, Greenbelt, MD « USA

SOUTHERN OSCILLATION INDEX, SEA SURFACE
TEMPERATURE, AND SATELLITE VEGETATION INDEX
INDICATORS TO FORECAST RIFT VALLEY FEVER
EPIZOOTICSEPIDEMICS IN KENYA

Kenneth J. Linthicum, Assaf Anyamba, Compton J. Tucker,
Patrick W. Kelley, MonicaF. Myers, and Clarence J. Peters
NASA Goddard Space Flight Center, Greenbelt,
MD « USA

Rift Valley Fever (RVF), aviral diseasefirst describedin
Kenyain 1931 affects domestic animalsand humans
throughout sub-saharan Africa and results in widespread
livestock losses and frequent human mortality. All known
Rift Valey fever virusactivity in East Africafrom 1950to
May, 1998, isdocumented to havefollowed periods of
abnormally highrainfall. Pacific and Indian Ocean sea
surfacetemperature anomalies, coupled with satellite
normalized difference vegetation index data, enabled a>1-5
month preduction of Rift Valley fever out breaksin East
Africa. Concurrent near-rea time monitoring with satellite
normalized difference vegetation dataidentified acutal
affected areas. A predictive model was developed, using a
variety of climatol ogical and meteorological parameters. The
ability toforecast regional RVF virusactivity in Kenya2-5

months before outbreaks makes possi bl e implementation of
control strategiesin timeto lessen or prevent animal and human
diseases. Effectivecontrolsinclude vaccination of domestic
animals, and pretreatment of mosquito habitats adjacent to
domestic animal herds and human habitations.

EPIDEMIC EARLY WARNING: UNTANGLING INTRINISIC
AND EXTRINSIC CAUSES OF DENGUE EPIDEMICS

Simon lain Hay and D.J. Rogers
TALA Research Group, Dept. of Zoology, Oxford University,
Oxforde UK

Dengue hemorrhagic fever (DHF) case data, popul ation census
dataand meteorol ogical datafor Bangkok (1966-1994) were
analyzed to investigate long-term and season trends of DHF
incidencein Thailand’ s capital. Pathfinder Advanced Very High
resolutionradiometer (AVHRR) Land (PAL) datafrom July 1981
to September, 1994 were al so processed to provide monthly
valuesfor thenormalized difference vegetationindex (NDV1),
Price (1983) spilt-window land surfacetemperature (LST) and
the channel 3 middle-infrared signal (MIR). A statistical model is
presented which predicts four monthsin advance, with an
accuracy of c+/- 100 casesper month. Theanaysisidentifiesa



number of component cycleswhich may be extrinsicto DHF
transmission (e.g., long -term climatic cyclesand short-term
weather cycles associated with the annual pattern of tempera-
ture/precipitation etc.), or intrinsic to the vector-host-disease
association (involving susceptibl e/infected; immune human
hosts and vector mosquitoes). The model predictsthe DHF
data set with remarkable accuracy. It can be projected intothe
futureusing 1) the past long-term trend in case numbers, 2)
futurepredictionsof thelong-termcycles(i.e. with periods>1
year) and 3) seasoni.e. within year) predictionsbased on the
average monthly climatic conditionsfor Bangkok. Using this
approach, the model predicts case numbersto the end of the
year 2004. This paper discusses the issues associated with the
development of biological and process—based modeling
approaches to predict DHF cases and issues associated with
implementation of astatistical approach.

THE USE OF SATELLITE-GENERATED METEOROLOGICAL
DATA TO PREDICE MOSQUITO-BORNE ENCEPHALTITS
TRANSMISSION: PRELIMINARY STUDIES

William K Reisen
Schaool of Veterinary Medicine, Center for VVector Borne
Disease Research, University of California,
Davis, CA « USA

Every year mosquito-borne encephalitisvirusareresponsible
for numerous cases of humanillnessin North Americaand
throughout theworld. Transmission isusually sporadic,
without aclearly defined epidemicfocus. For example,in 1991
therewere 5 confirmed cases of eastern equine Encephalitis
(EEE) virusreported in Florida, but these caseswerefrom 3
different counties. During other years, however, virustransmis-
sionisexplosive, causing human epidemicsthat are extensive
and widespread. In 1975, therewere 1,815 clinical casesand 108
deathsdueto St. Louisencephalitis (SLE) virusreportedin
humans from the central USA and southern Canada. Thereis
strong evidence, especially from Californiaand Florida, that
epidemic SLE virustransmissionistriggered and driven by
specific meteorological events. If true, thismeansthat variables
such as surface temperature, precipitation, snow melt and
standing water can be traced and used to predict the relative
risk of annual encephalitisepidemicsin specific areas. This
paper presentstheinitial findingsfrom of the California
segment of anational study examining the environmental links
to encephalitis epidemiology. The study incorporatesthe
existence of excellent historical dataset of mosquito-borne
encephalitisvirustransmission events across North America. In
addition, itismaking use of excellent regional meteorological
datasets, making it possibleto link known, regional periods of
virus transmission with weather conditions prior to and during
epidemic transmission. Oncethe meteorological conditionsthat
predispose aregion epidemic virustransmission are known, it
will be possibleto incorporate real-time meteorol ogical datainto

apredictive model to assessand forecast epidemicrisk. The
role of temperature and precipitationinvirustransmission
dynamicsisexplored comparing ecological conditionsinthe
San Joaquin and CoachellaValleys. Significant associations
among snow pack in the southern SierraNevadas, impaired
run-off of the Kern River and mosquito abundance provide a
useful model for forecasting therisk of western equine
encephalomyelitis virus activity in the southern San Joaguin
Valley that may be extrapolativeto theentire Central Valley.

CLIMATE-BASED MODELSFOR PREDICTING MALARIA
TRANSMISSION IN AFRICA

J.SH.Coxt, M .H. Crai¢f, and B.L. Sharp?
Dept. of Infectiousand Tropical Diseases, London
School of Hygieneand Tropical Medicine, London « UK
2National MaariaResearch Programme, Medical Research
Council, Durban* SOUTH AFRICA

Malariaistheworld’ smost important parasitic disease. It
accountsfor between one and two million deaths globally
each year, with the vast majority of these occurring among
young African children. But evenin Africatheintensity of
mal ariatransmission can vary enormously from placeto
place and over time, and thishasimportant implicationsin
termsof the choice of control strategy (if any) toadoptina
givenlocality and, moregenerally, intargeting scarce
resourcesto areas of most concern. Perhapsnowhereisthis
issue more relevant than in highland areas, where unstable
transmission, coupled with low levelsof functional immunity
in local populations, can combine to produce devastating
malariaepidemics. Whileitiswell knownthat timely
intervention in such cases can significantly reduce level s of
morbidity and mortality, national malariacontrol programmes
arerarely ableto respond quickly enough to make any
difference. One of themain reasonsfor thisisthat it hasnot
so far been possibleto identify those geographical areas
which aremost at risk from epidemicson ayear to year basis,
and to thereby provide afocusfor epidemic surveillance. To
address these concernsthe MARA (Mapping Maaria Risk
in Africa) collaboration has been exploring anumber of ways
to predict therisk of malariatransmission using relatively
simpleclimate-based models. Theemphasisto date has
been on devel oping spatial model s of risk, both interms of
defining areasof different endemicitiesand, more specifi-
cally, deriving maps of epidemicrisk inhighland areas. This
paper describes the approach used in thisexercise and in the
subsequent validation of the spatial models. It also outlines
plans, currently being designed in conjunction with a
number of national malariacontrol programmes, to carry out
prospective malariasurveillancein East Africain order to
evaluate arange of operational epidemic early warning
strategies.
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Tools and Approaches for Ecorisk Assessment: Watershed Scales

Chair: Llewelyn Williams-US Environmental Protection Agency, National

Exposure Research Laboratory, LasVegas, NV « USA

DEVELOPMENT OF A TERRESTRIAL INDEX OF ECO-
LOGICAL INTEGRITY (TIEI) - A NEW TOOL FOR
ECOSYSTEM MANAGEMENT

R.F.Noss!, J.K.Andreasen? and J. Strittholt®
1&3Conservation Biology Ingtitute, Corvallis, OR « USA
2USEnvironmental Protection Agency, Office of Research
and Development, Nationa Center for Environmental
Assessment, Washington, DC « USA

Multiplelevelsof information are needed to make decisions
about complex systems. Examplesarethe Consumer Price
Index, the Dow-JonesIndustrial Index, and the Index of

L eading Economic Indicatorswhere values of the economic
variables are compared to a standardized year or base period.
In the human health field, physiciansrely on multiple
measures from asingle sampling point (1 person) and the
pattern from all the measurementsisused to make some
judgement about the health of theindividual or to point to a
certain disease. Following thisassessment, atreatmentis
specified. Multiplebiological indexes cal culated from
ambient biological datacan provideasimilar integrated
approach for “diagnosing” ecosystem health or integrity.
Theideal metric for ecosystemintegrity will incorporate
multipledimensionsof biological systems. Therearea
number of interactions, ecological processesand stressors
that impact ecosystem integrity. For example, impacting the
popul ation of one species may have effectson its predator
or prey species. Changesin environmental conditions (such
astemperature, moisture, and light) may exceed thetolerance
range of speciesin the ecosystem thereby favoring one
population or community over another. The disturbance of
“preserves’ or “corridors’ between preserves could change
the habitat available to apopulation and could eliminate the
intermingling of reproductiveindividuals necessary for
speciesto survive. Thelndex of Biotic Integrity (1Bl),
developed by Karr, has been adopted by many States as an
indicator of aguatic habitat quality. However, water quality
isdependant on the total of all activitiesthat occur within a
watershed. A terrestrial index of ecological integrity (TIEI)
gives decision makersanother tool to help with management
decisionsin watershed assessmentswhich will lead to
further improvementsin water quality. This presentation
discusses the background of the development of the TIEI,
how the measures were selected and how the various
measurementsor indicatorsare combinedinto anindex.

RESEARCH SUB-TASK: ANALYSS OF LANDSCAPE AND
WATER QUALITY IN THE NEW YORK CATSKILL-DELA-
WARE WATERSHED 1973-1988

Megan H. M ehaffey
USEnvironmental Protection Agency, National Exposure
Research Laboratory, LasVegas, NV « USA

Theprimary goal of thisstudy isto improverisk assessment
through the devel opment of methods and toolsfor characteriza-
tion of landscape and water resource change. Exploring the
relationship between landscape pattern and water quality in the
Catskill-Delaware basinswill improve understanding of
environmental risk and help maintain New Y ork City’ sdrinking
water supply system. Currently the city istrying to decrease
the threat to its quality of water throught the devel opment and
implementation of along-range watershed protection program.
Under the agreement, the State Department of Environmental
Conservation issued a permit to acquire land though outright
purchase and conservation easement. Landscape indicators
believed toimpact drinking water quality were calculated for all
sub-basinsin the Delaware/Catskill watershed using land cover
derived from 1989/1991 landsat TM imagery. All availablewater
quality datawas collected for streamsand reservoirsinthe
Catskill-Delaware Basinsfrom 1986-1994. The main sourcefor
chemical and physical water quality parameterswasthe EPA’s
sotrage and retrieval database (STORET). The New Y ork State
Dept of Conservation supplied a separate databse containing
benthic measurementsfrom 1986 to 1997. Correl ationswere
conducted at the scale of the sub-basin between landscape
indicatorsand water quality parameters. Therewere negative
correlations between forest and thewater qualtiy parameters
chloride, pH, silica, and nitrate nitrogen. Urban and crop land
use patterns, particularly on steep slopes and within the
riparian area, had weak positive correlationswith chloride and
nitrate nitrogen, while pasture tended to be more stronly related
topH and silicalevels. A step-wiseregression analysiswas
conducted on 25 sampling stationsfor which the proprotion of
forest, urban, pasture, and crops had been calculated 100 and
500 meter upstream of the site. Theinteractionsbetween
landscape indicatorswere found to be moreimportant in
predicting water quality than any single land use type. These
results suggest that maintaining the quality of New Y ork City’s
water supply will require evaluation of multiplelandscape
indicatorsin order to target areasin need of protection or
restoration.



FLOOD PLAIN RIVER ECOLOGICAL HEALTH:
DEFINING TERMS ON THE UPPER MISSISSIPP RIVER

Kenneth S. Lubinski
US Geological Survey, Upper Midwest Environmental
Sciences Center, Onalaska, W1 « USA

In order to achieve abal ance between economic and ecol ogical
values on the Upper Mississippi River the goals of each river
interest must be weighed against each other. For six decades
the economic goal of theriver has been tied to barge transpor-
tation, and it has been consistently met by maintenance of the
9-ft navigation channel. But along-term goal for natural
resources management on the Upper Mississippi River has
been elusive. River ecological healthisavaluableand
understandable goal. However, whether thisterm isaccepted
and used or not depends on how it is defined, and how the
definition rel atesto the mission and objectives of the manage-
ment agenciesresponsiblefor achieving it. What standards of
water quality equateto ecological health? How much natural,
connected floodplain habitat is enough? What features of the
annual hydrograph are critical to ecological health? Which
assemblages of species, resident or migratorial, do we accept
as being desirable or mandatory? Managers, scientists, and
the public have begun defining river ecological health using a
collaborative processthat will generateavision for theriver in
enough quantitative detail to make it happen. Theterm
ecological health was used in thereport “ Ecologica Statusand
Trendsof the Upper Mississippi River System”. Aninitial set
of six broad narrativecriteriawere proposed to describethe
primary featuresof river health. Thecriteriainclude: presence
of viable populations of native species and their habitats;
ability of the systemto recover from disturbance;
sustainability; capacity of the system to function as part of a
healthy basin; annua floodplain connectivity; and the ability
of infrequent flow eventsto maintain thefluvial nature of the
system. Thecriteriawere proposed to hel p establish accept-
able and desirable standards within the river community and to
serve as tentative targets for the development of relevant and
guantifiable metrics by the scientific community. Theprocess
of community consensus-building will beinitiated during
public workshops supported by conservation and environmen-
tal groups and a habitat needs assessment by federal and state
agencies. Theformulation of quantifiable metricsassociated
with each of the abovecriteriawill beatask of theLong Term

Resource M onitoring Program, working in conjunction with the

Environmental Protection Agency Officeof Biocriteria
Progressalong both trackswill help establish the scientifically
supportable and socially acceptable definition of river ecologi-
cal health required to set practical and substantial manage-
ment objectivesfor each river reach.

SENSITIVE ANALY SIS OF THE APPLICATION OF
CHEMICAL EXPOSURE CRITERIA FOR COMPARING
SITESAND WATERSHEDS

FlorenceFulk, SM. Cormier,andE.L.C.Lin
USEnvironmental Protection Agency, National Exposure
Research Laboratory, Cincinnati, OH « USA

A methodology was developed for deriving quantitative
exposure criteriauseful for comparing asite or watershed to
areference condition. The prototype method used indicators
of exposuresto oil contamination and combustion by
products, naphthalene and benzo[&] pyrene metabolites,
sampled from white suckersand common carp in the eastern
Cornbelt Plains Ecoregion of Ohio. Siteswere selected by
two sampling schemes. First, through second order stream
siteswere sel ected by anintensified probability-based
design developed by the Environmental Monitoring and
Assessment Program (EMAP). For larger streasm, reference
siteswere selected by Ohio EPA ecologists. Numerical
exposurecriteriawere determined by an empirical approach,
the 95th percentile derived from ranked data. Binomial
probabilities based on the number of ifsh exceeding the
exposure criteriaat asite and the number of fish sampled at a
sitewere used to determine contamination. The percentile
sel ected to represent the exposurecriteria, i.e., 90th, 95th,
99th, and theleve of significancein determining contamina
tionat asite, i.e., 1% vs 5%, may impact thefinal assess-
ment. An analysis of the sensitivity of the final assessment
tothe selection of percentileand level of significancewas
conducted. Correlation of the contaminated siteswith
NPDES discharges and levels of contaminantsin the water
and sediment were used to confirm the presence of contami-
nation at the designated sites.

USING A KNOWLEDGE BASE TO ASSESS THE EF-
FECTS OF STRESSORS AND STREAM ECOLOGICAL
INTEGRITY

Lester Yuan
USEnvironmental Protection Agency, Office of Research
and Development, National Center for Environmental
Assessment, Washington, DC ¢ USA,

We demonstrate the applicability of using aknowledge-
based decision support system to assess the effects of
human activities upon the ecol ogical integrity of the streams
draining a given watershed. A knowledge base provides a
systematic means of representing expert knowledge, and
once programmed, the knowledge base can then be applied
to problemsthat may betoo large or too unwieldy for a
single person to address. The Ecosystem Management
Decision Support System (USDA Forest Service) providesa
starting framework, integrating a Gl S-based user interface
with afuzzy logic inference engine. Wehavedesigned an
inference network that qualitatively linkscatchment-scale,
riparian-scale, and local habitat characteristicswith stream
ecological integrity. To calibrate the system, remotely sensed
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land use data are used as inputs at the catchment scale, while
field observations of habitat quality are used for inputs at
local spatial scales. Output predictions of stream condition

15-28

arethen compared to field measurementsof bioticintegrity. The
performance of the knowledge base is eval uated with datafrom
catchments not used in the calibration process.

Tools and Approaches for Ecorisk Assessment: Regional and National Scales

Chair: Llewelyn Williams-US Environmental Protection Agency, National

Exposure Research Laboratory, Las Vegas, NV « USA

US EPA'S ENVIRONMENTAL MONITORING AND
ASSESSMENT PROGRAM (EMAP): THE WESTERN
INITIATIVE — FROM RESEARCH TO APPLICATION

EricD.Hyatt
Officeof Ecosystem Protection & Remediation,
USEnvironmental Protection Agency, RegionVIII,
Denver, CO« USA

For several yearsthe US Environmental Protection Agency
(EPA) hasundertaken research in biological monitoring at
regional scaleswith known statistical confidence. The
cornerstone of thisresearchisaprogramcalled“EMAP’ —
the Environmental Monitoring and A ssessment Program.
Based on arandom statistical probability sampling protocol,
and aresearch foundation driven by the use of environmental
indicators, EMAPisattempting to movefromresearchto
application at large, regional scales. Thefirst major pilot
demonstration of EMAPwasinthe Mid-Atlantic region of
the United States. Using lessonslearned fromthiseffort,
EMAPisnow implementing the“Western Initiative” —an
ambitiouseffort covering twelve States and three EPA
Regions. With an ultimate goa of changing the way environ-
mental decisions can be made—i.e., stressing an assessment-
driven objective of providing sound biological information
that isuseful to scientists, decision makers, and the general
public-EM AP seeksto allow the use of many heretofore only
“theoretical” management initiatives. For example, with
biological dataof known statistical confidence, initiatives
suchas: ‘management for results;” ‘ provision of informa-
tion, notjust data;’ ‘achievingthegreatest bang for the
environmental buck;’ and producing scientifically sound
assessmentsthat arepolitically and socially relevant—are
al becoming redlities. Thegoal of an assessment-driven
monitoring program that can truly make adifferencein how
environmental decisionsare madeisalofty one. EMAP,
however, isin the process of making that goal areality. The
Western Pilot (or “EMAP-West"), will assess stream condi-
tionfrom abiological perspectivefor twelve Western states,
producing a“ snapshot” of the biotic conditon of these
resourcesover afour-year sampling period. Further, an
ambitious assessment of estuarine condition of thewestern
U.S. near-coastal environmentsisbeing undertaken, aswell
assampling of riparian condition and acomplementary West-
wide Landscape Characterization effort. hough EMAP has
experienced budgetary and management changes over its
short 10-year history, many of itsoriginal visionsare becom-
ing aredlity. TheWestern Pilot may well bethe most ambi-

tious-yet most fruitful-U.S. effort of itskind. Thisdemonstra-
tionwill helpto bring to fruition years of research and the
aspirations of amultitude of scientists, environmental managers
and policy makers.

PREDICTION OF SOIL SALINITY RISK BY DIGITAL
TERRAIN MODELLING IN THE PRAIRIE ECOZONE,
CANADA

|.V.Florinsky*¥? andR.G. Eilers'
L and Resource Unit, Brandon Research Center,
Agriculture and Agri-Food Canada, University of Manitoba,
Winnipeg, MT « CANADA
2| nstitute of Mathematical Problemsof Biology,
Russian Academy of Sciences* RUSSIA

Soil salinisationisahard problem for the Prairie Ecozonein
Canada. Digital terrain modelling can be used toimprove
prediction of soil salinity risk. We present anew approach
linking regular methodsfor prediction of soil salinisation and
techniquesof digital terrain modelling. A predictive map of
salinity risk for threeprairie provinces of Canada(Manitoba,
Saskatchewan and Alberta) is obtained by the approach
devel oped. Possibilities of the approach are discussed.

REGIONAL VULNERABILITY ASSESSMENT:
CREATING A CONTEXT FOR EVALUATING STREAM
ACIDIFICATION

Terry Flum?, Brian Hillt, and AlanHerlihy?
USEnvironmental Protection Agency, National Exposure
Research Laboratory, Cincinnati, OH « USA
2Dept. of Fisheriesand Wildlife, Oregon State University,
c/oUSEPA, Corvalis, OR* USA

USEnvironmental Protection Agency’ s(USEPA) Regional
Vulnerability Assessment (ReVA) programisdesigned to
identify ecosystemsthat arelikely to vary beyond the range of
natural variability and thereby experience reduced ecological
integrity asaresult of natural and human-induced stressors.
ReV A makes use of remotely sensed and other data suitablefor
analysisusing Gl Sto locate particular areaswhere ecosystems
may be exposed to theimpact of single and multiple stressors.
Theimmediatefocusfor ReV A isthemid-Atlantic region where
several biological assessmentshave recently been performed
including the USEPA’ s Environmental Monitoring and Assess-



ment Program (EMAP). EMAPresultsfromthe Mid-Atlantic
Highland Area(MAHA) expressed as a percentage of total
stream milesinclude; 1) <1% of streamswere acidic dueto mine
drainage, 2) <4% wereacidic dueto acid deposition, 3) 14%
wereimpacted by minedrainage, 4) 24% had poor riparian
habitat quality, and 5) 17% had poor in-stream habitat quality.
Applying the EMAP datafor the purposes of ReVA requires
identifying which of the stream mileswith poor riparian habitat
andin-stream habitat quality wererelated to mining activity.
Thisisaccomplished by overlaying the EMAP sampling
locations on minesitesidentified using Thematic Mapper (TM)
satelliteimagery taken from 1989-1993 aswell asminesites
identified in other projectsand relating theriparian and in-
stream condition to the presence or absence of mines. A
framework isthen presented that demonstrates how to identify
factorspotentially interacting with mining including acid
deposition, issuesrelated to agricultural land use, and
hydrologic aterations. Thisframework isusedto developa
model that accountsfor theinteractions among theidentified
factors. Themodel isthen applied to projected | ocations of
future mining activity to serve asacase study for ReVA.

ASSESSING FISH TISSUE CONTAMINATION ON A
REGIONAL SCALE

JamesM. Lazorchak!,Frank H. M cCormick?, AlanT. Herlihy?
TaaR. Henry?®, Steven P. Bradbury?®, and Roger B. Yeardley, Jr.*
tUSEnvironmental Protection Agency, Cincinnati,
OH+USA
2Oregon State University, c/o US Environmental Protection
Agency, Corvallis, OR« USA
3USEnvironmental Protection Agency, Duluth, MN « USA
4SoBran, Inc. Environmental, ¢/o US Environmental
Protection Agency, Cincinnati, OH « USA

The selection of target fish speciesfor assessing the extent of
fish tissue contaminantsisacritical considerationinregional
stream surveys such as the Environmental Monitoring and
Assessment Program (EMAP). Theidea specieswould be
widely distributed and common, bioaccumulate chemicals of
concern and be consumed by piscivorouswildlife. Infirst-to
third- order streams, small, short-lived foragefish [minnows (F.
Cyprinidag), darters (F. Percidae), and sculpins (F. Cottidag)]
aremorewidely distributed and found in greater numbersthan
specieswhose adultsgrow to large size[suckers (F.
Catostomidae), trout (F. Salmonidae), bass and sunfish (F.
Centrarchidae) and carp (F. Cyprinidag)]. Thesmall foragefish
arelessmobile, often occur inlarger numbers, and generally
have smaller home ranges than the bigger fish. Thus, small
foragefish usually provide asufficient samplefor chemical
analysisand may represent an approximation of the “site
average” of accumulated tissue contaminants. Analysisof fish
collectionsfromthe 1993-94 Mid-Atlantic Highlands A ssess-
ment (MAHA) showed that small forage fish weremorewidely
distributed than larger species. Regional assessments of fish
tissue contaminantswere made for Chlordane, DDT & Metabo-
lites(DDT), Dieldrin, Endrin, Hexachlorobenzene, Mercury, and
Polychlorinated Biphenyls (PCBs). Using the percent of
stream milesexceeding thewildlife effectsthresholdsasabasis

for comparison, regional assessmentsbased on small, forage
fishwerenot significantly different fromregional assess-
mentsusing largefish. Small, short-lived fishmay, therefore,
be an excellent choice astarget speciesfor conducting
Regiona fishtissuestudiesand wildlife problem formula-
tions.

KURSK REGIONAL AUTOMATED SYSTEM ON LAND
AGRO-ECOLOGICAL ASSESSMENT

Ivan!.Vasenev
Russian Institute of Agronomy and Soil Erosion Control,
Kursk s RUSSIA

The possibilities of Kursk region sustainable devel opment
arecrucialy limited now dueto strong spatial varying and
temporary transforming the agronomy economical and
ecological environment here. Specialized automated land
evaluation systemsare growing inimportancefor identifying
critical ecological problemsand for determining rational
versions of land-use taking into attention not only current
money benefit but morelong-term ecol ogical consequences.
The developing Kursk regional Automated Systemon Land
AgroEcol ogical Assessment (ASLAEA) estimates soil-cover
quality by calculating individual partial phase variables,
pooling parameters of functional diagnostic groups, and
integrating indices in homogeneous and heterogeneous
plots. Thevarying combination of main soil characteristics
and qualities can be taken into account for assessment soil
fertility, variability, workability and trafficability, phyto-
sanitary state, contamination level and land ecological
buffering capacity. Particular eval uations have been deter-
mined fromthelogistic or model equations, which arevalid
intherangefrom critical to optimum values of parameters.
Thereference of every parameter for logistic equation lists:
optimum and critical valuesof parameter, itsinfluenceindex
and degradation crisisrate. In ageneral way, they are
specific features of main regional -genetic soil types/
subtypes (Russian taxonomy groups) and landscapes. The
possibilities of ASLAEA have been successfully used for the
analysisof soil cover agroecological problemsin case of
farmfieldsindifferent districtsof Kursk regionand of
polluted garden and kitchen garden landsin Kursk City. Now
ASLAEAisconnected with regional soil-ecological GIS,
whichincludesgenera and soil-ecological informationfor all
main farmsin Kursk region. Special regional institutions
becameinterested initsuse askind of decision support
system. Acknowledgments: thisresearch was partially
supported by the Russian Foundation for Basic Researches
Grant 98-04-49059.

TECHNICAL SESSIONS

49



SNOISSES TVOINHO3IL

50

15-29

Managing a Multiply-Stressed L ake Ecosystem at Clear Lake, California:
A Holistic Ecosystem Approach

Chair: Tom Suchanek—Dept. of Wilflife, Fish, and Conservation Biology,
University of California, Davis, CA « USA

MANAGING A MULTIPLY-STRESSED ECOSY STEM AT
CLEAR LAKE, CALIFORNIA: A HOLISTIC ECOSY STEM
APPROACH

T.H. Suchanek?, P.J. Richersor?, D.C. Nelsor?,
D.W.Andersont, J.J. Cech, Jr.t, G. Schladowt, R. Zierenberg?,
JF.Mount®, D.G. Slottor?
Dept. of Wildlife, Fish, and Conservation Biology,
University of California, Davis, CA « USA
2Dept. of Environmental Science and Policy, University of
Cdlifornia, Davis, CA « USA
3Section of Microbiology, Division of Biological Sciences,
University of California, Davis, CA « USA
“Dept. of Civil and Environmental Engineering, University
of California, Davis, CA « USA
SDent. of Geology, University of California, Davis,
CA+*USA

Multiple management objectivesare especially challengingin
asystem subjected to numerous ecological stresses. Clear
Lake(California) isan ancient, shallow, highly productive
lakewith rich habitatsfor migrating waterfowl and fish-eating
birdsand mammals. Local residents al so useits abundant
resourcesfor recreation, water supply and active sport and
commercial fisheries. Y etit a'so hasawell documented
history of anthropogenic stresses. It haslost over 85% of its
wetlands (resulting in hyper-eutrophication and abundant
noxious cyanobacterial blooms), ishighly contaminated with
mercury (and other contaminants), wasthefirst siteto
identify the del eterious effects of large concentrations of
organochlorine pesticides on bird popul ations (popul arized
in Rachel Carson’s Silent Spring), has had 65% of itsnative
fish faunareplaced by alien speciesand isthelocation of a
USEPA Superfund hazardous waste site. As such, it repre-
sentsan excellent laboratory ecosystem to study the effects
of multiple stressesand their management. Ultimately, our
ability to understand and manage ecosystemswill benefit
greatly from studiesof systemslike Clear Lake.

MICROBIAL PROCESSES AND METHYLATION OF
MERCURY IN SEDIMENTS OF CLEAR LAKE, CA

E.E. Mack?, T.H. Suchanek?, P.J. Richersor?, E.J. Flemming?,
JR. Flanders*4, L. B. Webber?#, S. M cHattor?, and
D.C. Nelson?,
1Section of Microbiology, Division of Biological Sciences,
University of California, Davis, CA « USA
2Department of Wildlife, Fish and Conservation Biology,
University of California, Davis, CA « USA
*Department of Environmental Scienceand Policy,
University of California, Davis, CA « USA
4Clear Lake Environmental Research Center, University of
Cdlifornia, Lakeport, CA « USA

Dueto historical contamination with inorganic mercury (Hg)
fromapoint source (Sulphur Bank Mercury Mine), the
sedimentsof Clear Lake, CA, show atremendousrangein
concentrations of total mercury (totHg). Microbially mediated
processesresponsiblefor transformation of Hg(l1) ionsinto
methylmercury (meHg) — theform amplified by food chains—
were studied acrossthisHg gradient. Relativeto most
freshwater lakes, Clear Lakeiseutrophic and hasan active
sulfur cycle. Thesefactsfocused our initial attention on
anoxic sediment processes, especially those of sulfate-
reducing bacteria, which have been implicated by others asthe
principal methylators of Hgin estuarine sediments. Over the
course of afull year, sedimentsfrom sampling sitesthroughout
Clear Lakewererepeatedly analyzed for sulfatereduction rates
and rates of Hg methylation potential. I1n spite of frequent
positive correlations observed between these two processes
over timefor most sites, specific inhibitor dataindicated that
sulfate-reducerswereresponsiblefor lessthan 40% of the
methylation potential. Although methylation potential could
sometimes be observed for unsupplemented sediments, the
process was strongly stimulated by added divalent Hg and
was much less sensitive to the totHg content of sediments.

I ntact sediment coresfrom throughout the lake wereincubated
to observerates of meHg efflux under conditions mimicking
thosein situ. The sediment having the most active efflux was
characterized by high organic content and porewater with both
the lowest pH and highest concentration of sulfate observed.
It appearsthat the eutrophic nature of Clear Lakeinteracts
synergistically with prevailing currentsand impactsfrom the
Sulphur Bank Mineto amplify meHg production at thissite.



TRANS-GILL AND DIETARY UPTAKE OF METHYL
MERCURY BY THE SACRAMENTO BLACKHSH,
A PLANTIVOROUS FRESH WATER FISH

J.J. Cech, Jr.}, M.H. Choi? and A.G. Houck!
Dept. of Wildlife, Fish, and Conservation Biology,
University of California, Davis, CA « USA
2Nalco Chemica Company, Naperville, IL « USA

The Clear Lake (California) ecosystem has been subjected to
multiple stresses, including the mercury loading problem
associated with the Sulphur Bank Mine, a USEPA Superfund
site. Theconsumption of commercially harvested Sacramento
blackfish (Orthodon micr ol epidotus), aplanktivorouscyprinid
nativeto Clear Lake, providesaroute of potential methylmer-
cury (MeHg) exposureto humans. We exposed the gillsof
adult Sacramento blackfish to Me?**Hg at aClear Lake MeHg
concentration (1.4 ng/L) using aM cKim-typefish respirometer.
Mean (£SE) Me**Hg extraction efficiency, uptakerate, and
uptakerate constant were 35.7 + 3.5%, 9.2+ 1.6 ng/h/kg, and 7.7
+ 1.5L/h/kg, respectively. Dissolved organic carbon additions
decreased MeHg extraction efficienciesand uptakerate
constantsby 78% and 73% (2 mg C/L) or 85% and 82% (5 mg C/
L), respectively. Becauserespiratory variablesremained
unchanged, DOC-linked decreasesin Me?®*Hg uptake arguefor
strong interactions between DOC and Me**Hg. Methyl**Hg
levelsinfishgills, kidney, and spleen from 2 and 5mg C/L
treatmentswere significantly lower than control values. In
addition, wefed juvenile blackfish dietsincorporating four
levelsof MeHg to measure dietary uptakerates. Ongoing
determinations of their Hg body burdens and food consump-
tionrateswill allow comparisonsof MeHg dietary uptakerates
with the trans-gill uptake rates. Multiple uptake pathways
should be considered in ecosystem-level Hg transport and fate
models. Research was supported by the UC Ecotoxicology
Program, aUSEPA RARE grant, and the UC Davis Center for
Ecological Health Research.

CONTAMINANTS IN CLEAR LAKE GREBES AND OSPREY:
PAST AND PRESENT TRENDS OF MERCURY AND
ORGANOCHLORINES

D.W.Anderson!, R.L. Garrett?, T.M. Cahill*, T.H. Suchanel?, and
R.A. Elbert!
1Dept. of Wildlife, Fish, and Conservation Biology,
University of California, Davis, CA « USA
2Dept. of Environmental Science and Policy, University of
Cdlifornia, Davis, CA « USA

In 1956, Hunt and Bischoff reported high level s of contamina-
tionin western grebes by p,p’-DDD, an insecticide used then to
control the Clear Lakegnat. Their study wasone of thefirst to
document the phenomenon of bioaccumulation of organochlo-
rinesinwildlife; and it helped initiate aworldwide effort to
document and eliminate negative ecol ogical impactsfrom
insecticidesand other potential contaminants. Mercury levels
at in the lake are a so suspected to have been elevated at that
time, but no previous studies had documented this. Other
researchersat Clear Lakein the 1960s documented severe

population declinesin Clear L ake grebes, mostly associated
with the uses of DDD, but also possibly associated with a
closely related insecticide used on the watersheds of Clear
Lake, p,p’-DDT. Our research beganin 1991 with agoal of
updating the Clear Lake grebe and osprey status, to docu-
ment and update contaminant residues found in present-day
Clear Lake populations, and to morefully document and
explainthelevelsand effects of mercury, both today andin
thepast. Our early work with western (Aechmophorus
occidentalis) and Clark’s grebes (A. clarkii) has shown that
they still suffer some eggshell thinning (related to the
persistenceof theDDT metabolite, DDE) and their mercury
residues are bel ow (but approaching) levelswhere sublethal
effectswould be predicted from laboratory and field studies.
Y et, mercury residuestoday arelower (by about 1/3) of what
they wereinthe 1960s. Residuesof DDD are present today at
2-3 ordersof magnitudelessin both fish and grebescom-
pared to what they were in the 1960s. We have found that
occasional, severe disturbance by boats has limited repro-
ductive output in Clear Lake grebesin several seasons (1994,
1995, and 1997) but when this has been minimized, grebe
production has approached normal levels (compared to
referencesitesat Tulelake and Eagle Lakein northern
California). Osprey, although mostly gonefrom Clear Lake
during the days of intensive organochlorine use, have
recently increased at Clear Lakeand are currently reproduc-
ing normally. Osprey still have elevated mercury levels
compared to other reference areas (northern California, |daho,
and Bgja California), but apparently these are not high
enough at Clear Laketo affect their populations. Overall,
conditionsat Clear Lakefor osprey, grebes, and most other
speciesof birdlife haveimproved sincethe 1960s. Because
thisisahigh-use/multiple-use area, careful management to
avoid disturbancesto sensitive wildlife at sensitive stages,
continued work to understand and remediate various sources
of pollution, and adequate habitat protection and enhance-
ment should be continued.

MERCURY BIOACCUMULATION IN THE CACHE CREEK
WATERSHED AND DOWNSTREAM, IN RELATION TO
ABANDONED MINES AND CLEAR LAKE OUTH.OW

D.G. Slottonand SM. Ayers
Dept. of Environmental Science and Policy, University of
California, Davis, CA* USA

We have utilized native benthic macroinvertebrates and
fishesasindicatorsof biologically available mercury
throughout the upper Cache Creek watershed and down-
stream. Inthispresentation, wewill discussprevailing trends
in relative mercury bioaccumulation and transport to the
downstream Sacramento-San Joaquin Deltaand San Fran-
cisco Bay, inrelation to historic mining sourcesand Clear
Lakeoutflows. Biotic mercury waslow in most of the Clear
Laketributariesand in other Cache Creek tributariesthat did
not contain historic mercury mining activity. However,
dramatic spike concentrations of mercury were presentin
aquatic biotanear abandoned mercury mines. Every signifi-
cantly elevated set of data was associated with a known
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mercury mine source or astream that drained amercury
mining zone. Samplesfromthemain stem of Cache Creek
were elevated well above background levels throughout the
stretch between Clear Lake and the Delta. A seasond
pattern was indicated, with abandoned mines supplying
large volumes of mercury to downstream during winter
floods but with Clear Lake outflows dominating mercury
bioaccumulation within the creek itself throughout the
spring-fall season of primary biological activity and growth.

15-30

FOUR DECADESOF ENVIRONMENTAL CHANGE INTHE
LAKE TAHOE BASIN: LESSONSFOR MANAGING ECO-
SYSTEM HEALTH

C.R.Gddman
Dept. of Environmental Scienceand Policy,
and Center for Ecological Health Research,
University of California, Davis, CA « USA

At Lake Tahoein the SierraNevadamountains of North
America, it has been necessary to consider the health of the
lakeinthe context of the entirewatershed. Thisincludes,
contributing tributaries aswell as atmospheric and ground-
water effects. The continuousrecord of primary productivity
indicates asteady 5.0% annual increase since 1959 with
significant interannual variability related to the annual depth
of mixing. Periodsof colder temperatures occur about every
fourth year and are characterized by complete mixingtothe
bottom and higher productivity. Since 1959 the average
transparency has decreased at about 0.25 meters per year,
with temporary improvement during years of incomplete
mixing. Duringthisperiod, thelake haschanged froma
western-North American, nitrogen-limited system to onethat
is highly phosphorus-sensitive. The changeislargely
attributed to atmospheric nitrogen loading from within and
outside the basin. Tahoe has a so undergone extreme
biological perturbation through theintroduction of exotic
species, including most recently Eurasian watermilfoil, and
Mysisrelicta, the opossum shrimp, which haseliminated the
once-abundant cladoceran population. The host of environ-
mental stresses on aquatic ecosystems worldwide, and so
evident at Lake Tahoe, has necessitated amorerapid
conversion of basic limnological studiesinto management
decisions. So much damage has already been done that
restoration-oriented researchisof increasingimportance. A
multidisciplinary approach isessential for developing
effective water management strategies. The prospect of
global climate change has underscored theimportance of
collection and careful analysisof long-term data.

Results suggest that much of thelarge bulk load of mercury
transported by Cache Creek may berelatively inert biologically.
However, abandoned mercury minesand Clear Lakeareclearly
sources of afraction of mercury that ishighly bioavailable.
Ongoing and future research (to be discussed) seeksto
identify those mercury sourcefractionswhich may be dispro-
portionately important to mercury methylation and subsequent
movement into the food chai n—throughout the region and
downstream.

Moving Beyond the Conflict at Lake Tahoe

Chair:Dennis Rolston—-Dept. of Land, Air, and Water Resour ces, Univer sity of
California, Davis, CA « USA

THE ROLE OF SCIENTIFIC RESEARCH AND MONITORING
IN WATERSHED MANAGEMENT STRATEGY

J.E. Reuter, A.D. Jassby, C.R. Goldman, and A.C. Heyvaert
Tahoe Research Group, Center for Ecological Health
Research, University of California, Davis, CA « USA

L ake and watershed management are linked through hydrologic
inputs of nutrients and sediments to downstream waterbodies.
Management efforts require cooperation between varied part-
ners, and the importance of a sound, science-based knowledge of
ecosystem dynamics and environmental responseiscritical when
designing and eval uating restoration strategies. Central to
watershed management is acomprehensive understanding of (1)
hydrologic, atmospheric and ecological processesand their
interactions, (2) real-time assessment of environmental condi-
tions, (3) response to anthropogenic and natural disturbance,
and the ability to (4) predict environmental improvement based
on various management strategies. Investigations by University
of California-Davisscientistsat Lake Tahoe, alarge and deep
oligotrophiclakeinthewestern United States, underscoresthe
important contribution of long-term monitoring and process-
oriented research in effortsto balance environmental protection
and economic sustainability. Scientificfindingsat bothlakes
have provided theinformation needed to implement avariety of
major policy decisions. For example, arecently completed
loading budget for phosphorus indicated that of the total annual
46 metric tons of phosphorus entering thelake during atypical
year, 27% came from atmospheric deposition to thelake surface,
29% was associ ated with stream flow, and the largest contribu-
tion camefrom urban areaswhich drain directly to thelake.
Groundwater inflow accounted for lessthan 10%. Restoration
should give priority to those areas which make the greatest
contribution to the nutrient loading budget. Other examples
discussed include, streambank erosion, BM P effectiveness, and
water clarity modeling.



A PALEOLIMNOLOGICAL RECONSTRUCTION OF
BASELINE CONDITIONS AND ECOSY STEM RESPONSE
TO ANTHROPOGENIC DISTURBANCE IN THE TAHOE
BASIN

A.C.Heyvaert, JE. Reuter, and C.R. Goldman
Tahoe Research Group, Center for Ecological Health
Research, University of California, Davis, CA « USA

Ultra-oligotrophic Lake Tahoeisone of thelargest, deepest,
and clearest subalpine lakesin theworld. Unfortunately, both
atmospheric pollution and urban development currently
threaten the pristine quality of this unique environmental
resource. Whileroutine monitoring of water quality character-
isticsin thislake has continued for over 30 years, these data
can not addresstheimpact from historical perturbations, such
asclear-cut logging of virgin timber inthelate 1800s.

Pal eolimnol ogical techniques, on the other hand, providea
scientific basisfor assessing the pre-disturbance baseline
conditions and for understanding system response to histori-
cal disturbances. In Lake Tahoe the sediment chronologies
reconstructed from event related markers, 14C dates, and 210Pb
dating indicate that logging era sedimentation ratesincreased
approximately seven to twelvefold over pre-disturbancerates.
During the period of recent urbanization, by contrast, sedimen-
tation rates appear to have been about four times higher than
during the pre-disturbance period. During the interval between
these two disturbance events, mass sedimentation rates were
substantially lower, which indicatesthat watershed erosion
decreased rapidly after clear-cut logging ended. Sincediatoms
dominate the composition of Lake Tahoe phytoplankton,
biogenic silicawas used asan indicator of historical primary
production. The sediment concentrations of biogenicsilica
decreased at onset of both disturbance events, presumably
fromdilution with terrigenous material, asindicated by
increasing concentrations of titanium. Theflux of biogenic
silica, however, actually increased with mass sedimentation
rates, indicating that primary production responded to en-
hanced nutrient input from watershed disturbance. Notably,
during the intervening period of watershed recovery and
second growth forest, concentrations of biogenic silica
decreased and the reconstructed rates of primary production
are only dlightly greater than baseline rates. This suggests that
L ake Tahoe responds at a decadal scaleto reductionsin
nutrient input, despiteitslong hydraulic retention of about 650
years.

THE STATE OF AIR QUALITY AND MODELING AND ITS
ROLE IN ECOSYSTEM MANAGEMENT AT LAKE TAHOE

S.S. Cliff and T.A. Cahill
DELTA Research Group, Dept. of Land, Air, and Water
Resources, University of California, Davis, CA « USA

LakeTahoeisalargefresh water lake at an elevation of 1,898
meters on the border between the states of Californiaand
Nevadain North America. The unique, cold, deep lake and
surrounding areaisin aair basin defined by high mountains
withadramatic vertical relief. The close proximity of thebasin
to upwind urban areas and the widespread availability of
recreational opportunitiesboth provide asource of transported

air pollution and bring ahigh concentration of visitorsto the
basin. Due to the topography and location, the Lake Tahoe
air basin hasthree major meteorol ogical regimes, the summer
daytimewesterly winds, the summer nighttimeinversion and
apersistent wintertime stagnant inversion. These meteoro-
logical regimestransport and then trap pollutants near the
lake surface. Recent measurementsof Lake Tahoeindicatea
lossof lakeclarity whichissignificantly coupledto an
atmospheric source of both nutrientsand fine particles. Due
to the uniqueness of the Lake Tahoe basin, an air quality
model specific to thisregion was devel oped as part of the

L ake Tahoe Watershed Assessment program. The Lake
TahoeAirshed Model (LTAM) isaheuristic eulerian model
designed to provide predictive capabilitiesfor management
of thebasin. Pollution sourcesincluding automobilesand
forest fires (both wildfiresand prescribed fires) areinput into
the model, and transport and deposition acrossthe basin are
predicted. A description of andresults from the model for
specific scenarioswill be presented. Furthermore, recent
atmospheric measurementsin the basin during local pollu-
tion events and their potential connection to degraded |ake
clarity will bediscussed.

AN ASSESSMENT OF FOREST CONDITIONS IN THE
LAKE TAHOE BASIN

D.M. Rizzo',M.G. Barbour?, JA. Fites-Kaufmann®,

P.E. Maloney*, and E. Kelley*
1 Dept. of Plant Pathology, University of California,
Davis, CA « USA
2 Dept. of Environmental Horticulture, University of
Cdlifornia, Davis, CA « USA
3 USDA Forest Service, Nevada City, CA « USA
4 Dept. of Environmental Scienceand Policy, University
of Cadlifornia, Davis, CA « USA

Fireexclusion and extensivelogging have modified forest
species composition and structure of lower montane forest
ecosystemsin the Lake Tahoe Basin over the past 150 years.
Old-growth conifer forest in the basin hasdeclined from 55%
to 4% of the entire forested area, and both understory and
overstory treedensitieshaveincreased dramatically
throughout basin forests. In association with arecent
drought, highly visiblelevelsof tree mortality inthe Lake
Tahoebasin began inthe mid-1980s and by the early 1990s
mortality was estimated to have reached 300 million board
feet over 50,000 ha. Based on our 1997 and 1998 ground
surveys, overall cumulativetree mortality inthelower
montane zonerangesfrom 6 % to 41 % in 31 sampled stands
with mean mortality of 22 % for both | ate-seral/old growth
and seral stands. While much of thistree mortality can be
indirectly attributed to short-term effects of drought and
long-term effectsof fire suppression and logging, epidemic
levelsof several bark beetle specieswerethe most important
proximal causes of tree death. A number of native pathogens
(e.g., dwarf mistletoe, root diseases) have also contributed to
treemortality. Additional threatstotreehealthinthe Lake
Tahoe Basin include air pollution, introduced pathogens
(e.g., white pineblister rust), and the potential for cata-
strophic fire dueto the presence of increased fuel loads.
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Restoration of basin forests could potentially focuson stand
thinning and prescribed fire; however, thelong-term impacts
of thesetreatmentsare not explicitly known.

PAST HUMAN LAND USE AND ENVIRONMENTAL
CONDITIONS IN THE LAKE TAHOE BASIN

Susan Lindstrom
Consulting Archaeologist, Truckee, CA « USA

Pal eoenvironmental, archaeol ogical, ethnographic and

hi stori c documentation are applied to ecosystems manage-
ment by setting a baseline of reference conditionsto
determine (1) how present conditionsdiffer from past
conditions, (2) thereasonsfor that difference, and (3) what
sustai nable conditions may be possiblefor thefuture.
Human beings have been a component of the Lake Tahoe
Basin ecosystem for at |east 8000 years. At Tahoe, human
land disturbanceswereinitiated by milleniaof low-intensity

1S-31

land management by the Washoe Indians and their prehistoric
predecessors. Withinacentury’ stime, indigenous practices
were replaced by profound resource expl oitation by incoming
Euro-american populations that logged, grazed and devel oped
the land. Within the last few decades, agency regulation has
struggled to control expl osive community growth induced by
millions of touristswho visit theLake TahoeBasineachyear. To
provide context to contemporary land management attemptsto
restore the L ake Tahoeecosystem, historic human disturbances
inthe Lake Tahoe Basin are briefly surveyed. Toillustrate how
these data sets are used as independent and corroborative tools
to achieve anexus between historic conditions and contempo-
rary research/monitoring/adaptive management, select examples
of applicationsof these datasetsare presented. Whileitis
acknowledged that theincorporation of historical dataintotruly
multi-disciplinary environmental planning effortstreadsuntested
ground, in the context of ecosystem management in the Lake
Tahoe Basin, these lines of inquiry reveal the considerabl e extent
towhich cultural and environmental history caneffectively
guidefuture management.

Indicators of Ecosystem Health: Development, Selection, and Use

Chairs: William S. Fisher—US Environmental Protection Agency, National Health and

Environmental EffectsResear ch Laboratory, Gulf Ecology Division, Gulf Breeze,

FL « USA

Ralph G. Stahl, Jr —-DuPont Cor poration, Wilmington, DE « USA

THE DEVELOPMENT AND USE OF ECOHEALTH
INDICATORS TO MEASURE PROGRESS UNDER THE
GREAT LAKES QUALITY AGREEMENT

Harvey Shear
Environment Canada-Ontario Region,
Toronto, Ontario « CANADA

Since 1972, Canadaand the United States have been working
torestorethebiological, chemical and physical integrity of
thewaters of the Great L akes Basin ecosystem. How does
one measure and report on the successes and failures of
such an undertaking? The Great L akes Water Qudity
Agreement (1987) callsfor the devel opment of ecosystem
health indicators. The governments have been working since
thelate 1980sonindicators, but aconcerted effort, through
the State of the Lakes Ecosystem Conferences and through
L akewide Management Plans, has produced a candidatelist
of 92 indicatorsthat are being circulated for comment. Itis
expected that over the next 5-10 years, asuite of indicators
will be adopted that will allow an assessment of the state of
the Great L akes Basin ecosystem, and smaller geographic
unitsto be made. This paper presents some of the concepts,
process and candidate indicators being devel oped.

ENVIRONMENTAL INDICATORS FOR MONITORING
ECOSYSTEM HEALTH

ClarenceL. Turner and Keith Wendt
Minnesota Dept. of Natural Resources, St. Paul, MN « USA

Thegoal of Minnesota’ sEnvironmental IndicatorsInitiative
(EIl) inMinnesotaisto provideintegrated, ecosystem-based
information on thestate of the environment, using acompre-
hensive set of science-based, environmental indicatorsina
long-term monitoring program. The audiencefor environmental
information includes decision makersat al levels of organiza
tion, from statewide policy makersand environmental regula-
torstolocal conservation districtsand citizens. Inresponseto
thisdiversity of information needs, the Ell devel oped concep-
tual models (of human-environment interactionsand of
ecosystem integrity) to facilitatethe devel opment of menus of
appropriateindicators. ElIl modelsareconsistent with those of
the Organization for Economic Cooperation and Devel opment
and Environment Canada and are designed to help educate
indicator users about ecosystems and help ensure that
indicators addresstheir information needs. Themodel of
human-environment interactionsorganizes environmental
information into categories of human activities, environmental
condition, theflow of benefits, and societal strategiesfor
sustaining healthy environments. Thisframework allows
citizens and resource professional sto articulateand prioritize
environmental management goal's (the ecosystem goods and
services that they wish to sustain) and specify the environ-
mental conditionsthat are necessary tosustain the flow of



those benefits. It isthen possible to identify what human
activitiesareresponsiblefor altering those environmental
conditions and to devel op effective strategies that address
problems. Useof theframework avoids many of the pitfalls
associated with publicdiscussions of complex environmental
issues. Themodel of ecosystemintegrity servesprimarily asa
checklist to ensure that any comprehensiveset of indicatorswill
allow assessment of an ecosystem asawhole. Ecosystem
integrity ischaracteristic of ecosystemsin which biological
productivity, diversity, nutrient cycling, and natural disturbance
regimesvary within natural ranges. One example of the suc-
cessful use of Ell modelsresulted in adetailed description of the
factorsinfluencing environmental conditionswithinaMinne-
sotawatershed and the selection of indicatorsfor surfacewaters
to be used in acomprehensive monitoring program.

DEVELOPMENT OF REGIONAL INDICATORS OF SALMON
HABITAT IN THE PACIFIC NORTHWEST

Paul Burnet
Oregon Dept. of Environmenta Quality, Portland, OR« USA

Environmental agenciesfrom 4 US states, one Canadian prov-
ince and thefederal governmentsof both countries collaborated
inavoluntary effort toidentify effectiveindicators associated
with sailmonid fish habitat. Thedirectorsof the 7 participating
agencies charged ateam to develop, if possible, regional
indicatorsrelated to issues for which the agencies had responsi-
bility. Theindicator team selected a set of indicatorsusing a
collaborative input and review process that involved both
scientists and policy makers. Theeffort resultedina*“small but
powerful” set of salmon habitat indicatorsfor voluntary use by
agencies. The dozen-plusindicatorsaddresswater quality,
water quantity, land use/land cover, and stream habitat. Some
indicatorsare currently operational, while othersrequirefurther
development or generation of additional data. Stream habitat
indicatorsarereceiving further evaluation for potential useasan
index.

WETLANDS RESTORATION: COMPREHENSIVE MANAGE-
MENT FOR ESTUARINE ECOSY STEM HEALTH

DaveL udwig!, John Balletto?, and John Ted®
!Exponent, Landover, MD « USA
’PSE& G, Trenton, NJ USA
3Tedl Ltd., Rochester, MA « USA

Wetlandsrestorationiscommonly undertaken for focused
management objectives, usually direct mitigation for unavoid-
able wetland losses. However, the science has progressed
substantialy in recent years, and wetlands restoration now
offerstool sto meet more comprehensive environmental manage-
ment goals. Becausetida wetlandsareintegral to healthy
estuarine and coastal environments, restoration activitiescan
contribute substantially to the ecological value of these crucial
areas. Inthe Delaware Estuary, alarge-scalewetland restoration

programwasimplemented. A key objective of thisprogram
was to enhance production of estuarine and coastal fish and
shellfish species. Insuccessfully meeting thisobjective, the
overall health of the estuary, including habitat for birds and
wildlife, coastal stability, and landscape functionswere
greatly improved. Thishas substantially increased ecologi-
cal value of the estuary as awhole, and contributed to
improved human use values, including recreation, education
and research. This paper presentsthe scientific and regula-
tory foundation of the restoration program, documents
successin meeting the main objective of enhanced fish and
shellfish production, and illustratesthe powerful contribu-
tions of therestored areasto the overall health of the estuary
and adjacent coastal ecosystems.

EPA OFFICE OF RESEARCH AND DEVELOPMENT:
GUIDELINES FOR TECHNICAL EVALUATION OF
ECOLOGICAL INDICATORS

William S. Fisher?, LauraE. Jacksor?, and JanisC. Kurtz
USEnvironmental Protection Agency,
National Health and Environmental Effects Research
Laboratory, Gulf Ecology Division, Gulf Breeze, FL « USA
2USEnvironmental Protection Agency,
Research Triangle Park, NC« USA

EPA’ sOffice of Research and Devel opment (ORD) has
prepared fifteen technical guidelinesto evaluate the suitabil -
ity of an ecological indicator inamonitoring program. The
guidelineswerefashioned to provide aconsistent framework
for indicator review andto providedirection for research on
indicator development. They are proposed for usein
characterizing the strengths and weaknesses of indicators
within the context of their intended application and may be
used to compare different indicators proposed for asimilar
purpose. The guidelines are not intended to serve as
‘indicator criteria’ sincedifferent programsvary intheir
objectivesand may bewillingto overlook somedeficiencies
in order to capture acritical strength. Thefifteen guidelines
areorganized within four eval uation phases, originally
described for indicator development in the Environmental
Monitoring and Assessment Program (EMAP) (1) concep-
tual relevance, (2) feasibility of implementation, (3) response
variability, and (4) interpretation and utility. Inadditionto
the fifteen guidelines, theEval uation Guidelines document
includes examples of threedifferent EMAPindicators
presented to demonstrate the types of information relevant
to each guideline. Theexamplesincludeadirect chemical
measurement (dissolved oxygen), an estuarine benthic
community index and afish community index of biotic

integrity.
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Addressing Threatsto the Health of Coastal and Near-Coastal Ecosystems
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Chair: Jim Giattina—Gulf of M exico Program Office, National Aeronauticsand Space
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HYPOXIA IN THE GULF OF MEXICO:
THE CHALLENGE BEFORE US

J.D. Giattina, L.R. Tervelt, F. Kopfler, G. Meer, and

H. Boone
Gulf of Mexico Program Office, Nationa Aeronauticsand
Space Administration, Stennis Space Center, MSe« USA

Although Progress has been made, eutrophication of
freshwater, estuarine, and marine ecosystems continuesto
threaten the ecol ogical integrity, saf e use, and the economic
productivity of inland and coastal waters of the United
States. In some of these waters, conditions of hypoxiaand
anoxiamay develop. In contrast to many other marine
pollution problems, coastal eutrophication hasbeenin
ascendancy during the later half of the twentieth century.
Given growth and devel opment projectionsin many coastal
areas, additional stepswill be necessary to restore and
maintai n an acceptabl e nutrient balancein surface water
systems.

A LANDSCAPE ECOLOGY ASSESSMENT OF THE
TENSAS RIVER BASIN, MISSISSIPPI RIVER DELTA
REGION, GULF OF MEXICO

Danid T. Heggem, CurtisM. Edmonds, AnneC. Neale,
LeeBice, andK. Bruce Jones
Landscape Ecology Branch, Environmental Sciences
Division, National Exposure Research Laboratory,
USEnvironmental Protection Agency, LasVegas « USA

The Tensas River Basin isatarget watershed of several U.S.
Environmental Protection Agency environmental studies
including the Nonpoint Source Management Program and
the Gulf of MexicoProgram. The Nonpoint Source Manage-
ment Program hasidentified watershedsin L ouisianawhich
have been impaired by nonpoint pollution and where land
use practices contribute to these pollutant problems. This
program identified specifically what types of best manage-
ment practi ces need to beimplemented to improve environ-
mental conditions. Using the existing data and with the
cooperation of landowners, the Tensas River Basin offered a
unique opportunity to implement best management prac-
ticesthat could help reduce the concentration of sediment,
excess nutrients, or pesticides leaving theBasin. The
nutrientsleaving the Tensas River Basin, combined with
other Mississippi Valley watersheds, are of concerntothe
Gulf of Mexico Program because research has shown that
excess nutrients cause hypoxia (<2 mg/l oxygen) inthe
bottom waters of the Gulf of Mexico. Thiscondition
represents athreat to the coastal marine ecosystem and
fisheriesin thisregion of the Gulf. Thelandscapeanalysis
methods described in this presentation will show how to

use these methods to assess the impact of human land use
practicesthat are being implemented to improve environmental
quality. Inyearspast, the freshwater marshes, stream bank
areas, and bottomland swamps of the Tensas River Basin were
under strong development pressures. Large portionsof forest
near streams and in backwater swamp areas were converted to
agriculture. Thislossof forested areasinterfered withthe
interaction of forested wetlandswith soil and water that
removes pollution beforeit enters streams, lakes, and estuar-
ies. Wetland forests al so absorb peak flows during floods and
rel ease the water mored owly, reducing damageto downstream
farmsand cities. Preserving or restoring wetland forestshave
other economic benefits such as wetland-based recreation,
including hunting and harvesting wetland

plants. The people who live within the Tensas River Basin
realize that the vegetation along a stream and

in backswamp areas can influence the condition of both the
stream bank and thewater inthe stream. Restoration efforts
beganintheearly 1990s. A group of landscape ecological
indicators were applied to biophysical data cut to the Tensas
River Basin. Remotely sensed datawere used for change
detection assessment. With these methods, wewere ableto
look at land use practices over the past twenty yearsin the
Tensas River Basin of Louisiana. A simpleland useclassifica-
tion was applied to multispectral scanner (MSS) datafrom 1972
t01991. After analyses, potential forested wetland restoration
siteswereidentified and target areas of ecol ogical concern.

MONITORING MARINE ECOSY STEM HEALTH IN
CENTRAL CALIFORNIA

David A. Jessup?, MelissaChechowitz?, JonnaMazet?, Scott
Newman?, Flo Tseng®, Andrew DeV ogel aere?, Scott Bensorr,
Frances Gulland®
ICdliforniaDepartment of Fish and Game, MarineWildlife
Veterinary Care and Research Center, SantaCruz, CA « USA
2Wildlife Health Center, School of \kterinary Medicine,
University of California, Davis, CA « USA
3International Bird Rescue and Research Center,
Berkdley, CA « USA
“Monterey Bay National Marine Sanctuary, Monterey,
CA<USA
SMoss L anding Marine Laboratory, MassLanding, CA « USA
5TheMarineMammal Center, Marin Headlands-GGNRA,
Sausdlito, CA « USA

Nationwide resource agencies are attempting to move toward
the management of ecosystems and away from management of
individual species. In 1998 the CaliforniaDepartment of Fish
and Game (CDFG), an agency that traditionally has managed
the harvest of fish and shellfish resources, was charged by the
CdliforniaL egidature with managing marine resourceson an
ecosystem basis, and established anew Marine Region



headquartered in Monterey, CA. New CDFG programs, and
cooperative state, federal, university and private partnerships
aremaking it possibleto monitor the health of marine ecosys-
tems, and hopefully better manage these ecosystems. Marine
ecosystem healthisarelatively new andill defined concept. It
isgenerally agreed, however, that healthy ecosystemsare
those that : 1) do not have obvious environmental degradation,
frequent pollution events or serious anthropogenic effectsdue
to over harvest. 2) do not have a high frequency of new or
emerging diseases/intoxi cations with negativeimplicationsfor
human and wildlife health. 3) have stable, or at least not
declining, species abundance and diversity. 4) do not have
frequent dieoffsor similar stochastic events, particularly those
involving “indicator” or “keystone” species. We have recently
investigated five events that may have implications for the
health of California scentral coast marine ecosystems. These
were: In August of 1997, approximately 400 common murres
(Uriaaalge) werefound dead in arelatively confined area of
the Monterey Bay National Marine Sanctuary. They died
during a“redtide” event of apparent brevetoxicosis (paralytic
shellfish poisoning), asevidenced by compatiblelesionsand
specific staining of tissueswith antibrevetoxin immuno-
peroxidase reagents. These arethe first such cases on the
Pacific coast and in seabirds. Inretrospect similar dieoffsmay
have occurred several timesin thelast ten years. In October
and November of 1997 500 marinebirds, predominately western
grebes (Aechmophor us occidentalis), common loons ( Gavia
imer), and surf scoters (Melanitta perspicillata) stranded due
to acombination of physical fouling and acute stress dueto
fish oil exposure, bacteremia(Salmonellosis), and migration
related debilitation. No responsible party wassited for this
pollution event and about 50% of birds were eventually
released. Over athree month period inthewinter of 1997-98 a
significant percentage of the common murre population off
Cdlifornia scentral coast died astheresult of oil and tar
contamination. Over 500 livebirds, 94% of which werecommon
murres, and over 650 dead birdswererecovered. Although
therewas no point sourcefor the petroleum identified, it was
from outside Californiaand appearsto emanate from shipping
sources. Events of thistype have occurred repeatedly in
Californiaover thelast 5-10 years, and may have serious
population level effects. In May and June of 1998 seventy
Californiasealions(Zalophus californicus) and one Northern
fur seal (Callorhinusursinus) strandedin an areafrom San

L uisObispo to San Mateo Counties, 52 died. All had similar
neurologic signs and behaviora changesincluding lack of fear
and awareness of humans, ataxia, muscletremors,
opisthotonus, seizures and characteristic rubbing of the back
of thehead. A bloom of Pseudo-nitzschia australiswas

determined to be occurring along the Californiacoast at that
time and domoi ¢ acid was detected in serum, urine and feces
of sealionsaswell asin anchovies. The only previous
similar amnesic shellfish poisoning event occurred in 1990in
Monterey Bay and involved brown pelicans (Pelicanus
occidentalis) and cormorants ( Phalacrocorax spp) and
effected shellfish asfar north asthe state of Washington.
Since 1996 the southern seaotter (Enhydralutrisnereis)
population has steadily declined by at least 12%, apparently
dueprimarily toincreased mortality in prime age adult
animals. This decline preceded and has spanned both the El
Nino and LaNinaoceanic cycles. Approximately 40% of
mortalitiesare dueto infectious diseases and parasites. One
of theseis an apparently new and emerging disease, two
have human health implications and may be related to runoff
or non-point source pollution. Metallic and organohalene
contaminants and mal nutrition dueto preferred prey species
scarcity may also be factorsin this decline. Based on the
definitions given of health ecosystems, the described dieoffs
may indicate declining marine ecosystem health. Conversely
they may reflect improved diagnostic capabilities, better
cooperation and increased monitoring and interest in marine
animal mortality events. Or both of these may be occurring
simultaneously. Diagnosis of two of these diefoffswas
made possible by very new diagnostic technologies and two
eventswere detected in part by avolunteer beach monitor-
ing program within aportion the Monterey Bay National
Marine Sanctuary. Monitoring the health of marine ecosys-
temsisarelatively new concept. But, marinebirdsand
mammalsmay serve asmonitors of short, medium and longer
term disturbancesthat reflect changesin the health of marine
environments. Oil spillsand depletion of fisheriesare
obviously anthropogenic and usually result in short to
medium duration changes. Larger scale changesin prey
species, ocean nutrient or other cycles, whether dueto
chronic non-point source pollution, or global warming, may
cause changes of longer duration or periodic events such as
toxic algal blooms. Mortality eventsinvolving different
species at various trophic levels have been used asa
measure of the health of the Gulf of Mexico and Atlantic
Ocean. Asour programsfor monitoring mortalities continue,
we aretrying to move towards management practicesthat
could preserveandimprovethe health in California’ smost
sensitive marine ecosystems.

TECHNICAL SESSIONS
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TS 33 Measuring Forest Ecosystem and Natural Capital: National to Global

TOWARDSA P-S-R INDICATOR APPROACH FOR
FOREST ECOSY STEM HEALTH AND NATURAL
CAPITAL

BruceWilcox! and Shawn Smallwood'42
1Center for Conservation Research and Training,
Institute for Sustainable Development, San Francisco,
CA+USA
2Dept. of Environmental Studies, California State Univer-
sity, Sacramento, CA « USA

Indicators are essential to assessthe efficacy of environmen-
tal and natural resources management action and policies,
and more generally to evaluate progress toward sustain-
ability. The concept of ecosystem health, likethat of
sustainability, significantly challengesindicator development
asaresult of the transdisciplinary nature of the concept.
This paper discusses the concepts of health and sustain-
ability asthey pertainto forest ecosystems, and the chal -
lengesto their measurement. It providesabrief overview of
the existing approaches being used to develop indicatorsin
terms of both how scientifically meaningful and policy-
relevant they are. It addressesthe problem of geographic
scale(local to global), focusing in particular onindicator
approaches applicableto biodiversity at the regional
ecosystem level, incorporating ecosystem health and related
concepts, and using land-unit-based descriptors.

ECOLOGICAL INDICATORS OF SUSTAINABLE FOREST
MANAGEMENT: THE CANADIAN EXPERIENCE

HarryHirvonen
Canadian Forest Service, Natural Resources Canada,
Ottawa, ON « CANADA

In 1993, the Canadian Council of Forest Ministers (CCFM)
embarked on aninitiative to define measure and report on the
forest values Canadians want to sustain and enhance. This
initiative culminated in the development of six criteriaof
sustainableforest management. These criteriacomprise 22
elementsand 83 indicators. Of these, four criteriaare
‘ecological’ andthe other two social and economic. Analy-
ses are currently under way to assess the viability and
practicality of theseindicators. Should someindicatorsbe
deleted, improved or replaced by more appropriate ones.
Other issuesto emerge arerelated to scal e of application and
method of presentationto thepublic. Thefirst Criteriaand
Indicators report released in 1997 wasaclinical outlineof the
compl ete set of indicators. The ' sustainability’ component
was missing. The next CCFM report dueforreleasein 2000
discusses, for the six criteria, asmaller, moreviable setof
indicators with emphasis on applicability for sustainability.
This paperlooksspecifically at thefour ecological criteria
and associated elementsand indicatorsinthisexercise.

FOREST HEALTH MONITORING IN THE USA: WEST
COAST PERSPECTIVE

Sally Campbell
USDA Forest Service, Portland, OR « USA

Forest Health Monitoring (FHM) isacooperative, multi-agency
programinthe United States. The goalsof thisrelatively new
program areto monitor, assess, and report on thelong-term
status, changes, and trends in the health of the nation’s
forested ecosystems. FHM iscomprised of four inter-related
activities: detection, evaluation, intensive site ecosystem
monitoring, and research on monitoring techniques. The
detection activity coversall forested lands and has two
components. anetwork of permanent plots on which measure-
ments are made each year; and a survey component which
includesavariety of surveysto monitor effects by insects,
diseases, and other forest stressors. A set of forest health
indicatorsis measured on the permanent plotsincluding tree
crown condition; tree damage, growth, regeneration, and
mortality; ozoneinjury to bioindicator plants; soil condition;
plant diversity; and lichen communities. FHM indicatorswere
selected onthe basisof their ability to reflect societal values of
concern and to estimate condition of forest ecosystemsina
guantifiable and unambiguous way. Current challenges to the
FHM programincludeintegration of FHM datawith other data
sets, quality control, continuing development of new and
refinement of existingindicators, and timely reporting. Baseline
plot data has been collected in California, Oregon, and Wash-
ington; remeasurement datais currently being collected.
Permanent plotswill beinstalledin Hawaii thisfall andin
Alaskanext year (2000). Some highlightsof West Coast
monitoring include 1998 ozone damage monitoring; develop-
ment of alichen gradient model; lichen monitoring and analysis
on National Forestsin Oregon and Washington; evaluation of
several uniqueinsect and disease situations; implementing a
quality control program for aerial surveys, and acomparison of
FHM and other plot datasets (FIA) to characterize old growthiin
Cdifornia
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INTRODUCTION

A.F. McCalla World Bankd, Washington, DC ¢ USA

RELATIONSHIPBETWEEN ECOSY STEM HEALTH AND
ECONOMICDEVELOPMENT: RURALVISONTO
ACTION

J.R.Anderson
Rural Devel opment Dept.,World Bank, Washington,
DCeUSA

Theimportance of agricultural and rural development in broader
economic devel opment in theless-devel oped world haslong
been recognized in the World Bank and by its many partnersin
the devel opment effort, not the least being the governments of
the many countriesthat are still highly dependent on the
contributions made by their rural sectors. Over thenearly five
decades of active experiencein such work, much waslearned
about how to do (and in some cases not to do) effectiverural
development work. But even so, by the 1990s, therewas
growing recognition that all was not going aswell asit should
and could be. Severa ingtitutional changes (including some key
senior personnel changes) inthe Bank inthemid-1990sledtoa
major rethink of Rural Development. First, therewasareaffirma-
tion that poverty alleviation wasindeed the central objectivein
al Bank effort, an aspect that had not been necessarily afeature
of all project interventionsin the sector. The new Vision that
was articul ated also highlighted the necessity for ensuring that
what gains could be made in agricultural and rural growth
should be widely shared in the communities (including thosein
rural areasthemselves). Beyond just economic progress, the
traditional Bank concern for advancing greater food security at
all levels, from household, to national and thenceto global, was
not to beforgotten. But for the purpose of the present discus-
sion of ecosystem health and devel opment, it was the fourth leg
of the new rural Vision that joined these center-stage strategic
concerns, namely acommitment to foster sustainable natural
resource management, that is perhaps of greatest relevance.
The mechanisms adopted for putting thisVisioninto Action,
and the problems encountered and progress made thusfar, are
the substance of this paper

AGRICULTURAL BIODIVERSITY: A KEY ELEMENT OF
ECOSY STEM HEALTH AND SUSTAINABLE FOOD
SECURITY

Lori AnnThrupp
World Resources I ngtitute, Washington, DC ¢« USA

Agricultural biodiversity iscritical for food security throughout
theworld. How can the erosion of thisvaluable agrobio-
diversity be halted? And how can it effectively be conserved
and enhanced? This paper highlights key principles, policies,
and practices for the sustainable use, conservation and
enhancement of agrobiodiversity to assure sustained food

Challenges at the Agriculture Ecosystem Interfacein Developing Countries

Chair: Alex F. McCalla-World Bank, Washington, DC « USA

security. After clarifying the seriousthreatsfromtheworld-
widelossof agrobiodiversity, the speaker will present
practical guidelines and lessonsfor biodiversity management
in farming systems and in landscapes. Such strategies build
upon valuable local experiences and knowledge, and they
also take advantage of recent scientific findingsin agro-
ecology and ecosystem health. The presentation will stress
the need to adopt an agroecosystems approach, beyond a
focus on genetic resources alone—to implement such
methods asintegrated ecological pest and soil management.
Alsoneeded arereforms of conflicting agricultural policies
that promote monocultural industrial farming modelsand
uniform technology packages. Thisanaysis showsthe vital
connection between biodiversity and sustainable food
security.

EVOLVING OPPORTUNITIES TO INTEGRATE
MANAGEMENT OF AGRICULTURAL LANDSCAPES
AND ECOSYSTEM HEALTH: SUSTAINABILITY AS
OPPORTUNITY.

J.Dumanski?, S. Joffe? E. Terry!, and C. Pierit
'Rural Development Sector, World Bank, Washington,
DC+USA
2AzaleaCottage, Linton, Kent e UK

Theintimate connections between economic growth and
ecosystem health areno longer in dispute. Global popula-
tionsare now of such magnitudethat for thefirst timein
history how we manage the land can impact directly on the
ecological servicesthat support lifeon thisplanet. Agricul-
ture has historically been amajor contributor to environmen-
tal degradation, but under improved systems of land man-
agement, it could beamajor partner in the environmental
solution. Land management decisions by individual farmers
haveimplicationsfor many environmental goodsand
services, such asimpacting on habitatsfor faunaandflora,
on avariety of ecol ogical services, and onamenity or
aesthetic values. Many of the environmental benefits
associated with sustainabl e land management will accrue
locally and nationally, while othersare more clearly global, or
at least ‘ supra-national’ in scope, such asclimate regulation,
conservation of genetic resourceswith potential valuein
plant breeding or pharmaceutical s, international tourism, and
transboundary water-mediated effects. Improved local and
global ecosystem health will depend onthecollective
decisionsof millionsof individual farmersworld-wide.
However, farmersmake decisionsin the context of their loca
interests and the opportunities available to them. There
existsan innate conservation ethicin most of the agricultural
community, and this needsto be mobilized within an en-
abling policy environment that gives equal attention to
economic growth and maintenance of environmental quality.

TECHNICAL SESSIONS
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This, however, will not be achieved under business as usual,
but rather under improved systems of management which will
ensure moreflexibleand resilient farming systems, and
farmerswho are better attuned to capture opportunitiesas

1S-35

these become available. Thisnhew approachiscalled
“Sustainability as Opportunity”, and some principlesare
discussed in the paper.

Indicators of the Health of Marine Ecosystems

Chair: Robert Costanza—Director of the University of Maryland I nstitutefor

Ecological Economics, College Park, MD « USA

WATER QUALITY AND MICROFAUNA ALONG THE
EAST COAST OF INDIA

Y .N.K. Eswariand R Ramani Ba
Dept. of Zoology, Univ. Madras, Guindy Campus,
Chennai < INDIA

In the marine environment, plankters have long been
recognised asanimportant integral part of the marine
ecosystem. Whilethereisconsiderableinformation on
pollution effectson planktersin the coastal zone, no attempt
ismadeto study faunal biodiversity in the surface waters off
Chennai coast. A study of diversity of zooplankton commu-
nities during one annual cyclewas carried out in East Coast
of Chennai city. Maximum abundance (23,450 ind/m3) of
zooplankton community were captured during premonsoon
and minium (1,150 ind/m3) during monsoon seasons.Total
zooplanktonswere represented by 50 taxa and therotifers
represented by one and two species respectively. The
shannon-weiner diversity index (H’) of zooplankton showed
maximum (2.514) during summer season and minium (0.832)
during monsoon season. Thusthe availability of microphone
in the coastal waters mainly depend on seasonal influence
and the quality of the habitat.

ANTARCTIC WILDLIFE AS INDICATORS OF ECOSY S
TEM HEALTH

P.K.Yochem and B.S. Stewart
Hubbs-Sea World Research Institute, San Diego, CA
USA

The Antarctic Treaty, adopted in 1959, was designed to
address sovereignty issues, scientific research, and con-
cernsregarding military use of the Antarctic continent.
Partiesto the Treaty have since turned their attention to
protection of the environment, as evidenced most recently
by the 1991 Protocol on Environmental Protectiontothe
Antarctic Treaty (Madrid Protocol), which entered into force
inJanuary 1998. Activitiesareto be planned and conducted
so asto limit adverseimpacts on the Antarctic environment
and dependent and associated ecosystems, on weather
patterns and water quality, and on populations of fauna and
flora. The Protocol also callsfor assessment of impactsand
early detection of unforeseen eventsviamonitoring of
activities. Additional international agreementsand domestic

| egislation have established frameworksfor implementing the
Antarctic Treaty and the Madrid Protocol. Of specia concern
areintroductions of non-indigenousfloraand fauna, either
intentional (e.g., sledgedogs, ponies) or unintentional (e.g.,
microbial contamination viahuman sewage and garbage).
Heal th assessments and infectious disease and contaminant
surveys of penguins and seals are being used as a monitoring
tool for Antarctic ecosystem health. Serological evidencefor
exposure of Antarctic penguinsto the poultry disease IBDV
(infectiousbursal diseasevirus) and presence of antibiotic-
resistant bacteriain sewage outfallsfrom Antarctic stations
have caused concern among Treaty signatoriesand in 1998 a
workshop on diseases of Antarctic wildlife was convened to
devel op risk assessment, prevention, response, and monitoring
strategies.

A PHOENIX RISING: THE ENVIRONMENTAL MONITOR-
ING AND ASSESSMENT PROGRAM AND THE COASTAL
2000 NATIONAL SURVEY

J.Kevin Summers
USEnvironmental Protection Agency, National Health and
Environmental Effects Research Laboratory, Gulf Breeze,
FL « USA

The purpose of the Environmental Monitoring and Assessment
Program-Coastal Resourcesisto estimatethe current status,
extent, changes, and trendsin ecological indicators of the
condition of the nation’ scoastal resources (intertidal, subtidal,
and offshore) onaregional and national basis. Based on EMAP
monitoring activitiesfrom 1990-1995 approximately 70% of the
nation’ s estuarine waters were sampl ed focusing on suites of
measurements describing the benthic community, thefish
community, water quality, levels of sediment and tissue contami-
nation, sediment toxicity, and SAV extent/condition. Estuarine
monitoring was based on a probability-based sampling design
implemented over a60-day window during July-September in
selected years. Theresults of monitoring show that 25% 4% of
the sediments of the nation has degraded biol ogical conditions
while 29% 4% of the area showed degraded conditionsin
relation to human uses of theresource (e.g., water clarity, tissue
contaminants, and the presence of marinedebris). Biological
degradation is characterized by significatly lessthan expected
number of benthic speciesand diversity, high numbers of
pollution-tolerant species, and low numbers of pollution-
sensitive species, incidence of fish pathol ogies, and increased



levelsof selected biomarkersintarget fish species. Human use
degradation is characterized as decreased water and sediment
quality, potential for decreased consumptive use, and incidence
of characteristicslimiting non-consumptiveuse. These
estimates are based on 100% of the estuarine resources span-

ning from CapeHenry, VA to Brownsville, TX. 1n2000, EPA/
ORD will conduct Coastal-2000, anational survey of estuarine
condition. While Coastal-2000 will be probabilistically based, its
implementation will bethrough state-leve infrastructureand be
designed to address not only national and regional issues but
state-level issuesaswell.

AN EXPLORATORY APPROACH TO ASSESSING THE
INFLUENCE OF ENVIRONMENTAL FACTORS ON FSH
COMMUNITY DISTRIBUTION AND HEALTH

SusannaT.Y.Tong*and S.M. Cormier?
1Dept. of Geography, University of Cincinnati, Cincinnati,
OH « USA;
2USEnvironmental Protection Agency, National Exposure
Research Laboratory, Cincinnati, OH « USA

The Chesapeake Bay is one of the most productive systemsin
theworld. It supportsavariety of aguatic resources of floraand
fauna. However, for the past 350 years and especially inthe last
two to three decades, there has been substantial deterioration of
the natural resources. Many species of submerged aquatic
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vegetation and benthic invertebrates have been extirpated.
Commercia harvestsof fish, crab and shell fish have also
declined. The cause of thisecological phenomenonis
unknown, although it may be related to nutrient enrichment.
Torestorethe Bay areaand to conserve the fish resources,
the causal relationships between the environmental
stressors and the distribution and health of thefish
communities must be understood. Thisresearch project
adopts an integrated methodol ogy involving the use of
multi-variate ordination, statistical, and geographical
information systems (GI S) techniquesto explorethe
intricate effects of variousenvironmental factorsonfish.
Multi-variate ordination techniquesare useful exploratory
toolsto help elucidate latent environmental relationships
andto define specific biocriteria. GISisananalytical
techniquefor identifying spatial relationships. Inthis
project, anon-metric multi-dimensional scaling ordination
technique was employed in conjunction with other statisti-
cal techniquesand ArcView GlStoreveal therelationships
between a suite of environmental factors (includingin-
stream habitat characteristics and neighboring land use)
and nitrate levels and fish conditions (such as the Index of
Biological Integrity, % of abnormalities, the presenceand
absence values of fish species) intheriverine system. The
results showed that land useis significantly related to
nutrient loading, and each isrelated to the distribution and
health of thefish communities.

TECHNICAL SESSIONS

Agroecology: Integrating Agricultural Production with Ecosystem Health
Chair: Terrdl P. Salmon-Dept. of Wildlife, Fish, and Conservation Biology,

Univerdity of California, Davis, CA « USA

AN AGROECOLOGICAL FRAMEWORK TO ACHIEVE
ECOLOGICAL HEALTH IN AGROECOSY STEMS

Migud A. Altieri
University of California, Berkeley, CA « USA

Agroecology isthescientific disciplinethat providesthe basic
ecological principlesfor how to study, design and manage
agroecosystems that are both productive and natural resource
conserving, and are also culturally sensitive, socialy just and
economically viable. Agroecol ogy providestheguidelinesto
restore and enhance theresiliency, sustainability and health of
agroecosystems. Biotic constrai nts stressing agroecosystems
are understood asimbal ances, therefore the goal of the agro-
ecological treatment isto recover balance and enhancethe
“immunity” of theagricultural system. Biodiversificationisthe
primary technigqueto evoke self-regulation and sustainability.
However, ecological health and sustainability isnot possible
without preserving the cultural diversity that nurtureslocal
agricultures. In addition to aproper balance of crops, soils,
nutrients, arthropods, etc, stable production must take placein
the context of asocial organization that protectstheintegrity of
natural resources and encourages the harmoniousinteraction of
humans, the agroecosystem and the overall environment.

RESTORING HABITAT AND WATERSHED
FUNCTION TO SACRAMENTO VALLEY FARMLAND

JohnH.Anderson
Hedgerow Farms, Winters, CA « USA

Intensivefarming practicesin the Sacramento Valley
have essentially eliminated wildlife habitat and ecosys
tem functionson themgjority of farmland. Most farmers
routinely keep non-farmed areas devoid of vegetation
through acostly and labor-intensive combination of
tillage and herbicides. Most of the mgjor drainagesthat
served historically asriparian corridorsfor wildlife have
been channelized and stripped of vegetation. In addition
to eliminating wildlife habitat and biodiversity, thisso-
called“ clean-farming” hasexacerbated soil erosion,
sediment deposition, and flooding. It also locksfarmers
into anever-ending cycle of seasonal weed abatement.
Left alonefor even a short period, traditionally clean
farmed areas become acomplex of non-nativeinvasive
weeds that are unacceptable to farmers and that can
chokewater delivery systems. Hedgerow Farms, in
cooperationwiththeY olo County Resource Conserva-
tion District and other government agencies, has
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demonstrated the use of on-farm vegetation practicesthat
completely reversethe concept of “cleanfarming” . Rather
than eliminating vegetation, we have restored an cultivated
native Californiavegetation on roadsides, irrigation canals,
drainage ditches, field borders, and along anatural riparian
corridor. Every non-farmed areaisacomplex of native plants
(including perennial grasses, sedges, rushes, forbs, shrubs,
vines and trees) that competitively suppress invasive weeds
whileproviding abiologically diverse community of plants
and animals. Today, Hedgerow Farms supports multiple,
interconnected corridorsthat have eliminated erosion,
reduced the need for tillage and herbicides, and may even be
assimilating agricultural nutrient run-off. The benefitsto
wildlifearetremendous. Over 100 speciesof birdshave been
recorded on the property. Reptile and amphibian populations
have made dramatic recoveries. A myriad of beneficial
insects and spidersinhabit the diverse vegetation com-
plexes.

FALLOW LAND PATCHES AND ECOSY STEM HEALTH
IN AN AGROECOSY STEM

John Hopkins
Fallow Land Project, Centers of Water and Wildland
Resources, University of California, Davis, CA « USA

Cdlifornia sCentra Valley istheworld sforemost agricultural
area. Inmost locationsthereislittle or no natural wildlife
habitat remaining. Valey farmersmakelittle use of existing
government programs for habitat conservation and restora-
tion. Thisstudy examinesthe constraints and potential for
development of anetwork of small habitat patchesand
strips, including field and stream borders and areaswith
poor soils. Currentconstraintsinclude (1) alargeprice
difference per acre between returns on cropsand govern-
ment fiscal incentivesfor habitat restoration, (2) avariety of
farm practices, (3) farmers’ concernsover government
regulations, and (4) alack of knowledge about existing
conservation programs. Conservation projects started by a
few farmers show the potential for providing more habitat,
especially streamside vegetation, small patchesof native
grasses, small wetlands and hedgerows. Broad adoption of
these practiceswould provide major benefitsfor many
wildlife species, improveecosystem healthintheValley, and
provideavariety of benefitsto farmoperations. A number of
changes are needed in farmland habitat conservation
policies, financing and implementation activitiesin order to
achieve widespread adoption of these techniques. Most
importantly, habitat protection and restoration must provide
agreater economic return per acre. Farmers need safeguards
from additional regulatory burdensin casetheir new habitat
patches attract endangered species of wildlife. Greater
availability of technical assistance, demonstration programs
and promotion by local agricultural interestssuch as
Resource Conservation Districtsisessential for achieving a
network of habitat patches.

REDUCED DISTURBANCE AGROECOSYSTEMSIN
CALIFORNIA

Jeff P. Mitchell!, W.T. Lanini, SR. Templ€?, P.N. Brostron?, E.M.
Miyao®, T.S. Prather*, and K.J. Hembree®
Dept. of Vegetable Crops and Weed Science, University of
CdliforniaDavis, CA « USA
2Dept. of Agronomy and Range Science, University of
CdliforniaDavis, CA « USA
3UC Cooperative Extension, Yolo County, CA « USA
4UCKearney Agricultural Center, Parlier, CA « USA
SUC Cooperative Extension, Fresno County, CA « USA

Despitea300% increasein conservationtillage (CT) production
in the Midwest during the past decade, less than 0.3% of annua
row crop acreagein California sCentral Valley iscurrently farmed
using CT practices. Preplant tillage operationstypically account
for 18-25% of overall production costsfor annual cropsgrownin
thisregion. Anaverage of about 9to 11 tillage-related passesare
routinely done during the fall-spring period toprepar e the soil
for summer cropping. These passes represent not only consider-
able energy, equipment and labor costs, but recent research
indicatesthat tillage reduces soil organic matter (SOM) and emits
considerablerespirable dust aswell. Because SOM iswidely
regarded as an important attribute of good soil quality and long-
term productivity, interest has been growing over the last several
yearsin devel oping alternative production systems that reduce
costswhile at the sametimeimprovethe soil resourcethrough
greater carbon sequestration. This paper presents very recent
work in managed agroecosystemsin California’ s Central Valley to
develop CT production systemsfor processing tomatoes,
cantaloupes and corn. Changesin soil quality indicator proper-
ties, soil water storage and weed management that may result
from CT systemsrelativeto conventionally managed systemswill
be described.

INSTALLATION OF INSECTARY HEDGEROWS ON FARMS:
MANAGEMENT PRACTICES AND COSTS

Mary J. Kimball* and Rachadl Long?
Y olo County Resource Conservation District, Woodland,
CA +USA
2UC Cooperative Extension, Y olo County, Woodland,
CA «USA

Four “insectary” type hedgerows were plantedin Yolo

County in 1996 on large-scalerotational field crop farms. Estab-
lishment practicesand costswere documented at each sitefor
two years, resultinginthefirst “model guidlelines’ for hedgerow
installation and maintenanceon farmsin California. Although
hedgerowstake time and money toestablish, their numerous
benefits (wildlife habitat, increased biodiversity, beneficial insect
habitat, weed control/pesticide reduction, erosioncontrol,
nutrient leaching, dust/chemical buffer) can potentially offset
these costs.
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MULTIPLE STRESSORSIN THE SACRAMENTO RIVER
WATERSHED

DavidHinton
Laboratory of Aquatic Toxicology, Dept. of Anatomy,
Physiology and Cell Biology, School of Veterinary Medicine,
University of California, Davis, CA < USA

Aquatic biotain the Sacramento river watershed are stressed by
diversion of river flows, by historical mining resultingin cad-
mium, copper, zinc and mercury, and morerecent contamination
by agricultural and urban chemical runoff. In addition the
proposed redirection of drainage of salinewaters-containing
selenium-from the western slope of the San Joaquin River into
the Deltaformed by the confluence of the Sacramento-and the
San Joaquin Rivers could add to the stress on resident organism.
These combined stressors haveled to deterioriationin surface
water quality and aguatic habitat. The potential interaction of
these stressors, coupled invasions of foreign species and the
export of juvenilefish into agueducts, have driven several
speciesof fishto near extinction in the systems. Effects of
historical contamination by heavy metalsare potentially exacer-
bated by presence of organophosphate pesticides, at concentra-
tionsexceeding National Academy of Sciencesrecommenda-
tions, throughout the lower watershed and the San Francisco
Bay. The Asian clam, Potamocor bula amurensis, anintroduced
nonindigenous speci es has apparently become a preferred food
item of the sturgeon, Acipenser transmontanus, animportant
sport and aquaculture species. Sincethisintroduction, sturgeon
body burdensfor selenium have increased dramatically and
analytical chemistry of P. amurensisindicatesthese organismare
effective bioaccumulators of selenium. Thisreview examines
potential ecotoxicity associated with multiple stressorsinthe
watershed. Datafrom field monitoring, laboratory assaysfrom
ambient water, and ecotoxicologic investigationsare reviewed.
Potential designsfor multiplestressor investigationsare dis-
cussed. Theinformation presented on thiswatershed illustrates
the challengeto investigators seeking to evaluate multiple
stressor effectson riverine and estuarine organisms.

Agricultural Impacts on Ecosystem Health: Soil and Water Issues

Chair: Chrisvan Kesse-Dept. of Agronomy and Range Science,
Univergty of California, CA « USA

THE EFFECT OF LIVESTOCK ON STREAM HEALTH:
AN AGROECOSYSTEM HEALTHAPPROACH

DominiqueCharron
Dept. of Population Medicine, University of Guelph
Guelph, ON « CANADA

An epidemiological approach istakento model indicators of
livestock production, stream health and farm economic
healthinthe Laurentian Great LakesBasin. Risk factorssuch
aslivestock density and pasture acreage, net farm income
and debt are mapped inrelationto bioticindicatorsof stream | ]
health in over 100 watersheds and analysed using aGIS.
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IRRIGATED AGRICULTURE AND WATER QUALITY IN
THE UPPER KLAMATH BASIN

Stephen Kaffka
Dept. of Agronomy and Range Science,
University of California, Davis, CA « USA

Cropirrigation may impair surfacewater quality inthe Upper
Klamath Basin. Salt and P mass balancetransfersamong
components of the watershed are presented. The effects of
irrigation on water quality are discussed.

ASSESSING RANGELANDS FROM DIFFERENT
PERSPECTIVES

Hugh Pringle
Research School of Biological Sciences, Austrdian
National University, Canberra, ACT « AUSTRALIA

Two types of rangeland landscapes were assessed along
grazing gradients according to aspects of i) biodiversity, ii)
landscape pattern and process and iii) range condition.
Grazing impacts varied according to both landscape and the
perspective underlying assessments. These differences have
substantial implicationsfor environmental assessment and
management of rangelands.
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RECONSTRUCTING THE RANCH: SOCIAL AND
POLITICAL ASPECTS OF PROTECTING RANGELANDS
IN CALIFORNIA

Sally Kirk Fairfax
College of Natural Resources, University of California,
Berkeley, CA « USA

Thispaper presents protection of ranchingin Californiaas
reflecting two kindsof external pressure: a*“ranching wears
ablack hat” pressureto regulate ranching’s putative
enviornmentally destructive elementsunder statutessuch
asstate and federal water pollution control regulationsand
endangered species protection, and “ranching wears awhite
hat” pressures to protect the open space values of ranching
from urban sprawl. Both pressuresrepresent challenges
and opportunitiesfor the ranching community whichis
divided along several predictablelines: ranch asfamily
heritage, ranch as bank account. This paper will pursue
these tensions through pertinent literature and discussion
of key current disputes, such

asthe pending “Woolsey Bill.” It concludesthat the
durability of ranching asalife style/open space opportunity
for ranchersand communitiesrequiresconsiderable
adjustment of ranch practicesand ownership towards
emerging urban expectationsfor open space and quasi-rural
amenities.

ARANCHER'SEYE VIEW OF ENVIRONMENTAL
COLLABORATION ON GRAZING LAND

Richard and BurrowsHamillton
Hamilton BrothersRanch, RioVista, CA « USA

The Hamilton Family has owned and leased land in the Dixon
Range, aso known astheJepson Prairiein California, since
thelate nineteenth century. Sincethat timethe use of
strategic grazing management with sheep has been used to
manage undesirable weeds and grasses (yellow star thistle,
foxtail, ripgut brome, wild oats) and preserve sensitive vernal
pool ecology with an abundancein variety of natural wild
flowersand native grasses. Intheearly 1980’ sthe Hamiltons
leased neighboring land from The Nature Conservancy
(TNC) with whom they devel oped a sheep grazing plan that
would achieve the goals of TNC in thepreservation of native
grasses. Morerecently this partnership has been continued
with California Department of Fish and Game and the Solano
County Farmland and Open Space Foundation. This
presentation will discuss the nature of the conditions
necessary to form and maintain acooperativerelationship
between ranchers and public and private agencies in the
enhancement of grazing land habitat.

Grazing Animalsand the Protection of Rangelandsin California

Chair: Al Medvitz—Farmer/Rancher, Rio Vista, CA « USA

CALIFORNIA GRAZING LANDS: SCIENCE POLICY AND
THE RANCHER

Jack Hanson
Rancher/AgResource Solutions, Susanville, CA « USA

Rangelandsin Californiaare anirreplaceable natural resource.
These lands constitute thelargest remaining blocks of open
space in the state, provide valuable habitat for adiverse
population of wildlife and native plants, and provide watershed
for a growing population. Many ranchers believe that grazing
of domestic livestock in anenvironmentally responsible and
sustainable manner is one the most benign human economic
uses of these great expanses. Increasing public awareness of
the natural values of rangelands and of the critical part they
play in maintaining the quality of lifein Californiahasledto
increased pressure on those who graze livestock to continueto
aggressively seek andadopt the most environmentally respon-
siblemethod of plying their trade. But livestock productionis
an economic activity aswell asasocial and technical one.
Economic considerations are an important aspect of applying
“the best available science” to rangeland management. This
presentation will explorethe natural values of therangeland
and range science as perceived by ranchers who apply that
science and put these lands to economic use. The discussion
will combine sciencewitheconomicsand political scienceand
add in abit of philosophy, sociology and history.

RANGELAND AND GRAZING ECOLOGY IN
CALIFORNIA

LynnHuntsinger
Dept. of Environmental Science, Policy, and Management,
University of Cdlifornia, Berkeley, CA « USA

A review of studiesof Californiarangeland grazing ecology
provides opportunity to examine some pervasive tales about
the rel ationship betweenlivestock grazing and California' s
Mediterranean grasslands. The supportor lack thereof for long
held assumptions about the pre-contact composition of
Cdlifornia sgrasslandsand their fate with settlement, the
influence of grazing on Californiarangeland water quality, and
therole of grazing systemsin the management and restoration
of Californiagrasslandsisdiscussed. Somethoughtson the
ecology of urban grazing conclude thepresentation.

CALIFORNIA GRAZING LANDS: WHITHER THEY GO?

Albert G.Medvitz
Farmer/Rancher, Rio Vista, CA « USA

Grazing landsin Californiaarethose allocated to the provision
of range for domesticated ruminants, most prominently cattle



and sheep. Thistalk will describe thehistoric trends of popula-
tion growth, land use, and agricultural change asthey pertain to
changing patterns of livestock production and the use of
rangelandsin California. Theecological characteristics of
grazing landsin Californianot only have changed over time, but
alsovary dramatically acrossthe climatic and geographical
regions of the state. Referencewill be madetointeractions
between livestock production and habitat maintenance and to
conflicts and dilemmas surrounding the continuing production of
livestock on Californialands.

PROTECTINGBIODIVERSTY ON GRAZED RANGELANDSIN
CALIFORNIA

Richard J. Reiner
The Nature Conservancy, L assen FoothillsProject,
Red Bluff, CA « USA

Grassandsinthe Central Valey originaly covered 22 million
acres. Mostwerelost to cultivation and citieswith about 1%
remaining today. Analysisof California’ sCoast Ranges, Central
Valley, and SierraFoothill regions by The Nature Conservancy
(TNC) indicatesthat the remaining grasslands aremostly on
large, privately owned ranches. Even though they are heavily
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POPULATION GROWTH AND ECOSYSTEM HEALTH: THE
CASE OF THE LANGAT BASIN

California, Davis, CA « USA

Mohd. Nordin Hj. Hasan and Rospidah Ghazadi
Institute for Environment and Development (LESTARI),
Universiti Kebangsaan Malaysia, Sdlangor « MALAY SIA

The rate of population growth in the Langat Basin is at present
one of the highest in the country. Estimated to be 3.7% during
theperiod 1970t0 1980, it increased to 4.8% during thefollow-
ing decade (1980 - 1991). Thenational population growth rate
during the period 1980 - 1991 was estimated to be 3.2%. Most of
the growth in population in the basin is concentrated in the
district of Hulu Langat, wheretherate of growth of 3.5%
recorded during the 1970s (1970 to 1980), morethan doubled to
7.7% during the period 1980t0 1991. Thedistrict of Kuala
Langat maintained alow rate of growth and two other districts
recorded negative population growth. The population in the
Basinisprojected toreach 1.85 million by theyear 2001 whenin
1991t had only 666,129 people. Concomitant withthisgrowthis
the rapid growth of urban centres, housing and industrial
estateswithinthe Basin. Federal government policiesalso
promoted the rapid development of basic infrastructure such as
roads and highways aswell asrailway links between major
urban centres. In addition several “megaprojects’ such asthe
new KualaLumpur International Airport, the multimediasuper
corridor and the new administrative capital of PutraJaya, is

Ecosystem Health in Malaysia:

infested with non-native species, they contain significant
native species, diversity. Grasslandsrequire periodic
disturbance from herbivory and fireto remain healthy, and if
these natural processes are eliminated nativespecies
diversity declines. TNC isdevel oping conservation strate-
gies, such asthe purchase of conservation easements, which
will prevent large private ranches from being subdivided. In
1998, TNC established easements on over 100 square miles
of grasslands. The easementsallow the propertiesto be
grazed but include management restrictionsthat promote
native speciesdiversity. Several casestudiesare examined
where grasslands are being protected in conjunction with
ongoing livestock operations. At Jepson Prairie, sheep
grazing and prescribed fire are used astreatmentsto reduce
weeds and increase native plant species diversity.
Medusahead (Taeniatherum caput-medusae), atarget weed,
was compl etely eliminated foronegrowing seasonina
pasture that was burned in early spring 1995. Advancesin
management practicesand conservation strategiesimprove
the chances that California s grassland biodiversity can be
protected into thefuture.

A Case Study of the Langat Basin

Chair: Nick Lerche—-California Regional Primate Resear ch Center, University of

anticipated to spurn further growth of the population of the
Basin. The health of the Langat Basin ecosystemisantici-
pated to experience further stressin the near future asthe
impact of the rapid population growth and attendant changes
beginto exert their influence on ecosystemresilience.
Indicationsof early failure by the ecosysteminthe Basinto
sustain the population are outlined and discussed.

MANUFACTURING INDUSTRIES AND ECOSY STEM
HEALTH: THE CASE OF THE LANGAT BASIN,
MALAYSIA

Ahmad Fariz M ohamed and Mohd. Nordin Hj. Hasan
Ingtitute for Environment and Development (LESTARI),
Universiti Kebangsaan Malaysia, Sdlangor « MALAYSIA

A study was conducted to determine the implications of
industrial development inthe basin of the Langat River
Basin (area: 2937.9 km?) onthehealth of itsecosystem. The
study is part of ameso-scal e study, which also examined the
potential effects of population growth, mineral extraction,
forest habitatslossand river water pollution on the health of
the Basin ecosystem. Literature on government policiesand
strategies on the devel opment of industriesin the Basin was
reviewed and data on capital investmentsto make the

devel opment possiblewere obtained. Thelocation of
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industrial estates was inventorised and mapped according to
types, and breaches of environmental regulations by the
industrieswere documented. Datawere obtained from
Federal, State and L ocal government agencies, aswell as
from the Federartion of Malaysian Manufacturers (FMM).
Results of this study show that there are 30 industrial

estates, with atotal of 239 factories|ocated withinthe Basin.
Almost 80% of these arelocated along rivers. Most were
concentrated in the middle of the basin areawherethe
infrastructure was well devel oped and populations densities
were high. Most factories (164/239) werelocated inthe
district of Hulu Langat and theseincluded almost all the
textile, fabricsand button factories, factoriesproducing
electrical and electronic appliances, and those producing
industrial and engineering products. Capital investmentsto
developindustrial productioninthe Langat Basin from 1991
t0 1998 totaled RM 6.4 billion. Therehasbeen agradual
declineinthe quality of water in the Langat River. The
Department of Environment’ swater quality index for theriver
declinedinvaluefrom 73in 1988, to 58in 1997 (0-59 highly
polluted; 81-100 clean). In 1998 extraction of river water for
processing into potable water was disrupted many times
because of high levels of harmful pollutants such as
ammoniacal nitrogen, and low flows because of an extended
drought period. Of the 55 pollution-related court cases heard
over the period 1989 to 1995, 13 were on water pollution.
Water supply in the Basin was serioudly disrupted in the
latter half of 1998 and the state government spent morethan
RM 55 millionto providealternative sources of potablewater
for the population during the drought. The study suggests
that the devel opment of industriesin the Langat Basin, did
not take into account the necessity to view the Basin as an
ecosystem. Thishasseverely impaired the ecosystem’s
hedlth.

GEOHAZARDS: A VITAL COMPONENT TO DIAGNOSE
THE HEALTH OF ECOSY STEMS

Ibrahim Komoo, J.J. Pereira, and W.I. Muhiyuddin
Institute for Environment and Development (LESTARI),
Universiti Kebangsaan Malaysia, Sdlangor « MALAY SIA

Geohazards are hazards of geological, hydrological or
geomorphological nature, which poses athreat to humans
and their activities. Geohazardsin the Langat Basininclude
phenomenasuch as landslides, erosion, flood and flash
floods, which cause surficial changesthat contributeto the
physical degradation of land, damage to property and
threaten human well-being. The concept of ecosystem health
isauseful tool to assess the conditions and quality of the
landintermsof itsecological, social and economic domains.
Geohazards have disrupted the delicate balance of ecosys-
tem health in the Langat Basin. The widespread occurrences
of erosion have resulted in siltation of rivers and subsequent
deterioration of itswater quality. Landslides havethreatened
the safety of humans, caused damage to property and
increased the cost of maintenance of urban areas. Floods
and flash floods have damaged property and caused
inconvenience dueto disruption of traffic and delays.

Clearly, geohazards have threatened theintegrity of ecosystem
health in the Langat Basin, both within the context of ecology
and well being of the community. An assessment of geohazard
impacts have been conducted and selected indicators are
proposed for an integrated assessment of ecosystem health with
respect to geohazards. In addition, theissue of geohazards risk
assessment isaddressed, within theframework of ecosystem
hedth.

RIVER WATER QUALITY ASSESSMENT AND ECOSY STEM
HEALTH: LANGAT RIVER BASIN, SELANGOR, MALAYSA

M.A.Yusuf?, Mohd. Nordin Hj. Hasan', and M. Pauizi?
Ungtitutefor Environment and Development (LESTARI),
Universiti Kebangsaan Maaysia, Selangor « MALAY SIA
2Dept. of Chemistry, Faculty of Physical and Applied
Sciences, Universiti Kebangsaan Malaysia,

Selangor « MALAYSIA

Preserving the health of riversisamajor concernin sustainable
development. The Langat River Basinisthefocus of much recent
devel opment. Other than being amajor hub of manufacturing in
the state of Selangor, several mega-projects such asthe new
federal government administrative capital of PutraJaya, the
multimediasuper corridor (M SC), Cyber Jaya, and the Kuala
Lumpur International Airport areall locatedintheBasin. Rapid
development in the Basin threatensthe quality initsrivers. Other
thanitscrucial roleintheecology of theBasin, therivers
contribute substantially to industrial, agricultural and potable
water supply within the Basin aswell asin the highly urbanised
Klang Valley. TheBasin suffered mgor fluctuationsin water
quality and availability during the extreme draught episode of
1998. Accidental spillage and random discharge of pollutantsby
industries|ocated al ong the major rivers exacerbated thedropsin
water quality. Thewater quality of Langat Basin riverswas
monitored for aperiod of 12 monthsstartingin May 1998 and
endingin April 1999. Sampleswere collected monthly from 14
monitoring stationslocated along theriver anditstributaries.
River water was analysed for 28 parameters. Theresultswere
compared where possibleto values giveninthe Interim Water
Quality Standardsfor Malaysia (INWQS) with respect to meeting
the needs of aquatic life, potable water supply, recreation and
irrigation. The Water Quality Index of the DOE wasused to
classify stretches of theriver according toit river classification
scheme. Preliminary analyses suggest that the main pollutantsin
theriversof the Basin are organic load, sediment, ammoniacal-
nitrogen, phosphate-phosphorous, O & G, phenol, Fe, Pb & Cd.
All values obtained for these parameters were higher than the
INWQSthresholdlevel. Morethan 10 water quality parameters
exceeded the INWQS threshold level for the support the aquatic
life. Parts of the Langat River and Batang Nilai River would be
classified asClass|V rivers(very highly polluted) while other
parts of theriver and itstributariesthe Semenyih River, Batang
Labu River and Labuwould fall as Class |11 (polluted) and Class
Il (slightly polluted) rivers. The aguatic ecosystem of Langat
River Basin isthus generally not very healthy. Any further
deterioration of thequality of itsriver water will adversely affect
the ability of theriversto provide aclean supply water for
domestic, industrial, agricultural and other usesaswell asto
provide vital services necessary to the health of the Basin's
ecosystem.



FOREST AREAS AND WILDLIFE DIVERSTY IN THE
LANGAT BASIN: INDICATORS FOR ASSESSING LANGAT
BASIN ECOSY STEM HEALTH

Saiful Arif Abdullah
Ingtitute for Environment and Development (LESTARI),
Universiti Kebangsaan Malaysia, Selangor « MALAY SIA

Forests cover mapsin the Langat Basin inventoried by the
Forestry Department of Peninsular Malaysiain 1971/72, 1981/82
and 1991/92 weredigitised according to forest status (primary
and secondary) and types, to examine changesin area, status
and types. The diversity of mammalsinthe Basin and their
conservation status were also examined based on data published
intheliterature, other articlesand technical reports. Dataon
mammalsin the Basin were al so obtai ned from records of
Department of Wildlifeand National Parks (DWNP). Results
show that inthree decades (1971/72, 1981/82 and 1991/92) the
total areaunder forest in the Langat Basin had been reduced by
27%.1n 1991/92 theforested areas represented only 27.6% (803.8
kn¥) of thetotal land areaof the Basin. Therearethree major
forest typesin the Langat Basin: dipterocarp, peat swamp and
mangroveforests. Between the period of 1971 and 1992 thetotal
areaof dipterocarp forestshad decline by about 10.9%. During
the period, the total area of peat swamp forests had decline by
about 62.3% whrereasthetotal areaof mangroveforests (ap-
proximately 216 km?) remained about the same. Infive decades
(195010 1990) atotd of 140 speciesof mammalsfrom 28 families
and 11 orders have been reported inthe Basin. Of this, 12.1% (17
speci es) were big mammal sand approximately 88% (123 species)
weresmall mammals. The Department of Wildlifeand National
Parks classified threatened speciesinto five categories; endan-
gered, vulnerable, rare, insufficiently known and intermediate.
Based onthisclassification, 19.3% or 27 speciesof all mammalian
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FUTURE-FRIENDLINESS IN ACTION: A TOOLKIT TO HELP
PREPARE THE QUANTUM LEAP TOWARDS
SUSTAINABILITY

Berkeley, CA » USA

MathisWacker nagel
Redefining Progress, San Francisco, CA « USA

Inorder tolive, people consumewhat nature offers. So, every
one of us has an impact on our planet. Thisis not bad aslong as
wedon't take more from the Earth than it hasto offer. But do we?
Thisiswhat the “ ecological footprint” measures: how much
nature we consume. Thetool documents how much bio-produc-
tive land and water we occupy to produce our resources and to
absorb our waste. It shows the area required to support our
current lifestyle. At the sametime, everybody wantsto livewell.
Isit possibleto secure everybody’ squality of lifewithinthe
means of nature? To find out, the “ sustainability barometer”

speciesreported to occur inthe Basin are asthreatened. Of
the 27 species, 13 arefal intoinsufficiently knownand 10 are
classified asrare. Only three speciesare classified as
vulnerable and none into endangered and intermediate
categories. Habitat preferencesfor each species (excluding
bats) were classified into 4 categories; forests (primary and
tall secondary forests), forest or can survivein plantation,
scrubs and garden areas, urban or settled areas and aquatic.
Results show that nearly 55% (45 species) of mammalian
species (excluding bats) inthe Basin are confined to forest
areas (primary and secondary tall forests) whereas 24 species
(29.3%) liveinforest but can survivein plantations, scrubs
and garden areas. Only 3 species, house shrew (Suncus
murinus), polynesian littlerat ( Rattus exul ens) and houserat
(Rattusrattus) areprimarily inhabit urban or settled areas
whereas another 4 species prefer to livein aquatic habitats
such asforest streams, riversand estuaries of largerivers.
Just over aquarter of the land areain the Langat Basin
remained under natural forests at the beginning of the
present decade, the largest tract being the dipterocarp forests
of the Basin’ swatershed to itsnortheast. Thisforest is
contiguouswith forests of the hinterland of Peninsular
Malaysia and halong the Main Range and harbours most of
themammalian wildlife speciesfound inthe Peninsular. Itis
also acritical watershed for the Basin and must be preserved
for the health of the Basin ecosystem. Overall mammalian
wildlifediversity inthe Basin remains high. However,
distribution of wildlifeispatchy. Much of thelowland peat-
swamp forests as well asthe coastal mangrove forests have
been cleared for devel opment. The peat-swamp forests play a
vital rolein the hydrological balance of the Basin and coastal
mangroves protect the coastlinefrom erosion. The health of
the coastal plain ecosystem of the Basin can be severely
threatened if these natural forest areas are not conserved.

Securing Everybody’ s Quality of Life Within the M eans of Nature

Chair: Richard Norgaar d—Ener gy and Resour ces Group, University of California,

explorespeoples’ satisfactionwith society, their municipality,
andtheir personal life, thereby complementing theecological
footprint which compares human consumption to the
biosphere’ scapacity to regenerateitself. In essence, satisfac-
tion barometer and the ecol ogical footprint cover the socio-
economic and the ecol ogical imperativesfor sustainability.
Thiscontribution explainsthe“future-friendly” toolkit with
these tow assessment tools and shows how they can be
applied for building and tracking progress towards
sustainability.
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ECOLOGICAL FOOTPRINTS OF BENIN, BHUTAN,
COSTA RICA, AND THE NETHERLANDS

Ddtef P. Van Vuuren, E. Smeets, and H.A.M deKruijf
National Institute of Public Health and the
Environmente THENETHERLANDS

Sincetheintroduction of the concept of ‘ sustainable
development’, there has been an ongoing search for
indicatorsthat could support decision-making in the context
of thisconcept. Institutesin Benin, Bhutan, Costa Ricaand
the Netherlands have been collobarating on the i ssue of
sustainable devel opment indicators. Over the last years, the
Ecological Footprint (EF) hasreceived much attention asa
potential sustainable development ndicator. |nthe context of
the collaboration, the EF concept has been applied in order
to review the EF concept and to get insight in trendsin
resource userelated to consumption over time(in 1980, 1987
and 1994). Theresults of the assessment are discussed and
the experiences are used to discussthe current potential and
limitations of the EF as a sustainable development indicator.
Theoriginally defined methodol ogy has been dightly
adapted: 1) the report focuses on individua components of
the EF (Iand and carbon dioxide emissions) instead of
focuses on the aggregated EF and 2) the land use calcula-
tions are based on local yieldsinstead of global average
yields. Although per capitaand total land use highly differs
among the four countries, available data suggests increasing
land usein all four countrieswhile per capitaland use
decreases. The EFfor carbon dioxide emissionsincreasesfor
all four countriesboth per capitaand in absoluteterms.
Differencesin productivity, aggregation (of different
resources) and multi-functional land use have been shown
to be important obstaclesin EF application — depending on
the assessment objective. However, despite the obstacles,
the study concludes that the EF has been successful in
providing an interesting basis for discussion on environ-
mental effects of consumption patterns- including those
outside the national borders - and for the equity issue
Concerning resource use.

QUALITY OF LIFE AND ECOSYSTEM HEALTH:
EXPLORING THE CONNECTION

AlanEwert
Dept. of Recreation and Park Administration,
IndianaUniversity, Bloomington, IN « USA

At anincreasing rate, the public isexpressing its concern
over the relationship between the ecosystems they are part
of, and the quality of their lives. Thisconcern hashistori-
cally been centered on the impact that humans have on
ecosystems. Morerecently, thisconcern has shifted to the
ecosystem’ seffect on human characteristics such ashealth-
related issues and cathartic responses. The purpose of this
presentation isto explore the connection between ecosystem
health and quality of lifeissues. For example, doesa

damaged or dysfunctional ecosystem (or components of it)
provide vectorsthat serveto impair human health and other
quality of lifeindicators? Inanother example, doesalack of
wildlands and wilderness areas provide a serious defacement of
the human condition? In addition to exploring these and related
issues, this presentation discusses how direct involvement with
a“healthy” natural environment can enhance quality of life
perceptions. The presentation concludes with the treatise that
ecosystem management issuspect if it failstoinclude concern
for human health and other quality of lifeissues. Thus, any
discussion on ecosystem health must include an allowancefor
the relationship between the physical and organic ecosystem and
the human condition.

NATURAL CAPITAL DIFFERENTIATION ASA BASISFOR
ENVIRONMENTAL POLICY ANDINSTITUTIONS

CeciliaCollados
City and Regional Planning, University of California,
Berkdley, CA < USA

Thismodel relatesthe quality of life of aregion and the usethis
region givestoitsnatural capital. Natural capital contributesto
thequality of life of aregionintwo complementary ways. first,
by directly providing environmental servicesthat cannot be
imported, and second, by supplying the natural resources that,
through ahuman controlled production process, become
valuableto humans. By characterizing natural capital according
toitsability to producelife-supporting environmental services,
by its substitutability, and by its possible reconstruction, a
stricter definition of sustainability ispresented, which provides
the basisfor a sustainable regional development planning model.
Institutions act as an interface in the decision processto use
natural capital in amarket economy. Four pointsof intersection
of theinstitutional framework with the proposed model have
beenidentified. Thesearethe“ environmental policy points’.
One of these pointsisinvestigated empirically by studying how
recently created environmental ingtitutionsin Chilerecognize
different qualitiesof natural capital, and how thisrecognition has
contributed to the achievement of sustainability. Theresearch
comparesthe Chilean approval processfor construction of two
damsin the Bio-Bio River. Onedam was approved without the
new legislation, the other following the new law. Thetest results
indicatethat inthe Chilean case, therecognition of different
kinds of natural capital by the new institutions has been moder-
ate, and that this recognition has shown only aminor effect on
the actual use of critical natural capital.



TS 41 Ecosystem Responses to Recent Environmental Changes

USE OF LONG-TERM FIELD TRIAL AND MONITORING
DATA SETS IN FORESTRY TO MODEL ECOSY STEM
RESPONSES TO ENVIRONMENTAL (CLIMATE)
CHANGE

CsabaMatyas
Institute of Environmental Sciences,
Faculty of Forestry, University Sopron,
Sopron* HUNGARY

Replicated common gardentestsin forestry offer interesting
insights on adaptive strategies of long-lived organismswith
regard to long-term changesin environment. Changesin
competitive ability can be modelled also from forest health
monitoring datasets. Case studiesto be dealt with are
ponderosapineforestsof the SierraNevadain California
and Hungarian oak forestscloseto the aridity limit.

THE IMPACT OF CLIMATE CHANGE ON THE
ECOSYSTEMS OF SMALL ISLAND STATES

William C.G. Burns
Pacific Institutefor Studiesin Development,
Environment and Security, Oakland, CA « USA

Themost dire (and earliest) implicationsof climate change
may bevisited upon small island nationsin the form of
inundation of low-lying coastal areas, |oss of mangrove and
coral ecosystems, adiminution of speciesdiversity anda
substantial increasein violent weather events, e.g. hurricane
and typhoons. Whilethe spatial coarseness of climate
modelsstill precludes definitive conclusionsin thiscontext,
thereis mounting evidencethat climate change will have
profound, social, economic and environmental impactson
small island nations. This presentation will both assessthe
current scientific evidence and suggest meansfor small
island nationsto copewith climate changein the next
century.

MODELING ASSESSMENT OF THE BIOLOGICAL AND
ECONOMIC IMPACT OF INCREASES UV RADIATION
ON LOBLOLLY PINE IN THE MID-ATLANTIC STATES

John J. Streicher!and Keith Endres’
tAtmospheric Sciences Modeling Division,
National Oceanic and Atmospheric Administration,
Research Triangle Park, NC « USA
2Environmental SciencesDivision, National Exposure
Research Laboratory, US Environmental Protection
Agency, LasVegas, NV « USA

The assessment of the economic impact of an ecological
stressor within ageographic region requires knowledge of
the distribution of vulnerable “receptors’ withintheregion,
determination of appropriate spatial and temporal resolution
of the stressor, and informati on about the explosure/effect
relationship. Increasesinthe surfaceflux of solar ultraviol et
radiation (UV) dueto decreasing stratospheric ozonearea
stressor for numerous plant species, including the commer-
cially important loblolly pine (Pinustaedal..). Usinga4-
digit Hydrologic Unit Code (HUC) spatial resolution
freamework for the Mid Atlantic states, current estimated
UV radiation levelsand hypothetically increased levels,
were analyzed monthly under adiminishing stratospheric
ozone scenario. Broadband and spectral radiative transfer
modelswere used to cal culate monthly averages of current
and case scenario daytime UV energy, incident at spatially-
representative points within the HUC polygonsin the
region. The extent of speciesrange and biomass of loblolly
pinewas estimated for the Mid-Atlanticareafrom U.S.
Forest Service Forest Inventory and Analysisdata. An
empirical exposure/effect function wasthen applied to
approximate biomass reduction and economicimpact inthis
single-stressor perturbation scenario. The economicimpact
of environmental degradation provides additional justifica-
tion for stewardship that imposes regul ation and increases
in operational costs. This study suggests that the produc-
tivity of Mid-Atlantic forest ecosystemsmay besignifi-
cantly adversely affected by increasesin solar UV. Such
economic losses must be considered in the cost/benefit
analysis of regulations designed to protect stratospheric
ozone.
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