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ABSTRACT

There have been significant losses of biodiversity in 
the tropics at ecosystem, species and genetic levels 
as a consequence of agricultural development 
resulting in simplified landscapes with large 
areas dominated by crop monocultures. While it 
is suggested that many ecosystem services can 
be maintained by a few key species under present 
environmental conditions, particularly in tree-
dominated systems, a larger reservoir of diversity 
is required to ensure ecosystem resilience to 
disturbance and future climate changes. Decisions 
on management or changes in land use have 
economic implications for different goods, services 
and other needs of stakeholders that biodiversity 
provides. These values are aggregated in the Total 
Economic Value (TEV) and discussed in terms of 
the direct use values (material goods), indirect use-
values (ecosystem services), option values (uses in 
the future of genes, plant pharmaceuticals, etc.) 
and intrinsic or existence values (moral, religious 
and aesthetic reasons for conserving biodiversity).  
It is concluded that biodiversity provides many 
essential life-support functions and therefore 
conservation is a sound precautionary principle 
for an uncertain future. 

ABSTRAK

Pembangunan dalam sektor pertanian di kawasan 
tropika telah mengakibatkan kemusnahan 
ekosistem, spesies dan genetik. Ini  mengakibatkan 
terhasilnya landskap kasar yang didominasi oleh 
satu jenis tanaman. Walaupun tidak dinafikan 
bahawa kemandirian ekosistem mampu dipelihara 
dengan mengekalkan beberapa spesies utama 
dalam persekitaran sedia ada terutamanya 
dalam ekosistem yang dilitupi pohon, bekalan 
kepelbagaian semula jadi yang besar diperlukan 
untuk memastikan ekosistem dapat bertahan 
dari pelbagai gangguan dan perubahan cuaca 
pada masa akan datang. Sebarang tindakan yang 

diambil untuk pengurusan dan perubahan dalam 
penggunaan tanah memberi kesan ekonomi 
terhadap hasil, perkhidmatan dan  keperluan 
lain yang diperoleh dari kepelbagaian semula 
jadi. Nilai ini dijumlahkan dalam Nilai Ekonomi 
Keseluruhan dan dibincangkan dalam terma 
nilai kegunaan langsung (hasil material), nilai 
kegunaan tidak langsung (peranan ekosistem), 
nilai pilihan (kegunaan masa hadapan bahan 
genetik dan tumbuhan ubatan) dan, nilai 
kewujudan dan jati diri (sebab moral, keagamaan 
dan estetika memelihara hutan). Kepelbagaian 
semula jadi menyediakan banyak fungsi penting 
untuk sokongan hidup dan pemeliharaannya 
adalah langkah terbaik untuk masa hadapan.

Keywords: b�od�vers�ty, agr�culture, ecosystem 
serv�ces, econom�c valuat�on.

INTRODUCTION

The term b�od�vers�ty �s popularly used to refer 
to the numbers of plant and an�mal spec�es �n 
the biosphere. However, more specifically it 
encompasses not only the complement of genet�c 
var�ab�l�ty w�th�n and between spec�es, but also 
the d�fferent types of ecosystems mak�ng up the 
landscape (Sw�ft et al., 2004).  Over the last few 
decades, there has been destruct�on of all three 
components of b�od�vers�ty at rates and at scales 
that are unprecedented for m�llenn�a s�nce the 
great Ice Ages and other catastroph�c global events. 
The ma�n dr�vers of these decl�nes have been 
changes �n land use and management result�ng 
from the expans�on of agr�culture and forestry 
to meet r�s�ng demands by human populat�ons 
for ecosystem goods (food, fuel, fibre) to improve 
human l�vel�hoods (P�mentel and P�mentel, 2006). 
In add�t�on to th�s loss of our natural her�tage, 
there are also concerns as to whether th�s global 
deplet�on of b�od�vers�ty could also comprom�se 
the prov�s�on of ecosystem serv�ces (e.g. cl�mate 
regulat�on, clean a�r and water suppl�es) that are 
essent�al for human welfare (Matson et al., 1997). 
The expans�on of the o�l palm plantat�ons �n 
Southeast As�a, and soyabean product�on �n Braz�l, 
illustrate the conflicts of interests that can arise 
between stakeholders who place d�fferent values 
on natural and product�on systems. On one hand 
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trop�cal forests are est�mated to conta�n about 80% 
of the an�mals and plant spec�es on land, many as 
yet unknown to sc�ence, and there �s global concern 
by conservat�on�sts to protect the her�tage of th�s 
dw�ndl�ng resource for future generat�ons. On the 
other hand, a burgeon�ng �nternat�onal demand for 
GM-free soya, and palm o�l for food, manufactur�ng 
processes and ‘green’ b�ofuels, create pressures too 
for extens�ve development of crop monocultures 
to �ntens�fy product�on through mechan�zat�on 
and the use of agrochem�cals. If th�s development 
comprom�ses b�od�vers�ty and/or the prov�s�on of 
ecosystem serv�ces, should the replacement costs 
of services and the profit forgone for conservation 
be met by local, nat�onal or global commun�t�es? 
Th�s rev�ew descr�bes the patterns of agr�cultural 
development, that have resulted in a simplification 
of systems prov�d�ng ecosystem goods and serv�ces, 
and relat�onsh�p between b�od�vers�ty and these 
funct�ons. F�nally the valuat�on of b�od�vers�ty �s 
briefly considered since decisions on conserving 
natural systems or changes �n land use have 
econom�c �mpl�cat�ons for d�fferent stakeholders, as 
�nd�cated above.     

EcoSySTEm	gooDS	AnD	SERVicES

Ecosystem funct�ons are the phys�cal, chem�cal 
and b�olog�cal processes that ma�nta�n what an 
ecosystem does such as carbon and nutr�ent cycl�ng, 
hydrolog�c funct�ons and prov�d�ng a hab�tat for 
w�ldl�fe.  Ecosystem funct�ons are value-neutral 
to human soc�ety unless they relate to transact�on 
costs, i.e. changes �n funct�on related to land use 
or management that then prov�de a serv�ce of 
some econom�c value.  Ecosystem serv�ces are 
therefore defined by values society places on 
beneficial outcomes for the natural environment 
(e.g. tour�sm), prov�s�on of resources (food, fuel and 
fibre production, regulation and quality of water 
suppl�es, etc.) and bioremediation (detoxification of 
waste mater�als, carbon sequestrat�on).   The goods 
and serv�ces prov�ded by ecosystems are outl�ned �n 
Table 1. These range from global processes �nvolved 
�n the regulat�on of atmospher�c compos�t�on and 
cl�mate, through landscape-level processes such as 
water suppl�es, to the local prov�s�on of mater�als 
by natural and agroecosystems.  Ecosystems do 
not therefore operate in isolation so that the flow 
of spec�es, nutr�ents, water and gasses across 
the�r boundar�es approach long-term equ�l�br�um 
across natural landscapes. However, efforts and 
�ntervent�ons to man�pulate  these  systems to 
provide specific goods often involve a simplification 
of the systems, b�olog�cal commun�t�es and 
funct�onal groups of organ�sms that ult�mately 
carry out these processes (Vandermeer et al., 1998; 
Sw�ft et al., 2004).  

AgRiculTuRAl	DiVERSiTy	AnD	lAnDScApE	
complExiTy	

The �ncreas�ng econom�c and resource demands 
of burgeon�ng human populat�ons has been the 
ma�n dr�ver of �ncreas�ng product�on �ntens�ty and 
has generally been accompan�ed by reduct�ons �n 
the d�vers�ty of d�fferent ecosystems types (forest, 
grassland and the mosa�c of d�fferent farm�ng 
systems) �n the landscape, as well as the numbers of 
spec�es and genotypes farmers manage (the planned 
biodiversity) w�th�n the farm�ng system.  Th�s has 
consequences for other spec�es, the associated 
biodiversity (pests and beneficial organisms) 
w�th�n the managed system. Figure 1 �llustrates 
a conceptual framework for d�fferent types of 
farming system classified on the basis of the 
d�vers�ty of the b�ota �n the product�on system and 
the complex�ty product�on un�ts �n the landscape.  
This classification reflects the gradients of diversity 
from systems �n the top left that are spec�es d�verse 
and spat�ally complex, to landscapes dom�nated by 
mono-specific cropping systems in the bottom right.  
Tree-based product�on systems range from the h�gh 
complex�ty of forested landscapes to plantat�on 
monocultures, such as o�l palms, rubber, cocoa or 
fru�t. These plantat�on systems reta�n �mportant 
ecosystem funct�ons because they ma�nta�n a large 
and pers�stent woody b�omass compared w�th 
short rotat�on, arable monocrops (�nd�cated by the 
d�agonal arrow). 

Rural commun�t�es pract�c�ng trad�t�onal 
agr�culture, often rely upon extens�ve use of the 
landscape for fuel, fibre, medicines and animal 
prote�n, w�th staple foods grown �n short crop 
phases followed by w�th long per�ods of natural 
fallow regenerat�on. Y�eld �s thus managed on 
a long-term bas�s, rather than max�m�zat�on �n 
the short-term, and the d�vers�ty of alternat�ve 
foods and other resources ava�lable �n space 
and t�me spreads the r�sk to trad�t�onal, rural 
l�vel�hoods from external (econom�c and cl�mat�c) 
perturbat�ons. H�gher populat�on dens�t�es requ�re 
larger, more product�ve farm�ng systems w�th 
�ncreased durat�on �n the t�me that a p�ece of land 
�s cult�vated.  In many areas of the trop�cs th�s 
often �nvolves compound farms w�th a m�xture 
of land-use systems under the control of the same 
household �nvolv�ng home gardens and outreach 
plots of monocrops (such as paddy r�ce),  that 
may be some d�stance from the homestead. The 
home gardens w�th a very h�gh planned diversity 
(spec�es selected by the farmers) of 30-100 spec�es 
of fru�t, vegetables, sp�ces and med�c�nal plants 
(Ramakr�shan, 1992). The d�vers�ty of managed 
spec�es, together w�th the complex hab�tat structure 
formed by trees, shrubs and herbs, also supports 
a h�gh assoc�ated d�vers�ty (pests, poll�nators, 
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TABLE 1. EcOSySTEM gOODS AND SERVIcES Of NATURAL AND SEMI-NATURAL EcOSySTEMS 

functions Ecosystem process and 
components

goods and services

Regulation functions Maintenance of essential ecological 
processes 

L�fe support systems.

Gas regulat�on Role of ecosystems �n 
b�ogeochem�cal cycles.

A�r qual�ty, UV protect�on.

Cl�mate regulat�on Influence of land cover on 
b�ophys�cal processes.

Favourable cl�mate (temperature, ra�nfall) support�ng 
human hab�tat�on, health and agroecosystem 
product�on.

Water regulat�on and 
supply

Role of vegetat�on regulat�ng run-
off and river levels; filtering, storage 
and retent�on of water.

Dra�nage and natural �rr�gat�on. Ava�lab�l�ty and 
qual�ty of dr�nk�ng water. Transportat�on.

So�l retent�on Vegetat�on cover and roots reduce 
w�nd and water eros�on.

Ma�ntenance of cropp�ng systems, prevent�on of 
damage from eros�on/s�ltat�on.

So�l format�on Weath�ng of rock, stab�l�zat�on of 
so�l organ�c matter.

Ma�ntenance of so�l fert�l�ty �n natural and 
agroecosystems.

Nutr�ent cycl�ng Role of b�ota and b�ophys�cal 
propert�es �n nutr�ent supply and 
conservat�on of nutr�ent cap�tal. 

Ma�ntenance of product�ve so�ls.

Waste treatment Role of b�ota �n capture and 
breakdown of contam�nants.

Filtering of dust,  detoxification of xenobiotics.

Poll�nat�on Movement of gametes. Poll�nat�on of w�ld and crop spec�es.

B�olog�cal control Populat�on regulat�on through 
troph�c �nteract�ons.

Control of crop pests and pathogens, and human 
d�seases.

Habitat functions Providing habitats (suitable living 
space) for wild plants animals and 
microorganisms

Ma�ntenance of b�olog�cal and genet�c d�vers�ty.

Refug�a Su�table hab�tats for reproduct�on. Ma�ntenance of commerc�ally harvested spec�es, 
spec�es pool for recolon�z�ng d�sturbed hab�tats.

Production functions Provision of natural resources                             -

Food Pr�mary and secondary product�on Gathering of fish, animals, fruits and other non-timber 
products.

Raw mater�als Pr�mary and secondary product�on T�mber, fuel, fodder, organ�c fert�l�zers.

Genet�c and med�c�nal 
resources

Genet�c mater�al,  evolut�on,  plant 
defense compounds, etc

Drugs and pharmaceut�cals.

Information functions Providing opportunities for 
cognitive development.

                            -

Aesthet�cs Natural landscapes, ecosystems and 
spec�es.

Well be�ng, tour�sm, recreat�on.

Cultural and art�st�c Natural landscapes, ecosystems and 
spec�es.

Use of nature in books, films, historic purposes, 
her�tage values.

Sp�r�tual and h�stor�c Natural features w�th h�stor�c and 
sp�r�tual values.

Use of nature for rel�g�ous and h�stor�c purposes.

Sc�ence and educat�on Var�ety of ecosystems, spec�es and 
genomes.

Scientific and educational opportunities and 
�nsp�rat�on.

Source: After De Groot et al. (2002).
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b�olog�cal control agents, so�l organ�sms, etc.) as 
well as some elements of natural w�ldl�fe. However, 
here to, the process of modern�zat�on �nvolves a 
decrease �n tree/shrub d�vers�ty, a gradual �ncrease 
�n the focus on the number of cash crop spec�es,  
an �ncrease �n ornamental plants, a gradual 
homogen�zat�on of home garden structure and an 
�ncreased use of agrochem�cals (Peyre et al., 2006). 

Spec�al�zat�on �n the �ntens�ve product�on of 
food crops, such as cereals, can result �n the ult�mate 
reduct�on of planned d�vers�ty to a un�form land 
cover of a s�ngle, genet�cally un�form spec�es.  The 
assoc�ated d�vers�ty �n arable crops �s generally low 
because the harvest�ng of arable crops removes the 
hab�tat for �nsects, b�rds and mammals l�v�ng above 
ground, and the frequency and �ntens�ty of t�llage 
reduce the d�vers�ty of weeds and organ�sms l�v�ng 
�n the so�l.  Also, �n order to ma�nta�n great control 
over the funct�on�ng of the ecosystem, �norgan�c 
fert�l�zers and pest�c�des replace the natural 
funct�ons of the b�ota �n recycl�ng nutr�ents to crops 
and b�olog�cal control of pests and d�seases. Areas 
of natural vegetat�on, �f present �n these landscapes, 
are effect�vely �solated �slands �n a sea of crops that 

form host�le env�ronments for the plant and an�mal 
spec�es from one forest refuge to another. 

Th�s fragmentat�on of natural hab�tats by 
managed  systems �s a major factor caus�ng the 
decl�ne �n the d�vers�ty of b�rds, mammals and 
�nsects because the s�ze of the rema�n�ng hab�tat 
patches may be too small to support v�able spec�es 
populat�on, and the structure of the landscape 
mosa�c �nh�b�ts natural d�spersal. Hab�tat 
fragmentat�on also alters the forest cl�mate on a 
local scale (< 1 km) lead�ng to w�nd d�sturbance 
and elevated desiccation (with increased fire 
potent�al) near the forest marg�ns. These changes 
�n m�crocl�mate can alter tree mortal�ty and gap 
dynam�cs, plant spec�es commun�ty compos�t�on, 
b�omass dynam�cs and carbon storage (Laurance 
et al., 2004).  There have been extens�ve stud�es of 
these processes �n Amazon�a where ra�nforest are 
be�ng cut at rates of up to 20 000 km2  yr-1 lead�ng to 
�solated forest fragments of 1-100 ha (Stouffer et al., 
2006). Stud�es of understorey b�rds showed that the 
hab�tat structure (secondary growth, agroforestry 
or pasture) was often as �mportant as the s�ze of 
the forest fragment for b�rd spec�es abundance. 

Figure 1. A classification of agricultural systems on the basis of their biological diversity and complexity. The vertical 
axis on the left grades systems in relation to the species richness of the productive biota, while the axis across the top 

represents the diversity of the structure of the farming systems. The axis across the bottom reflects the amount of 
non-harvested material (see text) as systems move from tree to arable crops (diagonal). The vertical axis on the left 

suggest that human livelihoods dependant on   diverse natural systems are ecologically buffered against externalities 
while production systems coupled to markets have to be economically buffered. After Swift and Anderson (1992). 
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Some fragments surrounded by 100 m of open 
pasture resulted �n the reduct�on of �nsect�vorous 
b�rd populat�ons by 95% even where these pastures 
were themselves surrounded by cont�nuous forest 
and old regrowth (Stouffer et al., 2006).    

An �mportant ax�s of Figure 1, �n relat�on to 
b�od�vers�ty and the funct�on�ng of ecosystems, �s 
therefore proport�on of (pers�stent) woody plant 
spec�es versus (trans�ent) arable crops support�ng 
the commun�ty. Agr�cultural development at forest 
marg�ns, �nclud�ng sh�ft�ng cult�vat�on, trad�t�onal 
compound farms and rotat�onal fallows, usually 
involve harvesting an insignificant proportion of 
the total tree and shrub biomass for food, fibre, 
fodder and other non-t�mber products. Hence, the 
structural complex�ty and pers�stence of vegetat�on 
cover �n the landscape, ma�nta�ned over ecolog�cally 
significant time periods (tens to hundreds of years), 
�s a key factor �n conserv�ng h�gh spec�es d�vers�ty 
of these systems.  In add�t�on, the large proport�on 
of non-harvested b�omass from the ut�l�zed- and 
non-ut�l�zed plant spec�es not only prov�des 
complex food resources for an�mal commun�t�es 
above- and below-ground, but also ma�nta�ns 
ecosystem serv�ces for humans, such as shelter, so�l 
conservat�on and clean water suppl�es (Table 2).  At 
the other extreme, extens�ve cereal monocrops have 
much lower above-ground b�omass and hab�tat 
complex�ty than woody vegetat�on, and a harvest 
rat�o of   50%-100% (y�eld/above ground b�omass).  
Consequently the assoc�ated d�vers�ty �s low dur�ng 
the grow�ng season, unless there �s a ground cover 
of weeds, and dec�mated when the crop hab�tat 
�s destroyed at harvest and the so�l cult�vated.  In 
contrast, a relat�vely small proport�on of the above-
ground b�omass �s harvested from plantat�ons 
of tree crops, such as o�l palm, rubber, cocoa and 
fru�ts, and so the hab�tat structure of the ecosystem 
rema�ns �ntact for many years. Th�s long-term 
pers�stence of tree crops, the structural complex�ty 
of trees (prov�d�ng a w�de var�ety of m�cro-
hab�tats) and the assoc�ated d�vers�ty of ep�phytes 
and ground flora, can support a species diverse 
community despite the mono-specific dominance 
of the stand.  The less �ntens�vely managed systems 
(i.e. w�th fewer agrochem�cals, less mechan�zat�on 
and more crop spec�es) of smallholder coffee, cocoa 
and rubber agroforests have prov�de a favourable 
hab�tat for b�rds, �nsects and many other groups, 
and may also enhance certa�n ecosystem funct�ons 
such as b�olog�cal pest control by ants (Ph�lpott and 
Armbrect, 2006; Vandermeer et al., 1998).  

BioDiVERSiTy	AnD	EcoSySTEm	pRocESSES

Natural ecosystems are pers�stent because they 
have been selected to w�thstand the normal range 
of perturbat�ons caused by the env�ronmental 

regime of fires, weather and biological events, such 
as outbreaks of pests and d�seases. Desp�te �mpacts 
of these d�sturbances, the vegetat�on b�omass and 
the nutr�ent cap�tal of the system rema�n fa�rly 
constant when cons�dered over large areas (tens 
of hectares) and long per�ods of t�me (several 
decades). Th�s ecolog�cal stab�l�ty �s conferred by 
two key attr�butes of the system: res�stance and 
res�l�ence (Figure 2).  Res�stance �s the capac�ty of the 
system to absorb short-term weather events or local 
disturbances, such as tree falls, without a significant 
loss of the nutr�ent cap�tal (and so�l) from the 
system. Res�l�ence �s the rate at wh�ch the system 
recovers �ts prev�ous state after extreme event such 
as wildfires, storms and human impacts such as 
extens�ve logg�ng or harvest�ng. Both attr�butes are 
affected by the ecolog�cal character�st�cs of spec�es 
ma�nta�n�ng processes of product�on, decompos�t�on 
and nutr�ent cycl�ng, but not necessar�ly the total 
number of spec�es (as cons�dered below). Follow�ng 
d�sturbance, the res�dual b�ota (�nclud�ng seed 
banks) and the d�stance from spec�es refug�a, are 
�mportant determ�nants of regenerat�on rates 
(Table 3).  However, ecosystems also �nclude non-
l�v�ng, b�ophys�cal const�tuents [wood, dead plant 
mater�als, so�l organ�c matter and the exchange 
capac�ty (EC) of m�neral so�l]. These b�ophys�cal 
const�tuent have cr�t�cal roles �n buffer�ng carbon, 
nutrient and hydrological fluxes and operate at 
a h�gher regulatory level on system funct�on that 
commun�ty d�vers�ty (Figure 3).  For example, �f 
the so�l organ�c matter and nutr�ents are relat�vely 
unaffected by commerc�al logg�ng, regenerat�on of 
closed-canopy forest could take less than 100 years 
but natural forest regenerat�on on exposed subso�l 
or bedrock could take centur�es (Nussbaum et al., 
1995).

Three conceptual relat�onsh�ps between 
b�od�vers�ty and funct�on have been proposed for 
natural systems as shown �n Figure 4 (V�tousek 
and Hooper, 1993). The Type I curve �mpl�es that 
one spec�es �n a funct�onal group (e.g. a plant, a 
herb�vore, a predator or a decomposer spec�es) �s 
sufficient to carry out that ecosystem process. Type 
II implies that a finite number of species are needed 
to opt�m�ze that funct�on, wh�le Type III �mpl�es 
that system processes �ncrease cont�nuously as a 
funct�on of d�vers�ty w�th no saturat�on po�nt.  

There has been cons�derable debate as to 
whether the Type III relat�onsh�p occurs �n 
natural systems s�nce ev�dence has largely been 
der�ved from man�pulat�ve  exper�ments that have 
l�m�tat�ons of des�gn, small scale, short durat�on 
or spec�es select�on (Hooper et al., 2005). There �s, 
however, more consensus that the Type II curve 
reflects is a widespread relationship between 
b�od�vers�ty and ecosystem funct�on�ng where 
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TABLE 2. EcOSySTEM SERVIcES MAINTAINED By NON-hARVESTED cOMPONENTS Of 
fARMINg SySTEMS. NOTE ThAT MANy Of ThESE SERVIcES ARE LISTED IN Table 1 AND 

ThEREfORE ThE LEVEL Of ThESE fUNcTIONS ARE hIghEST IN TREE-cOVERED LANDScAPES 
AND DEcREASE AS ThE hARVESTED BIOMASS INcREASES.

component of biomass             Agroecosystem services

Trees Shade.

Aesthet�cs.

Habitat for diverse associated biodiversity of fauna, flora and microbes.

W�nd breaks.

L�tter (w�th s�m�lar propert�es to crop res�dues).

Affect water infiltration, ground water recharge and catchment hydrology.

Ma�nta�nance of so�l fert�l�ty.

Bu�ld up of so�l organ�c matter.

Weeds and cover legumes Capture plant nutr�ent excess (e.g. �n fallow per�od).

Protection of soil surface against splash erosion, improved infiltration.

Hab�tat and resources for assoc�ated b�od�vers�ty (pests, pathogens and 
control agents).

Resources support�ng the d�vers�ty of so�l organ�sms ma�nta�n�ng so�l 
processes.

Nitrogen fixation by legumes.

Creat�on of m�crocl�mate and reduct�on of w�nd speed �n boundary layer.

Entra�nment of w�nd and water bourne sed�ment.

Dung from graz�ng l�vestock �mproves plant nutr�ent ava�lab�l�ty.

crop residues Effects of mulch�ng on so�l temperatures and mo�sture.

Protection of soil surface against splash erosion, improved infiltration. 

M�crob�al and so�l an�mal products promot�ng aggregate stab�l�zat�on.

Nutr�ent carry over between crops.

Hab�tat and resources for assoc�ated b�od�vers�ty (pests, pathogens and 
control agents).

Ma�ntenance of so�l organ�c matter.

Dung from domest�c l�vestock.

Roots B�nd�ng so�l structure.

Creat�on of macropores and water condu�ts.

Major contr�but�on to so�l organ�c matter.

Nutr�ent carry over between crops.

Resources for assoc�ated b�od�vers�ty (pests, pathogens and control 
agents).

       Source: Vandermeer  et al. (1998).
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rates of ecosystem processes (net product�on, 
nutr�ent cycl�ng, so�l protect�on/eros�on control 
and hydrolog�c funct�ons) do not �ncrease 
significantly above about four to five species in a 
funct�onal group (V�tousek and Hooper, 1993).  Th�s 
relat�onsh�p �mpl�es that many spec�es �n d�verse 
commun�t�es are ‘redundant’, �n the sense that the�r 
removal appears to have l�ttle effect on ecosystem 
processes and the funct�on�ng of the system can be 
ma�nta�ned by a smaller number of ‘key spec�es’. 
However, the concept of ‘spec�es redundancy’ must 
be considered with caution since it is defined by 
human percept�ons of how the system funct�ons on 
our t�me scale. Spec�es that may appear redundant 
at one per�od of t�me may become �mportant 

when some env�ronmental changes occur; i.e. they 
are ‘ecosystem buffers’. Conservat�on of d�verse 
commun�t�es �s therefore a sound precaut�onary 
strategy for the future. 

The Type 1 relat�onsh�p does occur �n nature, 
notably where temperate and boreal forests 
are dom�nated by a s�ngle  tree spec�es, and 
�llustrates the po�nt that there �s no un�versal 
relat�onsh�p between b�od�vers�ty and ecosystem 
processes. For example, net pr�mary product�on 
�n terrestr�al ecosystems �s a funct�on of cl�mate 
(solar rad�at�on and prec�p�tat�on) and �s s�m�lar 
for natural ecosystems �n the same ecocl�mat�c 
zone irrespective of their floristic diversity at scales 

Figure 2. A conceptual model of ecosystem stability. The biophysical properties of the system largely buffer the effects 
of small perturbations on the system biomass, production and nutrient retention. The rate of recovery from major 
perturbations (resilience), such as drought, fire or clear felling, is more closely related to the diversity of functional 

groups able to restore the integrity of the system. 

TABLE 3.  ROLE Of LANDScAPE MOSAIcS IN EcOSySTEM RESILIENcE

  System                          Perturbations         Mosaic  function

Short Long Area /distance

Natural
forest

Seasonal�ty Cl�mate Commun�ty gap dynam�cs

Forestry Select�ve logg�ng Clear fell Protected seedl�ngs’
seed source

d�stance

Cropp�ng 
system

T�llage
Weed�ng
Harvest

Eros�on Local refug�a (bunds, etc.) and 
d�stance to natural hab�tats

Assoc�ated
d�vers�ty

Management Land use change Hab�tat refug�a for spec�es 
colon�zat�on
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Figure 3. Hierachy of controls over ecosystem stability.  Organisms actually carry out most ecosystem functions but 
biophysical processes buffer changes in their process rates affecting carbon, nutrient and water fluxes. However, the 

plant/soil interface has a higher-level function in maintaining the integrity of ecosystem rather than biological diversity 
(e.g. oil palm plantations) and this coupling is affected by management practices. This in turn affects the impact of 

climatic events on the system (e.g.soil erosion).  

Figure 4. Conceptual relationships between numbers of species in functional groups and ecosystem processes 
(Vitousek and Hooper, 1993). The functional attributes of the three curves are discussed in the text.
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of a hectare and above. The ma�n determ�nant 
of photosynthetic efficiency at these scales is the 
�ntercept�on of l�ght determ�ned by leaf area and 
its stratification.  This can be optimized by a few 
spec�es form�ng the canopy, sub-canopy, shrub and 
ground layers, or a large number of plant spec�es 
sub-d�v�d�ng these n�ches. However, extens�ve 
areas of plant commun�t�es dom�nated by a s�ngle 
spec�es are potent�ally at r�sk from outbreaks 
of pests and d�seases that can cause extens�ve 
defol�at�on, or even death of key spec�es, wh�ch 
can d�srupt the funct�on�ng of the system. The 
spread of these outbreaks are greatly reduced �n 
mult�-spec�es commun�t�es because damage by a 
specific pest or disease is localized so other species 
can compensate for the loss of funct�on. S�m�lar 
pr�nc�ples apply �n mult�-spec�es agroecosystems 
and even �n cereal monocrops where �nt�mate 
m�xtures of genet�c var�et�es can reduce the spread 
of fungal pathogens (Sw�ft et al., 1996).  Hence, the 
quest�on of relat�onsh�ps between b�od�vers�ty and 
funct�on �s not so much the quest�on of the numbers 
of spec�es per se but the�r funct�onal character�st�cs 
(perenn�als, annuals), structure (trees, shrubs, 
herbs) and the spat�al relat�onsh�ps between 
functional groups in the vegetation profile, in the 
spat�al d�str�but�on of �ntercrops or as a landscape 
mosa�c of d�fferent monocultures.

functional Roles of Planned Biodiversity

The sw�tch from complex agr�cultural systems, 
w�th a mult�pl�c�ty of product�ve spec�es, to less 
complex systems �nclud�ng crop monocultures 
(Type I above) has been global trend �n agr�cultural 
development over the last 50 years. Th�s trans�t�on 
has been largely dr�ven by market forces w�th 
monocultures perce�ved as econom�cally more 
efficient than more complex systems. However, 
there �s an �ssue whether th�s loss of complex�ty also 
results �n an �ncrease �n econom�c and ecolog�cal 
stab�l�ty. Recent concerns over susta�nab�l�ty, 
and the effects of global change, have awakened 
�nterest �n product�on systems w�th �ntermed�ate 
levels of crop d�vers�ty (Type II) such as �ntercrops 
and agroforestry systems.  The y�eld advantages 
of �ntercropp�ng two or more arable spec�es, such 
as legumes and non-legume m�xtures, have been 
cons�dered �n deta�l by Vandermeer et al. (1998). 
They conclude that there appear to be few d�rect 
product�on ga�ns from �ntercropp�ng, vs. rotat�ons 
of monocrops, and where there are advantages of 
mixtures these are often associated with beneficial 
(facilitative) effects on the compan�on crop 
enhanc�ng the assoc�ated d�vers�ty of poll�nators, 
or predators and paras�to�ds �nvolved �n pest 
control. These fac�l�tat�ve �nteract�on have been 
man�pulated to part�cular effect �n the ‘push-pull’ 

strategy of pest management (Cook et al., 2007). For 
example, �ntercropp�ng of the ground cover legume 
Desmodium intortum  w�th sorghum (Sorghum 
bicolour) significantly reduced the effects of the 
paras�t�c weed Striga hermonthica and cereal stem 
borers on the growth and y�eld of sorgum (Khan et 
al., 2006).    

There �s more ev�dence for the h�gher 
product�v�ty and funct�onal stab�l�ty of agroforestry 
systems, compared to arable monocrops and 
�ntercropp�ng systems,  as a consequence of greater 
capture of l�ght, water and nutr�ents by the more 
complex vegetat�on structure above and below 
ground (Vandermeer et al., 1998). In the seasonal 
trop�cs, arable crops all beg�n to produce the�r root 
systems at the same t�me after germ�nat�on starts 
w�th the onset of ra�ns. However, whett�ng up of 
the soil also causes an early flush of nutrients that 
may be lost from the system �n leachates or runoff 
before they can be captured by the develop�ng 
root�ng system. The �nclus�on of trees �n an 
�ntercrop prov�des a permanent, deeper root�ng 
system that �mproves resource capture throughout 
the year -  �nclud�ng after harvest when the ground 
�s otherw�se bare.   The tree roots also stab�l�ze the 
so�l, reduc�ng eros�on, the canopy cover protects 
the soil from rain, and infiltration is often improved 
under tree cover result�ng �n better so�l water 
recharge. Desp�te these advantages, farmers �n the 
trop�cs have not w�dely adopted tree/crop m�xtures 
on the same plot because of the labour �nvolved 
�n manag�ng the tree component, problems of 
cult�vat�on around trees, compet�t�on for water 
dur�ng dry per�ods, and a number of soc�al �ssues 
such as land tenure.  

Commerc�al o�l palm plantat�ons w�th a low 
planned d�vers�ty of one tree spec�es and one 
spec�es of ground cover legume (up to canopy 
closure) (Type 1 relat�onsh�p) ma�nta�n many of 
the ecosystem serv�ces character�st�c of natural 
forest cover such as carbon sequestrat�on, so�l 
conservation, regulation of water flow and storage. 
The magn�tude of the vegetat�on and so�l pools 
and flux rates differ because oil palms do not 
form the structurally complex vegetat�on w�th the 
magn�tude of b�omass, so�l propert�es and other 
b�ophys�cal character�st�cs of und�sturbed natural 
forest. However, at the end of the rotat�on res�l�ence 
of the plantat�on system �s low, under convent�onal 
management s�nce fell�ng and process�ng 
(chopp�ng/shredd�ng) of the palm b�omass, and 
the assoc�ated so�l d�sturbance, compact�on and 
eros�on, results �n the destruct�on of vegetat�on 
cover and much of the nutr�ent cap�tal of the system 
be�ng lost (Malmer, 1996).  In natural systems 
res�l�ence through nutr�ent capture �s accelerated by 
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the vegetat�ve regrowth of seedl�ngs and damaged 
vegetat�on, or a success�on of d�fferent funct�onal 
groups of plants colon�z�ng from surround�ng areas. 
In commerc�al o�l palm plantat�ons regenerat�on 
�nvolves large energy subs�d�es �n the form of 
fert�l�zers, herb�c�des, fuel, cult�vat�on of nursery 
stock and labour to reduce so�l eros�on, re-estab�l�sh 
plant/so�l �ntegr�ty and fru�t bunch product�on. 
Alternat�ve management pract�ces that reduce the 
need for b�omass process�ng for control of key pests 
(Oryctes) and pathogens (Ganoderma), and wh�ch  
�mprove the transfer of the nutr�ent cap�tal between 
rotat�ons (Haron et al., 1996; Mackensen et al., 2003) 
have �mportant �mpl�cat�ons for the ma�ntenance of 
ecosystem serv�ces at catchment scale.    

functional Roles of Associated Diversity

The und�sturbed ground cover of fronds and 
weeds, over the long plantat�on cycle of o�l palm 
(c. 25 years) supports h�ghly d�verse so�l an�mal 
commun�t�es  (Lavelle and Pashanar�, 1989), that 
have �mportant roles �n b�olog�cal control (e.g. ants) 
and for ma�nta�n�ng so�l structure and funct�ons.  
Complex m�crob�al commun�t�es  developed under 
Pueria javanica progress�vely bu�ld up natural 
suppress�on of Fusarium oxysporum (Johnson, 1999).  
On the other hand, as w�th crops, the presence of 
one or two spec�es, compared to mult�-spec�es 
communities, can enhance their specific attributes 
because they are released from compet�t�ve 
�nteract�ons w�th other spec�es.  For example, 
inoculation of legumes with improved N-fixing 
stra�ns of Rhizobium leguminosarum �s �ntended 
to effect�vely reduce the natural b�od�vers�ty of 
rh�zob�a that perform comparat�vely poor (Materon 
et al., 1995). S�m�larly, a s�ngle b�olog�cal control 
agent may be more effect�ve than two or more 
because of compet�t�ve �nterference �n complex 
spec�es assoc�at�ons (Hawk�ns, 1994). Alternat�vely 
the �nclus�on of a general�st as well as a spec�al�st 
may enable the general�st to effect control dur�ng 
normal t�mes wh�le the spec�al�st can respond 
to pest outbreaks (Lev�ns, 1986).  However, the 
whole h�story of agr�culture shows the emergence 
of new pests and the resurgence of old ones that 
have developed pest�c�de res�stance. Conservat�on 
of d�verse �nsect commun�t�es, e.g. by encourag�ng 
weeds, can therefore prov�de potent�al natural 
enem�es that m�ght currently be cons�dered 
redundant at the present t�me.  

VAluES	plAcED	on	BioDiVERSiTy

As cons�dered above, the global threats to 
b�od�vers�ty through the destruct�on of natural 
hab�tats, reduct�on of landscape complex�ty and 
intensification of production systems are driven by 
the interests of some stakeholders but conflict with 

the �nterests of others concerned w�th conserv�ng 
b�od�vers�ty at ecosystem, spec�es and genet�c 
levels. S�m�lar �ssues ar�se for ecosystem serv�ces: 
for example, eros�on and agrochem�cal land use 
caused by stakeholders upstream may comprom�se 
the qual�ty of water suppl�es for consumers 
downstream. Also local or nat�onal �nterests may 
be served by plant�ng o�l palms on deep peats but 
the carbon mob�l�zed also contr�butes to global 
env�ronmental change (Mell�ng et al., 2005).  In all 
these s�tuat�ons there are econom�c �mpl�cat�ons for 
d�fferent stakeholders �n adopt�ng, or forgo�ng, one 
land use aga�nst another - wh�ch ra�se �ssues of who 
pays for what and how?  The field of environmental 
econom�cs has expanded exponent�ally �n the 
last decade or so as econom�sts try to tackle the 
complex�t�es of b�od�vers�ty and �ts values for 
human well-be�ng �nto categor�es that are s�mple 
and tang�ble enough to be adopted by stakeholders 
and pol�cy makers. The l�terature �s vast but useful 
rev�ews are prov�ded by Nunes and Van den Bergh 
(2001),  de Groot et al. (2002), Sw�ft et al.(2004).  
D�fferent authors use var�ous term�nolog�es but a 
general scheme for d�fferent values of b�od�vers�ty 
and funct�ons outl�ned by Mountford and Keppler 
(1999) �s �llustrated �n Figure 5 where the total 
econom�c value (TEV) of b�od�vers�ty �s the sum of 
‘use values’ and ‘non-use values’:  

Non-use, �ntr�ns�c or ex�stence values are the 
social, cultural, aesthetic and ethical benefits gained 
from b�od�vers�ty. Some groups attach soc�al and 
rel�g�ous values to �nd�v�dual spec�es, such as the 
hornb�ll �n Borneo. Others ga�n value from s�mply 
know�ng the ex�stence of certa�n spec�es (pandas, 
gor�llas, t�gers), or spec�es-r�ch trop�cal ra�nforests, 
and are prepared to give significant funding for 
spec�es and hab�tat protect�on even �f they never 
actually v�s�t the areas. Nunes and van den Burgh 
(2001) rev�ew examples of th�s w�ll�ngness to pay 
(WTP).

The d�rect use, or ut�l�tar�an, values refer to 
those elements of spec�es, or the�r genes, that 
can be directly consumed (food, fuel, fibre, plant 
med�c�nes), traded or used �n manufactur�ng 
processes. These benefits, including amenity 
values of tour�sm and hunt�ng, usually accrue to 
farmers, local commun�ty or government who 
mange the land. Forest prov�de trad�t�onal soc�et�es 
w�th many products used by the household, 
or harvested susta�nab�l�ty for local markets. 
Table 4 l�sts econom�c uses of nearly 6000 plant 
spec�es found �n Southeast As�an forests. There 
have been many assessments of the long-term, 
susta�nable econom�c values of these non-t�mber 
resources, versus the �mmed�ate ga�ns from 
harvest�ng t�mber. Unfortunately short-term 
interests often win either because the benefits tend 
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Figure 5. Economic values of bioderversity.

TABLE 4. EcONOMIc USE Of SOUThEAST ASIAN TROPIcAL RAINfOREST PLANTS By 
cOMMUNITIES LIVINg AT ThE fOREST MARgINS

Product/community group No. plant species

T�mber trees 1 462

Med�c�nal plants 1 135

Ornamental plants    520

Ed�ble fru�ts and nuts    389

F�bres    227

Rattans    170

Po�sonous and �nsect�c�dal plants    147

Sp�ces and cond�ments    110

Others 1 790

Total 5 950

Source: Jansen et al. (1991).

to accrue to more powerful stakeholders than the 
local commun�ty, or because the poor value cash 
in hand over future benefits from conservation 
(Emerton, 2003).  

Ecosystem serv�ces are indirect use or functional 
values that �nclude all those funct�ons of the natural 
env�ronment wh�ch prov�de d�rect value to the 
health and well-be�ng of humans on a local, reg�onal 

or global level.  The value of ecosystem serv�ces can 
be assessed �n some s�tuat�ons by calculat�ng the 
amount wh�ch �s necessary to subst�tute them, e.g. 
the price of an equivalent water purification plant 
would be a proxy for the value of an ecosystem 
�n ma�nta�n�ng the qual�ty of a water supply 
(Mountford and Keppler, 1999). Constanza et al. 
(1997) est�mated the value of the world’s ecosystem 
serv�ces between USD 16 and 54 tr�ll�on (1012) 
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TABLE 5. EcONOMIc VALUES PLAcED ON EcOSySTEM SERVIcES

Services Value (USD 109)
So�l format�on         17.1
Recreat�on     3.0
Nutr�ent cycl�ng           2.3
Water regulat�on and supply     2.3
Cl�mate regulat�on (temperature and prec�p�tat�on)     1.8
Flood and storm protect�on     1.1
Food and raw mater�als product�on        0.8
Genet�c resources            0.8
Atmospher�c gas balance     0.7
Poll�nat�on                  0.4
All other serv�ces            1.6
Total value of ecosystem services  33.3

Source: Costanza  et al. (1997).

(Table 5). These figures are somewhat controversial 
but have focussed attent�on on serv�ces that were 
�gnored or d�scounted �n econom�c terms.  For 
example, carbon sequestrat�on by ecosystems 
was not valued as an ecosystem serv�ce (i.e. of 
human benefit) until society recognized the 
econom�c consequences of cl�mate change caused 
by anthropogen�c CO2 concentrat�ons �n the 
atmosphere. Now carbon trad�ng �s a major area of 
pol�cy development (e.g. Izac, 1997) w�th proposals 
for trop�cal countr�es part�c�pat�ng �n the Kyoto 
Protocol to rece�ve ‘compensated reduct�on’ for 
reduc�ng deforestat�on (Sant�ll� et al., 2005).

Opt�on values are attached to potent�al 
uses of b�od�vers�ty �n the future. It �s est�mated 
that only about 1.5 m�ll�on of the est�mated 
5-30 m�ll�on spec�es on earth are known to sc�ence 
and less than half a m�ll�on have been screened 
for potent�al econom�c uses (Nunes and van den 
Burgh, 2001).  Screen�ng of plants over the last two 
decades have y�elded h�ghly effect�ve ant�-cancer 
and ant�-leukaem�a drugs (Cragg et al., 1998) and 
pharmaceut�cal compan�es have agreed contracts 
worth many m�ll�ons of dollars for b�oprospect�ng; 
though there are many concerns over the fa�rness 
and eth�cs of these deals (Nunes and van den Burgh, 
2001). Trad�t�onal commun�t�es have a vast legacy of 
knowledge about natural products, for example the 
Murut �n Sabah use 338 spec�es of med�c�nal plants 
(Kul�p, 2003), the Iban �n Sarawak use 37 spec�es 
of palms (Ruano, 1999) and the Penan �n Borneo 
have an �nt�mate knowledge of forest products 
w�th a complex �nd�genous taxonomy (Donovan 
and Pur�, 2004).  It �s therefore a moral �mperat�ve 
that future generat�ons also have the opt�on of new 
uses for m�croorgan�sms, plants and an�mals, and 
the�r genes. Th�s �nvolves not only the conservat�on 
of spec�es r�ch hab�tats, but also preserv�ng the 

d�vers�ty of cultural knowledge that has co-evolved 
over thousands of years. 

Because of the complex�t�es �nvolved �n 
attr�but�ng values to these d�fferent attr�butes of 
b�od�vers�ty there have been few est�mates of the 
TEV for an ent�re forest ecosystem or nat�onal forest. 
Emerton (2003) prov�des a very useful assessment 
of trop�cal forest valuat�on and c�tes examples 
of the TEV for Mex�co’s forests at USD 4 b�ll�on a 
year, forest catchment protect�on �n Ecuador valued 
at USD 11 - USD 15 m�ll�on for a hydroelectr�c 
scheme alone; and a global net benefit of protecting 
650 m�ll�on ha of Amazon�a ra�nforest as worth 
USD 70 b�ll�on, or approx�mately 0.2% of global 
gross domest�c product (GDP).  Emerton (2003) 
concludes that until these assessments reflected in 
conservat�on, development plann�ng, pol�c�es and 
management pract�ces, there �s a r�sk that forests – a 
v�tal source of b�od�vers�ty and econom�c potent�al 
– w�ll cont�nue to be degraded and lost to other 
land uses.   

concluSionS

Human soc�ety evolved �n a d�verse world and 
conservat�on of our natural her�tage �s essent�al 
for our moral, sp�r�tual and cultural well-be�ng 
as well as prov�d�ng l�fe support funct�ons. 
Agr�cultural development to prov�de �mproved 
l�vel�hoods for burgeon�ng populat�ons has 
generally resulted �n a loss of natural d�vers�ty 
through hab�tat destruct�on, the select�on of a few 
econom�c spec�es w�th a restr�cted gene pool, and 
replacement of natural b�olog�cal funct�ons w�th 
agrochem�cals and foss�l energy.  Many ecosystem 
processes can be maintained by simplified systems 
involving five or less key species under present 
env�ronmental cond�t�ons. However, both cl�mate 
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and econom�c cond�t�ons are chang�ng, such as 
drought frequenc�es and �ncreas�ng costs of foss�l 
energy, and �t �s an unw�se presumpt�on that 
agroecosystems w�ll cont�nue to prov�de the same 
goods and serv�ces w�th the same spec�es and 
management �n the future. Hav�ng a range of spec�es 
that respond d�fferently to d�fferent env�ronmental 
perturbat�ons can stab�l�ze ecosystem process rates 
�n response to d�sturbances and var�at�on �n ab�ot�c 
cond�t�ons. Pract�ces that ma�nta�n a d�vers�ty 
of organ�sms �n d�fferent funct�onal groups, and 
funct�onal response types, w�ll also help ensure 
a range of future management opt�ons. Hence, 
the stewardsh�p of trop�cal forests should �nclude 
plann�ng, or restor�ng, landscapes that comb�ne 
natural hab�tats for w�ldl�fe, tour�sm and recreat�on 
w�th commerc�al systems, conserve so�ls and 
carbon stocks through appropr�ate management 
pract�ces, protect water catchments and respect 
the trad�t�onal needs of local commun�t�es. The 
pr�nc�ples and cr�ter�a agreed by Round-table of 
Susta�nable Palm O�l (RSPO, 2005) address many 
of these cr�t�cal �ssues and the�r adopt�on would 
be a significant contribution to the maintenance of 
landscapes support�ng mult�-funct�onal serv�ces 
and conservat�on of b�od�vers�ty.     
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