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Abstract

Human use of biotic resources Cagriculture’ in its widest sense) and biodiversity (Cnature’
in its widest sense)-are both needed by Socicty at large, but there are generally conllicts
between these two .lspcus of 'I.md use’. Conllicts between "nature” and ’agriculture” can be
solved by segregating nature and agr icultural land (maximizing agricultural production on
a rclatively small part of the land will Ieave as much land for nature as is possible) or by
integrating nature into agricullurnl land through the 'n(lopliun of production systems that allow
sufficient agricultural ploduulon while ensuring conscrvation of considerable parts of the
l)mdlvcrsl(y of the natural system. Multi-functional forests and ag,mfmcsts arc examples of
the Tintegrate’ option, intensive agriculture plus nature reserves are an example of the
segregale pathway, Mlxul .slu.llq,u,s arce feasible where nature reserves cocxist with pure

*

agricultural puxluumn .sysluns for some commoditics and - where production systems
llll(,gl.llc nature and agr iculture for other commaodities.  All lln‘cc ‘options  have strong
advocates; and it is not cléar which solution is optimum under which conditions. Objective
criteria are needed for distinguishing which solution may best mect the mulupl(, goals
formulated under different circumstances.

A simple model i used {o derive a decision scheme, Tt distinguishes *internal” biodiversity
of a land usc sySlcm and ‘cxternal’ biodiversity, by requiring only a part of the arca for
agriculture. If two production systems arc compared, biodiversily conscrvation will be
maximized il the system is chosen with the highest agricultural productivity per unit
biodiversity loss. IT agricultural intensification is treated as a continuous process, a similar
crilcrio'n can be used 1o distinguish between situations where *segregate’ or integrate’ forms

the best solution. Further research is needed to check the assumptions behind the proposed



cquations, to quantily the sealing function of biodiversity in order (o assess the effectiveness
of both "internal’ and ‘external’ biodiversity conservation, and to determine the feasibility

of implementation ol options in the "real world’,

Introduction

ITuman usce of biotic resources ('ilgl'iClll(lH'c'}ill its widest sense) and biodiversity (Conature’

in its widest sense) are both needed by society at large, but there are generally conflicts

between these two aspects of “land use’. Contlicts between "nature’ and "agriculture’ can be
solved in three ways:

- by segregating nature and agricultural land; maximizing agricultural production on a
relatively small part of the land will leave as much land lor nature as is possible,

- by integrating nature and agricultural land through the adoption of production systems that
allow sufficient agricultural production while ensuring conscrvation of a considerable part
of the biodiversity of the natural system,

- by scgregating nature and agriculture for some production systems and integrating it for
others.

It is important (o notice that the arca available for complete protection of biodiversity
decreases when agriculture remains below its potential productivity under the integration
option. All three options have strong advocates, and it is not clear which solution is optimum
under which conditions (I’ig. 1). Objective criteria arc needed for distinguishing which
solution may best meet the multiple goals formulated under different circumstances.

In this presentation we will restrict ourselves to two of these multiple goals, productivity
and biodiversity conservation, and we will not touch on the important aspects of cquitable
sharing of benefits among the population and the institutional mechanisms and bottlenecks
in achicving these goals in the real world. We will focus the discussion on the humid tropics.

Productivity is here defined as the value of output minus production costs discounted over
the complete lifetime of the production system, expressed per unit arca. Where multiple
products come [rom the same unit of land, they arc added on the basis of their market value.

Biodiversily conservation is defined from a global perspective, which means that only
conservation of viable populations of the native forest species contributes to the "biodiversity
value’. ‘The appearance of cosmopolitan or ubiquitous species, linked to the clearing of large

(racts of forest has no value in terms of global biodiversity conservation. The richness of
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nature

Figure 1.. The relation between agriculture and nature can be treated by creating and
maintaining sharp boundaries (segregation) between the two, or by aiming at an integrated
’ecodevelopment’ pathway

original forest species present in a certain land use system is an important indicator of its
bio’diversity value, but it is long term reproduction and survival of populations with sufficient
internal genetic diversity which forms the real criterion.

High expectations exist that *agroforests’ can help to conserve biodiversity while allowing
sufficient production of economically attractive crops, such as rubber or resin (damar).
Agroforests contain considerable biodiversity value, as their planned biodiversity of planted
trees is augmented by naturally invading species of the 6riginal forest (Michon and De
Foresta, 1992, 1994).

Agroforests are not monoculture plantations. On the contrary, they assume patterns of
diversity and heterogeneity similar to a natural forest ecosystem (high botanical richness,
multi-layered vertical structure) as well as specific patterns of forest dynamics. This “forest
reconstruction” appears as a consequence of a particular mode of management which favors
the re-establishment of the original biodiversity. The planting proéess, associating various
useful tree species, recreates the skeleton of a forest system. Then, common mechanisms of
natural vegetation dynamics are given the major role in the evolution and the shaping of the

cultivated ecosystem. As in any secondary vegetation dominated by trees, the maturing
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agroforest provides a suitable environment and convenient niches for the establishment of
forest plants carricd from the neighboring forests through natural dispersion. It also offers
shelter and feed to forest animals. In this natural eorichment and diversification process,
humans merely scleet among the possible options given by ccological processes, ‘he
establishment process restores integral biological and ccological processes which constitute
resources in their own: these are “functional” resources more than commodities, but they are
cssential (o the overall survival and reproduction of the agroforest as an ccosystem. In a
sense, the damar agf&forcsls of Krui (West Lampung, Indoncsia) form the ’archetype’ of
agroforests as described here (Michon et al. 1994), but similar characieristics hold for the
much larger areas of rubber and fruit tree agroforests in Sumatra and Kalimantan.

Rubber agroforests (sometimes called "jungle rubber") cover over 2 million ha in Sumatra
and Kalimantan and are probably the most widespread complex agroforestry system in
Indonesia. A variety of products tend to be harvested in addition to latex, including many
types of fruits. ‘This system’s sucécss is closcly related o swidden agricultural practices.
Indeed, it is through ladang (unirrigated upland plots) opened to produce upland rice and
other crops that young rubber is established. After 1-2 years of annual crop production, the
subseqﬁent fallow can freely develop along with the rubber trees. Besides its ecological
advantages, including a forest-like environment that retains biodiversity, this process is totally
suited to smallholder management since it benefits from the site preparation carried out for
ladang establishment, it involves minimal additional investment in labor and capital, and .it
can be established in conjunction with activities related to the maintenance of the ladang
crops.

Figures 2 and 3 show the considerable capacity of agroforests (o conserve much of the
l'orcs(s” biodiversity, but also show the loss when compared (0 natural forest. 1t is not
enough, however, Lo stale that such agroforests represent a vastly higher biodiversity valuc
than tree crop monoculture systems. If productivity of the monocultures is substantially
higher and. if benefits are cquitably shared among the human population, it might allow a
larger arca of natural forest to be conserved and, under certain conditions, this might satisfy
the biodiversity agenda to a larger degree. We need a quantitative crilerion to cvaluate the
(wo options. 'As far as environmental impact is concerncd, large-scale development of
complex agroforests as those developed by peasants in Indonesia appears highly desirable.

However, their productivity in terms of cash income per unit land is still low and irrcgular.
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Figure 2. Species richness of higher plants along 100 m line transects in primary forest,
rubber agroforests and rubber plantations in Sumatra (based on Michon and de Foresta,
1994)

Complex agroforestry systems can no longer compete with other agricultural systems which
may be more risky, but are more profitable in the short term’ (de Foresta and Michon,
1992). However, recent research supports a more nuanced interpretation. Some agroforest
types, like damar agroforests are indeed highly profitable at present compared to most other
production systems. Some other agroforest types, like rubber agroforests for instance, had
been highly profitable in the past, even compared to rubber monoculture estate plantations,
but their economic comparative advantage has narrowed mainly because high yielding rubber
material adopted by large-scale plantations was not adopted by smallholders. Increasing the
profitability of these complex agroforestry systems may be based on genetic improvement of
the main cash earning components of the system, or by more complete utilization of the
existing components, such as the timber. The development pathwéy here is one of
*intensification’ (obtaining a higher productivity) by diversification, rather than by
specialization on single commodities.

In order to avoid raising unrealistic expectations of the biodiversity conservation potential

of such 'integrated’ systems, we need a clear criterion to judge for which parts of the total
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Figure 3. Species richness and diversity index of birds in primary forests and agrolorests
in Sumatra (based on 'Thiollay, 1995)

biodiversity and for which commoditics such an approach may indeed be possible and for
which ones not. *Agroforests can drive back natural forests’ locally, as suggested in the title
of Mary and Michon’s (1987) paper, and in (hat sense they are just like any land use system
in expansion. Yet, the agroforests conserve a much larger part of the 'forest functions’ than
other land use systems.

The segregale - intcgrate debate is not confined to *agroforests’. The on-going dcbate about

‘multiple functions’ of forests shows important parallcls (Vmu,nl and Binkley, 1993, 19%4;

Helfand and Whitney, 1994).

Discrete systems _

Suppbsc that there is a choice between two land use systems, onc with productivity Y, and
internal biodiversity value By, and one with Y, and By, respectively. The Y, and By are
expressed- per unit area (sce below for a discussion ol the scaling of biodiversity). As a first
approximation we assume the land to be homogeneous in potential producuvuy as well as
bivdiversity values (this "homogenceity’ of biodiversity implics that the specics wmpusmon
differs between all sub-units to an equal degree).

IF not all land is needed for production, it can be used as “nature” with biodiversity valuc
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Figure 4. The segregate - integrate dilemma and the need for criteria

B, and a zero productivity. If f, and f, indicate the area (expressed as fraction of the total
land area) needed for production under the two systems, a comparison at equal total output

(area * productivity per unit area) leads to:

Y
ANehY L if= W
2

For the same level of total productivity the two systems may differ in their biodiversity
value, which consists of an ’internal’ (f; B, and f, B,, respectively) and an ’external’
component (1 - f,) B, and (1 - f,) B,, respectively. System 1 will result in greater biodiversity

for the same output if:
fy B+ (L - f) B,>f B, + 1-fy) B, @)

Rearranging and substitution of equation (1) leads to:

1 - B,/B
_Y_’.>_____1/_"(3)
Y, 1 - BB,

or,
Equation (3) compares relative productivities of the two systems and relative biodiversity

losses (taking B, as point of reference), equation (4) compares the "agricultural productivity
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Y,

Y @)

~ BB,

per unit biodiversity loss’ for the two systems.

BB,

I plantation rubber’ is four times more productive per unit area than ’jungle rubber’ and
jungle rubber has three-quarters of the biodiversity value of natural forest, while plantation
has a biodiversity value of near-zero, the segregate’ or "integrate’ debate comes to a draw,
as both the left and right hand term of equation (3) are 4.

‘The cquations suggest that in order to make the choice between system 1 and system 2 we
do not need (0 know (he absolute biodlversity in cither system, but only the relative valuc

of internal and external biodiversity. Perhaps this can simplify the indicators needed.

How to scale biodiversity?
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Figure 5. Schematic scating relationships for biodiversity in surveys, medium and long
term conservation; left ‘with lincar, right with logarithmic axes; results for various
taxonomic groups would ditfer in position on the graph (¢ parameter) but not necessarily
in slope (n parameter)

An important asswmption in this approach is that biodiversity values of two parts can be
added 10 obtain a (otal biodiversity value. ‘This is a critical assumption, referring to the
scaling of biodiversity, From surveys and species counts it is known that there are
diminishing réturns of cncountering new species when the sample size (arca) is increased

(FFig. 5). If species richness is treated as a power [unction of the arca sampled, a power
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(fractal dimension) of about 0.25 is often found. ‘The biodiversity conservation versus arca
curves, however, are different. If we compare how much biodiversity survives recent
fragmentation of the habitat to various sizes, the power may be about 0.5 (Van Schaik, in
press). 1T we want to sceure long term conservation and add arguments about minimum
population size and minimum genetic diversity required within the populations to deal with
future stresses, we may expect that the curves are shifted further to the right and the power
increases. A power of 1 (i.e. biodiversity conservation is proportional to the area conserved)
is probably an overstatement, but it is a convenient choice for heuristic purposes as it simpli-
fies the mathematics. We can relax this assumption and derive results for any ’fractal dimen-
sion’ of biodiversity (results forthcoming), but there is a clear lack of empirical data on how

this dimension differs among habitats and taxonomic or functional groups of organisms.

Relative biodiversity, B/Bn

1 o

0 0.1 0203040506070809 1
Relative productivity, Y/¥Ymax

Figure 6. Relative (internal) biodiversity B, as function of relative productivity (actual
divided by maximum); curves can be convex, linear or concave, depending on the value
of the parameter b.

Continuous intensification, with homogeneous land quality

Rather than describing discrete versions of land use systems, we may ' consider an
‘intensification continuum’. IFigure 6 shows a generalized relation between internal’
biodiversity’ and agricultural productivity; both arc scaled to the [0 - 1] interval by dividing

the actual by the maximum value. Convex, concave or lincar curves can be described by
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varying the value of the parameter b. If we follow the ’equal total output’ comparison of the
.discrete éase, we can express total biodiversity as a function of relative productivity (Fig. 7).
The figure shows decreasing curves if b > 1, leading to the conclusion that it is best to
‘integrate’, as well as increasing curves if & < 1, leading to the conclusion that it is best to
'segregate’. Results of a mathematical analysis (Van Noordwijk et al., in prep.) confirm that
for resource use systems with a b pafameter above 1 (cbncave curves in Fig. 6) the

integration pathway may be bést, below 1 (convex curves in Fig. 6) segregation is better.

for b > 1
Y_ optimum solution:

IR .~ Infegrale

. .1
-0.8
N.‘ +b =2

Total biodiversit

0.8
0.6 r o— Lo b =1
i - "b=05
0.4 forb < 1 0.4
- optimum solution: i ‘
0.2 segregate 0.0
0 S S——— -o

0 0.1 0.2 0.3 0.4 05 0.6 6.7 0.8 0.9 1
Relative productivity, Y/Ymax

Figure 7. Total biodiversity (internal plus external) as a function of relative productivity,
for different values of the b parameter (total output P = 0.3, B, = 0)

If systems with intermediate productivity are associated with a less than proportional
biodiversity conservation value, the best solution will be to segregate and maximize
production on a small area. From the available evidence, most food crop based producti.on
systems fall in this category, as annual planis will not grow well unless major changes in the
vegetation“(such as ’slash-and-burn’ activities) have been made, to reduce competition. If
systems with intermediate productivity allow a more-than-proportional biodiversity,.
"integration’ will be the best solution, based on the lowest degree of intensification which still
meets the total production target.

However, the equations in Figure 6 and 7 are based on the assumption that whatever the

crop, the production system or ecozone considered, maximum productivity is reached when
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Iigure 8. Decision scheme for the "integrate’ versus ‘sepregate’ option for maximizing
total biodiversity in the internal biodiversily - relative productivity relationship.

relative biodiversity is minimum. In other words, the assumption here is that in order to
increase productivity, biodiversity must be reduced and that maximum productivity cannot
be reached through integration. ‘There is ample evidence that this assumption is quite valid
for food crop systems, but it probably is not valid for many tree crop systems. In food crop
systems, increascs in productivity arc obviously linked to decreases in biodiversity; however,
the relationship is not gradual. Food crop production implics a dractic biodiversity reduction
right from the begining simply because food crops themselves arc. not able to grow into a
forest environment -most food crops arc herbaceous specics strongly depending on high light
intensity. lfor continuous food crop sysicms, maximizing agricultural productivity can only
be obtained through segregating natural forest biodiversity from agriculture. In trec crop.
systems, the situation is different because tree cultivation can reereate a forest structure that
usually allows some niches to be fulfilled by other forest specics without detrimental cffects
on productivity. In that way, (he association of carefully selected tree crops occupying
various niches with different and complementary ccological requirements would maximize
productivity. Therelore, at least for somce tree crop systems, maximum agricultural
productivity can be obtained through integrating patural forest biodiversity and agriculture,

as maximum productivity oceurs for biodiversity levels higher than the minimum.
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Practical application: jungle rubber in Sumatra

From the evidence available, the jungle rubber found in the lowlands of Sumatra in
comparison with the best available approximation of "primary forest’ has about equal specics
ricluicss for soil mesofauna as evidenced by Collembola (Deharveng, 1992), very similar lists
ol observed mamumals (Sibuea and Herdimansyah, 1993), 30% less species of higher plants
(Michon and De Foresta, 1994) and 50% less species of birds (Thiollay, 1995). For the
'biudivcrsily conservation’ value of the jungle rubber, we should note that the reduction of
typical "forest’ bird specics richness is more than 50%, but there is an increase in specics
typical of open vegetation. We may assume that these values were about the same n the
1930"s when the first gencration of jungle rubber systems reached maturity. Rubber started
spreading as a smallholder crop in Sumatra at the beginning of this century. In the 1930’s
rubber yiclds of the jungle rubber (about 500 kg hat y ! of dry product, Van Gelder 1950)
were close to the maximum attainable in monoculture plantations. Now, jungle rubber yiclds
are still about 500 kg ha'-y ', but monocultures can reach.2 000 kg ha' y'! (or even more)
under rescarch station conditions and at least 1 500 kg ha! y' in commercial practice. ‘This
increase is largely due to genetic selection of clones suited for the plantation environment.
Wihether or not these same clones are suitable for the rubber agroforest cnvironment is
largely an open question. Genetic selection specific for this environment, may be expected
to increase the productivity of the rubber agroforest, without a complete overhaul of the
syslem.

The situation in the 1930°s would have clearly indicated that *integration’ was the best
choice (Fig. 9). At current production levels, however, the conclusion depends on the relative
weight one attaches to the various components of biodiversity. A bird watcher will favour
"scgregation’, a collembola enthusiast "integration’ (80% of the species in the survey were
new Lo scienee) and a botanist should feel hard-pressed to make a choice. Increased

productivity by genotype selection for rubber agroforests might get us back to the situation

of the 1930’s.

Discussion and conclusions
The fir§t conclusion is that the segregate <-> inteprate debate is open to. quantifative
analysis. Such an analysis shows clearly what type ol assumptions are necessary o make the

comparison and focus rescarch on obtaining the data which arc most needed to make
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Figure 9. Tentative application to jungle rubber systems, showing the current biodiversity
estimates, but two values of the ’relative productivity’

decisions.

The impression so far is that for foodcrop-based production systems the scgregate option
may be best, but that for trec-based systems the outcome can be cither way and more data
are needed. ‘The most sensitive assumptions for the model are the ones made in scaling
biodiversity. For real world applications, both the "internal” and the “external’ aspeets of
biodiversity conservation need to be quantified and feasibility of options need to be critically
asscssed.

The myriad constraints and the more nuanced objectives of the real world are likely to
produce a richer mix of solutions than appear in this heuristic model, Which among these
real world issues are likely to shift the balance most between the extremes of "segregate” or
"intcgratc"? Constraints in public funds and in administrative capacity arc two important
practical considerations. By design -- but also by default -- these constraints will tend to
favor “integration” over "scgregation” simply because the latter requires more funds and
more intensive administration.

Because any conversion from primary forest results in a significant decline in biodiversity
(Iigures 2 and 3), conservation reserves always have an important potential role in

biodiversity conservation. The extent that this is feasible depends on existence of institutional
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in itself. A workable strategy to raise productivity of rubber agroforests could play an
important role in poverty alleviation in Sumatra. Constraints on public funds and
administrative capacity mean that, for the foresceable future, most of Sumatra will be neither
a conservation reserve nor highly-intensified agriculture. The remaining middle ground is
where the agroforest pathway may conserve more biodiversity than alternative land uses.
From this standpoint, perhaps the most urgent question for further research is: what factors
influence the ’internal’ biodiversity of these agroforestry systems as productivity of their

components increases?
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