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To segregate—or to integrate?
The question of balance between production and biodiversity
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nelonesian farmers have their splen-

it aproforests—ijungle ruliler,

olher complex syslems based on
Truit frees and also the damar Torest

gardens. Farmers in northern Thailand
anel souhern China have their fjungle
tea’ apgroforosts, Past issues of 1his
miagazine have documented several
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Farmer managerment aimed al
increasing profitaliility of systons
aften decreases Diadiversity,
csprecially il we take a plotal view

ul these aproforestry syslems, See, (o
cxample, *Agroforesls in Sumalra—
where coolopy mects cconony’
{Apraforestey Today Gid):12-13
Taking the jungle out of the il
improving rubber in aproforesiry sys-
tems in Indonesia, (Agraforesty
Toefay 801 ):8-100,

Such agroforests of the hunid
and subhwnid fores! zone of
Southeast Asin relain and hadour o
pood deal of the Mora aned fauna of
e natural forests thoy have re-
placed, All look like showeases fur
syslenmis il combine the luncticon
prodoeciion wilh that of conservalio
ol natural resources—Dbut is findepra-
tion of these 2 Tunclions really 1he
kst weay Lo pursue the glabal apen-
da on Biodiversily conservalion? O
would it e more effective 1o sepge-
pate the lunclions—production and
conservation—and produce 1he b
ber, damar resing Tiuils and 1ea in
e inlensively manapoed syslems
an smaller areas of lancd, parcelling
afl larper chunks of natural Torest (o
conpdete protection? 1L is ol casy |
answoer such guestions, bul hoefore
wi pol carricd away by 1he siphting
af a rhing in an agroforest and con-
clude that all agrolorestry systenis
play an important role in biodiversi
conscrvalion (see box p?), we have
o be clear on whal options exis| a
how we can evaluale them. The
ICRAF leam in Southeast Asia hawve
fust bepon such an analysis (Van
Moordwijk and others 194U5),
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Trade-offs in farmers’ fields

Flhie sepropale-inteprale issue is nol pnigque o the com-
hination of production and biodiversity conservalion. |t
recurs i almost any analysis of multiple Tunetions of
lLane) use at any level, | lowever, th issue has particular
pelevance for comples, mullistela apralurestry systems,
preciscly hecause they have nunierous companenls
with numeraus lunctions and interactions. paive carly
viewes that interactions in aproforestey wauld all be pos-
Hive T now been replaced by g more realisie ap-
preciation of potential campelition as woll s conple-
mentarily among virious parls of an agraloreshy sys-
tem, Combining as many different trees al crops as
possible an aosmall plol e senve o whole range of func-
lians for he cnviesnment and to provide a whole range
of products is an exireme vicw of the integration path-
way o develapment, A ihe other vndh of the spectrum,
where sepregation of Lnd use is ginphasized, are large-
ceale monoculiures of Tood grops, plantation forests
A national peirks. Mosaivs aned patchworks in e
Lanelscape ane intennediate oplions, having aspuects ul
Loth segrepation and integration al different seales—re-
pivnal, local and household he cquestion of
whiother—-and al which scale—trees and crops can be
mixed for their productive funetions has heen asked
often, What is new is the incorparation inlo thatl quus-
lon of envirnmental funclivns such as conservation of
broddiversity.

oy intercropping, e yichl af each spedies is nor-
mially reshiced, but the overall peelitatsilivg ol e sys-
et may—aor may not—he increasel. Consicler The sim-
ple case of a mixture of 2 crops. The profilability of the
miixture—comparcd with prowing vach crop separale-
fy—gleporsls on the cluange in the toelal walue of outpuls
feom Loth crops i the misture, minus the change in
wital prexluction costs lor the intercropped system. On
e cost side, imtercropping may involve either contlicls
o complomentantics i, Tor example, Tabour and man-
apement of various tasks such as control of pests and
dhseases or apphication ol water and nulricnls, The rela-
live henelits of the intercroppd system depend crucial-
Iy cor the el funciion between the 2 yichis {er
mech do the 2 crops lunder or nogarave coch other’s
production?) aned the relative valuge of the outpuls of
cach crop. The siluation Beeoms eyen mor TR
i the 2 crops are valued differently by different ac-
lors—nien and women, for example, or in the case of
e Taungya or siamlin system, foresiy agents arud
farmers. 1T intercropping has no net benelit or il the ae-
tors invelved cannol agree huw to share benelits, it
usually is butler o prow cach crop, or lregs anel cregs,
oy separaie jalols,

W can apply the same thinking o analyse the op-
tions for integralion of production and bicdiversity con-
servalion, Farmer manapement afmed ol increasing
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Forest biodiversity an
agroforests

& use Indonesion examples lo deline the ogro-

forests that are used here as @ relerence lor inle-
groted systems, By agrolarest we mean the malure pro-
ductive phase of complex agroloresiry syslams, specili-
cally systems lhal begin with slashing and burning exisl-
ing vegelalion, planting various commercial and useful
tree specios, followed by successive phoses of produclion
and development that compare with successional phases
in fores! regeneration processes. Agroflorests have o
complex mullisirala siructure—wilh @ closed or clmost
closed canapy—iha is usually dominated by a few plonl
species. Howaver, in ogroforests, farmers do nol system-
alically eliminale olher species but allow Ihe regeneration
anil preservation of numerous lorest species, those lhat
are perceived as hoving no delrimental impact on, the
system’s produclion.

This agroforest modlel is at the exireme ‘foresl” end of
the widle specirum of agrolaresiry systems ond is almes!
unique in how il conserves forest species of both animals
anid plants {Michon ond de Foresto 1995). In no way
can these {eotures be extended to—or expected of—all
agrolorestry sysiems, such s alley cropping, Irees scal-
tered in or bordering on [ields of crops, simple ossocio-
lions invalving a single crop and 1-2 species ol shrubs
ar Irees or conlour hedgerow systems. These ogroforestry
systems are no belter ol conserving forest biodiversity
han is monoeuliure.

Full integration—an option?

Agro.‘omﬂs are on unrivaled system for ‘conservalive
preduction’, bul they are nol meanl far conservalion;
they ore primarily for produclion. They simply cannol
compele with the biodiversity of unclisturbed ‘primory’
forests. While many local forest species are preserved in
ngmfcrnsls, on almos! r:3{|||..u:s||;.r imperlan! parl of forest
biodiversily is lacking. The farmers vwho have developed
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and wha maintain these ngm[ﬂrcsh do nol see conser-
valion of lorest biodiversity as a gool in itsell. Rather i
is seen as a gift—a bonus—ihal comes with the
managemen! of ecolegically and economically comple-
menlary Iree species for mullipurpose praduction on the
same piece of land. Compored with other agricultural,
silvicullural ar agro[ﬂrasrry systems, the m|uiive[y 'Iigh
numbers of species in agroforests do produce much
higher numbers of commedities. Bul monagement in
agralorests implies o necessary loss in biodiversity com-
pared with nalural forest—in EKCIITEFJ]EE- stuclied so lar,
Iree diversity is abways highly reduced in ngrofcmsis.
So il is unrealistic and misleading to assume that un
cvcwr_fme-tu*per[ecl ugminrmr can p|1:|y the same role
lhet @ natural forest dees in biodiversity conservalion,

If we wanl lo preserve biodiversity as a whole ond
nol just certain sets of species, o network of natural for-
est reserves is necessary, regordless of what other op-
liens there are for land vse leading lo development,
There is simply no way that some forest species groups
could be prf:s-:.lrve::f if all such natural syshems were 1o
be converted 1o agrofarest, This point is crucicl in un-
derstanding the issues in the ‘inlegrate or segregaole’
debale: will biodiversily conservation in view, fores!
reserves should not be considered as a part of the
segregote aplion only, bul s an ineviloble ond key
companent of bath options,

An all too real world . . .

his being clarilied, in many regions whizre natural

farests hove olready vanished, as in the lowlunds of
Sumalra, it would be quile counter-productive for biodi-
versity canservolion lo disregard existing inlegraled sys-
terms such as jungle-rubber ugroforﬂf.ll& just because they
are not prEsJine forests, Becouse lhny represenl one af
the main reservoirs of fores! species in this region, they
should instead be considered as reference ccosyslems in
the osiesament of sngrnguln-[:'ileg rala cpr:ians-—is pro-
duclivity improvement within Ihe jungle ogroforest sys-
legm the best way, or wouldn't it be more efficient lor
{Eevc]opﬁ:cnl and biodiversity conservolion lo help farm-
ers establish mora prnFi!ane sysfems on parl of their
land while old agroforests ore preserved os forest
ccosyslems? Considering the various threats impeding
lhe very survival of ogrolorests [see for inslance
Agroforestiry Teday 8:3:22-23), this question is for from
being ecademic. Clear answers are urgnn”}-’ needed,
before the segregale-integrate issue becomes an issue
of the past, with no natural fores! but also no integrated
syslems lelt,

profilability of sysloms ofien decreases biodiversily,
espocially 10 we take a plobal view. For example, the
profits pained by inroducing exolic species may "add’
somie bindiversity from a purely local perspective, Lut
this alse carries the risk of extinclion of indigenous
species hrough loss of halilat or increased compelition,
Whether e not this apparent trade-oll otween prol-
italility and Liodiversity is inescapable is still 1he sulject
of debme—amd il needs further research, Even if such a
trade-ofl were inevitabile, however, 1L would still not Be
enoueh lor us o lake a stanel in the sepregate-inleprale
dlebate,

What Js imporlant is lhe shape (concave or convex)
ol the curve when we plot profitability and biodiversily
un a praph, as in the hypathetical relationships shown
in figure 1, We knose very litle abiout the shape of this
tracle-oll function {or cven whether o trade-oll always
exists), 1T the curve is conves, oven modest initial jro-
duclivily gains cause a greal loss of biodiversity, 1 this
case, sopregalion of land use may be the way 1o po,
conserving Diodiversity in specialized lores! roserves or
natural parks. Flere, the more prafitable the praduction
sysloen is [he more scope there is o maintaining nallr-
al fores! reserves—at least in principle. Allengas e oin-
lensify production can backlive under corain condi-
tions, however, and accelerale deflurestalion o lead (o
lanvel degrackation instead of high—and sustainalile—
profits, I 1he curve is concave, Biodiversity loss is rela-
lively slow lar {ndial increases in profitalility, 1o this
case, raising profitability 1o an intenmediale level in-
volves o miodes! trivfo-off i lenms of Biociversity loss.
This nray macin that intepeatiog Tonchions o a land-ose
syslem is o beller way lo meel multiple poals, particu-
Larly il enforcement of boundaries of parks and nature
reserves is socially, economically or adpimistiatively
infeasible,

Prafitzbility
e1ak met cutaut, SO -t
o0 sustained rotatonal basis)

Agricuiural mananement
ecologicol disiutbance ———
——— biodiversily

Figure 1. Profitability and biodiversity
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ased on this analysis, ICRAF re-
archiers and their partners in
Janesia are working to quantily ihe
ationship between profitability anil
Sdhiversity within rublier production
JAems ranging from agrolorests
ough intermediate levels ol paro-
wolion o high-oulpt monccullure.
e same lime, the research teanm is
arking o increase profitalsility of
Liber agroforests wills a miaimmm
55 10 existing hiodiversity by testing
pher yielding rublber permpilasm,
hich was initially selected for large-
ale moneculture plantalions, in
sallboldler apralorest syslans.

caling up to the
indscape level

e recent definition of agroforestry
roposed by Leakey (1990) anel re-
acel on page 5 stresses inlegration
[ functions and the positive atirilut-
. of increased diversily in agrog-
asyslems. The realily so far has
cen that development in bhath lem-
erale and tropical zones has been
srpely based on specialization of
inctions, (sepregation). 1l we believe
is desirabile 1o reverse this rend
el maintaln—or cven increase—
omplexity {integration) ol land-usa
pstenis at a range of scales, TRoraus
ssessmient of segrepate-inteprale
acle-oifs deserves high priodity in
it research, Olherwise wo may re-
wat the mistake 1hat led so many re-
parchers to leap prematurely anto
he alley-crapping bandwagon.

Cur analysis sugpests 1wl there
may be a relatively simple criterion
hal can shee light on the
oprepate-integrate clobate, 1todoes
lis by supplemienting heartfell con-
ern about Biodiversity consorvation
el poverty allevialion Usraugl pare-
luctivily grawth wilh lharc-heacled
shservalion of empirical relation-
ships. Thal eriterian, wihich Is a necs
essary (but not sullicient) aspecl of
the analysis of aptions, is thie shape
af the trade-oll lunction bebween
profitability and biodiversity.
Measuring hiodiversity, however, is
not straightforward. 11 is possible 1

E

counl organisms from various laxo-
nomic ur functional groups in a
range of land uses 1o obtain an indi-
cation of biadiversity richness of al-
ternative production systems. Bul
this approach alune cannol answer
lhe question af how much hindiver-
sity will L lost Tor each hoctare of
foresl converled 10 another Ll use.
The miain methodolopical gaps have
1 dli wilh scaling over space—Iihal
is, looking at these relationships af
different levels—antd over different
lpgths of time.

As one samples biodiversity over
larper and larger areas within the
same ecosystem, the number of ad-
ditional species observed will in-
crease, bul al a decreasing rale.
some of e species found in each
new sample plot will have been en-
countered already in provious plots;
anly a lraction will be ohiserved lor
Uve first lime and the size of this frac-
lion tends 1o diminish as the sample
size increases, This complementarity
across space means that ene cannal
simply add biodiversity values across
plats, Nor can the pumber of species
soen on a small study area tell us
lyeve el lanel is needed o cons
sorve those species, 1T thal piece of
lant] were 1o be surrounded by fand
under different uses, the number and
type of species could change drama-
lically, The long-lerm survival
prasprects of hese species tlepend on
the extent of their habital, but this is
influenced by the pattern of land
cover in the landscape.

The data available to date for
aproforests in Sumatra do not alleyw
us o scale up our analysis to the
landscape level. Although he plols
of rubiber aproforests studicd so far
may harbour hall 1o two-thisds of the
Licliversity of an cruivalent ared ol
natural forest, we don’l know
whother the same is true il we scale
up 1o compare a million heetares of
publer agruforests with an erpual area
af natural forest, ICRAF rosearchers
an their parlpers in Southeast Asia
are fying 1o address the probilems of
ceale i assessiogg Divelivessily walues
by toaking at the diversity in indlica-

tor groups over larger sludly areas
and in various landscape mosaics.

whether empirical analysis of the
shape of the trade-off function be-
tween production and biodiversily
presinls o seprepation or to inlegra-
tion, the myriad consirainis and the
more nuanced objectives of the rieal
world will necessarily involve a rich-
er mix of solutions than appear in
this abstract model. Which among
these real-world issues are likely to
mnst shift 1the halance belween sep-
repale or integrale? Constraints on
public funds, lanc-tenure security,
cocial balance in the distribution of
development benefits, and limited
aclmiinistrative capacily are 4 impor-
tant practical cansicerations. These
constraints mean that, for the [Gie-
seeable future, much of the land use
in Sumalra will be neither for con-
servation reserves nor for highly
intensificd agriculture. The remain-
ing middle ground is where the
agrofores! pathway may consenve
mare biodiversity than a wide ranpe
of alternate land uses. From Lhis
slandpoint, perhaps the mos! impor-
tanl question for research is: whal
[actars influence the biodiversily of
these complex; mullistrata syslems as
productivily of their components
increases? 6
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