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Abstract

In this volume, we seek a common understanding of three environmental problems linked to land use change in Southeast
Asia: smoke pollution, degradation of biodiversity functions, and degradation of watershed functions. The objectives of this
special issue are to identify usable data and methods for quantifying the impact of land use change on these environmental
problems, to identify gaps in either data or methods and, where gaps exist, to set priorities for filling them. That assessment
will be done in greater detail in the concluding chapter (Tomich et al., this issue). In this paper, we begin the process by raising
policy analysts’ basic questions for each environmental problem in turn and making a preliminary assessment of where each
of these three problems lies in the ‘environmental issue cycle’.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction could undermine the stability of national economies,
urban centers, and national food security. But do we re-
Plausible (albeit dire) scenarios for the future in ally know enough about these complex relationships to
Southeast Asia include increasing conflict over land build a consensus for action? What scientific evidence
and water resources and degradation of hydrological, is available to answer environmental policy questions?
ecological, and other environmental services, which Are scientists even asking the right questions? From a
policy perspectiveTomich et al. (1999)dentified at

* Corresponding author. least three types of questions as crucial:
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fax: +254-20-52400H1-650-833-6646. e Question Type: Who cares? How are people af-
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e Question Typ&: So what? Is it a policy problem? rice production in the lowlands is the foundation
Would action serve one or more public policy ob- of national food security. High population densities

jectives? in rural areas and (until the interruption in the late
e Question Typ&: What can be done? Will it work?  1990s) rapid growth in urban industry and services
What are the risks? What will it cost? each contributed environmental pressures. But how

much do we really know about relationships between
land use change and the environmental services on
which national economies and local livelihoods de-
pend? ‘Natural capital’ is economists’ jargon for the
stocks of natural resources (including soil, water, air,
vegetation, wildlife, and other organisms) and for the
interactions among these that supply environmental
services Costanza et al., 1997; Izac, 199Table 1
lists some examples of the wide range of environmen-
tal services at different scales that may be affected
1.1. Environmental insecurity in Southeast Asia by land use change. Many of these cut across scales,
such as the supply of raw materials (e.g., food, fodder,
The summary report of the World Commission on fiber, medicines, resins, timber) and the moral value
Forests and Sustainable Development (WCFSD) spec-of preventing extinctions. Although ‘environmental
ulates that deforestation.’. could change the very services’ often have been treated as synonymous with
character of the planet and of the human enterprise ‘forest functions,” we prefer the former term because
within a few years ..’ (Krishnaswamy and Hanson, even if forest-derived land uses are not perfect substi-
1999 p. 6). The press release announcing the WCFSD tutes for natural forests, they still provide some level
report included the following statement from George of these services.
Woodwell of the Woods Hole Research Center:. * Table 1 also could include a large number of
Forests have a role in supplying the world with timber environmental services (and disservices) directly af-
and fiber.... But while those products can be partly fecting human health, which of course are crucial to
substituted, the forests’ ecological services for a func- human welfare. Land use change per se (Realet
tioning world cannot’ Lalley and Magnino, 1999 et al., 1998 and all of the major themes explored
These statements reflect relatively recent concernin the balance of this paper—smoke, biodiversity,
with global environmental issues (climate change, watersheds—have major public health implications.
mass extinctions), but they also build on a longstand- The literature on pesticide runoff alone is substan-
ing literature tying the condition of soil, water, and tial (e.g. Rola and Pingali, 1993 Many of these
forest resources to social and economic stability at concerns are the topic of a recent review of environ-
the regional and national scale (e @arter and Dale, = mental change and human heaWRI et al., 1998.
1974. Such concerns have had particular force in Moreover, it is possible to treat human health as a
Southeast Asia since the monetary and financial crisis separate dimension of overall sustainability—as long
of the late 1990s. Actual effects have been mixed, as human health is reintegrated into the analysis of
however. Currency collapses boosted incentives for tradeoffs with production and other environmental ef-
forest conversion and intensification of natural re- fects at some poiniGrissman et al., 1998Although
source exploitation for exports, possibly contributing we will mention them briefly below, human public
to long-term natural resource management problems. health concerns are omitted from most of this paper.
But local effects varied, in part because of the parallel  The global ASB research programme already has
contraction in infrastructure investment. made contributions to clarification of tradeoffs be-
The possibility that land use change and natural tween welfare of poor rural households and global
resource degradation could disrupt the economic and environmental services (for Indonesia, séamich
social basis of Southeast Asian nations seems plausi-et al., 1998a, 2001 However, the hydrological, eco-
ble enough. For many countries in the region, irrigated logical and other environmental services at the local

These three basic types of policy questions are elabo-
rated below and applied to each of three ‘meso-level’
environmental concerns: smoke, biodiversity loss, and
degradation of watershed functions. A seven-stage ‘en-
vironmental issue cycle’ is presented as a framework
for analysis of how the data needs and uses may
change with evolution of understanding of a policy
problem.



Table 1
Examples of environmental goods and services at different scales

Macro Meso

Micro

Scale Global Regional transboundary NationaP  Local type Il: inter-communit§

Local type I: intra-community

Commaodities Supply of raw materials
Scientific and educational
materials
Options for new and

improved raw materials

Supply of raw materials
Livelihoods and employment opportunities
Cultural, scientific and educational materials
Options for new/improved raw materials

Amenities and
protective functions

Climate stability
Evolutionary potential for
adaptation
Cultural, scientific and
educational opportunities

Air quality (smoke)
Biodiversity functions: pollination, seed sources, seed dispersal,
biological pest control, production stability
Evolutionary potential for adaptation
Water quantity: buffering flooding and base flow

Water quality: filtering sediments, decomposing wastes, and

diluting other pollutants
Aesthetics: values for residents and as basis for tourism.

Moral values Existence of species
Cultural survival/support
for livelihoods of
indigenous cultures
Bequest values of climate
stability, biodiversity, and
other natural amenities
for future generations

Existence of species
Cultural survival/support for livelihoods of indigenous cultures
Bequest values of biodiversity and other natural amenities for
future generations

Supply of raw materials
Livelihoods and employment opportun:

u®) ‘d'L

es

Cultural and educational materials

Nutrient cycling
Filtering sedimentsr gradlwants

Microclimate effect of trees
Aesthetics: values for residents and;
basis for tourism

S

e SwalsAs0d3,'aInnouby /e 19 Yo

Existence of species

Bequest values of biodiversity and otger

natural amenities for future generatigns
=}

Sources: typology of goods and services is adapted fiimrton (1988) Other referencesBarbier (1995) Brenner (1996) Costanza et al. (1997Paily (1997) Gowdy

(1997) Menz et al. (1997)Pimentel and Wightman (1999Randall (1988)

a8Regional transboundary scale environmental effects cross the borders of neighboring countries within a region, such as Southeast Asia.

b National scale environmental effects loom large within national borders.

¢Local Type II: Inter-community environmental effects are landscape or watershed scale effects that span more than one settlement or villathe, sfiettasf land

cover change upstream on hydrology downstream.
dLocal Type I: Intra-community environmental effects are confined to a single settlement or village.
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and national level are a significant gap in this analy- a high-opportunity cost for local people because of
sis in terms of their impact on local people but also land scarcity in much of Southeast Asia. Under these
regarding potential complementarity with global en- circumstances, it is clear that the feasibility of key
vironmental objectives. For Southeast Asia, smoke conservation objectives rests on the ability to stabi-
pollution (‘transboundary haze’), the functional roles lize the boundaries of the so-called ‘protected’ areas
of biodiversity, and watershed functions all fall in through some combination of incentives and en-
this ‘missing middle’, the gap between local interests forcement. Again, this requires capacities for conflict
and global environmental concerns. The focus here management, including a mechanism for compen-
is on meso-level environmental externalities that in- sating local people for foregone opportunities. Here,
volve groups and spatial or time scales that are too some of the successful examples of bioprospecting in
big for individuals to resolve but that fall within the  Central America and wildlife management for eco-
jurisdiction of a single (or a few) government entities. tourism in Eastern and Southern Africa may hold
This underlies the distinction ifable 1between ‘Lo- useful insights for Southeast Asia. If it is not feasible
cal Type I’ (intra-community effects) and ‘Local Type to realign incentives for local communities though
I’ (inter-community effects) and is why the latter are such means, it is inevitable that conservation areas
classed as meso- rather than micro-issues. Individualswill continue to shrink—ultimately to the point that
and small groups may be able to deal effectively with they no longer function. There also may be scope for
intra-community opportunities and problems on their finding common ground to couple local development
own, but (like global, transboundary, and national is- initiatives with global interests in carbon sequestra-
sues), some intervention by a higher authority may be tion since, if the possibility of global climate change
necessary to address inter-community environmental is realized, its local manifestation may accentuate
conflicts or to seize opportunities that span multiple the frequency and scale of floods, droughts, fires,
communities. and pest outbreaksl¢pma and Munasinghe, 1998
There are several areas of potential conflict be- p. 49).
tween the welfare of households in Southeast Asia’s
uplands—particularly their pursuit of profitable land
use options—and their neighbors downstream (or 2. Overarching questions
downwind). Among these perhaps the most perti-
nent question for the people of Southeast Asia is The WCFSD report and the statement by Wood-
whether pursuit of profitable land uses undermines well mentioned above are but two examples of myriad
key environmental services—translating, for exam- well-intentioned messages aimed at policymakers and
ple, into more frequent and more damaging floods, the public regarding land use change and environmen-
water shortages, and pest outbreaks. The recurrenttal services. But do we really know enough to build a
transboundary smoke problem in Southeast Asia is consensus for action at the local and national level and
linked to El Nifio, but also is driven by land use the scales in between? How big are the effects of land
change promoted as part of development strategy anduse change (for better or worse) on stability of pro-
resulting conflicts over land. Without interventions to duction systems at these scales? Although it appears
strengthen or create mechanisms for conflict manage-that there are no perfect substitutes for natural forests
ment, the future may bring intensification of social regarding global environmental issues, some derived
conflicts over natural resources—particularly land and land uses may provide some of these servigesfch
water. et al.,, 200). How well do these forest-derived land
While some have argued that ‘artificial’ distinc- uses substitute for forests from the perspective of local
tions between global environmental interests and people and national objectives? To what extent does
regional, national, and local concerns impede ac- expansion of shifting cultivation and other smallholder
tion (UNDP et al., 1994p. 5), the tradeoffs among land use systems pose a threat to the ‘natural capital’
objectives spanning these scales should not be ig-of Southeast Asia?
nored. Pursuing global interests in conservation of  Three types of overarching questions are the focus
endangered species and unique ecosystems involve®f this paper.
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2.1. Question Type 1: Who cares? diverting line agencies and local authorities from pay-
ing adequate attention to impacts of these projects on

How arepeopleaffected? Howbig are the effects?  |ocal livelihoods, sedimentation and flooding down-

Who loses? Does anybody win? Are the negative (or stream, and other fundamental concerns.

positive) effects big enough to capture the attention of

local people or of policymakers®hat is ‘big”? US$ 2.3. Question Type 3: What can be done?

30 billion is big by virtually any standard. Accord-

ing to the Economist(3 April 1999, p. 93) that was This question may come in tandem with other ques-

the cost of flooding in China in 1998, which was the tjons, such aPo we really know enough to achd,

biggest economic loss caused by a single event thatif a particular action is to be takehpw do we know

year. That figure was roughly 4% of China’s GDP in it will work? andwhat are the risks®vill be asked. A

the mid-1990s, which accounted for about a third of ahallmark of policy research is the practical assessment

year's (very rapid) economic growth for the country. of specific policy instruments, the means of affecting

(Economic statistics are fromorld Bank, 1997) policy objectives in the ‘real world’. Examples of pol-
The main point is thabig’ is relative. What is big  jcy instruments relevant to land use change include

in Brunei may not attract attention in China; what is exchange rates and interest rates; price, trade, and mar-

big in a Chinese village may not be noticed in Beijing. keting policies; laws and regulations affecting access

Do we have the methods and data to answer this ques-o and transfer of land and other assets; and public ex-

tion for environmental services in a way that is com- penditures for infrastructure, research, and extension.

parable to peoples’ and policymakers’ other concerns?  To grapple effectively with these three sets of ques-

Measurement is useful—particularly when setting pri- tions, it is necessary to understand the political, ad-

orities among disparate, competing objectives—but ministrative, and legal processes of a particular setting

something can be widely considered to be important and the ways that various interest groups affect these

even if it is not yet quantified (or is not quantifi- processes.

able). For example, smoke pollution was recognized

as a crisis befor&EEPSEA (1993-1998)gures were

available—indeed work to produce those estimates 3. Externalities, institutions, and scale

was a response to the importance of the problem. Some

have arguedYorton, 1988; Ehrenfeld, 198&at there Many of the amenities and protective functions

are important values of biodiversity that are unquan- listed in Table lare externalities (see Box 1 for re-

tifiable. If so, how can these be incorporated in the |ated definitions), including physical phenomena at

debate? the meso-scale ranging from smoke produced by land
clearing, to biodiversity functions such as pollination,

2.2. Question Type 2: So what? Is it a policy and watershed functions such as buffering base flows

problem? and filtering sediments. Understanding these biologi-

cal and physical consequences—referred to as ‘lateral
Policy research aims to sharpen identification of flows’ in the next paper in this collection (van Noord-
policy problems and to bring analysis to bear in or- wijk et al.)—is essential to formulating sound policy
der to enhance options for meeting fundamental policy responses or even knowing whether intervention is
objectives, including growth with poverty alleviation, needed. When these lateral flows affect other peoples’
food security, and environmental stability. Tree plant- consumption or production opportunities, economists
ing, reforestation, and soil conservation are means to refer to them as externalities.
ends; they are not policy objectives themselves. Un-  Existence of externalities is not a sufficient justifica-
fortunately, government agencies often do set targetstion for policy intervention, however, since individuals
in these terms, which is part of the problem. For ex- may be able to negotiate a solution even if markets fail
ample, the Vietnamese Government has announced &ao provide one Coase, 1960; Zilberman and Marra,
goal to reforest 5 million ha of ‘degraded’ or ‘barren’ 1993. Whether or not such solutions are implemented
land by 2010. Setting the target in those terms risks depends on the value of the externality compared to
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Box 1. Social costs and scaling in space and tinl\e

Why do not individuals take care of environ
mental problems themselves? Most economists’
answers to this question can be subsumed under
three broad categories: policy distortions, mar-
ket imperfections, and market failures. In eagh
case, market incentives that influence people’s
land use decisions fail to include the fgibcial
costs(or benefits) of their choicedolicy dis-
tortions are government mistakes—at least from
the point of view of the public interest, if not
from the perspective of the private interests of
policymakers and bureaucrats. But even if there
were no misguided policies, there still would b
plenty of work for policy analysts because ma
kets for many (but not all) environmental sef
vices either are imperfect or fail completelyar-
ket imperfectiondnclude the combined effects
of uncertainty and irreversibility; regional growth
linkages and spillovers; and economies of scale.
They also include high transactions costs, which
are discussed further below, and factor market
imperfections, such as insecure tenure and lack
of access to banking services. These classeg of
market imperfections operating together can cre-
ate situations where, once an unforeseen thresh-
old is passed, for all practical purposes, therel|is
no going back.Market failures which include
externalitiesand public goods are cases where
no market price exists. Effects of externalitigs
and public goods may be felt locally, regionally,
or globally; in fact they correspond to many of
the environmental services listedTable 1 The
term ‘externality’ refers to the effects of activi-
ties by one economic agent on another that are
not reflected in market prices. Externalities may
have positive or negative effects (or both). ‘Pulp-
lic goods’ are a specific form of externality. The
defining characteristics of public goods are: (1)
their use by one person does not prevent full ben-
efits being enjoyed by others and (2) it often is
difficult to exclude users, hence it may be ex-
cessively costly to charge them. The global envi-
ronmental services ifiable T—climatic stability
and avoidance of extinctions—are global publ
goods.

i (D

O

the transaction costs—costs of organizing, negotiat-
ing, monitoring, and enforcing agreements—involved

in a negotiated solution and on the distribution of

power among the interested parties. Generally, trans-
action costs increase with the number of people in-
volved, their dispersion in space, and differences in
timing due to lags between causes and effects. The
further removed the impacts are in space and time, the
more difficult the organizational challenge.

So local environmental externalities concentrated in
a small area and involving a few people (who probably
know each other and may even be relatives) and for
which there are clear and immediate cause and effect
relationships, often will not be a policy problem. For
example, long-established communities in Indonesia’s
Outer Islands often have their own well-developed
techniques for managing burning and timber felling in
order to avoid accidental damage to neighbors’ prop-
erty and widely recognized compensation rules al-
ready exist when accidents do happen (H. de Foresta,
pers. commun.).

Conversely, transactions costs are likely to be high
for global public goods, including climatic stability
and avoiding extinctions, since effects are complex
and dispersed globally and in which six billion hu-
mans share an interest. But, since landscapes provide
mixes of multiple services affecting multiple scales si-
multaneously, what is the scope for better incentives
for local resource management also to contribute to
solving the larger-scale problems as a byproduct?

4. Stages of the ‘environmental issue cycl€e’

Unless there is some channel to aggregate feedback
from those affected through an incentive system or
other method of social control, externalities will be
ignored by the land user causing them. This applies
whether the externalities are positive (environmental
services) or negative (pollution). And while better in-
formation about causes and effects may be necessary
to identify solutions, information alone typically is not
sufficient because there often are conflicting interests
between producers of externalities and those who ex-
perience the external effects.

In the case of degradation of environmental ser-
vices (a negative externality) resulting from land use
change, direct conflict, sometimes violence, among the
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‘stakeholders’ (i.e., the people concerned on all sides)
may result unless some form of authority intervenes.
These authorities may be officials or policymakers at
various levels of the government bureaucracy—where
formal responsibilities are established—but they

Who'll have
to pay?

Mitigation

Prominence of issue
> people* clout* concern

might also be local leaders, elites or other individ- whostumitz /|, ;’F’“O”S Cheap, replithble,
uals whose influence derives from positions in clan &Ozvvhma“; indicators
and other customary institutions, social, religious or

civil organizations, or non-governmental organiza- Isita / Cause-effect N~~~

; . ] hani
tions. These authorities have at least four strategies problemg/”  Mechanism

to choose among in responding to pressure from the
various stakeholders:

pioneer action  policy control & monitoring

groups issue  mitigation  policies

e do nothing (ignore the issue for as long as possible),

e compensate the suffering groups,

e mitigate degradation by, for example, increasing the Fig. 1. Schematic ‘issue cycle’ of an environmental externality in
filter functions intercepting lateral flows, as dis- a democracy showing how public perceptions evolve over time
cussed by van Noordwijk et al., this issue, or thr_ough_social interaction and scientific enquiry (adapted from

. e Winsemius, 1986, p. 17).

e prevent (or reduce) degradation by modifying the
behavior of land users (the producers of negative
externalities) through regulations, market-based in- o Stage2: Lobbying by ‘action groups’, denial of ef-
struments (taxes and/or subsidies), other means of  fects by some groups of stakeholders, and incipient
social control, such as negative publicity, or some  awareness but no action by authorities.
combination of these approaches. e Stage 3: Widening acceptance of existence of

Even with overt conflicts between land users and the  (potential or actual) environmental impacts, with
injured stakeholders, considerable pressure may be mounting awareness and pressure for action by
required before authorities shift into action. More-  authorities.

over, if no clear (formal or informal) authority yet e Stage4: Debate on evidence of ‘cause and effect’
exists—as often is the case regarding environmental and attribution of ‘blame’.

externalities in the ‘missing middle’ scale in develop- ® Stage5: Inventory and assessment of prevention
ing countries—the threshold for action is even higher ~ andmitigation optionsand their environmental, eco-
since it requires institutional innovation. On the other ~ nhomic, and administrative costs and benefits.
hand, those who wield power and authority also have ¢ Stage6: Negotiations on prevention or mitigation
their own interests in resource exploitation. Indeed,  Of impacts.

those elite interests often drive non-sustainable re- ® Stage7: Implementation, monitoring, and enforce-
source use. ment of prevention or mitigation actions.

The data that will be most effective in eliciting  The course of these events obviously depends
constructive responses from stakeholders and the g, ihe particulars of culture, society, polity, and
authorities—hence the most appropriate research economy. While the concentration of power and
methods—depend on where a particular externality is decision-making under a centralized, authoritarian
on the seven stages in the ‘environmental policy issue regime might appear to accelerate Stages 3-7, there is
life cycle’ (Fig. 1, adapted fromWinsemius, 1988 a greater risk that the process may be ‘nipped in the
e Stage 1: Perception by ‘pioneers’ (if they are bud at Stage 2. Broad accountability of the authorities

ultimately judged by society to be correct) or to the public seems to be a decisive e ement; here the

‘crackpots’ (if they are shown to be wrong) of politica participation and public debate epitomized

a particular environmental issue, but no broader by democracy has distinct advantages, at least in the

awareness either by society at large or by the discovery of problemsif not necessarily in the identi-

authorities. fication and implementation of efficient solutions.

Time, cumulative effort
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Whereas detail s differ between various environmen-
tal issues, the course of eventsin regional issues such
as‘acid rain’ in NW Europe and global issues such as
‘climate change’ could follow similar paths, at least
if actions somehow respond to both the numbers of
people concerned and the intensity of their concern
(asinFig. 1). In Stages 2 and 3 of this cycle, research
would be needed primarily to test the validity of Stage
1 *suspicions’ about alink between an undesirable en-
vironmental impact and a change in land use. Estab-
lishing a probable cause-and-effect chain as opposed
to ‘mere coincidence’ or ‘spurious correlation’ isim-
portant at this point as a basis for sound policy in-
tervention. This information also could help to build
broader support for action and to undermine resistance
from vested interests. In these stages there aso is a
need to estimate the likely magnitude of impacts—are
the effects big or small >—sinceinitia uncertainty may
range over several orders of magnitude.

Once awareness and support is formed for action
on a particular environmental issue, the debate may
shift focus to specification of cause and effect chains,
especially where they are important for attribution of
blame. Perceived gaps in the quantification of impacts
or in causal explanation of the phenomena are major
obstacles in Stage 4. This stage aso is where posi-
tions are staked out for subsequent negotiations among
stakeholders. Various stakeholders may agree (Stage
5) on the need for an inventory of prevention and mit-
igation options; or the process may be more adversar-
ial, with each group applying evidence selectively and
advocating a position serving its own interests. If the
latter, the negotiation process in Stage 6 and imple-
mentation in Stage 7 may require formal mechanisms
for dispute resolution and conflict management, either
through courts or some other mechanism for arbitra-
tion and enforcement. Either way, the outcomes of
Stage 6 could be enhanced (from a broad socia per-
spective) from inventory of the impacts and the role
of various actors in causing the problem as well as as-
sessment of the various optionsfor action (Stage 5). In
Stage 6, simplified parameters (* rules of thumb'’) often
are more persuasive than full quantification of webs
of cause-and-effect and spilloversin complex models.

If agreement can be reached on some mix of pre-
vention and mitigation, research needswill shift again
to those for monitoring either environmental impacts
or changes in behavior (or both) and, as necessary,

enforcement of pre-agreed sanctions. Standardization
of measurement methods is particularly important at
this stage. When lack of compliance leads to lega
conflicts, the methods for monitoring impacts also are
likely to be scrutinized, which could establish a pre-
mium on replicability and reliability (low measure-
ment error) and a discount on speculative inquiries
into complex causality.

During this progression of stages, social and po-
litical processes ideally would shift research priori-
ties and methods through a sequence from intensive
(process-oriented, cause-and-effect relations, explana-
tory models) to extensive (spatial databases, long-term
monitoring) approaches, with a gradual standardiza-
tion of measurements and data collection protocols
from a (possibly haphazard) pioneering phase. Stan-
dardization of methods and general agreement on
cause-and-effect chains obviously brings advantages,
but it also can become aliability if it prevents critical
examination of discordant information and refinement
of process-based understanding. At the end of acycle
(Stage 7), or even as early as Stage 4, perceptions
of environmental issues may ‘fossilize’ and require
either significant time or some disillusioning shock
before they are rejuvenated and another round of
the cycle ensues. Problems that apparently had been
‘understood’ and ‘solved’ or at least brought under
control, may re-emerge in a new cycle if situations
change or if theinitial diagnosis provesto beincorrect
or the interventions ineffective. Once broad support
for specific interventions has been built, however, the
pioneers for the new cycle may have to come from a
different group of stakeholders.

5. Managing smoke

Slashing and burning is the preferred method of
land clearing in the tropics—for smallholders and
large companies alike—because it is cheap, at least
from a private perspective, and relatively easy. In
addition, fire eliminates field debris, reduces prob-
lems with weeds and other pests and diseases, makes
nutrients available in the form of ash (also meaning
less reliance on purchased fertilizers) and loosens
the soil to make planting easier. In some ways it is
preferable environmentally compared to some other
land-clearing methods. For example, bulldozers and
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other heavy machinery cause soil compaction and
erosion. But the smoke from these fires also provides
atextbook case of divergence between private benefits
(cheap, effective land clearing) and social costs (lost
opportunities for commerce and tourism from disrup-
tion of transport and obliteration of beautiful views,
damage to human health (especially asthmaand bron-
chitis), increased absenteeism and reduced worker
productivity). In fact, smoke features prominently in
Coase's (1960) seminal treatment of externalities.

5.1. Who cares about burning and smoke?

Who benefits most from free use of burning for
land clearing, large-scale plantations or smallholders?
Which of—or under what circumstances do—these
groups contribute the most to smoke problems? How
do these costs compare with the direct benefits of burn-
ing for land clearing? What are the consegquences of
land clearing without the use of fire? And who bears
the greatest costs of smokefrom burning for land clear-
ing? Local people in the neighborhood? . .. peoplein
the province or state? ... the nation as awhole? ...
people in other countries?

In addition to use of fire as atool for land clearing,
fire also can be a weapon in socia conflict (Tomich
et al., 1998b). But does arson play a significant role
in the smoke problem? Vayda (1998) argues that the
incidence of accidental fires may be much higher that
is conventionally believed. For a complex situation
where firm conclusions are difficult even with detailed
case studies (Potter and Lee, 1998), is there any hope
of being able to attribute shares of smoke between
purposive burning (for land clearing or arson) and
accidents? (In addition to the socia costs of smoke,
simulations by Menz et a. (1997) indicate that risk
of fire spreading from neighbors plots could be a
significant disincentive to smallholder tree planting
on Imperata cylindricagrasslands.)

phenomena at a scale relevant for policy formulation?
What policy options and policy instruments exist to
manage the recurring regional problem of smoke from
land clearing? Are there opportunities for action to im-
prove management of smoke through policy reform,
institutional strengthening, or public awareness? What
are the main lessons from the experience of different
countries in designing and implementing strategies
to manage smoke? Are there any win-win opportu-
nities? If there are conflicting interests, should/will
the victims of smoke compensate people who give
up burning? Or should the polluters pay? Is either
approach feasible administratively or politically?

5.3. Is burning the problem? Or is it the smoke?

With the return of smoke to the skylines of Sin-
gapore and Kuala Lumpur in mid-1999, and with
fresh memories of the smoke problems of 1997/1998,
ASEAN environmental ministersonce again called for
immediate implementation of a ‘zero-burning’ policy
(The Stay 17 April 1999). Is it possible to go be-
yond rhetoric and apparently futile past efforts to ban
burning to identify more workable options for man-
aging burning to reduce smoke problems? If options
exist, who would implement them? Who (or which
ingtitution) has the greatest influence over smoke
and/or burning for land clearing? How could they in-
fluence it? What is a workable unit for management
of smoke? ASEAN or other international organiza-
tions? The nation? Whole islands? Regions? Specific
landscapes? Fields? What role do local (‘informal’)
ingtitutions play in managing burning and smoke?

5.4. What are the priorities for research and for
action on burning and smoke?

Given the lack of effective action to date, under
what circumstances would more or better data be used?
Depending on the weather, the transboundary smoke

5.2. What can be done to reduce the smoke problem?problem in SE Asia oscillates between Stages 1 and

The answers to the ‘who cares questions matter
a great deal for the design of interventions—training
programmes may be appropriate if most smoke
comes from accidental fires, but would be irrel-
evant or even counterproductive if most fires are
set deliberately—but is it feasible to measure these

4 (or even Stage 5) of the ‘issue cycle'. Although
authorities can ignore the problem between ‘crises
there has been mounting public avarenessin adversely
affected countries and (primarily external) pressurefor
action by Indonesia, the main source. It remainsto be
seen whether regional attempts to ignore the problem
or to affect the appearance of doing something about
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it will be accepted in the future, but it is clear that
Indonesia’s capacity to act was reduced by monetary
and political crisesin the late 1990s (M akarim, 1999).

At this stage, what data would be most useful in
designing and implementing a strategy to manage
burning in order to address the smoke problem? Can
remote sensing be used reliably and precisely enough
to apportion blame? Aside from remote sensing and
better understanding of institutional functions at vari-
ous levels, what other types of data or research would
be useful in forging a consensus and identifying vi-
able options for action? Is more or better information
the answer?

6. Degradation of biodiversity functions

Much discussion of biodiversity conservation fo-
cuses on global existence values—in other words,
preventing extinctions. Much less attention has been
given to local functional values of biodiversity (be-
lowground as well as above). Here we seek to put
aside, for the moment, legitimate global concerns
with extinctions, in order to focus on local, functional
roles of biodiversity in landscapes where people seek
their livelihoods.

6.1. How does reduction of biodiversity affect
peoples’ livelihoods?

There is ample evidence that forest conversion re-
duces biodiversity. The winners are those who profit
from forest-derived land uses. But who loses from
lower biodiversity richness at the local level? How?
Are there threshold effects of biodiversity loss on sta-
bility of production such that land use change that
could be sustainable for alimited number of ‘winners
on a limited area would be an ecological catastrophe
if everyone did it? What are the functions of biodiver-
sity in the stability of production systems? How im-
portant are these stabilizing functions of biodiversity
compared to its other ecological goods and services?
For example, are the effects of biodiversity on produc-
tion stability big or small compared with:

e opportunities for direct use and marketing of forest
products by local people, either under normal con-
ditions or during difficult times?

o effects of biodiversity conservation on prevalence
of human pests (tigers, elephants) and diseases
(malaria)?

e aesthetic and spiritual roles of biodiversity for local
people, which also may be developed as a basis for
new economic activities such as ecotourism?

6.2. Does biodiversity loss affect national policy
objectives?

Should national policy makers worry about loss of
biodiversity in the same way they seem concerned
about degradation of watershed functions? From ana
tional perspective, how important are the stabilizing
functions of biodiversity compared to other pressing
national concerns? How can diverse societies identify
these functional roles of biodiversity and assess trade-
offs with other public policy objectives?

6.3. Do we know enough about functional roles of
biodiversity to be able act?

Biodiversity is the most difficult among our three
meso-level environmental issues because there is no
clear consensus about the basic functional roles of
biodiversity in the landscape. On this, Gowdy (1997,
p. 26) points to a dilemma for policy analysts:

Although our present socioeconomic system cannot
continue to expand indefinitely by destroying bio-
diversity, it is quite possible that economic growth
can continue for decades or perhaps even centuries.

. If biodiversity loss and all other forms of en-
vironmental degradation will not appreciably af-
fect economic activity in the immediate or even
medium-term future, why should we bother to pro-
tect it?

The reply aso is a question: are some ecosystems
headed on a path toward collapse, which, on a human
time scale, is essentially irreversible?

The functional role of biodiversity at the loca
level would appear to be at the beginning of the ‘is-
sue life cycle’ where there is little awareness of a
problem—if indeed one exists—and basic questions
about cause—effect relationships have not yet even
been identified. How much of what types of biodiver-
sity is needed to maintain productivity and stability?
Isit possible to produce a short list of key ecological



T.P. Tomich et al./Agriculture, Ecosystems and Environment 104 (2004) 5-18 15

functions of biodiversity regarding the stability of
production systems at the plot or farm level? How
about a list encompassing interactions across plots
within a landscape? What is the appropriate unit for
analysis at the landscape level? What are the appro-
priate scales—in space and in time—for assessing the
effects of biodiversity loss on stability of production
systems?

7. Degradation of watershed functions

National concern for natural forest conservation and
reforestation often focuses on the degradation of up-
per watershed functions, typically understood as some
combination of:

e on-site declines in land productivityas a result of
soil erosion,

e Off-site concerns about water supply(quantity) in-
cluding annual water yield, peak (storm) flow, dry
season base flow, and groundwater recharge or de-
pletion,

o off-site concerns about water quality including sil-
tation of reservoirs and environmental damage from
runoff of pesticides, fertilizers, or animal wastes.

7.1. Who cares about erosion?

When is soil erosion a problem for farmers? Can
the on-site impact of erosion on productivibg mea-
sured at the plot level? Can these on-site effects be
estimated for bigger units?. .. for landscapes?. .. for
states, provinces, or nations? What is an appropriate
time scale for such estimates? Are these effectsbig? If
s0, under what circumstances? When is soil transfer a
problem (or an opportunity) for people downstream?

Can the off-site impact on productivity of soil trans-

fer (erosion net of sedimentation) be estimated at the
landscape level? . .. for states, provinces, or nations?

7.2. Is erosion a policy problem? What about water

supply?

Mountain valleys and the great aluvia plains,
which are the foundation of food security in South-
east Asia, are products of erosion. What do available
estimates tell us about effects of soil transfer on

productivity for larger spatial units? Are these values
big or small? ... under what circumstances? On net,
does erosion from steep slopes and deposition in the
lowlands increase or decrease aggregate production?
If erosion were to halt completely, what would be the
effect on lowland productivity? How do the net effects
on aggregate productivity compare with other effects
of soil transfer, siltation of reservoirs for example?

Although ‘most analyses of watershed services
have focused on soil erosion effects (Kramer et al.,
1998, p. 2), rapid growth in water demand forecast for
domestic and industrial uses may over time emerge
as a greater threat to growth in food production
(Pinstrup-Andersen and Pandya-Lorch, 1998, p. 6;
Rosegrant et al., 1997). For Southeast Asia, Rosegrant
et a. (1997, p. 7) predict that ‘... a doubling of
domestic water withdrawals and a 290% increase in
industrial demand will boost the combined share of
these sectors in total water demand from 25% in 1995
to 47% in 2020.’

7.3. Does land use change really harm watershed
functions?

The question may seem absurd, since there already
has been a lot of action. Hundreds of millions of dol-
lars have been spent over decades on soil conserva-
tion and watershed management projects in Southeast
Asia. Big government bureaucracies exist in most
countries in the region to classify perceived water-
shed ‘problems’ and to implement a conventional set
of ‘solutions’, typically involving expensive public
works, restrictions on land use, and forced eviction of
land users. An empirical base has been built to for-
mally justify these actions, including widely accepted
and seldom-questioned ‘rules of thumb’ regarding
minimum area under natural forest, maximum slope
for agricultural uses, and the like.

Degradation of watershed functions is the most
mature of our three environmental topics. Indeed it
shows signs of being fossilized at Stage 7 of the ‘issue
cycle’ by vested interests in the present consensus.
It remains to be seen how present approaches, and
the supporting mindsets, will adapt to regiona trends
toward decentralization of decision-making, which
may lead to greater accountability to upland farmers
and other local groups, and a spate of relatively new
evidence that questions basic relationships between
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land use change, soil movement, and water supply
(Bruijnzeel, 1990; Chomitz and Kumari, 1996; Calder,
1998; Kramer et a., 1998; Lal, 1998; Lindert, 1998).
Do landscapes—Iland uses and their combinations in
different patterns or ‘landscape mosaics— matter for
soil transfer? How does the sedimentation arising
from various landscapes compare with other sources
of sedimentation, road construction for example? Do
methods exist to quantify erosion from natural pro-
cesses, agriculture, and other activities (such as road
construction) and to assess the impacts (positive as
well as negative) of resulting sedimentation at the
landscape, provincial, or nationa scale? Do land-
scapes differ significantly in their impact on water
supplydownstream? How does land use change affect
total water supply (annual yield)?. .. risk and severity
of flooding? ... risk and severity of water shortages?
What is an appropriate time scale for such estimates?

8. Concluding question: What can be done about
land use change?

If there are ‘big’ concerns at various scales, what
policies and institutional options really can influence
the rate and pattern of land use change? Of course past
and ongoing policies already have affected land use
in Southeast Asia’s uplands. These include policies
on issues as diverse as resettlement, national defense,
road construction, foreign investment, logging, land
tenure, narcotics eradication, and agricultural prices.
In many cases, there have been big, unintended ef-
fects on land use change from policies that were not
directed at upland land use at al. Perhaps a prior
question—how to improve or redirect the influence of
existing policies?—is more pertinent.

But even if existing policies can be reformed to bet-
ter balance development and a host of other objectives
with environmental concerns, a need for new policies
and ingtitutional innovations to address specific envi-
ronmental problems is likely to remain. Policy inter-
ventions with explicit environment goals so far have
had (at best) aweak influence on specific environmen-
tal issues, such astransboundary smoke problems, bio-
diversity conservation, and watershed management.
Banning burning for land clearing has not worked, at
least in Indonesia. And while the extent of officially
designated protection areas have expanded in some

countries—for example, in Cambodia these have mul-
tiplied many times in the past decade—the rea issue
is the effectiveness of protection. In this sense of real
outcomes rather than formal designations, effective
conservation areas for the protection of biodiversity
have continued to shrink in most (perhaps al) coun-
tries in the region. And it is difficult to demonstrate
results after years of watershed management projects.
Approaches to upland environmental issues so far
mainly are variations on land use planning, which
seeks to regulate decisions of millions of people dis-
persed across the landscape, by which we mean com-
binations of land uses in different patterns or ‘land-
scape mosaics' . Land use planning risks being limited
to nice colorson mapsin planners’ officesbut littleim-
pact on the ground if it does not also involve workable
‘policy levers that really can influence the rate and
pattern of land use change that alters these mosaics.
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Abstract

Many external effects of land use change are based on modifications of lateral flows of soil, water, air, fire or organisms.
Lateral flows can be intercepted by filters and thus the severity and spatial range of external effects of land use change is under
the influence of filter effects. Wherever lateral flows are involved, research results cannot be simply scaled on an area basis, and
overall impact does not follow simple linear causal relationships. This complexity has consequences for relationships amongst
the primary agents who initiate or exacerbate external effects, other stakeholders who are affected by them and policymakers
who attempt to mitigate problems that reach sufficient visibility in society. In this paper we review how the relative importance
of lateral flows and filter effects differs among a number of externalities, and the implications this has for research methods. If
flows andfilters are incompletely understood, policies may be based on fallacies. Whereas ‘fire-breaks’ act as filters in the lateral
flow of the high temperature pulse of a fire, smoke from land-based fires can be intercepted only by rainfall acting as a filter and
the external impact of smoke is determined by the atmospheric conditions governing lateral flow and chemical transformations
along the pathway. Causal relations in smoke and haze problems are relatively simple and may form a basis for designing policy
interventions to reduce downwind damage. For biodiversity issues, landscape connectivity, the absence of filters restricting
dispersal and movement of organisms, is increasingly recognised as an influence on the dynamics of species richness and its
scaling relations. Biodiversity research methods can extend beyond the current descriptive stage into clarifying causal relations
with a lateral flow perspective. The question whether connectivity is in fact desired, however, depends on stakeholder interests
and situation. Forest functions in watershed protection, presumably leading to a continuous flow of clean water in the dry
season through the subsoil instead of a rapid surface transfer, have been generally attributed to the trees rather than the forest
with its rough surface structure, swamps and infiltration sites. A new synthesis of site-specific hydrological knowledge and
tree water balance studies may be needed to separate myth from reality, and avoid wasting public funds on tree planting under
the heading of reforestation, without restoring the hydrological regime of a real forest. Soil movement can be intercepted at a
range of scales and in as far as soil transport entails movement of soil fertility, filter zones can be very productive elements of a
landscape. To achieve ‘integrated natural resource management’ all external effects of land use will somehow have to be taken
into account in farmer decision making about the use of natural resources on and off farm. Farmers’ ecological knowledge may
include concepts of lateral flows and should be further explored as an integral part of a new landscape ecological approach.
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1. Introduction and flows, however, is a necessary but not sufficient
condition for effective governance.

The questions raised by Tomich et al. (this volume)  Trees and patches of forests can play such a fil-
imply a need for methods for quantifying effects of ter role, giving a new dimension to research in agro-
land use change across a hierarchy of scales. Theforestry {Yan Noordwijk and Ong, 1996 Filters can
economic concept of ‘externalities’ relates to effects discouple flows of dissolved particles from a mass
outside of the analysis by the decision maker. Often, flow of water, but also act on flows of air or even or-
but not necessarily, these are effects at some physicalganisms. Approaches of the landscape mosaic from
distance, external to the land unit directly affected above (remote sensing, patterns, land use planning)
by the decision, depending on the scale and organ-are complementary to those from below (lateral inter-
isation of human land useSinclair, 1999a Many actions, transport processes, farmer management de-
externalities are based on (changes in) lateral inter- cisions, stakeholder—policy—agent feedback). A land-
actions between land units. Lateral interactions may scape is here defined as a heterogeneous area made
consist of mass flows of soil, water or air, of specific up of a cluster of interacting ecosystems/habitats, usu-
substances and organisms carried in such flows, orally repeated in similar form in a regional context
of active movement of organisms. Wherever ‘lateral (Forman, 199h Landscape structure is defined as the
interactions’ play a role, area is not an unequivocal sizes and shapes of these patches of different habi-
basis for expressing results of measurements and scaltat types (here used interchangeably with ecosystems),
ing is not a trivial exercise of multiplying total area and the distances of these patches from one another. In
by average value per unit area. Externalities based onagro-ecosystems the landscape organisation is closely
lateral interactions can have a complex causal rela- linked to the patterns of human organisation. We will
tionship, as effects can be mitigated or influenced by review how spatial patterns in a landscape mosaic af-
filter functions of landscape elements at intermediate fect the processes of lateral interactions which these
scale Fig. 1). The location of filters is likely to be at  externalities entail and hence the degree to which in-
least as important as the total area available to the landtermediate or landscape level solutions can reduce the
cover types that can exert this function. If flows and conflicts of interest between private land use decisions
filters are incompletely understood, however, policies and values regarded by society at large and/or specific
may be based on fallacies. Understanding the filters interest groups of external stakeholders.

Externalities CO2
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Fig. 1. Schematic relationships between land use practices, lateral flows, filter effects and external impacts, and the feedback loop from
stakeholders via policymakers to efforts to modify the land use, strengthen the filter functions or shield off the external stakeholders;
GHG's: greenhouse gasses.



Table 1

‘Externalities’ or land use effects beyond farm level, classified by categories of lateral movement

What moves? Examples Approximate Causing what type of4 or —) Can flow be stopped? How?
range (km) externality? (++ = easily, ——
= not at all)
Soil/earth Landslides 0.1-1 Physical destructier) ( + Forested strips as filter
Water-borne sediment 10-100 Siltation of reservoi3, ( ++ Riparian strips and vegetative filters
fertilisation (+)
Air-borne dust 100-1000 Fertilisation-(—) + Windbreaks
Water/solutes  Floods 10-100 Drowning and destructieh ( +/— Riparian zones and floodplains
Dry season river flow 10-100 Off-season water supghy ( —I+ Reservoirs
Total river water yield 10-1000 Water supply (storable) ( —/+ Groundwater use
Groundwater recharge 10-1000 Off-site water supply ( —I+ Landscape surface roughness
and infiltration sites
Salt 1-10 Salinisation—) —I+ Salt absorbing vegetation
Nutrients 1-100 Eutrophication-(+) +/— Absorptive filter (‘safetynet’)
Pesticides and other chemicals 10-1000 Pollutieh ( —I+ Absorptive (biological) filter
Air wind 0.1 Abrasion ¢) ++ Windbreaks
Greenhouse gases Global Greenhouse gas effgct ( ——
Sulphurous and nitrous oxides 1000 Acid rain) ( -
Smoke 1-1000 Smog, low visibility—) —
Air humidity 0.01-0.1 Less evapotranspiratiof)( + High evaporation strips
Water-vapour 10 Effects on rainfall?-} —I+
Fire High temperature pulse 1-10 Destruction and buth ( + Fire-break
Organisms Free roaming predators 0.1-10 Reducing pest outbrepks ( —/+ Lack of corridors connecting to refugia
Pollinators 0.1-1 Securing fruit set-) + Lack of nearby patches with host plants
Desirable (forest) species 0.1-1 Providing spontaneously establishied Lack of connections to nearby refugia
resources-)
Pests and diseases 0.1-1 Yield loss/crop failurg ( +/— Filters = interrupted corridor
Weeds 0.1-1 Yield loss/crop failure-} +/— Filters = interrupted corridors
Soil ‘engineers’ 0.01-0.1 Repairing soil structure) + Lack of nearby refugia for recolonisation
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The main categories of problems discussed by
Tomich et al. (this volume), watershed functions,
smoke and biodiversity can be classified by different
phases of transport: movement of earth, water, wind,
fire or organismsTable J). Spatial relations caused
by the flow of water, air and moving organisms
were discussed for NW Europe Bjos and Opdam
(1993)

The data required to have impact on human de-
cisions and policies, and hence the most appropriate
methods to obtain relevant data, depend on where the
given ‘externality’ is on the ‘issue life cycle’ (Tomich
et al., this volume).

2. Externalities, environmental service functions
and filters

Land use change can impact on the service functions
(Constanza et al., 1998uch as the supply of clean air
and water, which everybody expects the environment
to provide, but few want to take effort to maintain.
Land use systems can be classified by their influence
on on-site as well as off-site environmental service
functions {Table 2.

The term *filter’ is here used in a generic sense
of anything that can intervene with a lateral flow.
Typically, filters occupy a relatively small fraction of
the total area and have a large impact per unit area
occupied. They can thus be regarded as ‘keystone’

Table 2
Environmental service functions of landscape elements at a range
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Fig. 2. Definition of ‘keystone’ elements of a landscape based on
their large impact relative to the fraction of area occupied.

elements of a landscapd-i§. 2). Filter elements
can be easily missed out in remote sensing ap-
proaches, but should be the focus of research if we
want to understand how the landscape functions as a
whole.

Closely coupled to the issue of filters and flows
is the question of whether spatial pattern matters. A
comparison of landscapes with the same relative area
occupied by trees but in different spatial configura-
tions has been at the core of ‘agroforestry’ research,
establishing where agroforestry can be superior to the
weighted mean of its ‘agriculture’ and its ‘forestry’
component $inclair, 1999h.

of scales (modifiddgcoamd Sanchez (1999)

Farm

Landscape

Region Global

Harvested net primary Food production and incomeFood and fuel security,

production (NPP)
Non-harvested NPP
Nutrient use and

replenishment

Soil movement
Water use and
replenishment

Climate regulation

Facilitating other biota

generation

Soil resource conservation

Nutrient cycling,
decomposition and
mineralisation
Erosion control and
sediment retention

Infiltration and use of soil
water

Microclimate for crops and
animals

Pollinators, biological
control agents

poverty alleviation

Soil and forest functions

Nutrient cycling, lateral
flows in mosaic

Soil transfers (losses and
gains), characteristics of
streambeds and lakes
Streams and subsurface
water flows

Effects on air turbulence and‘Teleconnections’ via

rainfall distribution
Pollinators, biological
control agents, refugia

Food and fuel security,
poverty alleviation
Forest functions
Preventing depletion and
excess (pollution)

Reduce mass poverty

Carbon storage

Preventing siltation and
pollution

River flow, aquifers
Greenhouse gas

concentrations
Biodiversity

circulation cells
Refugia
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3. Methods for scaling lateral flows units can be found that transcends disciplines and
properties.

Quantification of external impacts of land use can  During the last few decades, progress was made

be approached in different way$aple 3: to transcend the earlier delineation debates. Over a

certain range of scales, relatively simple rules were
found to apply for the scale impact. These rules may,
within a certain scale range, be of the form:

1. Approaches based on ‘balance sheets’ for
well-defined land units (such as C-stocks, nu-
trient balance, water balance, and local species

richness). _ L\
, Y. =Y1 , (1)
2. Approaches based on direct measurement of Ly

transport (mass flow of carrier plus concentra- .
port P whereY; andY; are system properties at length scale

tions, organism dispersal) across land units. . ) . : )
3. Approaches based on ‘filter elements’ in the land- L andLy, respectively; and is the dimension. I

scape known to interact with lateral interactions Irili,i;hgrsgagp?/orlldlrielsbggzzr'; a;?g rTcJtzagrir?t,etheer
(this may be a special form of 1). ' ger,

. : the rule is ‘fractal’. The fractal dimension of species
4. Measurements of intensive parameters at a richness, for example, has been under study for over 30
range of scales and analysis of apparent ‘fractal ! bie, Y

dimensions’, as indicators of lateral interactions years in the form of the theory of island biogeography
(see below)’ (Rosenzweig, 1995see below). Fractal approaches

have found wide application in geographya( and
The use of at least two of these categories of meth- de Cola, 1998and landscape ecologfdrina, 1998
ods may be an important consistency check (especially ~Fractal properties (‘dimension’) apply to ‘self
in early stages of the ‘issue life cycle’), and may help similar’ systems across scales, and can be used in
in evaluating cost-effective monitoring schemes for extrapolating measurements of limited sample points
routine applications. to quantitative statements about system properties at
In many disciplines past approaches were based onany scale within the range where the rules apply. A
the notion of a ‘representative elementary volume’ fractal dimension can thus serve as a simple sum-
(soil science), ‘minimum sample area’ (biodiver- mary parameter for the (spatial or temporal) scaling
sity) or ‘representative farm households within properties of a systems attribute, and knowledge of
agro-ecological zones’ (social science and farming its magnitude is often at least as important as having
systems), as a unit which contained the salient prop- a precise estimate of system attributes at a particu-
erties of the system to be studied. Within such a unit, lar scale of measurement/gn Noordwijk, 19993
one typically assumes complete mixing, while be- Crawford et al. (1999)iscuss the contribution of
tween units substantially less exchange would occur. fractal models to the integration of processes in soils,
Overall properties are calculated by multiplying total with an emphasis on soil physical properties, but also
area (or volume) with the established average value some first applications to soil biology. Recognition of
per unit area (or volume). Although valuable as a the appropriate scaling rules may help to understand
first approximation, no universal delineation of such the risks of ‘scaling up’ essentially plot level nutrient

Table 3
Generic approaches to measurement of ‘intensity’ and ‘extent’ parameters of environmental functions of landscape elements

‘Intensity’ parameter (amount per unit area or volume) ‘Extent’ parameter (total area or
volume influenced)

Balance sheet Amounts per unit land in a category Land area in different categories
Fluxes and flows Concentrations of sediment, soot particles or gasses Mass flow of water or air carrier
Filters Maximum filter function per unit time per unit filter ~Quantity and location of filter elements

element, its saturation and subsequent regeneration
Determination of fractal dimensions  Relative contribution of lateral flow in overall process  Empirical relations between properties
measured at different scales
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Table 4

Contrast between stratified sampling approach and landscape scaling approach to estimate total value of entities over a land unit

Stratified sampling Landscape scaling

1. Identify internally relatively homogeneous, mutually independent strata 1. Identify ‘landscape functional types’ as mosaics of
interacting elements

2. Estimate the typical value for each stratuyy) ( 2. Estimate the mean value at a certain unit sc¥é (

3. Establish the area for each stratufa) ( 3. Establish the fractal dimensiom) (by repeating step 2
at other scales

4. Multiply areas and value to get overall resulls:= S;y; 4. Scale plot results to any landscape scaénd

associated ared;: Yy = Y1 AZ
5. If results are to be added for multiple landscape
types, estimate interaction terri; = SY,-lAiZt‘

balances to the African continenVgn Noordwijk, random distribution. This map can be sampled at a
1999h. The essential steps in approaches based onrange of scales (all of them covering each cell in the
‘stratified sampling’ and those based on ‘landscape map just once), with the additional rule that a sam-
scaling’ are summarised ifable 4 ple reflects the average value of the cells it contains,
The impact of measurement scale on the outcome but cannot be negative. This latter rule is based on
of a measurement (even if expressed ‘per unit area’) the conventional approach in erosion measurements
may be counter-intuitive: as long as one makes sure where incoming sediment flows are excluded from
that all elements of a population have equal chance measurement plots, and net sedimentation is thus
of being represented in the measurement, one wouldrepresented by a zero result. Using such a method,
expect sample size to influence the confidence in- the end result will be that at a measurement scale
terval, but not the mean result. Two examples may of a single unit all negative values are perceived as
illustrate our point. First of all consider measurement zero and the average result will overestimate the real
of human migration, using a different measurement value. With increasing sample size the average per
units, e.g. homestead, village, district, province, na- unit area will decrease, until a sample size is reached
tion, continent, planet. Even if one makes sure to at which no individual samples produce a zero
include all human beings just once in the sampling, result.
the result expressed as fraction of migrants as part of A plot of the logarithm of the result against the
the total population will strongly decrease with sam- logarithm of the sample scale may produce a straight
ple size, from close to 100% at home (stead) level to line over part of the range (fractal scaling), levelling
0% at the planet scale. The increase of sample sizeoff at some point (multiple scaling). As illustrated in
has ‘internalised’ most of the border crossings, which Fig. 3, the slope of the line and hence the fractal di-
define migration. What applies to human migration, mension of the process will depend on the frequency
applies similarly to migration of other species and of negative results. Scale effects over a larger part of
explains part of the complexities in scaling biodiver- the range are to be expected if non-random patterns
sity measures. Secondly, consider erosion. Plot level of positive and negative values are introduced. A di-
erosion may be high under many agricultural prac- rect analogy may exist between this example and the
tices, but at a continental scale Africa loses hardly measurement of erosion and other lateral flow surface
any sediment to seas and oceans, as most sedimenphenomena where the filters are not counted as ‘neg-
will be trapped within terrestrial, riverine or lake ative flows’. There is nothing mysterious about these
habitats. scaling phenomena, but we are so familiar with the er-
The connection between lateral flows and fractal roneous results of methods ignoring these issues that
dimensions can be further explored on the basis of it takes effort to digest it.
this erosion/sedimentation example, by constructing In the remaining part of this article, we will briefly
maps of positive (net erosion sites) and negative (net review methodological issues for the three types of
sedimentation sites) numbers, with for example a externalities considered in this volume.
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by a lack of rainfall, an inversion situation where the
normal vertical escape of air flows to higher atmo-

100.0 Fraction of negative values:

% Pl spheric layers did not occur and admixture of urban
g —B—-0.40 : : o : .
> 100 and industrial emissions to the smoke and primary fire
Z ~4—=045 products. The relation between point source of smoke
s —6-049 and other products of biomass burning and impacts
£ - , elsewhere may not be as straightforward as it appears
0 ' 3 8 1 at first sight, but still be sufficient for policies to focus
on the primary agent.
01 For the lateral flow of an energy pulse leading to

the spread of fire, the filter function of a fire-break
Log sample size is a well-recognised part of landscape level design
rules. Any spatially explicit model of fire occurrence
Fig. 3. Effect of measurement scale (log form) on average mea- d ?/ pf f.y . pt fi d extincti . h
surement result (log form) for a random grid (4848 cells) of needs rules _OI’ Ire ‘m_l Iaylon and extinc |o_n_ n ee_lc
positive and negative values, depending on the fraction of nega- landscape unit (e.g. ‘pixel’) and the probability of fire
tive values (results averaged over 10 replicate randomisation’s); spread from neighbouring units. A basic form for the
for further explanation see text. probability of fire occurrence in any part of a landscape
could be (compar&Vibowo et al., 199Y.

4. Quantifying external effects of smoke and fire p(fire); (fireinitiation in a land unit

8
Transboundary haze problems as experiencedin SE = (I — E)FW+ Zp(fire)j(l — FaA)(1— Fg)

Asia appear to be the direct result of biomass burning j

(forest fires, land clearing by slash-and-burn, residue  (spread from neighbourhopd )

disposal, burning and smouldering of peat soils and

superficial coal deposits). The debate is focussed onWwherel is the p(initiate), E the p(extinguish),F the

the reasons why people set fire to particular pieces relative fuel factor (0-1)Wthe relative weather factor

of land (‘fire as a tool, or as weaporTpmich et al.,  (0-1), Fa the abiotic filter (0-1) and~g the biotic

1998, not on the relation between fire and smoke per filter (0-1).

se. As impacts of haze are rapid and source areas can The termsl andE primarily depend on the social

be traced by remote sensing (Murdiyarso et al., this actors involved and the incentives they face in initi-

volume), it seems that the conditions are right for a ating or extinguishing fires (in general, or under spe-

direct feedback from the stakeholders affected by the cific conditions). Research methods to quantify the

haze and smog to the land users responsible, with na-biophysical model termd W, Fa andFg) are avail-

tional policymakers involved where international rela- able and can be coupled to remote sensing character-

tions are involved. On closer inspection, however, even isation of the connectivity of ‘burnable’ pixels. The

this issue has lateral flow and filter aspects that may longer-term impacts of fire on ecosystems depends

complicate policy formulation and implementation. ~ strongly on the ecosystem and stakeholder perspective
Malingreau and Zhuang (1998viewed the global ~ (Whelan, 1995

significance of biomass burning. Non-methane hydro-

carbons emitted by vegetation apparently play a role in

the chemical transformations (including ozone forma- 5. Quantifying effects of land use change on

tion) in the lower atmosphere, converting the primary biodiversity

emissions of methane, carbon monoxide and nitrous

oxides to the forms, which have impact elsewhere. As evident of the mix oft and— signs inTable 1,

Rainfall is the major filter, discoupling airflow from movements of organisms across a landscape can be

the gasses and particulate matter it carries along. Thedeemed desirable or can pose a threat. Any change, ei-

1997/1998 smoke and haze impacts were aggravatedther increasing or decreasing connectivity can change
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the biotic component of any location, leading to other suitable habitats for the species group consid-
‘externalities’. In terms of the ‘issue cycle’ (Tomich ered Rosenzweig, 1995 Alternative interpretations
et al., this volume), we see on one hand a strong drive are currently debatedH@rte et al., 1999; Rosenzweig,
for policy interventions (e.g. a global convention on 1999; Hubbell, 200}l Species—area curves obtained
biological diversity), yet a large degree of uncertainty in sampling within connected landscapes, however,
and confusion still exists on causal relations and what cannot be used to predict the impacts on species
exactly we want to protect for what reason. That richness if areas are modified, as species richness
discrepancy makes any implementation of where and for areas which have become islands will decline
how to apply such protection policies hard to defend over time once recolonisation rates are reduced—this
where it conflicts with other interests. means that the fractal dimensianis time (or con-

No single ‘correct’ scale exists for describing pop- text) dependentramer et al., 1997; Kunin, 1998;
ulations or ecosystem8(nnell and Huggard, 1999 Rosenzweig, 1999
In the lateral flow terminology, the organisms them-  Hubbell (2001)made a valiant attempt at unifying
selves move whenever the landscape provides the rightthe theory of biodiversity and that on biogeography.
type of continuity (by air, land or water for various His theory is ‘neutral’, in the sense that it does not
categories of organisms). A range of measurement andrely of any differences in attributes or functions of
modelling approaches exists for population redistribu- the species that inhabit his model world—except for
tion in animals and plantsT@rchin, 1998. The pos- being identifiable by a different name or code. Yet,
itive or negative interpretation of such lateral flows the theory gives an efficient (based on only a few pa-
largely depends on the local or exotic nature of the rameters) account for many datasets on species rich-
organisms. Global biodiversity is largely due to geo- ness of tropical forest trees, birds and insects across
graphic isolation and reducing such isolation can be widely different scales. The theory builds on to the
clearly undesirable, even at a continental scale. On framework of the theory of island biogeography (dis-
the other hand, fragmentation of previously contin- persal limitations, population size effects), but ‘unites’
uous forests forms a clear threat for the survival of this with ideas that the current species richness of the
meta-populationsHarvey and Haber, 1998Main- world is a balance between the rates of ‘speciation’
taining or re-establishing an ‘ecological infrastructure’ and ‘extinction’. As Hubbell states, there are essen-
in derived landscapes has become a main issue in thetially two views on why diversity exists:
developed, temperate parts of the wolipflam et al.,
1993. Applications in the tropics are relatively scarce. e A ‘niche assembly’ theory that assumes that species
Harvey (2000Yyeported how ‘windbreaks’ can provide can only survive competition by being ‘sufficiently
dispersal pathways for trees via seed-eating birds, but different’ from the others and ‘occupying an at least
that small (e.g. 20 m) discontinuities among forests  partly different niche’ (i.e. intraspecific competition

and windbreaks can have a large impact. is supposedly stronger than interspecific competi-
Until recently Hubbell, 200}, the most coher- tion).

ent theoretical framework for biological diversity e A ‘random walk’ or ‘transient’ theory that states

(Rosenzweig, 1999was formed by the theory of is- that the numbers of all existing species tend to go

land biogeography, relating species richn8st any up or down, and that the total diversity in any given

scales to the richness at unit scal® and a fractal space and time sampling frame is just a matter

dimensionz: S, = S1AZ. This approach first of all of chance—with, however, reasonably tight predic-

applies within a single type of landscape. Where mul-  tions about the relative frequencies of differently
tiple scaling is involved, as in the consideration of ranked species at different scales. The random walks
regions with multiple landscape types, a summation  of all species can, however, be constrained to main-
over the different landscape types should include a tain a constant total density of individual organisms
correction for the degree of overlap in species com- (e.g. constant tree density per unit area), reflecting
position. The parameters in this equation have been overall resource availability constraints (and hence
interpreted from the balance of local extinction and  the impacts of both intra- and interspecific compe-
recolonisation, depending on the connectivity with tition).
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Hubbell (2001)claims that the latter framework
may be sufficient to account for (nearly) all that we
know quantitatively. Of course this does not dis-
prove the ‘niche assembly’ concept, it only makes
the concept ‘redundant’. The new framework has

27

germplasm used) may provide many ecosystem ser-
vices over decades/centuries, they may be more vul-
nerable to catastrophic disease and/or be less resilient
in the face of environmental change. Furthermore, the
drastic reductions in species diversity in an ecosystem

consequences for sampling, data collection and datamay lead to sequences of community development

analysis—but can it also inform the human value
problem of our efforts to slow down the current rate of
biodiversity loss? The ‘predictions’ of Hubbell's the-
ory on conditions for maintaining species richness are
a combination of ‘meta-populations’, dispersal rates
and connectivity, that have essentially been appreci-
ated over the last few decades—so it does not bring
many surprises from that perspective (it does add
some precision to the predictions of time-patterns of
losses after fragmentation). More importantly, prob-
ably, is that the theory may ‘undercut’ the popular
functional interpretation of diversity. When current
or potential future human use of specific properties
of organisms are involved, the reasons for maintain-
ing diversity of course remain valid. Where we say,
however, that diversity is essential for the normal
functioning of ecosystems, we may need to more
carefully phrase what is meant by ‘functionality’.

Noble (1999)discussed filters and concentrators in
the context of landscape fragmentation and mobility
of species. Animals appear, grosso modo, to be more
sensitive to fragmentation and human disturbance than
plants, but secondary impacts on plants may occur via
animal partners required for pollination or seed disper-
sal, or via modified herbivore impacts on vegetation
succession.

While loss of any species or genetically distinct
population by definition depletes the genetic library
(and hence its potential for supplying direct eco-
nomic benefits to society), each extinction also has
the potential for generating cascades of further losses.
Although ecosystem services on a global scale are ex-
pected to depend on population diversiBh¢lich and
Daily, 1993; Daily and Ehrlich, 1994the connection
between diversity of populations and the delivery of

whose direction and consequences for ecosystem ser-
vices may be very difficult to predicDfake et al.,
1993. Yet, evidence that species richness contributes
directly to ecosystem maintenance and function at
large is scant and inconclusiveSitnberloff, 1999;
Vandermeer et al., 1998Biodiversity conservation is
defensible as an end in itself; its more local role as a
means to ‘forest health’ or agro-ecosystems resilience
in an immediate neighbourhood has not yet been
establishedQimberloff, 1999; Kramer et al., 1997

Considerable overlap exists between the kinds of
species most sensitive to spatial structure (top preda-
tors, other large area-sensitive species, late-successional
species), and those species most likely to have large
influences on their ecosystems. This overlap sug-
gests that changes in spatial structure can potentially
have serious consequences at the level of ecosystem
organisation.

To analyse the functional significance of biodiver-
sity we may need to tease apart:

1. the biological and ecological organisation of a land-
scape and their interactions, the number of differ-
ent biological units at each level of organisation;

2. the degree of similarity (overlap) in the traits or
roles that biological and ecological units can play
within each organisational level;

3. the spatial configuration and its influence on indi-
viduals (foraging, dispersal) and meta-populations
(local extinction and recolonisationHarrison,
19949,

A strict ‘externality’ version of the biodiversity con-
servation question is: whatis the impact of biodiversity
at location A, on the functioning of an agro-ecosystem
at B. Is itimportant for B to maintain a forest at A, pro-

ecosystem services at local and regional scale remainsvided that the essential parts of the genetic library of A

yet to be clarified. The ability of a monoculture to

remain accessible elsewhere? Many of the presumed

maintain services over a long time is subject to debate ecological neighbourhood functions become less ob-
(Anderson, 1994; Vandermeer et al., 1998Ithough vious the bigger the difference in biota between the
monocultures (especially those that maintain genetic forest and the agro-ecosystem. Many forest species,
diversity in space, or maintain a rapid turnover in and especially the forest specialists considered most
their genetic make-up by frequently replacing the valuable from a conservation perspective, have little
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role to play in an agro-ecosystem. General predators or bottom-up (primarily aligning rivers and streams;
(cats and snakes) may help to keep rats and mice pop- Van Noordwijk et al., 199%

ulations in a rice field surrounded by forest at an ac- e Is the relatively high sediment delivery to marine
ceptable level, but wild pigs, monkeys and elephants systems in SE Asia simply due to the relatively short
coming out of that same forest will make up for the rivers in a geologically young landscape, or does it
difference. The presence of big cats (e.g. tigers) does indicate a strong human impact?.

not lead to a friendly perception of a neighbouring

forest by local farmers, even if they acknowledge that  All SE Asian watersheds are ‘exorheic’ draining to
tigers play a positive role in pest control. oceans, as opposed to the ‘endorheic’ ones draining
to lakes and fans, common in more continental parts
of the world (compare Mungai et al., this volume).
The SE Asian islands alone contribute about 20% of
the world’s sediments to the marine systddu (et al.,
1999. Lakes and reservoirs are the ultimate filter, dis-

. . coupling the flow of sediment from the flow of water
ume) soil and water conservation may seem to be an

. by reducing the velocity of flow to allow sedimenta-
issue that has been largely resolved and at the end of . . . .

: - : . tion. Global net sediment delivery to marine systems
its cycle. Many policies and regulations exist, and sub-

I~ 4 may have increased under human influence, but dams
stantial incentive structures have been created to mod-

. ) ; ) in many of the major rivers have led to dramatic local
ify farmer’s choices in land use. One may go so far

as stating that considerable vested interests have beergecreases, with all its consequences for fisheries and

. ) . . . coastal geomorphologWeybeck et al. (2001¢on-
established in certain forms of soil conservation and 9 P gyey ( . L
. . . cluded that more than 25% of global sediment flows
watershed reforestation projects. Yet, the issue seems ) .
Iready are trapped in reservoirs, but land ocean trans-
to be at the start of a new cycle, as the presumed causa

relationships on which many current polices are built ers of N & .P Increase (while .S' decreases, with im-
do not live up to scrutiny. A new wave of research ef- pact on marine diatoms). Both increases and decreases

forts has started, with pioneers suchHamilton and of land—ocean transfers may have negative impacts on

King (1983) Bruijnzeel (1990, 1997jnd Diemont current marine systems. Irrigation engineers aim at re-

et al. (1991) and researchers attempting to tell the dycmg aII_rlver ﬂOWS Into Fhe ocean to V'““‘?"y z€ero
. . . .~ (like the situation in the Nile and Colorado river) and
public at large and the policy community that their

mental models may be mythElder, 1998 using all freshwater for irrigation. At a continental

For the public debate on water resources in SE Asia scale Ferrestnal evapotranspiration is thus increasing,
. X . ] and this may reduce or reverse any effect deforestation
simple questions appear to remain unanswered:

may have on rainfall by reducing local evapotranspi-
e Are lowland (capital) cities frequently flooded be- ration.
cause the uplands are deforested, or because they Forests can generate subsurface flows of water, and
are situated on ‘floodplains’ at the mouth of the conventional techniques for measuring incoming and
main rivers? outgoing water flows at the soil surface can quantify
e Is the recharge of subsurface water flows and amount, but many studies so far igndneoming sub-
off-season streams by ‘old-growth forests’ due to surface flows \(Venzel et al., 1998 Downslope lat-
thetrees or to theforest with its surface roughness, eral flow of water, either over the surface or below, is
swamps, and lack of channels? What does this a major determinant of the coherence of landscapes.
mean for ‘reforestation’ instead of ‘planting trees’? Existing models do a poor job on the subsurface part
e Is the water use of ‘fast growing’ trees (such as (Wood, 1999, unless specifically parameterised for a
Eucalypts) more than proportionate to their growth given region, as details of the pathway and variations
rate (in the absence of C4 trees), and from where in hydraulic conductivity matter. Human impact on
do they obtain their wateQalder, 1998? these subsurface flows is little understood in general,
e What is the most effective location for ‘watershed but the position of deep-rooted trees in the landscape
protection’ forests: top-down (covering the hilltops) can often have significant influences on total water

6. Quantifying external effects of land use
via soil and water flows

In view of the issue cycle (Tomich et al., this vol-
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flow and the pathway of flows. In landscapes with sub- a major challenge in separating land use impact from
surface salt deposits (such as SW and SE Australia, existing background variatioriKabrick et al. (1997)
but also NE Thailand), the pathway itself is a major restricted their samples to particular landforms, to
issue. Lateral flows at the surface, and the sedimenteliminate this source of variability, and then used
they carry, are easily observed and get much atten- directional transects with logarithmically spaced in-
tion. Subsurface flows are not visible and are asso- tervals to sample soils, ultimately relying upon spatial
ciated with often substantial buffers, causing delays variograms to estimate the correlation of soil proper-
in the cause—effect chain and making it unlikely that ties with distance. Variograms are the basis for kriging,
policies to modify such flows will have an appreciable which is the tool used for the spatial extrapolation of
and appreciated impact at a politically significant time soil propertiesBurrough, 1993to predict the charac-
scale. Yet, groundwater flows can be ecological time teristics of unsampled areas, along with multiple linear
bombs that cannot be easily controlled if issues are regressions and other more standard tddtsore et al.
not resolved at the source. Layers of parent material (1993a)successfully predicted 70% of the distribution
and soil horizons of different textures have a profound in soil attributes from variation in terrain attributes.
influence on subsurface water flow. Soil texture and Pennock et al. (1994juantitatively assessed the im-
parent material influence the flow of water, as do land- pact of cultivation on soil quality over a landscape
form shape and locatiorGerrard, 1990 Landform using a digital elevation model (DEM) to develop
shape, e.g. convex or concave, determines how sur-landform classification unitdloore et al. (1993bjlis-
face water flow is channelled over both the landform cuss the methods available for predicting water flow
in question and the surrounding landforntgi¢ksen and sediment redistribution. These methods have been
and McSweeney, 1999Breaks in landforms, or the  used in a number of recent studies, &gunwald and
location of a concave footslope below a convex back- Frede (1998)The limitation to these models are the
slope can serve as filters, and have been exploited forsignificant data requirements, and the difficulties of
agriculture, the world over. Landscape level hydrolog- using them in highly irregular environments.
ical models are needed for the details, but equally im-  Landslides are triggeredlida, 1999 when the
portant are simple ways to ‘read the landscape’ for the weight of the saturated soil column exceeds a criti-
extrapolation phase of policy action. cal value of friction on a plane of weakness, mod-
Forest functions in watershed protection, presum- ified by degree of anchoring provided by deep tree
ably leading to a continuous flow of clean water in roots. As landslides are essentially caused by sub-
the dry season, have been generally attributed to thesurface flows, their frequency may depend less on
trees in stead of the forest, with its rough surface struc- land cover than commonly believed. In closed forests,
ture, swamps and infiltration sites. A new synthesis however, landslides may have less downstream im-
of site-specific hydrological knowledge and tree wa- pact than in agriculturally used landscapes because
ter balance studies may be needed to separate mythdorests may provide more effective filters around the
from realities, and avoid wasting public funds on tree streams. Road building has an obvious direct impact
planting under the heading of reforestation. on landslide frequency, probably exceeding its indi-
Soil movement can be intercepted at a range of rect impacts via associated land use change (Ziegler
scales and in as far as soil transport entails movementet al., this volume). The strong connectivity provided
of soil fertility, filter zones can be very productive el- by roads allows for high sediments delivery rates to
ements of a landscape, at least partly offsetting loss streams of erosion products associated with roads,
of productivity in erosion zoned@niels and Nelson, unless technical designs provide adequate filters.
1987). Little is known of the regeneration capacity of Many studies have now documented that sedi-
biological filters in riparian strips after temporary sat- ment flows in rivers are not as closely linked to
uration Lowrance, 1998 ongoing erosion in uplands as previously thought.
Erosion/sedimentation research has to expand from Modelling tools that include both agricultural and
its traditional focus on small plotsSfocking, 1998; non-agricultural sources of sediment are now more
Evans, 1993; Watson and Evans, 199The huge widely in use Baffaut et al., 1998 Careful land-
variability of soils at landscape scale, however, forms scape reconstructions can lead to a reconsideration
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of ‘blame’ attributions, and more importantly lead to the management of such filters are based on the trade-
more effective interventions to protect downstream offs between positive and negative attributes of these
interests. For examplekryirs and Brierley (1999) filter elements.
described how the major land use change caused by Farmers in north Lampung (Indonesia), for exam-
European settlement in SE Australia led to the de- ple, readily acknowledge that maintaining a surface
velopment of continuous channels in previously dis- mulch provides a sediment filter and reduces soil ero-
continuous river courses, greatly increasing sediment sion on slopes, but they are also convinced that it leads
delivery from the catchment. Although disturbance to more rats and snakes in their field. Removing all
of slopes resulted in significant movement of soil, mulch, e.g. by burning crop residues, provides an ‘an-
most of this material was stored on-slope, in trapped imal filter’ that increases their yields and makes the
tributary fills and along lower order drainage lines, as fields safer to work inGauthier, 1995
the slopes were effectively decoupled from the river  Farmer knowledge of lateral flows and landscape re-
channels. The sediment flowing out of the catchment lations should form a starting point for any effort to un-
largely originated from the riverbeds rather than from derstand the rationality of their decisions on landscape
current erosion on the slopeEongway (1990, 1994)  elements. Local terminologies for landscape building
explored the role of vegetation in the degradation and blocks may contain more information about functional
restoration of rangelands, via the trapping and chan- relations than recognised in remotely sensed maps. An
nelling of water and sediment. These patches range example of farmer classification in north Thailand was
from clusters of lichens to shrubs and treBisser described by J. Peters (pers. commun.) on the basis of
(1989) quantified the different capacities of vegeta- his 2-year participant observation in a Karen village
tion units within a landscape to trap nutrients, patches (Table 5. Categories such as ‘forest above rice field’
and water, as a function of morphology, rate of water do not translate well into English, yet ensure lateral
flow, sediment particle types, landscape position, size flows into the paddies. As such forests are normally
of the vegetated area, and slope. owned by the same family as the paddy, however,
In conclusion, the soil and water movement part of and this does not entail an ‘externality’ in the eco-
the externalities research agenda seems the most opemomic sense. Riparian forests are important for pro-
to innovation, following up on the pioneers of a new viding cool water that is deemed essential for the life
wave in the issue cycle. The basic methods and modelsof the local spirit owners of the land and the water, e.g.
exist to do the job, but the research—policy debate is crabs, fish, and frogs that should be found living in
more complicated than for a ‘new’ issue. Especially a healthy paddy. Other landscape relations and lateral
where existing policies have done ‘the right thing for flows in the local knowledge system again refer to the
the wrong reasons’ (protecting forests for watershed biotic relations of pests in the main food crops. Snakes
functions), an over response may be expected whenand the few remaining leopard cats and civets in the
research results lead to a review of established wisdom still forested landscape are recognised for keeping rat
and lore. populations under control. In years that the bamboo
flowers and sets fruit rats and mice rapidly multiply
and the following cropping season rice crops may fail,
7. Integration at farm and landscape level leading to famineLansing et al. (1998analysed the
water temple system in Bali that integrates spatial pat-
From an analytical perspective it is useful to sep- terns of rice cultivation in relation to the lateral flows
arate the different types of flows, the way their ori- of irrigation water and of pestdhapa et al. (1995)
gin is modified by land cover and land use, the way described a rigorous methodology that is available for
their rate of flow or coupling with substances carried further analysis of such local knowledge systems that
along is modified by filter elements in a landscape and include lateral flows.
the impact they have on external stakeholders. But in ~ To achieve ‘integrated natural resource management’
reality certain landscape elements, in particular trees all external effects of land use will somehow have
and small patches of forests, can modify a number of to be taken into account in farmer decision making
flows (e.g. water as well as organisms). Decisions on about the use of natural resources on and off farm.



Table 5
Landscape elements recognised by a Karen community example in the upper Mae Chaem watershed, north Thailand (J. Peters, pers. commun.)

Landscape element Location Function Accessible to Resource use f
Watershed (ridge) forest On the mountain ridge separating®roviding main irrigable water  All Cattle grazing and collection of S
the village territory from the next source and clean drinking water food, and medicinal plants, hunting §
one (piped to the village) area, NTFP collection g_
Conservation forest New category Conserving wild animals and No hunting Cattle grazing =
plants ;;

Open access forest Hills surrounding village Providing forest products All, with permission Construction wood (for house, gnot
for sale), grazing and NTFP ';
collection g
Community forest Hills surrounding village, but Providing forest products, for Community groups Wood for community structures, 2
closer to the village than previous community activities grazing and NTFP collection g
category £
Bush fallow (‘revolving Closer to the village than previous Crop production, grazing land Privately controlled in Crop yields, fodder, manure r8n
forest) category cropping years, open access transferred to homegardens, %
grazing in fallow years grazing and NTFP collection %

Riparian forest Along the streams and rivers Providing clean and cool watekll NTFP’s

for irrigation, maintaining the %_
spirit owners (e.g. crabs, fish m
and frogs) in the paddy fields %
‘Forest above paddy field’ Forest land adjacent to a Reserved for the exclusive use Private Commercial or subsistence gardensS
landowner’s paddy field of the paddy owner or useful tree species g
‘Paddy field’ Between streams and previous  Rice production {dry season Private Rice and dry season crops; -
forest category vegetable crop) cattle/buffalo grazing in dry season R
Burial forest Close to village Cemetery All - ’g
Birth forest Close to village Burial of umbilical cords for All - %
spiritual security P

Homegarden Around house in village Household needs Private Fruit, vegetables, fodder, medidine

(human and animal)

NTFP: non-timber forest product.
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itability can be essentially different at landscape level clair, Mike Swift and Tom Tomich provided thought-
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Abstract

Species richness of terrestrial ferns and fern allies (Pteridophyta) may indicate forest habitat quality, as analysed here
for a tropical lowland area in Sumatra. A total of 51 standard 0.16 ha plots in primary forest, rttgvea(brasiliensis
agroforests and rubber plantations was compared for plot level diversity (average number of species per plot) and landscape
level diversity (species—area curves). Average plot level species richness (11 species) was not significantly different amongst
the three land use types. However at the landscape level the species—area curve for rubber agroforests (also called jungle
rubber) had a significantly higher slope parameter than the curve for rubber plantations, indicating higher beta diversity in
jungle rubber as compared to rubber plantations. Plot level species richness is thus not fully indicative of the (relative) richness
of a land use type at the landscape scale because scaling relations differ between land use types. Terrestrial fern species ca
serve as indicators of disturbance or forest quality as many species show clear habitat differentiation with regard to light
conditions and/or humidity. To assess forest habitat quality in rubber production systems as compared to primary forest,
terrestrial pteridophyte species were grouped according to their ecological requirements into ‘forest species’ and ‘non-forest
species’. Species—area curves based on ‘forest species’ alone show that the understorey environment of jungle rubber support:
intermediate numbers of ‘forest species’ and is much more forest-like than that of rubber plantations, but less than primary
forest. Species richness alone, without a priori ecological knowledge of the species involved, did not provide this information.
Jungle rubber systems can play a role in conservation of part of the primary rain forest species, especially in areas where the
primary forest has already disappeared. In places where primary forest is gone, jungle rubber can conserve part of the primary
forest species, but large areas of jungle rubber are needed. In places where primary forest is still present, priority should be
given to conservation of remaining primary forest patches.
© 2004 Elsevier B.V. All rights reserved.

Keywords:Agroforestry; Biodiversity; Jungle rubber; Pteridophyta; Species—area relations; Tropical rain forest

1. Introduction tions of the original forest, to what extent it can sup-
port survival and reproduction of primary rain forest
With the disappearance of undisturbed lowland rain species and how this function is influenced by man-
forest habitat the question arises whether disturbed agement practices. For a complete answer of this ques-
habitat maintains some of the characteristics and func- tion we would have to consider all major taxa of flora
and associated fauna. The research reported here com-
" Corresponding author. Tek+31-50-363-2281; pares diver_sity of te_rrestrial pteridophyte spe_cies, with
fax: +31-50-363-2273. known habitat requirements, to assess for this group to
E-mail addressh.beukema@biol.rug.nl (H. Beukema). what extent the understorey habitat in rubber produc-

0167-8809/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.agee.2004.01.007
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tion systems is comparable to the understorey habitat peak at intermediate rates of small-scale disturbance”
in undisturbed rain forest for the lowland peneplain of (Rosenzweig, 199%. 39). Although species are con-
Jambi (Sumatra). sidered the ‘currency’ of biodiversity, counting just

any species does not help us much when we are in-
1.1. Exploratory research and remaining questions  terested in conservation of a specific ecosystem. What

kind of species do we find? Do the species we find

De Foresta and co-workers were probably the first give us some information about the quality of the type

to study the vegetation of rubber agroforests (also of habitat we are interested in? The fact that we can
called ‘jungle rubber’;Gouyon et al., 1998to get find great diversity of pteridophyte species on the for-
an impression of species richness. Sampling a 100 mest floor of rubber agroforests does not tell us that the
transect line Kichon and De Foresta, 1995hey environment there is comparable to a primary forest
found almost twice as many herb species in a rubber and can be expected to support primary forest species.
agroforest as compared to a nearby primary forest (23

versus 12 species) in Jambi Province, Sumatra. Their 3. Terrestrial pteridophytes as an indicator group
research was broad in the sense that all vegetation was

included, but limited in the fact that vegetation types  £q assessments using an indicator group we should
were represented by a 100 m transect only and that they o first of all whether the group of species we are

study was not replicated across the landscape. When,ging contains enough species that differ in habitat re-

a larger number of plots are sampled, will the aver- o irements with respect to the range of the environ-
age number of herb species per plot remain twice as mentg) factors that change when a forest is disturbed

high for jungle rubber as compared to primary forest? p,, hman action. If the great majority of pteridophyte
Another question that remained after the exploratpry species were generalist species that could grow any-
work by Michon and De Foresta was whether high \yhere they would not indicate any changes in for-

diversity found on the plot level is a reflection of high  eqt environment due to disturbance. Enough species
species turnover (beta diversity) on a landscape scale,iih narrow habitat requirements are needed so they

or not. Data on plot level have been usdedkey, a3 pe grouped to indicate different degrees of dis-
1999 to make statements that ‘complex, multistrata y,rhance. Important environmental factors for life in

agroforests contain about 70% of all the regional pool e nderstorey of a tropical lowland rain forest that

of plant gpeqles’, gp_parently assuming that a Smgle change with disturbance are light conditions (quantity
transect line is sufficient to characterise a vegetation 5.4 spectrum) and microclimate (moisture and tem-
type and that scaling.rules above plot level do not perature regime). When species are thus grouped we
differ between vegetation types. can assess which part of the total diversity in each land
use type is made up by species requiring forest-like
conditions, assuming that the bigger the share of those

) ] ) ‘forest species’, the more forest-like the understorey
In spite of a high number of species found at the anvironment will tend to be.

plot level, if the species composition in jungle rubber
at the landscape level would be rather repetitive, in
other words if the species—area curve for jungle rub-
ber would have a much lower slope parameter than
the curve for primary forest, those rubber agroforests
would probably not be as interesting an option for bio-
diversity conservation. e Can rubber production systems play a role in con-
Species richness, regardless of species composition, servation of primary forest species by providing
is often used as a measure in biodiversity studies. If  forest-like habitat?
we deal with disturbed ecosystems however, there aree Can terrestrial pteridophyte species indicate distur-
risks involved because different taxa react in differ-  bance level or habitat quality of the forest under-
ent ways to disturbance. For many taxa, “diversities  storey?

1.2. Species turnover and species composition

1.4. Research questions

Summarising the above, the research is focussed on
the following questions:
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e Is plot level species richness indicative of the (rel- scribed by the ASB projecfTomich et al., 1998Ta-
ative) richness of a land use type at the landscape ble 1.2, p. 19) include natural forest, forest extraction
scale, or do scaling relations differ essentially be- (community-based forest management, commercial
tween land use types? logging), complex multistrata agroforestry systems

e Is species richness a useful indicator of habitat qual- (rubber agroforests), simple tree crop systems (rub-
ity, or is (a priori) ecological information needed on ber, oil palm Elaeis guineens)sand industrial tim-
the species involved? ber monoculture), crop/fallow systems (upland rice

(Oryza sativy/bush fallow rotation), continuous an-
nual cropping systems (monoculture cassava degrad-

2. Land use change in the Jambi lowlands ing to Imperata cylindricd, and grasslands/pastuie (

cylindrica).

The study was carried out in the lowlands of the Primary and logged-over forests in the Jambi low-
peneplain area in Jambi Province, Sumatra at eleva-lands are disappearing fast in recent years, they are
tions of 40-150 m above sea level. For sampling loca- replaced mainly by plantations (oil palm, rubber, tim-
tions seerig. 1 ber) and to a lesser extent by smallholder agroforests

The original forests of this area are mixed Diptero- (rubber, fruit trees). By the end of the 1990s much of
carp rain forests. The physical environment, structure the lowland primary and logged-over forests as shown
and floristics of these forests and of the derived sec- on Laumonier's 1986 vegetation mapaimonier,
ondary vegetation types are described by Laumonier 1997 had already been converted to other land uses
(Laumonier, 1997 pp. 88-130). Extensive research (survey by H. Beukema, 1997). Unfortunately an up
on land use and land use changes has been carriedo date land use map showing these current rapid
out by the ‘Alternatives to Slash-and-Burn’ project changes is not available. For generalised maps of land
and summarised in two reportsvan Noordwijk use changes in the Jambi lowlands in the 1980s, see
et al., 1995; Tomich et al., 1998 and use types de- Beukema et al. (1997)

© sample location
major river
-------- maijor road
15l @ provincial capital
O smalltown
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Fig. 1. Sampling locations in the lowland area of Jambi Province, Sumatra.
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3. Rubber production systems history of logging or shifting cultivation, the only hu-
man use being limited collection of non-timber forest

In Jambi Province rubber is produced mainly in products and hunting.
rubber agroforests and to a lesser extent in more Plots were located across the Jambi peneplain, a
intensively managed monocultural plantations. Both slightly undulating to flat area of around 200 km
production systems use slash-and-burn to clear land150km with rather uniform soils in the centre of
before planting. Sumatra. The total area of each land use type in the

In the monocultural plantations rubber (latex) is the Jambi peneplain is unknown, but the area under jun-
only product. The undergrowth below the rubber trees gle rubber is much larger than the area under either
is kept low by using herbicides and by manual weed- rubber plantation or undisturbed forest. In each land
ing, while fertilisers are applied around the rubber use type, the total area sampled is very small com-
trees to stimulate their growth. Tapping starts when the pared to the total area of the land use type, so the
rubber trees are 5-6 years old. Trees remain produc-differences in sampling intensity are probably less
tive until they are 20-25 years old and a new planting important.
cycle starts. Standard plots of 40nx 40m (0.16 ha per plot)

In the jungle rubber production system there are a were subdivided into 16 subplots of 10m 10m
number of secondary products next to rubber (latex) each. Counting presence of terrestrial pteridophyte
that is the main product. Rubber is planted together species in the 16 subplots of each plot resulted in a
with rice, vegetables, herbs, and a limited number of frequency score between 0 and 16 for each species in
useful trees such as fruit trees. Weeds are controlled each plot. For this paper, only presence of species in
manually and only during the first 2 or 3 years when plots was analysed. Edge effects were avoided by lo-
rice and vegetables are produced. After that the sec- cating the plots away from forest edges and roadsides.
ondary vegetation that comes in naturally and includes Small paths used by rubber tappers however were
useful species is allowed to grow with the rubber. A considered characteristic of jungle rubber systems and
dense secondary forest vegetation builds up. Around therefore not avoided. Plots were located well away
9 years after planting, a path between the rubber treesfrom rivers and streams to avoid rheophytes that indi-
is made and tapping starts. Through natural regenera-cate moisture rather than any level of anthropogenic
tion of rubber seedlings and active replanting in gaps disturbance.
by the farmer \Vibawa et al., in revieyy those rubber Only productive rubber systems were sampled. Age
agroforests can remain productive much longer than of jungle rubber plots varied from 9 to 74 years, while
rubber plantations. A secondary forest dominated by the age of rubber plantation plots was 5-19 years
rubber is the result. In an average ‘jungle rubber’ agro- old.
forest only about 40% of trees with a diameter at breast
height (DBH) of over 10 cm are rubber trees. The other 4.2. Pteridophyte grouping
trees are mostly natural regrowth while some trees are
planted by the farmer. Pteridophyte species were grouped based on eco-

logical notes in literature on Malaysian species
(Alston, 1937; Backer and Posthumus, 1939; Fletcher

4. Method and Kirkwood, 1979 Holttum, 1932, 1938, 1959a,b,
1963, 1966, 1974, 1981, 1998 olttum and Hennip-
4.1. Plot sampling man, 1978 Kramer, 1971; Page, 1976; Pemberton

and Ferriter, 1998; Piggot and Piggot, 1988; Spicer
Three land use types with associated anthropogenicet al., 1985; Wong, 1992From the literature, it be-
disturbance levels were sampled: undisturbed rain for- came clear that there is enough habitat differentiation
est (11 plots), low disturbance jungle rubber (23 plots) among species to make pteridophytes potentially a
and high disturbance rubber plantations (17 plots). The suitable indicator group for this study. We would
‘undisturbed’ rain forest was old growth forest with- have liked to classify our species by their optima for
out visible traces of timber cutting and without known both light and microclimate conditions, but the avail-
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able species descriptions (mostly from taxonomical 4.3. Data analysis
literature) included consistent information on light
requirements and preferred habitat only. Nevertheless For statistical analysis the program SPSS Version
that information was sufficient to classify the species 10.0 was used.
into ecological groups for the purpose of this study. At the plot level, differences between land use types
Based on the literature four levels for light conditions for average number of (forest) species per plot were
were distinguished: ‘open’ conditions, ‘open/light tested using one-way ANOVA and Tukey’s HSD test.
shade’, ‘light shade’ and ‘shade/deep shade’. In com- At the landscape level, to analyse species—area rela-
bination with data on preferred habitat the species tions the program EstimateS¢lwell, 1997 was used
were assigned to one of two groups arbitrarily named to randomise plot sequence 100,000 times for each
‘forest species’ and ‘non-forest species’. land use type and derive average cumulative richness
‘Forest species’ are all species that require shade values.
or deep shade plus the species that require light A logarithmic equation of the form:
shade and grow in forest. ‘Non-forest species’ are
. . " y=blnx+a Q)
all species of open and open/light shade conditions
plus the species that require light shade and prefer was fitted through the resulting points, wheres the
habitats other than forest (roadsides, forest edges,cumulative number of specieb,the scaling relation
plantations, etc.). This grouping does not imply that of species richness (beta diversity)the cumulative
‘non-forest species’ never grow in the forest. Some of number of 0.16 ha plots (area), aada constant es-
them do occur in forest, especially in gaps, but they timating the average richness for a single plot (alpha
are more abundant in open conditions. Species arediversity).
thus grouped by (inferred) ecological optimum rather  The ‘area’ in the species—area curves represents a
than by ecological range. collection of non-adjacent 0.16 ha plots scattered over
Of a total of 65 terrestrial pteridophyte species a vast landscape.
found in the survey, 36 were classified as ‘forest The distances between plots are comparable for

species’ and 26 as ‘non-forest species’ (3able 1. forest and jungle rubber: the average distance be-
Three species remained unclassified because theytween plots was for forest plots 42 km.ES = 3.6)
were not identified to the species level and could notbe and for jungle rubber plots 39km (& = 1.5).

linked to literature (se@able 1. They were excluded  Non-parametric tests show that also the distributions
from analyses concerning ‘forest species’. Although of interplot distances are comparable for forest and
species—area curves are of course sensitive to the rejungle rubber. However, the interplot distances of the
moval of species from the data, we expect the effects rubber plantation plots were different both in average
to be limited in this case. Of the three species that were (as high as 74km, .§. = 5.2) and in distribution.
excluded, two unclassifie@yatheaspecies (labelled  This is due to the fact that there are only two large
Cyatheasp.2 andCyatheasp.3) were most likely not  rubber estates in the Jambi lowlands that have rubber
‘forest species’ in our classification and would not trees of the higher age classes that we needed to in-
have been included in the analysis anyway. They were clude in the sampling, and those two estates are far
not encountered in forest at allyatheasp.2 occurred apart (one near Muara Bungo, the other near Jambi
more often in rubber plantations than in jungle rub- town). As a result, long distances are over represented
ber: it was found in four rubber plantation plots and in the rubber plantation sample. This may have caused
in one jungle rubber plot (24 and 4% of those plots, a slight overestimation of the slope parameters of the
respectively) whileCyatheasp.3 occurred in one rub-  species—area curves for rubber plantations, but such
ber plantation plot and in one jungle rubber plot. Both overestimation would not seriously affect our main
species were found to be growing more abundantly conclusions.

in the rubber plantation plots than in the jungle rub-  The slope parameterd)(found for the three land
ber plots. The third species that was excluded was anuse types were compared statistically by linear re-
unclassifiedAspleniumspecies occurring as a single gression over their common area range of 11 plots
individual in a jungle rubber plot. (1.76 ha).
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Table 1

Species list of terrestrial pteridophyte species found in Jambi lowlands, for classification criteria see text

Family Species name Group
Aspleniaceae Asplenium glaucophylluna.A.v.R. Non-forest
Aspleniaceae Asplenium longissimurBl. Non-forest
Aspleniaceae Asplenium pelluciduniam. Forest
Aspleniaceae Aspleniumsp. Not classified
Blechnaceae Blechnum finlaysonianuik. & Grev. Forest
Blechnaceae Blechnum orientald.. Non-forest
Blechnaceae Stenochlaena palustri@Burm.) Bedd. Non-forest
Cyatheaceae Cyatheacf. contaminangHooker) Copel. Non-forest
Cyatheaceae Cyathea moluccan®. Br. Forest
Cyatheaceae Cyatheasp.2 Not classified
Cyatheaceae Cyatheasp.3 Not classified
Dennstaedtiaceae Lindsaeacf. repens(Bory) Thw. Forest
Dennstaedtiaceae Lindsaea cultrata(Willd.) Swartz Forest
Dennstaedtiaceae Lindsaea divergensik. & Grev. Forest
Dennstaedtiaceae Lindsaea doryphor&Kramer Forest
Dennstaedtiaceae Lindsaea ensifoliesSwartz Non-forest
Dennstaedtiaceae Lindsaea parasiticgRoxb. Ex Griffith) Hieron. Forest
Dennstaedtiaceae Microlepia speluncaéL.) Moore Non-forest
Dennstaedtiaceae Pteridium caudatuniL.) Maxon subsp. yarrabense (Domin) Parris Non-forest
Dryopteridaceae Diplazium crenatoserratuniBl.) Moore Forest
Dryopteridaceae Diplazium malaccens€. Presl Forest
Dryopteridaceae Diplazium pallidumBl. Forest
Dryopteridaceae Diplazium ripariumHoiltt. Forest
Dryopteridaceae Diplazium tomentosurBl. Forest
Dryopteridaceae Pleocnemia irregularigC. Presl) Holtt. Forest
Dryopteridaceae Tectaria barberi(Hk.) Copel. Forest
Dryopteridaceae Tectaria fissa(Kunze) Holtt. Forest
Dryopteridaceae Tectaria singaporeangWall. ex Hk. & Gr.) Copel. Forest
Dryopteridaceae Tectaria vasta(Bl.) Copel. Forest
Gleicheniaceae Dicranopteris linearis(Burm. f.) Underw. var. linearis Non-forest
Gleicheniaceae Dicranopteris linearis(Burm. f.) Underw. var. subpectinata (Christ.) Holtt. Non-forest
Hymenophyllaceae Trichomanes javanicufsingaporeanum Forest
Hymenophyllaceae Trichomanes obscururBl. Forest
Lomariopsidaceae Teratophyllumcf. ludens(Fée) Holtt. Forest
Lomariopsidaceae Teratophyllumcf. rotundifoliatum(R. Bonap.) Holtt. Forest
Lycopodiaceae Lycopodium cernuuri. Non-forest
Nephrolepidaceae Nephrolepis biserratdSw.) Schott Non-forest
Ophioglossaceae Helminthostachys zeylanida Hook. Non-forest
Ophioglossaceae Ophioglossum reticulaturh. Non-forest
Polypodiaceae Microsorum scolopendrigBurm. f.) Copel. Non-forest
Pteridaceae Adiantum latifoliumLam. Non-forest
Pteridaceae Pityrogramma calomelanof..) Link Non-forest
Pteridaceae Taenitis blechnoideéWwilld.) Sw. Forest
Schizaeaceae Lygodium circinnatun{Burm. f.) Sw. Forest
Schizaeaceae Lygodium flexuosurfL.) Sw. Non-forest
Schizaeaceae Lygodium longifolium(Willd.) Sw. Non-forest
Schizaeaceae Lygodium microphyllun{Cav.) R.Br. Non-forest
Schizaeaceae Lygodium salicifoliumPresl| Non-forest
Schizaeaceae Schizaea dichotomf..) Sm. Forest
Schizaeaceae Schizaea digitatdl.) Sw. Forest
Selaginellaceae Selaginella caulescen@Vall.) Spring Forest
Selaginellaceae Selaginella intermedidBl.) Spring Forest
Selaginellaceae Selaginella planaDesv.) Hieron. Forest
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Table 1 Continued
Family Species name Group
Selaginellaceae Selaginella roxburghiiHk. & Gr.) Spring Forest
Selaginellaceae Selaginella willdenowi{Desv.) Baker Non-forest
Thelypteridaceae Amphineuronsp. Non-forest
Thelypteridaceae Christella parasitica(L.) Lév. Non-forest
Thelypteridaceae Christella subpubescen®l.) Holtt. Non-forest
Thelypteridaceae Mesophlebion chlamydophoru(e.Chr.) Holtt. Forest
Thelypteridaceae Mesophlebion motleyanuifHook.) Holtt. Forest
Thelypteridaceae Pronephrium glandulosur(Bl.) Holtt. Forest
Thelypteridaceae Pronephrium rubicundunfv.A.v.R.) Holtt. Forest
Thelypteridaceae Pronephriumsp. Forest
Thelypteridaceae Pronephrium triphyllum(Sw.) Holtt. Non-forest
Thelypteridaceae Sphaerostephanos heterocarp(i.) Holtt. Forest
Families according td&ubitzki (1990)
5. Results interactions (which allows for different slopes) signif-

icantly improved the modelR[2, 27] = 4.005 P =
0.030). The slope parameter of the jungle rubber land
use type was significantly higher than the slope pa-

The average number of terrestrial pteridophyte rameter of the rubber plantations land use type-(
species per plot in the current study was indeed higher 2.827, P = 0.009). The slope parameter of the forest
in jung]e rubber (On average 11.7 Species) than in was not significantly different from the slope parame-
primary forest (on average 9.4 species), but not twice ters of the jungle rubber land use type and the rubber
as high as found by Michon and De Foresta for herbs, plantations land use type & —1.534 P = 0.137
and the difference found is not statistically significant.

Applying a priori ecological knowledge about our
species, we find that the plot level species richness
in jungle rubber and in rubber plantations is largely
due to an increase in species that have their optima
in environments other than the shady forest under-
storey, in our classification ‘non-forest specidsy. 2

5.1. Plot level results

14 - [ all species
[ forest species a

121 i l
a

10 T

€
o
<
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=
5
[=}
shows the differences in average number of species & . i
per plot for the three land use types. Differences are § i
small and not statistically significant when all species ..g 6l
are consideredA[2, 48] = 1.846 P = 0.169), while 5 c
those differences are large and statistically significant € 4|
when only ‘forest species’ are considerédZ, 48] = = d
18112 P < 0.0005;Table 2. S oL
©
S
5.2. Landscape level results, all species © 0 -
forest jungle rubber
rubber plantation

Looking at the landscape level, we see that the
species—area curves for pteridophytes in primary for- Fig. 2. Number of terrestrial pteridophyte species per 0.16ha

est, jungle rubber and rubber plantations are close to- plot. Means and_ their standard errors for three land use types:
. forest ¢ = 11), jungle rubber{ = 23) and rubber plantations
gether Fig. 3.

. . (n = 17). Dark bars: all data; light bars: ‘forest species’ subset.
We tested for equality of slopes of the regressions pifterent letters indicate significant differences between land use
for the three land use types, and found that including types (Tukey’s HSD testP < 0.05, seeTable 2.
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Table 2
Analysis of variance and post-hoc multiple comparisons for datéign 2 number of species per plot (all species, ‘forest species’)
N Mean of all S.E. of Mean of ‘forest S.E. of
species per plot  the mean species’ per plot the mean
Forest 11 9.4 1.08 7.6 1.06
Jungle rubber 23 11.7 0.70 4.7 0.36
Rubber plantations 17 11.9 0.99 2.4 0.41
All land use types 51 11.2 0.52
ANOVA
Sum of squares d.f. Mean square F Significance
Number of terrestrial pteridophyte species
Between groups 49.649 2 24.824 1.846 0.169
Within groups 645.528 48 13.448
Total 695.176 50
Number of ‘forest species’
Between groups 176.644 2 88.322 18.112 0.000
Within groups 234.062 48 4.876
Total 410.706 50

Multiple comparisons (Tukey's HSD). Dependent variable: number of ‘forest species’

Land use () Land use J) Mean difference  S.E. Significance 95% confidence interval

(-9

Lower bound Upper bound

Primary forest Jungle rubber 2289 0.81 0.002 0.94 4.85
Rubber plantation 5.13 0.85 0.000 3.07 7.20

Jungle rubber Primary forest —2.89 0.81 0.002 —4.85 -0.94
Rubber plantation 2.24 0.71 0.007 0.53 3.95

Rubber plantation Primary forest —5.13 0.85 0.000 -7.20 -3.07
Jungle rubber —2.24& 0.71 0.007 —-3.95 —-0.53

* The mean difference is significant at the 0.05 level.

andr = 1.292 P = 0.207, respectively)Figs. 2 Slopes of the regression lines for ‘forest species’
and 3and the statistical testing make clear that the (Table 3 differ significantly F[2, 27] = 352161, P <
pattern at the plot scale is not reflected at the land- 0.0005). The regression line for forest has a steeper
scape scale. Jungle rubber shows higher beta diversityslope than the regression lines for jungle rubber and
for terrestrial pteridophytes at the landscape scale rubber plantations¢(= 17.544 P < 0.0005 and
than rubber plantations, despite similar plot level r = 26.017, P < 0.0005, respectively), and the re-

diversity. gression line for jungle rubber has a steeper slope
than the regression line for rubber plantations=
5.3. Landscape level results, ‘forest species’ 8.473 P < 0.0005). The differences between the

curves for primary forest (upper line), jungle rubber
After grouping species into ‘forest species’ and (middle line) and rubber plantations (lower line) show
‘non-forest species’ a second set of species—areathat the understorey environment of jungle rubber is
curves was constructed based only on ‘forest species’. much more forest-like than that of rubber plantations,
These curves for ‘forest speciedFig. 4 show the but less than primary forest.
part of the total diversity in each land use type (as in  The number of jungle rubber plots added up to find
Fig. 3 that consists of species that prefer conditions the same number of ‘forest species’ in jungle rubber as
prevalent in undisturbed forest. in primary forest is progressively larger at the higher
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Table 3
Slopes and their standard errors for the species—area regressions (all species, ‘forest sp&iges'Bimnd 4
N Slope parameter all species S.E. of the slope Slope parameter ‘forest species’ S.E. of the slope
Forest 11 9.71 0.16 8.34 0.14
Jungle rubber 11 10.11 0.21 5.07 0.11
Rubber plantations 11 9.37 0.18 3.49 0.14
number of plots (cumulative) levels of species richness associated with larger areas.
1 5 10 15 20 25 WhenSrepresents the number of ‘forest species’, we
T T T T T T T T [ T T T T TTTIrrIrag . .
45 terrestrial pteridophytes y =10.1Lx+10.7 find atS_ = 15 we need 3.0 jungle rubber plots for
@ a0l all species Rag=09% each primary forest plot, & = 20 we need 4.0 and
= .
B 5 Aﬁﬁ‘m at § = 25 we would need 5.3 jungle rubber plots for
= I~ A .
g g{;ﬂg@gﬂ-z each primary forest plot.
331 W In addition to the differences in diversity of ‘for-
8 Br R, 215"92388 est species’, our data show that some of the ‘forest
§ 20~ species’ that are found in several primary forest plots
‘s 15F never show up in jungle rubber plots, even though the
S 10k o forest sample contains twice as many jungle rubber plots
§ sl ﬁiu?)%‘e rulbbfrt_ as primary forest plots. It is likely that the absence
rubber plantation . .
oL | | p‘ | of those species, e.geratophyllumspp. (Lomariop-
0.16 1 2 3 4 sidaceae) andrichomanespp. (Hymenophyllaceae),
total area (ha) from the jungle rubber plots indicates that some pri-

Fig. 3. Species—area curves for terrestrial pteridophytes in forest, mary forest species will never grow in jungle rubber.

jungle rubber and rubber plantations. Plots were 0.16 ha each,
non-adjacent and spread over a large area Fggel). Plots were ) ] )
randomised 100,000 times to remove the effect of plot order. 6. Discussion and conclusions

. 6.1. Scale matters
number of plots (cumulative)

1 5 10 15 20 25 ) . )
‘ ‘ L The data clearly show that scaling relations differ
451 terrestrial pteridophytes o forest ; ;
& 4ol forest species A jungle rubber between land use types and that plot level species rich-
=T 4 rubber plantation ness does not directly indicate the (relative) richness
E 351 of a land use type at the landscape scale. No single
3 30 Korgm0007 st ratio can express the relative richness across differ-
$ 25 R2,=0.995 ent scales and conclusions as formulated_bgkey
8 20l (21999)on the basis of the plot data bfichon and De
5 15 o Foresta (1995¢annot be trusted.
& 1} aanast : .
= y=35Lnx+L8 6.2. Conservation and production
2 5k R2,4=0.985
051 1 7 3 4 Returning to the first question formulated in the
total area (ha) introduction, we conclude that rubber production sys-

tems can indeed play some role in conservation of pri-

Fig. 4. Species—area curves for ‘forest species’ subset of terrestrial : P ;
: - X : mary for i rently providing forest-lik
pteridophytes in forest, jungle rubber and rubber plantations. Plots ary forest species (appa ently pro d g forest-like

were 0.16 ha each, non-adjacent and spread over a large area (seg'abltat)’ bl’!t '_n places Where_ primary forest I_S still
Fig. 1). Plots were randomised 100,000 times to remove the effect present, priority should be given to conservation of
of plot order. remaining primary forest patches.
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In places where primary forest is gone, jungle types of land use will decrease, while others increase.
rubber can play a role in conservation of part of the The scaling rules within a land use type as given here
primary forest species, while rubber plantations have will have to be (at least) complemented by assess-
little conservation value. In areas such as the Jambi ments of species overlap between land use types. In
lowlands where there is almost no primary forest left addition assumptions have to be made about the max-
and where even logged-over forest is to a large extentimum number of species present in each land use type
already converted to plantations, jungle rubber might as well as the minimum area required in each land use
provide for intermediate levels of biodiversity while type to maintain healthy populations of those species.
at the same time providing income to farmekéurg It is understandable that available data are not com-
Noordwijk et al., 199). ICRAF is currently work- pliant with all those requirements. Restricted by time

ing in this area on a project to increase income of
smallholders and promote biodiversity conservation
by keeping production in old jungle rubber on a prof-
itable level. Techniques of gap replanting and direct

and financial limits, researchers working in jungle

rubber had to make choices with regard to the sam-
pling dilemma, either researching all major groups but
in small sample sizes and/or a small area, or getting

grafting in rubber agroforests using genetically im- ample information on one taxon and none on others.
proved rubber are developed to extend the lifespan of Difficult taxonomic groups in diverse tropical areas
existing rubber agroforests, at the same time reduc- make the problem worse, as typically each sampling
ing the frequency of slash-and-burn in the landscape effort results in scores of new species to be named
(Wibawa et al., in review With these techniques and described for the first time and existing ecologi-
production could be raised while preserving the bio- cal knowledge is limited. Pteridophytes proved in this
diversity associated with old jungle rubber. study to be a relatively well-described group suitable
to indicate local environmental conditions. Because
the spores are wind dispersed their occurrence is
not limited by presence of other organisms required
Species richness of terrestrial pteridophytes alone for most seed dispersal or pollination. However, this
(without knowing the species or their ecological re- characteristic of pteridophytes makes the group less
guirements) is not a useful indicator of habitat quality, suitable to represent biodiversity of other taxa. Hunt-
as it discriminates poorly between the disturbed land ing pressure and habitat fragmentation will affect
use types and primary forest. A priori ecological in- some taxa more than others. Pteridophytes alone
formation on the species involved is needed before would probably provide us with a too optimistic view
terrestrial pteridophyte species can be used to indi- on biodiversity in jungle rubber.
cate disturbance level or habitat quality of the forest ~ As more results on different taxa become available
understorey. If we would like to fully answer the it is no doubt possible to get a general idea of the
guestion how much primary forest biodiversity is con- order of magnitude of the contribution of jungle rub-
served in rubber agroforests we would have to sample ber to biodiversity conservation of tropical rain forest
most of the major taxonomic groups because different species. However, if the current trend of conversion to
groups react in different ways to disturbance (see e.g. more intensively managed rubber or oil palm planta-
Thiollay, 1995for birds). For each taxonomic group tions continues we can be sure that hardly any biodi-
we would need enough samples to account for the vari- versity value will be left.
ability in the data, and samples should cover a suffi-
ciently large area to include different scales (plot level
to landscape level). In addition, we need to know the Acknowledgements
ecological position (habitat requirements, guilds, etc.)
of the species, as diversity alone does not give enough This research project was carried out in the frame-
information for most taxonomic groups. Even so, such work of the Southeast Asian Regional Research Pro-
data collected within ‘homogeneous’ land use types gramme of the International Centre for Research in
cannot directly answer questions about the change in Agroforestry (ICRAF) in Bogor, Indonesia, as part
overall biodiversity value that can be expected if some of the ‘Alternatives to Slash-and-Burn’ Programme.

6.3. Indicator groups
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Abstract

The assumed relationship between biodiversity or local richness and the persistence of ‘ecosystem services’ (that can
sustain productivity on-site as well as off-site, e.g. through regulation of water flow and storage) in agricultural landscapes has
generated considerable interest and a range of experimental approaches. The abstraction level aimed for, however, may be toc
high to yield meaningful results. Many of the experiments on which evidence in favour or otherwise are based are artificial and
do not support the bold generalisations to other spatial and temporal scales that are often made. Future investigations should
utilise co-evolved communities, be structured to investigate the distinct roles of clearly defined functional groups, separate the
effects of between- and within-group diversity and be conducted over a range of stress and disturbance situations. An integral
part of agricultural intensification at the plot level is the deliberate reduction of diversity. This does not necessarily result in
impairment of ecosystem services of direct relevance to the land user unless the hypothesised diversity—function threshold
is breached by elimination of a key functional group or species. Key functions may also be substituted with petro-chemical
energy in order to achieve perceived efficiencies in the production of specific goods. This can result in the maintenance of
ecosystem services of importance to agricultural production at levels of biodiversity below the assumed ‘functional threshold’.
However, it can also result in impairment of other services and under some conditions the de-linking of the diversity—function
relationship. Avoidance of these effects or attempts to restore non-essential ecosystem services are only likely to be made
by land users at the plot scale if direct economic benefit can be thereby achieved. At the plot and farm scales biodiversity is
unlikely to be maintained for purposes other than those of direct uséilitarian’ benefits and often at levels lower than those
necessary for maintenance of many ecosystem services. The exceptions may be traditional systemsingierealues
(social customs) continue to provide reasons for diversity maintenance. High levels of biodiversity in managed landscapes are
more likely to be maintained for reasons of intringierependi¢‘option’ or ‘bequest’) values or utilitarian (‘direct use’) than
for functionalor ecosystem service values. The major opportunity for both maintaining ecosystem services and biodiversity
outside conservation areas lies in promoting diversity of land-use at the landscape and farm rather than field scale. This
requires, however, an economic and policy climate that favours diversification in land uses and diversity among land users.
© 2004 Published by Elsevier B.V.
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role can be valued and managed during agricultural 2. The biological basis of ecosystem goods and
intensification is much debated but still poorly un- services
derstood. A key problem in all debates on biologi-
cal diversity is that the abstraction ‘diversity’ has of- Humans have evolved as part of the world’s ecosys-
ten not been distinguished from the specific attributes tems, depending on them for food and other products
of the community of organisms that is under study and for a range of functions that support our exis-
in any particular location or system. Likewise, eval- tence. Natural ecosystems, as well as those modified
uations of diversity have more often than not been by humans, provide many services and goods that are
assessments of the value of biological resources asessential for humankindatson et al., 1997 Efforts
such rather than assessments of the value of diver-and interventions to manipulate (agro)ecosystems in
sity per se Nunes and van der Bergh, 2Q0For in- order to meet specific production functions represent
stance, if the interest lies in the functional roles of costs to the rest of the ecosystem in terms of energy,
the community these may depend on the ‘structure’ matter and biological diversity, and often negatively
of the vegetation and the relationships between dif- affect goods and services that so far were considered
ferent ‘functional groups’, rather than on diversity as to be free and abundant. These are anthropocentrically
such Woodward, 1993)Experiments based on ran- regarded as services because they provide the biophys-
dom species assemblages may be appropriate tests fofcal necessities for human life or otherwise contribute
hypotheses about ‘diversity’ per se, but tell us very to human welfare YNEP, 1995; Costanza et al.,
little about the largely self-selected assemblages that 1997). Most if not all of these services are based on
make up natural ecosystems. In the case of agroe-a ‘lateral flow’, or movement across the landscape
cosystems, whilst the dominant crops or livestock are of biomass (such as food, fibre and medicinal prod-
human choices, by far the majority of the species (as ucts derived from the sea, inland waters or lands
soon as one takes the below-ground part of the sys-outside of the domesticated ‘agricultural’ domain),
tem into consideration) are self-selected. So, are we living organisms and their genes, or earth (nutrients),
asking the right question about the relations between water, fire or air elements. Examples of ecosystem
biodiversity and ecosystem services? Does the loss ofservices particularly important for agroecosystems
diversity at plot-to-global scales imply a threat to crit- and agricultural landscapes are: maintenance of the
ical ecosystem functions? Can we identify thresholds genetic diversity essential for successful crop and
in such a process? animal breeding; nutrient cycles; biological control
Global diversity derives from the lack of overlap of pests and diseases; erosion control and sedi-
in species, genetic or agroecosystem composition ment retention; and water regulation. At a global
between geographic or temporal domains. While scale other services become important such as the
‘agricultural development’ directly affects local (i.e. regulation of the gaseous composition of the atmo-
plot level) diversity, it probably has even stronger sphere and thence of the climate. A list of such
effects by homogenizing at higher scales, facilitating services is given in the first column dhble 1and
the movement of ‘invasive species’ and the introduc- Appendix A and their connection to lateral flows
tion and spread of ‘superior’ germplasm of desirable is discussed by Van Noordwijk et al. (this volume,
species. Scale is thus of overriding importance in our Table J.
analysis and we may well find that answers may ap- These ecosystem goods and services are biologi-
pear contradictory between different ways of defining cally generated. The community of living organisms
temporal and spatial boundaries to the system underwithin any given ecosystem carries out a very di-
consideration. In this review we will first consider the verse range of biochemical and biophysical processes
concepts of ‘biodiversity’ and ‘ecosystem functions’, that can also affect neighbouring systems. These can
and then the evidence that links relevant aspects of be described at scales ranging from the subcellular
the two, before we embark on an exploration of through the whole organism and species populations
how this relationship depends on scale and can beto the aggregative effect of these at the level of the
‘managed’. ecosystem&chulze and Mooney, 1993All ecosys-
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tems have permeable boundaries with respect to ma-the diversity of assemblages (and their environments)
terial exchanges but the within-system flows usually over a defined landscape, ecological zone or at global
dominate those between systems, such as betweerscale.

land-use or land-cover types within a landscape. For  Biodiversity in this paper refers to the totality of the
purpose of this paper we defimeosystem functions species (including the genetic variation represented in

as the minimum aggregated set of proceqsasud- the species populations) across the full range of ter-
ing biochemicalbiophysical and biological ongshat restrial organisms, i.e. invertebrate animals, protists,
ensure the biological productivitprganisational in- bacteria and fungi, above- and below-ground, as well

tegrity and perpetuation of the ecosystehhere are as the vertebrates and plants which often constitute
no agreed criteria for defining a minimum set of such the main concerns of biodiversity conservation. With
functions but for the purposes of this paper the second a definition as broad and inclusive as this, it is highly
column ofTable 1lists ecosystem functions alongside unlikely that any clear and precise statements about
the ecosystem services they provide. Further explana-relationships between ‘biodiversity’ and functions can
tion of these relationships is given below but it is use- be formulated and tested that can be helpful in guiding
ful to note that these functions can be pictured as hav- human activity. Similar to the situation with ‘water-
ing a hierarchical relationship. The energy captured shed functions’, which are considered in the next part
in primary production is utilised in the herbivore and of this volume, we may find that discussions on com-
decomposer food chains. Interactions between theseponents of the overall biodiversity concept in relation
three subsystems occur through nutrient exchangesto land-use are more productive and open to progress
and a variety of biotic regulatory mechanisms as well than those that stay at the aggregate level. In the sec-
as by energy flow. In particular, the balance between tion immediately following we shall refer to the diver-
the constituent processes of primary production and sity within ecosystems (often termed alpha diversity)
those of decomposition determines the amount of en- and in later sections to that at the broader scale of the
ergy and carbon maintained within the system and landscape (which embraces concepts of both beta and
is the major natural regulator of the gaseous com- gamma diversity).
position of the atmosphere at a global scefsvift, The analysis of biodiversity and its management are
1999. highly influenced by the perspective used. In particu-
lar, different sectors of society attribute different val-
ues to biodiversity. Since biological diversity concerns
3. Biological diversity and its values different levels, from genes to species and ecosystems,
the value of diversity can likewise be defined in a num-
Most discussions and empirical studies on biodiver- ber of different ways. Broadly speaking, four different
sity have focused on issues of a relatively small range types of value can be usefully recognised, although
of organisms. In contrast, the Convention on Biologi- different terminology is often used by different au-
cal Diversity defines its area of concern as: thors (seeNunes and van der Bergh, 20@dr further
“... the variability among living organisms from details).
all sources, including, inter alia, terrestrial, marine First is theintrinsic (sometimes called ‘non-use’)
and other aquatic ecosystems and the ecological com-value of diversity to humans, or the value that biodi-
plexes of which they are part; this includes diversity versity has on its own. This value comprises cultural,
within species, between species, and of ecosystems”social, aesthetic, and ethical benefits. Some groups in
(Heywood and Bates, 1995Diversity within each society attribute high social and religious values to in-
one of these three fundamental and hierarchically dividual species or communities of organisms; others
related levels of biological organisation can be fur- derive value from the simple fact of high diversity per
ther elaborated as follows: genetic diversity is the se insuch systems as tropical rainforests or coral reefs.
variation within and between species populations;  Second is thetilitarian (also called direct use, con-
species diversity refers to species richness, that is, tributory, primary or infrastructure) value of compo-
the number of species in a site, habitat, ecological nents of biodiversity. These are the subsistence and
zone or at global scale; ecosystem diversity means commercial benefits of species or their genes derived
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by one or other sectors in society. The utilitarian value 4. What is the relationship between diversity and
may be private and accrue to the land managers (farm-function?

ers, local community, government). This is most ob-

vious with respect to high value agricultural crops but 4.1. Concepts

also applies to the other types of good listedable 1

Utilitarian value may also accrue to other sectors in Bioiogists have for many decades Specuiated on the
society, in addition to private land managers. For in- question of why there are so many species of living
stance, the pharmaceutical industry values the tropi- organisms. As explored in the theory of island bio-
cal forest treePrunus africanavery hlghly because geography, the diversity within any ecosystem at any
its bark contains chemicals used for manufacturing a point in time is the result of a ‘self-selection’ process
drug. Another example is that in Africa, many farm-  that involves co-evolution of the species comprising
ers living near natural (and protected) forests with- the biological community within a given ecosystem
draw substantial monetary benefits from their hunting py interactions among them and with the abiotic envi-
and from collecting plants and tree products in these ronment through time. This is not an isolated process.
forests Pottinger and Burley, 1992Uti|itarian value New species may enter an ecosystem from neighbour-
thus refers to the use of organisms that are part of the |ng areas, some estabiishing themselves and others
local diversity as inputs into consumption and produc- failing to do so. Partly as a result of successful new-
tion processes. comers or new adaptations emerging in existing ones

Thirdly, biodiversity can be said to hagerependic  (be they competitors, predators, pests or diseases), and
(‘option’, or bequest) value. This is the belief in future  partly as a result of fluctuations in abiotic environ-
but yet unknown value of biodiversity to future gener- mental conditions, some of the existing species may
ations, for example, the presence of a microorganism pecome (locally) extinct over any period of time. The
with an as-yet undiscovered genetic potential for in- species richness of any given ecosystem or land unit
dustrial products. These three types of value of biodi- is therefore a dynamic property. Recently, the con-
versity are ethnocentric and depend very much upon ventional explanation of local diversity as well as its
the cultural values and preferences of different sec- ‘functionality’ embodied in the niche concept has been
tors of society. This is why some authors, interested in challenged by theories that derive patterns close to the
such values, stress that ‘the conservation of biological ghserved ones from ‘random walks’ in abundance of
diversity depends as much on society’s ethical views species without any a priori prediction of the direction
as on facts’ Barrett, 1993, of selection pressures and based on an equivalence of

Finally, biodiversity contributes to ecosystem life intra- and interspecific competitioti(ibbell, 200}.
support functions and the preservation of ecological  |n agroecosystems farmers take a dominant role in
structure and integrity. We refer to these functions as this dynamic by the selection of which Organisms are
thefunctionalvalue of diversity. This category of value  present, by modifying the abiotic environment and
has only been relatively recently recognised in the eco- py interventions aimed at regulating the populations
nomic literature as an important category per se which of specific organisms (‘weeds’, ‘pests’, ‘diseases’ and
overlaps partially with concepts such as that of ‘indi- their vectors, alternate hosts and antagonists). The dy-
rect use’ value (se&erry-Turner, 1999 Part of this  namic nature of the (local, patch level) diversity of any
functional significance may result in direct utilitarian  system, whether natural or agricultural, is often under-
value forHomo sapien# the production of goods and  rated, as is the importance of the selection pressure and
services that can be priced. Beyond this lie a range of process. The diversity of any system is not adequately
ecosystem services that are of acknowledged benefitrepresented simply by the number of species (or geno-
to humans but which generally lie outside the bound- types) present' but by the reiationships between them
aries of recognised direct utilitarian benefit. The pur- in space and time. Attempts to assemble combina-
pose of this paper is to analyse the functional values of tions of the same number of species under slightly
biodiversity with particular reference to the diversity different conditions and in particular without the his-
in agricultural landscapes. tory of interaction often fail Ewel, 1986, 1999 But
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what makes any existing species combination into a of diversity to maximise efficiency this effect is satu-
‘system’ is still largely elusive. Some insights obtained rated at a relatively low humbeBwift and Anderson
in analysing food webs may help. For examNeutel (1993) proposed that this relationship could also ap-
(2001)showed that the majority of below-ground food ply to the decomposer system. Examples of essential
webs constructed from random combinations of or- functions in this case are the basic suite of catabolic
ganisms did not meet dynamic stability criteria, even enzymes (e.g. for cellulolysis, lignin degradation,
though all parameters such as abundance of groupsetc.), the facilitation role that invertebrates play by
and dynamic properties were chosen in a ‘normal’ reducing particle size by their feeding activity, and
range when considered one-by-one. Yet, systems with biophysical processes of pore formation and particle
the actual parameter combinations that are attainedaggregation. It is interesting to note, however, that the
in the field did meet stability criteria, suggesting that communities of organisms contributing to the ecosys-
partly uncovered rules about the proportionalities and tem function of decomposition are taxonomically
co-variance within the normal range are crucial. much more diverse than those of primary production.
Debate on the relationship between biological diver-
sity and ecosystem function has a long history which 4.2, Experimental approaches
has taken on new vigour (and sometimes even rancour)
since the advent of the Convention on Biological Di-  Qver recent years a number of authors have reported
versity (seeNoodwell and Smith (196%pr the older  on experiments investigating the links between diver-
literature andSchulze and Mooney (1993Mooney  sjty and specific functions (e.g. sEevel et al., 1991;
etal. (1995, 1996)and many of the citations below for  Naeem et al., 1994; Naeem and Li, 1997; Tilman and
more recent discussioriitousek and Hooper (1993)  Downing, 1994; Tilman et al., 1996, 1997; Hooper
contributed a major focus to this debate through and Vitousek, 1997that appear to broadly corrobo-
hypothesising three different possible relationships rate the predictions of the Vitousek—Hooper hypoth-
between plant diversity and broad-based ecosystemesis for primary production. This has however gener-
functions such as the rate of primary production ated an equal amount of discussion in refutation and
(Fig. 1). Their analysis of current evidence led them the issue remains significantly a matter of interpre-
to propose that the asymptotic relationship shown as tation and opinion (se&rime, 1997; Hodgson et al.,
Curve 2 inFig. 1 was the correct one. This suggests 1998; Lawton et al., 1998; Wardle et al., 2000; Naeem,
that whilst the essential functions of an ecosystem, 2000). There is no space here to review these studies
such as primary production, require a minimal level in detail, but refer toKinzig and Pacala (2001and
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Fig. 1. Possible relationships between biological diversity and ecosystem functions for the plant subsysteNitdireek and Hooper
(1993). The authors hypothesised that Curve 2 was the most probable of the three propositions.
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Tilman and Lehman (2001fpr a synthesis that ac- sented by one or a few functionally distinct species
knowledges the ‘sampling effect’ that probably domi- i.e. one or a few representatives of a small range
nates the initial phases of the experiments and the factof functional groups’ is a useful null-hypothesis to
that ‘niche assembly’ will be a relatively slow process, guide investigations of the functional significance of
especially where we are interested in stages beyond thebiological diversity in agricultural systems. It may
pioneer phase. Each one of the experiments quoted cameed further operationalisation for specific ecosys-
be criticised in one way or another. The strictest inter- tem contexts, however. The total diversity required
pretation of many of the experiments would be that the then depends on the number of functions that are
conclusions apply only to the specific combinations recognised and to the degree of overlap in ‘functional
of organisms used in the tests, and in most cases theseroups’ between these different functions.

are assemblages constructed for experimental pur-

poses rather than naturally co-evolved communities.

At a fundamental level such experiments suffer from 5. Which functional groups of organisms are

a basic methodological paradox—in order to describe essential?

and understand diversity and complexity we need to

simplify it, and take away the self-selection that gov-
erns real-world diversity. Dealing with the totality is
impossible. For instance, there is no single (or combi-
nation of) methods that would allow for the total in-

ventory of the species richness of even a small volume

The functional group concept is briefly discussed in
Appendix Ato this paper andable 1lists a minimal
set that we propose are needed to provide the ecosys-
tem goods and services we have been addressing.
The classification of plants into functional groups

of soil. It is thus difficult to draw general conclusions has drawn a great deal of recent attention because of
about ‘diversity’ as such and in particular with respect the recognition of the pressure being exerted on ter-
to naturally co-evolved communities. The results of restrial ecosystems by global climate chan§enith
such ‘un-natural’ experiments may, however, be more et al., 1997. The primary producers (together with the
applicable to agricultural systems that in one sense vertebrate herbivores) are our major source of food and
can be said to have been assembled in a similar way. are also the source of fibre and other useful materials
such as latex. Molecules with antibiotic, therapeutic,
pesticidal or similar biological activities utilised by
humans are, however, synthesised by many groups of
organisms (e.g. bacteria and fungi) and are often very
specific in origin. Diversity is therefore an essential
pre-requisite for maintenance of supply, particularly
of new products, although the capacity to biologically
generate or synthesise new compounds under labora-
tory conditions has been greatly increased by the ad-
vent of genetic engineering.

Decomposition and mineralisation of organic mat-
ter of plant and animal origin and synthesis and de-

4.3. The minimum diversity required within a
functional group

One potentially valuable interpretation of the
Vitousek—Hooper relationship has been that the min-
imal level of diversity required to maximise the
production function consists of representatives of an
essential set of ‘functional groups’ of plan&adhultze
and Chapin, 1987 A functional group may be de-
fined ‘a set of species that have similar effects on
a specific ecosystem-level biogeochemical process’.
As Vitousek and Hooper put it, the ‘essential’ plant composition of soil organic matter are carried out by a
species are those that contribute in different ways to very diverse community of invertebrates, protists, bac-
the key ecosystem functions—in the case of primary teria and fungi. Other elemental transformations often
production by exploiting different components of the are carried out by a diverse set of functional groups
available resources by differences in canopy structure with very specific biochemical capacities, for exam-
to maximise light capture or symbionts and root ar- ple, certain bacteria of the nitrogen cycle. Diversity
chitecture to optimise capture of water and nutrients. within these groups varies from very low to high, but
Drawing together the threads of this discussion we it can be experimentally demonstrated that a single
hypothesise that ‘the minimum diversity essential to species per function may be sufficient under a given
maintain any given ecosystem function can be repre- set of environmental conditions.
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The dominant biological properties regulating wa- the product and/or substrate for a relatively small
ter flow and storage in the soil are the plant cover, number of bacterial species in the soil associated
the soil organic matter content and soil biological ac- with soil, decomposing organic matter or the gut
tivity. Macrofauna such as earthworms, termites and flora of animals. Diversity change may thus be more
other invertebrates influence the pore structure. Bacte- significant in these cases.
ria and fungi modify the extent of aggregation of soil It is worth noting that even when the discussion of
particles. All these organisms and an additional range function—diversity relationships is reduced to consid-
of decomposer organisms influence synthesis and de-ering only functional groups, the minimum extent of
composition of soil organic matter. Control of erosion necessary diversity that is implicated is still very high.
and trapping of sediment is regulated by the archi-
tecture of the plants at and below the soil surface, 5.1, Wwhat is the significance of diversity within
the amount (and hence the rate of decomposition andfynctional groups?
movement) of surface litter, and the physical quality

and organic matter content of the soil. If the above hypothesis is correct and ecosystem
Under natural conditions the interactions between functions can be maintained by the minimal number

the populations of organisms at the various trophic o representatives of the essential functional groups,
levels i.e. plants, herbivores, symbionts, parasites, dé-ihan the questions remains as to what is the signif-

composers, predators and secondary predators resulfcance of the often high diversity within functional

in a dynamic balance of population sizes. The total 4rq,ps—which takes us back to the basic biodiversity
diversity is huge bgt any single populatlo_n is only In- question ‘why are there so many species™? Answers to
fluenced by a relatively small number of interactions. hjs question depend strongly on the scale of consider-
Biological regulation of a specific pest, pathogen or aion_ Different species often occupy similar ecolog-
disease vector _of |.n.terest to humaps is therefore .de'ical roles in geographically separated areas, and one
pendent on a significant level of diversity among its f the major threats to local species is the lateral flow
parasites or predators. Thes_e in their turn may depend ¢ organisms once such geographical barriers disap-
on other elements_ of dlve_rsny for thelr_survwal, €.d. pear. Replacement of local species by intrusive exotics
the presence of microhabitats, alternative hosts, nest-y,e5 not necessarily change ecosystem processes, or
ing or egg laying sites, or refuges often provided by o richness, although there are dramatic exceptions

the vegetation. _ _ _ for specifically successful (from the perspective of the
Chemical transformation of toxic organic elements, jnader, at least) invasions. Such invasions are likely,

chelation or absorption of basic elements and removal ,5\vever. to reduce global diversity and in fact have

of toxic levels of nutrients or other chemicals from been identified as one of the major drivers of ‘global
ground, running or soil water may be carried out by change’.

a diverse range of bacteria, fungi or protists often
in association with invertebrates. In well-established
waste disposal systems these organisms form ‘guilds’
which function in a very integrated way. As with de-
composers distinct guilds may operate across different
ranges of environmental gradients of temperature, pH, 1. Biodiversity enhances ecosystem function because

Vandermeer et al. (1998ummarised the main is-
sues in the discussion on the role of diversity in agroe-
cosystems in the following three hypotheses of links
between diversity and function:

moisture, etc. different species or genotypes perform slightly dif-
The earth’s climate is regulated by the content of  ferent functions (have different niches);

‘greenhouse’ gases in the atmosphere §COHy, 2. Biodiversity is neutral or negative in that there are

NO,, etc.). Carbon dioxide is emitted or taken up many more species than there are functions and

under one circumstance or other by the majority of ~ thus redundancy is built into the system;

|iving Organisms and is thus a phenomenon of such 3. BiOdiverSity enhances ecosystem function because
generality as to defy attempts to relate its dynamics ~ those components that appear redundant at one
to changes in diversity other than the totally catas-  Point in time become important when some envi-
trophic. Methane and the nitrous oxides are, however, ~ ronmental change occurs.
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It is valuable to note that these are not necessarily nectivity within an ecosystem, a feature that depends at
mutually exclusive hypotheses, as they may refer to leastin part on the composition and diversitio{ling,
different space and/or time aspects of the system and1973, 1986; Allen and Starr, 198Diversity within
the function of specific concern. We need to clearly functional groups may provide an important means for
separate the question of how the current diversity came increasing the probability that ecosystem performance
into being (the ‘self-organisation’ of the system, based can be maintained or regained in the face of chang-
on the success in the evolutionary history of all compo- ing conditions. For the below-ground community, for
nent species) from the human or teleological perspec- instance, there is evidence that the same enzymatic
tive of the relevance of this diversity. Just as we have function is carried out by different species of bacteria
to distinguish between ‘diversity per se’ and ‘diversity or fungi from the same soil under different, and even
of actual systems’, we have also to recognise that not fluctuating, conditions of moisture stress or pH (see
all components of a system have the same probabil- Griffin (1972) for discussion of this). In the case of
ity of being lost as a result of simplification of agroe- plants different species may play a similar functional
cosystems and some functions may therefore be morerole in different seasons, under varying conditions of
resilient than others. Differences in life histories of climatic or edaphic stress and in different stages of
the key groups of organisms confer different temporal patch-level succession.
and spatial contexts to their role in the ecosystem and
their responsiveness to its self-organising properties.

The third of Vandermeer et al.’s (1998)ypotheses
is extremely pertinent to the question of how much of
this diversity is needed to maintain ecosystem goods
and services in the face of agricultural intensifica-
tion and other aspects of ongoing ‘global change’.
There is certainly substantial experimental evidence
that the many key functions can be maintained by only
small numbers of species within a particular func-
tional group. For example, monotypic cover by peren-
nial plants can be as effective as a diverse commu-
nity in controlling erosion. Although the decomposer
community of a particular soil may be very diverse,
only a minority of the hundreds of species of fungi,
bacteria or invertebrates participate in the decompo-
sition process at a given time and place. The extent
of redundancy implied by this can be demonstrated
under laboratory conditions where decomposition can
be fully mediated by single species cultures of enzy-
matically diverse organisms such as white-rot basid-
iomycete fungi whilst in nature the same process may
be carried out by several species of fungi, bacteria and
animals Bwift, 1976; Giller et al., 1997

The third hypothesis raises questions whether key
functions can be maintained by one (and the same)
species under all circumstances. This addresses the is-£ ‘ .
sue of the capacity of ecosystems to adapt to changing 5 10
circumstances that result from elements of stress and Number of Land-Use Types  (Beta Diversity)
disturbance. The c_apacr[y of a system t_O reqund to Fig. 2. Hypothesised relationship between the diversity of ecosys-
and recover from disturbance is termed its resilience. tem or land-use types and the efficiency of function of (the totality
This property has been attributed to the degree of con- of) ecosystem services at the landscape scale.

6. Resilience and diversity thresholds

Functional diversity thresholds are thus likely to be
higher in the real world than in the relatively controlled
situations under which most of the experiments on
diversity—function relationships have been conducted.
Recognition of the importance of diversity to the prop-
erty of resilience suggests furthermore that the impli-
cation of equilibrium in the way theig. 1is drawn
(see alsdrigs. 2 and Bmay be misleading. The shifts
between different states of functional efficiency with
changes in diversity are more likely to be rather abrupt.
Perhaps a case could be made recognising resilience

tive Efficiency of Ecosystem Services
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defined as (natural) ecosystems that have been de-
liberately simplified by people for purpose of the
production of specific goods of value to humans. The
simplification down to one or a few productive plant
or animal species is implemented for greater ease of
management and specialisation of product to suit mar-
ket demands, especially in highly mechanised forms
of agriculture. In an ecological sense the system may
be seen as one which is maintained by a high fre-
quency of disturbance, in an early successional stage
(Conway, 199R In such systems a distinction has
been made between ‘planned’ and ‘associated’ diver-
(Alpha or Gamma) Diversity sity (Swift et al., 1996; GCTE, 1997Theplanned di-
versityis the suite of plants and livestock deliberately
Fig. 3. Hypot_hesised relationshipg _betvveen diver_sity (as measured retained, imported and managed by the farmer. The
by species richness) and the efflc_lency of function of ecosystem composition and diversity of this component strongly
services at the patch-ecosystem (i.e. plot) scale (Curves 1 and 2) . .
and the scale of the landscape (Curves 3 and 4). Curve 1 re- influences the nature of thessociated blota-plant,
peats hypothesis 2 &fig. 1: Curve 2 shows how in an intensively ~ animal and microbial. The issue is more complex than
managed agricultural plot ecosystem services may be maintained the single issue of the extent of planned biodiversity
byt rsc>u2rs1teitr:tiicoa[|] eor:e‘rﬁverétyrvgy3 i;‘ﬁé’\fvss dg”‘g‘r’nfr:rirgozuvr;i‘h” Cinrf‘/e that is maintained, however. Agroecosystems are man-
E?that the thresholdg)gf ‘essential’ dive’rsii/y is g[:eater as the land aged by substitution and supplementanon of many
area increases. Curve 4 represents circumstances of high distur—Of the natural ecosystem functions by human labour
bance of the landscape by human intervention. and/or by petro-chemical energy or its products.

In addition to their direct effects on production
as an ecosystem service rather than a property. An al-these interventions provide the means to reduce the
ternative view, however, is to see resilience as a prop- risk associated with reliance on ecosystem services,
erty which varies among functions rather than a uni- ajthough it can be argued that this is serving to substi-
tary ecosystem property. The decomposition function, tute one set of risks for another—that of dependence
for example, may be substantially more resilient than on the market. Furthermore, whilst substitutions may
that of the regulation of specific pest populations. buffer some of the functions they also run the risk of

Resilience is a concept that requires consideration fyrther damaging others. For instance, the addition of
at different spatial scales. The resilience of any local pesticides may control diseases of immediate negative
system after shocks that lead to local loss of diver- impact but also kill non-target organisms with other

sity depends strongly on the ability of organisms to functions such as pollination or soil fertility enhance-
recolonise from the neighbourhood, and thus on the ment.

distance to the nearest suitable habitat and the disper- During agricuiturai intensification the diversity of

sal of the organisms in question. crops and livestock is reduced to one or a very few
species of usually genetically homogenous species.
The varieties are selected or bred for yield (e.g. high
7. Managing biodiversity and ecosystem services plant harvest index), taste and nutritional quality. Plant
in agricultural landscapes arrangement is commonly in rows, fallow periods
are bare, sequences may be monospecific (varietal)
7.1. What is the impact of agricultural intensification or of two or rarely more species. This is in contrast
on biodiversity and ecosystem functions? to natural ecosystems where the genetic diversity of
plants (both within and among functional groups) is
Our main concern in this paper is with biodiver- high but varies in relation to environment. The effects
sity issues in agricultural landscapes, i.e. landscapesof land-use change and agricultural intensification on
containing agroecosystems. Agroecosystems can bebiodiversity and associated functions are still poorly

Relative Efficiency of Ecosystem Services
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understood but conversion to agriculture almost al- of biologically active substances tend to favour more
ways results in fewer species of both planned and technically advanced and intensive modes of produc-
associated biota with lower genetic variation and rep- tion. Maintaining global diversity is thus essential for
resenting less functional groups. Nonetheless the ex-both present and future needs although the synthetic
tent of diversity in even so-called monocultures may capacity brought by the molecular biological revolu-
be underestimated by plot-level assessment of diver- tion is fast rendering this less so. Herbivore diversity
sity at any point in time. A rapid interannual turnover is highest in heterogeneous systems with high plant
of the germplasm is often employed to stay ahead of and resource diversity but monotypic vertebrate herds
the evolutionary race with pests and diseases, addingcan reach equivalent levels of production in simpli-
a time dimension to diversity that may exceed evolu- fied grazing systems. Pest epidemics tend to occur
tion in natural systems, albeit with respect to a narrow in circumstances of low genetic diversity of the host
genetic base. This varietal turnover depends, however, plants or livestock.

on ‘externalised’ functions of maintaining genetic di-

versity in gene banks, and on the mechanisms of rapid 7.3. Nutrient cycling

multiplication and transfer of such germplasm. This

situation contrasts with that of extensive agricultural Nutrient cycles become more open in agricultural
systems where diversity is deliberately maintained systems with losses of nutrient through offtake in har-
within the system with or without external exchange. vest, run-off from compact surfaces, increased volatil-
Here a plot-level assessment may have more relevantisation through a changed surface environment and
boundaries of measurement, although lateral flows increased leaching associated with decreased soil or-
of organisms exist here as well. Production systems ganic matter content. These losses can be substituted
based on perennial crops and trees provide less op-by inorganic inputs but the efficiency of return to the
portunity for rapid turnover of varieties for obvious plant is often low and fertilisation is usually required
reasons, and there clearly is a much stronger needat levels far in excess of direct crop demand, which
here for maintaining plot-level diversity as a risk man- further exacerbates the losses and can leads to pollu-

agement strategwan Noordwijk and Ong, 1999 tion of groundwater, etc. There is substantial evidence
demonstrating gains in crop productivity from nutrient
7.2. Primary production additions through mixtures of organic and inorganic

sources of nutrients compared with either alone (e.qg.
Whilst many recent experiments have tended to Swift et al., 1994. Maintenance of organic inputs to

confirm that community primary production may be the soil is thus an important management strategy for
maximised by a low-number diversity of functional efficient use of external inputs. Advantages in utilising
types (see above) there is also abundant evidence that variety of such inputs have also been demonstrated
monotypic stands can reach the same levels of pro- because of the strong influence of input chemistry (‘re-
duction within relatively narrow environmental con- source quality’) on patterns of mineralisation. The di-
ditions. Biomass production is, however, not the only versity of organisms involved in nutrient cycling may
function or service performed by plants in ecosys- be substantially reduced under agricultural intensifi-
tems. The secondary functions related to ecosystemcation but there is little evidence of significant effects
services may be more biodiversity-sensitive than that on decomposition and mineralisation processes which
of food production. ‘Intensive’ production systems has been attributed to a high level of functional re-
for specific high-value products (e.g. spices) can, dundancy among decomposer fungi, bacteria and mi-
however, be very diverse. Another exception may croregulators such as nematodes or collemi®ésa(e
be in relation to pharmaceutical and agro-chemical et al., 1994, 1997; Giller et al., 1997The signifi-
goods. Most products of these types are initially cance of this loss of diversity should not, however,
gathered from natural or secondary vegetation or be assumed to be inconsequential. In particular, it is
derived from microbial cultures obtained from soil. unclear how the resilience of the system under condi-
Once the markets for such products are established,tions of change is influenced by such loss. Organisms
however, the required control over the concentrations with very specific functions, such as those exhibited
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by some bacteria of the nitrogen cycle, often show questering carbon in soil as a means to slow down the
specialisation to particular soil conditions such as rate of global climate change. A research question of
pH and specific genotypes may be lost as a result of continuing interest is whether the functional proper-
soil degradation. Specific strains of di-nitrogen-fixing ties of SOM are in any way influenced by the diversity
bacteria may also be lost as a result of agricultural of organic materials from which it is synthesised.
intensification resulting in the need for subsequent
inoculation Kahindi et al., 199Y. 7.5. Watershed functions
7.4. Organic matter dynamics The most important factors regulating water infil-
tration and retention are the extent of ground cover
Soil organic matter (SOM) is a keystone component by plants and/or plant litter. The reduction in these,
of the ecosystem in the sense that its impact on overall including interposing of periods when ground is bare,
system performance exceeds its relative share in theleads to greater run-off and diminished infiltration as
energy flow through the system. Soil organic matter well as increasing the risk of erosion. Substitution by
stores and buffers nutrient concentrations, influences mechanical tillage can ameliorate as well as aggravate
water storage in the soil and is a major factor in deter- these effects. Monospecific cover can be just as effec-
mining soil structure and thence erosivity. Above all, tive as a diverse one with respect to limiting run-off
it is a store of energy in the soil that drives many of the and erosion, trapping sediment and promoting infiltra-
soil-based processes. SOM synthesis and decomposition, but to be effective it has to be present year round.
tion is brought about by much the same community of Diversity of organic inputs is likely to have a positive
organisms as those involved in decomposition of plant effect by widening the probability of differences in
litter. A well-charted phenomenon is the decline in timing of litterfall and rates of disappearance from
SOM as aresult of conversion of natural ecosystems to the soil surface. As soil protection on slopes depends

agriculture. Farmers utilise the nutrients mineralised
as part of this decline of the SOM capital to support
high initial levels of crop production after clearance.
Soil tillage is also an effective additional way of stim-
ulating the breakdown of SOM and plays a key role in
promoting crop Yields after land conversion to agri-
culture, until a new and lower equilibrium between
breakdown and formation of SOM is reached. The
level of the new SOM equilibrium, with its consequent
impact on nutrient cycling, soil water regimes and
erosivity, is related to the quantity of plant litter input,
which is almost invariably lower than that of natural

more on partially decomposed litter with good ground
contact than on fresh leaves that can be easily washed
away, the role of plant diversity on slopes is likely to
be greater than on flat lands. The macrofauna moving
between litter layer and soil strongly influence parti-
tioning of water between surface runoff and infiltra-
tion as well as modifying water movement within soil.
Interesting examples of the influence of these ‘ecosys-
tem engineers’ show how circumstance-specific
diversity effects may be. Soil engineers making macro-
pores in the soil are not welcome in all circumstances.
In bunded rice fields, farmers make an effort to de-

systems. Crops in intensive systems are usually se-stroy soil structure by puddling to reduce the porosity
lected for high harvest indices, and there may be usesof the soil and building dykes to contain the water.
for crop residues other than soil fertility maintenance These earthworks may be destroyed by the actions of
(e.g. fodder or fuel). The SOM content is thus related earthworms and surveys tpshi et al. (1999 the

to the quantity, diversity and mode of management of Ifugao Rice Terraces (IRT), in the Philippines showed
organic input to soil. A key feature of agroecosystem that 125 out of 150 farmers interviewed ranked earth-
management is thus the trade-off between the gains inworms as the most destructive pest of terraced rice
production from ‘mining’ the SOM versus the poten- fields. In a second example, the conversion of Ama-
tial negative impact on its other ecosystem services zonian rainforest to pastures has been shown to lead
and in particular on system resilience. This ‘trade-off to extinction of the natural earthworm community,
between the different values of SOM has been rarely which have been replaced in some circumstances by
recognised but became a matter of greater interest asa single exotic specie®ontoscolex corethrurug his
society has begun to realise the potential value of se- has a negative effect on pasture productivity because
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the introduced worms compact the soil, whereas the resilience of the function is very high. These two ob-

native species improve soil structurt€h@auvel et al., servations may be generalised by stating that there are
1999. Inoculation with species from the forest might no rules to be derived for agricultural systems con-
reverse this effect, but remains to be tested. cerning the importance of biodiversity with respect
to the maintenance of ecosystem services that apply
7.6. Risks of pests and diseases across all functional groups and environmental cir-

cumstances. Both the concept of ‘diversity’ and that

As already indicated the decreased genetic diversity of ‘ecosystem function’ are too broad to make gen-
of plant cover increases the risk of pest attack. Sim- grajisations at this level testable. There is a need and
plification of the ecosystem and in particular the use potential, however, to investigate the issues of thresh-
of broad-spectrum pesticides also decreases the diver|ds of diversity—function relationship within specific
sity of natural enemies and increase risks of pest at- functional groups and under circumstances of change
tack (awton and Brown, 1993 Pesticides also have in stress and/or disturbance.
negative effects on non-target beneficial organisms in- Finally we should re-emphasise the importance of
cluding pollinators and beneficial soil biota. the hierarchical control exerted by the plants over the
other functional groupsHig. 4, Appendix A).

This is a particularly important feature when deter-
mining management options, not only at the field and
farm scale but also at that of the landscape. The plant,
decomposer and herbivore subsystems of the biolog-

ing from natural vegetation and breakdown of soil or- ical commumty interact In a Vf"‘“etY of ways but the
ganic matter reserves that are rarely if ever balanced productivity, mass, chemical diversity (resource gual-

by regrowth. The output of methane may be signif- ity) and physical complexity of the plant component

icantly increased in systems such as paddy rice and €xerts the strongest influence and is the single mostim-
intensive cattle production and of nitrous oxides by portant d_e'Ferminant of both the diversity and the func-
N-fertilisation. These changes are linked to alterations t'on?l elfgglgen%y om;t?e other tWIO slué)gys;emdzrile

in soil structure that dominate changes in the activity etal. ( a,bpand Yeates et al. ,( 95) owed, for

of a variety of soil organisms (e.g. methanogenic and example, that arthropod and microbial communities

methanotrophic bacteria) but we are not aware of any were not_adversely affected by agricultural intensif@ca—
documented case where such effects are linked to thel'®" provided the type of management (e.g. muliching)

absence of functional groups or to biodiversity change provided _fo_r Increases in Fhe quantity and quality Of_
per se. the organic inputs. The maintenance of total system di-

versity and of the major part of the ecosystem services
7.8. A hierarchy of functions is thus predominantly determined by the nature of the
plant community. This is also of course the main point
There are a few general conclusions that may be at which humans intervene in the agroecosystem—to
drawn from this brief review of the impacts of agricul- decide the species richness, the genetic variability and
tural intensification on the relationship between biodi- the organisation in space and time of the planned biota
versity and ecosystem servic@&#st, that whilst there in the vegetation subsystem.
are a number of clear examples where changes in di-
versity have threatened the provision of ecosystem ser-
vices, especially relating to the regulation of pests and 8. Implications for the design and management of
diseases, there are also others where the changes imgricultural landscapes
biodiversity seem to be functionally neutral, at least
within relatively stable environmental conditior&ec- A substantial research investment has been made
ond there may be some functional groups, particu- into agricultural systems that fall short of the full
larly microorganisms such as the decomposers, whereextent of genetic homogenisation and petro-chemical
the degree of functional redundancy is such that the substitution. Examples are agroforestry and other

7.7. Greenhouse gas emissions

Land-use change alters the balance of gas emis-
sions and thence influences global climates. There are
very large increases in the G@utput during clear-
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inter-crops, rotations, mulch-based, minimum tillage rather than on plot-level diversity, the focus of much
and integrated livestock-arable systems. All these sys- agroecological research may have been too narrow.
tems are characterised by maintenance of diversity of Another key aspect that needs to be changed is the
plant functional groups above the level of monocrop- continuing separation of different aspects of manage-
ping. The scientific justification for such approaches ment interventions on the base of disciplinary experi-
has generally been made on grounds of greater func-ence, such as soil or nutrient management from pest
tional sustainability and the wider spread of risk management. Interventions to ameliorate the impacts
associated with more diverse products as well as on on any one of the different ecosystem services (as well
the recognition that it is in line with the management as on productivity) are likely to influence others. Prac-
choices of the majority of the rural poor in the tropics. tices targeted at productivity but well documented in
For farmers labour saving and low investment and terms of their supportive, ameliorative or regenerative
risk may be the preferred attributes of these systems. effect on other ecosystem services should be a top
It is interesting to note however that, whereas scien- priority.
tists had introduced single-species fallow systems to
farmers in Western Kenya, these farmers decided on
their own to diversify tree species in these improved 9. Does the relationship between diversity and
fallow systems (Bashir Jama, pers. commun., 2001). ecosystem services change acr oss scales?

The simplicity of monocultures at field level is only
possible as long as farms are part of a germplasm de- Almost all the evidence that exists for the relation-
livery system with rapid access to externalised gene ship between diversity and function in agroecosys-
banks and have access to risk buffering mechanismstems concerns the plot (and often the micro-plot or
such as insurance schemes or agricultural subsidies.laboratory chamber) scale. But in order to provide
Large parts of tropical agriculture still operate in a policy makers with appropriate advice on the func-
range where such ‘externalised’ risk management tional value of diversity it is necessary to consider
options do not exist and where thus a choice for the ways in which the three factors we have been
monocultures carries unaffordable risks. At the farm considering—biodiversity, agricultural productivity
level ecosystem resilience can be extended beyondand profitability, and ecosystem services—intersect
resources maintained on farm or in the accessible at the landscape scale. Whilst the inter-relationships
neighbourhood by being part of a larger agricultural that we have described at the plot (patch) scale may
production and germplasm delivery system. help in understanding what happens at the landscape

Ewel (1986) and Moreno and Hart (1979pare scale there is also the possibility that the rules change
among those who have advocated using plant func- across spatial scales. The productivity of any land-use
tional groups as a basis for the (plot level) design of system can be expressed on an area basis and the
multi-plant agroecosystems. These designs also rely, aggregate productivity across a landscape on the ba-
explicitly or implicitly, on the impact that the effect of  sis of the fractions occupied by different land uses.
increasing the diversity of the vegetation system will Biodiversity, however, has more complex scaling re-
have in enhancing the associated biodiversity both lationships and cannot simply be aggregated in this
above- and below-ground and thence the probability way. Nor can many of the functions that have been
of maintaining ecosystem services over a wider range discussed here.
of stress and disturbance. The evidence comparing Much of the diversity in a landscape may exist at
such systems is almost entirely, however, based onscales beyond the farm (between-farm variability be-
assessments of yieldfandermeer et al. (1998 - ing larger than within-farm diversity), and the dynam-
viewed the literature on inter-cropping of all types ics of diversity thus depend on the degree to which
and concluded that yield gains in comparison with different farms remain (or become more) different. As
monocrops depends on the specific complementari- agricultural research and extension have been based
ties in resource use and seasonal development of theon the economies of scale that are perceived as attain-
components. As risks for the farmer depend on farm able by homogenisation of farms with similar demands
level diversity of potentially productive resources for inputs and services and similar outputs for mar-
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kets, the trend in agricultural intensification has often versibility, in which case the agroecosystem loses its
resulted in the reduction of inter-farm diversity. The resilience. However, the individual land user can in
green revolution provides a good illustration of this most cases manage and control agroecosystem distur-
process which is generally supported by policy inter- bances and stresses, such as pest outbreaks or sudden
ventions that tend to promote homogeneity in farmer changes in relative prices, by making adjustments in
goals, practice and behaviour, at least over the shortthe management of resources (land, water, germplasm,
term. The agents of change in biodiversity beyond knowledge, labour, capital) at the farm scale.
farm level are essentially different from those on farm.  Curves 1 and 2 ofig. 3 deal with this case of

In Fig. 2 we hypothesise that the relationship be- diversity management at the plot to farm (i.e. land-
tween species richness and specific ecosystem servicesise) scale and are therefore concerned with alpha
at the landscape scale may follow a relationship anal- diversity—that is, within these boundaries. (Curves
ogous with that of the Vitousek—Hooper model—to- 3 and 4 refer to higher landscape scales and are dis-
gether of course with all the attendant qualifications. cussed in the next section.) The arrow linking Curve
That is to say that ecosystem services at the landscapel to Curve 2 represents the capacity of farmers to
scale are optimised by a diversity of land uses, but the maintain the ecosystem services necessary for their
number that are required for optimisation is relatively production goals whilst sacrificing diversity. This
small. If the hypothesis is correct then it would sug- shift thus hypothesises that at the plot and farm scale
gest that the presence of a relatively small number of management interventions can compensate for losses
different land-use types should be sufficient to satisfy of diversity, although of course both the economic
the functional needs of the majority of ecosystem ser- and of-site ecological consequences of this remain
vices. This generality needs, however, to be detailed unstated and will be very circumstantial. We know,
for any given landscape into specifics with respect to as shown for small-scale farms in Kenya ©ggood
not only the types but also their sizes, shapes, their (1998) that many farmers do value genetic and
patterns and location on the landscape and practicesspecies diversity on their farms, as they are aware
of management. that it minimises economic risk by enhancing on-farm

It can be further hypothesised that at the higher diversification of plant and animal production. The
scales of landscape and region the frequency andhistory of agriculture provides many examples of
intensity of disturbance and stress (both natural and how even extreme reductions in biodiversity can be
anthropogenic) is greater than those at the plot or managed, through periods of disturbance, by indi-
farm scale and increasingly beyond the control of the vidual land users by substitution (e.g. chemicals,
land users. Prevention of decreases in the stability labour). Therefore, even though biodiversity has im-
of agroecosystems and management of restorationportant ecological functions at the farm scale, it is
become more difficult and costly and eventually be- nevertheless possible to decrease biodiversity levels
come impossible from both biological and economic very substantially at that scale while maintaining the
perspectives because connectivity is too high and productivity and resilience of agroecosystems. We
disturbances too large. The ecosystem services thathypothesise below, however, that at higher scales the
enhance the resilience and adaptation of systems,control and management of disturbances and stresses
such as biodiversity, thus become more and more becomes more and more problematic and costly and
important a feature of sustainable management as thethe resilience function of biodiversity thus becomes
scale of operation widens. an increasingly important issue in management.

Fig. 3 hypothesises a number of relationships im-
plied in the above discussion. We have argued that 9.1. Keep it simple: maintain ground cover
at the plot and farm scales individual land managers
and farmers manage biodiversity largely through sim-  We have already emphasised the over-arching influ-
plification (i.e., by decreasing connectivity and main- ence of the plant cover and diversity on the associated
taining agroecosystems at a stage of early succession¥unctional diversity and thence on the properties of re-
and substitution. Decreases in connectivity may, un- silience. The simplest rule for managing landscapes is
der specific conditions reach a threshold level of irre- thus to say that if the vegetation is diverse then the as-
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sociated diversity and functions will be taken care of. eas of intensive production and harvest the soil carbon
The immediate implication of this is that monotypic content may decrease but under fallow or tree-based
landscapes—vast areas of the same crop or livestockproduction it can be re-built. The balance between
system—are likely to be the most vulnerable to the these two options affect nutrient cycling, soil structure,
same dangers to ecosystem services pictured earliewater regimes and the emission of greenhouse gases.
for the farm or plot scale. Examples of these effects The policy requirements for such integrated manage-
are the pollution of ground water by nitrates and pesti- ment of landscape mosaics are, however, very differ-
cides in large-scale chemical-based agriculture and theent to the production-related approaches that currently
difficulty of controlling epidemics in genetically ho-  prevail in favour of landscape homogenisation.
mogeneous stands of vast area. These, however, seem The third hypothesis o¥andermeer et al. (1998)
simply to be the same issues as those at the plot scalepredicts that a higher diversity of species will be re-
only writ larger. The mechanism for correction gener- quired to provide a buffer against stress and distur-
ally proposed is that of diversification of the type of bance at the landscape scale than will be the case for
land-use system in space and time. What are the con-any single patch within it (i.e. gamma diversity will be

sequences that may flow from this? higher than the sum of alpha diversity). This is pictured
in Fig. 3 by the difference between Curves 1 and 3.
9.2. Landscape mosaics Humans can intervene relatively easily (although not

necessarily cost-effectively) at the plot scale to sub-

The majority of agricultural landscapes in the trop- stitute for diversity loss—as represented by the differ-
ics, in contrast with most of the northern temperate ence between Curves 1 and 2. At the landscape scale,
zones, are mosaics of different land uses. How does however, intervention by humans, including these sub-
this influence the biodiversity—ecosystem service re- stitutive actions, will tend to widen the range of stress
lationship? At the plot scale the ecosystem services and increase the frequency of disturbance. We there-
which is probably the most sensitive to biodiversity fore hypothesise that this will result in yet greater need
loss is the biological pest control system. The man- for diversity to ensure the maintenance of ecosystem
agement opportunities for this increase with widening services and resilience. This is shown by the arrow
scale as greater opportunity for diversity in both ge- linking Curves 3 and 4 irfrig. 3.
netic signals and physical structure of the vegetation  Substitutive management for purposes of restoring
permit a wider diversity and larger reservoir of control ecosystem services (i.e. to achieve a shift back from
organisms. Similarly many of the endangered inverte- Curve 4 to Curve 3, analogous to the Curve 1 to 2
brates and microorganisms of the soil community are shift in Fig. 3) is likely to be both technically diffi-
mobile, or may be carried by vectors, and can thus re- cult and prohibitively expensive at this scale and may
colonise degraded areas from within mosaics that pro- suffer from a ‘free rider’ problem where it is difficult
vide suitable reservoirs. Others (e.g. earthworms) are to get all beneficiaries to share the costs. We contend
less so, however, and re-inoculations may be neces-therefore that the implication of this hypothesis is of
sary. In each of these cases the size, pattern of arrangethe very high risk associated with ignoring landscape
ment and rotation in time of land uses on the landscape scale management and focussing only on policies that
will have significant effect on the efficiency of ecosys- promote plot scale interventions. Plot scale activities
tem service provision. Management at the landscape are more likely to exacerbate landscape scale problems
scale offers greater opportunity than at the plot and than repair them. On the other hand, landscape scale
farm for varying land-use over timézac and Swift interventions offer great opportunity for improvements
(1994)argued that sustainable land management could at the plot scale by increasing overall integration and
most easily be achieved at this scale by means of bal- resilience. There is thus more functional justification
ance between aggrading and degrading areas, i.e. befor arguing in favour of maintaining or enhancing bi-
tween patches of high exploitation and those of fallow ological diversity at the landscape scale than there is
or rest, in contrast to advocacy of high protection and at the scale of the plot.
diversity over the entire landscape. Soil organic matter ~ This model is of course simplistic and does not pro-
change is a specific and far-reaching example. In ar- vide any guide to other features such as the size, shape
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and position (pattern) of patches on the landscape or onfarmer may not perceive these effects to be serious if
the temporal relationships between them. The hierar- the economic environment enables continuing profit
chical relationship between ecosystem services shouldbased on subsidies related to the substitution process,
assist in developing rules for these aspects. The regu-within markets that do not price environmental ser-
lation of erosion and water flows operates at a higher vices or externalities. This has been the basis of agri-
level in the hierarchy of controls than do aspects of cultural development in Europe and North America
nutrient cycling, soil structure and gas emissions or for many decades. It thus appears that in the absence
pest controls. The next part of this volume takes up of specific policy interventions, to attain profitability,
these higher level aspects of landscape managemeneven without petro-chemical substitution, agroecosys-
under the title of ‘watershed services'. The lower level tem diversity is likely to be kept low. Associated with
services such as nutrient cycles and biological control this low diversity there is a risk of crossing threshold
activities may then be built in through focus on aspects levels for the maintenance of ecosystem services the
such as the degree of connection between the patchesestoration of which is likely to be extremely costly,
and the location, direction and intensity of the flows let alone feasible. Decisions about the management
between them. It may be useful to classify land-use of agroecosystems in market economies do not nor-
types into ‘functional groups’ in a manner analogous mally take into consideration the costs of interfering
with that for species in order to develop more mean- with ecosystem services, including those in which
ingful relationships between diversity and function at biodiversity plays a strong influence. But when agroe-
the landscape scale. cosystems are driven across thresholds from a desired
to an undesirable state, the costs to society of being
in this new undesirable state, or of restoration of a
10. Policy implications more desirable one if it is feasible, can be extremely
high. Therein lies the risk of simplifying ecosystems.
The changes associated with agricultural intensifi- Holling (1986) provided a seminal analysis of the
cation, including the attendant processes of diversity consequences of a number of such irreversibilities.
reduction and substitution of function, are made inre-  Policies for sustainable agriculture, i.e. to promote
sponse to food need, market opportunity, and percep- integrative practices that focus on the conservation of
tions of increased management efficiency associatedresources (including genetic diversity) as well as pro-
with specialisation. These factors remain a dominant ductivity, have proved elusive. If the policy needs are
reality within market-oriented agriculture where a extended to include the management of biodiversity
small number of specific products have high value and at the landscape scale in order to protect and enhance
specialisation thus becomes a desirable targah a wide range of ecosystem services, the problem be-
Noordwijk and Ong (1999discussed the paradox comes more acute. There are two particular reasons
that urban consumers have access to an increasinglywhy the problem is exacerbated at higher scales. First,
diverse array of food resources that are produced on population pressure and globalisation of trade and the
specialised farms of greatly reduced internal diver- concomitant land-use changes (expansion of cities into
sity. Observed changes in diversity at one scale may agricultural lands and of agriculture into marginal ar-
thus not represent changes at other levels. The riskseas) result in increased frequency and intensity of dis-
to agroecosystem services of simplifying ecosystems turbances and stresses by comparison with those at the
and substituting biodiversity by labour and chemi- farm scale. The capacity to correct these effects also
cals (e.g., in pest control) are those of losing some diminishes because the sensitivity of the systems in-
keystone functions including the ability of an agroe- creases in concert with their connectivity as one moves
cosystem to adapt to change without yet further up the hierarchy of scalesiflling, 1989.
substitutive interventions. The evidence, as briefly = Second, the higher the scale under consideration,
described above, that ecosystem services might bethe more difficult it is for the increased numbers of
significantly impaired in agroecosystems as inten- individual land users to develop an effective man-
sification increases is substantial although the role agement strategy for agroecosystem disturbances that
of biodiversity is far from clearly understood. The takes ecological interactions and connectivity into con-
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sideration. Even at the scale of small watersheds, itis We therefore conclude, on the basis of the relation-
not often the case that land users have been successfuships we have hypothesised earlier, that it will prove
in developing collective and effective means of control very costly to manage ecosystem services at the wa-
and management of disturbances. Furthermore, eventershed, landscape and higher scales unless the func-

if these land users have full knowledge of the relevant
level of connectivity necessary to ensure resilience at

tional value of biodiversity for productivity at the plot
and farm scale and its interaction with ‘externalities’

the watershed scale, different sectors of society place beyond are perceived and valued. Furthermore, un-

differing levels of importance on ecosystem services
and diversity. Farmers in tropical countries are unlikely
to place as high a value on these functions of land-

less in particular the role of biodiversity in enhancing
resilience is understood and factored into effective
policy or institutional interventions, ecosystem diver-

scape diversity as does the community at large or the sity is unlikely to be maintained at the landscape scale

national society. They are furthermore highly unlikely
to value the serependic (i.e. future) value of diversity,
which is much more likely to be valued by national
and global communities.

In economic terms, farmers value some of the on-
farm benefits of diversity and very few of the off-farm

without deliberate policy interventions at national

and sub-national levels which take into account the
real value of maintaining ecosystem services, given
the externalities they generate and given their contri-
bution to resilience. The biggest challenge is in the
realisation that most of diversity as well as much of

benefits, for the usual reasons that costs and benefitsts positive role in resilience probably exists beyond

outside of the managers’ domain (i.e. externalities)
are generally not taken into account by individual
decision-makers. The argument is, however, not sim-
ply about off-farm effects of biodiversity being ig-

nored. Farmer knowledge varies greatly. There may
be many on-farm ecosystem services of which farm-
ers are unaware (e.g., the role of microorganisms),

the farm scale, and that thus diversity of manage-
ment decisions by farmers rather than any specific
management system is key to its maintenance in the
landscape. Assessments of biodiversity values of dif-
ferent management scenarios will have to form the
basis of discussions of the effectiveness of different
policy interventions. These policy implications and

and thus cannot value, as well as services they maythe need for diversity enhancing communal action

be aware of but will not consider important (e.g.,

remain largely unexplored territory.

reduction of greenhouse gas emissions). The same Finally, the absence of clear evidence should not be

services may be valued by other groups in society,
with a different perspective and set of interests. What
is a beneficial service for one group may also be a

taken as evidence for the absence of effects and thus as
areason for doing nothing. Some economists have pro-
posed that, in view of our relatively poor understand-

cost for another (e.g. the perception of earthworms as ing of the exact roles of biodiversity in ecosystems on

‘pests’ for paddy rice farmers, the trade-off between
carbon sequestration and SOM mining). For these

the one hand and of the potentially devastating effects
of biodiversity loss on the other hand, a precautionary

reasons, management of ecosystem services, and ofrinciple should be used in managing diversity. This
biodiversity at the landscape scale, as well as manage-principle acknowledges that while we may not be able
ment of disturbances in agroecosystems in land-useto justify what some see as redundant species, there

mosaics, is unlikely to be optimal, from either an
ecological or an economic perspective, in the ab-
sence of specific policy or institutional interventions.
Lack of knowledge of threshold levels in connectiv-
ity at different scales, different perspectives on the
value of biodiversity, externalities and difficulties in
large groups of land users coming together in de-
veloping effective means of controlling disturbances
at the landscape scale thus result in biodiversity be-
ing managed by individual farmers in a sub-optimal
manner.

may be an extinction threshold that would result in an
unacceptable level of ecosystem failure. Consequently,
extreme care and precaution must be taken, and it is
preferable to err on the conservative sideIfings,
1991). The precautionary principle introduces an
important concept, namely that of the risk of man-
aging agroecosystems in such a way that threshold
levels of biodiversity loss in relation to ecosystem
services are ignored. The ‘risk premium’ that the pre-
cautionary principle suggests is hard to quantify as
yet.
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11. Concluding remarks treme events. The maintenance of ecosystem services
at these scales thus requires either a higher diversity
In the above discussion we have quoted or proposed of species within functional groups or a greater invest-
a range of hypotheses concerning the relationships ment in substitutive management to maintain ecosys-
between biological diversity and ecosystem functions, tem services. These increments in diversity and/or
and their implications for the management of agricul- investment are unlikely to be simply additive in view
tural landscapes. The general relationships that haveof the significant shifts in complexity that occur with
been proposed may have to be replaced by more spe-shifts across scale. Optimal maintenance of ecosystem
cific hypotheses of the relation between components services at the landscape scale may be most readily
of overall biodiversity and specific environmental achieved by a mosaic of a relatively few land-use
functions, bounded in space and time. Sweeping gen-types. This model is, however, likely to be overly sim-
eralisations from experiments that are necessarily ple because of: (a) differences in functional impact of
restricted in space and time, and for example, do different land-use types and (b) the importance of or-
not include major parts of the diversity-generating ganisation at the landscape scale in terms of the size,
processes (including ‘lateral flows’ of dispersal and shape and location pattern of the constituent land uses.
migration for re-establishment), are unlikely to be In developing appropriate land-use scenarios land-
helpful in guiding the development of agroecosystems scapes should be compared with respect to the aggre-
that have to provide for short, medium and long-term gate values of their component land uses for intrinsic,
service functions. Future investigations should utilise utilitarian and functional (ecosystem service) values
co-evolved communities, be structured to investigate of biodiversity. This would be assisted by establishing
the distinct roles of clearly defined functional groups, a typology of land uses in terms of their efficiency
separate the effects of between- and within-group di- in maintaining ecosystem service and in the trade-
versity and be conducted over a range of stress andoffs between this and profitability. The results of the
disturbance to identify threshold levels of irreversibil- ASB project provide a model for this approach with
ity of functional losses. This might include: testing respect to the interactions between carbon seques-
the basic functional-biodiversity rule by experimen- tration potential and profitability. The relative costs
tally determining the minimal level of diversity be- and benefits of segregating the intrinsic, utilitarian
tween and within functional groups that is necessary and functional uses of biodiversity between different
to maintain productivity, integrity and perpetuation of land-use or landscape units compared with integrat-
ecosystems; characterising the functional groups of ing them within such units is another parameter that
organisms necessary to maintain specific ecosystemshould be of significant value for policy development.
services; determining the ecosystem function and ser- This review confirms two unsurprising but crucial
vice effects that ensue from elimination or substitution elements for policy development: first, that whilst a
of key functional groups, including particular inves- number of important analogies can be drawn across
tigation of controls over below-ground diversity and scales with respect to the management of the relation-
function exerted by particular plant functional groups ships between biodiversity and ecosystem services,
and other keystone organisms; and determining (andthere are also emergent properties that necessitate
developing indicators for) the biodiversity thresholds different approaches; second that the value placed
for different ecosystem services. An interesting exten- on the relationship between biodiversity and func-
sion of the latter study might be to investigate whether tion (ecosystem services) by individual land users is
similar thresholds exist for the intrinsic, utilitarian markedly different than those perceived by the com-
and serependic values of biodiversity. munity at different levels of society. We have indi-
Society as a whole has an interest in ecosystem ser-cated a number of biological and socio-economic is-
vices that are manifested substantially at scales abovesues that need to be clarified in order to provide more
that of the field, plot or farm. At the scale of the wa- explicit advice to policy makers. No single optimal
tershed or landscapes there is, in comparison with any value can be placed on the biodiversity within a land-
single patch, a greater range of environmental stressscape. Land-use decisions are likely to be optimised
and higher frequency of disturbance, including of ex- if decision-makers can be provided with scenarios
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showing how various land-use combinations result in all purposes. In each case it is clear that the number of
different levels of diversity and the efficiency of dif- functional groups that is recognised, the criteria that
ferent ecosystem services, and the associated valuesre used to classify them and the degree of subdivi-
of biodiversity. In so-doing it will be important to  sion that is applied is a function of the question that is
include aspects of temporal change as well as patternbeing addressed. We propose here a classification into
on the landscape as both these factors influence thethe 10 major groups that are briefly described below,
resilience of the landscapes which should be regardedtogether with such subdivision as may be necessary,
as a factor of over-riding importance. These scenar- for the purposes addressed in this paper, i.e. the rela-
ios can then be used to identify policy interventions tionships between biodiversity and function with par-
and institutional arrangements necessary to achieveticular respect to agriculture and ecosystem services.
the desired objective, whether it is one dominated by These Key Functional Groups are listedTiable 1in
agricultural productivity targets or the maintenance of relation to the ecosystem services they provide. The
ecosystem services or the conservation of biodiversity, relationships between them are shownFig. 4 We
or a combination of all three. suggest that this could provide a useful framework
for investigating and testing key questions on this
topic. A hierarchical structure is suggestddg( 4).
Appendix A. Key functional groups. a At the highest level are four major categories related
preliminary classification to major trophic functions at the ecosystem scale,
i.e. Primary Production, Primary Regulation, Service
We have defined a functional group in the text as Provision and Secondary Regulation. At the next
‘a set of species that have similar effects on a specific level are the 10 groups listed fable 1that perform
ecosystem-level biogeochemical process’. There aredistinct ecosystem functions; and at the third level are
many examples of classification of species in this way subdivisions which it may be functionally and/or tax-
within specific taxonomic or trophic groups (e.g. for onomically useful to distinguish (e.g. vertebrate graz-
plants or pests). There is no single classification to suit ers versus invertebrate pests among the herbivores).

PRIMARY PRODUCERS
Trees || Shrubs || Vines || Cover Plants || Etc. |
A
SERVICE PROVIDERS
Decomposers Ecosystem Elemental
Engineers Transformers
v
PRIMARY REGULATORS
Pollinators Herbivores Parasites Micro-Symbionts

'

SECONDARY REGULATORS

Hyper-Parasites ‘ | Predators

Fig. 4. Hierarchical relationships between different categories of functional groudabée 1and related footnotes.



132 M.J. Swift et al./Agriculture, Ecosystems and Environment 104 (2004) 113-134

Table 1

Relationship between key functional groups of organisms, the ecosystem level functions they perform and the ecosystem goods and service:

they provide

Ecosystem goods and services Ecosystem functions

Key functional groups

Ecosystem goods including

Food Primary and secondary (herbivore) production
Primary production and secondary metabolism

Fibre and latex

Pharmaceuticals and agro-chemicals Secondary metabolism

Ecosystem services including

Nutrient cycling Decomposition

Mineralisation and other elemental transformations

Regulation of water flow and storage Soil organic matter synthesis
Soil structure regulation—aggregate and pore
formation
Soil protection
Soil organic matter synthesis
Soil structure maintenance
Regulation of biological populations including Plant secondary metabolism
diseases and pests Pollination
Herbivory
Parasitism
Micro-symbiosis
Predation
Decomposition
Elemental transformation
Greenhouse gas emission

Regulation of soil and sediment movement

De-toxification of chemical or biological
hazards including water purification
Regulation of atmospheric composition and

climate

Plants, vertebrate herbivores
Plants
Plants, bacteria and fungi (decomposers, etc.)

Decomposers
Elemental transformers
Decomposers
Ecosystem engineers

Plants
Decomposers
Ecosystem engineers
Plants
Pollinatord
Herbivore$
Parasités
Micro-symbiongs
Hyper-parasitgspredators
Decomposers
Elemental transformers
Decomposers, elemental
transformers, plants, herbivores

Primary production In some ecosystems photosynthetic microorganisms may constitute as significant group, e.g. rice ecosystems). Here we deal only with
plants. Plants There is a long history of classification of plants into functional groups. The groupings have been based on a variety of reproductive,
architectural and physiological criteria. For the purposes of this paper the efficiency of resource capture is suggested as the main criteilbibeThis w
determined by features of both architecture (e.g. position and shape of the canopy and depth and pattern of the rooting system) and physielogycal effic

A very simple classification could for instance distinguish the roles of trees, shrubs, vines and cover plants, etc. and then subdivisions withhresach

groups. Much more detailed consideration of these aspects is givSmiith et al. (1997)

DecomposersThis is a group of great diversity which can be subdivided taxonomically (bacteria, fungi, invertebrates, etc.) and in relation to size both
of which correlate somewhat with functional roles in the breakdown (e.g. detritivorous invertebrates) and mineralisation (fungi and bactgda)cof o

materials of plant or animal originSvift et al., 1979; Lavelle and Spain, 2001

Ecosystem engineerhese are organisms that change the structure of soil by burrowing, transport of soil particles and formation of aggregate structures.
The term is often confined to the macrofauna such as earthworms and termites but fungi and bacteria also play a key role in the binding of soil aggregates.

Many of these organisms also contribute to the processes of decomposition.

Elemental transformersThis may be the most diverse group of all and deserving of substantial subdivision. It includes a range of autotrophic bacteria that
utilise sources of energy other than organic matter (and therefore not classifiable as decomposers) that play key roles in nutrient cyclemess tcdnsfor
C, N, S, etc. In addition there are heterotrophs that thus have a decomposer function but also carry out elemental transformations beyonmineralisat

(e.g. free-living di-nitrogen fixers).

aPrimary regulators—These are a set of functional groups which have a significant regulatory effect on primary production and therefore influence
the goods and services provided by the plafallinators This is a taxonomically very disparate group of organisms including many insect groups and
vertebrates such as birds and bats. However, there does not appear to be any generally accepted categorisation based on feeding behaviour or simile
criteria (Barbara Gemmill, pers. communberbivores A great variety of organisms feed directly on primary producers. Vertebrate grazers and browsers
are readily distinguished from invertebrate pests although their impacts on the plants may have similar functional significance at the eceby&trh lev
of these major groups are subdivisible in terms of, for instance, feeding habits. The balance between different types of browser, for instdhmscean in
the structure of the canopfParasites Microbial infections of plants may limit primary production in analogous manner to herbivory. Parasitic associations
can also influence the growth pattern of the plants and thence their architecture and physiological effitienoegymbionts There is a wide range of
microbial infections that are beneficial rather than destructive of which the most familiar are di-nitrogen fixing bacteria and mycorrhizal rftingi. Se
provision—The functional groups within this category also strongly influence primary production but not in the directly destructive or stimalatofy
the primary regulators. They also provide a set of ecosystem services distinct to those deriving mainly from the primary producers.

b Secondary regulatorsHyper-parasites and predatar§his is diverse group of microbial parasites and vertebrate and invertebrate predators that feed
on decomposers, herbivore, pollinators, etc. They have particular significance in agriculture because of the service of biological contrahdfdiestses

that they play.
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Further levels of subdivision may also be useful or
necessary in some cases.
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Abstract

Awareness of environmental services and land use change in Southeast Asia is high among scientists, policymakers, and
society. In the case of transboundary smoke, the level of awareness and concern in the region is high, but subsides in between
periods of ‘crisis’. Although there is a rising level of awareness of habitat loss and associated loss of genetic diversity, the basic
cause—effect relationships underlying the ecological roles of biodiversity are still debated. Degradation of watershed functions
is the most mature of our three meso-scale environmental topics; indeed it shows signs of being ‘fossilized’ by vested interests
in the present consensus. Land use planning and other regulatory approaches have had little success. Policy instruments fol
achieving meso-level environmental policy objectives through changing incentives such as payment schemes for environmental
services, have not been tested widely in Southeast Asia (or anywhere else). Further research and experimentation needs tc
incorporate strategic consideration of processes and spatial scales of environmental impacts and resource governance.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Land use change; Environmental services; Smoke; Biodiversity functions; Watershed functions; Environmental issue cycle;
Southeast Asia

1. Environmental services: natural capital or dia. Global climate change and loss of biodiversity re-
human effort? main rather abstract concepts, but loss of natural habi-
tat and its consequence for ‘flagship’ species is evi-
Once they were taken for granted or, if perceived at dent to many. So, in the environmental ‘issue cycle’
all, were viewed as free ‘gifts of nature’. But by the (Tomich et al., this volume), the three specific topics
beginning of the 21st Century, various forces—global of this collection (smoke, biodiversity, and watershed
and local; social, political and economic; climatic and functions) would seem to be firmly established on the
ecological—have produced heightened awareness ofpolicy agenda and also in public awareness, poised for
degradation of environmental services in contempo- concrete actions toward mitigation of the associated
rary Southeast Asia. Landslides, flooding and smoke problems.
now figure regularly and prominently in the news me-  The term ‘environmental services’ often is used as a
generic concept. Yet, for any effective relationship be-

—_— . tween outside beneficiaries of these ‘services’ and the
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and monitored. So, we need to decompose the broadforces that have produced heightened environmental
concept of ‘environmental services’ into constituent awareness also have spawned an interest in positive
components in order to be clear on the cause—effect alternatives in the form of incentive schemes to reward
chains underlying the provision of services. To create positive actions that maintain or increase the provision
appropriate incentives in order to effectively maintain of environmental services. Pilot schemes, still in their
or enhance these services, rewards must be properlyearly stages of testing, to reward upland farmers and
directed toward those providing services. Conversely, communities for specific types of land use and land
to establish and maintain a willingness to pay on the use change to sustain or enhance environmental ser-
side of the beneficiaries, a broadly shared and accuratevices are a case in point. But in order to be effective
understanding of the cause—effect relations is required. and sustainable, these mechanisms need to fit within
Tomich et al. (this volume) introduced this col- the changing governance landscape of Southeast Asia,
lection by formulating a series of questions to help and to be based on stronger and more spatially ex-
unpack perceptions and clarify whether environmen- plicit biophysical research that can effectively assess
tal issues actually correspond to real ‘causes’ and and predict human impacts on environmental services
important ‘effects'—in other words, whether they at multiple spatial and temporal scales.
constitute significant ‘environmental services’. In all
cases, measures to sustain or enhance environmental
services require appropriate quantitative methods and2. Managing smoke
data analysis. But, as encapsulated in the environmen-
tal ‘issue cycle’, the emphasis on evidence will shift ~ As Byron (this volume) and others have shown, for-
from understanding causal pathways (‘processes’), est, land, and coal seam fires associated with drought
recognizing spatial extent and distribution (‘patterns’), and human activity are not new in Southeast Asia.
developing ‘proxies’ or ‘indicators’ for easy recogni- But smoke problems are perceived to be worse than
tion and monitoring, and simplified yet accurate and ever before, and that may well be true. From their
validated measures that will facilitate negotiations historical review,Brookfield et al. (1995)oncluded
among various groups, often with conflicting interests. that ‘... the impact of drought and fire over the past
In the case of transboundary smoke, the level of 10 years has been much more devastating than at any
awareness and concern in the region is high, but thetime in at least the previous 100 years, and proba-
private economic benefits of converting swamp for- bly much longer’. And that assessment preceded the
est to other land uses through slash and burn clearing1997/1998 crisis, which drew sustained international
methods and from the logging that often initiates a attention. (For comparative perceptions of the events
forest degradation cycle (which enhances fire suscep-of 1997/1998 by leading scientists working in Indone-
tibility) are too great as yet to be effectively controlled sian Borneo and the Brazilian Amazon, see interviews
in many countries. For biodiversity, the global exis- in Wuethrich (2000)
tence values and option values of maintaining genetic  Follow up investigations of the underlying causes
diversity may be clear, but basic cause—effect relation- of the 1997/1998 fires on Sumatra and Borneo has
ships underlying the ecological roles of biodiversity confirmed and extended the preliminary diagnoses put
are still debated. So, from a policymaker’s perspec- forward byTomich et al. (1998andStolle and Tomich
tive, it may not yet be clear what we should care about. (1999) Remote sensing and social science investi-
Degradation of watershed functions is the most ma- gations using participatory mapping conducted by a
ture of our three environmental topics. It may even be team of researchers from the Center for International
‘over mature’, as it shows signs of being ‘fossilized’ Forestry Research (CIFOR), the World Agroforestry
by vested interest in the present consensus, while chal-Centre (ICRAF) and the United States Forest Service
lenges to the popularly held ‘cause—effect’ model of (USFS), showed that both smallholders and large-scale
forests and watershed functions are resisted. plantations used fire as a tool, primarily for land clear-
As we discuss in the concluding sections, regula- ing but also in specific contexts in extractive activities
tion has been the conventional approach to mitigation (Applegate et al., 2001; Dennis et al., 2004; Suyanto
of environmental problems, but some of the same et al., 2002. For the first time, these social science
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investigations also have documented specific patternsTable 1
in the use of fire as a weapon; arson arising from Estimates of fire and haze related damage (millions of US dollars)

land disputes was shown to be an important albeit sec- Type of loss Lost to Lost to other  Total

ondary factor. Finally, these detailed studies also con- Indonesia  countries

firm Vayda’s (1998)bservation that the incidence of  Timber 493.7 - 493.7

accidental fires (fires that are set by smallholders for a Agriculture 470.4 - 470.0
Direct forest 705.0 - 705.0

purpose but which spread accidentally) may have been

. . . . . . Indirect forest benefits ~ 1077.1 - 1077.1
higher than is conventionally believed, particularly in

- - Capturable biodiversity 30.0 - 30.0

Borneo. The importance of these accidents and the so-rire fighting costs 11.7 13.4 25.1

cial context in which they occur in Northern Thailand Carbon release - 272.1 272.1
is addressed in Hoare (this volume). Moreover, it has Short-term health 924.0 16.8 940.8
become clear that fires in the swamp forest zone pro- Tourism 70.4 135.8 256.2
duce a disproportionately large amount of smoke/haze Other 176 1815 1991

prop ylarg Total fire and haze 3799.9 669.6 44695

per hectare burnt, and this ecological zone should thus
receive specific attentioMurdiyarso et al., 2002

It is encouraging that the CIFOR-ICRAF-USFS
research on underlying causes has begun to discern The widely cited study byEEPSEA and WWF
meaningful patterns in the shape and extent of re- (1998) (Economy and Environment Program for
motely sensed burn scars and to relate those burn scarSoutheast Asia and World Wide Fund for Nature), es-
to the underlying causes and broader environmental timated over $ 4.4 billion in damage from Indonesian
and social context documented in the social science fires and smoke in 1997Glover and Jessup, 1998,
studies Dennis et al., 2004 This holds promise as 1999. The EEPSEA/WWF estimates have been re-
a cheap and replicable tool for future fire forensic fined since by others, but that study was among the
investigations, but it is not yet possible to attribute first and arguably was most influential in forming
shares of the smoke problem between smallholdersregional and global awareness of the smoke problem.
and large operators or arising from purposive burning A global environmental disservice, estimated as im-
(for land clearing, resource extraction, or arson) and puted value of carbon release of this event, was by
accidents on the scale of large areas, such as Sumatrdar the biggest cost external to Indonesia considered
and Borneo. in that study. After this global cost, those authors

Hoare's analysis (this volume) of the relative suc- estimated that almost $ 3.8 billion (85%) was borne
cess of a provincial level fire and smoke management by Indonesia itself Table ). Although the situation
project demonstrates that it is not necessary to have ain Singapore and Kuala Lumpur received most of
comprehensive national or regional analysis as a pre-the media attention, the EEPSEA/WWF estimates
requisite to effective action. Hoare's documentation indicate that Indonesian citizens suffered the most
of significant incidence of accidental fires (and sim- short-term health effects by far ($ 924 million out of a
ilar results for Indonesia) indicate a role for training total estimate of just over $ 940 million; about 98%).
programs in fire awareness and management. But thelf this is the case, is this really primarily a regional
evidence from the CIFOR-ICRAF-USFS studies in problem? Balancing private gains of causing smoke
Sumatra and Borneo, indicating that most fires are and the public costs of the impacts should not require
set deliberately, means that training alone will not transboundary mechanisms, as the within-country net
be sufficient and that more fundamental attention to benefits would be sufficient, if effective institutional
underlying driving forces, particularly the effects of mechanisms could be found.
insecure land tenure and property disputBer(nis The impact of the EEPSEA/WWF study high-
et al., 2004; Suyanto et al., 200@ill be necessary lights the great time value of information. Above all
to manage the smoke problem. The private economic else, efforts to publicize who is burning probably
gains related to the causes of fire so far have not beenhave the highest impact during a smoke emergency.
effectively off-set by negative incentives that reflect Fortunately, remote sensing and the worldwide web
the public costs. provide powerful tools for doing that (see interview

Source:EEPSEA (1993-1998, p. 13)
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with Nabil Makarim in Tomich et al. (1999) also fires especially when climatic conditions already have
Tomich and Lewis, 2002 adverse effects on air quality (also séemich and

Would further research to refine the influential Lewis, 2002. Successful regulation of timing of burn-
EEPSEA/WWF cost estimates make a big difference ing to reduce smoke pollution in the Brazilian Amazon
to policymakers’ perceptions or efforts to mitigate the indicates that regulatory means of smoke management
problem? In other words, if more and better regional can minimize costs to land users while improving pub-
data on alternatives, causes, impacts and costs werdic health outcomesReinhardt et al., 20Q1 but that
available, would they likely prompt more effective result also depends on even enforcement among rich
national or regional action? The report on just such and poor farmers, which in turn derives from some
a science-policy activity by Murdiyarso et al. (this measure of broad-based local political accountability.
volume) does not provide much basis for optimism
about effectiveregional action any time soon.

Fortunately, a grand regional strategy for Southeast 3. Distinguishing the two faces of biodiversity:
Asia is not the only option to manage smoke—nor existence and resilience
does this approach even seem to be the most obvious
one given the insight that a big share of human costs The concept of biodiversity has at least two distinct
are concentrated within the areas where the smokeaspects or ‘faces’. The global ‘face’ is charismatic,
problem originates. Hoare’s study (this volume) of an international superstar, exemplified by the ‘flagship
community and provincial level efforts in Northern taxa’ of animals and plants that stimulate campaigns
Thailand moves longstanding interest in local insti- to prevent their extinction. Conservation of habitat to
tutional measures for management of fire and smoke preserve this global biological heritage for future gen-
from the anecdotal to the practical assessment of ac-erations (of people) is a legitimate goal that inspires
tual experience based on smoke mitigation interven- considerable public support within Southeast Asia and
tions at this level. Even more fundamental is evidence worldwide. The support originates primarily among
from IndonesiaApplegate et al., 2001; Suyanto et al., middle and upper class urban populations, and when
2002; Dennis et al., 2004showing direct links be-  habitats are maintained in someone else’s backyard,
tween smoke and land tenure problems, thereby alsoespecially where animals such as tigers and elephants
establishing much more clearly how resolution of con- are concerned.
flicts over property rights and resource access under- When it is time to be counted, charisma and size
pins a comprehensive approach to the problem. clearly offer real advantages. Four papers in this col-

Rhetoric, research and policy initiatives all would lection make contributions toward more cost-effective
seem to have over emphasized comprehensive regionabnd rapid assessment of plants, animals, and ecosys-
solutions to the detriment of efforts to identify, develop tems (forests and coral reefs) that people seem to care
and replicate local approaches to the smoke problem. about most and to assessment of the costs of maintain-
As Byron (this volume) stresses in his synthesis, a ing them. Beukema and van Noordwijk (this volume)
comprehensive solution rests fundamentally with local successfully demonstrate the use of Pteridophytes as a
political accountability and local incentives to better recognizable plant taxon indicator to address a ques-
manage fire and smoke. In other words, a comprehen-tion that is highly relevant to densely populated South-
sive solution will be feasible when local government east Asia: to what extent do ecologically disturbed (but
capacity and legitimacy exists concerning sanctions on from a farmers’ perspective enriched) forest systems
those who reap the benefits of burning and when local retain some of the ecological character and function
government is accountable to those bearing the bulk of the original natural forest habitats? Their answer is
of the costs. In the meantime, instead of ASEAN wide that the land use system matters a great deal regarding
pronouncements, Hoare's study suggests that morethe potential to combine conservation and develop-
could be accomplished (albeit incrementally) through ment. While this approach can effectively demonstrate
efforts that begin by understanding local conditions, how complex production systems and landscape mo-
interests, and institutions. Not all fires are equal, and as saics may contribute to maintenance of forest-based
Byron emphasizes, it makes sense to target big, smokybiodiversity, no taxonomic group can be expected to
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be a good indicator for biodiversity as a whole, as taxa the usefulness, validity, and legitimacy of the results.
differ in their response to human-induced ecological Although the approach of comparing extreme ranges
change llawton et al., 1998 As an alternative to the  of estimates of high and low values produced a high
taxonomic approach, Gillison and Liswanti (this vol- level of confidence that ecotourism dominates other
ume) use plant functional types as a strategy to cope alternatives in this case—the confidence derives from
with the questions of vegetation structure and diver- use of conservative figures for the former and gener-
sity in life forms. They also link their functional indi-  ous figures for the latter—this strategy will not always
cators approach to abiotic factors to inform sampling produce useful results without additional data and
and produce a much more efficient assessment of arefinement. However, a general feature of this partici-
wider range of variationLoreau et al. (20013uggest patory approach is that it economizes on information
that such abiotic factors “tend to be the main drivers by focusing valuation efforts on the components of
of variations in ecosystem processes across environ-greatest concern to policymakers and stakeholders.
mental gradients”. Moreover, such partial, incremental comparisons not
Among the three themes of this collection, the func- only economize on data but also frame specific prac-
tional role of biodiversity at the landscape level is by tical questions in ways that are more meaningful for
far the most difficult conceptually and empirically. The policy analysis than calculation of the total value of
analysis of conflict between wildlife and people by ecosystem servicePaily et al., 2000. Estimates of
Nyhus and Tilson (this volume) tackles this issue for total value can, however, change the public mindset
two big animals (tigers and elephants) that each are (Costanza et al., 1997even if the details do not re-
icons of high global values even as they may impose ally matter for specific decisions to be taken. Results
costs on local human populations, who suffer prop- from research by Fergus Sinclair and Laxman Joshi
erty damage, personal injury, and death. Evidence pre- (seeTomich et al., 1999p. 63, for an abstract) are en-
sented by Nyhus and Tilson that risks to people from couraging regarding some scope for extrapolation of
wildlife (and vice versa) peak in moderately disturbed results beyond particular settings. They find evidence
systems (like agroforestry) highlights a troubling di- that suggests that farmers facing similar agroecolog-
mension of hopes for the integration of conservation ical conditions, but in widely different locations, ap-
and development objectives in the segregate—integratepear to have similar knowledge of functional aspects
analysis of multi-use landscapéa&@t Noordwijk et al., of biodiversity and that their apparent understand-
1997, especially since more integrated landscapes caning of general patterns may be transferable across
also increase local values of other (less charismatic) similar agroecologies. These pragmatic, participatory
types of biodiversity that can be (and often are) har- approaches that begin at the landscape level are not
vested sustainably for a range of products for local without pitfalls (what if some important dimension
use. or threshold is overlooked?), but they are at least a
All five of the papers on biodiversity in this col- way forward since it remains costly and difficult to
lection attest that pragmatic approaches can pro- scale-up assessments to the landscape level. And even
duce valid conclusions that have policy relevance the most cost-effective methods developed for assess-
without attempting to measure everything, despite ment of species richness (i.e. existence) may be of
mind-boggling biological richness and ecological limited use in assessing functional values at the land-
complexity. The Participatory Rapid Economic Valu- scape scale and the skills required will be agronomic,
ation (PREV) methodology illustrated by a case study ecological, and economic rather than taxonomic.
by Cannon and Surjadi (this volume) of valuation of  Although the synthesis by Swift et al. (this volume;
ecotourism derived from biodiversity conservation also sed.oreau et al., 2001lis primarily conceptual,
is a particularly elegant practical demonstration that it too provides practical insights from better under-
careful framing of questions to reflect specific ob- standing of the functional roles of biodiversity that
jectives can produce useful results that economize help set priorities for measurement among the bewil-

greatly on information requirements without com-
promising either validity or legitimacy. Indeed, the

dering range of organisms involved at the landscape
level. But it is at this level where the remaining gaps

participatory approach they used is fundamental to in our knowledge are particularly large. Despite the
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efforts of Swift et al. (this volume), no functional ty- more recent interpretations of these experiments and
pology at the landscape scale exists. Compared with the need to distinguish co-evolved communities from
global existence values, much less attention has beenrandom assemblages of species, as used in the exper-
given to these functional values of biodiversity within iments. But what does this mean in practice in the
landscapes where local people seek their livelihoods tropics? Over what spatial and temporal scale should
day-to-day, season-to-season, year-to-year. A dynamicwe be concerned and, if dangerous thresholds exist,
view of resilience, patch dynamics and the ability how can they be detected in time to avoid catastrophe?
to recolonize areas after an ecological disturbance is Loreau et al. (20013uggest that ‘the relative effects
needed, but these key properties cannot be assessedf individual species and species richness may be ex-
easily in a survey methodology. pected to be greatest at small-to-intermediate spatial
Anthropocentric as it may be, few would argue scales...’ but more work is needed to confirm this
with the idea that being killed by a tiger or elephant conclusion. If the probability of catastrophe is small,
would be a disservice. But beyond that, as noted but not trivial—as may be the case for biodiversity
by Tomich et al. in their introduction to this vol- functions at the landscape scale—tHerrings et al.
ume, there had been no clear consensus about thg1997) point to an additional methodological chal-
basic functions and dysfunctions of biodiversity at lenge: conventional decision models do not work well
this scale. To remedy that deficiency, Swift et al. for this class of problems.
(this volume) developed a functional typology of the Overall, we have very few answers for the practical
groups that support productivity, sustainability, and questions regarding biodiversity function at the land-
resilience in landscapes including agricultural uses. scape scale that were put forward in the introduction
In addition to plants and their pollinators, the list of to this collection by Tomich et al. From a national per-
keystone groups by Swift et al. features parasites, spective, and putting aside existence values, potential
micro-symbionts, decomposers, ecosystem engineers,use of unique genetic resources and ecotourism poten-
and elemental transformers. These latter classes ardial, there is little basis for national policymakers to
the homely local ‘face’ of biodiversity—the millions  place the same level of concern in degradation of bio-
of microbes next door and mycorrhizal fungi under diversity in agriculture as in, say degradation of wa-
our feet—and are not at all charismatic (to most peo- tershed functions discussed in the next section. This
ple). By any measure, most of these organisms live lack of information on functional aspects of biodiver-
belowground or otherwise out of sight. They are tiny sity in Southeast Asia—patrticularly information that
and tedious to classify and count. policymakers can use—is paralleled in sub-Saharan
If one species within one of the (presumably key- Africa (Frank Place, pers. comm.). We simply do not
stone) functional groups supporting agricultural pro- know what risks there are to stabilizing functions of
duction were to become extinct—which surely must biodiversity compared to other pressing national con-
be a nearly continuous process—would that matter cerns in developing countries in the tropics nor do we
and how would we ever know? Swift et al. describe have any idea of the magnitudes of potential losses if
the basic functional biodiversity rule, why any land- a threshold is crossed.
scape needs at least one organism in each group in In particular, the central question of the value of re-
order to function sustainably. But is there redun- dundancy within functional groups remains one of the
dancy in having many species in a functional group? ‘grand challenges of environmental sciendéaional
Perrings (1998has argued that . the main external  Research Council, 200Ipp. 20-27;Loreau et al.,
cost of biodiversity loss lies in the reduced resilience 20071). And, at the landscape scale, we still do not
of agroecosystems in the face of environmental and know specific threshold effects of biodiversity loss on
market shocks’. The main evidence on these functions stability of production such that land use change that
comes from studies of North American grasslands, could be sustainable for a limited number of actors
which showed biodiversity plays a role in recovery on a limited area would be an ecological catastrophe
of total biomass production after droughfiltnan if everyone did the same thing; nor do we have the
and Downing, 1994; Gowdy, 1997; Vandermeer et indicators needed to assess or predict ecosystem func-
al., 199§. Swift et al. (this volume) discussed the tion at this level Hobbs and Morton, 1999; United
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Nations Development Programme et al., 2000; Weeds and other crop pests and diseases, admit-
Harvey, 200) For example, suppose for a moment tedly, are not very charismatic, but this may be where
that a perennial monoculture plantation provides wa- resilience resides in greater biodiversity at the land-
tershed services that are indistinguishable from natu- scape level. There has been practical demonstration of
ral forest. What, if anything, would be lost (or gained) this in Asia for significant areas, albeit for the very
on-site from conversion of natural forest to monocul- simple case of disease control through gregtegtic
ture plantation in terms of stability of the production (i.e., within species) diversity in irrigated rice achieved
system? Perhaps an even more important question isby planting more than one rice variety within each field
what effect (if any) would conversion from natural and coordinating this effort through collective action
forest to a monoculture plantation have on the level at the landscape leveZfu et al., 200)) Weitzman
and stability of production off-site on land adjacent (2000)provided a general ecological economic frame-
to the monoculture plantation? Would neighbors face work for this phenomenon. But we have very little
fewer production options because of loss of wild seed evidence on the effects of reduction of biodiversity at
sources?.. new difficulties in managing fallows or  the landscape level in the much more complex upland
soil nutrients? .. would they suffer more (or fewer) systems, in part because the measurement problems
outbreaks of pests and diseases of crops and livestockZare much greater. (However, s¥andermeer et al.,

. or would familiar pests and diseases be replaced 1998 for general discussion ari€iss et al., 1997or
by exotics? In short, should the neighbors worry? In an example from temperate agriculture.)
this vein, it also is worth noting that a direct use role  There is, of course, the possibility that international
of ‘non-charismatic’ elements of the local flora may resources and workable means will be found to protect
be specifically important for livelihood resilience as habitat for the charismatic elements of biodiversity (or
‘famine crops’ or wild species harvested for use or for other global public goods, such as carbon storage),
sale in times of hardship due to economic or climatic and that there is enough overlap in assemblages such
fluctuations. that richness of the very different groups of species

One obvious priority for further work is whether underpinning agroecosystem resilience may be con-
the risk of pest and diseases increases as biodiversityserved as a byproducbéily et al., 200Q. However,
richness declines within these changing landscapesdespite some progress in this direction, that day seems
(Naylor and Ehrlich, 1997 Although not often men-  far off. In the meantime, there would seem to be an
tioned prominently by national and regional policy- urgent need to move beyond the pioneering stage to
makers, farmers in the humid tropics typically rank identify whether these environmental services merit
crop pests and diseases (including weeds) as theirgreater recognition by policymakers and, if so, to de-
paramount resource management concern. With rarevelop and validate clear, compelling examples (possi-
exceptions (collective action for pig hunting in Suma- bly drawn from ‘natural experiments’) to demonstrate
tra, locust control, synchrony in rice planting to re- why they should care.
duce opportunities for rats), interventions beyond the
plot/household scale seem rare.

As a preliminary set of working hypotheses on these 4. Broadening and focusing questions on
agroecological functions at the landscape level, we watershed functions
offer the following nested hypothesis as a basis for
further applied research: Whenever there is a flood or drought, there is a peak

in public interest in ‘deforestation’, ‘watersheds’, and

Null hypothesis. Landscape-interactions that regulate ‘reforestation’. In contrast to biodiversity, watershed
or promote problems of pests and diseases either (a)issues have had a remarkable amount of sustained at-
don’t matter or, if they do matter, (b) are difficult to tention from policymakers, not to mention billions of
perceive or, if perceived, (c) it is difficult to effectively  dollars in public funds. But which among (ap-site
organize collective action to address these problems effects of soil erosion on productivity, (loff-site ef-
because of the usual reasons (‘free riders’; monitoring, fects of soil transfer on agricultural productivity and
and enforcement problems). other effects, such as sedimentation of reservoirs, (c)
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flooding, (d) seasonal water shortages, and (e)wa- the data from point or field scale to landscape, water-
ter pollution from land use are of greatest concern shed, ecoregional and global scales”.
at various scales (communities, provinces, nations)? The model developed by Shively and Coxhead (this
Kramer et al. (1998p. 2) observed that ‘most analy- volume) may well represent the state-of-the-art of pol-
ses of watershed services have focused on soil erosionicy analysis of the economic effects of erosion at the
effects. Studies of other watershed services, such aslandscape scale. Their stylized model (i.e. highly sim-
streamflow stabilization, water quality and quantity plified to reveal certain key relationships more clearly)
effects (particularly in the case of tropical settings) uses conventionally available data to examine erosion
have seldom been done’. Despite decades of researchputcomes on upland crop productivity. Although based
it appears that science has produced surprisingly little on an extremely narrow view of farm household deci-
useful information for policy questions about different sion making, the results for on-farm effects are partic-
watershed functions. ularly revealing. Their stylized upland farms ‘choose’
Policy analysis seems to be incomplete even for the higher profitability (but eroding) activities, even for
topic that has received most emphasis by researchersdiscount rates of only 5% on future productivity de-
the plot-scale effects of erosion on agricultural produc- creases on-site. In other words, the optimal rate of
tivity. Lal (1998) one of the best known researchers erosion from a private perspective (without consider-
in the field, concluded that ‘agronomic effects of ero- ing the off-site effects) is almost certainly greater than
sion on crop yield have not been adequately assessedzero. This, of course, is anathema to soil conservation
... A'major cause of controversy and confusion about programs seeking to ‘eliminate erosion’ by preaching
the agronomic impact of erosion is due to weak, in- to farmers about losses of on-site productivity. But, de-
complete and unreliable data on soil erosion and its spite the (vastly) simplified assumptions in the model,
impact on productivity’. Based on careful econometric this result does not seem unrealistic, and is consis-
analysis of data from soil samples taken intermittently tent with the apparent need for substantial government
since the early part of the 20th century in Indonesia subsidies (as usually associated with soil conserva-
(and also since the late 1930s in Chinajhdert (1998) tion programs worldwide), or as they demonstrate, dis-
concluded that the analysis of erosion ‘failed to show incentives to production of erosion-prone crops. For
that it was a key source, or an accelerating source, of poor upland farmers facing difficult choices and much
soil degradation in Indonesia over this half century higher interest rates in the real world, gradually declin-
Perhaps research on soil degradation should concen-ng productivity may well appear to be a fair trade-off
trate less on erosion and more on other human-inducedfor more money right now.
processes, such as fertilizer, water control, and nutri-  As Shively and Coxhead recognize, the limitations
ent depletion’. in the data typically collected by soil scientists and
Policy-relevant results are even thinner regarding agronomists severely restrict thoff-site effects that
sedimentation and other downstream effects of soil can be modeled. Unfortunately, these off-site effects
transfer. Erosion from steep slopes and deposition in are the ones of greatest potential interest for envi-
the lowlands could increase or decrease aggregate agritonmental policy and only the simplest sort of lateral
cultural production at the watershed scale. But, even flow can be captured in the Shively-Coxhead model
if erosion were to halt completely in Southeast Asia, it compared to the range of policy-relevant possibilities
is impossible to know the likely effect on agricultural identified by Van Noordwijk et al (this volume). It is
productivity. Again,Lal (1998) suggested that much  noteworthy that Shively and Coxhead are able to incor-
remains to be done: porate one major economic externality, the accumu-
“... the magnitude of soil erosion for principal soils lation of sediment at downstream locations. However,
and ecoregions is also not known. The available infor- filter effects in the uplands, which could moderate
mation on the magnitude or severity of soil erosion, sedimentation in downstream irrigation systems, and
voluminous and often replete with rhetoric is confus- effects on lowland agricultural productivity—which
ing, qualitative, incomplete, and unreliable.. The could be positive or negative—could not be modeled
information on soil erosion is also erratic because of because of the sorts of data problems mentioned in
lack of scaling procedures. It is difficult to aggregate Lal's critique quoted above. It is important to empha-
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size that this is not a problem of lack of measurement disproportionate erosion rates on (incompletely) com-
or an isolated botched case; rather, these problemspacted surfaces such as roads, paths, tracks, and hu-
appear to derive from application of standard soil man settlements. Further stages of compaction may
measurement practices. lead to runoff without much soil loss, but surface flows
Similarly, the economic valuation of the effects of may pick up soil as soon as they pass over soil with a
land use change on seasonal water shortages (knowrhigher propensity to entrainment elsewhere. Although
as base flows, low flows, or minimum flows) by Pat- conversion of forests to agriculture invariably is ac-
tanayak (this volume) is constrained by availability companied by tracks, roads, and settlements, the fo-
of hydrological data. In this case, the problem is not cus of most researchers on the former with almost
one of technique. Instead, as Mungai et al. (this vol- complete neglect of the latter suggests an inadvertent
ume) argue, long-term studies (lasting decades, not‘misreading’ of landscape processes, at least in the
seasons) may well be necessary to produce credible ev-case of soil transport and sedimentation.
idence on longer-term phenomena, such as the effects Just as with the critique of conventional wisdom and
of deforestation or reforestation on base flows, a topic measurement practices regarding soil erosion and sed-
that will be taken up again below. Moreover, Brui- imentation, fundamental questions have been raised
jnzeel (this volume) urges research that supplementsin the past few years about the hydrological func-
the well-established paired catchment approach with tions of forests compared to alternative land uses.
process measurements and physically based model ap©Over the past decade, numerous reviews of available
plications to improve understanding of effects on low evidence have concluded that deforestation has lit-
flows of filter elements and specific vegetation types tle impact on flooding Chomitz and Kumari, 1996;
within upper watershed landscapes. Calder, 1998and that forests (whether natural or plan-
Indeed, while many challenges also remain in tation) ‘use more water than most agricultural crops
economic theory and quantitative spatial methods, it or grassland’Bruijnzeel, 1999. Chomitz and Kumari
appears that real progress on economic valuation of (1996) summed up the emerging revisionist mood:
watershed functions depends on reorientation by soil ‘... the levels of the [hydrological] benefits are poorly
scientists, hydrologists or physical geographers to understood, likely to be context-specific, and may of-
measurement of the various lateral flows involved in ten be smaller than popularly supposed’.
an explicitly spatial framework. As Van Noordwijk Based on the most recent results, Bruijnzeel (this
et al. (this volume) have pointed out, spatially ex- volume) revisits these uncertainties about basic rela-
plicit biophysical modeling of lateral flows can be an tionships between rainfall, watershed functions, defor-
especially enlightening way to ‘read the landscape’, estation, reforestation and other aspects of land use
and thereby focus measurement activity where it will change in the humid tropics. We focus here on two
count. Measurements of high within-plot soil move- elements of his comprehensive review: flooding risk
ment but low sediment transfers to streams were and, conversely, low flow (risk and severity of water
discussed byRodenburg et al. (2003At least, for shortages). Bruijnzeel finds convincing evidence link-
the quick processes (erosion, sedimentation, flooding, ing deforestation to increased local risks of flooding
possibly water pollution) there are prospects of ob- (i.e., within small catchments). But, while the possibil-
taining useful new data on effects of land use with ity cannot be ruled out, he finds no comparable body
a few seasons of well focused, directed and located of evidence linking deforestation to flooding in larger
observations. areas. Similarly, a summary of opinions expressed in
The work by Ziegler et al. (this volume) epitomizes an ‘electronic workshop’ organized by the FAO indi-
what can be accomplished through savvy scientific ef- cated no case of measurable land use impacts on peak
forts to measure lateral flows. They provide evidence flow (or base flow) in basins over 100 RnfKiersch
that unpaved roads produce as much sediment as agri-and Tognetti, 2002 Thus, if such impacts exist, they
cultural land in an upper catchment in Northern Thai- have yet to be clarified and measured through research.
land, despite the fact that these roads occupy less thanWhat is clear, however, is that ‘truly devastating’ ma-
one-tenth of the area occupied by agriculture. Brui- jor floods are, in Bruijnzeel's words, generally the re-
jnzeel (this volume) presents additional evidence of sult of a ‘large and persistent field of extreme rainfall
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... particularly when it occurs at the end of the rainy Determining effects on low flows of filter elements
season’ when soils already are saturated. This helpsand specific vegetation types within watershed land-
explain why land cover may matter least during the scapes is identified by Bruijnzeel (this volume) and
extreme events that produce large-scale floods. Bruijnzeel et al. (20043as the single most urgent wa-
Since extreme rainfall is the dominant factor in the tershed research need, because we still are unable to
worst floods—including localized flash floods (and make real predictions for any particular area, and es-
deep landslides), as well as larger general floods—this pecially under mosaic landscape conditions common
suggests that greater attention be paid to risk assessin Southeast Asia. In order to accomplish this com-
ment of settlement locations (especially expansion of plex task, he recommends that the traditional paired
settlements in floodplains) than to the often futile ef- catchment approach be supplemented with spatially
forts to influence land use in upper watersheds dis- explicit distributed hydrological process models ca-
cussed in the next section. In addition, monitoring of pable of representing complex feedback mechanisms
rainfall across catchments to provide early warning to between climate, vegetation and soils at multiple
lowland areas when rainfall exceeds dangerous thresh-spatial scales. Refinement of the latter will also re-
olds could reduce risk of human tragedies that so of- quire carefully targeted systematic measurement of
ten have made headlines in Southeast Asia. Of coursehydraulic characteristics under post-forest land cover
some idea of the threshold level is necessary to imple- types. Although it is clear that reforestation and soil
ment this approach. conservation can reduce enhanced peak flows and
Pioneering efforts in Thailand are involving local stormflows associated with soil degradation, there is
people in monitoring rainfall and making assessments no well-documented case where this has produced
of related risks. After recent flash floods and land- an increase in low flows. If it turns out that land
slides associated with extreme rainfall patterns in some surface conditions and soil characteristics are indeed
highland areas, trials of early warning functions are more important than tree cover per se in determining
being incorporated into pilot local watershed service land use impacts on base flow, this would have major
monitoring networks in sub-watershed areas of Mae implications for watershed policies and programs.
Chaem, Northern Thailand, which primarily utilize
data collected, analyzed, and used by local communi-
ties themselves. Since there are tensions between som®. Quest for policy levers that can influence land
upper watershed villages and their lowland counter- use: rewards or regulations?
parts that center on lowland criticism related to the
impact of highland agricultural land uses on down- Better understanding of the various drivers of land
stream watershed services, upstream villagers’ efforts use and cover change may well be more important
in support of this early warning system may help im- to certain regional and national policymakers than the
prove channels of communication and relationships changes in landscape structure and environmental ser-
with downstream communities. Villagers are also be- vices that result. What policies and institutional op-
ginning to move some recent settlements in high-risk tionsreally can influence the rate and pattern of land
floodplain areas. Moreover, a major focus of these use change? Policy options of particular interest clus-
monitoring networks is on attention to other related ter under two broad categories: (1) regulations, which
issues, such as water quality (using biological indica- are the more traditional administrative approach, and
tors), seasonal stream flow (with particular interest in (2) rewards, used as shorthand here to refer to var-
low flows), and soil movement in different types of ious new ideas for environmental service incentives,
agricultural fields. In this way, the broader monitor- which are usually positive (e.g., payments, subsidies
ing system established under the later stages of theinvestment in services or infrastructure), but in princi-
‘environmental issue cycle’ (Tomich et al., this vol- ple could also include ‘negative rewards’ (e.g., taxes,
ume) may speed recognition of emerging problems penalties, and other sanctions).
as conditions change, possibly leading to reduced im- Some might guess that market-based rewards al-
pacts and/or lower mitigation costs in a new ‘issue ways would beat regulations in terms of efficiency
cycle’. of implementation and effectiveness of outcomes.
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Weitzman (1974) however, showed how the choice mental policy often has been ineffective because of
between rewards and regulations depends on spe-high transactions costs resulting from incentive incom-
cific technical, institutional and informational cir- patibility and limited administrative capacity, or even
cumstances and, above all, on uncertainty. On the counterproductive, because it perverts and destroys lo-
technical side, regulation may be the better option cal resource management incentives. Worse yet, gov-
when there are important threshold levels for damage ernment regulations aimed at resource protection have
or benefits and the system is incompletely reversible. mandated expulsion of people from ‘protected areas’,
Basically, a ‘don’t cross this line’ rule saves on moni- depriving them of their land and livelihoods and forc-
toring costs since enforcement effort focuses on thoseing some into poverty and further resource degrada-
close to (or beyond) the threshold. Smoke pollution is tion elsewhere.
one example where thresholds matter; some countries Yet, there is cause for some hope. Conservation
in Southeast Asia already have air quality standards can produce local benefits as well. In substantial parts
that apply to smoke and particulates. Similarly, water of the humid tropics, local forms of land use have
quality (and even quantity) standards could be de- emerged that allow people to make a living while
veloped based on thresholds of damage. In principle, protecting environmental resources. The resulting
the threshold concept suits biodiversity functions the levels of environmental services are below those of
best. The practical problem, discussed above, is that(perceived) ‘pristine’ nature, but are superior to many
there is not yet much empirical understanding of the other agricultural development options from an envi-
stabilizing functions that really matter, so we have no ronmental perspective. The ‘agroforests’ of Southeast
idea what the thresholds are for maintaining biodiver- Asia (with counterparts across the humid tropics) are
sity (or even the monitoring unit). On the institutional a prime example of how ‘domesticated forests’ can
and informational side, uncertainty about control provide food, timber and income, while harboring a
costs favors regulations over rewards, but uncertainty substantial share of the original forest biodiversity,
about damage has no effect on the choice of instru- which often lacks adequate protection elsewhere. De-
ment from an economic perspectivddfand, 1999. pending on commodity prices, investment opportuni-
Although not insurmountable in theory (say through ties and government policies, however, the small-scale
auctions), finding an optimal reward could be difficult managers of the agroforests can be (and are) induced
in practice, particularly when there are many poten- to replace these systems by monocultural plots of oil
tial polluters or providers of environmental services, palm, rubber or other crops. Who can blame them for
each with very different cost structures. So economic doing so, if the outside world has not found ways to
theory would tend to point toward regulation rather express their appreciation for the environmental qual-
than reward for the environmental services discussed ities of the agroforests in a way that is meaningful for
in this collection and also for upland farmers who the farmers? Similar issues relate to community-based
are potential polluters/providers of these services in management of mosaic agroforestry landscapes in
Southeast Asia. mountainous areas of mainland Southeast Asia whose
In reality, however, regulations aimed at forest pro- centuries-old long-rotation forest fallow land use sys-
tection have had mixed success, at best, and landtems have only relatively recently come into question,
use planning has even less impact on the ground in and are now under heavy pressure to convert to inten-
Southeast Asia. When government regulations have at-sive permanent commercial field crop production on
tempted to imposeprotected’ status on areas of land  sloping lands.
or water, historical, cultural, or de facto established  Workable means for effective recognition and re-
rights of local people (who are often ethnic minorities wards for environmental services are receiving in-
in mountain areas where most terrestrial protected ar- creasing attentionHig. 1, also seeJohnson et al.,
eas have been declared) typically were not adequately2001; Pagiola et al., 2002; Powell et al., 2002; Scherr
respected or even recognized, nor were these peopleet al., 2002. Measures to create appropriate rewards
compensated for foregone resource use and loss ofcould emerge as an important part of the answer to
development opportunities that protection would en- the practical and ethical dilemma of how to reconcile
tail. As a result, the regulatory approach to environ- broad environmental objectives and local livelihood
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Fig. 1. Examples of the landscape-level implications that are perceived as environmental service functions and the type of efforts and
activities that can qualify actors as ‘environmental service providers’: absence of threats and mitigation or increase in filter functions.

imperatives—and may even play a complementary domestic or industrial water use. Selling water that is
role with the regulatory approach to environmental not used for irrigation almost invariably raises ques-
protection. tions of ownership and rights to sell, however, that are

Putting such reward systems into practice often deeply rooted in society and are not easy to answer.
raises a host of cultural issues and institutional ques- In the cause—effect relations that underlie the gen-
tions. Consider the case of the Mae Taeng watershederation (or degradation) of environmental services, we
in Northern Thailand, where water yields had de- can generally distinguish three key elemeriiig( 2):
clined for two decades. Although it was not possible natural capital (including rainfall and inherent rich-
to definitively identify the complex causal factors ness of flora and fauna), a ‘guardianship’ role of
underlying this trend, it was clear that competition preventing destruction of the natural capital that itself
for water between upstream, agricultural uses and largely depends on social capital, and an active man-
downstream, urban uses was increasingndgent agement or stewardship role that is part of the human
et al., 199%. The research team observed that ‘it may

be cheaper.. to allow farmers from the Irrigation ==~ o

Project area to sell their water to users in the city’ Social capital o
but ‘buying water from farmers would require an in- a o o N
stitutional revolution in Thailand..’ (Vincent et al., Natural / &7 _Physical capital, \

1995 pp. vi—vii). To date, such a market-based ap- capital < g~
proach has not been tried, and it remains to be seen

whether it would be possible to create and manage @ = #=Z_--3 Environmen-
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mechanisms for compensating people for foregone capital 0 N | tal services
livelihood opportunities in favor of environmental a0 ‘\\\;: \ 2

. . . . hl
services to other groups. Where there is only limited A External

Financial capital stakeholders
cash, credit, reserves

potential for influencing the total amount of water
available from rainfall minus evapotranspiration by
natural vegetation, changes in the use of water (for Fig. 2. Relationship between the five types of capi@hrey,

indirectly supporting dry season evapotranspiration 199g, changes in environmental services, and the possible rewards
in irrigation schemes) provide scope for increasing provided by external stakeholders.
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capital, but which also draws on social capital for intervention—depends on the specifics of a problem
adaptation and replication across generations. Rewardand often varies through the cycle.This collection
mechanisms can take the form of direct payments has focused on three environmental issues as the
(financial capital), support for infrastructure (physical ‘meso’-scale, that is they have important lateral flows
capital), rights to use natural capital (for consumption (Van Noordwijk et al., this volume), but they are not
or investment in other forms of capital) that typically global. Perhaps because fires and smoke are readily de-
are socially mediated and controlled (hence based ontectable with remote sensors, the smoke management
social capital), indirectly through say investments in issue is the most fully developed regarding empirical
social or human capital (support for clinics or schools scaling. For watersheds, too, there has been progress
conditioned on supply of environmental services) or on identifying the scale of specific dimensions of
some mix of these options. The distinctions among those functions (Bruijnzeel, this volumijersch and
these five types of capital matter not only because of Tognetti, 2002. The scale conceptis least developed in
the distinct functions above but also because of their the case of landscape-level biodiversity functions and
different characteristics (e.g., regarding time frame for indeed for ecology more broadlys¢hneider, 2001
reversibility of investment decisions) and because of This certainly is related to our limited understanding
imperfect scope for substitution between them (e.g., of those functions. However, even for biodiversity
money cannot buy trust). So, for example, a simple functions, there are early suggestions of the scale
market-based approach relying on financial payments of the services. As mentioned abouereau et al.
and competitive price formation may prove ineffec- (2001) suggest that these effects may be greatest at
tive or unsustainable if complementary investments ‘small-to-intermediate spatial scales’. Similarly too for
to build trust across spatial and institutional scales are watersheds, at least for the cases of erosion, sedimenta-
ignored. Moreover, since the costs of different options tion, and flooding (but perhaps not for base flow or wa-
for implementation rest on existing endowments of ter quality?), the primary effects of land cover change
these five types of capital, the optimal mix of reward occur within smaller catchments. And even in the
mechanisms (in the sense of least transaction costscase of the ‘regional smoke problem’, both the costs
to sustain a particular level of environmental service) and the most promising interventions were shown to
likely will vary greatly across countries and even be essentially local. So for many (but not all) of our
between neighboring communities. themes, impacts and actions at intermediate-to-local
A comparative action research approach based on‘meso-scales’ appear likely to play a critical role in ef-
pilot projects, such as the Rewarding the Upland Poor forts to effectively address these environmental issues,
for Environmental Services (RUPES) project in South- which are linked to land use and land use change.
east AsiaFig. 1, http://www.worldagroforestrycentre. For global-local conflicts regarding the environ-
org/sea/Networks/RUPEGIvould seemto be atimely  ment—for example, the case of human wildlife con-
and essential step toward filling gaps in our knowledge flict presented by Nyhus and Tilson (this volume)—the
of effective implementation of reward-based environ- human ‘stakeholders’ with conflicting interests typi-
mental policy levers. cally never meet. However, for landscape-level envi-
ronmental issues, political and social activity and overt
conflict focused on land use and cover change may be
6. Conclusion: toward nested levels of an important indicator of the existence of significant
under standing, gover nance and equity environmental issues at the landscape level, as well
as a reflection of needs to strengthen resource man-
Tomich et al. introduced this volume with a set of agement capacities at intermediate-to-local levels of
questions about problems at different spatial scales governance.
and different sequential stages of an environmental In this sense, trends toward more decentralized and
issue cycle. Issues of problem recognition, percep- democratic governance systems in a number of South-
tion, and requirements for measurement and scaling east Asian countries may bode well for improved ca-
vary through that cycle and cut across this collec- pacity to manage these environmental services. How-
tion. Indeed, identifying the scale of analysis—and of ever, a recent synthesis of environmental governance
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