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Preface

This paper was selected as an IHDP Working Document because although it was
prepared as a contribution to the IHDP Institutional Dimensions Gtdbal
Environmental Change Project (IDGC), it also may be relevant to nudhgr
researchers within the IHDP's growing network.

The authors, the IDGC Scientific Planning Committee and the IHDP would
welcome any comments, proposals and exchanges with researchers interested in the
issues raised in thisocument. The goal ofHDP Working Documents is to
promote the early andide dissemination of emerging research relatedidonan
dimensions of global environmental changéh a view to promoting enhanced
synergies and networking within the human dimensions research community.

We look forward to receiving your comments and suggestions for the future.

Professor Eckart Ehlers, Dr. Larry R. Kohler
Chair Executive Director
Scientific Committee of IHDP IHDP Secretariat



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

Introduction

Young and Underdal (1997) descriliee issue in the following way:The
problem of fit asserts that the effectiveness and the robustness of social institutions
are functions of the fit between the institutions themselves and the biophysical and
social domains in which they operate”. Although this papdr address the social
domain of institutions, our main focuwill be on institutional linkages to the
biophysical domain.

By institutions we mean the humanigevised constraints that shapeiman
interaction and the way societies evolve through time (North 1990). Institutions are
made up of formal constraints (rulelaws, constitutions), informal constraints
(norms of behavior, conventions and self-imposed codes of conduct)thaimd
enforcement characteristics; thus they shdpeentives in human exchange,
whether political, social, oeconomic. Institutions, such gwoperty rights(the
structure of rights to resources and the rules ungbich those rights are
exercised) are mechanisms people use to control their use of the environment and
their behavior toward each other (Bromley 1991). They link society to nature, and
have the potential to coordinate thhuman and naturalsystems in a
complementaryway for both ecological and human long-tembjectives(Hanna
et al. 1996). They also have the potential to inhibit adaptive responses to
ecosystem changes, and to combine to create gridlock and confusion in
environmental management.

Our approachseeks toendogenize the role ofocial institutions in large-scale
biophysical systems, by looking at human systems as subsystems exfoyghere.
Human systems ardependent on the structure and functioning of ecosystems.
Ecosystems generate essential natural resources and ecolsgicies(Odum
1989, Daily 1997). The capacity ofecosystems to provide this support is
increasingly threatened, not only at localales,but also at regional andlobal
scales (Jansson et al. 1994). This is a consequence of the rapid exterrsiomaof
domination, particularly during this century (Vitousek 1994). The
internationalization and globalization of humagctivities, the growth of human
population, and the large-scale movements of people have generated novel
ecological and social dynamics at regional and even planstaigs(Turner et al.
1990). Processes have become so interwoven that many aelitisigh local in
origin, are regional and global in their effects (Turner et al. 1990, Ekins et al.
1994, Holling 1994). Incremental changes in lamsk, for example,influence
climate change, regional biodiversity, and the evolution of new dis¢blsagghton
et al. 1996, Skole and Tucker 1993, McMichael etl806). Understanding and
coping with such complex linkages becomes an analytical and observational
challenge, with the numerous feedbackacross scales in time andpace,
throughout the entire system of humans and nature.

The present state of the world has been characterized as one in hwimcn
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setting cycles of seasons, plagues, etc.) and s@dahomic epochsultures,etc.)
(Holling and Sanderson 1996).hi§ contrast has been extended into an explicit
critique of modern resource management institutions (Ludwig. €t993), where

it is suggested that institutions should Wenanaged” by environmental
conditions. Clearly there is a co-evolutionary nature to the fit between institutions
and their environment. It is no longer fruitful to separate humans and nature, nor
is it useful to fight endless disciplinary battles betwésacial” and “natural”
science.

However, fewhave analyzed the interactions between social systems and key
structuring processes in ecosystems. In many volumes on resoaicagement
and environmental studies humans have been treated as external to ecosystems. By
contrast, studies of institutions have mainly investigated processes within the social
system, treating the ecosystem largely dblack box”. Analyses of institutions
seldom explicitly dealwith linkages to functionaldiversity, key structuring
processes, and resilience (capacity to survive disturbance) in ecosystems.

The problem of fit is about these linkages, and is the focus in this paibde a
general use of the word fit has to ddth suitability for atask,another use of the
word “fit” in English refers to a match of sizes—if the sHitg then it is agood
match for the foot. Social and ecological systems and processes sliage
too—they have spatial and temporal dimensions (Cl®8&7). The questiothen
arises, how does the scale (temporal, spdtialctional) of an institution relate to
the ecosystem being managed, and does it affect the “effectiveness and
robustness” of the institution?

We start the paper (Section INith a description of afew properties of
ecosystems that have implications fbuman use and management. Next we
discuss the lack of fit between conventional management and ecogysiparties
(Section 1ll) and the social and economic causes behind ecosy&tarioration
(Section 1V). Following that are some real world examples of institutions for
ecological management and sorsecial mechanisms that seem to provide an
institutional fit to ecosystem processes and functions (Section V). Thereafter we
discuss adaptive management and the issue of nested institutiomsvioonmental
management (Section VI). We end the paper by proposinfpwaresearch
challenges in relation to the problem fif between ecosystems and institutions
(Section VII).



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

ll. Properties of ecosystems that have
Implications for institutions

An ecosystemconsists of plants, animals amaicroorganisms thative in
biological communities and which interaeith each other andvith the physical
and chemical environmentyith adjacent ecosystems amdth the water cycle and
the atmosphere (Odum 1989). Ecosystem propevitesh have implications for
institutions are related to energy and material stocksflamg, the temporal and
spatial variability of those resources, and the complex and dynasays inwhich
the underlying processes relate to one another, with ecological disturnpkayteg
an especially important role.

Ecosystems as life support systems

Ecological systems play fandamental role in supportinife on Earth at all
hierarchical scales. They are essential in global material cycles like the carbon and
water cycles. Ecosystenmoduce renewable resources (foditer, timber, etc.)
and ecological services. For example, a fish in the sgmoduced by a marine
food web of plants, animal@and microorganisms. The fish is a part of the
ecological system in which it is produced, and the interactions pttatuce and
sustain the fish are inherently complex. Ecolog®ailvices are alsgenerated by
ecosystems; these include maintenance of the composition of the atmosphere,
amelioration of climate variabilityfjood control and drinkingwater supply waste
assimilation, nutrient recycling, soil generation, crop pollination, pegtlation,
food provision, biodiversity maintenance, aaldo maintenance of the scenery of
the landscape, recreational sites, aesthetic and amenity values (EhrlichoamayM
1983, Folke 1991, de Groot 1992, Daily 1997). Natural systems at gespees,
population and ecosystelavels allcontribute in maintaining these functions and
services.

Energy flow and biogeochemical cycling set an upper limit on the quantity and
number of organisms, and on the number of trogbielsthat can exist in an
ecosystem. The structure and functioning of an ecosystem is sustained by
synergistic feedbacks between organisms and their environment. For example, the
physical environment puts constraints on the growth and development of
biological subsystems that, in turn, modify their physical environment.

Viewing ecosystems as life-support systems emphasizesn#tare-human
interface. Understanding the role of ecosystems as mere life-supysiems has
implications for management in a simgense: societies must maintauofficient
levels of natural systems to provide their need for resources and services. If
ecosystems were simplecological-economic research woutdnsist of finding
accurate production functions for ecological resources sewicesand fitting
those functions into economic models. Complex institutiomaiangements
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institutions would chiefly govern thdevel or intensity of use. Imany case
ecosystems are not so simple, and neither are the institutions which dbearn
use.

Ecosystems as dynamically variable systems

In ecological systems, time matters. Ecosystem properties fluctuate according to
rhythms of the earth, moon, sun, in diurnal, menstrual, and annual dylciesan
institutions for environmental managemehave in large measure taken these
regular cycles of change into account—they are fairly easybserve, andheir
repetitive nature givespportunity to learn and adaptver time. Ecosystems
change over longer time spans as well—there are semi-regular patietns
correspond to the El Nifio-Southern Oscillation effect (Philander 1989), variations
in insolation (Eddy 1994), cycles in orbital precess{@avis and Sellers1994),
and cycles of glaciation.

Other biophysical cycles which govern ecosystem dynamics are either not so
regular, or are only regular in a statistical sense. The lifespaohdife histories of
economically important plants and animakt therhythms for many institutions
designed to regulate the harvest and use of biotic resources. Epiéstdidbances
like fire, pest outbreak, storms, and landslides affect the availabilitycofystem
goods andservices,and have an effect on the shape of institutigeserning
access to those goods and services. Since disturbances may vary on siales of
and space which are similar to those afthropogenic changes, theyform
particularly thorny problems for institutions; in particular, historicahtingencies
may give rise to path dependence (Arthur 1994; Krugman 1991; Foster 1992).

Ecosystems as spatially heterogeneous systems

Many ecological models notwithstanding, plants, animals and abiotic elements of
ecosystems are not just so many ingredients in an evenly mixedsraondthly
interacting “soup”. Ecosystem elements are arrayed in space variously and
discontinuously, so that the properties of one piece of the landscape may not be
shared byits neighbors. Resources are typically concentrated, creaimge
resource-rich regions and some relativglyor. Just as differentmanagement
techniqueswill be necessary to meet particular landscape contingencies, so
different institutional arrangements depend on the pattern of resources. The spatial
variability of resources is a persistent form of ecosystem risk arauhidh
institutions are elaborated (Johnson and Earle 1987).

If ecosystem pattern and resource distributicgre a deterministiédunction of
soil type, rainfall,topography, andclimate, institutions could stabilizaround a
known landscape pattern and persist, or even evolve toward ever geHatiency.
However, the spatial distribution of ecosystem properties changes e,
sometimes predictably and sometimes unpredictably (Turner, M.G. 1989). Many
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Ecosystems as complex, evolving systems

The interactions amongpecies in dood web and their relations tevater flow
and biogeochemical cycling are complex, non-linear, and conkags and
discontinuities, thresholds and limits. Ecosystems are commel;organizing
systems,nested across temporal and spatiadcales (O’Neill et al. 1989, Levin
1992). Because these systems are evolutionary (rather than mechanietic)
exhibit a limited degree of predictability (Costanza et al. 1993).

Holling (1986) has described ecosystem behavior as the dynamic sequential
interaction between four basic system functions (Figure 1): exploitation,
conservation, release and reorganization. Titet two are similar toecological
succession.Exploitation is represented by those ecosystem processes that are
responsible for rapid colonization of disturbed ecosystems and duwwimgh
organisms capture easily accessible resour€esservationoccurs when thalow
resource accumulation takes place that builds and stores increasioglglex
structures. Connectedness and stability increase duringsloe sequencefrom
exploitation to conservation and a "capital" of biomass is slagumulated. The
next function is that ofeleaseor creative destruction It takes place when the
conservation phase has built elaborate and tighttynd structureghat have
become“overconnected,” sdhat a rapid change is triggered. The system has
become brittle. The stored capital is then suddenly released and titjiat
organization is lost. The abrupt destruction is created internally but caused by an
external disturbance such as fidisease, orgrazing pressure. This process of
change both destroys and releases opportunity for the fstatereorganization
where released materials are mobilized to become available for the next exploitive
phase.

The stability and productivity of the system is determined by the first two system
function, by the slow exploitation-and-conservation sequeResilienceas we use
the term, is different from stability. Resilience is the system's capacisuridgve
disturbance—its capacity to undergo stress and yet recover, or eeaddgenize
the disturbance and transcend it (Holling 1973}ability has to dowith how
resistant the system is to disturbance. Resilience has witdohow resistant the
system is to crashing, or to some other fundamental reorganiz&esilience is
determined by the effectiveness of thlast two system functions. The
self-organizing ability of thesystem, aexhibited in release antkorganization,
determines its capacity to respond to the stresses and shocks imposesti&tyon
or pollution from external sources. Resilience conserves opportunity for renewal.

Biological diversity seems to play an important role in ecosydtemtion and
resilience. The degree of resilience is linked across temporal and syatias
from reservoirs of genetic material necessary for the evolution of microbial, plant,
animal and human life to diversity over thehole landscape, the mosaic of
ecosystems. Ecological research indicate that the reduction of functional diversity
and loss of resiliencevill move the system closer to thresholds, and ultimately
cause it to flip from one equilibrium state to another (Westoby et al. 198%ing
et al. 1995). Such thresholdffects occur in large-scale ecosystems, dgample
when loss of resilience fis a trgical forest into agrassland ecgstem, or a
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take over and run such processes when the systgrartisrbed (Holling et al.
1995). Loss of functional diversity and buffer capacity implies that the capacity of
ecosystems to sustain the flow of essential natural resources and ecdegias

is being challenged (Folke et al. 1996).

Because of the organizational and temporal complexityeaafsystemshuman
intervention may have different effects at differéimes,and depending omvhich
ecosystem components are impacted. More complex institutions may be necessary
to maintain ecosystem function in the face of human use, and they may govern not
just the leveland intensity, but the timing, spatial pattern, and specific form of
resource use. In principle, there is an inherent unawarenessyelhsas
unpredictability, concerning these evolvinganaged ecosystems and Suxieties
with which they are linked. The essential point is that evolving systergsgire
policies and actions that not only satisfy social objectives but, at the same time, also
achieve continually-modified understanding of thevolving conditions and
provide flexibility for adaptation to surprises.

Disturbance as an important part of development

Natural disturbances, such as eventgered byfire, wind and herbivores, are
an inherent part of the internal dynamics of ecosystems and in o@m®g set the
timing of successional cycles (Soud@84). Natural disturbances aparts of
ecosystem development and evolution, and seem to be crucial for ecosystem
resilience and integrity (Holling et al995). If they are noallowed to enter the
ecosystem, ivill become even more brittle and thereby even lapgeturbations
will be invited with the risk of massive and widespread destruction.

One of the central features of nonlinegystems,and one thatconfounds
management, is that small disturbances can become magnified and lead to
qualitatively unexpected behaviors at more macroscdpiels; this becomes
increasingly true as system complexity increases. Understanding patterns and
interactions across spatial and tempasables is critical foreducing the misfit
between ecosystems and institutions.

In the case of forest fires, for example, tgeadual buildup of fuelduring
periods without fires can provide the ingredients leading to nwgaflagrations.
Classical management practices endeavored to suppress fires entivbigh
increased both the stock of timber, and thus stock of combudititeie creating
accidents waiting tohappen. Suchsimplistic management regimes aimed at
removing local disturbances, thereby losing ecosystem robustneseesihence,
and the predisposition to catastrophic large-scale fires increased. Sucépfizas
farther and burn longer and at higher temperature ttherwiseleading not just
to the destruction of trees and seeds, but also to soil erosion and a deterioration in
the capability of the system to recover (Levin et al. 1997).

Regular outbreaks dire, in the face of fuehccumulation on the forest floor,
make some kinds of forest ecosystems resilient, juse@slar elections and the

AlhAanAan~ in AnvrArvinmaAant lhrAanialte AlAnid s HlhAana o maAvr o maAallAa AAdRemAArAtiA
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perverse effect of management myopi&yhen they areaccumulating fuel, or
otherwise slowly changing over time, theore forests are protected frofine, the

more vulnerable they become to destruction by fire. Forest managers now
recognize the value of letting small fires burn in order to maintain the resilience of
systems. Management regimes thatively respond to and permit some kinds of
disturbance are reducing the misfit between ecosystems and institutions.

These sorts of threshold effects or flips (bifurcations) can occur in rkerus
of ecosystems (Ludwig et al997). The flip from onestate toanother isoften
induced by humaractivity, for example by cattleanching in savannaystems
(Behnke et al. 1993, Westoby et al. 1989), overfishing eutdophicationaround
coral reefs (Knowlton 1992, Hughes 1994), and eutrophication of (Baseffer
et al. 1993). Suchshifts from one equilibrium to another may be virtually
permanent, as in desertification, or periodic, as for example inrdharrent
outbreaks of forest pests diseases such asfluenza. A flip to anew state may
not generate the same level mdtural resources and ecologicarvices abefore,
and thereby cause social and economic consequences and conflicts.
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Ill. The lack of fit between conventional
management institutions and ecosystem
properties

Many current societies employ social norms and rules which (1) barflatore
technological fixes; (2) use narrow indicatorsvedlfare; (3) employ world views
which alienate people from theitependence on life-support ecosystems; and (4)
assume that it is possible to find technical substitutes for the loss of ecosystems and
the services they generate (Costanza and Folke 1997). Such social norms and rules
have influenced natural resouragmanagement. Natural resourgeanagement
science has during thiast century been geared for the efficient utilization of
resources as if thewere limitless,shaped by the utilitarian premises of tearly
industrial era. Nature was viewed merely as a storehouse of raw matesalsrces
werethought to be valuable only to the extent that they could be used to create
wealth. Methods of resource development and management in botiiotbgical
and economic areas, treated the environment as discrete boxesaidrces”, the
yields of which could be individually maximized (Berkes and Folke 1997).

Although many of our examples dtack of fit” between institutions and
resources are taken from industrial or commercial modern economies, we do not
mean to imply thatwhatever ismodern is maladaptive. The characteristics of
institutions which do not maintain the structure ahdhction of ecological
resources are generally applicable to traditional institutionsvels We do not
subscribe to belief in the “ecologically noble savage” (Redford 1990), “living in
harmony with nature, enjoyingits bounty and preserving the environmewtth
sympatheticunderstanding” (Jamieson and Lovelac#985). We do make the
argument that in mangasesproximity and direct dependence on thesource
base makes it easier to filter out and discard practices whichclagly
unsustainable, and this closeonnection to nature is a property ahany
indigenous traditional systems.

It is true that some modern ecological problems do come flioad ideas”
(White 1967, also see the literature on ecofeminism), motern institutions are
not simply self-destructive: for one thing, they are in a state of fhagpting
themselves more dessrapidly to a fossil-fuel resource based from a solar and
geological resource base (Odub®71). Disharmonyarises as the social system
tried to “fit” itself to two very disparate resourtmsesand there is h@guarantee
of ultimate consonance between the rationalities of industrial development and
ecological sustainability.
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Wrong focus of resource management

Based on this perspectivenodern natural resource managemdrds been
successful at rapidly achievingsat of narrowlydefined goals. It has focused on
controlling theflow of specific resources into theconomy such aéish, trees,
water, or cattlethereby achieving sociabbjectives, such agmployment and
economic growth. The field has relied on the use of fixed rules for achieving
constant yields, as in fixedarrying capacity of animals and fixeshaximum
sustainable yields (MSY) of fish and forgstod ucts. Success has generalbeen
equated with increasing yields, and increasing economic returns.

This “success” has been accomplishethrough an active reduction of
variability in the flow of the resource into the economy, to a large extaude
possible by the development néwtechnology. Theinitial successchanged the
focus from managing natural resources to improving efficiency of the methods of
resource management (including technological development). For ex&avgpder
fishing fleetswere builtand therewere increased fishing efforts to maintain the
yield from decreasing fish stocks. The technologitaliccess” amplified the
mental alienation of modern society from the dependence fumctional
ecosystems. Human ingenuity expressedhéw technologywasbelieved to be an
effective conqueror ofthe fluctuations of nature. Managemeimstitutions, like
fisheries, forestry, agricultural and other governmental boards, becamerigidre
and less responsive to critical changes in the ecosystem.

It has beerprofoundly disturbing taanalysts that in mangases of renewable
resource management, the success amaging a target resource (food, fiber) for
sustained production has lead to an ultimate pathology of :

e more brittle and vulnerable ecosystems,
* more rigid and unresponsive management agencies, and

« more dependent societies (Holling 1986).

Examples include the initial decades of chemical control of spruce budworm in
Canadian forests—where more and more control effort seem to result in larger and
larger infestations when they do occur, and forest fire suppressi¥ellmwstone
National Park in the USA—where almost half of the Phtkned down in one
major fire in 1988, following a century of fire suppression. The \grmgcess of a
well managed fishery tends to triggéis own demise byattracting additional
capitalization and fishing effort until all resource rents are dissipate|l &known
phenomenon irfishery economics (Clark 1985). There are many examples of
apparently successful management, later leading to environmental backlash or
surprise; examples range from pesticigge, to thedamming of majorAfrican
rivers (Farvar and Milton 1972).
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Short-term success leads to long-term failure

Hence, there are more and more examples of conventioraburce
management that has been successful in the shront but where experience has
shown that this type of management slowly changes the functioning and resilience
of the ecosystem that sustains the production of the natural resource (Gunderson et
al. 1995). At thesame time conventional resource management deteriorates the
capacity of the ecosystem to generate essential ecolagioates thabther parts
of society depend upon (Odum 1989, Folke 1991, de Groot 1992, Dadly). It
is interesting that in one sense the fit between societyitanmhstitutionsand the
resource base becomes tighteith successful management, but that tight fit is
maladaptive—it is not resilient to changes in environmental conditions. The
optimal “fit” between institutions and the resources they govern may not be the
tightest fit

Conventional resource management is predisposed to reduce variability and to
block out disturbances. Conventional environmental management tends to do the
samewith environmental problems. This may be "efficient" in a limited sense in
the short term. But as clarified in the previous section disturbancesndmgenous
to the cyclic processes of ecosystem development (Holling et al. 1995). If they are
not allowed to enter into the system they will accumulate and return at a later stage
on a much broader scale.

For example, intensive agriculture creates soil erosion and salinizatignilef
from irrigation. Instead of responding to the feedbacks fralmgrading
agricultural ecosystemspanagemenuses more fertilizers to compensate foss
in ecosystem productivity. Acidification provides an example of the same
phenomena in environmental management. Instead of focusintheorreasons
behind local air pollution, higher smokestacke&re built as aremedy to air
pollution. If that would have happened in only a few places in the industoidd,w
it might have been #ong-term solution.But nunerous localstacks were built,
causing an accumulation of sulfur compoundsthe air that has resulted in
widespread regional acidification problems. A local small disturbanceturagd
into a large regional disturbance.

Hence, it seems like conventional resournanagement tends to increase the
potential for larger-scale disturbances and evess predictable andless
manageable feedbacks from the environment. These feedbacks, or surprises
(perceived reality departs qualitatively from expectation), can have devastating
effects on ecosystems and on societies dlepend on the resources aservices
that ecosystems generate. This pattern of exploitation, phéhology of
conventional resource management, seems to have been more the rule than the
exception, and has been described in ewgus case studies (e.g. Regier and
Baskerville 1986, Acheson et al. 1997, Ludwig et al. 1993, Finlayson and McCay
1997).

Crisis for institutional learning?
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However, if we examine thpathology over a longer span, we find thahother
kind of surprise may occur. There arases in which external and interrwaises,
amplified by the pathology, trigger a sudden lurch in understandingdesign
and expansion of policy, and a return of flexibility and innovation. Under certain
conditions, crisis seems to trigger institution@arning (Holling andSanderson
1996). Therehave beenenough cases toprompt a book-length exploration of
examples of pathological exploitation, followed bgises andearning. Examples
range from the Everglades of Florida, the forestdlei Brunswick, the estuary of
Chesapeake Bay, the Great Lakes, and the Baltic Sea (Gunderson et al. 1995).

In New Brunswick, for example, the intensifying deadlock iforest
management, combinewith slowly accumulated and communicatestientific,
economic, and social understanding, led to an abrupt transformatidiorext
policy. Once freed from local constraints, policy could $et in an adaptive
framework designed to achieve both ecological and economic benefits (Baskerville
1995). The new policy functions for a whole region byransforming and
monitoring the smaller-scale stand architecture of the landscape and by releasing
the productive and innovative capacities of industry.

Viewed thisway, the message from pathological examples becopmirely
different. The examples indicate thapathology itself may trigger learning and
innovative re-design towards sustainability. Indeedsis may be anecessary
condition to provide the understanding feystem change(Gunderson et al.
1995). The research question becomd®ther one can predict certain kinds of
institutional innovation from certain kinds cfises orpathologies.Crisis can be
either a creative or a destructive spatkpending on the kinds &focial structures
that are challengedCrisis can help agents break through denseeaocrusted
institutional structures to achieve useful innovations, but if environmeanisis
attach too strongly to structures of social signification, they may lead to social as
well as environmental disaster (Frances Westley, pers. comm.).

One way that “normal” resource crises can create social crises is if they are
allowed to build up to a level where they challenge the survival of the community, a
region, or society as a whole. As we learned from the collapse of the Newfoundland
cod fisheries (Finlayson and McCay 1997), the price of learning from such crises
may be extremely high, and social and economic consequences severe. Since
ecosystems are nonlinear complex systems, the sum total of our actions may cause
them to lurch to quite different, and potentially unwelcome, development branches.
Thus, small changes in global mean temperature caused by numerous anthropogenic
sources could lead to a shift in the Gulf Stream; extinction of certain keystone
species caused by widespread land use changes may magnify into losses of
ecosystem function (Levin, 1997). As resilience of the ecosystem gradually declines,
flexibility is reduced and ultimately lost, and the social system becomes more
vulnerable to surprise and crisis (Holling et al. 1997).
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I\VV. Economic and social barriers to the fit
between ecosystem and institutions

Some of us have argued elsewhere that a fundamental reason for the lack of fit
between institutions and ecological processes is the mesparation-from-nature
that has arisen irmodern societies. Themodern wvorld creates andightens
intersystems linkages, hierarchies, and interdependencies betweerrdscalce
users and the wider societthrough themarket, political control, and social
networks. Interestingly, the result of the tightening is to distance resource users
from the resourcebase, to disconnecproduction from consumption, and to
disconnect the production of knowledge frata application (Jodha 1995). The
separation of humans and nature has alienated society ifsodependence on
functional ecosystems and the support that they provide for sociaé@maomic
development (Berkes and Folke 1994).

Many decisions taken in society entail ecological externalities, wdmclimulate
and change critical properties and the capacity of ecosystem to prewpgeort.
The environmental literature has typically over-emphasized singplees of
deterioration, e.g. clearing and burning of tropicirests and mangrove
ecosystems,waste problems associatedvith urbanization, and emissions of
greenhouse gases and ozone depleting chemicals. These are the proximate causes
of environmental change. Increasing attention is being paidvever, to the
indirect or underlyingsocial and economic driving forces behind th®ximate
causes.

Underlying driving forces

These driving forces can include tenure regimes, technologitenge,
international financial assistance and pressure for structural adjustment,
government economic and social policy, dgraphic change,international
environmental institutions, and worldommodity markets, aswvell as even more
distant determinants of environmental change such as power relatiGuiaty,
world-view, lifestyle,religion, ethicsand values. Some of these driving forces are
the subject of research trying to correlate environmental chavitie external
drivers. What is unclear in a general sense are the mechanisms by which changes in
driving forces work through to impacts on the proximate causenwifonmental
change. There are timdags, spatial-diffusion processes, andonvoluted
transformations of broad-scale socioeconomic and biophysical signals. One task is
to identify these time lags and diffusion processes, in itsglirgantuan task—but
the further task is to specify the many variations that can inveffer, amplify, or
otherwise transform driving forces into landscape signatures.
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For example, many researchers hd&awend stronglinks between theexternal
sector (international commodity prices and exchange rate dynamics, or ENSO
oscillation) and changes in land use or cover, such as forest biomasspping
schedules. But these results are difficult if not impossible to generalize across
regions and between natiorigwever,and simple correlations tend to fapart.
Similarly, some research postulates a straightforward link betwsgrulation
levels (or rates of change) and deforested area (or deforestedtes), butsuch
relationships typically provide no more than 50% of the explained variance in
forest cover across diverse regions (Matthé©6) and commonly disappear in
place-specific analysis (Kasperson, Kasperson & Turth®6). When these
supposed macro-mechanisms are not understood smtdin context, even
statistically significant correlations may be spurious.

Scale and driving forces

The explicit recognition that driving forces vary across scales of spacanaad
is often missing in analysis of environmental change, and the omission is even
more glaring in much institutional analysis. Driving forces wvaith their “causal
distance” from decision-makers, and are often typologized @m®ximate,
intermediate, and distant (Turner, B.L.,Il et al. 1993). They can alsategorized
according to the space and time scales they occupy, so that analysis of institutional
forms at a particular scalill draw attention to particular driving forces (see
Figure 2). Increasingly, the discovery that “scale matters” has evolved imora
sophisticated understanding of the importance of scale.

Recognizing the importance stale may resolve some puzzlescomparative
research. The conventional thinking on scales emphasizes finding the right scale of
analysis to solve particular problems, rather than using arbitrarippsedscales.

This is a useful but limited innovation: oargument is that ecosystepnoperties

that cause the most trouble for management are those that are linked across scales.
This argues for a multi-scale approach to institutiomadlysis, at the very least.
Working at multiplescales, howevehas frequently been reduced to farming out
research at different scales to different researchers, then compiling the results in an
edited volume and calling it multi-scale analysis. Innovative workingnaitiple

scales involves crossing aruhking scales—not just multiple scakmnalysis, but
cross-scale analysis (see Table 1).

As has been said in reference to nestedles (indeed, it has been a specific
complaint against Figure 2), "the world is notset of Chinese boxes." Static
approaches to hierarchy theory are satisfigith a snapshot of processes
describing the scales at which they operate. In the real worldfaumsl that these
scaleschange over time Gunderson et &4P97. Many of the problems and
processes to be addressed have characteristic time periods which are speeding up,
or spatial scales which are expanding and synchronizing. An impartamponent
of scale-sensitive research is to explain how this occurs, and to developays
of modeling systems whoséundamental underlying structure is changing over



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

time. The test of good model may not behether it is successful ipredicting
particular ecosystem-institutional interactions and consequences, but whether it
helps in understanding the importance of changes in the structure of the system in
question.

Because of problems crossing scales, the idea that we can identify agsiogle
policy lever to affect ecosystem properties loses credibility. By the time the
dynamics of drivers at one scale are estimated, paaales at other scales may
well have changed. It isalso possible that cross-scale manipulation is too
complicated or blunt an instrument anyway, as in the case wheraatlral
resource change is driven by local terms of trade instead of international terms of
trade, or similar. It is hypothesized in general that the cross-Spagsthrough”
varies according to the resource use acti#glf, as well asts "connectedness" to
macroscale drivers.

An important and overlooked discontinuifyivolves whateconomistsmight
term the price transmission elasticity fexogenousvariables (Sutton &Webb,
1988). For example, consider thmase of theproposition thatinternational
agricultural prices determine a significant share of agricultural land usevh@b
extent (and throughlwhat mechanisms) do these prices pts®ugh to the ntro
level? Is it true that all hierarchical systecmnduct price signalsvith identical
"resistance?" If not, what are timplications for using international prices as a
driving force at the unit of production (land-use managecple? Most
importantly, what makes different resource-use systems molesgwermeable to
such macroscale signalsHow do theseland-use system vulnerabilities vary
through time?

In many models, markets are considered to be an "efficcamtiuctor of price
signals, but that conductivity ontextual and only dominant in certgimoperty
regimes. The important observation is that the transmission of prickdeigmined
by the institutional setting, and in agriculture, the institutiogeverning
commodity trade often "subvert” (i.e., buffer, stabilize, or block) internatipriaé
signals as they passhrough to local markets. Moreover, even relatively
unprotected or "exposedtarkets, where farm gate prices traskernational
prices, decisions abouyiroduction, consumption, exchange and distribution are
made by actorsvho, in turn, operate on a remarkablyide range ofscalesfrom
individuals/households to national and multinational firms, #mdugh abroad
palette of cultural diversity. In this way signals on iaternationallevel may be
propagated down to the farm level in complex pathways, with remarkffibrent
effects (Sanderson and Pritchard 1998a).

This linkage is important forunderstanding the problem dit for several
reasonskFirst, just as there are clear mismatches between the scale and scope of
ecological processes and the institutions that manage them, thereleare
mismatches between the dynamics of external driving forces andorikine-
ground processes upomvhich they impinge. By their very nature, many of the
driving forces are one-way, top-down forces that do not receive feedback from the
consequences they engender. Second, the information which governthgnémaics
of external drivers may be completely unrelated to their environmental and social
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countryside. Third, local institutions that govern local resource use respond to
these external forces, either by evolving mechanisms for dealiity the
uncertainty they introduce, or by organizing to confront and influencdatiger
scale processes which govern them.

Obviously, the misfit of scales is central to the problenfitofvithin institutions
and between ecosystems and institutions. (J&93) attributes the problem of
over-exploitation to a mismatch atales:"when humanresponsibility does not
match the spatial, temporal, ofunctional scale of naturalphenomena,
unsustainable use of resources is likely, andilit persist until the mismatch of
scales is curet]

Spatial mismatches occur where the boundaries of management doimoide
with the boundaries of the ecological entity. The “problem of the commons” may
be seen as a spatial one: the sheplmws her individual animals but not the
(more extensive) land that nourishes them and which is open to all. There is no
system of rights and responsibilities that describes and manages how grazing is to
take place and how it is to be sustained on the pasture as a whole. And even if it
existed, how would it relate to the ecological dynamics of the pasture? The
problem is one of getting the scales right idyamamic and adaptive fashiothus
collective action hold a solution for the so-called “problem of the commons.”

Temporal mismatches are often discussed in reference to time horizons of
planners and politicians (short) relative to environmental and satiahges
(long). Management myopia resulting from the rhythms of the electoral cycle is
not limited to environmentalissues; it pervades politicaeconomy and
macroeconomics (Dornbusch and Edwards 1991). It is equally likelytehgioral
mismatches display the reverse problem—that in rapadignging environments
social systems arslow to respond and are characterized by cultural inertia and
organizational rigidity (Kuran 1988).

Functional mismatches are mismatches of scope. Resource users maseryave
specific desires from a highly complex ecosystem, and they may tefatus
their management actions narrowljgnoring side effects. In the area of
environmental regulation, bureaucratic micromanagement through command and
control policies often causes unintended consequences, or drives the regskted
to search for loopholes. But control may be tmmad aswell astoo narrow.
Mismatches of scope may occur when too unwieldy a policy tool is used to
manage fine details of a system (trying to control land wigh a tax on an
internationally-traded commodity).

Responses to surprise

One way of structuring an inquiry into human social and economic processes at
multiple scales is with a typology of response to surprise. Gunderson (&08l7)
have alreadyproposed a three-fold typology @lrprise, which nosurprisingly
have different types of institutional responses.



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

Type-l surprises are what Gunderson calls local surprises. They menedited
by a narrow breadth of experienesth a particular system, eithetemporally or
spatially. Local surprises have a statistical distributiand response to these
surprises is to form subjective probabilities, and to nese information toupdate
those probabilities in a Bayesian fashion (although following He{h€B3) we
might guess that this is only appropriate for very simple environmedésed on
these estimateshere are avide range of adaptations to risk that are amenable to
economic rationality on an individudével, including risk-reducingstrategies and
risk spreading or risk pooling across independent individuals. Type | surprises are
manageable by individuals and associations of individuals. Thepeokmably no
collective action problem.

Adaptation-to-risk-strategies fail when surprises are not local, or when
individuals are not independent. Type Il surprisggunderson’s panarchy
surprises) occur when there are cross-scale interactions, such as lodaén
variables coalesce to form a regional or global pattern, or when a prdesits
contagion (as with fire, insectoutbreak, and disease). Unintendeonsequences
resulting from the action of many individual agents is a Type |l surprise.
Individual responses are not generally effeciiahough there arspecial case—
Coase’s (1960) farmer and herder come to mimBtead individuals may act in
concert, if appropriate institutions aewailable or are readilyjormed (McKean
1996).

The final class of surprise by definition precludes prediction: Type Il surprises
comprise true noveltynever-before-experienced phenomena vidvich strictpre-
adaptation is impossible. However, it may be possible that some systemwittope
Type Ill surprises better than others, if they have developed mechanisms for
reorganization, learning, and renewal (Holling and Sanderks®@®6). Type Il
surprises are especially useful in revealing latent processes that are undiscovered in
"normal” times. Douglass North (North993) has quoted Frank Hah{1987) to
say, "There is @ontinuum of theories that agents can hold antupon without
ever encounteringevents which lead them tohange their theories." Type IlI
surprises may generate that kind of change, or at least reveal the redatdl
models to researchers. Oliver Coomes Hegun work with an Amazonian
community whose blackwatefoligotrophic) tributarywas captured by theamain
whitewater river in asingle flood event whichlreconfiguredthe watercourse, and
changed the nature of the fishery. He has been able to observe differential success
in adaptation in different communities based on pre-flood pattermsganization
that before had seemed unimportant (discussed in SandersonPrtctiard
1998b). But success in coping may have more to do with the timing of the surprise
than with overall societal flexibility.
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V. Management practices and social
mechanisms for ecosystem-institutional fit

The lessons from the literature @ommon property resources indicate that
local-level institutions can learn and develop the capability to respond to
environmental feedbacks and surprises faster than do centralized ag&ues.
of the most sophisticated local institutions doeind in areas in which these
systems have developed over a long periodirog, in theorder of hundreds of
years. Examples include SpaniBhertasfor irrigation, Swissgrazing commons
(Ostrom 1990), and marine resource tenure systems in Oceania (Joh8@8gs
In other areas, successful institutions have evolved over a@hiood of time (in
the order of one decade) in response to a natural resource crisis. An example is the
Turkish Mediterranean coastal fishery in Alanya (Berkes 1998).other systems
have collapsed and recovered sometimes more than once (Berkes1€38).
Ostrom (1990)has derived what are by nowell known design principlegrom
studies of long-enduring institutions that seem to have been successful in
managing resources in a sustainable fashion.

Complex systems and local institutions

The volume Linking Ecological and Social Systems: Managing Practices and
Social Mechanisms for Building Resilience (Berkes and FdIR87) seeks to
integrate two streams of resource management thought that differ from the
conventional approach in order to improve tfie between institutions and
ecosystems. The first involves rethinking resource management science in a world
of complex systems withnon-linear relationships, thresholds, uncertainty and
surprise, using systenapproach and adaptive management. The sedoralves
rethinking resource management social science by focusing on institudogesly
property rights institutions and in particular common-property systems.

The combination of those two streams of resource management has resulted in
new insightsconcerning social-ecological linkages that contribute bigilding
resilience of the combined social-ecological system. These insights into the
problem of fit were generated from thirteen case studies from a diversity of
ecosystems in different parts of theorld, and from both traditional and
contemporary societies (Berkes and Folke 1997).
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First we identified a diversity omanagement practices based ecological
understanding and knowledge. The practices ranged from monitoring and
managing specific resources, to ecologically sophisticated practices that respond to
and manage disturbance and build resilience a@caies incomplex ecosystems
(Table 2). Such management practices include protection of cepaties, stages
in their life-history, and habitats; multiple species and multiple stc@ragement
of ecosystem processes; temporal restrictionhafvest,resource switching and
rotation, management of different phases of ecosystem developlaadscape
patchiness and whole watershed management.

The first five management practices in the taldiso exist in conventional
management, but in contrast to conventional management there are gasmur
studies generally effective regulations, enforcement actionssandl sanctions
associated with those practices. The other eight practices are rare or non-existing in
modern society, but they are very sophisticated from an ecosyst@magement
perspective. For example, Chisasibi Cree hunters rtria@pping areas on four-
year cycle to allow populations of beaver to recover, seem to manage fish on a 5-
10 yearscale,and caribou on a 80-100 yeacale (Berkesl997). Succession is
managed in shifting cultivatiorsystem, like milpa of tropical Mexico, where
agriculture is a sequential cropping of crops and non-crops (AlcornTaheldo
1997). The small-scale movements of Sahelian herders are designed to mimic the
variability and unpredictability of the landscape patchiness (Niamir-FAg897).

In ancient Hawaii whole river valleys wemeanaged as integrated farmisgstems,

from the upland foresall the way to the coral reef (Costa-Piert887). The
Gitksan of British Columbia igoncerned not onlywith the production offiber

over several square kilometers, but alsdh the maintenance ofecological
processes involving soil bacteria at the spatial scale deéwa square meters
(Pinkerton 1997). Range reserves of African herders provide a "sabagls’ of
forage thatserves ashuffer to disturbance and surprise (Niamir-Full&®997).
Sacred groves in India absorb disturbance by serving as fire breaks for cultivated
areas and villages (Gadgil et al. 1997). Some nomads behave like a disturbance by
following the migratory cycles of the herbivores from one areaamother,
contributing to the capacity of the semi-arid grasslands of Africa to funatiaier

a wide range of climatic conditions (Niamir-Fuller 1997).

Many of these management practices are in stark contrastortwentional
resource management. They do not regard forests as a storehouse for timber, or
oceans as standing stocks of fish populations. They understand that the resource is
a part of the system and has to be managed as such. They monitortenpdet
the dynamics of complex ecosystems to secure a flow of the resource.

Social mechanisms and institutions
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proceeds from ecological knowledge to underlyingridviews. Institutions, in the
sense of rules-in-use, provide the means by which societies can athean
ecological knowledge and use it fwoduce a livelihood from resources and
services in their environment. Both knowledge and institutions require mechanisms
for cultural internalization, so that learning can be encoded and remembered by
the socialgroup. Worldview or cosmology gives shape to culturalalues, ethics,

and basic norms and rules of a society (Berkes and Folke 1997).

The underlying question about the relationstgtween the cultural values
espoused by a people and the way that these people interact witerthieonment
is a form of an older questioWhat isthe relationship betweeideas, institutions,
and the material conditions of existence (Jamieson and Lovelace 1985)? In the
present paper, we abandeimple ideas of environmental or social determinism,
and of human/nature independence, in favor of a coevolutionary view afrigie
and maintenance afleas, institutions, resourceend societies. Thdiophysical
world is not seen as a single strong determinant of social mechanisnmsitigr
is it passivelymolded by human ideas arattions, nor is it simply d&@ackdrop
against which the human drama unfolds.

Examples of social mechanisms include theater's guild of the Yoruba in
Nigeria that functions as a knowledge carrier to maintain ancient traditions and
indigenous ecological knowledg&Varren and Pinkstori997). Reef andlagoon
fishery management in Oceanighow pervasive spatial ecologic&khowledge
diffusion inferred through striking siitarities in the management system across
island groups (Johannes 1978). Various kinds of taboos eamdogically
functional and have potential to build resilience in ecosystems (Colding and Folke
1997, Gadgil et al1997). Many resources are not managed by numbers but
through thesocial conduct (Acheson et dl997). Rituals helppeople remember
the rules and interpret signals from the environment appropriately (CA&8ih).

The vanuaconcept inFiji is an integratechuman-nature conceptshich regards

the land, water and human environment as a unit, one and indivisible (Ruddle et al.
1992). Several such pre-scientific ecosystem concepts are krfoevn Europe,

North America and Asia, as well as from throughout Oceania where theybkawve

well documented (Costa-Pierce 1987, Gadgil &etkes1991). They represent
examples of whole drainage basin management of humans and nature.

Furthermore, some institutions seem to be ablprtamluce rules that "kick in"
following certain kinds of stresses. both traditional societies antbntemporary
resource management, tighter management rules seem to emerge itas@e
following an intensification of resource use or decrease in resosuEgly.
Examples include the emergence of tightly regulated family-basedting
territories in the las00 years in James Bay in place of looseggulated
community-based territories (Berkes 1989), the emergence alystem of
"cascading propertyights" for water use inFlorida in the droughts of th&970s
and 1981-82 (Light 1983), and the incipient institution of "sleefigitoriality”
of some Pacific Islands, which serves a blueprint of property rights that is activated
when fisheries resources alecoming scarce (Edvard Hviding, University of
Bergen, personatommunication). Such ‘latent functionality’ is of gred¢al of
interest in terms of examining adaptive capacity of institutions to resource and
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normal conditions,serve a capacity t@bsorb disturbance that challenges the
processes and functions of the system (Holling et al. 1995).

Responding to disturbance

There are many examples of local communities that hao®gnized the
necessity of the coexistence of gradual (exploitation and conservation phases) and
rapid (release and reorganization) change as described earlier for the forest fires in
ecosystems (see Figure 1). We believe that in their institutions they have
accumulated a knowledge base for how respond to dynamic changes in
ecosystems (Berkes and Folk897). Holling etal. (1997) arguethat they have
developed social mechanisms that interpret the signals of creative destruction and
renewal of ecosystems and copéh them before they accumulate anballenge
the existence of the wholeommunity. Disturbance entered at smabeales, and
could not be blocked out. The local institutioesolved so that renewalccurred
internally while overall structure was maintained. It is importansttess thathose
management practices and social mechanisms did not develop becaudectiese
communitieswere unusually insightful or'noble”. A major reason, wéelieve,
wasthat theywerenot in a situation of choice. Themere no capitaimarkets or
insurance mechanisms that could pay for a suddes in a resource flowlhere
was notechnical equipment and nfmssil fuel-based infrastructure to block out
disturbance and mask ecosystem deterioration.

Presumably, the social mechanisms of Table 2 represent only a tiny fraction of
existing human-environmental adaptations. The practices and mechaniswce
a reservoir of real world active adaptations that may be of valdesigning for
sustainability (Gadgil et all993). Several of them prevent the build up lafge-
scale crisis. Theyallow disturbance to enter at a lowéevel and they build
resilience, in contrast to resourceanagement in large parts abntemporary
society where disturbance is activddjocked out and variability is reduced or
eliminated.

The social-ecological practices, mechanisms and principles identified in Berkes
and Folke (1997) have the potential to improve conventionaksource
management by providing: insights for designing adaptive resauargagement
systems that flowvith nature; novel approaches to forestry, agricultdigheries,
aquaculture and freshwater management; lessons for develsysigms of social
sanctions and successful implementation and enforcement of sustainable practices;
means to avoid surprises caused by conventional resooraaagement;
experiences in managing fluctuations and disturbance, and directiorfsovioto
build social-ecological resilience for sustainability.
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V1. Adaptive management and nestedness
of institutions

Enhancing the resilience of ecosystems to disturbanile be increasingly
important in the light of threats from global environmentalhange.
Ecotechnology (e.gMitsch and Jorgenseh989) and ecosystem restoratiGang.
Cairns1995) aretools that have great potential to increase thiffer capacity.
However,they will be difficult to implement if they have no social/institutional
framework to act within.

Adaptive management

Flexible social systems thagiroceed along by learning-by-doingre better
adapted for long-termsurvival than are rigid social systems that have set
prescriptions for resource use. Integrative ecosystem management can proceed by
a design that simultaneously allows fests ofdifferent management policies and
emphasizedearning-by-doing.Called adaptive management, tlpproachtreats
policies as hypotheses and management as experimentsaain managers can
learn (Holling 1978; Walters 1986). This means that we need taew the
implementation of policy prescriptions in a different, more adaptiragy that
acknowledges the ever-present uncertainty afidws participation by various
stakeholder groups. Adaptive management views regional development policy and
management d®xperiments,” where interventions at several scales are made to
achieve understanding and to identify anmst policy options (Holling1978,
Walters 1986, Lee 1993) rather than agsolutions." Adaptive management
effectively breaks down the barrier between research miaghagement. As it
proceeds in atepwisefashion, responding to changes and guidedfdmdback
from the ecosystem, it allows for institutional learning (Gunderson et al. 1995).

Institutional learning and bounded rationality

Understanding institutional learning (if etxists) requiresunderstanding of the
evolutionary processes of institutions. Recent advances in cognitive science have
again highlighted the importance tbunded rationality irnthe development of
human institutions(reviewed in Conlisk1996). North has recommendedthis
literature to economists for theew frontiers it opens up forunderstanding
institutions andbounded rationality (North 1993). Thdistinctiveness of the
bounded rationalityliterature isits focus on imperfect rationality rathethan
imperfect information (Day and Pingle 1991)—the deliberatomst problem, as
distinct from the transaction cost (Coak@60) or the informationcost problems
(Conlisk 1996). Bounded rationality is appealing in that it adheres wcanomic
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constructs, that the environment in which humans operate is complexoanky
understood.

One example of the importance of boundedly-rational behavior in the evolution
of institutions relies on the notion of a competence-difficfp. Ronald Hiner
(1983) argueghat the origin of predictable, or rule-bound, behavior (such as an
institution) is not in situations wheteuman agents model their environmevsill,
but in those situations where there is a highel of uncertainty. Under certain
conditions, a higher degree of flexibility increases the probability of making costly
mistakes, relative tabiding by an institution. In Heiner's formulatiohumans
add behaviors to their repertoire under the condition that they can choose when to
use them reliably. Unreliability comes from (a) environmental complexity and (b)
human fallibility in perception and in decision-making. Heiner thus proposes a
way to answer the following kinds of questions:

* When will a person (or group) decide to be behavioraligsponsive to
environmental information, and when will they decide to be unresponsive?

* When is the right time to search for more information?

* When is it the right time to learn?

Note that Heiner's argument is not that institutions evolveettuceuncertainty
(although that is a second order effect), but rather that ékelve in response to
uncertainty because humans are unable to respond optimally to numerous and
hopelessly complexsets of relationships. (At least some) institutions result not
from a sophisticated understanding of the environment, but from the inability to
cope with its complexity. The implication is that there are times wimeare-and-
more information is not useful, and that simple heuristics, myths, or institutions are
more beneficiabn averagen structuring behavior.

The theory thus encompassedeatst oneform of “irrational behavior’—the
problem oftime inconsistencyJon Elster proposes that when individuals know that
they will be tempted to act against their own self-interest by attending twrtrey
signals, theywill engage inbinding behavior an alcoholic may determine in
advance to take a drughich makes him physically ill wheaonsuming alcohol.
Such behavior is a determination to focus on longer-time-scale informgsiarn
as the state of his health) which varie®re slowly than theshort-time-scale
temptation (the euphoria that comes from having a drink). Behavior tmabrie
flexible may not be moréfit” if there is the potential for timaconsistency.
Rigid behavior ianore adaptive in this case. It is reasonable to assumecértdin
natural resource institutions perform tlsame role at times—mitigating the
temptation to overexploit a resource.

Heiner's theory also helps to explain why individuals (and by extension,
societies) would “rationally” resist evidence, and persist in conservagivaviors.
Heiner refers explicitly to the punctuated equilibridiberature, and especially to
Kuhn’s discussion of the discontinuous process of paradigm change (96%),
in pointing out that lack of (Heinerian) reliabilityill cause scientists to resist new
theories and to systematically ignore accumulating evidence. This maybbane
the case in the collapse of the Newfoundland cod fisheries describ&thllayson
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escalated, that failure could be caused by fishing itself. The irony of the case is that
the inshore fisherswere unable to convince managers amdientists of the
impending crisis; managers andscientists werepreoccupiedwith the offshore
fishery and completely missed the signals that the inshore fisteneslearning

from - until the entire stock collapsed. Institutional learning through adaptive
management may indeed require a crisis.

Nested institutions

Narpat Jodha sees resource management systems which are directly (totally and
crucially) dependent on locatesources,with close proximity and intimate
knowledge of the resource base, associati#d closed or isolated situations, as
being “ecology-driven” (Jodha 1995). Fododha, fit is a function oproximity,
physically and economically, to the resource base and isolation @trar
influences. By implication, he is saying that only when isolated, closed, and
dependent on resources does traditional ecological knowledgee and persist.

We challenge this perspectivelow, withthe observation that broader institutions
are not only politically and economically probable, but that they may be able to
negotiate a better fit tbroader andslowerbiophysical attributes of the system as
well.

A more general question is posedthat are theways that local resource
management can be coupled to largeale institutions without losingts local
“fit” to the resource base™ow can statesnd national governments leupled
to resource users in non-disruptivays? One answer waopose is the so-called
“tenurial shell” (see below). Another answer, which we note but do not explore in
this paper, seemdigenous agents in their role resisting hierarchical control,
seeking accommodatiowith large-scale power structures from a position of at
least limited power—at various times either helped or hindered byntamational
community (Peluso 1992; Tsing 1993; Taussig 1987).

As we have stressed earlier, the institutions of conventional (heaxtdern”)
resource managemefiave been successful jproducing yields and economic
growth in the short term, but has not been very successfsafiguarding the
dynamic capacity of ecosystems or in managing social-ecologigstems for
resilience and sustainability. In building centralized bureaucracies for
environmental management over tlgears, it has been assumed thesource
management can be scaled up. That does not seem to be the general case.

Understanding the failure of centralized bureaucracies is a fundanmasitain
analyzing ecosystem-institutional linkages, and must be viewed historically. What is
the result of commercialization of agriculture, the integration into the market, and
the penetration of centralized administration on all forms ‘ohiddle
management” byhuman institutions?Vhat forms does the politicaintegration
process take—when and how does the state replace or alterclmmahunity
institutions? For many developing countries, this process has gone pnedin
colonial, colonial, and national periodsjth different forms of stateauthority
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But all centralized management institutions could not be replaced by
community-level institutions. That would be to assume that resoustegagement
could be scaled down. The evidence from various case studies support the
proposition by Holling et al(1997) that environmental and renewaliesource
issues tend to be neither small-scale or large-scalecitmgs-scalein both space
and time. It follows therefore that the problems have to be tackiadltaneously
at several levels. Thus the power a#ntralized management agencies should be
partly redistributed to local-level institutions and balanced, mdiminated.
Management power and responsibility should be shareds-scale,among a
hierarchy of managemeninstitutions, to match the cross-scale nature of
management issues

Holling and Sanderson (1996) preseattributes of institutions indifferent
phases of institutional development. Centralized management institutions seem
increasingly to dominate in the development phase from innovation to
consolidation. But they seem to play a less importance role in the phases of release,
renewal, and transformation (Schumpeter 1950) (Table 3). fuhdamental
mechanism enhancing the resilience of natural aodial systems alike is
variability and adaptations through renewal. Opportunities for periaibuffling
within institutional levels seem tanaintain adaptiveopportunity forrenewal. The
institutional capacity to maintain opportunity feenewal within and between
social and ecological systems may be particularly important on the regional and
global scale, if we are to cope successfully with planetary or climatic stresses.

Local institutions may play an important role in monitoring and responding to
ecosystem change, as we have shown above, butwilieever be effective unless
they are connected to larger institutions inway that permits flexibility,
adaptability, and resilience. For example, in ordersuovive, the locally adapted
social-ecological systems analyzed in Berkes and F@Il&97) need to be
protected (but not isolated) from external driving forces sucimasroeconomic
and trade policies, which may not beiformly appropriate forall local systems.
Such support can be provided by umbrella institutions such as the tenurial shell for
local community forest management created by the Mexsatate (Alcorn and
Toledo 1997), or through nestegts ofinstitutions (Ostrom 1990, Hanna et al.
1996). Such nestedsystems of governance exist for example in the co-
management process in Maine’s soft-shell clam fishery for the sharingguis
and responsibilities between the State of Maine and the tmramunity (Hanna
1997).

Nestedness does not necessarily imply a top-down hierarchical structure. In
governance terms micro-phenomena (like the choice of lifestyle) can hsivers
accumulated macro-effect, and the core causality might be difficult to trace to one
level or the other. There are synergy effects drawing on sources from |maahy
simultaneously, i.e. the effects are contextual.

Nestedness does not imply tight links. There may be loose coupling, in the sense
that local communities only communicate a small sein@drmation to thehigher
level institution. According to Holling and Sanderson (1996) dooisecoupling
allows a widelatitude for experimentationwithin levels. But experimentation
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complex ecosystems is therefore of great importance (Berkes and Fa®%keé.

Until modern human institutions are responsive to ecosystem dynamism, and
designed to flexwith natural variability, their principle impaawill be to impede
nature, not to sustain the life-support system on which they depend.

What this suggests is that policy and institutiopailding should beconcerned
with more than the immediate consequences of incremental actiosholtd
recognize the potential for an accumulation of small actions, each on their own
perhaps quite harmless, to destabilize important natural and social systems. The
difficulty is that, while we carpredict with reasonable confidence thmmediate
conseqguences of an incremental action, we cannot predict the consequences of an
entire sequence of actions withouhderstanding thesystems potentiallybeing
affected by them (Levin et al. in press).
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VIl. Research challenges for the problem
of fit between ecosystems and institutions

Clearly, conventionalapproacheswill not suffice to copewith a spectrum of
potentially catastrophic and irreversible environmental problems causkmbdpf
biodiversity and ecosystem resilience. According to Levin et al. (in press) these
problems are characterized by their unpredictability (surprise is texpected);
by the potential importance of thresholds and donsdifts; by the difficulty of
detecting change early enough atlow effective solutions or even tdevelop
scientific consensus on a time scale rapibugh toallow effectivesolution; and
by the likelihood that the signal of change, even when detected, will be displaced in
space and time from the source, so that motivation for action is small.
Conventional market mechanismdll be inadequate to deatith theseproblems.
Response systems and institutions that are flexible and adaptive are needed.

How can we stimulate the development of institutions that respond to
environmental feedbacks and that safeguard the capacity of ecosystgersetate
essential resources and ecosystem servitkefe must be social mechanisms in a
society by whichinformation from the environment may beceived,processed
and interpreted to build resilience of the linked social-ecological system. At
present there is a pervasive lack of social response mechanisms for deittling
changing environmental conditions. Needed are institutions that are inwitme
the functions of ecosystems and the natural resources and ecokxgidaksthat
they generate at multiple scales. What are the prospects for making this happen?

A major challenge concerning the problem fafis to build institutionsthat
monitor ecosystem change, and that generate, accumulate and tecwfayical
knowledge and understanding. new concept of management must provide for
actions that nurture rather than constrain variability and dhesv disturbance to
enter at scales that do not disrupt ecosystem performance and resilience.

Obviously, the list of issues thateed to be addressed for improving the
institutional-ecosystem fit is almost infinite. In the following we suggefwalines
of inquiry with the potential to improve the understanding of these relationships. A
great deal of prior research has focused on the structure of ecosystems or the
structure of institutions. We consider the dynamics of institutional chang¢haird
relation to ecosystem change and resilience to be the interesting issues.

Monitoring, communication, and indicator-building
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¢ Which stakeholdersnonitor which kinds of environmental signal$?ow is the
responsibility for monitoring spread across stakeholders?

« What environmental signals are systematically ignored and why? (This question is
as important as what signals are attended to; see Heiner 1983).

* Whatkinds of change are monitored for important environmesighals? Are
levelsmonitored, or their variability, or the potential feudden or irreversible
change? Each of the kinds of monitoring can imply differesdrts of
institutional responses. Changes in theels of resource stocks oflows may
result in changes ifevels of hunting or harvesting pressurehile changes in
variability will affect forms of risk management, and the threat of collapse may
induce more fundamental institutional restructuring.

« Who has socialstanding to report environmental information, and who may
interpret it?Who has the power to ac&nvironmental signals must be passed
from monitors toactors, andinformation can belost, twisted, amplified or
attenuated in the process.

* What sorts of ecosystem signals are used or are potentially useful as indicators of
significant environmental changdgWith this question there are opportunities to
link to existing international programs to develop indicatorsen¥ironmental
change for policy-making purposes. By considering the role of indicators and
their theoretical connection timstitutions, it may be possible for theolicy-
community concernedvith indicators to engage sociakientists with awide
breadth of experience in linked social-ecological systems, and vice-versa.

Measuring the scale of an institution

How can the scale of an institution be measured? Institutions hagple
attributes, as do the ecosystems they govern, and these may not necepsaailg
at similar scales. Property rights, for example, may be classified in mapy, and
each leads to a different measure of scale and a different interpretation of
institutional fit (Hanna et all996). This is illustrated by the followingjuestions
about a property right (inspired by Parker Shipton, 1987):

(a) right to what? Whatresource or ecosystem attribute is the right owlitat is the
valuable property in question, anehat are its spatiahnd temporal scales? This is
essentially an ecological question

(b) right for what?What are the legitimate uses or actions which are permitted relative to
the resource? Shipton recognizes rightaisé, transferand administration. This is a
guestion of functional scale, or scope.

(c) for how long? The temporal scale of the right includes the customary length of
tenure, which may be for a season, for a lifetime, or until some specifieditions
hold. There areseveral attributes thawill govern the temporal scale of the right,
relating to the time scale of the resource (lifespan, rates of movement), the period of
tenure (allowable season of harvest, lifespan of the holder), and the time scale of the
right guarantor.
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measured by numbers of actual and potential stakeholders, or by the territottyethat
occupy.

(d) againstwhom?Who isexcluded from using the resource because ofpitegerty
right? As for (d) above, this is also a question of scale.

(e) upheld bywhom?Who guarantees that the right may be exercised and athegrs
may be excluded? The spati&dale of theguarantor is most probably specified by
political rather than ecological boundaries.

Understanding resilience in ecosystems and institutions

It is not at all clear that robustness or resilience in institutiomdniays agood
thing. Maladaptive but resilient institutions caallow poor environmental
management topersist for very long periods ofime, particularly if such
institutions are subsidized by other social or econossgctors, or if they are
operating at the wrong scale.

e How is institutional resilience defined and measured®w can institutional
resilience be monitored? What are key indicators?

* When is institutional resilience laridge or a barrier to ecosystem resilience? In
any particular situation, is institutional robustness consormdtit sustainable
outcomes?

* How aredifferent institutional structures and property rights regimes linked to
incentives facing various users? E.g. which attributeproperty rightssystems
promote resilience of both ecosystems and institutions, and in different phases of
development? Which retard resilience?

* What isthe role of scale in maintaining institutional and ecosystem resilience?
What mechanisms maintain resilience of linked (and also nested) institutions?
When do signals of ecosystethangeflow through a nestedet of institutions
(loosely coupled or strongly coupled)fow can environmental information be
effectively communicated across institutional levels (windows of opportunity)?

Understanding the evolution of institutions

It is a gargantuan task to catalog land-use practices, property rightsulmchl
norms that appeawell adapted to their environmental and social cont&xiture
research must tease apart the true adaptive significance of these institutival, as
as assestheir vulnerability to change or collapse. None of these institutions are
timeless or ahistorical; rather they are dynamic, variable, historicalfingent,
and possibly unpredictable. These evolutionary propertiebjle perhaps
debilitating to predictionwill allow scholars taunderstandwhere claims of fit are
real and where they are spurious.

* In terms of social mechanisms, how do institutions arise which govern the use of
natural resouces? The auesiton of oriain is interesina in its own riaht. since
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action problem applies both to the origin and maintenancenstitutions, and
different rules may govern the two processes. Understandingcahelitions
under which institutions arise and how the historical development of institutions
influences their current statell help to transcend the functionalist fallacy. In
this way current sets of institutions will not necessarily be seen as optipradri,

but ratherwill be understood to be a product of historieadents,accidents, and
past environment. Observing the evolutionary process of rule-makingaking,
-modification, and -abandonmeiciin make possible a strong demonstration of
institutional fit. In this context the important question should be analyzed: How
can institutions be developed that promote disturbance to enter instead of
continuously striving towards reducing variability?

« How does ruleswitchingtake place? Is switching active or passiVéffatare the
mechanisms for maintaining and sporadically unleashing latent functions such as
sleeping territoriality? What determines whether switching occurs aminor
incremental adjustment occurs? Doeswvatch occur because of discrethoice
(there are limited alternatives), or is a haitch anexample of abang-bang
optimal control for resource management (Clark 1990)?

« What are the kinds of changes that Traditional Ecological Knowledge (TEK) can
withstand,and towhat kind of changes is it most vulnerable? Likeystone
processes for ecosystems, are théteystone” norms and rules thakeep
institutions resilient? If so, how do they relate to ecosystem resilience? What is the
role of TEK in this context?

* What isthe turnover time of folklore and folk traditiond?ow are outdated
institutions replaced? When is institutional inertia a stabilizing force, and when
does it become a destabilizing rigidity? When is institutional resilienamiflict
with ecosystem resilience®/hat does durability of institutions undechanged
environmental conditions mean? Is there an adaptive role to institutional
“memory”?

Avoiding functionalism in the analysis of fit

How does one avoid a naive functionalisvith respect to cultural practices that
have an environmental effect? Is it possible to tease apart those aspects of
institutions that are purposive and activem those that are merely responses to
social-ecological opportunities or to environmental constraints@illt not be
expected that the same balance between purpose and response obtains in every
environmental context. For example, in the practice of field scatteringpmme
contexts this may be a risk managemstrategy, whereas in other situatidiesld
scattering may be merely the result of a constrained land market codéitions
of multiple inheritance (McCloskey 1991; Goland, 1993). While some taboos have
conservation implications, that is not true for all taboos (Hames 1991), and
concepts for distinguishing them are necessary (Colding and Folke Y98&)e
are they adaptive, and where not? For example, when scarce redoeccese
suddenly abundant, are there rules foow to relax taboos? Undewhat
circumstances does such a rule-about-rules arise?
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How is evidence of institutional convergence to be judgétith regard towhat
resources are there the strongest examples of convergence in institutional
structure? Is finding the same solution in different circumstances stronger evidence
for the functional significance of environmental institutions?

Governance and conflict

How do we design dynamic institutions that account for fines and feedback
between systems and that maintain the resilience to ensure a continuation of these
flows? Many ecologists argue that a watershed or drainage basinrasicaal
biophysical / ecological selection of a specific space as a sybmumdary
(McDonald and Pickett 1993, Naimd®92). Generally, the boundaries between
institutional/governance areas and the watershed area doomespond. There is
an environmental-institutional conflict. Just as there are often many countries in a
drainage basin, there are often different institutional, jurisdictional and
administrative settings also within subdrainage basins. One reason for the mismatch
is that the institutional/governance realvas developed for other purposes in
history than to matchwith the biophysical/ecological are&lassicreasons for the
selection of an observed system of governance are national securéthrac
specificity.

On the other hand, when is it adaptive for governance systemm® coincide
with ecological systems? When would too tight a fit result emvironmental
degradation over all rather than just a part of an ecological sydtemdoes this
process help at time to de-link ecosystems from political processedirapd
scales?

As Lee (1993) notes, most environmental choices entail potential conflict,
because they involve redistribution of rights amgportunities. Institutional
change with respect to environmental resources frequently arises asniipested
by negative externalities demand compensation fosses incurred. The
fundamental lack ofit in this case is between agency and impact, betwhese
who benefit and those who bear the céftw do institutions that have evolved to
deal with social conflict affect environmental outcomes®hat are the
environmental side effects of choicesgarding the distribution of rights and
resources?

Lee’s other fundamental factor leading to conflict is uncertainty:ptioperties
and behavior of natural systems are not well understBadt of this is inherent in
the complexity of the ecologicalorld, and part is due to the lack of fit between
monitoring institutions and the resources they seek to understand, as when political
boundaries cut across natural ecological boundaries sueiatassheds. Further,
data are scarce and difficult to interpret—it may be impossible to choose between
competing hypotheses that have starkly differembinagement implications
(Wilson et al.1990). When such a situation obtains, there is a great desbaxh
for human conflict: the battle over conceptual models may assume a strategic role,
and the“obfuscation and repression oknowledge” may become a source of
politicd advaitaaefor orivileaedarouns(Lindblom 1990: Hollina and Sanderson
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Envisioning institutional futures

What are the likely trajectories of changehmaman institutions pertaining to the
environment? Are there secular trends toward intensification of land-use systems
and attendant shifts toward individualization (and/or privatizationpmfperty
rights (Netting 1993)?

What changes are likely under conditions of climatic change, increasing climatic
variability, ecosystem fragmentation, etc.? Can predictions be made about the
role of global change on management institutions in particular contexts?

What are the forces that maintain a mismatch between institutions tlaeid
environment?

What is the role of the majanternational players like Multinational companies,
World Trade Organization, Financial markets etc. in reducing or building social-
ecological resilience?What are their responsibilities legally, morally and
ethically? What do the feedbacks from larger institutions to ecosystemisaaid

to local institutions look like? Is the lack of fit strengthened by increasane

and opportunities for economic growth that can cause environmental effects that
spread over larger and larger geographical areas (Ekins et al. 1994, Anderson et
al. 1995)?

What is the role of internationalization and globalization for ecosystem-
institutional fit? Is there a role for international agreements ptomote
ecosysteme-institutional fit? How can environmental agreements be Yieenh”

to have a word in global development issues?



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

References

Arthur, W.B., 1994 Increasing returns and path dependence in the econbimiyersity
of Michigan Press, Ann Arbor.

Achesons, J.M., J.A. Wilson and R.S. Steneck 1997. Managing chaotic fisheries. In:
Berkes, F. and C. Folke (edd.jnking Social and Ecological Systems: Management
Practices and Social Mechanisms for Building Resiliet@ambridge University
Press, Cambridge, UK. in press.

Alcorn, J.B. and Toledo, V.M. 1997. Resilient resource management in Mexico's forest
ecosystems: The contribution of property rights. In: Berkes, F. and C. Folke (eds.).
Linking Social and Ecological Systems: Management Practices and Social
Mechanisms for Building ResiliencE€ambridge University Press, Cambridge, UK. in
press.

Andersson, T., C. Folke, and S. Nystrom.19B&ding with the Environment: Ecology,
Economics, Institutions and Policiarthscan, London.

Bailey, C., 1988. The social consequences of tropical shrimp mariculture development.
Ocean and Shoreline Managemdrit: 31-44.

Baskerville, G. 1995. The forestry problem: Adaptive lurches of renewal. In Gunderson,
L., Holling, C.S. and Light, S., edBarriers and Bridges to the Renewal of Ecosystems
and Institutions Columbia University Press, New York: 37-102.

Behnke, R.H., Jr., Scoones, I. and Kerven, C. (Editors),.1R88ge Ecology at
Disequilibrium: New Models of Natural Variability and Pastoral Adaptation in
African SavannasOverseas Development Institute, London.

Berkes, F. 1992. Success and failure in marine coastal fisheries of Turkey. In Bromley,
D.W., ed.Making the Commons Warknstitute for Contemporary Studies, San
Francisco: 161-182.

Berkes, F. 1997. Learning to design resilient resource management: Indigenous systems
in the Canadian subarctic. In: Berkes, F. and C. Folke)(ddaeking Social and
Ecological Systems: Management Practices and Social Mechanisms for Building
Resilience Cambridge University Press, Cambridge, UK. in press.

Berkes, F. and C. Folke. 1994. Investing in cultural capital for a sustainable use of
natural capital. Inlnvesting in Natural Capital: The Ecological Economics Approach
to Sustainability eds. A.M. Jansson, M. Hammer, C. Folke, and R. Costanza. Island
Press, Washington, DC. pp. 128-149.

Berkes, F. and C. Folke. 1997inking Social and Ecological Systems: Management
Practices and Social Mechanisms for Building Resilieif@@mbridge University
Press, Cambridge, UK. in press.

Berkes, F. editor. 198@ommon Property Resources: Ecology and Community-Based
Sustainable DevelopmerBelhaven, London.

Berkes, F., Feeny, D., McCay, B.J. and Acheson, J.M. 1989. The benefits of the
commons,Nature 340 91-93.

Binswanger, H.P. 1989. Brazilian policies that encourage deforestation in the Amazon.
Working Paper No. 16, Environment Department, The World Bank, Washington.

Bromley, D.W. 1991 Environment and Economy: Property Rights and Public Policy
Basil Blackwell, Oxford, UK.

Chapin, M. 1991. Losing the way of the Great Fathew ScientistlO August: 40-44.
Clark, C.W. 1985Bioeconomic Modelling and Fisheries Managem#&iley, New York.
Clark, C.W., 1990Mathematical Bioeconomicdohn Wiley, New York.

Clark, W.C., 1987. Scale relationships in the interactions of climate, ecosystems, and

~AA— A~



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

Colding, J., and C. Folke. 1997. The relation between threatened species, their protection,
and taboosConservation Ecology: article 6, 19 pp. (www-journal).

Conlisk, J., 1996. Why bounded rationality.?Econ. Lit, 34: 669-700.
Costa-Pierce, B.A. 1987. Aquaculture in ancient HaviginScience37: 320-331.

Costanza, R. and C. Folke. 1997.Valuing Ecosystem Services with Efficiency, Fairness
and Sustainability as Goals. In: Daily, G. (edNature’s Services: Societal
Dependence on Natural Ecosystemstand Press, Washington D.C. in press.

Costanza, R., L. Waigner, C. Folke, and K.-G. Maler. 1993. Modeling complex ecological
economic systems: toward an evolutionary dynamic understanding of people and
nature.BioScience43:545-555.

Daily, G. ed. 1997Nature’s Services: Societal Dependence on Natural Ecosystems.
Island PressWashington D.C. in press.

Davis, O.K. and Sellers, W.D., 1994. Orbital history and seasonality of regional
precipitation.Human Ecology22: 97-113.

Day, R.H. and Pingle, M.A., 1991. Economizing economizing. In: R. Frantz, H. Singh
and J. Gerber (EditorslBehavioral Decision-making: Handbook of Behavioral
Economics JAI Press, Greenwich, CT, pp. 509-522.

de Groot, R.S. 199Zunctions of NatureWolters-Noordhoff, Amsterdam.
Eddy, J.A., 1994. Solar history and human affaiteman Ecology?22: 23-35.

Ehrlich, P.R. and H.A. Mooney. 1983. Extinction, substitution and ecosystem services.
BioScience33:248-254.

Ekins, P., C. Folke and R. Costanza. 1994. Trade, environment and development: the
issues in perspectiv&cological Economic®:1-12.

Farvar, M.T. and Milton, J.P. eds. 19%areless Technology: Ecology and International
DevelopmentNatural History Press, Garden City, N.Y.

Finlayson, A.C. and B.J. McCay. 1997. Crossing the threshold of ecosystem resilience:
The commercial extinction of northern cod. In: Berkes, F. and C. Folkd.(eds
Linking Social and Ecological Systems: Management Practices and Social
Mechanisms for Building ResiliencE€ambridge University Press, Cambridge, UK. in
press.

Folke, C. 1991. Socioeconomic dependence on the life-supporting environment. In:
Llnklng the Natural Environment and the Economy: Essays from the Eco-Eco, Group
eds., C. Folke and T. Kaberger. Kluwer Academic Publishers, Dordrecht.

Folke, C., C.S. Holling and C. Perrings. 1996. Biological diversity, ecosystems, and the
human scaleEcological Applications5:1018-1024.

Folke, C., F. Berkes, and J. Colding. 1997. Ecological practices and social mechanisms
for building resilience and sustainability. In préiss-. Berkes and C. Folke, editors.
Linking Social and Ecological Systems: Management Practices and Social
Mechanisms for Building Resilienc€ambridge University Press, Cambridge, UK.

Foster, D.R., 1992. Land-use history (1730-1990) and vegetation dynamics in central
New England, USAJournal of Ecology80: 753-772.

Gadgil, M. and Berkes, F. 1991. Traditional resource management syBlesmirce
Management and Optimizatiat8: 127-141.

Gadgil, M., F. Berkes and C. Folke. 1993. Indigenous knowledge for biodiversity
conservationAmbio 22:151-156.

Gadgil, M., N.S. Hemam and B.M. Reddy. 1997. People, refugia and resilience. In:
Berkes, F. and C. Folke (edd.jnking Social and Ecological Systems: Management
Practices and Social Mechanisms for Building Resilief@ambridge University
Press, Cambridge, UK. in press.

Goland, C., 1993. Field scattering as agricultural risk management: a case-study from
Cuyo-Cuyo, Department of Puno, PeMiountain Research and Developmehs:
317-338.

Gunderson, L., C. S. Holling and S. Light, eds. 1®B&rriers and Bridges to the
Renewal of Ecosystems and Institutio@elumbia University Press, New York.

Gunderson, L.H., Holling, C.S., Pritchard, L. and Peterson, G.D., 1997. Resilience in
ecosystems, |nst|tut|ons and socnet|es proposmons for a research agenda Beijer

___________ —mmee Ol NI A SIS SR [ DU PRI S D PR



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

Hahn, F. 1987. Information, dynamics and equilibriBuoottish Journal of Political
Economy34:321-324.

Hames, R., 1991. Wildlife conservation in tribal societies. In: M.L. Oldfield and J.B.
Alcorn (Editors),Biodiversity: Culture, Conservation, and Ecodevelopm@rgstview
Press, Boulder, CO, pp. 172-199.

Hanna, S. 1997. Managing for human and ecological context in the Maine soft shell
clam fishery. In: Berkes, F. and C. Folke (edkifking Social and Ecological
Systems: Management Practices and Social Mechanisms for Building Resilience
Cambridge University Press, Cambridge, UK. in press.

Hanna, S., C. Folke and K.-G. Méler, eds. 19Rights to Nature: Ecological, Economic,
Cultural, and Political Principles of Institutions for the Environmestand Press,
Washington, D.C.

Heath, J. and H. Binswanger. 1996. Natural resource degradation effects of poverty and
population growth are largely policy induced: the case of Colonthi@ironment
and Development Economids65-84.

Heiner, R.A., 1983. The origin of predictable behavimerican Economic Review3:
560-595.

Holling, C.S. 1973. Resilience and stability of ecological systé&naual Review of
Ecology and Systematics 4-23.

Holling, C.S. 1986. The resilience of terrestrial ecosystems: Local surprise and global
change. In: Clark, W.C. and Munn, R.E. (§dSustainable Development of the
Biosphere Cambridge University Press, London, sid 292-317.

Holling, C.S. 1994. An ecologists view of the Malthusian conflictPtpulation,
Economic Development, and the Environmeuws. K. Lindahl-Kiessling and H.
Landberg. Oxford University Press, Oxford, UK. pp. 79-103.

Holling, C.S. and Sanderson, S. 1996. Dynamics of (dis)harmony in ecological and
social systems. In Hanna, S., Folke, C. and Méler, K.-G.,Ridhkts to Nature:
Ecological, Economic, Cultural, and Political Principles of Institutions for the
EnvironmentIsland Press, Washington, DC.

Holling, C.S., D.W. Schindler, B.H. Walker and J. Roughgarden. 1995. Biodiversity in the
functioning of ecosystems: an ecological synthesisBiodiversity Loss: Economic
and Ecological Issue®ds. C.A. Perrings, K.-G. Méler, C. Folke, C.S. Holling and B.-
O. Jansson. Cambridge University Press, Cambridge, UK.

Holling, C.S., F. Berkes and C. Folke. 1997. Science, sustainability, and resource
management. In: Berkes, F. and C. Folke (edlénking Social and Ecological
Systems. Management Practices and Social Mechanisms for Building Resilience
Cambridge University Press, Cambridge, UK. in press.

Houghton, J.T., L.G. Meira Filho, B.A. Callander, N. Harris, A. Kattenberg, and
K.Maskell. 1996.Climate Change 1995: The science of climate cha@genbridge
University Press, Cambridge.

Hughes, T.P. 1994. Catastrophe, phase shifts and large scale degradation of a Caribbean
coral reef.Science226:1547-1549.

Jamieson, N.L. and Lovelace, G.W., 1985. Cultural values and human ecology: Some
initial considerations. In: K.L. Hutterer, A.T. Rambo and G.W. Lovelace (Editors),
Cultural values and human ecology in Souteast ASenter for South and Southeast
Asian Studies, University of Michigan, Ann Arbor, Michigan, pp. 27-54.

Jansson, A.M., M. Hammer, C. Folke, and R. Costanza. eds. I8@&ting in Natural
Capital: The Ecological Economics Approach to Sustainabilgand Press,
Washington DC.

Johannes, R.E. 1978. Traditional marine conservation methods in Oceania and their
demise.Annual Review of Ecology and Systema8ic849-364.

Jodha, N.S., 1995. Environmental crisis and unsustainability in Himalayas: Lessons from
the degradation process. In: S. Hanna and M. Munasinghe (EdRoogerty rights
in a social and ecological context: case studies and design applicaBemnsr
International Institute of Ecological Economics and the World Bank, Washington, DC,
pp. 183-206.

Johnson, A.W. and Earle, T., 198he evolution of human societies: from foraging
arotin to aarafan state Stanford LIniversitv Press Stanford CA



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

Kasperson, J.X., Kasperson, R.E. and Turner, B.L., Il, 1996. Regions at risk: exploring
environmental criticalityEnvironment 38: 4-15, 26-29.

Knowlton, N. 1992. Thresholds and Multiple Stable States in Coral Reef Community
Dynamics.American ZoologisB2:674-682.

Krugman, P.R., 1991Geography and tradeMIT Press, Cambridge, Mass.

Kuhn, T.S., 1962The Structure of Scientific Revolutiotdniversity of Chicago Press,
Chicago.

Kuran, T., 1988. The tenacious past: theories of personal and collective conservatism.
Journal of Economic Behavior and Organizatidi0: 143-171.

Lee, K.N., 1993. Greed, scale mismatch, and learriioglogical Applications3: 560-
564.

Levin, S.A. 1992. The problem of pattern and scale in ecolegglogy 73:1943-1967.

Levin, S.A. 1997. Biodiversity: Interfacing Populations and Ecosystems. pp. 277-288, in
T. Abe, S.A. Levin and M. Higashi (edsBiodiversity: An Ecological Perspective
New York: Springer-Verlag.

Levin, S.A., S. Barrett, W. Baumol, C. Bliss, B. Bolin, N. Chichinsky, P. Dasgupta, P.
Ehrlich, C. Folke, I.M. Gren, C.S. Holling, A.M. Jansson, B.-O. Jansson, K.-G. Méler,
and C. Perrings. 1997. Resilience in Natural and Socioeconomic Systems. Beijer
Discussion Papers. Beijer Institute, Stockholm. in press.

Light, S.S. 1983. Anatomy of surprise. Ph.D. Dissertation, University of Michigan, Ann
Arbor.

Lindblom, C.F., 1990Inquiry and Change: The Troubled Attempt to Understand and
Shape Societyrale University Press, New Haven.

Lopez, R. and C. Scoseria. 1996. Environmental sustainability and poverty in Belize: a
policy paper.Environment and Development Economlcs289-307.

Ludwig, D., B. Walker, and C.S. Holling. 1997. Sustainability, stability and resilience.
Conservation Ecologjonline]1(1): article 7, 23 pp (available from the Internet.
URL: http://www.consecol.org/voll/issl/art7).

Ludwig, D., R. Hilborn, and C. Walters. 1993. Uncertainty, resource exploitation and
conservation: lessons from historfacience260:1736.

McCloskey, D.N., 1991. The prudent peasant: new findings on open fieldshal of
Economic History51: 343-355.

McDonnell, M.J. and S.T.A. Pickett. eds. 198Rimans as Components of Ecosystems:
The Ecology of Subtle Human Effects and Populated A®asnger-Verlag, New
York.

McKean, M.A., 1996. Common-property regimes as a solution to problems of scale and
linkage. In: S. Hanna, C. Folke, and K.-G. Maler (EditdRghts to Nature:
Ecological, Economic, Cultural, and Political Principles of Institutions for the
EnvironmentIsland Press, Washington, DC, pp. 223-243.

McMichael, A.J., A. Haines, R. Slooff, and S. Kovats. 199Bmate Change and Human
Health WHO, Geneva.

Naiman, R.J. 1992Vatershed Management: Balancing Sustainability and
Environmental ChangeSpringer-Verlag, New York.

Netting, R.McC., 1993Smallholders, Householders: Farm Families and the Ecology of
Intensive, Sustainable Agricultur8tanford University Press, Stanford, CA.

Niamir-Fuller, M. 1997. The resilience of pastoral herding in Sahelian Africa. In: Berkes,
F. and C. Folke (eds.hinking Social and Ecological Systems: Management
Practices and Social Mechanisms for Building Resiliet@ambridge University
Press, Cambridge, UK. in press.

North, D.C. 1990Institutions, Institutional Change and Economic Performance
Cambridge University Press, Cambridge, UK.

North, D.C., 1993. What do we mean by rationali®blic Choice 77: 159-162.

O'Neill, R. V., D. L. DeAngelis, J. B. Waide and T. F. H. Allen. 198@ierarchical
Concept of EcosystemBrinceton University Press, Princeton, NJ.

Odum, E.P. 198%cology and Our Endangered Life-Support Syste®isauer
Associates, Sunderland, Massachussets.



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

Ostrom, E. 1990Governing the Commons: The Evolution of Institutions for Collective
Actions Cambridge University Press, Cambridge, U.K.

Peluso, N.L., 1992Rich forests, poor people: resource control and resistance in. Java
University of California Press, Berkeley.

Philander, G., 1989. El Niflo and La Nifscientific American77: 451-459.

Pinkerton, E. 1997. Integrated management of a temperate montane forest ecosystem
through wholistic forestry: A British Columbia example

Primavera, J.H. 1993. A critical review of shrimp pond cultReviews in Fisheries
Sciencel:151-201.

Redford, K.H., 1990. The ecologically noble savageltural Survival Quarterly15: 46-
48.

Regier, H.A., and G.L. Baskerville. 1986. Sustainable redevelopment of regional
ecosystems degraded by exploitive development. Pages 75-101 in W.C. Clark and
R.E. Munn, editorsSustainable Development of the Biosph&ambridge University
Press, Cambridge, UK.

Ruddle, K., Hviding, E. and Johannes, R.E. 1992. Marine resources management in the
context of customary marine tenuMarine Resource Economids 249-273.

Sanderson, S.E. and Pritchard, L., 1998a. The external drivers of deforestation and
regrowth. Workshop Report: IGBP/IHDP Land Use and Cover Change Project Focus 1
Workshop held in Marathon, FL, February 20-23, 1997.

Sanderson, S.E. and Pritchard, L., 1998b. The social meaning of secondary growth.
Workshop Report: IGBP/IHDP Land Use and Cover Change Project Focus 1
Workshop held in Gainesville, FL, September 19-22, 1997.

Scheffer, M., S.H. Hosper, M.-L. Meyijer, B. Moss and E. Jeppsen. 1993. Alternative
Equilibria in Shallow LakesTrends in Ecology and Evolutio®:275-279

Schumpeter, J.A. 195Qapitalism, Socialism and Democradyarper and Row, New
York.

Shipton, P., 1987. The Kenyan land tenure reform. Quoted in Netting, R. McC., 1993.
Smallholders, householders: Farm families and the ecology of intensive, sustainable
agriculture Stanford University Press, Stanford, CA.

Skole, D.L. and Tucker, C., 1993. Tropical deforestation and habitat fragmentation in the
Amazon: satellite data from 1978 to 19&ience 260: 1905-1910.

Sousa, W.P., 1984. The role of disturbance in natural commuines.Rev. Ecol. Syst.
15: 353-391.

Taussig, M., 1987Shamanism, colonialism, and the wild man: a study in terror and
healing University of Chicago Press, Chicago.

Tsing, A.L., 1993In the realm of the diamond queen: marginality in an out-of-the-way
place Princeton University Press, Princeton, NJ.

Turner, B.L., Il, Kasperson, R.E., Meyer, W.B., Dow, K.M., Golding, D., Kasperson, J.X.,
Mitchell, R.C. and Ratick, S.J., 1990. Two types of global environmental change:
definitional and spatial-scale issues in their human dimensiiobal Environmental
Change 1: 14-22.

Turner, B.L., W.C. Clark and W.C. Kates, eds. 19B@e Earth as transformed by human
action: Global and regional changes in the biosphere over the past 300 years
Cambridge University Press, Cambridge, UK.

Turner, B.L., Il, Moss, R.H. and Skole, D.L. (Editors), 19B&lating land use and
global land-cover change: a proposal for an IGBP-HDP Core Projéuternational
Geosphere-Biosphere Programme: A Study of Global Change and the Human
Dimension of Global Environmental Change Programme, Stockholm.

Turner, M.G., 1989. Landscape ecology: The effect of pattern on prdaassRev.
Ecol. Syst 20: 171-197.

Walker, B.H. 1992. Biodiversity and ecological redundar@gnservation Biology: 18-
23.

Warren, D.M. and J. Pinkston. 1997. Indigenous African resource management of a
tropical rain forest ecosystem: A case study of the Yoruba of Ara, Nigeria. In: Berkes,
F. and C. Folke (eds.hinking Social and Ecological Systems: Management

Prartiree and Qaal Macrhaneme far Rijidjnn Radjanra Camhridna | Inivercity



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

Westoby, M., B.H. Walker, and I. Noy-Meir. 1989. Opportunistic Management for
Rangelands not at Equilibriundournal of Rangeland Manageme#®:266-274.

White, L., Jr., 1967. The historical roots of our ecological cridsence 155: 1203-
1207.

Wilks, A. 1995. Prawns, profit and protein: aquaculture and food produé&ammogist
25 (2/3):120-125.

Wilson, J.A., Townsend, R., Kelban, P., McKay, S. and French, J., 1990. Managing
unpredictable resources: traditional policies applied to chaotic popula@mesn
and Shoreline Managemerit3: 179-197.

Young, O. and A. Underdal. 1997. Institutional Dimensions of Global Change. IHDP

Scoping Report, International Human Dimensions Programme on Global
Environmental Change, Bonn, Germany.



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

2 CONSERVATION

K

4 REMEWAL

= MUCH

——
e
|
=L
=
o » K-sirategy
A ible carb -
=  Nuirients & energy \ eConsondation _\ |
0
Ly & r-strategy # Fi
el Pl ire ¥
E : ﬂéﬁinlal :E'E:rtm
o
‘-|—-‘.—I-J "1—._.—
w |
E r 9} :
= | 1 EXPLOITATION 3 RELEASE i
WEAK P STRONG
COMNNECTEDMNESS
FlaurE 1. The four ecosystem funcrions (r. K, £, o) and the flow of

events among them. The arrows show the speed of thar flow in the cvcle,
where arrows close to each other indicate a slowly changing situation and
arrows far from each other indicate a rapidly changing situation. The cycle
reflects changes in rwo arributes, (1) ¥ axis: the amount of accumulared
capital inutrients, carbon) stored in variables thar are the dominant struc-
turing variables ar that moment, and [z} x axis: the degree of connectedness
among variables. The arrows entering and leaving a phase suggest where the
system 1s most sensitive to external influence.



IHDP Working Paper No. 2: The Problem of Fit between Ecosystems and Institutions

Figure 2: Multiple scales of driving forces and proximate agents of change
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Table 1: Scales and the problem of fit

Standard practice Improved practice

Abitrary (or even neglected) definition of Empirical definition of scales, based on
scales actual processes

Finding the “right” scale of analysis Working at multiple scales
Alternating between scales of analysis Demonstrating cross-scale linkages

Hierarchy theory; scales are fixed, and are “Panarchy” theory; the scales of processes
roughly decoupled; larger, slower processegvolve over time, new levels emerge, some
control smaller, faster ones disappear; control may shift between levels
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Table 2. Ecologically adapted management practioessocial mechanisms for
resilience and sustainability (adopted from Folke et al. 1997).

1. Management practices based on ecological knowledge

monitoring change in ecosystems and in resource abundance
total protection of certain species

protection of vulnerable stages in the life-history of species
protection of specific habitats

temporal restrictions of harvest

multiple species and integrated management

resource rotation

management of succession

management of landscape patchiness

watershed management

managing ecological processes at multiple scales
responding to and managing pulses and surprises
nurturing sources of renewal

2. Social mechanisms behind management practices

a) generation, accumulation and transmission of ecological knowledge
re-interpreting signals for learning
revival of local knowledge
knowledge carriers/folklore
integration of knowledge
intergenerational transmission of knowledge
geographical transfer of knowledge

b) structure and dynamics of institutions
role of stewards/wise people
community assessments
cross-scale institutions
taboos and regulations
social and cultural sanctions
coping mechanisms; short term responses to surprises
ability to re-organize under changing circumstances
incipient institutions

c) mechanisms for cultural internalization -
rituals, ceremonies and other traditions
coding or scripts as a cultural blueprint

d) worldview and cultural values
sharing, generosity, reciprocity, redistribution, respect,
patience, humility
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Table 3: Attributes of Human Groups That Dominate Activities in Four Phases of the Adaptive Cycle

Phase of adaptive cyéle

Attribute r K K Q Q «a o r A Exil
Group type Bureaucracy Activists Temporary Adjunct with powers
Activity focus Self-serving Insurgence Unlearning New learnimy; cogeration Deep
transform
cooperatio
Strategy “Do as before “Weathering “Unlearning “Inventing tomorrow”
but more” the storm” yesterday”
Response to changes No change Conflict Shedding old Reframing Invention
behaviors Strategies
Time horizon Time of office Present Time out Near future Distant futue
(linear time) (discontinuous) (multiple scales) (multiple scales)
Space horizon Building and Destruction Suspension of Creating new bounds
holding bounds of old bounds boundaries
Nature of truth Constructed Challenged Deconstructed Reconfiguring New myt
and reality myths (visionary

*The listed group dominated during the phase, but is present and functioning in other phases as well. This table represtvigw o€ primarily North

American institutions.



