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tothe survivialrteossts and essenti' to 	 of ,1:, 

other.ecosystems, or 3)have a l -ttisn 
w dilln
be hie immediate future accurately reflected in
 

Sthe marktf .. 

o and
 
S p,roble facing humid paricu arly
 
SThe above dolicy also notes the following'values 

o tropical area 
forests.

'Humid tropical forests areunique ecosystems
 
on ahichhth'numbers of species
r;ained.o


essential to the survival of vast 

of plants, nd animals. While our knowledge of these
 
areas is increasing as a result of recentscientific
 
attention,many elements of the relationships .
 
between these forests and the well-being of life on
 
this planet are not fully known. However, the known
 

relationships verify the importance of these forests
 
to a large number of other activities that take
 
place within the forests, beyond the boundaries of
 
the forests, and even outside of the countries in
 
which they are,.(ontained.,
 

£There is a significant, although not fully under-,'
 
stood, inter-relationship between these forests and
 
global climatic conditions. Their dest~ruction nay
 

* .. reduce rainfall and nay. contribute, ijnsome 3areas, 
* to the deser~tificatio6n process. Destruction of
 
Ihumid 	tropic!al forestssis suspected o&f releasing
 
carbon dioxide into the atmosphere contributing to
 

* the' global "greenhouse effect." Large areas of
 
humid tropical forests are often situated 'on fragile
 
soils that are subject. to. erosion or~ removal of the
 

.	 forest, resul'tLing in siltation of rivYers and dams ~ 
and damage to. fisheries. These-,consequences also 
occur when the soils are 'not fragile. 

Humid tropical forests. are highly complex ecosystems
 
of great biological diversity, containing 'perhaps a's
 
many as 50% of all known species',on earth. Many of
 
these species are not found elsewhere. Conse
quently, the forests are unique~ sources for organic
 
and genetic materials that are. important to many
 
aspec(,ts, of human needs such as' food, medicine, and
 
raw '
materials~for production processes. In a 1982
 
USAID-financed st-_±rJy, the'National Research Council
 
reported that of the 3,000 plant species known to
 
polssess anti-cance'r properties, 70% come from humi'd
 
tropical forests.
 

Of particular significance is that humid tropical 

>;i. - ~ forests are an' immense reservoir of genetic 

~ 	 vi' 
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mateiasOsse~tial fo futurescientific, and', 

Humid tropic forests yield ntol 
odpout,
~.also an e~traordir 
 onl ood

and services'to tropical communities, as shown in figure
 

norit prdube'tos",bt
 

4~~1P.1. ,Clearlyr; :deelopment plans mugt 'consider efforts 
'
 on 
the full set of ecosystem values, through lint .grated,regional. planning'approache..
 

plnning and 
sivemangement 
alone may not assure asustained ai'd'
ample yield 'from the natural resources of any countxl~y.
their absence ~can 
lead 'to the depletion of the
resouirces.' The opportunities for development 
based on'~
e'xcess ive exploitation of 'zatural' resources are rapidly


fading.. In
a world of rapid pop~tilttion growth and
diminishing natural'.resources,, '6uiitries that fail toplntheir economic'development strategies in concer~tith resource conservation and envAronrnental managemn

may not be ableto sustain progres5s in'health, frood,
housing, energy, 
and other critic'l''national needs.' 
The 'future 'depends on development closely linked to 
resource
conservation.'"fn the humid tropics, the needfor'an 
 1,
,\enlightened approach is urgent. 
 It is'our hope 'that the 
 ' guidelinies presented 'in2this,book' will. contribl.ite t'o'

such enlightment' 
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SECTION I 
SUSTAINABLE ECOLOGICAL 

DEVELOPMENT: 

AN OVERVIEW 



MODULE 1
 

INTRODUCTION
 

Jay M. Savage
 



TremendOLS pesrs generatedby~O.man~population"''' 
increases,, ae Porciner'te 'of-

" "f6restandes and jwetlands t'otner AndY 

careerai e idd ' 
t uss hese

'pressures:seemtcertai
n tomont durinhg ,ur if'time ... 

ti Re lbetthe na D:n; 5 i hon tore,peop ei y be, ,
Septed as ta o Suchbi 

' Hpressures rolare A~iotlikely todimi '19B ' sym athrs planners and 
-world leaders question. theofacetthis 


How, d.,we provide food, fbe r, and forage for p opleof trpical ounriziwithoui unacceptable degrada
tion of tropical lands?oa 

This key question has been analyzed.n a.companion 
 .volume, Ecological Aspects of Development in~the Humid
Tropics (NAS.- 1982),'.which was produced through the
 
USAID/Nationl Park Service cooperative Expanded

Information Base Project. 
 That volume details the

ecological basis for 
the functioning of humid 
tropical

ecosystems and 
the environmental 
limitatins' 
to economic
development. 
 Amnong the 'chief concerns are that:
 

Current ecological knowledge is limited and must he
applied with caution. ;Res--rch on' tropical ecology
must' be expanded as a'basis' for long-termi development

planning.
 

Humid tropical biota and ecosystems are high~ly'
diverse,
~ ~ an ~ ~ ~thus knowledge and technologies may have
e intalpcl
limited trans'ferability from one area 

comp 

to another.'
 

- The new system 'should also be compatible with the § 

useefletedprimarily in traditional shifting 

- Porest management 'issite-specific and its'success

depends on 'alocal, human infrastructure ththas a
 strong research component.'ha
 

More knowledge is needed about tropical soils and
 
": theirrpotential uses.
 

-Water 
 resources in one geogr-aphic region have an
'A mpact on 
many other downstream areas. 


In addressing these centrali'concerns, 
we-are currently.,
handicapped by a lack of sufficient sc'ientifi(. knowledge

about the function and complexity of tropical"Iforest'


ecosstes, the dominant' ecosystem, type in'the humid
 
'ecosy
tems,5
 

6 



trpc I-hscontext,, all, deveJopmernt plans should 
mxmz otct ofo nat'ural re'sourc'es'. Som large , '' 
scale hmid:tropi cal development- proijec tsshould be 

tpndA, emIi the design of lon--term, environ
~'" mentally.'balanced' strategie-s and new technologies. 

ENVIRONMENTAL CONSTRAINTS 

'7' h 	 is anextrermelyheundisturbed tropical 'evergreen forest 


ecosystem characterized by a richness of species
 
and multiple pathways of energy flow and nutrient,
 
cycling. Althouigh the system is highly stable under the
 
environmental conditions andflutuations to which it 'is,
 
adapted, it may be''able to resist sudden, massive
 
environmental perturbations, especiallythose produced by
 

Scomplex 


•N 
human interventions. Historically, these interventions
 
had minimal impact because human exploitation is diffi
cult under conditions of highrainfall and excessive
 
moisture.
 

In more recent years, however,. the pace has accelerated
 
and the, area covered by humid. tropical forests has

f) 	 decreased by about 15% since, the early 1960s. Among the 
forces behind these changes are the following: 

At least 50% of the deforestation results from tradi
tional shifting cultivation that provides, at best,'
 

marginal subsistence for 200 million people.
 

logging and relogging practices make minimal
 
use of the available forest trees and at. the same
 
time"increase deforestation and destroy potential
 
agricultural sites.
 

'Wasteful 


Reforestation and natural regeneration plans are too 
limited to have a significant effectin counteracting 
forest destruction in most"areas. ' 

- Many agricultural replacement systems prove less 
productive than an~ticipated, and, the' economic 'bene
~fits obtained by removing the forest have fallen far 
short of expectations. 

The overall impact of deforQtation poses a serious
 
threat to local, regional, and global environments
 
and to socioeconomicstability.'
 

Although current knowledge is ad,quate to slow 'this 
disastrous course, it is inadequate to provide a full 
range (,f options to assure the wise use foEth . .resources
 

6 'r'so 
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ou Pica~~ sts 
aind~the devlpetof stableLternat i uss6fores t lnds. " 

Inr the hui trpcitniid land. use~incurs 'specia1l <risks beca'se th eoytm htcharacterize the.regin~i 

Jinique,-ithrd'-' ering" lvl bene fits- an -dIenviro 
ta o1q,_wensLi ~c~ed, ~o inresed7use,.-.-Fo r".. -.--- _ 

(80,i~che),to!1 0;0,0 m'i (320 inches'), tere:,are 'greater., ~ ' losses fromi leachigand 1a highef incidence of prsts
and 'disease. 'As 'a, consequence, the. denser. human 1ppula";
~itions 'in th~e hum d tropics tend to occur in zones of
lesser~ rainfall, where 
 there 're aso more fertile soils, W$higher rates ofnet'~food production, "and grea'ter poten
St'ial~for r'eovery' fromi disturbance. 

~When opening land for~htinan settlenent, additional
conpl~ications 
are caused' bytheuse,of vtechnologies_
depnident on 'fossil fuels. These "new"Y landattract new
settlers,. fostering hunan populationgrowth an rising
expectations- Increased population density, c6dipled with
 
the increased use of machines, severely stresses' the
natural eniomn.For exanple, fossil fuels make it
possible to replace traditional hand- cle&iring' of land,
with .']earingbynmachine. True, 
the new technology
clears more land per unit of hunan effort than does thetraditional technology of a shifting cultivator, but thenegative environmental. impact~on productivity is greater

because

- Soils, are often compacted.

-Le'aching, 
 runoff, and erosion rates' increase. 

- Soil fertility is quickly depleted. 

*''
 

Productive capacity on 
a given site tends 
to decline

rapidly.'
 
Recovery is mnuch slower than that under conditions
 
created by hand- 'clearing.
 

; Large'tracts of'relatively undisturbed forests are now w~being considered for conversion, with~.potentially complex
negative environmental results, while much'spontaneous

conversion by. local subsisten'ce farners continues apace.
At~he ametine, planners and development agencies have
become more aware 'of issues relating 1to the protection of
 
'forest resources, 'partially in response to' the NAS report
(1982), and there is increasinlg'conicern for protection of
primary humid tropical forests; (see box).
 

A. : 



Primary and Secondary Forest
 

Primary forest is defined as an ecosystem charac

terized by an abundance of mature trees, which has
 

been relatively undisturbed by human factors. Such
 

forests have had human impacts restricted to low
 

levels of artisanal hunting and fishing and har
vesting of forest products, and in some cases to low
 

density, migratory shifting agriculture, and selec

tive cutting of a few tree species. Included in this
 

definition are forests called virgin (no distur
bance), primary, and climax.
 

Secondary forests are regenereting from a substantial
 
disturbance (..ire or flood, land clearing, or exten

sive lumbering); they have relatively few mature
 
trees and are generally characrerized by an abundance
 

of fast-growing species and a thick understory of
 
saplings, hetbaceous plants, and "weedy" forms. 
Although secondary moist forests tend to peak in
 

terms of biomass after about 15 years, regeneration
 

back to prime forest is a much longer process (75
 
years to l00 years) and depends on the intensity olf
 
tha initial disturbance. Irreversible transformation 

of the underlying soil and nutrient cycle brought 
about by chronic or inten'se land use may prevent the 
return of the original. primary forest. 

The economic crnditio .:of a county are influenced hy 
the inteiactione of human ski 11Is and know;ledge, market 
supply and demand, di: t ihtion ef incoile, politi cal anld 
cultural factors, etc., illcombination writh the circum-
stancec; of the natliral i-r o-inler-t . too frequently,eni All 


politircal decisiou-maers pay inadequate attentior to the 
latll_ _i] ei rolimlent hutil -ome of- the latrIa] factors 

ve.g.,water, energy suppliie, minerals, timber, living 

space) become limiting. Too ef teni no value is;placed on 
natural ervice; in situ, :;ucih as the value of vegetative 
cover for soil and vater poI'tt ion, the value of species 
diversity for gene con eivition, or the value o! forests 
for microcl inate o these "alues,egula ii. Frequently, 
are recognized only z.,te- thl ec.c)sy'tems are seriously 
disturbed, .he it is e:penc;i'e or impossible to repair 
them. 

Primary ecosysteoe; s,.ppolt human enterprises. Air and 
.;ater quality, productivit., of coastal fisheries, 
fertility of solis, the multinlicity of products and 
services that emanate from ttopical forests, and 
buffering from floods are some of the attributes of 
natural ecosystems. When these benefits are removed from 

8
 



Taregion, ex nmosac and odepressionoft f foil ows 
S ghspe'ople do' notalways attribute t toangesin

the nat:Iia ecosys tem. 

DEVELOPMENT.,ANDLAID USE. 

L k. ,i 	Acritaican e(ptor-affecting de el'opment 'inth p '' 
the spatial' complnxity ofgthe tropicalolandscape., Ifu 	 the 
area slated for developert is large, 
thuore may be great
differencesin climates and soil.-among its regions. 
 The 
capacity of the lands to'sustain development varies,

I hi-	 e Ansi.depending upon the'type of proposed dev'lopment and thelocation of the activity or typeof ecosystem bingsubjected to development. 'For exam,?le, agricultural
activities are more likely to~be sustainable on rich 

' ' 

bottomlands than on~ exposed 'ridges,''herc 
protection

~forests 
are a better land-Luse alternative.
 

'The complex mosaic 'of land forms and hegetationtypes

that developers'must deal with in the tropics provides
constraints' as well as opportunities for development.

Constraints i'n,21ude 
a natural 'limit on 'the extension of
 
certain land uses (imposed by the changin capacity of
 
the sites to supporta given type of. land use), and 
the
difficulty of' implementing single-purpose .piojects 'over,

large land areas. However, such constraintsmay lead to
opportunities for multiple land uses and diversiffica~tion
 
of development' plans. '-In short, 
the complexity of 'the
 
tropJIcal landscape constrains development options, hc
 
are based on 
the capacity of each unit of landscape'to

accommodate change in land 
use.
 

The mosaic of types of land ussalso applies to the

intensity of use. Some sites c't'k
sustain 	intensive land'
 
use 
without' apparent degradationi while others'may'be "' 

regional"'development will deedo 
h blity of

planners to mix'-uses and intensity of uses in mosaics
 
that. mimic, natural ecosystem capacity to sustain those

use's.' Appropriate matching of uses' with 
ecos~ystems"
' depend:on 'the 'ab'	requires 'an understanding of human needs. and of natural
 
ecosystem function'and capacity'to' tolerate human
 
intervention.
 

inri cal t!1"GENERAL frag i Th igoalFI sound .GUIDELINES FOR DEVELOPMENTof aciein 

This book outlines a series of specific'guidelines to aid

development planners in maximizing the long-tern benefits'
 
of projects in the humid tropics. These guidelines were
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developed within he frameworki IIeommn of the general and, 
~specific. recommendations provided by ,the NAS project 
(1982).4.
 

The 	following recomnmendations,.from that report are
 
wparticularly germane a s principles for development.
 

Ecological informat1n climate.,,soils, .-topology,
 
hydrology, etc.) ,and environmental considerations
 
must be an integral part of project planning, they
 

s erbde
given equaluweight with agricultural,
 
ecnomi& :and engineering 'factors from the outset of
 
project design.
 

-Conservation 
 of natural areas'in the vicinity of a 
'development site should be an Integral part of a 
project plan; these areasprovidea background 
,against which to assess environmental changes and 
preserve options for future development. 

- Planning can be mademuchtmore effective by expanding 
and improving natural resources evaluation. Informa
tion on climate, soils, vegetation, wildlife, and 

Swater resources is essential to environmentally sound
 
planning and facilitates wise selection among project
 
options.
 

- Modern soil-managemnent technology should be used, 
because annual crops, pastures, or parmanent crop 
systems should be suffioently productive and stable 
to facilitate continuous se of cleareddat land and
 
minimize 'further forest clearing. Areas in which
 
such technology is used should be interspersed with'
 
*unmodified areas in u.mosaic pattern to avoid the
 

* undesirable ecological effect of vast cleared areas.
 

- ' 	 To the extent. possible, clearing primary forest (see' 
box "Primary and Secondary Forest") to make land
 
available 'to. agriculture should'be avoided; instead*
 
agricultural developiaent shouldtbe encouraged on
 
"disturbed" or currently nonforested lands that have
 
soils capable of supporting agricultural activity.
 

A major effort should be devoted to the development
 
of projects aimed:at forest regeneration and use of
 
degradated lands for forest production.
 

Because many" humid tropical ecosystems have very high
 
potential for long-term yield of forest products, it
 
is essential to develop and test ecologically sound,
 
practices for achieving sustainable~yield from the
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hrest forsts and for ensuring efficient
plan tation mana "men t. 

The.......
if.....u...pesente 
int thefolloing

sectionst:are designed-to1ead,to 
 isuccessful
development

with,miimal advrse environmetal effects. 
 The oalis

tointensifyuse panidgr) bpaducptiv< of suitable land,

-Em phasis-centers-ont-in 
n
Jproductivity of lands already affecdb 
uia ciiy ' 

The'guidelines attempt to provide thebe'st methodologies

for ensuringsustainable foremiry agraculture,p or
fisheries, without excessive and destructive modification
 

i!.ara I
of natural environments.
-- They shouldyiservei 'ecoJical i;:- /..a Unto1 guid
project leaders and others only after a thorough reviewhas demonstrated that 1). the pr~oject will make a signifi-
I, 

cant contribution to improving the livelihood of 'the,
local people and 2) the project is minimally destructive,
to the environment when compared 
to alternate development
activities. 
 The most crucial element for development
involves land-use planning based upon a sound ecological
rationale. 
 Such planning leads to evaluation of alterna
tive land uses and establishment of an integrated manage
ment plan and it emphasizes 
the single most important

principle for development-in the humid tropics:
 

Conversion of primary and relatively undisturbcd
forests to other uses should always be the option of

last resort. 

REFERENCES 

National Academy of Sciences (NAS). 
 1982. Ecolbgical

aspects of development in the humid trop~ics.'

Washington, D.C. 297 pp. ' 



MODULE 2 

SUSTAINABLE DEVELOPMENT:
 
THE INTERPLAY BETWEEN ENVIRONMENTAL, 

ECONOMIC, AND SOCIAl, FACTORS
 

Peter R. Burbridge 
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Societiesin the tropics depend heavily uponrthet.
Programs ~ thutt:
haionof"goodspandservices derived from the natural 
te henvironment. Thus the design of development assistance 
programs and procts must meet the chaolenge of creating
sustainable forms of development, without foreclosing 

aoptionssfralternative
uses of natural systems. To
 
adequately address this challenge, full consideration
 

economic, asnd
sociocultural factors.
 

Theahumid tropics contain some of 
the most biologically
rich and divers ecosystems on earth. These ecosystems
have a corresponding variety and richness of both 
renewable and nonrenewable rnsources. 

In contrast, capital, skilled manpower and advanced tech
nologydare scarce commodities in many of the nations of
 

*.-*.:the humid tropics. 
 This scarcity forces decision-makers
 
to carefully weigh the 
costs and benefits of allocating
 
resources 
among a *series of competing development

options. Increasingly, in political reasoning in
rdeveloping countries, 
we are witnessing a conscious shift
 
away from uncontrolled resource exploitatioh that is both
 
expensive in terms of management costs.and risky in trms
 
of the foreclosure of other potential development

options. There is a corresponding shift towards 
conser
ving scarce environmental and management resources and a
 

.determination to promote development that can be

sustained beyond the life cycle of donor assistance.
 
programs and projects.
 

In planning and managing tropical areas, a basic
 
challenge is to 
balance the maximiztion of sustainable 
resource production with the conservation of development
options. Over tine, this balance will shift as the needs
Sof societies change. Some options will no longer be

required, while others take 
on increased significance.. . 
At all times, the interplay between- environmental,
economic, and sociocultural factors will have a major

influence upon. the determination of which forms of
 
resource use can be sustained and which development

options should be reserved.
 

The question of whether development can be sustained
 
arises from two quite different situations. The first is

the introduction of new forms 'of resource use 
into
 
relatively undeveloped areas; 
for example, the introduc
tion of agriculture into an',upland forest area. The
 
second concerns the management of recent development

where intensification of established uses has been intro
duced.
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In the first case (new development), thereAs considerable,scop'eforevaluating,the ability of different areas
 
propo ed development initiative u
 

c ein 

6"e d to 	 a ndtor 


those~are's which development will be feasible 
based upon acceptable environmental, economic, andsocial 
criteria. There also can be a high degree of management 
flexibility desion d jiato the development process to',' 

-- :-.7-adapt--resource--uses-to evolving -ocal-~ condi tions- -This _7_,_ _1_ 
can'result in the efficient use ofresource opportunities'
 
at levels of production that can be sustained over the
 
long tern, based upon ninimal financial or 'technicalf
 
subsidy from government or other sources.
 

In the second case (intensification), the management 
decision to intensify development often means the commit
ment of substantial inputs of materials-and technological
innovation that will have to be maintained if production 
is'-to be sustained. Although much of the investment may 
provide relatively long-lived benefits -- as the case :n 
of the rehabilitationtof'an irrigationsystem to provide 
a reliable water supply for intensive rice cultivation 
associated ongoing management investments will be 
required to maintain those benefits. Once such basic 
investments are madeand maintenance provided 'for, there 
remain the moredifficult tasks of "fine tuning" the 
various-components of the production sysem (Conway, 
1983). 'Fine tuning can require expensi-e investments in 
new and' often experimental technology and materials,
 
which normally have to be imported.'
 

Associated with the continuous demand for the investment
 
of materials, funds, and-technical management skills,
 
there is a'basic question of whether a government will be
 
able or willing to commit a large proportion of. its
 
resources' to maintain those intensive production systems.
 
The recent slump in world oil prices has reduced the
 
budget surpluses of many developing nations and, conse
quently, their ability to subsidize prodction arid to
 
finance complex development 'projects. '
 
7her-e are also concerns about the vulnerability of inten
sive and finely tuned production systems to periodic

calamities such as-droughts or pest and disease out

- , 	 breaks. Their vulnerability can only be reduced through 
further investment, technical innovation, and the 
provision of sophisticated management. 

The introduction of new or more intensive forms of
 
resource use can also have a'negative impact upon

informal, 'community-based institutions that serve' to
 
protect the welfare of indigenous people. Collier et al.
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(1982).argue institu tions!havein the p

provided food security 'for 'rural villages and incoe to
 
thelandless'and marginalfarmers. However, they

'being weakened, r have disappeared, as a result-Of e :
 
introductio:of dvelpeit activities that do notIobuilde
 
upon the sociocultural 
features of the local community.
Thus, iinstituions sjch' ascomimunal village rice st~ze6:,, 
nay- be- exhaus t t- nction7o ed th-n--an _ e ri6-YW-7k 
-to people's welfare if natural calamities occur. In such 
'hsiatisustainability of development has implica
tions thatgo well beyond the production of specific

resources,' affecting the very foundations of a developing

society.
 

SUSTAINABLE DEVELOPMENT -- CONCEPTS AND GUIDELINES 

A fundamental principle for socioeconomic development in
 
the humid tropics is that programsand projects should be
 
designed to ensure that development objectives are sus
tained beyond the life of individual program activities.;
 
This implies that the proposed development is cost effec
tive in the long term and can be sustained by the
 
economies of the recipient communities, or nations
 
without continuing donor assistance (see box).
 

This principle requires development planners to consider

the relationships between environmental,, economic, and
 
sociocultural factors that form the nationalresources
for sustaining development initiatives. Unless these
 

'A 	 factors and their interrelationships are carefully
assessed, there is a grave danger that unanticipated
 
environmental, economic, and social costs may reduce the
intended benefits of the proposed development and
 
ultimately force it to be abandoned.
 

The management costs-associated with maximizing the
 
resource potential of humid tropical ecosystems can
 
create a substantial burden upon the 
scarce 	capital,

manpower, and technological expertise of a developing

country." It is therefore advisable to develop resource
management strategies based on the folloin j guidelines:
 

Ecological and Environmental Guidelines
 

- etermine environmental limits in regard to different
 
forms and mixes of development. '
 

- Define critical biophysical management factors, 
A <i; attempt 
to utilize and where possible strengtheli the
 

natural mechanisms that regulate ecosystem functions
 
(design with nature).
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6sutainible De opment 'AWori ng Concept, 

SBananas-coul.d 'be' grown _iin-I cend .if,.the managemenht. 
costs ,rw e Hove _' t most'unlikely: tht:. 

oduc . ou ,be'sustai~fied.at ,costs tj at 

would acceptable 

"6iey'oa~~ ocnii temb"p~e'f 

.management~ skils ital enrgyand other 
resoct-'s o ensure the cotnig'biiyif h 
A~Thl pres c e on e1 1 mois two6impbr~iant'consifea tions:, 

tatproduces'',, .,s u .- ro 
s ed ofa' p~f I d''f required tomeets.4~ 

th4ned~ 'oa:te'e'pe' f4,given area.~ 

2. The:.cmmitment of~ nmanpoyer, fertilizers? or4 4 
ma nagement-rknow-ow rpret an ivestment 
required- tocompensate, r: he~'veIlopmentto E. 

prssre eeted Jf tat .nvestment cannot be' 
maintaine~d, developmntcannot'4be-su'stained... 0 

Thesta~iailiy 4o _a deve opment4#n iaitive is 4 

thus, afunction'rof twoi'factors .acting niLoncert: 
1)the :naturaIl"resource bas 6'4and, hu.ma fr.,alue 'ofeiherinay
stall,'evelopnent>
 

- Design development activities to prevent avoidable 
damage to resource systems. 

- Maintain the productivity of the natural system and 
the range of resource goods and services. 

- Base exploitation strategies on multiple use, where 
1) the objective is to maximize production of a wide 
array of goods and services and 2) the objective is 
to promote the sustained yield of the resources being 
exploited. 

Reduce the level of management interventions by
 
working with natural forces and regulatory functions
 
and not against them.
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A' ~ Select subsidies that, once inves'ted,' genera'te'positive,, self-perpetuating benefits; for example,
 
manpower training...
 

Introduce technology such as integrated pest manage
ment where and when it
can be properly transferred
 
into the indigenous skills base.
 

Explore sustainable options for intensifying produc-
 :
 
ctrtionof
;}:seeking :to conv[dert
existing agriculture or forestry areas
aiddi tional 'natural'systems."before.
" ,:((:-/:]':
 

- Seek ways of..!educing harvest or post-production
 
losses to inerease net yields.
 

Make use of the wealth of practical experience that 
 .

local peoples have in managing their environmenit.
 

Mimic traditional integrated management strategies

and practices and seek ways ofmodifying these with
 

* 
improved management techniques. 

-	 Design the program/project to fit resource-allocation 
procedures, rights Of access 
to resources, and 
 A
 
customs concerning the distribution of resource
 
'production..
 

- Relate the program to existing environmental laws and'
 
development constraints.
 

Economic and Social Guidelines 	
4 

- Implement comprehensive measures of economic costs
 
and benefits that 
avoid narrowly defined financial A


'analysis of alternatives and that provide for some :
 
measure of social welfare. •, 

'
 

-. 	 Identify clearly the program/projects to be analyzed. 

Define the physical boundaries that incorporate the
full scope of the impact of the project. 
 . 

S Incorporate nonmarket and off-site consideratins ' 

-4 Examine long-term economic implications of ecological
constraints to proposed development activities.
 

-. 	 Give greater attention to natural hazards, uncr
tainty, and risk in tropical systems (as compared to 
that necessary for temperate systems). 
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IInclude costs associated with providing basicfacili 
.teslmanpower training, transport, and housing, 

services as part of initial capital costs. . 

Assess the full range of goods and services-provided' 
by the environmental systems; do not limit, this 
assessment to measures of biomass or standing crops 

* Ensure that environmental impact assessmenti includes 
. . economic and',social impacts. 

Institutional and Organizational Guidelines
 

- Assess institutional capacity to implement and pro
vide long-term management of proposed developments. 

Pay particular attention to areas where interests and 
/ &. jurisdiction of more than one sectoral agency may 

overlap. 

* -r Confine developments to levels of management within 
the potential to improve .existing interagency 
institutional arrangements. . 

- Assess the role institution building as a prerequi
site to increasing levels of resource production and 
maintenance of resource develop-ment options. 

- Promote coordination of development initiatives from 
different sectors of the economy to achieve inte
grated management. . 

- Put the majoremphasis on water management. 

The major environmental, economic, and social factors.
 
affecting the design of sustainable development programs
 

.... and projects are discussed next.
 

THE INFLUENCE OF ENVIRONMENTAL FACTORS UPON THE DESIGN OF 
SUSTAINABLE FORMS OF DEVELOPMENT 

As' a result of man's long history of settlement in 
tropicalareas, forms and intensities of use of the 
resources .vary greatly among the different ecosystems. 
While it is possible to delineate ecosystems that are. 
undeveloped, most ecosystems bear some imprint by man, 
and human activities must be considered as part of the " 

characteristics of those systems. 
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nt e a framework analyzing themosaic of tropical landforms vegetation, and land and 
w 'teruses. Unfortunately theu roleyof ecologicalmi~ t t e a con
' n S el is often misunderstood.
Ecology issometimes viewed by developmient planners a i!as 
luxuy that people from developed economies dabble with
 
once thehethe tine and onesu 
matrtens r, te elionshp I actrs;shave a f ongreaterinfluence upon management costs and
the ultimate feasibility and sustainability of develop-w
 
ment projects 
than is generally recognized.
 

Deficiencies in solar energy, water, and plant nutrients
 
are 
the principal environmental factors that may limit
development in the humid tropics. Within undisturbed
 
humid tropical ecosystems, solar energy, water, 
and plant

cutrins (e. onserved-in a'stable relationship. Modificatons(e~., he emoal of,'tirees *from forests or
conversion of swamps) disturb the' natural functions that
maintain the systems,' as well as characteristics such as
soil fertility. Human exploitation at any level requires
appropriate maiagement 
to compensate for the effects of
modifications introduced into these ecosystems, if they
are to"continue to provide 
the goods and services humans
 
depend upon.
 

Due to the central importance of water to all forms of 
Klife and economic activity in the humid tropics, water
 
management is the most fundamental issue in development
 
efforts.
 

Water is the primary link in transmitting and converting

solar energy into physical processes (e.g., 
 movement of
materials-- erosion) and biological processes (e.g.,

solution of plant nutrients -- plant growth). Altera
tions to hydrologic cycles through the creation of
control structures such as 
dams, or changes in land

'cover, affect the flow of energy through associated
 
ecosystems. 
A major factor to consider is that energy
flows~become simplified and concen-trated when complex
vegetiation patterns are simplified. 

*. 

The conversion offoresits 
to agricultural land elevates soil temperatures

increases the ,
rates and intensities of surface water
runoff, and accelerates the leaching of plant nutrients

from the soil. 
 In effect,1ithe resulting need to control'..

flood"'ng downstream, or to 
fertilize the soil, are 
measures required to compensate for changes in energy
flowsl~through the system. Water management depends

primaiily on environmentally sound management of the
vegetation cover 'of the watershed. 
 Excessive runoff;
erosion, and silting; loss of required organic nutrients;
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and other deleterious effects result fxomn*failure to
 
Smaintain~appropriate vegetation covez,in a watershed or
 

stream basin.
 

The'hightemperature and frequentthintense'perids of
 
rainfall in the hurid tropics cause soils and .'
can "vegett{a 
i o changeapidly. An important, feature ofhsome . 
umid7 fiepi c&theo rngp rentdpe of 
et<materials and the g erally low chemical fertility of tiie 
resulting soils. Atough these soils may be covered by 
lush vegetation, vegetation alone cannot be used as an.,, 
index'of fertility,vk The real fertility is the sum of 
nutrients in the plant materials and those in the soil. 
Vegetation and land-use management, therefore, have a
 
great deal to do with.the cycling of plant nutrients.
 
between vegetation and soils and the potential that soils
 
in the humid tropi s~have *to support alternative uses.
 

Many suils in the. moist tropics are not as resilient as
 
those of tempera e regions. The soils of the humid
 
tropics are usually susceptible to rapid erosion and
 
those found in association vith steep slopes are
 
vulnerable to landslips, landslides, and other forms of
 
mass was.ing.
 

There can be great variability among soils. Infertile
 
soils cover some two-thirds of all humid tropical regions
 
(NAS, 1982). Moderately fertile to fertile nonacid soils
 

" 	 cover about 33% of Asia, :12% of Africa, and only 7% of 
tropical America. Due to the generally limited extent of 
naturally fertile soils in the humid tropics and the long 
history of human settlement, the better soils usually 
have been cultivated, particularly in Asia.. Most of the 
remaining soils may require major investments in the form 
of fossil fuel, labor, and. sophisticated management 
practices before they will provide more than subsistence 
levels of production. . . . . 

The use. of increasingly marginal or substantially modi
fied or degraded soils. as the basis of major 'development 
programs can involve significant uncertainty and risk of 
long-term failure. For example, the transmigration 
program of Indonesia is heavily dependent upon the agri 
cultural use of organic (peaty) soils' found in freshwater 
tidal swamps. These soils are difficult to manage; if 
overdrained they are susceptible t6 subsidence, 
shrinkage, and excessive acidity, and they are deficient 
in micromutrients. The average production from irrigated 
rice farms on these soils in Sumatra and Kalimantan is 
only,_one-fifth that of Java's 'more productive soils, 
which are derived from volcanic parent materials 
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(Collier, 1979; Ko,.soebiono, personal communication). Itis uncertain whether such poor lands will continue tosupport agriculLure, because yields generallv
declining and the 

are 
costs of production are mon,,ntirIg(Koesoebiono, personal communication, 1984). - rthermore,the peat soil is oxioliI:ing and eroding at a rate thatsuggest. that rgr caItu re e ot he sustained (Chambers,

1979). 

For the above reasons, the returns to 
individual

societies tha' "iill he derived from intensification ofagricultural use .)f soils already developed should hecompared vi th returns from extens i fication of
 
agricu] ture.
 

Consideration ls i houId l'e given to the returrs fromthe managem-nt of magina] soi ., under- alternaitive uses.Broad-leaved t2'e'grcren for',ts ate characteristic of thenatural vege-tati,, r in the humi d tropics;. These forests are often seen a ' osovii iirm nt:: that ho] r prospects forconversion to i form!; fit ii';, ;tch as agriculture. Thevalue of the -,ustaiined produci on of forest products canbe high and slhouid le ron irter d 'hu evaluating theretu rns from the . alle Ii ti L Ii thci ryet ter irt Oses.Chopping dos'n a fur rt to ra: 'oay for ag ricul tiu-eimposes it cost in torms; of tihre 
to 

fo1 clostro of the optionharvest ee ,,ior a bas;u'siuahieThathas.is. cost mustbe sUbtracte,-i 11o01 tire ben'fit cal cuilated for theconversion to :ri )I!tirl (BIurI ridre et al., 1981). 

Ecological c incepts lre of h-21 1) in identif'ying keyenvironmn utal factors that will hav- a bearing upon thedesign-.:,f programs and projects by 'bhyih resources areused to crea te goods and so'"rvices. Because of the rangeand corn,ei'ty of the ecological systems in the tropics,we have only I limited rrndercztandirg of the proructionsystems that ire biologically feasihle for each of theecosystems, and of how to rank them n descending order
of biological produrctivity. 

The ecological feas ibility of introducing a new production system, such 
 as agriculture, into a mature uplandforest depends upon the ability to ovcrcome constraintsimposed by soils, slope, rainfall, etc. The history ofresource development has been characterized by theremoval of constraints through the application of laborand capital. For example, if the soil fertility is toolaw for the development of agriculture, nutrients areadded; if the rainfall is insufficient, irrigation isintroduced. 
 The amount spent on 
cultivation, fertilizers, drainage, irrigation, etc., depends upon the
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~"~'nance of an overstressed environmental: system may rob
 

demand for ,,theagriculturalproducts' and, the ability of~2 + 
the society&toprovidethe required inpjuts .~Ecological 
feasibiIiytIherneforei
 
from a needs and, social 

preferencesofLasociety. 

.,~4~Eniromena' actors u tima ly-gv~Y~h ee
 
investment of manpower, capital,. andsecondary resource
 

products' required to ca'te s of
 

Sdevelopment Due to thevg
 

.biological processes that can be unieashed through
 
to ajmodificationthe ecolgicalsysterns soe tehumid
 

tropics, there are limitsto which these systems can be
 
exploited. If these limits a~re exceeded, 1the capital,
 
manpower,"and technological resources that must-be4
 
applied to maintain the system mar be'beyond the
 
resources of the country concerned. Even ien such
 
reseources, are available, their allocation to the mainte
 

other activities of badly needed capital, manpower, or
 

technical resources. For example, the cultivation of
 
steep slopes with highly erosive soils in~ the upper
 
watersheds of major river systems can lead to erosion and
 
increased seasonality of water flows, which can increase
 
the costs of maintaining irrigation schemes downstream.
 

Rectifying the poor land-management practices will reduce
 
the costs to downstream activities; however, costs for
 
these corrections nay reduce the availability of public
 
funds to promote the agricultural use of alternative
 
sites 'iless hazardous environments. To avoid draining
 
scare resources from other development efforts, it is
 
logical to favor resource-development programs and
 
projects that pay heed to environmental constraints, and
 
that seek to maximize the use of the natural, self
regulatory functions of humid tropical ecosystems.
 

HUMANS AS PART OF LOWLAND AND UPLAND ECOSYSTEMS 

feature of both lowland- and upland ecosystems is the
 
high degree to which people have ,actedl as 'adominant
 
force in manipulating specific factors, e.g., water in
 
the case of- irrigated rice lands. When indivi-dual' '>
 

de~velopm'ents are examined, it can be seen that where 
relatively nijnormondificatlions and low <intensities of
 
resour'ce exploita.tion' are: practiced, the disturbance of
 
the&niatural functions of the ecosystems is usua~lly minor..,'
 
Limited pressures can be acco~irodated by the 'ecological2
 
mechanisms~ that miainta.in the balance of ths~tems.l
 

QUnfor tunately, we do not know a great' deal about the-,',
'~ 
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lmt S to- wlfich the self-regulating mechanisms-can be "'~' pressed and still maintain the functional integrity of
 
the sy.qtemp. IHo~wt _ver, 
we do; know that large-scaleor very
intensive forms of exploi tation can 'severely stress
natural theregulatory functions;and 
where such'stress is'-' 
 .1
not compensated through com~petent management, longn-term_.. 

.;igaps'This
riasult in direct can, asondaag to neighboring 'areas and theeconomic' activities they suppo'rt.~ Apart from creating a . .burden on the ecological and economic viability of neighboriaeaLsec 
 uur 
 evlpmn options also can be
foreclos.aqfuuedvopnt
 

The gaps in 
our knowledge of tropical ecosystems should
 
not be looked upon as a reason to ignore ecosystem 


' 4;'concepts in development planning. A great deal of useful
management.-related information can be derived by
examining traditional uses 
of tropical 'systems. In many
instances, very sophisticated and intensive forms of
resource development have evolved through trial and
error, as in the 
case of terraced irrigated rice paddies.
in Baliior the "Tanbaks" 
(brackish fishponds) of Java.
These traditional, yet sophisticated, forms of 
resource
development can 
respond well 
to discreet improvements in
the species cultured and managed. However, such collective wisdom is often ignored and modern simplified.

development models are substituted for traditional
complex risk-reducing management systems that allow
farmers or. 
fishermen to compensate for periodic failures
in harvests 
'ornatural catastrophies' (Burbridge, 1981;
Ruddle and Johannes, 1985).
 

An understa7'4ing of how 
to work with natural mechanisms
that regulate"ecosystem functions can be derived from the
use 
of functional analysis of ecosystems and from
examining traditional management practices.' 
It makes
little sense to create expensive and extremely complex

-€ntrols;toregulate features, such 
as water supply, when
natural mechanisms exist thati can 
be modified to do
job at less expense. It makes even 

the:
 
less sense to ignore
powerful biophysical forces that ultimately govern what
As practicable and feasible. 
 Such action courts disaster
 

or, at least 
 reatly increases management costs and
reduces sustainability. * . ,
 
Natural Hazards and Risk Assessment
 

The results of poor planning and management are spotlighted by an increasing frequency of manmade disasters.
In .recent analysis of "natural disasters," Wijkwan and
Timberlake (1984) argue that, although natural events
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suhas,,earthquakes can trigger disasters, floods,
 
droughts,'and fam-nes are caused more byA environmental
 

adresource mismanagement thahn by factors such as too
 
ilttle or~to mud rainfall., The impact of such
 
naturally triggered disasters is often magn:fiedby
 

unwise human actionis, including planned development
 
7- ----- therefore, --
separate criticismsrelatedto the poor performance of 
programs and projects (deaysmcost overruns,etc.) from
 

.A:those related to more elememtal problems in planning'arid
 
management such as failu7'a to
 

- incorporate environmental information and management 
guidelines 

design appropriate management boundaries that include
 

management factors critical to the promotion of
 
sustainable development
 

time development actions sequentially
 

a::. , -integrate policies, procedures, and actions
 

- monitor the performance of plans and manageme:'t
 

insactions
 

" 	 adapt, plans and management actions in light of
 
experience
 

While the dramatic effects of poorly managed development
 
are 	the most commonly recorded, attention also must be 
 -

given to the incremental and cumulative damage fostered
 
by poor standards of environ-mental management. Such
 
incremental effects are seldom monitored until they are
 
discovered at a time when little effective action can be
 

..,taken to reverse the process -- as was the case with
 
persistent pesticide residues such as,those of DDT or 
DDE. Such incremental effects, however, can change the 
status of resource systems -- for example, from a high 
probability of low levels of risk (annual flooding of 
rice lands where the flood is accommodated by the farming
 
system) to a low probability of very high risks (a
 
destructive flood destroying a planned settlement in a
 
flood plain). In other words, the combinations of not
 

so-domestic events can lead to a dramatic disaster
 

Through ignorance and poor management, development
 
planning can increase human risk and reduce future
 
development optionc Unfortunately, we are poorly
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lj ~ equipped to assess the co'ibine risk associated.iwth11acts :,of God" and negative effects of poorly planned and
poorly 'managed development activity., In some cases,

local inhabitantsraccept.as an "act of G 

what
 
"
emay indeed be,",
the result'of poorly managed development.
 

responsibility 
 hn,deaing withha development that may

creat aireversible changes tofthe 
 tenvironmen.
 

athings wiorkaginst the longerterm view that is be
 
reuired in planning and management r 
 is biad
e 

devln o pesonaes,
--esp offfcials, have including many
o no reai adonor
.
incentive to coniderthe
ong-term risks associated with programs or proje 
ts;
particularly if these people will not bearound in 5
yars toisufer theconseUences of a poor decision.
Snce they can be held responsible for the results of
 

:"shodrt-term~oth
risks, however., they. will avoid such risks.
it ndecisin-aker
, . ..
maximizing short-term benefits and :-;
 
miniong short-tern riskstof aiac
thananticipating the consequences of long-term hazards


greater.significance
 

i.~,~ 
 an rss. 
In effect, decision-makers heavily discount
horng-term risk.s, h 
 they wl avoid s 
 .
 
When astrong perceived needfa 
 r short-term economics a
enefit is coupled with a preference for short-term riskficnc
tvoidance there 'isa stongertendency is ignore longtermrenvironmenta!, 
 ismic-
dec an social 
 yonsequen
.
 
Theimprov'ement of our abilities to assess risk and 
 - .
uncertaint.y should play a major Part in
prote
long-term sustainable dv o..r 'attempts:to.
on
 

Insustined development, when there is suchadisparity
betweenit rceptons ofihha t we believe wershort-te wt i
 mav 

ass actuly be the degree of uncertainty and risk lon
miated 
 ithou curret deveiopmentsekills
gcran y sht it is:
seek ways of reducing risk
o Thiscan be
hmoe dbY impr0vingbot 
the information available for
decisinmaking and the manner in hich 
 Useaethat
 

etreny, there isonsiderable dbate: about the use of
 
lo i a o s e
asessmenty as: an o
7 bohis the ature anda spr ed c
obabiitybj~ectivenscientifofni k . h s c n b
risk :nc ;toolthe sociallyto assess , .;
ac ibye ed i pr vi g ot
cetable degrees of r he in or at o a aia27
udevelopment
ssociated withskills' 

o
 
:!i.is
dec si nmaknnng and a
th - rnwicwueh


inomto 
 ntepann 
 and~. maaemn 
 procss.
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Ow' 

KTheCanadian Environmental Advisory Council 1983) has
 
risk" ,that
:isedastatement concerning llacceptable 

as a means.jcla.llcnges'the value ofbroad riskassess ent 
'of developing 'orjustifying policy. Apart from questions 

concerning the quality of the scien~tific evidence 

-aayilble for use in riskssessmen, the council notes 

risk for a society. The council places paiticular 

,
emphasis upon the point at which people within a society
 

will weigh risks and benefits differently, sometimes
 

dramatically so, depending on their individual value
 
systems (Canadian Environmental Advisory Council,, 1983).
 

This point is particularly important in developing
 

societies, where the poor are often most vulnerable to
 

risk but have no choice except to live in areas and
 

engage in activities that are increasingly prone to
 

disorders. None the less, the political attitude toward
 
devel6pment in many Western nations is to use benefit

risk assessment procedures to justify and promote
 

development policies.
 

In light of the technical and ethical concerns with the
 

definition of acceptable risk, the use of risk assessment
 

can limit public debate and can be u.,ed to justify the 

desired conclusions (Canadian Environmental Advisory 

Council, 1983). Our definitions of disaster and assump
us to
tions about the nature and degree of risk may lead 


focus upon the dramatic events and to underplay the
 
to the natural environment.
effect of incremental changes 


Wijkman and Timberlake (1984) define two broad categories
 

of changes to the environment that increase the number
 

and the effect of natural disasters. The first deals
 

with the way people alter their environmen.s in ways that
 

make them more prone to certain disaster-trigger
 

mechanisms (population concentrations in flood plains;
 

colonization of steep slopes where the soils are
 

unstable).
 

to
Measures' taken by governments and donor agencies tend 


foculs upon disaster prevention of a structural nature
 

such as dams, dykes, levees or sea walls. These
 
-- but not with thestructures deal with the effects 


actions that make the environment more prone to disaster 

and jeopardize an increasing number of poor people. 

Poverty and lack of choice, which lead to ifncremental 
are
changes such as deforestation in tropical ecosystems, 


much a cause of disasters (such as
in themselves as 

floods) as is rainfall.
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Apartromiaising questions about
the the distribution o
meitsfrom development (equity) andtlhe stress
 
that inappropriate development creates in tropical

environen'ts, 
we 
 consider the
ment activity. 
 focus of develop
If we are not promoting development that
helps to 
reduce theestress within tropical environmental
 
systems caused by biophysical, sociocultural and
deve fpmetefors havingspecp of our
 
development effrtegishvigalong-term beneficial effect.
This key issue was discussed at a meeting of United.
 
Nations and nongovernmental environment and development
organizations in 1.984. 
 It was concluded that relief
agencies could. more effectively mitigate the effects of
disasters by promoting environmental and sustainable.
development strategies (Wijkman and Timberlake, 1984).
 

Improv~d environmental management in humid tropical.areas
(including conservation of forests, soils, and water
resources) will. help. 
 However, equal attention must be
given to improving the process of planning and managing
development to 
reduce avoidable risks.
 

ECONOMIC CONSIDERATIONS IN THE ANALYSIS OF ECOSYSTEMS
 

It is feasible to 
construct a reasonably accurate
economic system in which assessment will be influenced by
the selection of relevant accounting periods for the
evaluation of 
returns on 
investment. Biophysical time
scales vary considerably with the processes and factors
under examination. 
A simple example is the contrast
between 1) a geomorphic time scale (thousands of years)
required 
to form soils and 2) erosion of those soils due
to 
poor land or water management (weeks or even days).
If we make an error in management strategy with an
ecosystem, we pay for it in terms of the time required to
rehabilitate that system so 
that it can respond favorably
to further development initiatives. 
Informed management
that provides for sustainable development avoids the
costs of serious delay, of ecosystem rehabilitation, and
of the foreclosure of development options.
 

Time is also relevant in terms of the 
rate at which
ecological systems function in different climatic
conditions. 
 Ecological processes slow down in very dry
climatic regions and are generally rapid in moist
climates. 
The time required to achieve the intended
benefits of any development effort will therefore be
conditioned by the general characteristics of ecosystems.
Appropriate accounting periods must be used to 
reflect
the response over time of 
the ecological system to
proposed development. 

the 
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K 	We also must accept thaQ certain ecosystems are unique 
and cannot be replaced. This is certainly thecasefor 
highly prized 'ilorpess areas. In'our economic evalua
tion, there must be room for qualitative judgments to' 
represent the significance to society of such un~ique K 
environments. 

Recent workin the field of environmental and resource
 
-
ecoromics has been directed toward problems of valuing-


the costs and benefits to society associated with the 

exploitation of natural resource systems. Odum (1983) 
suggests an approach that uses energy considerations as a 
measure of value, and Dixon et al. (1986) provide case
 
studies of economic valuation techniques for the environ
ment. 

In practice, ecological and economic considerations
 
cannot be separated when we evaluate management alterna
tives for achieving sustainable uses of environmental
 
resources. Ecological concepts and information help to
 
define relevant boundaries for the analysis of the
 
economic features of the goods and services provided by
 
the productive functions of different ecosystems. The
 
value of these goods and services can then be considered
 
and incorporated into the assessment of the feasibility
 
of developing specific activities in an ecosystem and the
 
relative benefits associated with using different
 
ecosystems as the location of a specific program or
 
1,roject. 

Although it is not always possible to put a monetary
 
value on all the goods and services, they must be
 
explicitly recognized and an attempt must be made to
 
incorporate them into an economic assessment.
 

Economic recognition of the full range of the goods and
 
services, even in a qualitative sense, provides a clearer
 
expression of the signifi-cance of the resources offered
 
by complex biophysical systems to society than can
 
normally be reached through purely environmental explana
tions.
 

Humid tropic ecosystems pose two specific difficulties in
 
the deriving of adequate expressions of their value,
 
because of two separate phenomena: 1) the goods and
 
services are not easily monetized because they are not
 
traded in a market, and 2) they are exported from a
 
specific ecosystem and their benefits may be derived well
 
away from the site where they are produced (Burbridge and
 
Dixon, 1984). The concepts of the marketed versus
 
nonmarketed, and on-site versus off-site characteristics, . ' 
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are illustrated in an "Example Approach to 
EcO1omie
 
Analysis" (see box). 
 This illistrates the characteris
tics of a mangrove ecosystem and can be applied equally

well to most humid tropical ecosystems. It divides the
 
goods and services provided by a mangrove into four
 
categories based either upon their location relative to 

- ---the site-~of the- ecosys tem'or -on-' t& 'x iftet,_ich thiey 
are traded in markets, and prices can be ascertained. 

xample Approach to Economic.Analysis
 

An. example of an.approach to assigning value 
to
 
natural systems,'andLthe economic effect of develop
mnet projects is.illustrated in the 5following six-.
step analysis 'based upon ithe work of Burbridge and 
Dixon (1984), developed after Hufschmidt et al. 
,(1983), and Dixon et al.~ (1986):
 

1. Identify project- For discrete projects (e.g.,'
 
,to be analyzed a port or a fishpond) this
 
as clearly as is straightforward. For
 

,possible more extensive projects
 
.
(e.g., wood chip harvesting


in mangroves)-this requires
 
more 'complex analysis.
 

,2.	Define physical The boundaries should be
 
boundaries of broad enough to incorporate
 
analysis 	 most of the majo,r
 

"externalities"l generated by

the project.. Boundaries for
 
analysis would include the
 
expected benef rts "and costs
 
that occur offsite (e~g.,
 
change, in coastal fish
 
catches, increase-,stom
 
damage inland,, et;c.).'
 

~3. 	 Identify all the These include all';iumportamt.
physical inputs . .inputs/outpt'-factors 
 (many

and outputs of of:which may be hard to' 
 .
 
the system m'ieasre). Social suirveys are
 

frequently used'to obtain y
 
5 information on how natural: 

resource system~s are utilized ~ 
(e.g., see SectiouiIVon , 
farming systems). "-Net energy 'j 
analysis may assist'in 
analyzing flows..~ 
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Changes.te in productiaon ,d 
-*physical factors ayields' or other,fators~ a 

~in.physicalaterms previouslyidentified are nI 
quanifid ,t'o ,the~extn 

11productionodrcharcoal yields
i--ds- rm'-forests)* 

,l5.Place This is frequently the hardest
monetary

v(alues on the step. Thegoal is to 
physical -' explicitly'include all the 
quantities benefits and-costs (including 
measured or costs externalities) in the 
alternative or analysis, Where monetary 
abenefits, 	 issues cannot be determined,
 

the data on physical aflowJs can
 
still be used inx thedecision
 
making process -(Odum,
1985,
 
provides methods for evaluating 
new functions). 

6. Perform economic The.itechniques for economic 
evaluation of evrluation are qui te 
the proposed straightforward and well 
program or. defined. They rely on 
project(s) measurements made earlier 

(steps 3 and 5). Among the
 
most commonly used~ approaches
 
are cost-benefit analy3is
 
including net present value,
 
internal rate of return, and
 
benefit-cost~ratios.~ Other
 
approaches, ,such as cost
effectiveness analysis, are
 
also used.
 

The six steps force the analyst to clearly state
 
assumptions and to clearly identify factors that are
 
-included or excluded from~the economic analysis. The
 
resulting analysis is not an end -inaitself and
 
provides ;no final answer, but At does aid the
 
decision-maker.by providing a more perceptive,and
 
realistic accou.nting of the economic and related
 
social Iiplication'-ut projects.
 

Information that should be collected before programs are
 
crystallized and projects designed includes a definition
 
of the geographic distribution of the people who populate
 
a proposed target area for development assistance. By
 
defining such a boundary, it is possible to assess the
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http:decision-maker.by


direct effects.of the project within a discrete.target
 
darea ctsnthat extend
andto assess thez1external effe 

beyondthe project area.IWithin such a geographic/human 
yresourceregion, other factorscondition how people will 'dpn

"'respond to any'aproposed development. Child et al.' (1984)
~< provide these examples..____ 

Major ethnic groups and subgroups, and social 
rankingsof these groups. Data on groups, and their 
characteristics can be used to facilitatecommunica-<' 

ations,to understand how production is carried out, 
and to understand the relationships and interdepn Idencies that are :important in the functioning of'the 
society. Through such categorization, it is easier 
to identify anddeal with differences in production 
.systems, trading practices, diet, degree of depen
dence on various natural resources, and other charac
teristics they may be associated with the various
 
groupings.
 

- Major social institutions. These institutions play a 
major role in determining how natural resources are~ 
developed and managed; they often control the alloca

* 	tion of land or rights of access to land and water
 
and can determine how production is distributed.


i. 	 within local societies. *Household or family .' 

*.,.groupings 
 are also of great significance -- if they ' 

'are involved in the planned assistance program/
* 	project, they can help 
to ensure that it will succeed ' 

and continue to function over 1thelong t.
 

Land tenure. Concepts of public community and
 
private ownership~are all' important considerations.
 
Concepts of land ownership differ greatly from
 

* 	 Western concepts. 'For example, land' may be public,
 
S.but wells and other water developments may belong to
 
the people who developed them, or vice versa 
 .
 
.Different categories and levels of control may'' 
.
 

" interfere with new procedures that do not take into 
'
 

account traditional practices.
 

- '. 	 Property rights, rights of access to resources, and' " 
rules of inheritance. These may have a strong
bearing on various activities, including production. 

- Major units of cooperation and control. These units 
ma, include a variety of groupings that exercise , 

cooperation and control in a rather broad way. 
' 

Clan '2 
*groups, age sets (e.g., eiders), voluntary associa-" 
tions, and cooperatives are examples. Practically, '' 
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they consti tute thelage units of communication"and 
in 	various ways link~smaller units. 

The legal ,ystem and the adjudication process'! These, 
sart~conered:ith 0f~articular types of public- p-.--'. 
decisions that,6serblisce,the general tnorms-'o. 
behavior,- and -may varyconhiderably rom place to' 
place. It can berhelpful to knjow how operateathey 

specifically ineach project area.
 

p
Generation of support forthe existing social system. 
S ,This may not be eas to identify, but it catbe 

highly important in tryng to secure and maintain 
support for the wair,of a project. 

- Major social services. On a national level it is 
easy to findinformation on what main social services 

, (health, education, marketing, etc.) are available 

for the country. In a project area, however, 
-. specific and moredetailed information would usually 

be needed, but may be more difficult to collect. 

4. 	w,- < Distinctive cultural practices. rMany practices 
peculiar to various groups may have a direct bearing 
on production, behavior, and communication. They may 
often nclude practices associated with religion suchi 

as sacred days and ceremonies, and dietary
 
preferences and taboos.
 

-: Government policies that determine the allocation and 
use of resources. Traditional rights of access to
 

.	 resources are often disrupted by development policies
 
that are promulgated by centralized agencies.
 
Disruption can lead to the 'breakdown of sustainable
 
management practices and community-based controls
 
over exploitation and distribution of resources.
 

The above 	factors provide a general profile of the
 
charactristics of the people living within a given area
 
and how theyconduct their affairs. In additon to these
 
factors, a majer hum.an resource that is too often
 
overlooked is indigenous technical expertise'and
 
knowledge (IDS, 1979).
 

The disastrous early groundnut (peanut) development
 
schemie 'inTanganyika might have been prevented by an
 
afternoon spent in the field asking local inhabitants why'
 
they did not cultivate the proposed project area
 
(Chambers, 1980). People who inhabit specific biophysi
cal systems have generally learned what works and what
 

S does not. They command a wealth of knowledge and insight 
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~concerning soils? veg& ation, climai/nlecs
aiinfluences
 
frigipractices, hydrology, 'and manyother factors that
outside'Ls may never achieve with even a lifetime of
 

study. 
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THE CONCEPT OF INTEGRATED PLANNING AND MANAGEMENT
 

Arthur J. Ha,,.on 
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INTRODUCTION ', 

Mu~ltiple-sector planning'strategies have a great'.poten-a 
 ;:W
tial for sustainable development of resources Iand.
resource systems. " A.central notion underlying these
themes is integrated'plb iii ..... .-
'iia anagemen Thi .
 
concept of imtegrated rural development began to emerge

in some projects inthe 1970s. 'Even earlier, development

planners had de e wanagement, regiona 
 i
development,, and other holistic ap"proaches' to 
resource
 
use. 
 Experience with such approaches has highlighted the

critical need for integrated management, but we also have
begun to understand how difficult it is to actually

'Nimplementsuch concepts indevelopment.
 

Often we have been too 
impatient, and have had
unrealistic expectations for short-term results.
 
Elaborate schemes for integrated planning and management.
have failed when they overloaded institutional and human
 
capabilities to adapt. 
 The guidelines provided in this
section suggest''"windows" and' processes that 
can lead to'
 
better 
integration within planning andmanagement. They.

also demonstratethe continued relevance of integrated

approaches to optimize and sustain 
resource use. As
defined for these guidelines, integrated planning and
 management is viewed as a step-wise progression in~
considering cross-sectoral impacts of resource use to
arrive 'at optimal use of resource systems. 
 optimal 'use
 
is defined in ecological, social,'and economic terms and,

ultimately, should be related 
to sustainable development.
 

While 'there are many different approaches 'to'integrated

planning and management, 'the "principles" noted below are

central to all. 


' ' 

- ' Some degree of integrated planning and management c'n

''be applied in every resource-development setting. 
 ' '
 

In most circumstances, integrated planning and
 
management can 'be 'initiated'through existing'

agencies, 
 thos related
teeldltoo coordi.-
.project..
 
nation or regional development. .
 

Integrated' planning and management should be
considered from the iiception of the project 
or
 
program (especially to identify possible option

foreclosures) but full implementation may require
 
years, 
or~even 'decades, in some circumstances.
 

-;'An 
incremental application of integrated management

concepts is appropriate, 
as skills are enhanced,
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Kbasic problt6 s Lvercome, 0,tand knowled ge of the
 
resoure systems is acquired.,
 

SSuccessfu ihetgrated planning and nmnagementappli-
S f 
cations dependupon monitoring oradaptive assessment
 

development. 

'	Participation of resource users ins etting and
 
monitoring development strategies is essential for
 
effective integrated planning and management.
 

Integrated planning and manageernt ultimately must be
 
based on local ecosysten and human ecologic and
 

~-~--sociologic information.
 

ADAPTIVE PLANNING AND MANAGEMENT 

Our understanding of resource systems in a region is 

rarely sufficient for integrated management to be fully 
applied in the early years of development. Indeed, 
system performance generally is less predictable than we 
expect (i.e., our useful knowledge base is more limited
 
than we might acknowledge.) For some systems (e.g.,
 
water resource management) good technical knowledge may
 
be negated by a Jack of understanding about complex
 
social systems. Resource users may be making decisions
 
based on their assessment of risk, while developers are
 
deciding on the basis of economic efficiency. Short-term
 
success may blind managers to longer-term ecological
 
degradation than appears to be the case in most tropical
 
land developmer.s. These examples, and many more ,cited
 
throughout this volume, underline the requirement for
 
."adaptive planning" as the base for defining an inte
grated planning and management strategy. In such an
 
approach, every development is treated as an experiment;
 
there-is a willingness to acknowledge that errors have
 
occurred and that a fundamental interest in examining
 
interactions between various types of resources and
 

"! resource users is necessary.
 

Adaptive planning theories (e.g., Holling, 1978) empha

size concepts such as resilience and performance at 
limits, rather than average conditions. With this 
approach, it is possible to refine knowledge of actuali 
and perceived risk and to relate this knowledge to 
decision'nmaking by managers, as well as by farmers, 
fishermen, and other user groups. Resilience, a measure 
of system response to the "shock" of development, seems 
particularly important because it determines whether 
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--

there,,will be on-going opportunity for application of
advanced 6ianagement cocpts with lit 
resilience mightbe characterized by features such as
rapid decline in soil fertility, collapse of a population


er.rapidexploitation (e.herringf,. ............ ies)+_
.. ... 
is 
r rp eirto0 ettlersdn early stages of land

opening. * 

Monitoring is essential for adaptive management andplanning. 
With accurate and up-to-date data, feedback

loops can be set up and the 
causes of environmdhtal
 
changecan be assessed. Social/community inputs, 
as well
 as biophysical and economic factors, should be incorpo

into monitoring.

have shortcomings, as discussed later in this chapter'.
 

rated However, some monitoring programs
 

Simulation techniques have begun 
to play an important

role In adaptive planning and management. The objective
in simulation,which may include computer modeling, is to

bring together resource planners/managers, decision
makers,; and various technical experts to construct a
conceptual model and then simulate the effects of various
policies on performance of the system. 
These profes
sionals then work together to prepare integrated strategies for issues that 1) have long-term significance,

2)' include a complex mixture of perception and "facts",
3) lead to combinations of resource interactions with
 
many plausible outcomes, and 4) are open to 
various

possible interpretations of optimal and sustainable
 
development.
 

In simulation work, the preparation of the conceptual

model helps sort out differences in perception about 
the
 
esource base, its limits, arid 
the knowledge available
for its management. Ideally, the model reflects not only
theory and technical data, but the holistic impressions
of resource managers and users. 
 Once the model has been


constructed, perhaps with a series of modifications to
achieve mutual agreement concerning its "realism,"

various scenarios can be derived for 
resource u:Je over
time. It may be possible, for example, to 
explore the

sustainable level of products that could be harvested
from a forest ecosystem, or the long-term potential for

combined aquaculture, fisheries, 
and agriculture in a
delta. Simulations can be made of the economic effects
 
of insidious environmental changes such as a''decline in
soil fertility or 
the effects of pesticide use or pest
resistance. 
 It may also be possible to assess cumulative
impacts of multiple projects within the same area.
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Simulation exercises may become the m~ost powerful
 
~approach for periodic upgrading of an Integrated manage
ment strategy; they can ensure that desired step-wise
 
increments are actually taking place -- since the
 

______ _ar involvedj In the simulation. Such exercises 
are also important means for reevaluating the goals'for
 
integrated management, because rnew information or
 
changing circumstances can he brought into the simulation
 
11game. 11 

ENVIRONMENTAL IMPACT ASSESSMENT 

The early planning stage of project planning in some
 
developing countries (and of most international develop
ment agencies) now includes the requirement of an
 
environmental impact assessment (EIA) or at least an
 
initial environmental screening process. USAID require
ments are shown in figure 2.1.1. The EIA helps establish
 
an integrated management approach from the start of a
 
project; it should identify significant resource inter
actions and develop a ieasonable baseline for monitoring
 
future changes. When properly applied, an EIA also will
 
take into account alternatives that may lead to a
 
broadening of project objectives or to incorporating
 
other groups into the project framework (e.g., in
 
planning for infrastructure such as roads and sewers, or
 
defining integrated resource management based on local
 
traditional patterns).
 

Environmental assessment can lead to highly productive,
 
low-cost changes in project design when the inputs are
 
made at the earliest stages of project planning.
 
Sometimes information need not be detailed at this point,
 
especially for identifying future options. If the EIA is
 
delayed until the detailed-project-design phase, these
 
advantages may be drastically reduced, because major
 
commitments have been made and costs of design changes
 
have become significant. An initial environmental
 
evaluation or screening process that does no more than
 
identify whether or not an EIA should be commissioned
 
sometimes will provide quick answers in projects with
 
tight design deadlines. 7ven where no environmental
 
impact assessment statet ent is formally required, use of
 
assessment tools can be of value for project planners.
 

Basic information obtained for an EIA should include
 
ecological/scientific factors, social/community-based
 
impacts, and institutional/political concerns likely to
 
influence project success. The relationships among these
 
three foundations also should be considered. It is not''
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Particularly useful, for example-.to 
conduct a,,cocial

impact assessment that is separate from the EIA. 
 Nor
 
should theoretical, scientific approaches 
to resource
 
management be divorced from institutional and socio-


The EIA methodology is outlined in several good manuals,
 
which cover topics such as:
 

scoping -- rapid delineation of factors likely to be 
most significant 

baseline studies -- description of existing condi
tions before development
 

valued ecosystem components -- based on public
 
concerns or scientific advice
 

indicators -- ecosystem, social or economic.
 
constituents used to monitor change
 

impact matrix -- qualitative identification of cause
effect relationships among resource 
system components
 

In this book, we emphasize the experimental nature of

development. Where possible, a;portion of 
the p'roject

budget should be allocated to research that e',entually

will produce conclusions about initial hypothe'ces (the

project document will implicitly or explicitly czontain
 
these). 
 Figure 2.1.1 summarizes discussion in the
 
previous two sections; it describes the logical project

progression from the EIA to 
che treatment of a project as
 
an experiment. 
 Conclusions about initial hypotheses'-
the endpoint in figure 2.1.2 
-- become inputs to adaptive
planning and management processes that will produce

modified or new hypotheses.
 

REGIONAL DEVELOPMENT PLANNING
 

An analysis of the capabilities of land and water
 
resources 
is the physical basis for regional development

planning. Resource inventories (table 2.1.1), geographic 
 ,

information systems (see box, Geographic Information
 
Systems), and remote-sensing Image analysis are 
funda- "
 
mental tools now in widespread use. These approaches can

provide unique and holistic perspectives on relationships
 
among landscape units within a defined geographic area.
 
These perspectives, however, may not include all
 
resources, and are of limited use in understanding some

Important ecological relationships (e.g., food chains).

Capability analysis is, above all else, concerned with
 
setting boundaries rather than anal,Yzing processes.
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Table 2.1.. 	 Integrated resource inventor:y for develop
ment activities.
 

Ke aaRequirements . ....,
 
Ecological: Climate; -water; landforms; soils; vegeta
tion, wild anddomestic aninals; animals critical to
 
ecological processes; traditionala nd introduced resource
 
uses; 	presence of toxic substances; existing reserve
 
areas.
 

Human resources and ecology: local perceptions of risk;
 
attitudes, social institutions, and methods in place for
 
resource and environmental management; intensity and
 
style 	of resource use by various cultural groups; land
 
tenure and other resource rights; migration dynamics;
 
her.tage sites; available training opportunities.
 

Institutional: national, regional, and local units
 
functions for 	resource and environmental exploitation and
 
management; relevant policy, laws, and regulation;
 

•: 	 existing ambient or effluent standards.
 

Research: relevant existing programs and organizatins
 
including baseline/monitoring activities; established
 
technology transfer or extension services; past project
 
evaluations, environmental assessments or feasibility
 
studies.
 

Thematic Mapping to Provide Synoptic Overview
 
Remote sensing sources may include time series of serial
 
photos and satellite images.
 

* 	 Classification
 
Where necessary select taxonomy and level of hierarchy
 
appropriate for development activity. This selecti-.i may
 
involve choice of land or ecosystem classification
 
and(or) scale for synoptic representation (usually in
 
1:2,500 to 1:250,000 range).
 

Carrying Capacity and Special Constraints
 
Difficult to accurately estimate limits on ecosystem
 
functioning but valuable to have first order estimates,
 
especially. if great variation in capacity of various
 
:ystems.
 

Presence of especially outstanding natural or cultural
 
resources and areas or resources requiring special
 
mitigative measures.
 

Significant risk factors.
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relevantforecological analyksis.
 

Data from baseline studies,prmorceinventories, and
 
t'monitoring programs'should be incorporatedwithin a,


mGIsif possible. The GIS ma iiangd'byia

nationalor regional bodypes
, ndepende.t.'f any.one

proj'ect., 
 Information should be made available,(,to all'
 
subscribers requiring access, 
 Desins; a
 
general17ed system ise gntof a reama;y
 
situtions a mrdspeciaized sysitfforea 
 Ospecific
 

proramor reamaybe appropriate.
 

Development areas nay be grouped into majoL 
zones based
 
on various criteria, including ecological factors
 
(K.Miller, IUCN, personal communication):
 

Critical zones approaching the threshold of
 
irreversibility, characterized principally by such
 
physical 	changes as accelerated erosion, expanding

landslides or 
mass earth movements, uncontrolled
 
stream flow, volcanic and earthquake activity, rapid

laterization, flooding, and silting.
 

- Unique zones supporting outstanding or unusual 
k 	 examples of forest or other vegetation, fauna, 

scenery,. indigenous cultures (World Bank, 1981), and
 
archaeological or other cultural values.
 

- Multipurpose zones where permanent vegetation is
maintained on slopes, river catchments, swamps,
potential floodplains, stream-banks, and easily
eroded soils, but where other parts of the area may 

'be 
 used to produce goods or services such as. food,
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~f~timber,
water, minerals, wildlife, hunting, fishing,
 

and tourism.
 

Holding.zones-reserves not under pressure for
 
developmen -- presen t--and-not-qualdifying-as-unique -at.- ,
 

but with potential for future development.
 

Agricultural and agroforestry zones having high
 
potential as sources of food, :fiber, timber crops,
 
and livestock, where physical and biotic damage to
 
the environment and production can be substantially
 
controlled. More complex classifications,' drawing
 
upon this set of ecological groupings, may incorpo
rate socioeconomic or: other concerns.
 

Only a small portion of a region or project area is
 
likely to be ideally suited for any given activity within
 
any one grouping. In the humid tropics, wide 'variations
 
are found in soil fertility, vegetation, and water
 
availability. In hilly areas and the coastal zone,
 
gradients are steep, with many ecosystems closely packed.
 
"Overlay" techniques are helpful in these circumstances
 
for corridor routing and ifor designation of appropriate
 
agriculture, forestry, aquaculture or other resource
 
production sites (see box, Geographic Information
 
Systems). They help to "design with nature."
 

Si n-capability analysis i s an integrative process, yet
 
it is surprising how many regional development plans fail 
to incorporate sound ecblgical and other sustainable 
development concepts. Possible reasons for such failure 
include 1) use of a broad information base to meet only 
narrowly defined development objectives (e.g., the swamp 
reclamation for rice fields in Indonesia); 2) emphasis on 
regional infrastructure that fails to take into account-<7 
social/ecological.impacts (e.g., road construction . . 

leading to massive,land opening for unplanned settle
ments); 3) prime emphasis on industrial development
 
rather than natural resource sectors; and 4) lack of
 
consideration or misinterpretation of human-ecology.
 
processes (traditional or imported)within the region. A
 
successful analysisof land and water capabilities
 
requires verifiable information at an appropriate scale,
 

7 well-trained interpretive staff, and a multipurpose
 
mandate. t . 

Regional development planning may serve to identify the
 
cumulative impacts arising from a number of projects
 
established over ti'sne within a bounded area (e.g., a
 
lakeshorewater basin, or province/municipality). An
 

77.• EIA7alone, for any one prcject, may not provide a 
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Compleestlite':of synergistic imapacts on tile regional


ecosystem.i Regional strategies should identifycumula

tive effets and also take them into account through

zoning,npermitting, reserve 
 n ad our
planning-tools_ 
 i d ign ion, an oter
 

-- :-7 Reg-ional-planning-aids--in--readmig-interproject conflictsand 
prvidesguidelines for
preventing optio foreclosures that maynarise.
 

To yieldthese benefits inthe humid tropics, regional

development must extend beyond sector-dominateiregional

planning. Unfortunately single-
 purpose, area-based
 
planning is still the 
common approach, especially for
agricultural developmrent. Techniques for broadening

perspectives include introducing integrated survey/

baseline inventories, adding environmental generalists


2> the project to
 
tean for all stages of work, providing a
 

2 wider array of interest groups within the analysis, and
ensuring team leadership by an Individual trained in
integrated approaches. Decentralization of. the regional
development planning proce~zs may expand perspectives
because central planning ur.its are 
then less likely to
 
create study guidelines that are. insensitive to local
ecological and ,-'ultura] variation.
 

Regional development planning is constrained by many

fartors, not 
the least of which are the political and
;7 ,decision-making 
 realities of countries. A review of
Organization of American States Department of Regional

Development activities (OAS, 1984) counseled that:
 

"Comprehensive regional development plans are 
too

expensive, too time-consuming, too detailed, and
 
therefore too fragile to withtand: the realities of
Latin American development. 
They may be intellec
tually satisfying to create, but 
rarely are they

converted to reality. 
Ther are simply too many
i ! 


justJfy investment in highly detailed regional

plans ..


-' uncontrolled variables and political vagaries to
 

On the other hand, a simple grouping of

projects is no basis for planned development."
 

The recommended alternative approach in regional development involves three phases:' diagnosis, strategy, andproject preparation. These 
themes are detailed in table

2.1.2. .,What must be guarded against in"this very logical

approach'is the uncritical acceptance of all projects

generated. . -!


There is immense pressure on regional,

development efforts 
to seek rapid 'return on these expen-
sive st'udies.through 'identification of investment oppor-



' tunities. Env',ronmental assessment for at, least some ofthese projects still will be required to en 
' 

..ire that.
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sustainable developmnent goals have indeed been.,maintained. 
~< in.project 'formulation.'
 

T bla-h. 2'"1;27In t'o- regiowldevelopment 
based on OAS Department: of Regional 

- Development Experience (Source: OAS, 

1984).
 

Diagrosis
 

Rapid analysis to determine principal problems, poten
tials, and constraints of a region: sectoral, spatial,
 
institutional, resource, and environmental analysis.
 
Delineation of subregions may occur. Ideas assembled for
 
investment projects.
 

Strategy
 

Selection of pressing issues and opportunities for
 
addressing them in context of available financial and
 
human resources. Emphasis is on politically feasible
 
activities within a timeframe short enough to maintain
 
momentum. Alternative strategies may be presented.
 

Project Preparation
 

Preparation of interrelated investment projects to imple
ment selected strategy. Projects provide a balance among
 
infrastructure, production activities, and services and
 
are presented to government, along with necessary
 
ancillary actions, in short to medium-term action plan.
 

It is always necessary to place boundaries concerning
 
space, time frame, and breadth of goals in regional
 
development analysis. The dilemma lies in how.to )et. 
these boundaries while maintaining an integrative rather 
than exclusively sectoral focus. 'Some techniques are 
shown in table 2.1.3. Boundaries can be used to high
light specific concerns and opportunities. Examples 
include delineation of watershed management units for 
erosion control projects,. ecological zoning, and identi
fication of priority development areas based on communi 
ties with traditions of integrated resource management 
Perhaps the most difficult r.egional" development judgment 
to reconcile with ecological perspectives is the 
imposition of a limitation' of the tine' horizon to a 
period of less than 20 years. 

2 . .. . ... . / , i . , i ', ' : .... '" .. .. .. .. .... 4-4 
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Table 2.1.3. Establishing boundar les for integrated 
regional developuiiar 
anal ,s.is (Source: 
Adapted from G)AS, 108/). 

Space
 

Carry out rapid so veys 
 of h) oad area in order to focus on speci Lie jCa or at tribute, relevant to the regional 
resource base.
 

Ident i ty ma jor eco;ystems to deve lop unders tand ing 
 of 
in terac t ioil. 

Define bolnnjl ies; of economic and markot sys tems and
 
define pI im;miy to tet t iany urban centers.
 

Identify dCmogjrap.c and migratory patterns. 

Time
 

Establish time hor i ,on for information and ensure
 
compa t ihi Iity allong Sec tot1;.
 

Consider trends in addi t ion to existing pattern.
 

mit L c'I,) dw/i
i 04! t and 

with longer raiuy-e eoa and ecologrical/socioeconomic
 
develop elit -eq iIi-mln'
 

Study goal.,, ill 


)Ilopui-plan piojects, consistent 

ion to Iimi led f iriarcial resources.
 

Limi i ots
Ielo giai to I)iaci icaI level. 

Study region at. difIfevent leveIs; of detail. 

Limit sectora! Locus a tlr preparing integrated overview 
of developm-nt potential. 

Focls on particular target populations ,i th integrated 
approach. 

Where regional planing anid management are well 
instituted, conflict resolution cal become a central
 
purpose. The mechanisms may 
incltrde improved coordina
tion of projects, negotiations between parties, 
or third
party arbitration. 
 fly setting targets such as equitable

distribution of costs 
and benefits resulting from

development, potential conflicts may be avoided. 
 On the
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hanigaislremarkablynother 	 easy to state g

a-while
actually initiatingdevelopment patterns that
 

c benefits apd,6sts. on' partic'ular, groups ., 
Wihn a6 region. ~Tools foridentifyizng Ip tential< 
conflictsg include i the useof remotesensing and mapping 

and matricsta rva nescoaivlopments!; 

_conflicts)-and moeigeecssLaogtelns;.

previouslydiscussed
 

Figure 2.1.3 shows the ideal, relationship of-regional 
development with environmental impact assessment and . 1 
adaptive environmental management. The model can allow 

for unequal~ emphasis on the thre~e points, andthe.
 
emphasis may change over time. The institutional base to 
support the'triaigle should include a development agency, 
an tironmenta),,)unit, and sectoral organizations
 

arioaves to aaptive environmental management
 

MONITORING
 

Integrated planning and management requires a dynamic and 
expanding information base. A propriate monitoring 
shouldprovide this base once development activity is, 
under.way. Under thebest circdmstances, monitoring 
programs will provide sufficient and relevant information 
to answer important questions (and perhaps rais. 'new. - I 
ones), but will not overload managers with vast amounts 
of difficult-to-digest data. it is essential t. 

V 	 sstructuremonitoring so that samples do not missepisoc 

events, surveys reach all relevant target groups, and 
data 	are gathered at appropriate levels of precision.! 
Monitoring etforts should have definite life spans' to 
avoid long-term irrelevancies in the data. Monitoring may 
conti nue for... -- decades. However, suchmany 	years even 
decisions should be explicit, otherwise monitoring will
 
tend to displaceiother higher. priority activities that
 
emerge later in development, especially experimental
 
work.
 

Baseline studies generally refer to monitoring initiated 
prior to project initiation or to studies conducted on 
undisturbed sites in the project region; most of the 
remarks in this section are applicable either to baseline 
studies or direct monitoring of project effects. Such 
studies may describe the environment, may provide an 
ecological or socio-economic basis for detecting change -~ 

(benchmark monitoring), or may primarily be orientedt~' 
developing or validating predictions for present or 
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~future projects. Monitoring''is essenta tdtermine 
compliance with either ambient or effluent 
becomes important in legal proceedings for mitigi d 
compensation and~as a condition for issuing pernits. 

~;&However',Ait iise to separate monitoring from 
suvilhce prvso/oii o enionet The 
'lf~att'lr,r are generally more qualitative, point-in-time 

........assessmen ts.Airected towards c ompliance--with-.egulaion 
or performance., ,7Monitoring is more methodicaland' 

directed to scientifically' verifiable data gathering. 

Moni toringprograms may be highly ;specialized and' 
sectoral, or very eclectic. Marcus (1979) defined an 
optimal monitoring system as one in.which data collection 
is limited to the minimum numbi--r of essential quantita

tive indicators that would enable agencies to direct,
'Control, mitigate and(or). prevent impacts. UN4EP (1980) 
noted that monitoring becpmes truly integrated"when the 
measurements of different variables or of the same 
variable in different compartments are coordinated in 
time and space to provide a comprehensive pic'ture of the 
system under study. Rarely is this ideal met by
 
monitoring programs.
 

'4,4i:' 

Indeed, to provide guidelines for successful monitoriig,
 
it is necessary to understand why so many fail. Some of
 
the more pertinent reasons for failure include:
 

a clash in objectives between ecologists seeking to
 
understand system functioning and managers seeking
 
reliable information for immediate decisions
 

- questions asked that are not adequately addressed by 
-- the monitoring program 

- emphasis on descriptive data, without clearly stated 
objectives and well-defined hypotheses 

insufficient data analysis (descriptive approaches 
may answer "what" but rarely address "how" and almost 
never "why" (Walsh, 1983) . 

lack of' data sets sufficient to compare natural
 
variability com-pared to" project effects 

-' qualitative differences in characteristics of systems. 
i sumbed by natural forces compared to the effects 

ofhmaninfluences (especially important' in 
comparing baseline and project monitoring data sets) 

incorrect selection of monitoring variables
 

1J." 



d~c f cnrl to establish causality 1~ 

In addition~to these types of 'concerns, there are moremundane, but important','sucsof faiure." Monitsourcesof 
 ue. ontring 
Programs'may endprema-turely. They may be ofthefixed:

th appa......:ratus: was damaged, 
prog 

"and3so an; Mnitoingamre3 expenSive and :Iess'er aont'fhihqultdatation)rerequpe
than a sub~tantia amount odata"th id ifi t analyze and' relatively 'unrelifable . -Ao, it is far: to (easy tO gather :excessiveseamounts: of , : .. 
ete Even
yacquired or traditional (eg., soil
burtheyps)


untransfored
data. raw, data raely represent useful.,
inomaion to the manager, arddcisonm. erhap
thegsame amount of money spent on acquringthe data 
should be allocated for analysis anduse inoverifying 

y 

hmodelsipred ictions. . ., 

A good monitoring programshould be clearly perceived as'
part of:the planning and management process 
-- and should 
be designed to meet needs within an agreed-upon time
frame (it may cover both short-term and long-term
requirements). 
The program may incorporate scientific,

statistically verifiable data as well as 
information that
 

4- / is drawn from community/resource 
user experience.
be difficult to It'can
reconcile these disparate sources without
a carefully considered framework that identifies the most

appropriate type of information for answering specific
 
hypotheses. 
 : 

In monitoring environmental change in the humid tropics,
where species diversity is generally very high, and where
 one of the most significant issues is loss of genetic
material, 
the choice of species or associations within 
ecosystems can become a contentious issue. 
 It may not be
effective to 
consider only common species. 
 A compromise . .may be to select indicator species, which are 
often amongthe rarer species in the community. These maybe
selected according to known responses to pollutants or tospecific types of environmental change.to p ort to
 

The problems of dealing with typically high natural
variability require stability in the sampling program

(including consistency in data-collection procedures),

designation of control sites located in relatively

unchanged ecosystems, and a sampling design amenable to
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good statistical analysis. Careful attention must be
 
~~ given to choice of sampling sites within a projec't area 

to~take into account the tremendous amiount of variability 
usually present in tropical locations. It also is 
important t6 recognize that tropical geomorphological and 
ibiological changes can be so rapid that the ecosystem
 
be)ing monitored may be altered radically in less than a
 

dry .land).Thusdescriptionsasf what is being monitored
 
may need frequent updating and reconsideration
 
(especially as control sites). .
 

Integrated monitoring can be achieved partially by
 
coordinating the collection of physical and biological
 
information. This will improve one's ability to
 
determine cause-effect relationships. Creating easier
 
access to existing data and literature is the most cost
effective way to integrate monitoring activities.
 
Different agencies often collect data in the same area
 
without sharing afterwards, or without determining
 
beforehand sampling arrangements that would optimize the
 
value of data. Remote-sensing materials, in particular,
 
should be made available to all groups concerned with
 
monitoring; they may suggest field sCudies for ground
truth verification instead of expensive surveys.
 

The integration of socioeconomic monitoring with '
 

biophysical studies presents another level of complexity
 
and variability. One approach is to develop monitoring
 
programs with specific objectives such as observing the
 
effect of settlement patterns on disease vectors, or on
 
quality of drinking water. It can be argued that this
 
approach yields' the most conclusive information relevant
 
to development improvements. However, it also is
 
essential to develop monitoring for broader issues: the
 
cumulative effects of several disparate human activities
 
on a region; the effects of particular types of agricul
ture, infrastructure development, etc., on the whole
 
ecosystem; and the influence of various management i''
 
systems on particular resource bases.: These monitoring"
 
needs may require national or even international/compara
tive analysis and cooperation. Development agencies are
 
uniquely placed to facilitate and fund the development of
 

such monitoring.
 

; " Monitoring and baseline studies can be related to
 
processes-through experimental manipulation, either 
directly in the context of project management or by using
 

,"comparable' facilities elsewhere to simulate components of
 
a proposed saction.
ost macro-scale developments are
 
phased. A land development area opened'section'by
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section,or.an existing hydrodam in a basin with
 
untapped potential, can be experimentally manipulated and
monitored to-provide information on performance under

limiting conditions. It is particularly valuable to
monitor response und'erexceptionally dry. and wet years,

or during periods af exceptionally good and bad economic 

: 

_condition . Post-development 
audits or retrospec.iVe
 
asaoe mnmi taring
source. Unfortunately their value is sometimes limited


by poor or rest.icted documentation during project

planning and . lementation,. Engaging a project

archivist, or developing linkages with local university

teams to provide an "institutional memory," may be of
 
considerable assistance.
 

Inevitably, there must 
.ome a time when monitoring

activities should drastically change course, or 
be
reduced in order to 
free funds and personnel for other

activities such as process-oriented experiments.

Typically, such activities will be in the physical

sciences (hydrology, agrometeorology, soils, water

quality) and will involve fixed station/irequency
 
programs. It may be possible to 
reorient activities

employing the same technology to more relevant areas, or
it may be possible to decrease density (time and(or)

space) of the sampling pattern. Questions about the
 program should be phrased 
in termszof efficiency,
 
economy, reliability, and relevance to 
sustainable
 
development objectives. 
 Those aspects of the program

that consistently fail 
to provide satisfactory answers

should be considered for termination. There must be an
orderliness and long-term consistency to monitoring, but
 
arguments based solely on 
such a rationale must be
reviewed carefully. 
To ensure that monitoring programs

do not continue endlessly it is necessary to define an
 
end pointat the time a program is initiated, with builtin interim review periods.
 

COMMITMENT TO RESEARCH AND TRATNTENG 

Sustainable development for the humid tropics will

require a far greater commitment to research than in-the
 
past, plus attention to ensure 
that research results are"
applied 
in planning and management. There should be a
close relationship between research and training, because
transfer of knowledge, particularly among those actually

involved at 
the field level of projects, is a key factor
in adaptive changes 
to improve development. Training is

essential 
to promote conservation values; 
the rationales
 
for maintaining reserve areas, protecting water quality,
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or itional pproaches to resource use....
 

If, tropical.development is viewed as an experiment, it
 
should~nt be necessary to develop adetailed rationale
 

.for the early stage of project and
research needs in 
Lpriogramdevelopment. About lOX to.b15X_.o f,,_ ject funds 
should be committed automatically for research.' Detailed : 
research plans can be;developed parallel to project 
plans. Consideration should be given to special projects 
to develop research infrastructure independent of any 
particular development, but.serving the development of 
regional ecological information needs. 

Such projects may be directed to physical infrastructure
 
and human resource development (e.g., agroecological
 
research stations, university environmental faculties or
 
centers) or to collation of available information for,
 
widespread dissemination (e.g., preparation of regional.
 
ecology textbooks).
 

General themes for research have been discussed in
 
Ecological Aspects of Development in the Humid Tropics
 
(NAS, 1982) and in various other tropical ecology sources
 
(such as those of the National Academy of Sciences,
 
UNESCO-MAE, IUCN, OGIAR and other international resource
 
research centers, and the International Development
 
Research Centre). The international support network for
 
sustainable development research has become much stronger
 
in recent years. The agricultural intensification
 
centers are becoming more responsive to local ecological
 
conditions and are beginning to foster linkages with
 
local units that can research needed adaptation of 
 2' 

inputs. The commitment to such research must be ongoing,
 
because infoiration needs are immense and subject to
 
change.
 

Research training is an efficient means for rapid
 
development ot both knowledge and expertise, particularly
 
when new institutions 'are established. Research training
 
that combines academic and on-the-job experience can be
 
applied to one or more problems of relevance to project 
implementation. The research may be directed to
 
inventory and process-oriented studies and should have
 
short- to medium-term objectives (1 to 5 years). By the
 
conclusion of the research training period, a team 
capable of undertaking interdisciplinary research should
 
be in plac6' and there should be well-developed relation

ships between the research unit and those concerned with
 
project planning and management.
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.ten major resource-exploitation projectsinvolving

'tropical fisheries,, forestry, or agricultural land
,development are started with 
the explicit understanding


they can be sustainable only it accompanied by

training~ of 
a cadre for resource management. This
 
asu6mption requires careful scrutiny because 1) the
 

o ort.....iable-development-nay-not be

available for 
many years, the com2) .mitmentto training

often evaporates after the project is underway, and
 
3) even with goodcommitment , t he amount of effort
 
required for training to 
be influential indevelopment isconsistently underestimated. 
The point to be made is
 
that development should not proceed in advance of a
demonstrated effective 
craining effort. Development

agencies (national and international) must pay more
 
attention to creating frameworks that include training in

anticipation of ecologically based development plans.
 

CONCLUSIONS: TOVARDS ENVIRONMENTAL MANAGEMENT IN THE 
HUMID TROPICS 

Hopefully one benefit of .this book will be to instill in
 
readers 
a sense of caution and awareness ofi the serious
consequences arising from development in the humid
 
tropics today, both planned and unplanned. The authors

have demonstrated opportunities for improvements, but

their conclusions should rot lead 
to high levels of

optimism for the course of development in the humid

tropics in the near future. Unfortunately, there are

built-in political and social pressures 
that may prevent

good ideas from being accepted. The economic conditions

of most tropical countries are declining, and these

conditions have significant implications for long-term

planning. For those countries (e.g., 
in Southeast Asia)
where economic development has been rapid in the past

decade, resource exploitation has accelerated at 
such a
rapid rate that environmental management cannot keep 
pace. And, of uourse, the ecological knowiedge for 
tropical ecosystems is still inadequate. , 

Developed countries should now 
be'devotinga maximum

cooperative effort to 
helping ensure that -future genera-
 . ..
tions in developing regions will not inherit incredibly

high costs just-to subsist under degraded ecological

conditions. 
However, the major burden for environmental
 
management lies inescapably with' the institutions and 
personnel of the developing]countries. Understanding of

the-ecological constraints.and requirements in humid.
tropics development must be channeled among all 'theinstitutions in the development planning process, if - , 
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a hope of improvement. This task
 

has been made easier in recent years by athe presence of 
environmentally oriented agencies wittim many countries. 

-The 	 Mincreasingly consistent-'and grim paradigms of 

---- tropical ecosystem performance under stress of exploita

tion providethe case studies about constraints. It is
 
-,,,,e-,sen tial-that.atten tion-now-.be-..ocused-on,-wha t-.is---,"
 

'working. This will be the job of planning and management
 
organizations that for the most part still are not .
 
prepared to be thinking about either ecology or inte

-grated resource management. 	 - . 

r If is therefore essential to define problems clearly in 
* 	both shurt-term and long-term contexts. Achieving
 

longer-'term environmental management will be through many
 
'iterations of short-term actions. If these actions are 
to be supportive of sustainable development, adaptive 

aa thinking must be built into the management.process. Then
 
aresearch 
 and training efforts are likely to have maximum
 

and immediate benefits. Adaptive management requires the
 
- ,..establshment of dialogue among all key participants in
 

resource decision-making, including representative local 
 a
 

citizen Inputs, and the contributions of scientists and
 
others-outside normal bureaucratic channels. ) 

"Good" environmental management is not consistently
 
practiced by any country in the world, at least not to 
the level required for sustainable development of all 
potentially renewable resources. But on the basis of a

actual or potential loss, as measured by genetic
 
-a ,U ,diversity or by resources per capita, the countries of 

the humid tropics stand to be the most damaged by poor 
management practices. Most countries can still choose to 
keep much of their remaining resource base relatively 
intact, to use parts for intensive well-managed,produc- 

tion, and to convert already degraded lands-to higher 

valued agricultural and forestry uses. Defining a 
reasonable-mix among these three- strategies, and - 
consistently adhering to this choice, is the best way 'to 

- move towards policies that willa-ensure a future in which 
"good" environmental management can become a reality. 
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'-INTEGRATED-RESOURCE USE: CONCEPT DEFINITION

Integrated,:resource use is the coorcAinated development

ard.use of natural resource areas 
for the sustained
 
,benefit of society. It encompasses more than ani environmental impact assessment of the naturaliresource base.
 

_____ The.,natural-.resource--component-i Jus basic--o
elements of natural resource systems. Other elIementsrepresent the political, economic, and social aspects 'of 
the region to be developed. 

r Integrated resource use implies more than multiple-sector

considerations 
-
 each land area must be developed and
managed'to benefit people in ways that are compatible

with its ecological potentials and limitations. Animil,
human, soil,-vegetation, water, and mineral resources andtheir interactions must all be considered during all
phases of the planning process. Development using this
concept' involves enhancing the suitable land uses or
developing economically viable new uses 
to meet the

public's long-term needs on a sustained basis. 

These uses can be combined into a harmonious system of
production only if planning is motivated by sustainable
 
goals, recognizing that an 
acceptable solution often

involves striking a balance between short-term and longterm benefits. Integrated resource use 
is'difficult to
implement, even in ,developed industrial nations, given
the social pressures and politics of land-use planning

and of resource development and management 
that encourage

singe-sector approaches.
 

Integrated Resource Use in Developing Nations
 

Integrated resource use implies a sophisti,ation that may

be extremely difficult 
to implement on a sustainable
 
basis in developing nations. 
The major limiting factors
 .:are 
the lack of a trained, experienced, professional

staff, and the.lack of a political environment and
organizational framework that allows stability of purpose
and direction. Integrated resource use remains a

worthwhile'goal as development programs continue to 
train
and assist developing countries to 
build the necessary
.'+ + Infrastructure to coordinate this complex level of 
planring and management.
 

1:." INTEGRATED RESOURCE, PLANNING 

Integrated 
resource planning as used in this document
best be 

can
defined by examining the words themse.ves. The
 

67
 



i 4ndividual -terms "integrated,"I "resource," and "~Planning"~ 
are used in many different ways. The term "resource" isl 
used heredn a very broad sense to include all the 
natural', social, economic, and political attributes 
availablejto .agiven region or area that can be used or 
interacted with by some management strategy. Inter- .. 

--a---- n -- a -b .th - ector-ind irect, 

The term "planning" refers to the process by which 
development agencies and governments select, manage, and 
evaluate projects directed at improving the potential and 
management of the "resource" base. The general steps of 
this process are presented later in this chapter, along 
with the specific steps used by selected development . 

agencies. 

The term "integrated" is used to imply that 1) the
 
interests of various economic sectors are incorporated,
 
and 2) many aspects of the "resources" will be considered
 
during the "planning" process. It also points to the
 
need to use a multidisciplinary, team approach during all
 
phases of the process.
 

In the broadest possible sense, integrated resource
 
.planning involves 1) the conceptualization and confirma
tion of problems and needsas a multiple-sector activity,
 
and 2) the analytical design of programs and projects to
 
address these problems and needs. Planning attempts to 

chart a logical, orderly seque,,'e of actions for:
 

. identifying goals and beneficiaries
 

* - achieving worthwhile goals 

- solving problems
 

- ensuring maximum effectiveness in the use of natural 
resources, capital, labor and human skills, and 
scientific and technological knowledge 

It is.the approach used in planning, rather than what 
uses are involved, that typifies "planning for integrated 
management.." Planners and developers must realize that 
sustainable resource-use strategies result from 1) 
complete information acquisition and analysis, 2) 
thorough multiple-sector problem analysis, 3) unbiased 
determination of potential alternatives, 4) careful 
evaluation and selection of alternatives leading to the 
betterment of both the resource and the people dependent 
upon it, and 5) continuous monitoring and evaluation of 
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aeuly document 


;ailures so we~ can learn from past 


~~~~~~ prgmst td'l~mn successes an 
f:r 

With good intiegrated multisectorazl plan'ninIg conducted at.the national le'vel, the process of plnigfr sCi
 
sectoral activities can~oeie 
be'done in the context
Sof single disciplines for each-of the separate elements,

components, 
or projetsfin a development plan.Aiowever,
Sthis -singliel-elelmen t- procedure-- s -us edth grdrdaIinger that tho&s.(people. who are 

,"I 

closely involved ,may ' lose sight of goals and interrelationlships. In-addlition,
there is the possibility that new interrelat~ionships,
impacts, and concerns may surface from actions proposed

within theintegrated planning process that, ,6rdinarily

would not 1be dis'cove'red until the implement '
tion phase of
 a single-discipline" planning process..
 

PLANNING .AS A STEP' IN TUE DEVELOPMENT PROCESS 
< 

Fundamentals 

After objectives are set, planning consi.Sts of iterative
 sequences of assessment, problem analysi's,. and rational7
 
A decision-making. Problem analysis. is the process of
discriminating between problems and symptoms, identifying''**~


the fundamental causes of problems, and proposing

solutions, that will remove 
the causes. and thus solve the
problems. Analytical and subjective thinking together

with rational decision-makimg, are inherent, repetitive

functions problenm analysis.
.in 
 Taken together, the
principles ofproblem analysis and' rational decision-.
making are the cornerstones of planning. Problem .

analysis is>therefore a process of 

- specification of problems and identification of
 
causes .
 

- analysis/assessment of. causes
 
- specification of alternative solutions
 
-
assessnent of side effects of alternatives
 

Decision-making/selection of Alternatives
 

This process results in
a plan when the selected alterna
tives Iare !trans-lated into specifications for implenenta
tion and when each specified action element is scheduled

in a workable sequence.
 

ProblemAnalysis + Specification + Schedule Plan4
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Theplanning functioii is ade up 
tefollowing: aorses. 

aiterative ssriemao 

1.informationaccumulation, reduction, and analysis 
2. oat setting 
3. *pr bleni'analysis and rational decision-making 
4. alternative seection and shdlnJ 

-7 - -The--ceitral-fociis,,f-pan ig7s-t p ciy-t es'nti l--,---
stp'a t'oset the guideposts'for a course'6f action'.t 

-

Applying theabove principles,' the' universal steps in

planning are carried out~as outlined in table,2.2.1. 
These steps can tbe carried out formany purposes and at 

~~many levels in the context of technical assistance and 
integrated planning for development and resource manage
ment. > 

, , 

planning as' organized in table 2.2.1, 
be aware of the following points; 

it is important to 

While these steps: are not mutually exclusive and may 
be developed simultaneously, planners normally work 
through the steps in table 2.2.1 from top to bottom. 

, 
'" 

Some steps may be partially developed and laid aside, 
particularly among the' secondary functions under .. 

'"planning for action program..",The most efficient way" 
to proceed is often to carry certainfunctions as far 

as ~available information 'will 'allkw, to go on to, the 
next function, 'and thenit loop back to revise, 
,update, 'and; complete the work. Obviously, certain 
functions' are prerequisites and must be completed. 
before the next phase can begin. . , 

2 
"' 

Cycling back through the process plays a seta 

role;,n the' complete process. As one moves down the 
activity~sequence (table 2.2.1) new information or 
newly 'perceived, problems w1 ii~require the planners to 
cycle back and,refine or completely revise the work 
from an earlier function befo~re 'proceeding- This, 
often makes the difference between successful 
projects and those with' serious implementation 

problems. 

All steps must be completed to ensure project 'imple
mentation that maximizes benefits, including technio-~ 
logy transfer, to the recipient country and its 
p~eople. ' 
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Table 2.2.1. Major steps in 
the planning process.
 

I. Preplanning
 
Situation assessment 
Goal/objective satting
 
Problem 	 ident ification* 

II. Planning for program
 
Information summarization and evaluation 
Problem 	identification
 

Analys i s
 
Decision-making 
 and selection of alternative 

act ions 
Working strategy and logistics
Ordering and scheduling action elements 

Facilitati ng actio t-
Direct act ions
 

Personne 1 requni rements
 
Logistics
 
Administration 
 and management
 
Budgeting and tiscal 
 control 

III. 	 Plan implementatic:i
 
Action element, per schedule
 
Pro1 ec t 
 coo rd i nat io:n 
Monitoring and f i ne--tuning action plan 

IV. Follow- through 

*The techniques; o1 problem analysis are iteratively

applied throughout all functions to specify or 
 fine-tune 
action needs.
 

Involvement of loca] government personnel, con
tractors, and key personnel from the target area is
crucial throughouLt the ma or lproject stages. 

The practice of changing contiactors, especially
the planning to implementation 

in 
and(or) 	 foblow-through

stages, reduces program effectiveness and the savings
that competitive bidding is ex.pected to achieve.
Hence, donors must select qualified contractors and
assign the complete program to them. 

Social-impact Assessment
 

Social-impact assessment follows 
the major steps listed
 
in table 2.2.1, 
but uses somewhat different terms and
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asks the planning questions that emphasize people. These
 
questions are illustrating as follows:
 

- Scope: How big is the problem?
 
- Problem definition: What is causing the problem?
 
- Alternative formulation: What are the alternatives?
 
- Profiling: Who is affected?
 
- Projection: What are the impact trends?
 
- Assessment: What difference does the impact make?
 
- Evaluation: What is the acceptance:
 
- Mitigation: How can adverse impacts be avoided?
 
- Monitoring: How good were the original guesses? 
- Management: Who has continued responsibility? 

The above questions facilitate the determination of who
 
benefits and who loses what in proposed development
 
projects.
 

THE PLANNING PROCESS IN OPERATION 

The planning processes used by different development 
agencies ace similar but use different terms. Figure 
2.2.1 compares the descriptions of the general planning 
processes of selected agencies. The concepts presented
 
in this paper can be used within all of these processes. 
More attention given to sustainable resource management 
in each agency's planning piocess will provide more 
effective long-term solutions to the problems facing 
developing countrie,2. 

Planning Sequence
 

The relationship of sustainable resource use to develop
ment planning can be more adequately undrorstood when
 
placed within an outline of the specific sequence of
 
planning activities that are essential to resource
 
development and management. The following outline is 
appropriate to countries that are just embarking on a 
program to increase he elfficiency of resource use, 
strengthen their economic position, and provide their 
people with an improved s;taudaird of living: 

1. Broad, overall, or comprehensive planning 
a. 	 MultisectoraL organization-building and
 

institution-building
 
b. 	 Legislation, policy, long-term goals and 

objectives, and program priority and direction 
establishment 

c. 	 National- and regional-level development
 
d. 	 Resource allocation through integrated planning
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REVIEW 
PAPERprelanning Plannn for Program Plan implementation Follow-through 

Preparation Implementation 

Idenification Appraisal and Ea luation 
Negotiation Supervision 

CDSS PID ContractABS PP (project 
PO/r implementation) Monitoring 

Figure 2.2.1. Generic terms for the major steps in the planning process as developed in this paper and
equivalent terms used by the World Bank and USAID.
 



2 Area-specific planning
 
a Integrated[iglocal area development 
b. Resource area management
 

is blinkelihood of success is greatest if planning and 
fevelopmientd programs fol~low this sequence. For example, ' 

a if training is nota partofionstitution building,, ie, 
counry illnotbe~.abe-4~art~icipte.in development--or-

to maintain the'gains onceaadevelopmnent/management . 

~'>aproject is completed hy adonor nation;2) ifa
 

or;izatio-uiling within the host government is not
 

guided to meet minimum administrative' and management L 1 
'needs, a national bureaucracy will result' that totally "' 

absorbs newly train~ld human resources; 3) if institution
building is not accomplishedz~early on, there will be no' 
local, organizational'framework to accommodate new 
capabilities and development work will lack a *focus that 
meetsicountry needs; 'and.4) if some progress s io t made 
in multisectoral resource allocation at the national and 
regional levels before moving into projects in area
specific planning, truly integrated resource development 

a . [will not oe achievable -- theiresults will merely be 
forgotten, "band-aid" projects. ,: 

Most resource-management projects will involve planning 
in local resource areas, but if such detailed planning 
has not:been preceded by planning and.,action at the 
national or regional levels, the effec'tiveness of the 
plans mnay be 'restricted, and a~dverse sideeffects among 
land u'ses might surface after they have created secondary 
problems with irreversible consequences. 

.Project' Monitoring and Evaluation . ' 

Because of the complexities of implementing projects, 'it ., 

is impossible to anticipate all problems. that are likely 
to arise.' Thus, project monitoring is required to 
provide' continuous feedback. on progress and to identify .... a' 

a:' -(,unanticipated problems that may require redirection or . ' 
-fine-tuning of the program. Hen , flexibility in' '. .
 

project peformance. must be incorporated into the design.
 
The experi .2ced contractor is.aware of this and his pre
bid planning goes as far as possible" to accommodate .
 

'uncertainty. 'However, from the donor institution's point..
 
of view, contracts are easier to monitor, and compliance "'3
 

simpler to'determine, if'the performance document is
 
rigid and tightly specified.'
 

responsibilities fallinto two categories: 1)' 
those of the donor and' local institutions, and 2,) those 
that reside with the contractor. Once a performance, 

aMonitoring 
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...
isanthe contractor's.respo.n.sibilitie 
 . .
are specified. Theseresponsibilities~are conce-rned with
 sep:i, throjectoperations, administrative managementgfiscal
iJicontrol, logistics, phnne , quality control, andagee
e t~s reaceen! performance-schedule .comt >,: ""''+>.: - -.sm'.pliance on deliverable tasks.I
 

Evenwhen 
alsparties have done the blest possiblejob in
: -.-..-- planningy.negoti a -n w hte-ot-gvrmn':dr''
reaching an agreement on the performance contract,
 
unexpected events typically occur. 
tThese problems can
rqi e 'erevision of dliverables nd project: redirection
 

and in-some instances nay even present 
the option toclose out the project. Such situations can arise throughno 
fault of the host countrydonor institution, or
contractor, although their 
causes can usually be traced
 
to inadequate analysis of the working situa 'tion, poor

problem analysis, or simply poor planning in the early

stages of project development. 
 By its very nature
development is'acomplex process fraught with uncertainties. Recognizing this, host countries, donors, and
 
contractors must 
be willing to adjust Project implementation to new realities.
 

The responsibilities of donobs, host-country institu
tions, and contractors in project monitoring and guidance
can be summarized as follows:
 

- Donor institutions, host-country institutions, and
 
contractors areresponsible for monitoring project
performance and communicating their findings to one
 
another 
 c tegularly.
 

- Contractflexibility is needed to allow reasonable
reorientation of project direction or occasional
 
renegotiation of project deliverables (when causal

factors were unanticipated and beyond the 
control of
the contractor) and, 
in extrem instances, to providefor project cancellation or reassignment of the 
contract to another contractor.
 

Duration of Projects
 

Ecological and social components of production systems
are complex and dynamic. These systems are slowly but 

'' 

surely changing as they interact with 'system components
and 'respond to the climatic variations.. It is generally
agreed that because of these characteristics and'our''
general lack of understanding of them, projects should belong rm (10 :to 20 years). Changes in the existing
production systems often occur slowly, and projects thatend after 3 to 5 years tend to confound the development
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$<process. Numerous~examples have been documented that
 

difurand-dro nrauture ojshotsterm prjs Suh
 

can 
s l t ten. ter 

naboutthefinality of indiwidualr, e sinottenable 
jwhichc maye empseftedandforg Such g 

:i::.ini:i!. :the :natur'ai-resource-management area.' Resource - . 
[ :) ;:" is a: . Condit ions €change, ,:managemen t con tinuous processand redirectionand follow-through activities are
 

i
)absolutely essential ,to ensure; fuill benefits: from:
11 : .iexpeditures on earluer projects. In effect, a project 
b iften for or for a gradualcfeatesaneed another project 
phase-out, rather thandabrupt termination.s It isenbe
 

essential that a follow-through-andmonitoring period
 
plannedifrc to aThnd follow-through often
 

:,.: requires a continuing, high level of, financing in the
...

' 
ii i potpoj ect years to: enable hos t-coun try
personely entinue to realize benefits from the 

xpeinitial project. 

Development-agaency, programs and s ta f f performance should.
 

:. be evaluated,in Lerms of post-project benefit to the host
ftcountry, notjst the number-of projects conceived andual
 
completed. Project conceptualization, and every subse

anticipate-and fore'necessary•quent step,-must b e n e f i t provide
e tfolow-throughso that to the host country is b 
realized. Plans for gradual phaslng-out of external 
re. ir'projectsupport should beincluded throughout the
 

planning process. cIn many cases, projects costing many
 
millions of dollars have not been nearly as effective as
 

,~they could have been because of a failure to provide a.
phase-out or transition period that alowed theho t
 

government to assume the entire proje t 'eponshldy.
 

post-project follow-through should be carriedout
e evPlanned 

o the point of analyzing and determining what knd and 
omplevelwill be needed. pThisactivity should be budgeted'dllrshaenteenrt atfetivie as
mniilnsnof nay


the init ialproject rFollowthroghisein planning. an 
thaslaigooeto calowth hostr
pasetiotrasiindero asa 

project progresses theneeds for followthrough an 
lchange frmr what wasn itially concecived. Fors xampe 

wactivity-that'also na to, be monitored beatuse 

toth o watkid6n
pin aalzigad'dtemiin 
tvndset Project A ternativelyrthe projsect ayigo 
ell-annd counterparts may be trained sto takod eribut 

- i 
:,: 
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the government may 'not have the resources to pay them to'7.continue into vhPolo-through phase. Each situation 
ewrequire thathe donor develop a specifically 

tailored follow-thr~ugh response. 

GENERAL OBSERVOSFROM EXpRREpJCEi__ 

Integrated resource, planning provides many lessons thatshould beapplied to future development activities.Donor agencies'are increasingly aware of several factorsthat should be considered as, development programs and *>projects are planned and carried out. Somie of these 
follow: 

_ 

H 

Ii 

-

- Many donor agencies or contractors do'not employheadquarters staff within each required technical
discipline.; They seldom have the array of qualiied
technical people on field staffs -- except for theconsultants on1iprojects or on short-term assignments. 

Unfortunately, consultants hired to advise during theearly planning stages -- though technically competent-uare sometimes not experienced in the developing
country setting. Asia result, they have difficulty
making modifications to textbook approaches that arenecessary to reflect local needs: Withoutqualified
staff, donor institutions cannot identify inherent
problems in these plans and so often end up withprojects that have the wrong focus or that applyinappropriate technologies. 

- In many donor agencies, the ptesent planning process
is strongly oriented to the annual budget and programprojections, i.e., the bureaucratic and legislative
process of procuring and continuingfunding to the agency. Many of these existing procedures work well
where the project is the construction of turnkey " facilities (roads, etc.), a consultancy that 
generates workshops and training programs, orbaseline reports. A longer horizon is needed where2 long-term programs in natural resources development
and management are concerned. Donors need toappreciate that nearly all worthwhile programs in resource management are of necessity long term.
Current donor efforts to provide longer-term phased
funding for 10 to 15 years are an improvement.' ' 

A 

Generally speaking, well-planned and effectively

implemented .resurce-management-and-deveopment

projects have been environmen tally sound. 
 If such a
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project is not environmentally> sound, then it is not
 
a good resource-development-and-managentent project
 
either.
 

The early planning processes in m'uy donoragencies
 
do not include an adequate problem-analysis procedure
 
that specifies and prioritizes country problens,
 
-ida iesfr- th ebsest bf' fth6s'e- prblems, and prov ides 
an adequate sequencing of events to alleviate the
 
problems.. The planning process rarely seems to
 
identify and implement facilitating actions that
 
often must precede or be interwoven with project

implementation to ensure its success.
 

- Most developing countries have many donors interested 
in offering some kind of assistance. There exists a 
natural incentive for all recipients to seek to 
maximize the amount of development funds flowing into 
the country. This.makes the process by which donor 
agencies carry out the problem-analysis phase of 

. .. 	 .their planning even more important. In particular, 
donors must collaborate with developing-country 
governments to establish priorities and complementary 
projects. 
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MODULE 5
 

SETTLEMENT AND LAND DEVELOPMENT 
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<yOPtimistscalculate'that little more 
tha one-half the
 
w
~orldrs~Potentially arable land, is currently.'in agricul
tural production.' erhaps 75% of these "undrused
arable',1ands are to be found-within the humid tropics,

Y6et Precein cter exaly o a we.face:immerse difficulties in creating sustain~able'resource 
. anaenent strategies, hethe aethrough o6eningjnew..ati . ..~ agic~itwar~Throg~ ntesifinguse of 

laiids.' ,existing
How theOcan a planner proceed'when

fa bced
with the need for coa,"tinued expansion of food
 
otput and a host of other concerns related to land
 
development? People and governmentsthroughout the world
 
place high'hopes on 
'the expansion ofwagricultural a iea.


* Can we define a composite model based on comparative"
experience to establish firm' guidelines for successful
 
settlement and land development? 
 or is land opening to

end bleakly in most cases, 
with the spread of rural
poverty to new areas? 
 In total numbers of migrants' and 
in immediate political and economic impact, migration to
cities is more significant than migration
tural frontier. *Butm to the agriculthe potential ecological damage and
socioeconomic disruption. associated with spontaneous and.
 
government-sponsored agricultural settlement schemes can
hardly be overstated.
 

A relevant review paper (World Bank,' 1978, 
p.. 17)
 

ibecause
they entail highly'visible" alocation oftpeople
..are: par ticularly suscept ible to poli tical mianipulat ion
and land; i
3) goverment-assisted settlments demand large
 

inputs of scarce qualified manpower with high opportunity

costs; 4) settlements are generally characterized by long

gestation periods required 
to build minimal new infrastructure in 
the project area; 5), possibilities of

earning government revenues'inrecovery of significant.

portions of'public expenditure are limited, because 
 .projects oftensettle landless families at 
little more ' 
than subsistence levels; and 6) spontaneous or low-cost
assisted settlements frequently result in adverse
 
environmental effects.
 

Settlement and resettlement at 
their, worst, represent

rampant frontier development. 
*Often there is anielement
 
of compulsion (e.g., displacement from dam/reservoir

areas:throughout the 
w rld) or of redistribution (e.g
land reform in Latin Amer ca and Africa). New settlement
 
of humid tropical lands hasiresulted in only modest
 
increments in economi'c production, 'at costs that
 

' 

-


..
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sometimes exceed US$10 000/ha.: Direct involvement by 
government is not necessarily an advantage, although 
there are exceptions, such as the,development of rubber 
oandpalm oil smallholderlands.'dnMalaysia. In' 

thorough study oft24casei....n the'LatinAmerican'tropics, 
Nelson y(1973) ,coclided that "vidnce is on the side of 
those tw dh hope that 
higher rturns would result, from'a sequence that places,. 

initial emphasis on consolidation, educationi, the 'accumu ., 

lation of knowledge, axid the improvement in public 
administration. The prudent approach to movement into 
pioneer areas is a gradual one 'designed 'to' attract 
spontaneous settlers and ..'.private investment anid enter
prise." Unfortunately, both governments and interna
tional lending institutions tend to overestimate project 
benefits and underestimate costs in their financial 
analyses.' Ecological and social costs are never fully 
factored into present-day land-development projects. 
Indeed, there are some who consider that the "rational 
model" noted above by Nelson is generally inoperative 
because follow-through is weak in both spontaneous and 

'government-planned activities. 

Planners who draw up the schemes for settlement operate 
in a complex political and social decision-making arena. , 
Their political masters may hold a variety of goals, not 
all of which can be acceptable from either a social or 
ecological perspective (table 3.3.1). They may be 
to bring rationaA'ity ' and scientific inputs to an 

trying . 

otherwise disorde ed land-grab, such as often accompanies 
opening of 'new'higi'ways or commercial logging. Project 
implementors are under intense pressure to accomplish an 
almost impossible task within an unrealistic' time frame. 
Their task is.to accommodate new settlers on lands of 
unknown or marginal productivity, where there may be ' -
strong local resentment or even events that amount to 
local cultural genocide. -Whatever model for 'sustainable 
development is proposed, it likely will fall short in 
actual implementation -- leading to a demand for research 
and adjustments in the model of development. Resettle
ment becomes a race between factors that favor land 
abandonment and efforts to create stable settlements with 
ever-increasing levels of productivity from the" resource 
base. Hence ecological understanding is absolutely'. 

4 ','L essential for the success of any resettlement program. 
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Tabler 3.3.T1. Goals in hmdtropicsettlement. 

VaIi d goals Inappropriat e goals 

~Efeti.~ardsustainable 
 Generation of the- reven' us ofi~
*nf'ation's irgsouices 
 based ond~aitl to 
of forest, soil, and water 
resources, 

'ploitation' of mineral
 
resources 

SAchievement of balanced Alternative to comprehensive 
Sdistribution 
 of population birth control and health
relative to resources action 

Regional developmenjt Standard for resolving land 
inequities and access 
tow
 
government services
 

S Effective 'occupancy of 
 Occupancy as 'repressive or
 
., national territory paternalistic measure
 

against local cultural
 
groups
 

Ecological information needs extend beyond those

pertaining to site productivity. Planners must consi~er.
alternative uses within an~area, especially tradeoffs
be.tween agricultural and forest land use. Reserve'and
bu lier1 areas will be essential, for example, to provide
adequateprtection for key genetic resources, to ensure
environmiAtallprotection of watersheds,NaIand
for public
health aspects sch as drinking water supply and-"dis'ease
vector cntrol. Unfortunately, rigid application of
"ecologicfue maybea damaging as their complete.
neglect.~ 'Location of greenbelts,~ planning. for developmen~t of hilly areas, and attention to attributes such asmangrove'swamps6orothr,etlad areas requires considerable sensitivity to local'circumstances so 
as to avcid.
senseless, ineffectivejcetions.i'V The classic example is
the designation~o numiferosreservepatches that are toosmall, to' .besust~al;'n .hc~mayform refugia for ~ 'mammalian~ and insc pests On 
the other hand,' an'
ecological 'inventory,'vith~follow-up intpretationi ~
 'onducted in-tiime, for input to early planning stages may,be th most Aimportant determinant in the long-term

outcome of Va land devielopment. , ~
' 
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~MEASURES OF SUCCESS? -

Inithis chapter,.par ticular emphasis, is.: placed on, the 
-- need to--conside-hurnan--ecology as an -essentiaalfctor o
 

land development.: Farmers are remarkably adaptive to ne
 
circumstances, ;yet many projects failbecause the farmers
 
eventually abandon the- land. Decl~ining land fertility or '
 

failure-in thewar against.pests anddisease are common
 
:reasons for failure. H ....
 
factors. may- dominat'eor''interact ;;rth 'ecological effects.
 
Thus, successful land development must:
 

create productionpattrns th t are sustainable and 
resilient in the face of fluctuatihg.environmental 
conditions 

---- establish an economic framework that proide', for 
Sngoing 'infrastrucfurenaintenance, mar'-et assess, 
and consideration ofl _' .interactions,ogica]-ecoom 


! (e-g.I no t estroying Key .,environmenta t tributes
 
v for short-term gain,, thus avoiding option fore-

- ~~ closure) - ~
 

''
 foster harmonious s," relationshipS within and w'i 

be tween cultural grb,':within the region 

set aside sufficientiamounts of the resource base to
 
M- ; provide for environmental protection needs and for.
 

~-~-, ~use byjuture* settlers (including .their,,-hildren) 

Unfortur.'aely, 'political and national development 
planniPng'pressures may result.in success being defined as 
simply numbers of~people moved or area of land opened. - --

Such measin, may lead to the worst abuses -- for - - I 
example, as planning measures are 'quite literally' 
bulldozed..aside (along with the topsoil), as 'traditional 
knowledge is ,lost in'the rush to crop monoculture, and as, 
people-starve when they are placed in poorly prepared ,, 

sttlementare denied access to thei customary . , ,(or 
resources in forests or swamps). 'Economic costs escalate 
in these circumstances. Planners-must be aware of these, 
possibilities and take active steps to avoid 'them. 

t~Whatis the profile of sccessful land development? The
 
:answer will depend very much on-theprof 'esiona1fito whom 
this question is-directed. -Many-ecologists conrerned 
about t-obpical forest destruction would be loathj to-----
aroseas amy~ ptoject 'successful that destr~oysisignificant 
areas of- primaryforest, even where there is evidence of 
medium-term success of'agricul ture. , Those professionals
<who haive witnessed the~tragedy of indigenous/tribal
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Speople who lose traditional. hunting and gathering'~~>~grounds, and4( subsequ~ent~:breakdown 'of their 'SocialSstructure, wi 1_'be- disinclined-to measure, success, on, the ~ 
Sbasis 
 'ofcassa-orpaJ .,xpo'rts..Thes.moril-and---- dmntlco IcIeIr shu&b'mucf more-'& part'of the

'development equ~ationi than they'ar at,pesent- If they

can-,be sat1isfactorily answered, .then ecological produc 

tion concepts can be used to profile land development.'" 
Figure 3.1.1 indicates three possible outcomes of
t.
 
Outcome "a"'can be considered successful. 'After'an'
 
initial (generally misleading) 'peak 'inproduction,Ythere

will be a decline in production, as stored soil nutrients , are depleted and as pests and diseases become prevalent.

From this point' the outcome is to tally 
 "'ell.n on
 

k'management and oii ecological, 
eco'nomic,social, or other
factors that may~reduce the effectiveness of management
 
inputs.-', The scenario is 'played over at least a 30-year
tine span, far longer than the periodco'vered in'most

economic feasibility; studies. 'For 
 some d'evelopmertrs, it
 
would be more useful to consider 50-year O'~me scales to
determine whether the land development is successful.
The initial '4to 6 years of success are unl;~kely to be
repeated (perhaps excend ing a decade or more under the-best of management circumstances). . Secondly,.the period
of from 5 to 15 years'after develomn eisisf
quently a criticalijuncture from apnt beoins'i ferec
 
are. 
 Yet of ten 'this is~the, time when' land ,evelopments'
aetransferred from special' development 
status 'to. lesscoordiniated arrangements involving many government

agencies . 

. '. .. '' 

INTENSIFICATION VERSUS EXTENSIFICATION
 

In most countries, the best lands 
are already under

culti~vation. Consequently,* new agricultural lands will
have one or more significant limitations
5 to sustainable 2 use. 
 There are exceptional" circumstances where.:fertile S'river basins may become available' for settlernen't andcultivation (e.g., West African lands. fr~eed from the'
 
scourge of river 'blindness). The more marginal lands

demand adaptive techniques and'careful placement of

agricultural systems to avoi'd the worst conditions. 
 Peat
bogs in Southeast Asia provide wetlands on~which rice'may
be grown. However, if the. peat 'isdeeper 'than '1.5 m to 
2 '~" 
in, nutrient limitations make sustainable development

unlikely.' Furthermore, if excessive tillage causes 
the
underlying potential acid sulphate soils'to oxidize,

result may be a biological'desert' that can 

the
 
be rectified
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Annual 
aresource 

production 
level 

b 

01 2 
Time in decades fiorn initial land deveopment 

a. Sustainable product!on with marketable surplus 

b. Subsistence production level 

c. Eventual land abanccnment (after 10-30 years) 

Figure 3.1.1. Outcomes of agriculture in land development.
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Z only aenoriour cost. 
 On the low-fertility podzolic
 
... sqils ,hatunderly most o~f the tropical forests in the
worldp'only~careful experimentation with a locally
 

' 
tt 
 <For semiarid conditions

foundincountries 
c as this athe Sudan, lando":0
 
dneelopment s 
ln tan 
 and inherent at

America, migration''to humid lowlands has' sometimes been
 
encouraged by governments that are unwilling or 
unabe to
resolve fundamental land tenure and development-( 
 ' assistance. problems.
 

In all of the e~~amples cited, there is
a need to consider'

whether' it.
vould make better sense 'to invest 'more'in~the
intensified use of. existing lands, and leave the marginal

areas 'to ~traditional uses'that might include low
intensity grazing, shifting agriculture, or forest
 
harvest. 'There is no 
general answer' to this.qiestion...
Agricultural intensification.brings about its own set of 


ecological and social problems. 
However, intensification
 
almost always will be cheaper in terms of the capital
investment, and involves areas with much bet'ter understood-characteristics,' 
Yields from most existing

agricultural systems are markedly below potential.

addition1. to present-day gains of the Green Revolution 

In.
 

hich are available to less 
thn 50% of existing

agricultural areas in developing-,countries), yield
increases of 2 to 6 times may be !conceivable for some
sites in .coming decades. Increased attention to
:postharvest technology is another way to lessen the
dependence on marginal land settlement for food supply.
These potentially high values, rather than current

production figures,. should be used in anY comparison '.
because production .'alues from the new' lands" are 'unlikely 
 ' arto stabilize in
a period less-than a decade or 
two from
the time development starts. 
Thus, in both cases, we
must look to future values.
 

The high cost (in both ecological and economic terms) of
 any new land development dictates that 
the .startingpoint
in planning should be a detai.ed analysis of alterna
tives, including the potentialfor meeting objectives

through intensification of existing agricultural systems.
Factors that should be taken into consideration are shownin table 3,1.2. Obviously, if the objective of settlement is primarily political (e g., distribution to
landless poor, or "securing" of territory), development

sometimes will proceed, whatever the analysis reveals. 
 ':>:
Fven in these circumstances, there may be value 
to
 
considering alternatives, because the worth of the
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resource base vi he more cloar!y de ined !;o that 
reserves ate set as-ido and( I) valua],. t imbOer is not 

burned in the plroce;s of deoveoploiut . 1.1-so a better 

balance hc4 int : fn:Ii v- i a'i t at ion milayv i"ii 

be es tabi .hed ii 0111)1t M itI 0 1 the int ( .j f i cation 
are e in, 0 );-10:( il velopment.:pi i. itIy 1 (o d k, 

Table . .' 	 Agr ii lli[ 1 1 i 1 l il . i oil vorsus 

extellsi t i cat ioi. 

ten~ F ica tion
. .. i i c i t il !.x: 

Economics
 

Infrastructure In-place, 	 High cost,
 
modi.fication to potential time
 

to enhance quality delays
 
01 output 

Economi c bjig IIOw
 

effi cienvy
 

Labo: demand Increased 	 increased but high 
cost/job created 

Resource Improved practices Wasteful (e.g.,
 

ai]ocation on existing model forest burning)
 

ftuman Efco logy 

Land ownership Uncnanged 	 Potential clash
 
with traditional 
users
 

Distributive 	 Existing pattern Landless may
 

reinforced acqu ire farmi and
 

Shifting cultiv. May convert to 	 May interfere with
 
settled cultiv. existing sJhifting
 

cultiv. and over
 
long, telrlm may
 
create more
 
shifting culti
va to 1 

Health 	 Upgrading through Face new hazards;
 
rural development limited care
 

Education 	 Can build on New educational
 

existing structure infrastructure
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Table 3.1.2.' (continued). -

rA Natural Indirect impacts 
 tInevitable major:
ecosystems 
 (e.g., pesticides) destruction 
 ) 

.iaintenance of 
 Nutrient retention; Open. system, high,- ecol. processes soil< buildup (eg.;, nutrient loss, 
rice paddy) . rapid soil A~AA 

depletion
 
Agroecosystem 
 Complex, sometimes Simplified, focus
 

resilient (e.g., 
 on few crops,

home garden) vulnerable to
 

climate, pest, and
 
diseases
 

Species diversity Low to 
medium 
 High, drastically

" dropping
 

PROJECT "KILLERS" 

Given the complexity of most land developments, it is
helpful to be able to identify those s't-,ations most
 
likely to destabilize 
 the project. Nine situationsdeserve special attention: Five of 
these are most likely

to become evident 

"i 

over the first 10 to 15 years of the
A...project 
 (although they may remain significant after this
period); the other four lead to 
collapse over longer time
spans. The outcome in each of the cases 
could be land

j ".A abandonment, even in the face of considerable inducements
 

'A for families 
to remain within a settlement area. 
 Each of
* rhe nine "killers" is discussed.
 

Factors in Land Abandonment: First,1, 15 Years 

1. Decline of soil fertility decline and soil toxifica
tion. .Nowadays most planned land developments 
 " 
proceed with some knowledge of soil characteristics

and a basic understanding of nutrient limitations.

Yet such information is not sufficient to 
avoi
project failure. 
 The lanidscape is~generally far more
A, "~'patchy" lthan is perceived oi examinration of a 


* AA topographic map. Detailed soil suiveys are required
to find the "islands" 
 of good sol2 Regrettably, 
even when this information is available,and physical planners may engineers

choose to use other 
criteria as they lay out settlement patterns along 
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roadsides, or seek to maximize land development in an 
area with many ecological boundaries. In hilly 
areas,.th'e consequence may be the placement of 
ff!'amilles-on-erosion-pron -slopes..where-soi-nutrients 

~WQ.will be quicklylopst. In coastal-zone deltas, 
ecological boundaries may be' transgressed so that 
people settle in zones influenced by saltwater 
intrusion. In this case, nutrients are certainly 
present, but crops cannot survive. Because the
 
initial soil disturbance makes, the limited pool of 

soil nutrients immediately available, reasonable
 
crops may be obtained, especially over the first 4 to
 

6 years of cultivation. Then crop production 
*declines. The worse-case scenarios are land develop

ment on white sandy soils, deep peats, or other very
low-nutrient soils, and projects where the shallow 
topsoil; (often less than 10 cm depth) is bulldozed 

,when land is cleared. Under such circumstances, 
: there is virtually no hope for sustainable develop

ment. 

The decline of soil fertility may be slowed through
 
the application of chemical fertilizers. However,
 
such inputs are only part of the essential packageI *. 

for success. Soils in the subtropical and tropical, 
areas exposed to intense sunlight and high tempera
tures rapidly lose their organic content. Hence they
 
must receive input of "green manure" (decaying vege-.
 
tation), and benefit greatly from animal wastes.
 

,
Often chemical fertilizers are restricted to only one 
of the standard N-P-K macronutrients. Without other 
chemicals (e.g., lime on acid soils), their applica

tion may be worthless. Micronutrient inputs may be 
essential, and it may take years of research to 
determine yhich micronutrient, or combination, is 
effective on a givei, site. Unless.fully' anticipated, 
soil decline may c, , on so rapidly that appropriate 

* solutions, delivEr.mechanisms, and acceptance by 
farmers-cannot be;Ideveloped before the land is 
abandoned. Once s,condary vegetation takes over the 

land, ameliorative costs toreestablish agriculture 
become very high. " 

2. 	Castastrophic envi'ronmental events. -Storms, floods,
 
drought, volcanic eruptions and earthquakes, and pest
 
and disease outbreaks are the principal natural
 

- . !f- hazards that must be-taken into account. These may 
be interactive wi th' other factors; certainly pest5 , 

and disease have niore serious effects on plants 
growing under stress conditions.. Farmer response to 
periodic environmenital 'events follows, two, distinctive 
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patterns. 
 Those who have long experience in a given
localewill ,fundersta
td
the pericdicity of hazards and
 may be-extremely skeptical about exposing themselves
 

honethethy ropsonly tpla per year. (e.g., to
avoid the possibility of total dry-season crop loss

in an occasional bad year). 
 Such behavior maybe

counter to 
the project's feasibility analysis, which
mnay indicate a reasonable cost-benefit ratio only if

double-cropping is assumed. 
 On the other hand,
farmers placed in a new environment may have very,'
little perception of what natural hazards to expect,
 
and thus may expose themselves infadvertently high
to 

falling waters? 
 Is cnstly application of pesticides

essential in all circumstances? 
 What type of cul.f-i
vation is.least likely to destroy soil structure ad
reduce wind erosion losses in drought conditions?
 

ithein ein pla o for anyinisklsaUsies Shoudngey'rmquestions odrs hflod, re
particular
snleswihihe prnet 
area can be adequately
answered, disaster may be in the offing. 
 Planners

often fail to perceive how 
risksmnay differ a
widely,
eventithin a small geographic area. 
 Rain shadows
 can occur even on reasonably flat areas. 
 Salt
intrusion zones, differences in flood. levels within a 

examples of frequently overlooked hazards.
 

3. Human health hazards. 
 The most obvious risks to
human health are 
related~to nutrition, water-borne
 
disease, and to ecological changes 
that result in the
build-.upofudisease vectors.
d:i~eslt Malnutrition willandm vianrsfrminflalodin ighlandsof
result when there is miscalculation of the are
food s
subsidy needed in relation to 
the stream of food
 
rrS duction from the new development. Besides leading

to 
land abandonment, this miscalculation may lead
loss of reserve lands as tohungry people seek~.to 
increase total production, by opening more. than

allotted lands. Also,special medical p oblems. may
result from vitamin or mineral. deficiencies (lack of
 
vitamin A due to 
insufficient 
 ayllow
vegetables;

goiter in iodine-deficient diets).
 

Water-borne diseases flourish in the poor sanitary
regime surrounding new settlements. Drinking-water

supplies are rarely safe, especially in dry periods.
Sewage disposal may be rudimentary. Even if funds
 are available for improvements, their benefits may be
temporary, especially for settlements located on
unstable','soils, 
or 'f insufficient attention'is given

to maintenance. 
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S Diease vector build-up can be the most troublesome
 
pr lem since it may involve plant or animal
 
corimunity ecology changes that are difficult to 
 . . 
m6nitor or preven6t &f161W6orst-,- 6,*lSoni~i rumstan-'es 


A)are found in areas such as the Niger River Basin in
 
* West Africa. Land settlement there depends on a
 
susta led reduction of blackfly populations'that
 
caS: river blindness, yet it is quite possible that
 
fly pulations willjebound afterpeople move back
 

Also, perceptions of
 m
intobandoned villages.

farme s may .be as important as actual disease 

Aincidance in determining whether they will stay on
 
the and. ,.n this region, health of inhabitants, and
 
therefore their ability to perform useful farm work,
 

is also affected by malaria, sleeping sickness, and
 

"intestinal parasites.'
 

In Asia, farm settlements located close to forests
 

may suffer higher incidences of malaria. If the
 
natural drainage patterns of the mangrove forest are
 
blocked, stagnant pools are created, providing an
 
ideal habitat for the malaria-bearing mosquito
 

Anopholesisundaicus. Although many relationships
 
between ecological change and disease are well
 

documented, such knowledge rarely finds its way to
 

the front line of development activity where field
 
project managers each day make decisions that nay
 
have significant positive or negative effects on the
 
potential for disease outbreaks.
 

4. 	Resource conflicts. Land development may involve
 

complex shifts in ownership, and the privatizationh of
 
common lands. It,may also be a reverse process in
 
which communal ownership overtakes private estate 
ow. ership.{ ",either case, there inevitably will be
 
-some dhree, ". onflict as one set of laws super

cedes, or co ex'it with, another. Often written law 

replaces unwritten, b t effective, indigenous codes. 
Although planners oft'n wish to believe it were the 
case, lands are rarely "empty" or unencumbered by any 

claimant. Grazing rights, harvest of forest
 
.	 products, and shifting cultivation are episodic 


within a'season, or even over periods of years or
 
decades. Developments aro endangered if they do not
 

" 	adequately recognize and protect such uses, or
 
provide satisfactory compensation. Jradi tional
 
systems of resource use also may provide an inte-.
 
grated management base including water, land, forest,
 
and fisheries resources. contrast, new develop.In 


ment may be focused exclusively on agriculture., 
Where more than one development type is proposed
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maedifcles i 
en su ring ,coo rdina tiL"'q o6f;•:;; :i:: ,.:/% rsucus 
 sinfcan~t land idegradation maytk 

:.greater ithanan• if c iptd_: 	 andthe: economic returns / :::' can; significantl les,:i: ! . ::. be cncerning4assumptionsdo'ble-croppingepeially whenor yield'there are 	"/:''':" in'"" ".delays :proj ect-imp em nt a" failure- ilntion or : ... ..:, 

levels.: A itemptation is" to spreadi inputs over verylatisdrastically reduces their
-effectivenes- If available funding does not arrive
 

onfschedule to purchase inputs, 
the sameeffect is
 
:
.
likely
 Project economics also may be influenced by
markets and by alternative opportunities that become
 

available to settlers. In general, the project

S economic model cannotirovide a ade analysis for
 

. 5 mixed farming systems and occupational pluralism
scharacteristic of traditional land development

Therefore, projects that place prime emphasis on

upgrading these exirtisst 
 iyems
receive less
 

attention 	than do 
those that seek to introduce

:" 	 simplified agroecosystems.af
 

chratricdftradtinaaangdveomet.es

Longer-term System Collapse
 

o
Insidious 	ecological change. 
Once a system has been
 
altered by cutting of original forest,constructionm
simplifed hagrocosysfes
 

ofdringeditches, or other such drastic maue
it may be 	impossible to reconstrct original 
 ondi
tons within hanoth an
s Hencetit important
 

angecological experiment with an uncertain outcome
to recognize each 'major development for what .itis -
Three types of long-term ecological change may been
 
drast enough to seriously threaten project ion 


... viability,.-One is
Sproductivity 	 so thateven-massive inputs are unlikely
a general 	decline in ecosystem '"
 Desertifcation in many parts of the world is the
 

prime example. Huoever, it importani:it
His orant.e 
thre ts ecological changes can accompany anyofuso 


t tyeof land development, ranging from fishp)onds in
dre coastal zone to 
tea and coffee plantations in the . 

:':" ':mo u n t ai n s .- :
is, :, is the emergenceofpth a
pesrtifnicatesonAsecond source insantconcernprt o wrdisthekey
: . : 

tirotng facto.t. Soi tprmeexmpe Hweer oxif icats ionpay resulto ecgnzi mprtnt ifom 
expasure soio of to oxadation or high .apotrans-yerpro 
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never ~before deemed,,important, may,-become so- prevalent
:" ;m
i
aqda p rsist'ent'that certain importantI:crops sIimply'~>~~ 
Scannot be- grown., It is sorietimes difficult to0
 

predi cwhaa-key--liing actor-iRuch
may,,depend on 'the sequence of.,wet-or dry weather in.
 

Sthe first years of:ciltvation, or .on>- the int~roduc
tion of exotic pests and 'diseases. 'An adaptive 
 i' 

management strategy. is essen'tial'to-deal with

(eginscicd,. naprop managemn
iate
po~,tential limiting factors. Iaporaemngmn
 

sspraying thatremi.oves natural
 
predators) may lead to the emergence f a key
 

The third type of change is decoupling of ecological
 
processes, eitherwithin the development areas, or
 

*with the surrounding supportzones (e.g., the water
 
basin). The decoupling ma result froma deliberte
 
act such as water :transfer from one river to another~
 
(leading to changes downstream~) or from~inadvertent
 
changes such as the. land slumping. that accompanies
 
ditching of deltaic~ areas. In these cases,. whole.
 
ecosystems may be lost as nutrient flows aecutof
 
and as surface or groundwater flow, is.changed.
 
Estuarine-dependent fish resources nay disappear, *or
 
swamp forests die. Migratory waterfowl or mammalian
 
herds that form part of the area's resourcebaseare
 
reduced. Elephants and other mammals can become
 

.	 destructive pests as they move into croplands in
 
their search for-,-ood.
 

7. Loss of resilience. Developments that crowd large
 
* numbers of people onto relatively small plots of
 
marginal farmland will run into serious problems
 
sooner orlater when there is overcrowding(as
 
children mature and take over land), when there is
 
economic dependence on one or a few crop types, and.
 
when there is no type of. integrated management
 
approach to ensure that needs such as water,
 
fuelvood, and building supplies are met. Resilience4
 
is a term that .is.
equally applicabe. to the
 
surrounding ecosystems, which if they have been ,badly
 
degraded, may be unable to assimilate wastes or to
 
adequately regenerate following natural disasters
 
such as droughts. The term "agricultural involution"
 
was coined to describe how Javanese rice farmers
 
always ere able to coax a little more production
 
from their land through extra care, even in tines of
 
economic or ecological adversity. The rice field is
 
one of the best examples of a resilient~agroeco
-system. Another good example is the home garden,,
 
found in many forms throughout Asia, Latin America
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and' Africa,: but often ignored -as a component in land 
development. At 
the other extrmi sth--mllo e
 
esdtate__developed on ed-'ellow podzolic soils and 
 -j
growinl af Zhrop su ~csaaadcocoa.
 
E*ological resilience is conditioned by human'
 
,actions; itcan be enhanced or r~educed.
 

8-,Cumulat impat derived from multiple actions.
 

"vee a period of 20 to30 years many ideas may be
 
an areaand many 


emerge. The imprint of these actions, good and bad,

will remain, sometimes with unexpected consequences.
 
There may be contamination of groundwater-with

agrochemicals. Land-partitioning may result in plots
 
that are too small for application of reasonable
 
management. A threshold may be reached where fsh no 


in ncestedypes of projects may
 

'
 
longe spawn in tidal creeks or polluted streams.
 

-~ - Repeated burning, of the -forest may lead to replace
ment by other vegetation. Obviously, a major effect
 
of good management will be to ensure that-cumulative
 

-actions are directed to benefits suchas the' increase 
in soil fertility that can accompany the development 

rice terrace systems. eofIndeed, outcome a in figure

3.1.1 is predicated on this assumption.
 

9.' Lack of regional ',mvironmntal protection. Failure 
'-to 
 -provide for adequate reserves, buffer zones, and
protection of upland watersheds, shorelines," and
 

- lowland-water storage (swamps'to protect from flood 
damage);will -result in high-costs -inlater-stages of 

--- project life. Warning signs are, for-example, when 
catastrophic-events occur more frequently than the 
usual--10-t'o-25-year -return period. As more-settlers' 

- jare attracted-to a successful land-development area, 
- these costs, expressed in terms of human lives and 

-property "damage, may indeed become'frightening.
There may be a coupling of events in the-settlement 

-areas 
 with hinterland;environmental 'destruction 
-(e.g.', 'when settlers- search' farther afield for wood).
In theory, land- development- functions best as a part 

-of-a 
 regional development plan. The.difficulty is 
not only in development of ecological- parameters for 

-- such a plan, -but also in~the flo-pefreeto 
-its 
 provisions. - flo-pefreeto 

Other Considerations

, Unfortunately, nipe poteitial "killers" can be inter-U active within a.single project, or can occur inseqjuence.Since they are not always identifiable as-major concernsin-the early stagus of a' p'.,oject, the situations 
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d1id receive secondary attention compar,ed 	 "~ribed to' urgent 

'~~frafe~ schas~settlenent construction and building of
 

sys'tems) ' r7social 	 aYecological- 'changes' b~e 
Yseriousproblem, mitigative costs turn out to be very 
exesv an th ae lsv.There is nosw'eg 

real subst'itute.for anticipatory planning and field 
ecological r1esearch in land-development settlemniets. In -

~ 	 the remaining part of th,is chapter, strategies are
 
considered for inraigeooia nustruhu
 
the life of the' project.
 

STRATEGIES FOR SUSTAINABLE DEVELOPMENT 

The nost sensible advice for planners is to establish
 
realistic goals. Projects may extrapolate from test-plot
 
productivity values and create. unrealistic expectations
 
of double-cropping as a means of boosting the benefit-.
 
cost ratio. Grandiose schemes seeking to move huge.
 
numbers of people, or to open vast areas are. more likely
 
to fail simply because of the difficulties of managing
 
inputs. They are more difficult to monitor. Further
more, aroused expectations lead to a greater gap with
 
~reality -- modest success can then be perceived as 
failure. Worse still, when objectives are not fully met,

K' good practices fall by the wayside in the race against
time. The most. depressing aspect of land dvlpeti


Ksuc icustances is to recognize that ecological and
 
isonmi informnatuion available to planners and managers
 
ilikely to beI'.)red. How can the case for adequate
 

ecological safeguads be made during crisis tines?
 
A, Obviously, it is better to .avoid creating impossible . 

expectations and thereby avoid dealing with this question 
-which 
 appears to have no easy answer.
 

'Linking 'Information and Decision Processes 

There are several potential weak links in the process of 
converting, basic, ecological and socioeconomic data into~ 
information that will actually influence decision-makers, 
planners, 'and implementors of land- settlement schemes. 
Data must -be relevant to clearly defined questions and 
should be comprehensive and accurate enough to provide 
usable answers. While these observations may seem 
obvious, in practice they are overlooked, leading to 
worthless inventory and mon~koring exercises. It is
 
certainly not enough to produce basic data in the
 
expectation that it will be used! There must be an
 
integration of information, often from a combina'tion of
 
technical and traditional sources. Neither the
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scientists nor thieplznners i.nvolved ay be skilled i 
thstype ,' a'haiysis, It .Ihas bensuge'stid that ~ 

," analysis mall teams-makes the 'mos t,sense ~Soeti e 
the "task~may'~ bLl' tan'kled,,by "a,single in'dividu'l: skill" 

~ ofr~~4~ce anc environmental 

devea1cpmee plhing 

n th~deelopentplaningprocess. 

'Infothel t be considered a'key i'ssue
 

There should be
defiitestrategy for the gathering and analysi's of 
information, as weil as for its disseminat')on. :Tht

s'"'"' timing of inputs-,to each important decision is perhaps
~~ the most essential concern -- before~a project is

ini'Liated, the 
' 

important decision categories should be
 
mapped 'out and related 'to potentially signiti ant
ecoilogical (or other) 'issues. 
 This may be dqoe as a

sim1ple matrix, as 
shown in table 3.1.3 fora swampland

rice-development project,in Indonesia. 
 Then an attempt
should ~be made to- determine when decision's will be ' 
required. Itis then.4ossAible'to lay outi &critical 
1pathway for information gathering and use in decision
making. This "'scoping" 'exercise is,'particularly useful 
when budgets and(or) manpower aire scarr..,' 

At strategic level, information management should be
 
seen as a means of screening informat ion to 
ensure that
 
,itis presentec in the most meaningful and time'y form

~for thie intended recipient. To accrmnplish these objec
tives, information managers must have direct linkages
with decision-makers and with local councils, etc. 
 In

other words, they must fully understand the decision
making process, and track, it
over the1~life of the
 
proJect. ~Otnthis vital aspect of project management

is overlooked; 
the provision of informati6nis on an ad


*hoc basis and not perceived to be ofpaticiular strategic

significance to project suiccess. 
 The other extreme 1.s pthe provision of ezcessive amounts of data, poorly

pr~ocessed as information C-'which 'are jur~tifiably

~ignored. 


'K 

Information nuanagemezt should start with the e'.fective
 
i'use of existing data. 
 This should involve coojdination

among agencies and the development of. compatible

informationi-exchange systems. 
 In the'future, micro-.


'4 om~utrswillibe an important medium 
for this exchange.

At present, 
some of the most essential ecological'

informati.i is d*rived from satellite im~agery and aerial

photography. 
 Even where there are only aifew images in a

time series, significant local patterns and dynamics of
 
4land use canbe identified. These images also are
important'for soil and water analysis. 
Too often data , ' 
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helfu~in'sttngou resereeaan inensuringta
 

la~ed Aeral imnat~e exisigphtogrphy_, lsowill 

patterns of land and -ownership
can delineatecommonareas 

~K,7 uadtapp for grazing, etc,-Besides tremotesensrng,there are
eluli settino t "eearmieamiaini resourceht~~* 

iy sources of secondaryinformaoi tte trshould be
 

potentialaand imitlatonsr Oe ofr the most nnova tive
 
for t'he ofting miilnate
Aoches o s , io iuse ith r 


adptive assessment 'process (Holling, 1978)..( In :this ,,
prcess, planers ashd managers work with Informatonare
 
sealistsrompri, etr modelers to create scenari s ofr ar
 
aresource use ove time, under various economcs ocial,
 

ptnd ecological assumptions. O. o t- 'nt ' ni v -v
 
on
adapiveassssmnt roces (olfogc197). his 


iEcosys tem Research ]

; ppField research for land development often iocuesh e n
 

l copeenieeamntonoh and
threehemes:andatecgicdmdal so sumptons.ehaateristwork wt iformesao 

agronomy Human.ecology as pe c ts related t nthese thaiesoso
 

fre ently are overlooked. Sustainable developmential,
 

Ecological craes esearch ial eoymirpad
 
Fil tyresea andfoglon devorment fte fmaosesoly on
thre Hteme: soie dataagarherednbefwater reocs
 

- iniiagry cresortrayalsethd ofteablefarm-evelang info-."regionabs ecolocatinma becolg sect st. 
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uccession ounwat hydrology and Ioil microclimate
 
. 'iiF and
urvivainrequirements fimportant protection plants 

impacts.on the physical environment. There is a need to 

cnsider dis tant ecologicalimpacts that may create 
amage outside of the immediate project area (erg., 

'downstream flooding; loss of estuarine spawning habitat, ' 

slash).
 

'Increasingly, there is recognition:of the need to develop
 
vegiQnal, as well as national, research units capable of
 
providing ecological information for land development and
 

.
its shodi

specific life zones. Failing thattheyn ay operate at a
 
provincial level, where decisions mayrcover several eco

units. In Indonesia, for example, a network of agricul
tural field research stations has beenestablished on the
 
basis of key ecological zones, such as coastal peat
 
swamplands in Sumatra, upland vegetable.-growing areas,
 
and the peneplain zones where new land development is
 
likely to be based on tree crops. In addition, the
 
government has established environmentalstudy centers at
 
all provincial universities. These are intended to
 
provide ecological expertise for lIcal development, of all
 

.	 types. Regional research units requi'i? a *nix of ecologi
cal, economic, and social expertise toadequately address
 
certain of the problems of land development.
 

settlement. Ideally, thesedunr d focus on
 

The source of information most often overlooked is the
 
local residents who may have developed succssful strains
 
of plants adapted to local circumstances;,almvost
 
cettainiy these people will have valuable traditional
 
knowlmdge relcvant to ecological cycles and limiting
 
factors. Their approach to resource management may be
 
superior to andmore integrated than anything that will
 
be proposed by outsiders. Unfortunately, historical
 
colonization patterns nay have' destroyed some of the
 
traditional knowledge base. In Latin America, for
 
example, Iberian models (based on European cultivation)
 
overwhelmed th2 highly evolved local systems; sophisti
cated terracing, irr>igation, and ridged field agriculture
 
and polyculture disappeared. The cultivation patterns of
 
present-day tribal groups, dependent on 'slash-and-burn
 
techniques, are afar cry from those of earlier days.
 
Finally, the new settlers also will bring knowledge and
 
prejudices that require analysis by social scientists,
 
with the aim of understanding impacts on the area's
 
protected zones and the land .development itself.
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Inpunstirn Relation toathe Project Cycle 

Ecological ieputskmare important during the early.stage of 

project design, hopefully as,early as the pre-feasibility
 

e 


stage. Land-development activities 
usually are phased

thus many individual projec'ts 
can be found at different
 

tage:----e-peta bee tyniet t naal a lo evilen 

trasfer, When designepinto the project, 
a periodic


ieyaluative component crnbe one of the key mean's for',
identifying harmful trends. 
 Unfortunately,. post-project
 
evaluations often have paid little heed to 
environmental
effects. Hence, knowledge is lost that should feed into

the design of related projects._ Consultative processes

with those affected by the development should be a part
of the project cycle activities.
 

jLand development may be subject to formal environmental
 
impact assessment (EIA) procedures, also with considera
tion of social impacts. 
 An EIA provides a convenient
 
means for bringing together existing information, plus
whatever field data can be gathered over the 
time

available for the preparation of the statement. 
 The EIA
also may help to foster coordination and cooperation

among agencies, and to establish channels for inputs by
affected groups. The weakness in the EIA process becomes
evident if the information generated is shelved at theconclusion of the planning phase. 
Although once

considered a "project-stopper," 
the EIA should be thought

of as the first stage in the development of appropriate

environmental management.
 

Infirmation needs will vary according 
to the project

phase.,, Table 3.1.4 shows a suggested pattern based on
 
transmigration in Indonesia. 
The operational phase

offers the best opportunity to 
begin testing advanced
 
concepts, particularly integrated resource management.

Special at-tention should be paid 
to the transfer stage,

for this is the time when coordination among agencies is
 
moot likely to fail. 
 It is also about the time when

longer-term ecological problems begin 
to appear. In

preparation for transfer of management responsibility" to
departments of local and central government, there should
 
be extensive training rqgarding principles of ecology and
 
resource management; outstanding questions about land

ownership should be resolved; 
a functional environmental
 
protection strategy should be in place;, and 
the necessary

funding and personnel should be identified to continue
 
the monitoring and research programs.
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Table 3 4. Inputs to land develo0pment at various 
*project ph~ses (Adipted from Hanson and 
Goodjland, 9i79).
 

~~""' Plantning Phase __ 

V - Environment'al inventory (project area and related 

region)
 
Environmental impact statement (including social
 
analysis)
 
Land capability overlays
 

- Specific study topics:'
 
- soil resources
 
- water and aquatic resources
 
- identification of existing agroecosystem,
 

optimal proposed systems, and significant
 
- limiting,"factors
 

conservation and special areas; reserve designa
tion sett ement design, including waste
 
disposal, drinking water, and other concepts to
 
safeguard\-nvironment and public health
 

? -: activities and land use/ownership patterns of
= 

existing settlers and their participation in
 
project design
 

- Identification of potential option foreclosure 
."situations 

- Economic and social analysis for resource allocation 

Implementation Phase
 

Boundary designation for reserves, etc. 
- Land preparation procedures 
- Identification of adaptive land use, water resource, 

and agricultural practices 
- Community ecology studies for crop assessment and 

vegetation/pest management 
- Procedures for full use of materials (e.g., forest 

remains, local hou2ing materials) 
- Settlement and infi'structure location and construc

tion to minimize disease build-up and physical 
instability (e.g., location of roads in erosion-prone 
areas) 
Controls to avoid wanton destruction of wildlife and 
to ensure their location 

- Mechanisms to avoid or resolve conflict with existing 
residents and resource users, 

- Designation of spoil sites 
Program for monitoring ecological changes 
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~> Table 3.1.4.' (continued) 	 , 

Operationl-Phase
 

Experimental analysis and monitoring
soil fertility and land abandonment 

farm-level water-resource regulation and use
 
production intensification
 
development of appropriate technology solutions
 

*:- Integrated resource management.strategies 
- complex agroecosystem development 
- appropriate management of forestry, fisheries 

and other resources in the area 
•. 	adaptive environmental assessment, especially


for interaction among resource users, and
 
consideration of project in regional development
 
context
 

- Infrastructure and settlement 
- monitoring of environmental effects 
: . development of environmental control measures 

(e.g., for local industry operations)
 
- -environmental impact assessment of new infra

..... structure and additional settlements
 
environmental services to spontaneous (unspon
sored) new settlements
 

- Monitoring of project impacts on other areas (e.g.,

downstream in watershed, estuary in coastal zone)
 

- Periodic project evaluation
 

Transfer Phase
 

- Development of coordinated ecological monitoring andresearch plan, to include operation'of field stations 
- Integration of resource management decision-making


'with local councils and provincial authorities
 
- Complete outstanding land claim/ownership issues
 

prior to transfer
 
- Mechanism for ongoing training and education of
 

settlers, resource managers, and local residents
 

Integrated Planning and Regional Development Approaches
 

Regional planning theories and practices are not always

compatible with ecological approaches; howeVer, both aim
 
at sustainable development as an objective. Land settle
ment should take place within an integrated planning
 
ysstem, and that system should strive to incorporate

ecological ideas. Water-basin development and coastal
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zone management are examples of -regional planning based 
on environment, as ate some'~integrated rural development
projects. Regional planning should identify resource-use 
options and offer alternatives among projects and their 
locations., It also is the approach required for dealing
with issues such as spontaneous migration into land 

Spatial layout'of development is.a dominant theme fcr
 
physical planners to which ecologists have contribute
 
several important concepts. One of the least explored \in
 
actual projects is ecological design of reserves based \ n
 
size and shape. Reserves can be considered as islands
 
that eventually will reach some equilibrium bctween'local
 
species recruitment and extinction. If the reserves are
 
too small, they may not serve their intended purpose. A
 
long, narrow reserve along a river valley may have a
 
different value than a circular reserve 
of the same area.
 
More attention should be given to the creation and
 
functioning'of buffer zones surrounding reserves. *Buffer
 
zones may be the essential element in the protection of
 
natural areas, for they allow a compromise to be reached
 
between the economic needs of settlers and environmental
 
protection of the reserve.
 

Ecologists also have developed far more sophisticated and
 
comprehensive analyses oX:- emote-sensing information than
 
have other land-developmena professionals such as soil
 
scientists. It is possible to create not only detailed
 
land-use maps, but also resource :capability maps to serve
 
regional planning needs. Maps can be combined to provide
 
overlays that show natural transportation corridors,
 
areas requiring special protection, and the lands most
 
suitable for wildlife, forestry, and agriculture. The
 
overlays provide the fundamental regional information
 
required to "design with nature."
 

Ecological and Socioeconomic Monitoring Programs
 

This chapter has emphasized the need for a continuing
 
flow of environmental information to be used in adaptive

planning and management. In this way, feedback about
 
performance of the project is returned in time for
 
corrective measures and improvements that will sustain
 
systems and ultimately lead to a higher level of social
 
benefits. Unfortunately, monitoring programs can develop
 
a life of their own when data are collected without
 
follow-up analysis. Hydrometric and other field Instru
ments may become semifunctional, so that collected data
 
are meaningless A program for soil analysis, or another
 
single-purpose objcctive, may absorb the available
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research and monitoring funds, 
thus precluding more
general and valuable geomorphological analyse.
Hypotheses may become fixed around the 
types 6f data
collected,
3~.3 rather than dealing with the evolving problemsthey should be addressing. 
These inadequacies 
occur
commonly-in, land-developrnent--proj ects--Fbutfth-~y "prevented by goodresearch managers. 
'c-" nb'e -.

Project leaders'should recognize that strong vested interests or narrowdisciplinary views held by research managers may lead 
to
recommendations fb)r continuation of programs long past
their point of effectiveness.
 

CONCLUSIONS
 

Land development in the tropics can be exploited within a
style of frontier development that temperate-zone nations
would prefer to 
forget having experienced within their
 own boundaries.-
 The "taming of 
the West" in North
America took place at greattecological and social cost a
hundred years ago, and today the frontier is a subject of
great concern in the northern parts of Canada, the .United
States, and some 'European countries. Acceptable development in the eyes of Western nations may be very different
from what governments that are hard pressed to feed and
provide land for their people willing to 
try. Yet if the
end result is failure and land abandonment, conditions in
the tropical nations will worsen. 
Furthermore, such
negative land-development impacts on 
Indigenous minorities may tarnish the international image of countries for
generations to come, and may lead 
to internal social
dissent. 
 Thus, it willsometimes be better to 
pursue
land development as a last "resort, rather than as a first
course of action. It is especially important 
to compare
the benefits derived through agricultural intensification
 
as an alternative.
 

Where it does make sense 
to proceed with new land settlement, the most important investment will be in training
and education that prepares the needed technical exper'ts,
as well as 
the people who will be participants in the
experiment. These are 
the farmers andlocal project
managers who, in the end, control the rate and direction
of ecological change. 
 It has been argued that few, if
any, examples can be found of proper tropical forest
 
management. Fortunately.-the 
same is not 
true of tropical agricultural 'systems. 
In all parts of the world,
highly skilled farmers have developed multiple-crop agroecosystems 
that serve as a model In many ways superior to
the croplands of the temperate countries. If this
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knowledge can be adapted foriuse on the best of the : 
Marginal lands,.successful projects will emerge.
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Economic development~in the humid tropics has involved 
the construction of dams,; land drainage and irrigation 
systems, water-control structures, roads, and rights-of
way or corridors for pipelines and power transmission. 

2 , In most instances the dev(,lopment of infrastructure 

7~'' 

ceates secondary.-problems.that..may.exceed.primary -
impacts in their ogtr infcne For example, ~ 
the construction of a road into previously inaccessible 
humid tropical areas results in the deforestation of the 
immediate right-of-way (primary impacts). However, these ' 

biophysical effects tend to be small in comparison to the 
land-clearing that results from the influx of settlers in 
search of new land. Lumbermen, farmers, and ranchers who 
lack previous experience in resource management in the 
humid tropics are frequently able to achieve short-term 
production by decapitalizing the tropical forest and 
soil. However, they generally lack the know-how to 
develop suscainable systems of production. 

Major projects have powerful political constituencies and 
beneficiaries that are distant from the site of the 
works; these include the urban-industrial consumers of 
hydroelectric energy, the farmers in the valley who 
benefit from irrigation, or the citiesi connected by a 
road. The local population 0-rectly affected by the 
infrastructure is not a consumer of its benefits; for 
example, hillside farmers use neither .electricity nor 
irrigation water. New infrastructure is frequently
associated with an influx of migrants ,and the clearing of 
land. Indigenous groups are most profoundly affected by 
the loss of natural ecosystems upon which they depend,
but to which they lack legal title. In addition, they 
are often subjected to too-rapid cultural change,
contagious diseases, and violence. Water impoundment and 
diversion projects are often prejudicial to the artisanal 
fishermen who are located downstream. Deforestation that 
has become~incidental to infrastructure development can 
be detrimental to the works themselves, in the long term, 
as changed hydrologic regimes result in increased 
flooding and sedimentation affecting downstream reser
voirs and land-use options. 

Multilateral development banks generally are involved in 
financing larger infrastructural projects, while various 
bilateral agencies fund, and often guide, the execution 
of smaller projects. In general, these institutions are 
more adept at conventional benefit-cost analysis (that 
justifies the project) and engineering design than they 
are at assessing the secondary and tertiary effects of 
natural ecosystem disturthInces on the well-being of 
indigenous peoples, set't)iers, or downstream resource 
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users. Guidelines for avoiding or mitigating these 
development impacts are outlined below. 

WATER' RESOURCE DEVELOPMENT 

* 	 Water-resource-development programs in the humid tropics
 
can 
be broadly defined according to two basic objectives:

1) the construction of dams and reservoirs at higher

elevations for hydroelectric power, flood control,.

and(or)irvigation; and 2) the construction of. lower
 
elevation structures for drainage and irrigation of areas
 
that have either:ian excess-or deficiency of rainfall.
 
Latin America provides a number of examples of these
 
types of infrastructural development objectives. For
 
example, dams aid reservoirs are being constructed all
 
along the Andean mountain chain in areas of high precipi
tation to provide hydroelectric power for developing

industrial and urban'areas. - Likewise, in the seasonally 



flooded/seasonally dry Llanos of Venezuela, water-control 
structures have been built for wet-season drainage and 
dry-season irrigation. Whereas many of these infra
structure developments may be initially successful in
an
 
engineering context, many sometimes fail to perform as
 
intended because of environmental factors, such 'as
 
reservoir siltation, that were not 
taken into account in
 
the design pro'tess.
 

There is a widespread tendency to confuse the goal of
 
water resource development (i.e., greater human well
being) with the means 
to achieve it (e.g., monumental
 
engineering works). Projects such as massive dams and
 

- water-"control structures may be implemented 
to provide
 
flood control, irrigation, and(or) power generationl even
 
though-smaller scale "soft" engineering solutions might

be more appropriate. In the Llanos of Venezuela,

effective watershed management, flood-relief channels,

and land-use planning/zoning/were ignored in favor of the
 
devel6pment of a capital-intensive infrastructure
 
(Dickinson, 1982). For example, ridged fields or
 
camellones were used extensively in pre-Colombian times
 
to raise the land above high water, rather than using

drainage systems to lower the water toble. 
 Major

infrastructural projects have widespread secondary

impacts on fisheries and cause increased downstream 

flooding as well as accelerated sedimentation. Also,

because of the tendency for lending agencies to focus on
 
steel-and-concrete solutions, protection and maintenance
 
of the capital investment are frequently overlooked,,

forgotten, or assumed to be the responsibility of another
 
agenc,. The Paute hydroelectric project inEcuador is
a
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reservoir is constructed.pBut few developent budgets
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ameliortive solutions. 

, 

> 

. 

-
Other problems and their possible solutions are 
aisociated with theregional planning rocess that
includes waterworks development and the construction ofrelated access roads; this requires a 'irect-input from 
knowledgeable planning specialists who are familiar withthe biogeographical and cultural characteristics of the 
specific region. For example, in the eastern Andeanpledont, fundamental ecological differences exist 
between the land area located above about 1000e and thatlocated below 1000 mn. 'Above 1000 m, the Andean people
have adapted an increasingly greater level ,of permanent
agriculture that is correlated with increasing elevation.
Below 1000 m, the practice oftshifting agriculture is widespread. People of the upland strongly identify withspecific pieces of land. In the lowlands, however, the 
identification is more diffuse; when thefallow period is10 years, the same farmer may never return to, exactly the same piece of land. These differences in cultural
attitudes toward' the land have enormous implications forthe implementation of effective watershed.-management 
programs t~oprotect infrastructure, or for predicting the 

rextent of participation of local people in irrigation ordrainage schemes. Such examples are complex and diffi-' 
cult to quantify. Advice may be politely accepted, but
solutions are frequently deemed to be too complex orexpensive to implement in the absence of a "guaranteed" 
outcome. 

, 

ROADS, RIGHTS-OF-WAY, AND CORRIDORS 
. 

.I, 

One of the more profound impacts on the humid tropics 
results from the constm'ction of roads as routes of 
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access to previously inaccessible areas for, some economic ~. 
,developetojcie This isbcuearoador access
 
route creates an immediate biophysical impact and a
 
significant longer-term impa that is assciated with
 
the resulting acceleratin ofnu'man activity. In soe
 
humid tropical area's, heavy popuation.pressures induce
 
migrants and settler to take advantage 6f roads into
 

new economic, opportunities. In Latin America, this Is
 
commonly seen.as a net migration of people from the
 
temperate highlands to the hotter and more hum~dId .
 
lowlands. Alternatively, new roads may provide an easy
 
means for rural people to move into urban areas in search
 
of sometimes elusive employment, social .services, and
 
amenities.
 

The extension of road systems into lesser developod humid
 
tropical areas can be used as a mechanism to encourage
 
economic development and for access to needed"resourIes,
 
or it can be the result of ongong economic development
 
that justifies, for example, a road link to urban areas,
 
markets, and poits. Usually the construction of a road
 
is followed immediately 'by land clearing and agricultural
 
development along the roaaway.and by the. influx of new
 
people.. Because regi6nalplanning seldom precedes the
 
decision to construct new roads, or. i superficial and
 
unfocused, the.resulting roadside development tends to
 
cause a number of undesirable impacts. 'Foremost among
 
these are the di.appearance of h'umid forest resources and
 
the development of unsustainable land-use practices.
 

AlJthough the development.-of an infrastructure b se in the
 
hurnid tropics can croate myriad problems, tthere are also
 
examples of successes that sometimes ar? not given equal
 
recognition. -For example, .roads indiscriminantly provide
 
transportation routes for business people, land owners ,
 
paasants, and indigenous people. Likewise, hydroelectric
 
structures provide power and light to those who can pay
 
for it.
 

ISSUES AND IMPACTS 

-S0,7,e ef the undesirable impacts of infrastructure
 
development in the humid tropics have been said to result
 
from the absence- of adequate planning at program,
 
project, "and site-specific technical levels. The
 
following examples of specific issues and impacts suggest
 
that most'if not all, secondary and'tertiary impacts can
 
be ameliorated oi eliminated if the proper planning
 
decisions are made in advance. 'One of the tragedies of
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development in the humid tropicsis that many of the more common problems are repeated over and over in the same
'country and(or) by the same'development agency in various 
countries. 

RESERVOIR SILTING
 

".:.. 	Reservoirs are constructed primarily to retain the runoff
 
from an upstream watershed or catchment for some specific
 
reason such as flood control, irrigation, and hydroelec
tric power generation. This involvesthe constuction of a
 
dam or barrage across a river to 
form, the reservoir, but
 
by its very nature the barrier collects the sediments
 
that settle out of the slower-moving waters ixn the
 
reservoir. Good engineering design usually takes into
 
account the natural sediment load in a river. 
 However,

unless the lupstream watershed also is protected and7
 
properly managed following the construction of the dam,
accelerated erosion can exceed the design projections and
reduce the operational lifetime of the reservoir.
 

The functioning ofthe Paez hydroelectric facility on the
 
Santo Domingo River in western Venezuela has been
 
severely impaired by road construction and the ensiing

agricultural expansion. 
 Both of these activities
 
resulted in erosion that has led 
to the destructive
 
sedimentation of the reservoir. 
This example also shows
how a well-intentior,-d;"infrastructural development scheme

promoted by one sector can adversely affect the activi
ties of another development sector.
 

DOWNSTREAM SEDIMENT STARVATION 

One of the major problems resulting from reservoir
 
silting is that sediments no longer move downstream to be

deposited along riverine flob'dplains or coastal deltas.
 
Because the formation of most coastal plain rivers and
 
coastal shorelines is the result of a temporal balance
 
between accretion and erosion, a reduction in the annual
 
sediment deposition leads to erosion. 
In coastal areas
 
with beaches, the sediment input reduction becomes a

primary cause of 
the loss of beaches; in the absence of
 
offsetting accretion, erosional forces dominate.
 

ALTERED DOWNSTREAM HYDROPERIODS 

Dams and reservoirs have two 
basic and contrasting

classes of impacts on the rate and volume of water that
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flows downstream during the course of a year (the "hydro
period"). In the first class are those dams/reservoirs.
 
that are constructed for flood control and(or) to provide
 
dry-season irrigation water. By design, they signfi
cantly reduce thevolume of downstream freshwater runoff
 
during the following wet season. (Inarid environments, , 

both the'wet- anid'dry-season'flows may 'be reduced.)
 
I)Pownream-nYe .tiand ,.,nd Qatalhabitats,.,.. which are 
adapted to seasonal runoff patterns,'t'end to ~become drier
 
and less'viable because, 'in most environments, biological
 
activity is closely'tied. to the natural flow variation.
 
In near-shore coastal areas, reduced wet-season flooding
 
can lead to soil and groundwater salinization, river-bed
 
sedimentation, and higher estuarine and coastal salini
ties that may have an undesirable effect on near-shore
 
fisheries and aquaculture.
 

The second class of impacts is associated with
 
dams/reservoirs that are constructed for hydroelectric
 
power generation. In these operations, the reservoir is
 
maintained at maximum stage level (for efficient turbine
 
operation), and the water releases occur regularly. The
 
downstream hydroperiod impact sometimes results from
 
lowered wet season flows, and frequently from increased
 
dry-season flows.
 

In humid tropical environments that experience a pattern
 
of annual flooding followed by drought, water-control
 
structures sometimes are used for wet-season drainage and
 
dry-season irrigation. WLeen and if these are successful,.
 
low-lying soils, on the average, are maintained drier
 
than normal, and elevated soils are maintained wetter
 
than normal. In addition to the deleterious effects on
 
soil fertility, gravity drainage is problematic in some
 
areas because peak flood periods coincide with the time
 
drainage is required; there is no low-elevation "sink"
 
for the excess water. Also, the. elevation of the river
 
bed mayb,higher than that of the fields to be drained,
 
thus necessitating expensive pumping systems. The remedy
 
for this phenomenon requires ad hoc installations of
 
expensive low-head, high-volume pumps to maintain the
 
designed water levels.
 

DEGRADED RESERVOIR WATERS
 

Following the construction of a dam and the filling of
 
its reservoir, an artificial freshwater lakEKis formed
 
over a relatively short period. Whereas the reservoir
 
may be viewed as an aquatic fishery resource, the water
 
'utility of tropical reservoirs deteriorates as the
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~aquatic ecosystem matures over 
time,. Watershed'develop
Mnt 'that 'lead13
i, 
 and the introduction ofnutrients accelerates the degradation of the reservoir 
''~~~ hrogheutrophication (i.e., enrichment).eutroricated water bodies Although
are by definition organically
~productdveithey eventually become dominated"by aquati


weeds ad 
" 

rahlf fish and seldom produce yields ofdeirdaqatclie 
The manageen tof.tropial.
reserv''s,-..
.
 largely dependent 'upon the management and

Vpotection of the source water catchment. 

.'
 

BARRIERS TO WATER FLOW AND'FISH MIGRATION
 

In'the freshwater river systems of the humid tro:ics,
relatively large numbers of aquatic species have seasonal
upstream-downstream migration patterns. 
 The anadromous
marine species also migrate up freshwater rivers
annually. These migrations are closely tied 
to the life
cycles of the species arid are related to annual reproductioncycles. The imposition of barriers to migration,
in theform of a damor barrage, interrupts the annual
migration that -can lead 
to the loss of affected species.
Deleterious barriers also can be formed by hot water
discharges from power pi'antsor factories, and from the>
oily brine wastes 
that are produced during oil-production
 
activities.
 

Roads also'can have a devastating impact, notonly on 
the
movement -of water, fish, and other wildlife within a
regional ecosystem but also on 
the productivity of the> 
 -
ecosystem through which the road traverses. 
 The
Barranquilla-santa Marta highway in Colombia, for
example, links 
two cities, but also has stopped 
the flow
of surface-water between the sea and theestuary. As a
result, a large area of 
tidal forests died and is
unlikel > to 
recover in th&-absence of a reestablishment'

of 
the natural flow patterns. A productive fishery
resource and wildlif, [.abitat was lost along with the

forest. 
 7-


MISROUTED AND POORLY PLANNED ROAD,SYSTEMS
'In
": soeregions, such as
4 Dat
 
somesuch 
 asparts of Africa, traditional
transportation routes have been used for centuries by
local people. These paths,usually through the forest or
bush, are the routes-preferred for many reasons that are
important in 
the local culture, although they may be
longer and more arduous than alternative routes. 
 Modern
rocd planning and engineering, however, is based on
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ec,
eqonomic considerations of.,the least-cost, most direct
 
routing between any two points. When new roads are
 
introduced into areas with tradfPional routes, they may
 
be poorly used by the local population, which prefers the
 
traditional :routing.; In such instances, the socio
economic benefits,projected to accrue from the construc
tion'of a road are not:fully captured. 

In Latin America and other humid tropical areas, rivers 
are often the preferred avenues of communication. Also, 
because rivers are frequently associated with the better 
soils,1in a region, human population densities tend to be 
higher along rivers. In such situations, road develop
ment is usually unnecessary, whereas development of water 
transportation systems and support (e.g., navigation 
aids) is desirable, but seldom provided. 

Roads and corridors that are constructed to service a
 
specific infrastructure project are rarely located
 
optimally for the settlement that follows. Connecting
 
two points with electrical service, exploiting a remote
 
mineral deposit, or bringing construction materials to a
 
dam site may require roads that allow access to new lands
 
for potential settlers. However, in many instances, the
 
new land may be totally inappropriate for colonization
 
and sustained development.
 

ROADS AND CORRIDORS AS DISEASE-VECTOR PROMOTERS 

Roads and corridors that are constructed to link
 
different envitonments also may allow the transmission of
 
diseases into areas where they are not found naturally.
 
A major criticism of the plan to complete the Pan
 
American highway through the Darien "1gLp, in Panama is
 
that the highway might allow aftosa (hoof and mouth
 
disease) to spread from Colombia,.where it has,been
 
contained by international regulatory controls and the
 
natural barrier of the Darien (Goodland, 1977).
 

Health problems also are associated with the development
 
of "new" lands through botn the introduction of diseases
 
and(or) the habitat changes that foster the development
 
of the diseases and their vectors. For example, one of
 
the health problems associated with the Guanare-Masparro
 
Project in western Venezuela was the potential for a
 
significant increase in Chagas disease.
 

Diseases that affect man and his domestic plants and
 
animals are one of the problems associated with the
 
development of the humid tropics that is often over
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lookd, This results i henomenon that hsbe
'called "underdevelopment" (Dickinson(,,1982). When one*
 
sector purposefully or indirectly fosters development
wiithout the benefit of planning advice and 
assistance
from' other sectors, the overall effect is underdevelop
ment through inefficient resource use.
 

THE SOCIAL AND ECONOMIC IMPACT 

The development of economic infrastructure in the humid
tropics has wide-ranging social and economic effects on
human communities. 
General considerations are outlined

here, followed bya more detailed look at the types of
*iapact, including suggestions about how to understand

possible impacts and, soften the effect of impacts when
they appear inevitable. 
This analysis uses 
the terms
1"social economy" and "socioeconomic" interchangeably.
 

General.Considerations
 

Four general issues orient 
the discussion and provide a
framework for 
the remarks that follow. First, in
nonindustrial societies, the social and the economic
domains'do not exist separately (Meltzoff and LiPuma,
1985). Primarily this is because kinship relations

(e.g., members of the same family or 
clan) are the means
of organizing the production and exchange of goods and
services (Sahlins, 1972). 
 For example, changes in 
the
factors of production or access to markets always have
 
social repercussions.
 

Second, 
these social impacts will themselves stimulate or
engender further economic changes. 
 For instance, emigration of men (e.g., contract labor) will depress subsistence, production where production is based on 
a social
division of labor between male and female tasks. 
 Hence,
there are invariably seconaary effects 
that may be more,

influential than immediate ones.
 
Third, the addition of physical infrastructure affects a
 
society's basic social and economic conditions:

prevailing subsistence production, current values of cash
 crops on'world markets, major leadership posts, human
ecology, composition of households, and other such
variables. 
 This impact occurs through the action of

individuals and groups thatkhold different positions in
the social economy (Bourdieu, 1979). 
 Thus, changes
brought about by physical infrastructure tend 
to express
and sometimes exaggerate prevailing social inequalities

(Cordoso and Faletto, 1979).
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FQurth, societies do not simply absorb the impacts of
 

'iange,..they actively,respond to outside forces, basing 
their actions .on values of their social economy. 
(Indeed, the concept,of impact tends to misrepresent the 

phenomena, because it may be, assumed that the indigenous 

society;is "unstructured." This is precisely the miscon

ception that occurs to the outsider who is unaware of 
bonth nternal s tructure-.and. concrete. conditions .. )._. 

,
Thus an understanding of social and economic impact 


requires knowledge of 1) concepts and values of the 

social economy; 2) institutions and organizations that 
operate in the economy; 3) specific practices of the 

social economy; and 4) how people perceive change and 

plan to respond to it. The gathering of these four types 

of information should form the base for analyzing
 
socioeconomic impact.
 

Correct and efficient social-impact analysis requires
 
scientists who have ethnographic experience in the region
 

of the investigation (including language ability) and
 
S 	 experience in socioeconomics and the process by which
 

social economies undergo transformation. Such scientists
 
will both capitalize on the wealth of existing informa
tion and experience and ensure that the investigation is
 
done correctly.
 

An Example of Socioeconomic Impact
 

The construction of a dam or new road provides an
 
opportunity for men to earn wages. Those village men who
 
have not been successful in production or exchange may
 

see employment at the dam site or on a road crew as an
 

opportunity to earn enough money to improve their socials
 

status. So they leave their village and migrate to the
 
construction site. The removal of men from the village
 
depresses subsistence production and thus lowers
 
nutritional levels for their families. This occurs
 
because the division of labor in produ'ction often assumes
 

a relatively equal number of men and women. Although the
 

men receive wages for constructing the dam, they may not
 
remit enough of their wages to their wives to compensate
 
forthe loss of their labor power. And even if they did,
 
stores that sell foods with the same nutritional
 
qualities as those produced on the land are scarce.
 

The dam project may have decided to use local labor
 
because it was inexpensive and available and to bolster
 
incomes to improve local living conditions. The
 
immediate impact, however, is a decline in living
 
standards. Because the men may spend their hard-won
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wages on alcohol rather than on food or other family
uses, the family structure of the community is disrupted,

and nutrition for women and children declines. 
There may
be a simple, straightforward means of preventing this
outcome by seeing that wage laborers are paid in both
 money and "gifts" of food for their families. The
laborers would send the foods to 
their families because,
 

-! : 	 although-thereI s~no-social principlespeci-fying.'that 
members distribute money within the family, there is aprinciple regarding all food. Indeed, the search for
higher social status that motivates the laborers to 
leave

their village in the first place would be severely

compromised if they failed to share food. 
 Identification

of this solution requires the knowledge that 1) the loss
of men will diminish or dampen village production because
of the disruption of the existing social division of
labor, and 2) the principles of sharing are different
with respect to money and food. 
 There are 
two reasons

why such solutions are 
rarely discovered by development

projects. 
First, impact studies tend 
to be abbreviated
and usually involve minimum contact with the community;

second, 
the studies are done after the project is well
underway, rather than before and during the project.
 

The Dimensions of Socioeconomic Impact
 

The construction of physical infrastructure is

accompanied by three main phases of impact: 1) the
construction of 
the roadway, pipeline, or hydroelectric

plant; 2) the infrastructure itself; and 3) the influx of
industries, such as ranching, agriculture, or timber,

that seek to capitalize on 
the new 	infrastructure. 
There

is sometimes a fourth impact when the roadway, pipeline,
or dam no longer functions. 
 In the first phase, impacts
stem from the displacement of the local population and
the use 	of the population as a source of labor for the
project. 
 In the second and third phases, the impacts

reflect the infiltration of colonists and the subsequent
dynamic within the colonial community and between this

community and the indigenous societies (Vickers, 1983;
Barhira-Scazzocchio, 1980; Maxwell, 1979; Davis, 1977).
 

The physical infrastructure affects the structure,

function, and behavior cf communities. Structure refers
to the organization of an institution or practice (e.g.,

family, 	decision-making process, or land 
tenure);

function refers to how the institutions and the practices
work or operate under certain conditions; and behavior

refers to how individuals and groups respond in terms of

their cultural dispositions and social position.
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Within indigenous com6inities the following are the 
central forcei of both p'Iimary and secondary impact.
 

Social economy. In terms of production, hiring indige

nous labor to construct a roadway or dam may depress
 

local output of foodstuffs by drawing away, for months at
 

a time, the male labor pool needed to clear gardens and
 

-hunt foranimals, As previously-mentioned,-this-derives
 
from a division of labor in almost all tropical societies
 

where women do the planting and cooking while men clear
 

the garden and hunt for game. In some instances, the
 

direct effect of the infrastructure is to reduce produc

tivity by despoiling the habitat, as when a hydroelectric
 

plant impedes the flow of silt downstream, reducing land
 

fertility (Lovejoy and Salati, 1983). Shifting
cultivation and hunting-and-gatherlng modes of production
 

demand relatively large tracts of land. Hence, the
 

diminution of land and its fertility tends!'to generate
 

territorial and land-tenure disputes. Such disputes
 
quickly escalate Into societal divisions due to the
 

structure of the kinship system. Prior to colonization,
 
the response to such disputes would be for one faction 
to
 

pioneer new ground. The Indigenous response to terri
torial pressure is precisely that response that is
 

impossible under the colonial situation. Another problem
 
relating to production is the transfer of garden land out
 

of subsistence crops into cash crops, as the community
 
becomes dependent on store-bought goods. Often this
 
shift into cash crops is led by individuals who wish to
 
attain more status.
 

In the sphere of exchange, the influence of colonists,
 
wage labor, and markets transforms an indigenous system
 
based on the exchange of inalienable goods among
 
dependent producers into an exchange of alienable goods
 

among independent producers. Because exchange is a
 

primary mechanism for creating social relationships, the
 
detachment of these goods from their producers undermines
 

the bonds that tie the social system together. This
 
undermining is reflected in the growing fragmentation of
 

some indigenous societies (Yost, 1981; Smole, 1976) and
 

their inability to resolve disputes (e.g., land tenure).
 

Consumption patterns often change as colonists generate
 
needs for foreign goods within the indigenous societies.
 

This demand for goods is not only a function of the
 
relative efficiency of some Western manufacturer (e.g.,
 
steel axes and shotguns), but the goods are seen as the
 
products of a more pcwerful society (i.e., able to
 

dominate the indigenous societies). Thus, people
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sometimes even plant cash cropsmore nutritive value than local ones.
to buy foods that have no 

Political economy. Ali production and exchange involves
 
the maintenance of a political order 
-- that is,structures of authority and power. 
 Modern technology and

influences of 
the state tend to shift power away from the- older-generation. Tch eayoUgeYrien, especially, asu 
new power and authority because they better understand
the novel technology and the bureaucratic processes of
 
the state. This is particularly'true if the older

generation is illiterate. 
 Indeed, by creating a new and
 
more 
influentia. source of competence, the colonial/state
 
presence transforms the local political structure. 
A

contradiction between 
the old and new politics will
 
emerge, leading to a generation gap. This cannot be

prevented, but the transition can be made more smoothly

if the development agency works through the local power

structure, rather than against it.
 

Frequently the state creates new opportunities for those
 
who have low status within the local society. These

individuals cooperate with the government, thus inducing

the government 
to grant them positions of authority and
 
power vis-a-vis their own society. 
These individuals are
often treated as spokesmen for the group as a whole, or
 
are put in the role of liaison between the government and
 
the local community. 
Moreover, these intermediaries

often have their own social, economic, and politicial

agenda, seldom serving as neutral agents acting in the
best interests of the community as a whole. This gives

power and authority to 
precisely those individuals who

have been deemed unfit 
to lead by the local selection
 
process. Again, the only solution is to work through the
 
local leadership and political process.
 

Spontaneous Colonization
 

The spontaneous colonization or resettlement of peasants

alongside the thoroughfare is a critical consequence of

physical infrastructure such as roads. 
 In the Amazon,

much colonization proceeds in phases. 
The first phase

concentrates on exploiting the 
timber resources, the

second on 
using this land for crops, the third combines

several plots of exhausted crop lands for ranching, and

the fourth is partial abandonment of the area because of
 
its low carrying capacity (Hecht, 1983).
 

Spontaneous colonization exhibits all of the socio
economic problems that arise in nonintegrated environ
ments. That is to say, 
the different social groups, the
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economic sectors, and the government bureaucracy operate
 
at cross-purposes, generally with short time horizons,
 
and with a minimum of social bonding. Unfortuhately,
 
government involvement in colonization is no guarantee of
 
success.
 

* 	 In the absence of government supervision, therej are often 
disptes over t itle and ownershi p of 'land- B~ecausemany~ 
settlers fail to use cropping systems appropriate to 
tropical environments, their crop yields decline until 
they can no longer make a living. When this occurs they 
sell or sometimes simply abandon their lands, leading to 
demographic instability. Such instability, in concert 
with problems over land titles, makes it hard to secure 
bank financing to develop the property.' Usually, only 
those who already own other property (i.e., collateral) 
are able to arrange financing. This effectively excludes 
peasants, thus giving leverage tu the urban bourgeoisie 
who then purchase failed farms and convert them into 
cattle ranches. The effect is to simply replicate 
existing income inequalities in the new colonial situa
tion. Ironically, it is precisely such income inequali
ties that motivate peasant farmers from other regions to 
pioneer the new settlement in the first place. Indeed, 
it would seem that spontaneous colonization often 
recreates not only economic/social disruption but also 
the classic conditions for political violence. 

Spontaneous settlements also are characterized by short
term production strategies in which unrestricted lumber
 
operations and biophysical degradation destroy forests
 
and other resources. The destruction of potentially
 
renewable resources undermines the economic viability of
 
the colony and further encourages demographic instability
 
and short-term outlooks. This combination of features
 
inhibits the provision of social services, especially
 
schools and hospitals, which in turn defines the colony
 
as a transient point rather than a permanent home. A
 
spontaneous colony can prosper only if it can fill an
 
economic niche (such as access to some valued resource
 
and location) and has support services from government.
 

In brief, the building of physical infrastructure cannot
 
ignore the social and economic context in which it
 
occurs.
 

A thorough study of 24 cases in the Latin American
 
tropics (Nelson, 1973) found that "failure is directly
 
related to the degree of government involvement in a
 
project, transport costs, and the degree of pioneer
 
colonization involved relative to consolidation with
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peripherial expansion into new areas." 
 The authors noted
 
that "evidence is on 
the side of those who would restrain
 
expansion in the,,hope that higher returns would result
 
from a sequence that places initial emphasis on consoli
dation, education, the accumulation of knowledge, and
 
improvement In public administration. The prudent

approach to movement into pioneer areas is a gradual one
 

.designed-to-attract.spontaneous settlersoand,'wi-thin the
 
limits prescribed above, private investment and enter
prise" (Nelson, 1973, pp. 265 and 291).
 

Politics and Social Analysis
 

An analysis of social and economic impact must take into
 
account the relationship between knowledge and interests.
 
Studies of social economy usually play only a small part

in development planning because of their political impli
cations. Without such analysis, development follows a
 
realistic model that traditionally favors capital-.

intensive, export-oriented projects (Moran, 1983) run by
 
an urban, central government. Thus, urban capitalists

who invest in timber and ranching, etc., and government

bureaucrats whose power depends on centralizing control,
 
have an interest in ignoring the social economy of the
 
rural communities. Taking rural development as a
 
priority leads to projects that 
stress rural, decentra
lized, site-specific solutions. Analysis of social
 
economy reveals the information that can show the impact

of current development and the necessity of creating

alternatives. Such analysis almost invariably focuses 
on
 
the conservation of natural resources, long-term internal
 
development, respect for existing social institutions,
 
inequalities of access to valued resources, local
 
economic practices, community control, and a host of
 
other issues that 
run counter to entrenched interests.
 
Moreover, to the extent that international development
 
agencies work hand in hand with business and the
 
bureaucratic elite, the assistance agency will share the
 
interest s of these groups) 
Thus balanced development

requires overcoming the interests that would impede the
 
flow of socioeconomic information.
 

GUIDELINES.FOR BROAD PROGRAM-DEVELOPMENT PLANNING
 

Use of a rigorous regional and holistic approach is the
 
most crucial guideline to ensure success planning
 
development in programs. The basic planning unit is
 
defined as the entire region (or watershed) in which
 
infrastructure development is to take place and 
the
 
planning process is structured to involve all sectors
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* regardless of whether a definite rolelis immediately 
apparent. When the planning process is initiated on this 
basis, the probability of'overlookirng or omitting key 
factors is minimized from the beginning. Alsk, the 
planning process benefits from' the wide perspective and 
the diversity of viewpoints and ideas among planning 
specialists and their consultants, many of whom may have 
-some speci-al-knowledge that-benefits the planning...- ....
 
process. Although answers to specific questions may not
 
be complete at this(!stage, the questions become a part of
 
the planning process.
 

The success of this approach is dependent upon strong
 
interaction and collaboration among all principals
 
involved in the planning process. All too frequently,
 
sectoral interaction is limited to the collation of
 
independently -itten sections in a larger planning
 
document -- synthesis and integration occur among people
 
and not between the cover3 of a report. There is a
 
logical sequence, of disciplinary activities inherent in
 
an integrated study. The order is generally as follows:
 

- Ecological feasibility -- the-environmental sciences,
 
such as ecology, geomorphology, forestry, 'and
 

;agronomy, evaluate options based upon the opportuni
ties and limitations inherent in the climate, soils,
 
and landforms of the study area.
 

Sociocultural feasibility -- the rural sociologist or
 
anthropologist evaluates the effect of a project
 
based on study of the intended beneficiaries as well
 
as those pcejudiced through physical or economic
 
displacement. The probability of acceptance of
 
change, capability to apply new technology, and
 
appropriate mechanisms for extension also are
 
determined.
 

- Economic feasibility -- when presented with an array
 
of options in agriculture and forestry that have been
 
screened for ecological and sociocultural appro
priateness, the economist can efficiently perform
 
cost-benefit and marketing analyses to determine
 
economic feasibility.
 

- Institutional feasibility -- the team has an overall
 
input in assessing the techniLal competence, organi
zational structure, and discipline of the public and
 
private institutions that would provide support to a
 
particular option.
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~YK Tefnal step is integration, requiring a retuirn to theregional' system model Ao test 
the contributionof the'
 
various options to optimum sustained social 'and economic

development 
 Thus the!goal of the environmental manager.

involves both avoidingi~ntersectoral conflicts and effec
tively using all] resourLces.,
 

Some examples of how the regional and holistic approach' 
can be of spfcific ber,'efat are providednext under the 
rubric of program/proj ect development and,design.-. . 
Specific problems: canhot be dealt with abstractly (as in
 

4,. 'this manuscript); in practice, qualified specialists,

preferably citizens of! the project countryjare 'relied
 
upon to,provide the site-specific solutions. :
 

EXAMPLE GUIDELINES FOR PROGRAM/PROJECT DEVELOPMENT AND 
DESIGN
 

Altered Donstream Hydroperiods 

Alternatives to lowland drainage/irrigation include

several viable develo ment optiQh"s' that are seldom
 
:considered in project planning phases.
'~"Among these ca naea
 

arechnapas (ridged fields) and alto-bajo
(high-low) cropping practices. Both are historically
 
proven means of using difficult environments for agricul
tural production. For example, low, wet areas may be
 

,devoted to crops/livestock that require greater amounts
 
of water, such as rice, aquaculture, fish, and ducks; 
the

better-drained higher areas can be used for upland crops

and, wet-season grazing. 
 This approach eliminates the
 
needs for land leveling, drainage-irrigation contouring,

and the construction of expensive water-control systems.
 

In this example, specialists in tropical agroecosytems

should be involved to 
assess ,the specific situation and
 
to 
provide qualified advice.' Agricultural scientists
 
trained intemperate environments and trained to maximize
 
production usually are unqualified to provide advice on
 
multiuse tropical systems in which 
the maximization of
 
yield is a lesser criterion.
 

Routing of Roads
 

In the development-planning processes that involve, 
or

'rely on, the construction of new road systems, planners
should. be aware of the routing preferred by the local 
population. This can be accomplished in two phases: 1)
observation of existing travel routes can be documented
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Sand mapped, and traffic loads determined, and 2) through 
interviews, the importance of specific routes can be 
determined 'and used to make a final decision concerning 
the new road. Routing considerations also should take, 
into account the natural:'features to minimize short- and 
long-term impacts, such as instability of soils that can 

cuehigh- maintenance, costs--due-to-1 and slides~ad 
subsidence.
 

In addition to the actual routing' p]'nners should
 
attempt' to' project 'or estimate the econdary impacts that
 
result from a specific routing. For example, after the
 
opening of a road, will colonists enter? What is likely
 
to be the impact of their activities? As an access
 
route, will the road aggravate existing social or
 
economic inequalities? Social scientists with local
language abilities and appropriate survey skills should
 
be involved to identify and address the major issues.:'
 

GUIDELINES FOR TECHNOLOGY SELECTION
 

Reservoir Silting
 

Three considerations should guide efforts to minimize
 
reservoir silting; each must be taken into account in the
 
very earliest planning'stages. First, plans to construct
 
dams/reservoirs in degraded and eroding watersheds should
 
be examined with extreme care. Such watersheds indicate
 
that silting will occur to the potential detriment of the
 
project; the unstable conditions are caused by geologi
cal,' topographical, and geomorphic processes that are
 
often compounded by inappropriate land use. Comprehen
sive surveys should be made in conjunction with govern
ment planning agencies to assess the likelihood that a
 
particular targeted watershed might be degraded by the
 
planned activities.
 

The second consideration is to promote watershed-manage
ment practices that will minimize degradation and erosion
 
while permitting some kinds and intensities of economic
 
activity. In many instances, watershed management can be
 
incorporated in the regional planning process prior to
 
any consideration of the construction of a dam/reservoir
 
system.
 

A third consideration is the prevention of accumulation
 
of sediments in a reservoir; this would sustain the
 
useful life of the.infrastructure and, in some instances,
 
maintain the natural'downstream transport of sediments.
 
A knowl]edge of downstream sediment budgets is required,
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Sin areas that may be subject to erosion 
through.sediment starvation. Prevention of sediment

accumulation can be accomplished by the sluicing of
 
sediment-laden current 'following storm events or the
 
periodic drawdovn of the reservoir to remove sediments.
 
As in watershed-management planning pricr to dam/reser
vir,.construc tion ,-cons ideration- of the potehteial problem-

' h,0ould be incorporated in the regional planning process.
 

The solutions to the specific aspects of a complex
 
problem-:such as this require that engineers, planners,

geomorphologists, ecologists, agronomists, and social
 
scientists'establish a close working relationship. For
 
examp].e, the social scientist (i.e., ruralsociologists,
 
geographers, economists) can provide insight into the
 
potential attitudes and needs of colonists and indigenous
 
peoples. The geomorphologist can estimate the proba
bility for sediment generation due to natural conditions
 
and processes compounded by human activities. The
 
ecologist and-agronomist can design optimum agroeco
systems to summarize the erosion potential that may occur
 
through different kinds of land-use practices. The
 
planners should be:able to devise plans to minimize the
 
social and ecological problems, while advising the design
 
engineers on the reservoir's silting potential. The
 
engineer, in turn, can incorporate design provisions that
 
will accommodate the increase in sediment transport'
 
(e.g., sediment pass-through gates) or ameliorate the
 
damaging effects (e.g., upstream collection weirs). It
 
should be obvious from this short discussion that none of
 
the specialists working independently could deal with the
 
full range and scope of the problem -- multispecialist,
 
multisectoral cooperation is absolutely essential.
 

With respect to the actual technology that may be
 
selected to avert or minimize problems, expert consulta
tion is recommended. At this level of the planning
 
process, there are few, if any, packaged solutions to the
 
myriad problems that may le faced in a project.
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SECTION IV
 
GUIDELINES FOR PLANNERS 

AND MANAGERS 



MODULE 7 

THE ROLE OF PROTECTED AREAS IN REGIONAL DEVELOPMENT*
 

Abridged by John R. Clark 

*This section is abridged (with modifications) from 
Managing Protected Areas in the Trr-pics, Chapter V, Part 
B, "Integrating Protected Areas in Regional Land.-Use 
Programs," 1986, Inteinational Union for Conse! vation of 
Nature and Natural Res;n;ourceo! (a -;pccia1 publication from 
the Woild ongrc!g ; on N.:1ional Palks, 1982, Bali) with 
permission of the puhliise-r. The book was compiled by
John acKinnon, (Graham ('hitd, and Jim Thorsel1; regional
planni ng expertise ,a prov ided by Keith Ga rratt 
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Although protected areas often are viewed as islands in

isolation from their surroundings, this view iS hardly

realistic because they are subject 
to many outside
 
Influences and, in turn, affect neighboring lands. These

relationships may be primarily ecological or physical,

but also include 
cultural, social, andeconomic
 

Sttare not established to
 
remove them from the mainstream of de-elopment; rather

they must.constitute a form of land use 
that is comp~e
mentary.
 

This chapter suggests principles for integrating the

development and management of protected areas with,other 
 !
forms of rural land use. 
 It touches on some of the
 
positive and negative relationships that may exist

between a protected area and adjacent lands and suggests

how the conflicts can be reduced and benefits enhanced.
 
It also demonstrates how the security of, support for,

and. appreciation of protected areas can be strengthened

by underlining and further developing their contributive

role in thetregional development process and by forging

links of mutual interdependency with other departments
 
and agencies.
 

Integrating protected areas 
into regional development

plans calls for continuous liaison between the various
 
planning and management authorities and local communi
ties, thus the protected-area management authority must
 
seek good working relationships with the other agencies

'concerned. 
 Clear formulation of local conservation needs
 
and objectives can provide a useful input into the

development of a regional plan and its implementation.

Such strategies and plans should set goals and standards
 
for development and conservation of natural resources
 
that will optimize sustainable production from-a
 
multiple-use system, without foreclosing options for
 
future use.
 

HOW PROTECTED AREAS CONTRIBUTE TO REGIONAL DEVELOPMENT 

As demands for efficient and immediate use for natural
 
resources 
increase worldwide, particularly in under
developed countries v.th fast-growing populations, the

rationale for maintainJ.ng protected areas must be
 
clarified. To survive these pressures, protected areas
 
must be justifiable in both biological and socioeconomic
 
terms. Because government officials and the public

generally undervalue the role of protected 
areas in
 
environw'entally sound development, protected areas must
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be designed and managed in ways that bring real socio
economic benefits.
 

Protected areas can bring valuable benefits to regional
 
communities in the following ways:
 

-Stabilizationof-hydrological-functions; 'Natural vegetaz-:
 
tion cover on water catchments in the tropics plays a
 
valuable role, acting like a "sponge" to regulate and
 
stabilize water runoff. Deep penetration by tree roots
 
or other vegetation makes the soil more permeable to
 
rainwater so that runoff is slower and more uniform than
 
on.cleared land. As a consequence, streams in forested
 
regions continue to flow in dry weather and floods are
 
minimized in rainy weather. In some cases, these hydro
logical functions can be of enormous value, worth many
 
millions of dollars a year per catchment.
 

Protection of soils. Exposed tropical soils degrade
 
quickly due to leaching of nutrients, burning of humus,
 
laterization of minerals, and accelerated erosion of
 
topsoil. Good soil protection by natural vegetation
 
cover and litter (especially significant in grassland
 
ecosystems) can preserve the productive capacity of the
 
reserve itself; prevent dangerous landslides; prevent
 
costly and damaging siltation of fields, irrigation
 
canals, and hydroelectric dams; safeguard downstream
 
coastlines and riverbanks, and prevent the destruction of
 
coral reefs and coastal fisheries by siltation.
 

Stabilization of climate. There is growing evidence that
 
undisturbed forest actually helps to maintain the
 
rainfall in its immediate vicinity by recycling water
 
vapor at a steady rate back into the atmosphere and by
 
the canopy's effect in promoting atmospheric turbulence.
 
This may be particularly important in the production of
 
dry-season showers that are often more critically needed
 
for. settled-agriculture than are the heavier monloon
 
rains. Forest cover also helps to keep down local
 
ambient temperatures, with benefits for surrounding areas
 
in agriculture (lowered transpiration levels and water
 
stress) and for human comfort.
 

Conservation of renewable harvestable resources. Biolo
gical productivity under natural conditions is "cost
 
free" and generally higher than for any form of arti
fica.ly planted alternative (Odum, 1971). The quantity
 
and value of natural materials that can be harvested on a
 
sustained basis will vary considerably, depending upon
 
the protection category of the reserve, and may be of as
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much value to the local community as any alternative land
 
use.
 

Protection of genetic resources. Man makes use of
 
several thousand species of tropical wild plants and
 
animals for foods, medicines, and utilities (many to 
a
 
'commerciallylimportantdegree),'and'thousands 'mor
 
species may be of potent~al use. All domestic plants and
 
animals were originally derived from the wild; many can
 
be maintained and,improved only by-regular recrossing

with wild forms and relaltives. Thelshort- and long-term

values of thesegenetft resources is enormous and most
 

F / improvements in t'nrcal agriculture and silviculture
 
depend on their preservation. Protected areas are of
 
great value as in situ genebanks, but only for as long as
 
they are protected. Moreover, the value of reserves as
 
gene pools will increase as remaining natural habitats
 
become scarce.
 

Preservation of breeding stocks, population reservoirs,
 
and biological diversity. Reserves may protect crucial
 
life stages or elements of populations that are widely

and profitably harvested outside reserves. 
They are
 
sources of seed dispersal, wildlife, and fish-spawning
 
areas. They act as "refugia" wherein biological
 
diversity can be maintained.
 

Promotion of tcurism. Where protected areas are
 
developed for tourism, local economies can benefit
 
considerably. At the national level, tourism brings

valuable foreign'F-exchange into the country and at the
 
local level it stimulates profitable domestic industries
 
-- hotels, restaurants, transport systems, souvenirs and
 
handicrafts, and guide services.
 

Provision of recreational facilities. 
Local communities
 
as well as other domestic and foreign visitors benefit
 
from the recreational facilities provided by most
 
categories of protected areas. These benefits will
 
become ever more valuable as the availability of other
 
wild recreation areas is further reduced.
 

Creation of employment opportunities. Apart from the
 
employment created within the protected area itself,
 
additional employment is generated by auxiliary services,
 
tourist development, road improvements, and professional

services. Such benefits are particularly relevant where
 
the land set aside-fo7 the protected area has little or
 
no value for agriculture.
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Provision of research and monitoring facilities. Mankind 
has much to learn about how to get better use from tropi
cal environments. Agriculture and plantations are 
disease and pest-prone, delicate, require fertilizers, 
arid result in soil degradation. Much applied research 
still needs to be done in natural tropical ecosystems to 

soils. Protected areas provide excellent living labora
tories for such studies, for comparison with other areas
 
under different systems of land use, and for valuable
 
research into'ecology and evolution.
 

Provision of education facilities. Protected areas
 
provide valuable sites for school classes and university
 
students to gain practical education in the fields of
 
biology, ecology, geology, geography, and socioeconomics.
 
Such uses can extend to, and ultimately benefit, a large
 
proportion of thellocal population.
 

Maintenance of a high-quality living environment. People
 
living near a protected area can enjoy a high-quality

living environment -- cleaner, more beautiful, and more
 
peaceful than elsewhere. As a result, the values of
 
property adjoining protected areas may be enhanced as
 
outsiders choose to have holiday homes in the area, as at
 
Cibodas adjacent to Gede/Pangrango National Park in West
 
Java.
 

Advantages of special treatment. Because of their
 
proximity to environmentally critical areas, locations of
 
special development, and places of showcase status, local
 
residents near parks and reserves may be eligible for
 
special treatn:ent -- improved social services, communica
tiois, loan, , and irrigation and housing projects. For
 
example, the Indian Board for Wildlife in 1983 recom
mended that areas surrounding wildlife reserves should be
 
recognized as special areas for ecodevelopment.
 

Preservation of traditional and cultural reserves.
 
Protection of natural reserves can result in the preser
vation of locally important cultural sites and tradi
tional practices that otherwise would be destroyed.

Although benefits such as continued access to shrines (as

in Ranthambore National Park, India) may have little or
 
no economic value, they will be highly appreciated by
 
local people.
 

Natural balance of environment. The existence of a
 
protected area may help maintain a more natural balance
 
within the ecosystem over a much wider area. Protecte6
 
areas afford sanctuary to breeding populations of birds
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:'that control insect and mammal pests in agricultural
 
areas. Bats,. birds, and bees that roost and breed in 
reserves may range far outside their boundaries to polli
nate fruit trees in the surrounding areas.
 

Regional pride and heritage value. The development of ' 
souresofgiza id*.nation~ ~pri edp vi es benefi ts 
that are not easy to evaluate, 'butare nevertheless truly
valuable. Individual and organizational donations of 
money for the preservation of their local heritage is a 
clear indication thatthey appreciate the value of the 
protected areas in their region. 

The above benefits are of different scales of magnitude,
 
accrue over different timespans, and fall to different
 
groups in the local community, but they are additive and
 
the total value to the region as a whole can be consider
able. All benefits may not be derived from all 
reserves.
 
Some of the benefits will occur automatically with the
 
establishment of the reserve, others will require manage
ment to reach their full potential. The best land use
 
for a particular area will depend on comparison of the
 
sum of these benefits obtained by establishing a reserve
 
with the potential values or benefits attainable if the
 
area were designated for alternative use. It is easy to
 
find socioeconomic justification for establishing
 
reserves in inhospitable marginal lands, but much harder
 
to justify reserves in areas 'of high agricultural
 
potential, which are often biologically the richest and
 
the most valuable for conservation.
 

The International Union for Conservation of Nature and
 
Natural Resources (IUCN) and other conservation agencies
 
promote the quantification of values that relate conse'
vation to development, including benefits such as water
shed protection, genetic resources, pollution control,
 
soil formation, ameliorat-on of climate, and recreation
 
and tourism. As human pressure on land increases, it
 
becomes more ii.portant for the protected-area management
 
authority to put an economic value on both the tangible
 
and intangible benefit; provided by the national systein

of reserves and to precict the likely immediate and
 
future costs to the comnunity if the land it designated
 
for alternative uses instead.
 

Table 4.1.1 is a simplified scheme that was used in the
 
preparation of the National Conservation Plan for
 
Indonesia to assess the socioeconomic justification of
 
reserves by scoring the benefits of their pr6tective

functions against alternative land-use values.
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Table 4.1.1. 	Guidelines for measuring socioeconomic
 
justification for protected areas.
 

Areas are scored for their economic importance according
 
--.to- seven .. ifrn r e i ,-e ch-f-hc -i w ihe 
according to its priority in government planning.

Potential reserves can score a maximum of 20 points, and
 
only those scoring 10 (50Z) or more qualify for selection
 
or retention as reserves.
 

The 	largest contributor to the score is the "envir-n
mental protection function" with a maximum of 4 points.

Thus, areas that are essential for maintaining the human
 
living environment, such as important water catchment
 
areas, require little further justification. Areas that
 
have high alternative land-use value and no environmental
 
protection function have to score almost full marks in
 
all other categories to justify establishment as
 
reserves.
 

The 	seven contributing criteria are scored as follows:
 

1. 	Environmental Benefits of Protection (0-4 points)

This score givesihigh points to areas that protect

important water catchments, particularly in areas
 
prone to erosion, areas of seasonal rain and water
 
shortages, and areas providing.water for large popu
lations or extensive agricultural areas, industrial
 
plants, hydroelectric schemes, etc.
 

2. 	Low Landuse Conflict (0-3 points)
 
Thi.7 score gives high points to areas where protec
tion does not compete with valuable alternative land
 
uses.
 

3. 	Conservation Priority (0-3 points)

This score is based on the need to preserve examples
 
of all ecotypes. Thus an area not represented
 
elsewhere in the national system will score highly.
 

4. 	Special Value of Contents (0-3 points)

This score is based on the value, interest, or
 
usefulness of the species being protected. Such
 
species include wild relatives of domesticated
 
animals and plants, wild species that already are
 
exploited economically, species with high trade
 
value, or rare endangered species of special
 
interest.
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5. 	Tourism, Recreation, Research, and Education
 
Potential (0-3 point~s)

This score assesses the value of additional uses and,


.s--that-can be 'derived through-prot 
io-..
 
Tourist and recreational potential is scored highly
 
only if the area is easily accessible from a major
 
town or tourist center and is also interesting and
 
beautiful. Research and education potential also is
 
based on accessibility .and proximity to universities,
 
as well as on the biological suitability of the area
 
for such activities.
 

6. 	Geological and Ethnic or Cultural Benefits (0-2
 
points)
 
Under this criterion, areas score additional points

where protection of the natural habitat alsowill
 
bring benefit by protecting rare or interesting
 
geological, anthropological, historical, or cultural
 
features such as indigenous peoples following
 
traditional life-styles, shrines, and megaliths.
 

7. 	Research Investment (0-2 points)
 
Areas that include sites of past or ongoing:scien
tific research should be protected whenever possible,
 
since they provide a database against which to
 
measure patterns of change. This is very important

in monitoring the rate of environmental change, both
 
in the areas themselves and in similar areas where
 
different management is applied.
 

Source: MacKinnon, 1983.
 

PROTECTED AREAS AND HYDROLOGICAL RELATIONSHIPS
 

Water resources are so vital to human life, agriculture,
 
and industry that their pioper management is of fundamen
tal concern to society. In the tropics, where the
 
typical way to cope with the fast growth of population is
 
to expand the area under agriculture and increase the
 
productivity of existing croplands, many of the day-to
day problems arise from the fact that at any one time
 
there is usually too much or too little water on the
 
land. The most common means employed to achieve better
 
control of water flow are the development of irrigation
 
schemes and improved drainage. Colossal sums of money
 
are invested in water canals and dams to enhance water
 
supplies, but these investments can be easily jeopardized
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by poor protection of the water catchments on which they
 
depend.
 

Thus, watershed protection has been used to justify,many
 
valuable reserves that otherwise might not have been
 

bIsitableshed-d,-nd-rrigation.- agenciescanmake:-powerfu . .
 
p6tentia Iallies for protected areas that protect water
sheds. For instance, the Guatopo National Park in
 
Venezuela, a magnificent p,-,k, is justified by its
 
contribution to the welfareof the nation in providing
 
the water for the capital Caracas (see,box). The Canaima.
 
National Park, also in Venezuela, safeguards a catchment
 
feeding hydroelectric developments, which Garcia (1984)
 
estimates will save the nation Us$4.3 billion per annum
 
in fossil fuel oils (see box). The watershed protection
 
function of Canaima is so important that. the Venezuelan
 
Government recently tripled the size of the park to 3
 
milliqn hectares to enhance its effectiveness.
 

N 

The Guatpo NationalPark, Venezuela,,a 
asa 

~,~ Example. -of.a Protected Catchme>.
 
~fiServing, Urban 4>..,,,'eed
 

CaacsofVenezuela, Js a., rnscityy~

,,~of over 7 illion,peopie ,,.4A substantialV I roporiio'ii,
 

1 wtenemainates from the' Guatopo National ,Par.
whi'ch is, cne,of,:,O0national 'parks*in.,Venezuela thatN7 
vI'e~e*Icountr~y through' theconervation of ' 

S~The park, y;hic'h.6ovL_,rs 10,0,h 'o anfcn!ri 

' 
i,less , '/ ,drive rim t"h,:wascity.-: t set-, . 
~aside and ,depopulated at4,co'niderable, expense' in
 

onipens~tion'(US$16 .4.Iilli'on) 'in 1958 to "protect' the
citrchmentSI' arcasserving f~ra i'
 
spark -supplied'the.metrop'olitan -are with 3 0,ltr
 
p~er s-econcd 'of;'veiryhi'gh'-qul'ty water and thisis
 
~expecetdtors to 20';OO06fters per second by 1985
 

~This1 example provides an especiaiysflilsri5.i:? " ":.- ." ! .' 0 1. :./ E, ,. _ I 'I,I -' ,. :tict o a,:. tangible -ari quantifiable valuf a
 
naibal!,park Th~s s'n.4di ,itot csder
ale .natu'ralj'vale: in:1ts,*.se as,a'siteefor -visiftor4
 

recreaionclose, ,o1 a
9 large urban' 'ml
 

1Source: :Jose'Rfa'elGarcia, 1984.' 
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- ;I-Th6 Canaiuma National Park Venezue a, as an.
 
~Outsa n'g Bk 1 omfiCoisvation for ,Deve '-eprnen
 

e: _ aniaational Park in the'Guianan rego o~
her:.Veee asan 'area o'f~ ~ _
 

so,, raaura1
pe tu Landing 

''setaua~atei aly(i 2 beTdngAe Worid-fauous
Ang e1Falls withia'ree "f~Y 67O m b l elided to 

"~be- the highest''watrfa1Vin'the wol) h-a~aas 
hasrich forest 4ahdl svann,'csys emsadsp'tcu

lar tepuys tal-ike' .'uta' s',a d 'exhibi ts a highe 
leve,e1of1 plan't endemnism., F~ 
~TheGovernmentofVenezuela~increased ~the area of the
he
 
park f ro '1~ enars in'milin ,Iillionii hectares 

~foIr, tlie Caroni iir i 'sys'em, which is schieddbledfor ' 

intensive,,I ydroel ctrical ,develhppnnt, to serve ' 
Vlarge: indust ialI,copexto.dhe,south, of the 0rinoco 
Rir. ByY1985 he'G6 i Da1ydroelectrical 'Piroject'

is due~to~pr'oduce 9l.millri'nkflovatts, in time th'
 
whole s'ystem--will yield.20 mill' on kilowatts. Using

oi1,- generati on of t'h'i,s~1eectri city 11w
ould 'consume'oil
 
worth about 'US$4 3-billion per year..
 

The habitats in this~region are' especially: fragile.
and susceptible~to modificatiori~by mani or fire. They>,
also-have, a veryMlow agricultitral'potential.' 
Deistruc.tion2obthenatural vee't' ion. would ec~taf ,f 

Ii'dth' the waergneratigcaaci ty'of,the catchment'
 
and the'qiiali,ty pf 'the wat r~'e chfingig ehdr 6_L'
 
elI ~rcpoets'thus threatenii'g the I ff ierky of
 
:ih-s projec s and' the massive Investments~they.

"represent, as 1vell~a th goigindustrial 'complex
 
Kthey,'serve.', ~ 

Setting aside ~such a large area as a DroteqctedJ: .
 
'catchment'is cl'rya esbe precautiob'nn.te_,
 
intterests o6f the~many p'jp-e ,who "will eI"iT1.
 

6ong- industria n A6ii
 
natlional. parIt, sttu to harea: andi m~ragn it wi


oectives, i',iid represents 'ariornaI.frL
 

Q,.nttral quali'tiLes., ,Togethler'these'L~values' fa'r 
outwig. tn ia ,vaue -the area. mighit have 'had~: nypi

for,agr tural , evelopment.

Souce:Jose .Rafael Gaca1984 
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In many parts of the world, the total costs of estab
lishing and managing reserves that protect catchment
 

... 	 areas can be met and Justified'as part of the hydrologi-
Cal. investment. In a case study in Indonesia, MacKinnon 
(1983) examined the condition of the water catchments of 

irrigato - for, which 'developmentoProjects loans~vere-. 
being requested from th:e World Bank. The condition of 
the catchments varied from almost pristine.conditions to 

lareas of heavy disturbance, due to deforestation, logging
 
or casual settlements. Even where forests for, hydrologi
cal protection existed, they were poorly protected by the
 
Forestry Department because the areas were considered low
 
priority and were provided with inadequate budgets. The
 
costs of providing adequate protection for the catchments
 
were estimated by using standard costings for the
 
development of proper boundaries, establishment of
 
guardposts, recruitment of guards, and purchase of basic
 
equipment, plus the costs of reforestation where
 
necessary, and even resettlement of families in some
 
cases. Costs ranged from less than 1% of the development
 
costs to the individual irrigation project in cases where
 
the catciment was more or less intact, to 5% where
 
extensive reforestation was needed, to a maximum of about
 
10% in cases where resettlement and reforestation were
 
required. Overallsthese costs were trivial compared to
 
the estimated 30% to 40% drop in efficiency of:,the
 
irrigation systems if catchments were not properly
 
safeguarded.
 

The costs for protecting watersheds should automatically
 
be included as a component of irrigation loan requests
 
and the management authority for the protected area
 
should provide "the necessary management, paid for from
 
the irrigation budgets. In one case in Indonesia, the
 
Dumoga-Bone National Park, this already has been done in
 
collaboration with the World Bank, helping to establish
 
one of the country's model protected areas (Sumardja et
 
al., 1984).
 

Protected areas also can be threatened by development
 
projects outside their boundaries that cause changes in
 
hydrological regimes. Upstream catchments may need to be
 
protected to prevent flooding, siltation, or pollution of
 
a protected area. Abnormal depositions of sediments may
 
influence key ecosystems or communities in reserves.
 
Such pollution can be a particular threat to coastal
 
systems such as coral reefs that are sensitive to the
 
quality of effluent streams.
 

Hydrological projects also may cause changes in the water
 
table, which may threaten the integrity of natural
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,,ecosystems in protected areas. 
 For instance, a planned
A :;dam and hydroelectric plant in Si2ent Valley, India,

would have flooded a large area of unique habitat in 
that
 
reserve. 
The Manu National Park in Peru is threatened by

the planned construction of a canal that will cause major

changes. in the vater-regime of- the area....
Modification of

river flow in the Zambesi River below the Kariba dam has

resulted in accelerated bank erosion and the river has
 
become wider and shallower in the Mana Pools National
 
Park of Zimbabwe.
 

Clearly it is vital that the management authority for the

protected area maintain close working relations with the
 
water resources agencies 
to avert such threats where

possible and to ensure 
that safeguards are included in
major projects to protect the hydrological regimes of the
 
affected protected area,
 

PROTECTED AREAS AND FORESTRY
 

Forestry is defined as the wise management of forest

lands for multiple use 
-- not just the exploitation of
wood products. 
Certain forms of forestry can occur in

protected areas of categories V and VIII (IUCN World
 
System; see IUCN, 1984) and forestry lands often lie

adjacent 
to protected areas of all categories. Poor

forestry practices can seriously damage wildlife species,

with affects varying from almost total elimination of

wildlife, when large natural forests are clear-cut and

replaced by exotic monocultures, to slight reductions of

wildlife and increases in terrestrial species, when
 
forests are gently thinned by some selective logging

systems. In areas where selective logging is combined

with the practice of leaving untouched patches of natural
 
forest as reseeding ,Ttock (as in the Malaysian virgin
forest system), furestry can be sustained profitably and
 
serve an important nature-conservation funct on. 
On the

other hand, methods involving large tractors and other
heavy equipment can be very destructive to wildlife and
 
long-term sustainability, yielding only short-term
 
benefits. 
But, with more attention to the effects of

logging techniques, it is often possible to improve

forestry yield and reduce damage to the environment and

wildlife (see module 9, "Minimizing the adverse impacts

of harvesting in humid tropical forests"). Modification
 
of patterns of cutting, such as 
strip logging, can

increase the chances of local wildlife surviving logging

operationis and allow,,recolonization of areas 
of logged
 
forest.
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In many countries, forestry resource use is misguided,"!
 
having too sharp a separation between production forests,
where very destruciv mech.anized logging its .permitted,
 

and:protectionforest, where no logging is permitted.
 
Certainly theie is need to explore the possibilities of
 
having-intermediate categories of -production._Noonly 
is the present system of logging wasteful and environ
mentally destructive, but the profits are drawn out of 
the region (and often out of the country) by commercial 
interests. Little benefit accrues to the local people, 
whose living environment (former source of wood, fruits, 
meat, etc.) is effectively destroyed, and who, pre
dictably, become alienated. Where forestry can be aimed 
more at providing forest products for local people, 
rather than for international or domestic timber markets, 
adjacent protected areas will benefit from the reduced 
need for local villagers to seek forest products inside 
protected areas. 

Local communities also may benefit by being allowed into
 
protected areas at certain times to harvest some natural
 
resources. In Nepal's Chitwan National Park, for
 
instance, the local people are allowed into the park
 
during a specific 2-week period each yea; to harvest
 
thatch grass, which is worth some US$600,000 per year to
 
the local community. Since almost the entire area around
 
Chitwan has been denuded of natural vegetation, the park
 
now provides virtually the only source of thatch, the
 
most important traditional roofing material in the region
 
(Mishra, 1984).
 

Protected areas also may serve a vital function by
 
protecting a vulnerable"life stage of an animal popula
tion that is harvested by local villagers, e.g., by
 
protecting fish spawning areas or bird nesting colonies.
 
This function may be of high economic importance. In
 
India, for example, the prawn production from a partially
 
protected mangrove swamp was estimated at 100 kg/ha/year,
 
while in a nearby estuary where the mangroves were
 
damaged or removed prawn production was just 20
 
kg/ha/year.
 

Since many wildlife-based industries depend on wild
 
stocks -- either for initial breeding stock or for eggs
 
or young animals to rear in captivity-- protected areas
 
serve a valuable economic function by protecting the wild
 
populations on which such enterprises depend., Species
 
regularly bred for wildlife products include deer for
 
velvet:and venison, and snakes for their skins and venom.
 
Animals reared from wild-gathered stocks include
 
.rocodiles (sometimes also bred), ornamental fish, and
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butterflies. 
 Such enterprises can be highly profitable,

contribute to A country's export trade, and bring muchneeded revenue to communities in remote areas 
that can

produce little else beyond sustenance food.
 

ildlife-for--foo&-andcebthpeDependence-on- ii islikely to increase in coming years and it is important

that 
these wild resources be used wisely, with harvesting

on a sustained-yield basis (see box).. 
Although the
potential of wildlife for food has not yet been fully

exploited, considerable progress has been made recently
in South America. 
Capybara farms exist in Venezuela, and
Brazil has established an experimental game farm to

develop the technology for semidomestication of Amazonian
 
wildlife preferred as 
food for human consumption.
 

Revenue from Hunting in. Botsana.4~ 

The re'venue derived from'-hunting can be veym
importanit for a count-ry' econo jnBotswana ae 

,totadl governmnent revenue:-( 1974) ,de r'i'ved from 'hunting 
,'ansto lmost US$8.5 mlin 

* Direct revenue 'paidI to 'central goverinment US$ 

366,241
 
e fe national park- '28',631
,.al f vr~nd trophies ~ ~ 44 

dExport', tax 'of'trophies 
-~2CA,68$ 

Trdiioalii~~ ~i~license-- ~ 33"'989~ 
onn:zone concessions ~ 49 194
 

.UTotal direct; w.revenue9 
 /Kw ~503,O67 
AIndirect revenue '-i 

Valuof pat of hunted aimaj~ 1,o9S4IS 


SValue of locally 6utili'zed hides, kis

Ex~pense of uner
 
Exp'enses of noniun~ter visi tors 
 ~4,6O 

-etc- ,~"ad trophy.,dealCrs 1,059, 709 

STotal1 indirect revenuet 7P-9516,515

~rand$Total 

,source: Von Richer459,56 
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______ 

.PROTECTED AREAS AND TOURISM 

Protected areas can make a substantial contribution to 
regional development by attracting tourists to rural 
regions. Protected areas are major tourist attractions 

- in many-t roplca-1 countriesbringingsignificant-econo 
benefits to the country and, with proper planning, to
 
local communities. In Kenya, for instance, where the
 
tourist industry is the largest earner nf foreign
 
exchange, 1977 foreign earnings from tourism totaled
 
US$125 million, of which a third was provided by seven
 
national parks. Much of the other revenue expended
 
outside reserves (from international travel, hotels,
 
souvenir sales) was also largely dependent on the attrac
tions of the protected areas.
 

Tourism, with proper planning and investment, can show
 
spectacular growth, and protected areas can contribute to
 
this growth; for example, the Virgin Islands National
 
Park obtains an estimated tenfold annual return in
 
benefits over investments (see box).
 

Tourism development in and around protected areas contri
butes substantially to the national economy, and it also
 
can be one of the best ways of bringing economic benefits
 
to remote areas by providing local employment, stimula
tion of local markets, and improvement of transportation
 
and communications infrastructures. But careful planning
 
is necessary to avoid some of the negative side-effects
 
of tourism, particularly the tendency for local people to
 
view protected areas as being established for the benefit
 
of foreigners rather than for themselves.
 

There are other dangers inherent in promoting the idea of
 
protected areas as tourist attractions, although
 
initially such an approach may gain considerable support
 
from governments anxious to attract much-needed foreign
 
exchange. First, many areas of important conservation
 
value have very little appeal to tourists (e.g., exten
sive tracts of tropical forest and most mangrove swamps).
 
Second, if decision-makers are led to believe that parks
 
exist primarily for economic gain, and their expectations
 
in this direction are not fulfilled, they may begin to
 
look for more profitable alternative uses for the land.
 
There is also the danger that governments will seek to
 
maximize economic returns from parks through inappro
priate developments. Large hotels, highways, or golf
 
courses designed to attract more visitors can diminish a
 
park's natural values and eventually turn it into an area
 
for which the main objective is mass tourism rather than
 
conservation.
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Comparisons of Annual Costs and Benefits,

Economic Impact of Virgin Island National Park (VINP)
 

on St. Thomas/St. John Economy
 

Direct Indirect Total
....(thousands)-...._
 

Costs
 

Operation and maintenance
 
of VINP 
 $1,250
 

Inter-est on federal
 
investment in VINP
 
properties 
 $ 846
 

Taxes lost on property
 
removed from local
 
government rolls 
 176
 

Total 
 $1,250 $ 846 $ 2,096
 

Benefits
 

Outlays of VINP in local
 
economy 
 830
 

Outlays of VINP
 
concessionnaires 
in local economy 2,500
 

Imputed benefits from VINP
 
impact on tourism 
 12,061
 

Imputed benefits from VINP
 
on boat industry 
 3,000
 

Imputed benefits fron VINP
 
impact on increased land
 
values on St. John, as an
 
indicator of increased
 
economic grovth 
on St. John 5,000
 

Total 
 $3,330 $20,061 $23,391
 

Reduced to 
ratios, the above tabulation indicates:
 

- The benefit/cost ratio of the existence of the VINP
 
on the local economy, based on direct 
costs and 
benefits only is 2.7:1. 

- The benefit/cost ratio of the existence of the VINP
 
on the local economy, based on indirect (imputed)
 
costs and benefits only is 23.7:1.
 
Total benefit/cost ratio of the existence of the
 
VINP on the local economy, based on all costs
 
(direct and indirect) is 11.1:1.
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6Tratiare op aaproximat i oing
rot are 


authoritan taly in., ebot'er etieen prvide 
rsoweves. an aprop ao mst eteygsuportp te. s 

istohe t St authoimis a t l t thelbeyond the' 
in its op ra-tfonand maintenance.~cos lose~coriato i h and naionaltoultrst'ts~incurre h, eegiona 

: Source:' Island'Reso-ur'ces"Foundatin,~ :181 

The role of protected-area management in providing
 
tourism objectives and facilities must be developed in
 
close coordination with the regional and national tourist
 

oauthority.
The tourist board may sometimes even provide

financial assistance for developing 'tourist facilities in
 
reserves.. Managers of protected areas also must explain
 
to the tourist authorities what limits the respective
 
protected areas must place on visitor use so that
 
carrying capacities are not exceeded. Unless carefully
 
controlled, the volume of visitors may have a deleterious
 
impact on parks and eventually destroy the very resource
 
on which tourism depends.
 

PROTECTED AREAS AND AGRICULTURE 

Protected areas often perform a useful service to neigh
boring agricultural areas in safeguarding against floods,
 
by providing water through dry periods and fertile silt
 
in the rainy season (as in the Mekong and Red River areas
 
of Vietnam). Moreover, many of the wild species resident
 
in the protected areas are vital to the well-being of the
 
surrounding agricultural lands. Birds help control
 
levels of insect and rodent pests, bees perform vital
 
fertilization functions, and bats control insects and
 
pollinate many tropical fruits.
 

A good illustration of the importance of bats is the case
 
of durians, Durio zibethinus, a highly prized fruit in
 
Southeast Asia, which is very seasonal in its fruiting
 
and depends on wild nectar-feeding bats for its pollina
tion. When the durians are not in flower, the bats
 
(especially Eonycterls spelaea and Macroglossus minimus)
 
depend on other wild tree species for nectar, thus loss
 
of protected areas can lead to loss of the bats and
 
failure of the valuable durian crop.
 

Where such benefits are clear, the agricultural authori
ties and neighboring agricultural communities can become
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allies for the protected area. But there also are many

less beneficial relationships; many species of wildlife
 
move out of reserves into agricultural lands where they

are a serious nuisance and can cause considerable damage


parrQts, monkeys; deer, rodents, antelope, -pigs,
elephants, and large carnivores are among tie main
 
culprits. Some measure of control is often needed and it
is important that the protected-area management authority

is involved., Inappropriate control measures can pose a

serious threat to protected wild populations. In

particular, any use of poisonsmust be carefully

monitored to prevent their spread through waterways and
 
food chains into the ecosystem.
 

Reserves also may harbor certain diseases that are a

danger to man and(or) his domestic species (e.g.,

malaria, malignant catarrah, and trypanosomlasis).

These, too, may need control measures to reduce health

risks, but the integrity of the reserves may be

threatened if applied inappropriately.
 

Accidental spraying of selective weed killers, fungi
,cides, or insecticides onto protected areas has adverse

effects on the natural ecosystem and such chemicals
 
introddced into upstream water sources may have serious
 
ecological impacts. 
 Chemical pollution of waterways from
 
urban or industrial waste poses a similar threat.
 

Other threats to reserves include spread of fire (from
*deliberately 
 burned fields) into protected areas, wind
 
erosion of protected areas resulting from clearing of
 
neighboring agricultural lands, and the invasion of

protected areas by agricultural weeds, exotic species,

domestic animals and 
man himself. These further
 
underline the need for the protected area management

authority to develop close links with neighboring

agricultural communities to avoid such negative inter
actions and to 
settle any problems that may arise.
 

Asia general principle, intensive agriculture and
 
protected areas do not make good neighbors, and

intervening buffer zones or some areas of intermediate
 
land use should be developed between the 
two. Sometimes
 
there is an adequate natural barrier such as a river,
estuary, ridge crest, or swamp that forms a deterrent to
 
human incursion and wildlife excursion and no further
,buffering is needed. 
In other cases, the same function
 
can be served by a less strictly controlled category of

protected area, production forest, plantations that are

unattraclive to wildlife, an airport, golf course, or

reservoir. 
In many case.,, however, it is necessary to
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plan and develop a specific buffer zone to reduce direct
 
interference between protected areas and areas of
 
conflicting land use.
 

DEVELOPMENT OF PROTECTED-AREA BUFFER ZONES
 

Buffer zones are defined as areas adjacent to national
 
parks and other protected areas, on which land use is
 
partially restricted to give an added layer of protection
 
to the protected area itself, while providing valued
 
benefits to neighboring rural communities.
 

Buffer zones may serve two main functions that are not
 
necessarily mutually exclusive:
 

"Extension buffering," in effect, extends the area of
 

those habitats' contained within the protected area
 
into the buffer zone, thus allowing larger total
 
breeding populations of plant and animal species than
 
could survive within the reserve alone. Examples of
 
such buffering could be selectively logged production
 
forests, hunting areas, natural forests used by

villagers for firewood collection, unused wilderness,
 
and pastural grazing areas (table 4.1.2).
 

- "Socio-buffering" provides a zone where wildlife use 
is of secondary importance and management is aimed
 
primarily at providing products of use or value (cash
 
crops) to local people (but such land use should not
 
conflict with the objectives of the protected area
 
itself). This generally involves planting species

that are unattractive as hLbitat for local wildlife,
 
or allowing a controlled harvest of wildlife.
 

In calculating the type and extent of buffer zones
 
needed, the following factors should be considered:
 

- needs of threatened wildlife species for use of
 
additional habitat outside the reserve boundaries
 
(knowledge of the size and habits of the species will
 
give some indication of the extent of an adequate
 
buffer zone)
 

- other protective functions of the buffer zone such as
 
soil and water conservation on fire-break protection
 

- need to contain wildlife species likely to move out 
of the reserve 
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Table 4.I.2 .
 Se ect i oa of crop.: for but f c-on e!;. 

The merit:.; of various- plan t ion type .;< buffIr 1zoIes
 
and their i. traction; f wI1di n ar i]i t bl co,
I dl 
Al though the Ii<': t ,;e; prpaH; ( foIm tedf rii,K, iny o1f ie
 
comments arI pe i c Ih I- blE: I o. nj iiil 1,,iii,I tropical 
As ia. 

I . Nattlra I I or e: it, d i!:t Ill ed for , i iid !:("C diryo 
for est pi- '.ide i111 ti i '1iN 1.i« i,lI i( I eS[)eCieN in&( ex:ce.l ,,!1 ["Otru.{' l ,10 t he No¢il. 

2. Fast-grow ing irevod p alu t,,itin; ,species) 
are of some seo to w i ldlf, ;i.id ovideI ;p c li good
soil protect i on. 'I'hi; ; o 1 ion i ; mosit ;u i t able in 
areas where land i: I imited a nd whoe the.- derand for 
I irev- od is pross;ing. -pe i ; tb.t can be coppiced
shonld be so 1': Ctod. 

3. 'iiber plantation s; (vai iou;' :species) give good to
 
excellent sRoil protection, i.e. . eotesting steep
 
slopes.
 

'. Mixed plan tat.ions f)I prov iJig firewood, poles, and 
timber are of some us;e to wildlife and ;ive good soil. 
ptro eC t i on. 

5 . Fruit plantations protect the soil. and provide cash 
and food, but pi-oblem!r may arise with certain wild 
species (i.e., monkey<-, bats) raiding the crop. 

6. Cinnamon provides casQ and firewood, but K of no use
 
to wildlife; soiJ protect ion is good, al thouglh the 
trees have to be cut every few yeacs (,ui tab] c on 
less steep lower mountain slopes). 

7. Cloves pi-ovid,? ca.:h but Iequiiev ui t-ale c IW rateand 
sail. Clve plantat ions ate ot no s o witldliei 

and prowirdi- ony] noderate soli pro to 1-ion. hey can 
be inndor-opped Fm fodder or gra,,ing. 

8. Coront 1 ; Ii.OV i de 5njOi rasi, 50(11o to()', alnd e0110wood, 
but -tie (it1 ttle 11o 
to vi Idli 1e and pl ovide poor
so11 pro tr t ion. Indery roppiring i p; itfe. Raid ing 
. runbear s c1i1 be a ;.eriois , obi em. 

9. Rubber jnd oi Ipa Im provi de cas;h cr1op1; and some
 
firewood but 
a oreo. little se to wi Idli fe. Both 
species ne.d moderately level groulld arid g ive a good
protection to (h1-(soil. Oil palmI I unsuitable when 
the conservation area con taill; elephants. 
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Table 4.1.2. (continued).
 

10. 	Eucalyptus and melaleuca provide valuable resins and
 
are of no use to wildlife, but give good soil protec
 
tion. -Both species grow in seasonal-rainfall areas
 
and 	are susceptible to accidental fires.
 

11. 	Tea is a profitable cash crop-in wet climates at 
higher altitudes. It is of no use to wildlife and 
provides little soil protection. It is acceptable if 

-12. Coffee requires good soils, is of little use to
 
wildlife and gives poor to moderate soil protection.
 

* 	It can be mixed with other crops. Not suitable on
 
steep sloper.
 

13. 	Leucaena provides fodder (edible pods) and fuelwood,
 

but 	is a poor soil protector. Leucaena is a fast
 
growing coppiceable tree, which fixes nitrogen in
 
soil. Can be seeded by air. A good species to cover
 
grassland quickly. Horses lose hair if they eat too
 
much of it.
 

14. 	Bamboos (various species) provide cash, building
 
material and some fuel. Bamboos are fast growing and
 
coppiceable and give moderate soil protection.
 

15. 	Rattans (various species) provide cash and are useful
 
to wildlife, the degree of soil protection varies
 
with conditions. Rattans can be mixed with other
 
tree crops and can be a valuable investment as prices
 
still soar as wild stocks dwindle. Good silvicul
tural techniques have been developed in the
 
Philippines.
 

16. 	Sago provides food and fodder and gives an excellent
 
cover in damp, or swampy areas.
 

17. 	Mangrove plantations provide tanning, timber, and
 
*firewood. Good for wildlife and soil protection.
 
Excellent use of saline swamp areas. Can be combined
 
with fishponds.
 

18. 	Herbs and grasses (undercropping) provide fodder,
 
cash, and medicine. Numerous herbs and grasses are
 
suitable for planting under tree cover.
 

Source: MacKinnon, 1981. 
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Sreasonable needs of local people foriland, forest '": 

products, grazing areas, or meat .. K 

amounts of land available for buffer use, whether it
 
is currently under natural or other vegetation, and
 
whether it is vacant or being used
 

su ty of--possible'-buffer-crops-:forTthe- particu-
aI 

.
 

.,lar land type and climatic conditions and the
 
interest of local wildlife (for instance, bananas or
 
oil palms should not be planted if the buffer zone is
 next to an elephant reserve, and maize would be

unsuitable near macaques or baboons)
 

The main types of buffer zone for protected areas
 
include:
 

- Traditional-use zones inside protected areas. There
 
are situations vhen no suitable land exists outside
 
reserves for buffer zone establishment and it is

preferable to permit collection of certain natural
 
products from some parts of the, reserve or at certain
 
'times rather than to set aside valuable lands as
 
buffers (figure 4.1.1). Examples occur where indige
nous people still live within large protected areas
 
or where a good natural boundary for the reserve

includes damaged or previously destroyed habitats of

reduced conservation importance. 
 Such enclaves could
 
be used to satisfy some of the needs of, local people

for forest products. Activities perml.isible inside
 
traditional use zones can include:
 

- fishing without poisons or explosives
 

traditional hunting of nonprotected species
 
without traps, modern weapons, or use of fire
 

- collection of gums and resins (if trees are not
 
killed in the process)
 

- gathering of wild fruits and honey (if trees are
 
not cut or burned)
 

- collection for local use of naturally fallen
 
wood for, lumber or fires
 

- cutting of bamboo, reeds, thatch, or rattan
 

- seasonal grazing of domestic animalsy where
 
native grazing species are not an important
 
component of the park's 
resources
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protected- reazt and the multiple"tod
u
 

Figure 4.1.1. Diagrammatic model of a wildlife conserv:,tion unit. The
 
entire unit would be managed as a single entity with
 
distinctive land uses for the national parks, the
 
protected area;, and the multiple use areas (Svaigi, 

1981).
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Puelvood or timber forests outside protected area
 
boundaries but on public land. 
 These may be natural
 
forests, enriched secondary forest or even planta
tions where the emphasis is on maximizing sustained
 
yield for local village use, while maintaining good

soil and water protection. The encouragement of
 
plantation forests in buffer zones is probably the

single most effective resource.-matagement-strategy 
for ensuring long-~term integrity of protected areas
 
themselves.
 

Cash tree plantations, and wildlife cropping outside
 
protected area boundaries, but on state land, where
 
the emphasis is on maximizing cash returns to benefit
 
villagers.
 

- Economic buffers. Sometimes economic buffering is 
needed to reduce the needs of villagers to take
 
resources from protected areas. This could take the
 
form of special agricultural, social, or communica
tion assistance in lieu of, 
or as well as, provision

of productive buffer lands. Such buffer lands could
 
be provided on public or other land around protected
 
areas if the necessary legislation exists. Alterna
tively, villages may receive some cash from pak

revenues, a system applied in some African reserves.
 

- Physical buffers. Where no land is available for
 
buffer zone development, there is sometimes a need
 
for a physical buffer such as fences, ditches,

canals, walls, or spiny hedges. These help

discourage wildlife from leaving t'e reserve and
 
deter people and domestic stock from entering. In
 
some cases, all that may be required is a clearly

visible boundary such as a cut trace line or single
 
row or thin belt of distinctive trees (bright ]eaves
 
or flowers) as a living boundary.
 

Administrative responsibility for the management of
 
buffer zones on state land should rest wlith the manage
ment authority of the protected area. Executive
 
authority would normally be vestedin the most competent
 
or suitable agency, e.g., reforestation schemes under the
 
control of the Forestry Department and cash-crop planta
tions under the department responsible for industrial
 
plantations.
 

In some cases, hunting may be permitted (or even benefi
cial) in buffer areas adjacent to reserves, provided that
 
such hunting activities do not constitute a threat to the
 
reserve's objectives. Controlled hunting of excess
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animals or agricultural pests can be an important source
 
'of protein and recreation for local people, but the
 
management authority must regulate which animals are
 
killed and how many.
 

INTEGRATING PROTECTED AREAS INTO REGIONAL DEVELOPMENT 
__....PROGRAMS 

Previous seccions have stressed that managers of
 
protected areas must consult and cooperate with other
 
agencies and programs involved in regional development.
 
Such links are important for the following reasons.
 

Settling interagency land-use conflicts and overlaps in
 
planning. Managers of protected areas often find
 
themselves involved in disputes regarding the use of 
land
 
or resources. Proposals for protected areas or other
 
means kf conserving wild resources often meet opposition.

The use of an integrated'planning approach can often
 
reduce or avoid such conservation-versus-development
 
conflicts, but this depends on good working relationships
 
and a forum for discussion between the agencies involved.
 

Achieving modifications in other agencies' plans 
to
 
reduce threats to protected areas or to strengthen their
 
integrity. In planning a road, siting a dam, or 
planning
 
a resettlement program or agricultural development
 
project, the planning agency may not be alert to the
 
impact (direct or indirect) that the project may have on
 
a nearby protected area. It is up to the protected-area
 
management agency to protect its own interests by identi
fying potential conflicts and trying to avoid or mitigate
 
them by influencing other agency's plans at the earliest
 
stages. An intervention by the conservation authorities
 
during the planning stage of-.,Sudan's Rahad irrigation
 
scheme (a World Bank project) led to the design of a
 
canal being altered to avoid an important wildlife
 

S .. migratory route (Goodland, 1984).
 

Developing mutually beneficial interagency cooperation

and dependencies. Where 'the interests of two 
or more
 
agencies are in line, these agencies can benefit from an
 
alliance to promote their joint case. Moreover, where
 
the management authority for protected areas can form
 
strong alliances with other departments that are
 
dependent on the benefits deriving from the protection of
 
reserves, these departments also may support other
 
activities of the protected-area authority, even when
 
they are not directly involved. An eXample is the
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linkage between the Park Service, Tourism Department,fand 

Education Department in Dominica.
 

Achieving wider acceptance for the role of protected
 
areas in the regional context. The more firmly inte
grated the establishment and management of protected

areas 
in the functions of other departments, the wider
 
will be the .generai supportforthe-whole 
 ..... 

program.
 

Obtaining approval for protected-area development in
 
wider multiple-land-use packages. 
Major developments

generally'involve several departments, resulting in the
 
need to develop rather broad, cross-sector plans,

regional development plans, and the like. If the, 

protected-area management authority can underline its
 
contribution to such plans, even 
if its inputs are small,

it can often get its own projects included and approved
 
as 
part of a larger total package (see box).
 

Development Without Dastr 
 0ton.
 

_ th Nahaveli River Development Scheme i S 

Thehahaweli( River developmen Cschemel involves; ,he
~harnessin g- Si Jna-,&argest 'riyer-,to4 irrigate4

otherive,1 Ti -i -an-ambitli'us, program -wit6 Many 

-,of' vahw'l Rh"u6~rr'bi n. 

This: is a~rich bigorpia reinwth9 nw
 
edemlc ,'jlants,andlanimialsan man lag amas
 

.pr..-.. li.
lbp de a ing'the,
14eiht'If '~n''l n h1 being_ rowded into' 

sirvivin1 'natural ~areas ;,4.-4,4 4' thi al he4 consguet~ 4 

, human/animalconflicts
 

.:,bas....1 6 ,

,Inresoo6ise,,to the adsiiir~ prblemselewhe~re
inSr4 Lanka, the~jboeiern n p dmhet has l~aced a high 4prioity.o -te~pgrading;'and ?st ablishimeni of 

,:,protected areas inprime-wildlife h'h'biais- "and the 
potect on o~f a r~vdoii This~t~mnts '~ 

ii n ,h1we'whereth
 
exist I Sgomavathiya-Sanctuary i~sto be,exaned 'by


to"national, par'kst.at,us.'-The
 
asJgamuiwa S~r~~~tr 
 -ee~e'f
'275,'Oha 'will ,be. 
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made into a national park to afford it greater public
 
appeal, and two new areas, ,epresenting prime
 
wildlifo habitats and totaling 55,000 ha, will be set
 
aside. This system of parks will he interlinked by
 
forest reserves and jungle corridors to promote 
maximum ecological and genetic resilience in the 
system and to protect elephant-migration routes. In 
additioi, each park will he surrounded by a 1.6-km 
buffer zone to reduce conflicts between it and 
neighboring communities. 

This progressiie program of integrated land use
 
involving a range of different types of protected
 
areas in support of sustainable development is in
 
line with the ideals of the Qorld Conservation
 
Strategy and is bas;ed on the rc;;lization of the 
benefits that nature coJ,,rlatiO in some 135,000 ha 
can bring to people on the I7,O00 ha of land being 
improved for agricnltur,. 

Benefits from the cons-ei '/ation of natural areas 
include flood control and r cduced downstream sedimen
tation, hank tabilization, reduced conflict between 
wild animas 0i(d ctops, conservation of fisheries, 
creation of tourist and recreational opportunities, 
local employment oppor tuniti(,l;, conservation of 
genetic resources, and opportuni ties for research and 
education.
 

The need to integrate conservation and de,,elopment
 
for sustained human welfare is receiving growing
 
global recognition as the only safe way to secure the
 
future of humankind. This example based on a long
standing Sri Lankan cultural respect for life,
 
augmented by modern concepts based on recent technc
logy, illustrates how protected areas can benefit and
 
contribute to sustainable development and long-term 
human welfare
 

Source: de Alwis, 1984.
 

Funding for vital protective functions from those 
projects and programs that deriwe the most benefit. By 
Laving plans for the dve lpme( t of p;rote' ted areas 
included in Lazgei projec ti , it is s;ometimes possible to 
have their deveIopm.n t funded by other agenc ies;. For 
instance, where thrt protel:ion of a water catchment is 
vital to the succes,. of a large iirrigat;on or hydrologi
cal project, the development and protection of the 
catchment area can be included as a relatively minor 
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component of the developent project, e.g., 
Dumoga
National Park, Indonesia (Sumardja et al., 
a
 

1984).
 

Protected areas can make significant contributions to
aregional 
 land use 
in the fields discussed in this
chapter. 
Because of their prokimity to environmentally
critical areas and places of showcase status, wellmanaged- protected *areas canserve Tas - th-e focus foFregional development, helping to maintain a more natural

balance over a much wider area.
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MODULE 8 

TROPICAL FOREST MAI\'NGEMENT' WITH EMPHASIS 
ON WOOD PRODUCTION
 

Ariel E. Lugo
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Dealing with the diversity of tropical forest types is a
critical issue of tropical forestry planning. Generalizations about tropical forests are difficult to make
because, even within moist tropical forests as 
defined in
this boQk, one is dealing with about 9 million square
kilometers of forest lands (Lanly, 1982).' These lands
represent about one-half of 
the world's remaiingmature.
 
6 eigt s~astarea supports frest
stands that range widely in structure, composition,


function, and suitability for management. 
The diversity
of forest types is of more importance to forestry
development projects than is the high diversity of 
tree
species, because most development situations will deal
with forest lands rather than individual species.

Species diversity becomes 
an important issue when
specific ecosystems a're 
considered for alternative uses.
 

Another factor that complicates forest management in the
tropics is the variety of 
uses of tropical forests.
These uses range from preservation to the traditional

production of wood products, the extraction of products
for medicinal purposes and energy, the production of
honey, and the use of the forest for shelter. Because
the fo-est can be degraded easily if mismanaged and the
effects are amplified regionally through soil erosion and
deterioration of water quality, extreme caution is needed
when developing forest lands. 
 A general scheme for
approaching this problem is presented next as a useful

tool for organizing decision making and selecting

development strategies (figure 4.2.1)
 

GUIDELINES FOR LAND-USE DECISIONS IN FOREST LANDS
 

The life zone system (figure 4.2.2) of Holdridge (1967)
can be used to make land-use decisions. Examples of
optimal land uses vis-a-vis life zone are given in figure
4.2.3. 
Life zones with extremely low or high rainfall

(e.g., arid deserts or super-humid rain forests) are best
suited for preservation becase 1) 
most schemes to
develop these lands will usually be too costly relative
 
to 
benefits, 2) conditions for human habitation qre
marginal, and 3) while speies richness is usually high
in the rain forest and low in deserts, both support plant
and animal communities that 
are very sensitive to human
 
impact.,-


Forestry schemes that protect soil by maintaining yearround plant cover may be optimum for obtaining sustained
yields in wet-forest life zones (see module 11, "Agroforestry and mixed farming systems"). Other types of
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LANDS OF THE HUMID TROPICS_,QEAMEaQA 

(Best potential land use) 

FORESTNON FOREST 

Food and forage crops
 
Highways, urban, inoustrial
 

DEFORESTED AS NEEDED 

(Primary potential value) 

PROTECTION 

Physical ard cultural wlues primary 
Physiological values secondary 

Protection of soil and water resources 
Recreation, tourism 
Ecological reseaich, eJucation PRODUCTION 
Fimbnr cutting, hunting, if and where
 

suitable, compatible, and needed Physiological values primary
 
Physical and cultural values secondary
 

NATURAL FOREST 
Timber and other products, consistent 

with soil and water conservation 
Management research 
Education, recreation, ifand where 

suitable and compatible 

PLAITATIONS, NATURAL FOREST 

Figure 4.2.1. Lands of the humid tropics of America (Wadsworth, 1975).
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PreservationHigh Preservation 


Pastures
 
Plantations Ag~otorestry 

T 
CD 

Low De serts Dry Moist Wet Rain Forest 

Life Zone 
Rainfal increasp -F 

Figure 4.2.3. 	 Examples of optimal land tses suggested by the Holdrldge
 

(1967) life zones system.
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;pressure'in the form of.weed competition, pests, and
 
iithe co~mplexity of 'the natural} system, because ecological 
 :
complexity appears to be important fo
r minimiing site
 

pcmprsing themoistiforest life zones. 
i:: ture, and urban centers are possible in the broad region:
Plant growth is
inuthey oapidfin these lfe zones and human habitation is

compatible with te 
limate Lower subsidies are
 

thsease outes.
i 'required to sustain development. The main problem in
e of resources thateis usually

hassocial th high population density, In the arid
life zones, livestock grazing and browsing become a more
favorable land use, because grasses are adapted t fire
 

and water limitatons.
 
The widespread land-use patterns described above suggest
that strong regional assessment and planning components

bedeveloped prior to implementation of multipurpose

projects or projects that 
cover large geographical areas.
 

S. 	It is criltical that forest lands scheduled for deveiopment be analyzedandinventoried to 
obtain information

abt e
zones s, diversity and geographic distribution

of forest associations, types of soil, biotic richness,
 
topography, water resources, and condition of
eisting forest stands. 	 the f
With such information it will be
 
possible to make decisions according to the scheme in
 

figure 4.2.1.
 

Protection forests areorests used maninly for the
conservation ofsoil 
 ater, wildlife,i and other
 
tershed values' 
These forests reque forst priority


in any regional plan. Their uses a ivalues are
summarized in figure 4.2.1. 
 Use of these forests for
 
timber production is possible where compatible and

needed. Production forestsare thosewhose maximum
sustainable use is for timber production. 
The productive
summrizd
infigre 42.1.Us of thse forest o
potential of these forests, termed "physiological values"
by Wadsworth (1984), 
is the primary determinant for their
designation as "productive frest aI 
 tue ares


;!entiglal o
pot 
 een oressemd"hsooia
selected for wood production, it is important that the
tmaximum 	 aus
useful productivity beoensured withinthe
 

ecological environmental constraints of 
the site.
Sustainability is the ultimate criterion for determining

the type of land use and 
 intensity of management

acceptable for a specific location.
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Plantation forestry is the most intensive forestry 
activity. Details on plantation forestry are given in 
module 10, "Development of plantation forestry in the d 

humid tropics for sustained use.". Here the enphasis Is 
on wood production by native forests; guidelines for 
forest management for other values are given in module 9, 
"Minimizing the adverse impacts of harvesting in humid 
tropical forests." 

Figure 4.2.4 summarizes some guidelines given by 
Wadsworth (1975) for the management of natural forests 
already classified for productive uses. The approacb 
makes an assumption that intensive management is the, last 
recourse of forest management, and this premise is based 
on the economic logic of maximizing benefits ,while 
minimizing costs. The objective is to maxinize the use 
of those forest values already 'on site because they 
represent a time investment in tree growth that cannot be 
easily substituted with new planting. Why waste a 
resource that is already available? In the Wadsworth 
strategy, as shown in figure 4.2.4, intensity of manage
ment increases from left to right'and from top to bottom. 
This scheme maximizes human use while minimizing costs by 
increasing management intensity only when the situation 
calls for it (i.e., the increase in yield justifies 
increase in effort and does not degrade the site). 

THE IMPORTANCE OF SECONDARY-FOREST STANDS 

Much of the forestry activity in tropical forest lands 
occurs without the intervention of managers. For 
example, well over 75% of the roundwood production of the 
world tropical forests is consumed locally to satisfy the 
demand for energy (charcoal and fuelwood). 'Less than 5% 
of all tropical forests are plantation forests under 
active management. Most forest regeneration in the 
tropics'is natural, and about 500 million hectares of 
forest land have been reported to be stocked with 
secondary forests that have regenerated after humans 

4 converted primary, forests to other uses (Lanly, 1982). 
These facts raise a different kind of forestry issue, 

4 , namely the need for policies for management and use of 
secondary-forest lands. .- .4 

While some cut-over or converted forests do not quickly 
regenerate, those on good sails in optimal moist 'life 
zones regenerate with impressive results.', But, secondary -
forests are usually dismissed as useless forests with 4 

infe1rior species composition and value. This is far from 
true, for two reasons. First, the value of a forest is a 
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FOREST LAN
 

(Present vegetation) 

FOREST
 

(Overstory maturity) 

MATURE 
Harvest Sllviculturally 

(ResiulSad 

IMMATURE UNFORESTED
 

(Quality of overstory) 

ACCEPTABLE 
 UNACCEPTABLE

I
 

(Qouaity of understor 

ADEQUATE 
 INADEQUATE

flep lace entire stand 

Thin (Regeneration requirements) 

GRADUALLY 
 AT ONCE 

Liberate 
Underplant Regenerate naturally Plant 

PRODUCTIVE TIMBER FOREST 

Figure 4.2.4. Recommended use of natural 
forests classified for
 

production (Wadsworth, 1975).
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function of its intended use. Thus, while some secondary 
forests may appear useless for saw timber, they may be
 

extrenely important as sources for fuelwood or as species 
refugia. Secondly, secondary forests are the precursors 
of primary forests. They are the first step in a 
several-decades long succession that begins in 1) 
abandoned agricultural oi pasturelands that were marginal 
for such purposes to begin vith, 2) lands affected by 

catastrophic events such as hurricanes or landslides or 

by intensive logging of primary forests, and 3) abandoned 
urban lands. These secondary forests have forestry 

potential, because under the apparently useless weedy 
tree species, dense stocking of useful timber and other 

types of tree specie grow rapidly as saplings and poles 
(Wadsworth and Hiirisey, 1983). 

Another issuc raised by the apparent abundance of 
secondary forests stems; from their value as healer! of 
land and soil and purifi cr of air and water. Ecologi

cally, this value accriue' because these forests are 
composed of fast-growinig species that add organic matter 
to the soil, hind nut:-iints in biomass, and spread roots 

throughout the soil horizon (thus improving soil 
structure and aeration), while performing the many 
watershed values that are typical of forests. Taking 
into account that the;e foiest.s grow where people have 
eliminated forest S truze re and thus removed many of 
these services, i becomes obviotis iha secondary forests 
highlight the ri;iliency of tropical environments and 
provide us with a second oppoirtunity to manage these 
lands wisely. CleaLLy, deve Iopnrent of tropical lands 
must take into cou.sideration this potential resource. 

In sites that have been so degraded that regeneration 
with native tree species is extremely slow, managers have 
the option of using exotic tree species to accelerate the 
process of site res toration to production. Conifers and 
nitrogen-fixing tree species are particularly useful for 
this purpose. E:x'otic tree species also have been 
successful as pla;ntation species, much as exotic crops 
have been successful in agriculture. Introduction of 

exotic species, however, should be preceded by controlled
 

research experiments to minimize the possibilities of
 

accidental introductions of organisms that can cause
 

biotic catastrophes to native ecosystems.
 

TECHNOLOGIES AVAILABLE FOR SYCONDARY-FOREST MANAGEMENT
 

There are five alternative technologies for treating
 
secondary forests: no treatment, refining, natural
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regeneration, underplanting, and field planting. Each 
will be discussed briefly using text 
from Wadsworth
 
(1984) where of thedetails techniques are discussed.
 
The suitability of any of these 
 techniques depends ol
 
site 
conditions and social circumstances . Professional 
foresters should be con;ulted before decidi g which 
technique is the most suitable or any location. 

No treatment (or piotection alone) assui res that converted 
tropical forest lands will event ially return to forest

through natural regeneration. Htowever, 
 the speed of t".e 
process will depend on the severity and dulration ol past
modification of thu forest, soil quality, moisture
 
availability, and 'mmigration to the area by missing

components of the former fores t, ;g seeds andi nc! ud i tree 

animals. Over 90/' of. all 
 s econdary forests are "managed"
in this approach (i.o., maniged by natural processes

without huLiman intervention). The limitatioms 
of this
form of manriagement include I) poor- trees (i i term.s of
 
form, type of species, and small size), 2) 
 slow growth of
timber, 3) reduction oft the time available for developing 
an economic wood crop, and 4) lack of public confidence
 
in secondary forest.
 

Refinement is the s'2lecyive -illocation of forest-growing
 
Space to promi.sing Immatuie trees 
 at the expense ofothers. The prac tice has also been termed "iaprovement

felling," "liberation 
 thiining," and "timber-stand 
improvement." It is ju;t i fied only in stands that
already contain enough trees of good poteiitial to promise 
an economic crop. The underlying premises is that such 
trees, unless tended, vwill. be unifavorably constrained in 
their development by coMpc.-ition for light, moisture, or
nutrient s. The limitat]o1; of this form o f management
include I) scarcity o f good trees (mitigated by control
of pre vi ons land uses); 2 ) pas t mi suse of the t echn i que
by prac t i t i oners; 3) controversial treatment goa ,s (e.g.,
polycyclir verus monocyclic management, table 4.2.1);
4) unce-tin regeneration; 5) inadequate silvical 
information; 6) a canopy that is opened longer,
particularly when management is monocyclic (,isole stand 
matures at once); 7) disturbed nutrient cycles;
8) reduced species diversity; 9) productivity as low as
 
untreated forests, but 
higher product quality; and
 
10) lack of investment confidence.
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Table 4.2.1. 	 Choice between alternative silvicultural systems (uniform system is abbreviated U and selection
 
system is S).
 

Factor 
 Notes 	 Choice
 

Only large log sizes needed High wastage with U S 
Extraction costs per cubic meter Lower with U U 
Flexibility in ;,gging and silvicultural operations Greater with S S 
Adequate seedlings Essential before the year of logging S 

for U; this is usually the case but 
checks are necessary. Not critical 
tor S. 

Follow-up treatment Essential for U. Not cilical for S. S 
Yield Given successful treatment, higher for U. U 
Advance growth Adequate stocking required for S that S 

does occur. Wasted with U. 
Positive growth response by advanced growth Essential for S and does occur. Not S, U 

to logging important for U. 
Logging damage to advance growth Must be acceptable for S. S, U 

Not important for U. 
Environmental damage S gives less damage at more frequent S 

intervals; U gives heavier damage at 
longer intervals. Balance in favor of S. 

Source: Adapted from Nicholscn, 1995.
 



Natralreeneaton, also termed "tropical shelterwood,," 
€consists of 
the removal of the overstory in one or more
cuttings to promote either the production of seed or thegrowth of existing seedlings or saplings. The regenera
tion of trees is natural because it is based on the
establishment and growth of existing species. 
The " limitations of 
this system include 1) lack of regenera
tion inventories for tropical forests 
 )poor under-..

tanding S- fof n tstheprocess in tropical forests,
3) failure to induce regenerationi unless carefully
coordinated with seed or saplipg availability,
4) complexity and expense, 5) possibility of canopy
opening for many years, 6) effects on nutrient cycles,
7) reduction of species diversity, 8) low productivity

(similar to that from refining), and 9) poor public
 
support.
 

Underplanting is the planting of trees where some living
portion of the former forest still remains. Varients of

this technology include 1) enrichment 
-- where trees'areplanted individually to fill small blank areas in almost
fully stocked forests; 2)'gap-planting --
 where 	openings
are 	

2 m to 3 m are
 
20 m or more in diameter, spacings at 


used; 3)line -- where underplanting is done systemati
cally in stand rows that have insufficient numbers of
good trees to form any significant portion of the next
 
crop; 4) group --
where trees are planted in closely
spaced groups of 9 to 25 trees, with groups spaced at
 
perhaps 10 m x 10 m. Ultimately, only one 
tree survives
 
per group.
 

Enrichmentand gap planting have proven to be of limited

utility, because the scattered plantings become almost
impossible to 
find for tending. Group plantings have
 
promise, but require large planting stock. 
Line planting
is the most successful, but requires overhead canopy
removal, protection from fire and browsing animals, and

carefuloselection of species for adaptability to the
conditions created along the line. 
 As many as.163 tree
species have been planted in lines with some success in
the tropics (P. L. Weaver, personal communication).

Environmental constraints include 1) drastic canopy

opening and ground cleaning so that most of 
the former
S 	 forest disappears quickly, 2) altered nutrient cycles,

3) reduced species diversity, and 4) doubtful sustain
ability of site production. Productivity is intermediate
between field plantations and treated secondary forests.
 

Field 	planting can be used 
on sites devoid of trees

because of previous deforestation or because 
trees have
 
not grown there before (as in savannas) -- or it can be
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used where the site does not produce good trees. This is
 
the most intensive regeneration technology. A variant of
 
this technology is tree establishment by the Taungya
 
system that involves initial production of food crops,
 
the weeding of which also benefits the interplanted trees
 
until they shade out the food crops. Another variant is
 
the continuing production of food or forage crops beneath
 
or near a forest tree overstory. Both variants are
 
Collet,ly~ tere "arfrsr. Agooet i-
discussed in module 11, "Agroforestry and mixed farming
 
systems" and the intensive culture of trees is discussed
 
in module 10, "Development of plantation forestry in the
 
humid tropics for sustained use."
 

COUNTRIES WITH NATURAL FOREST MANAGEMENT
 

"Improvement fellings," first applied in the tropics in
 
India nearly a century ago (Dawkins, 1961), have been
 
carried out on thousands of hectares in the British
 
Commonwealth, particulary in West Africa. The practice
 
has been the basis for a nationwide forest-management
 
scheme in Uganda. "Liberation thinning" is central to
 
the silviculture of Dipterocarp stands in Sarawak
 
(Hutchinson, 1980).
 

Natural regeneration techniques began in Malaysia in the
 
1930s and later were applied in Nigeria, in former
 
British West Africa, and on the Caribbean island of
 
Trinidad.
 

Underplanting began in India and French West Africa in
 
the early 1930s (Laurie, 1934; Catinot, 1969) and, by
 
1965, some 30,000 ha had been planted in Gabon and the
 
Ivory Coast. Extensive underplantings also have been
 
made in Zaire. Smaller scale and experimental under
plantings have been made in Malaysia, Uganda, Ghana,
 
Nigeria, Surinam, Venezuela, Brazil, Mexico, Costa Rica,
 
and Puerto Rico.
 

MANAGEMENT OF MATURE NATURAL FORESTS
 

The literature describing the management of mature
 
natural forests is extensive (e.g., Baur, 1964;
 
Nicholson, 1985); two schemes recently implemented in
 
Surinam (de Gtaaf, 1986) and Palcazu, Peru (Hartshorn et
 
al., 1986) are used here as examples.
 

In Surinam, de Graaf tested the "Celos Silvicultural
 
System," a method for growing quality timber in
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relatively short felling cycles within lightly exploited
 
or undisturbed forests. The system is polyeyclic, i.e.,
 
only a moderate am int of timber is harvested per exploi
tation. There is ni. planned growth of pulpwood, wood for
 
charcoal, or other wood of low unit value. 
The silvicul
tural treatments in this system consist of three refine
ments, or basal area reductions, applied at years 0, 8, 
andJ1,§ thfrstepoiainsbfr and,,,af ter,. each 
set of refinements. Rules followed for each of the 
exploitation or refinement actions are site specific and 
should be developed, through research for each type of 
forest to be managed under this management system. 

Features of.,this system include 1) the all-age structure
 
of the forest is retained in order to maintain a wide
 
range of management options; 2) the forest maintains
 
itself because it is mature, reducing costs and vulner
ability to neglect; 3) dry slash is reduced to minimize
 
fire risk; 4) pests and diseases are "calculated risks,"
 
as in the original forest; 5) changes in the vegetation
 
are restricted; 6) minimal changen occur in forest
 
nutrient cycles, evapotranspiration, and hydrology;

7) many subsidiary forest products still can be harvested
 
and produced as in forests without silvicultural
 
treatment.
 

In the Peruvian Amazon, the Tropical Science Center
 
(1982) uses the principles of life-zone ecology to
 
develop sustained-yield management procedures for primary

forests. The principal forest management plan is based
 
on maximizing use of timber from long, narrow clear-cuts,
 
called "strip-shelter belts." This method is based on
 
theories of gap-phase dynamics of tropical forests and
 
understanding of the regeneration of canopy tree species.

The narrow shelterbelts are rotated through the primary

forest in such a way that the undisturbed forest
 
bordering each strip will be the source of seeds for
 
natural regeneration of native tree species (figure

4.2.5). Appropriate technology such as oxen logging and
 
the use of family or community labor will maximize labor
 
opportunity and minimize extraction costs. 
 Local
 
processing will add appreciable value to forest products.

Harvesting of 0.5 ha/yr will generate adequate income for
 
a colonist family. Using a rotation cycle of 30 years,

each family will need less than 80 ha for a sustained
 
yield of forest products from natural forests.
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SU4MARY 

The yields of the various forest management systems are
 
approximated in table 4.2.2. 
Only the intensive field
 
plantings excel above all others. 
 Considerable variation
 
and overlap characterize the many other systems of
 
management available for natural forests. 
 Yields from
 
uninanaged stands approach the yieldsobtained under
 

c~rCinsystms f lw -management intensity.' The 
advantages of any management system are derived from the
 
control that the manager has in determining the quality

and availability of the yield. In the absence of manage
ment, humans must'accept what nature has to offer. With
 
intensive plantings, humans control every step cf the
 
production process, the quality of the product, and 
the
 
moment of harvest. However, increasing management inten
sity also increases environmental costs and risks.
 
Enlightened regional planning must play a role in the
 
allocation of.land and other resources so 
that sustain
able balances can be achieved among alternative users and
 
management intensities.
 

There is still much to be learned about Managing tropical

forests. For example, the 
two schemes presented for
 
managing mature forests are being implemented, but are
 
not yet known to be sustainable. After the first treat
ment, secondary forests are produced 
-- about which we
 
know very little. Experience in Australia (figure 4.2.6)

shows that the time required to return the canopy to
 
prelogging conditions increases exponentially, depending
 
upon the severity of logging. Thus, mistakes due to poor

management require a long time 
to correct. Research in
 
Puerto Rico shows that trees that look alike and stand
 
side by side may be growing at rates that differ by a
 
factor of five (Wadsworth, 1986). Can research uncover
 
why and teach us how to multiply yields? Or is one tree
 
growing at the expense of the other? For these and other
 
more practical 
reasons the faster rate of wood production

of plantations should be considered as 
a tool for
 
liberating native forest lands for other uses such as
 
preservation, recreation, or even research.
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13 19 2 623 11 17~ 21
 

Figure 4.2.5. Rotational forest harvesting using the "strip
shelter-belt" method of long narrow clear cuts
 
(Hartshorn et al., 1986).
 

185
 

C 



Table 4.2.2. 


System 


No treatment
 

Volume yield of various silvicultural
 
systems of natural forest management.
 

Yield
 
(m3 /ha yr) Source
 

Natural forest
 
secondary 


mature 


Treated
 
Refinc secondary forest 


Natural regeneration 

Line plantings 

Field plantings 

(plantations) 


Mature forests
 
Strip shelterbelt 


Monocyclic 

Polycyclic 


<5 


10 


7-34 

1 5 


6 

5-6 

5 


12 

>10 and 

up to 60 


8.0 


4.2 

2.0 


Briscoe and
 
Wadsworth, 1970
 

Philippines
 
Bureau of
 
Forestry, 1960
 

Weaver, 1986
 
Weaver, 1986
 

Dawkins, 1967
 
Millet, 1981
 
Moore, 1957
 
Dawkins, 1964
 
Institute of
 
Tropical
 

Forestry
 

lartshorn et al.,
 
1986
 

Dawkins, 1959
 
de Graaf, 1986
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Figure 4.2.6. A grovth simulated prediction of the time taken for the
 
overstory canopy trees to recover to the prelogging basal
 
area per hectare level (torne, 1981).
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MODULE 9 

MINIMIZING TilE ADV; RSE IMPACTS OF 'IARVESTING
 
IN HUMID TROPICAL FORESTS
 

Lawrence S. Hamilton
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~ SUXMARY
 

A decrease inWb ological diversity and a high potential 
for loss of plnt or animal species. are major and 

* virtually insurmountable problems that result from
 
harvesting humid tropical forests. Nonwood~forest
product harvesting has the least "adverse impact on the
 
character of the forest and least impact on the site.
 
For those areas where wood harvesting is scheduled, the
 
operating rule to minimize this problem should be to use
 
a harvesting method that most closely resemblesf the past
 
natural disturbance in the area. This usually involves
 
low- intensity cutting that will help maintain a large
 
and varied seed supply from residual trees. The presence
 
of advanced reproduction is of great assistance, and
 
unnecessary damage to this reproduction shojFld be
 
avoided. In the humid tropics,. cutting usually is
 
followed promptly by revegetation of the site, so that a
 
fofst of some kind will occupy the area, unless
 
prevented by fire, grazing, or land clearing.
 

To maintain forest productivity and minimize adverse off
site impacts in the humid tropics, the way, in which the
 
wood products are removed is of greater imn'ortance than
 
the amount cut andl the system of cutting. Of particular
 
significance is extraction with minimum e:xosion and
 
minimum channeling of water off-site. Th.s "minimum," of
 
course, has economic'limits. Prevailing logging
 
practices in humid ,tropical forests, howevir, pay little
 
attention to measures for control of water and erosion.
 
Many useful practices can be implemented at little
 
additional cost to the logger; others will involve major
 
modifications of the logging and will incur costs. In
 
view of the societal benefits of sustainability and of
 
reducing downstream costsL, governments may either enforce
 
better logging practices (thereby reducing the profit to
 
the concessionaire) or offer financial inducements for
 
following conservation logging guidelines.
 

Improved concession agreements should be introduced that 
include specifications on the mandatory use oifmodern 
watershed conservation harvesting methods. Conces
sionaires need to provide a plan for improved harvesting 
to ensure sustainability.' Such a will include maps, 
sketches, or pictures of the area to be harvested. It 
gives specifications for the building, use, and -mainte
nance of a well-designed transportation system. It 
specifies the manner in which the trees are to be cut and 
the way the logs will be delivered to the transportation 
system from the watershed point where they are felled. 
It identifies the areas along perennial and major inter
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mittent streams that should be left 
as buffer or filter
 
strips. It specifies the measures 
that should be taken
 
to leave the logged area 
in a repaired condition to
 
prevent undue erosion during the period of regrowth. In
 
spite of the need to 
lay down detailed conditions for
 
each sale area, it is desirable to maintain a ccrtain
 
degree of flcxibility so that on-the-spot decisions can
 
be made to take account of particular circumstances. 

It is relatively easy to 
have such conditions in timber
 
sale contracts, but difficult to make sure they are 
carried out. Frequent inspections by qualified techni
'fians must be part of the operation, and there must be
provisions for penalizi.ig or correcting abuses. This, in
 
turn, may involve training programs for government

foresters to increase 
their knowledge of sustainable
 
logging practices.
 

Within a narrow financial analysis, 
the increased costs
 
incurred under such a scenario of sustainable harvesting

may suggest that there is no economic future in managing
humid tropical forests. Such analysis has sometimes led 
to clear-cutting and conversio-n "i.- planted forests of
exotics. However, exten,_Ied ecmilom i c evaluation that 
accounts for as many of the indiirct and nonmarket values 
as possible, and which inrlernalize - th(e offf-site exter
nalities, may well show favorabl e benefit-cost ratios

from managing the natural forests along .u.h sust 
 inable
 
con.-traints.
 

One cannot adopt short-term and narrow accounting when

dealing with this many-vaiued forest biome, 
 and until
 
more is known about the maiwy potential. and indirect

benefits, harvesting 
 should conform to a conservative
 
policy (definition: 
 within safe bounds; adhering to
 
sound principles; involving little 
 risk). 

INTRODU(TION AND BACKGROUND 

The complex, primary, humid tropical forest has been
called a nonrenewable resource, since human disturbances 
result in a forest that differs from the original ini 
species and structure (Gomez-Pompa et al., 1972).
According to Halle and Kamil (1981), the Indonesian 
lowland diuterocarp forest, one of the most commercially
valuabie in the humid tropics, is unable to reproduce
itse]f in kind after logging. Humid tropical forests 
regenerate, but the altered, or secondary forest, that 
results is not the saTe kind of forest. The primary
humid tropical forest is "fragile" in this sense. 
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Because of the great diversity of species characterizing
 
most of these forests, the number of individuals of ea-h
 
species in any one area tends to be 3mall. This
 
diversity/rarity situation, together with regeneration
 
problems of primary species pointed out by Gomez--Pompa et
 
al. (1972) and Janzen (1970), suggests that a disturbance
 
such as tree harvesting can result in loss of species in 
the area. If the area happens to be one of endemism (an
 
only occurrence of a species), then extinction ot one or
 
more species is possible. This situation has been
 
characterized for Venezuelan humid tropical forests by
 
Hamilton (1976).
 

Conseivation of biological di, sity and concern about 
the loss of genetic informati, has passed beyond the 
domain of scientists and envit:imentalists into the 
policy area. For example, at 1,:i- United States national 
level, an interagency task forc headed by the U.S. 
Agency for International Development (USAID) was estab
lished in 1984 and Later submitted a report to Congress 
on strategies for conserving biological diversity in the 
world's tropical forests. On the international level, 
the Internat:oal Union for the Conservation of Nature 
and Na tural PesouLce,: (11iJCN) and World Wildlife Fund are 
directinr subrtarz.:al effort', to preserve biological 
:iiversity. Thus . loss of sue cie is more than an 
aiademic worry-; it has become in operative concern. 
Organizations such ns USAID and the World Bank are 
attempting to implement remedies in their assistance 
programs. Harvesting of primary humid tropical forests 
must be done in ways that :,s;ure thc -ontinuance of as 
much biological diversity i.s possible, and with minimal 
species loss. 

Yet the primary humid tropical forest is not disturbance 
free. Natural vindthrr': and gaps created by death of 
large upper canopy ti, are a continuous feature of 
forest dynamics (flart rn, 1980). Moreover, many of 
these forests have experienced, and periodically will 
continue to feel, the impact of more severe disturbances 
such as cyclones, volcanic ash or lava deposits,
 
landslips, or unusual drought (perhaps coiaciding vith 
fire as in the Great Fire in Indonesia in 198'). The 
natural complex forest developed under these rioural 
forces and events and the particular mix of large-gap 
species 'secondary, early successional) and small-gap
 
species reflects this disturbance history. Any
 
harvesting disturbance added to this "natural" situation
 
will change the size-frequency distribition of these 
gaps, and hence alter the mix. Denslo, (1980) suggest
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thatthis added, impact will 'result ,;in a gradualjloss of 
 .

species.; ,. , .
 

'_
Moreover, -inmrost parts of the worl~d,. the humid tropical...,-
fret.arenot~unnhbited or unaffected by humans.
Even.nthose areas that we 
thinkod f as pristine

rainforest, 
there hasoften beena'continuous but
 
relatively low level of disturbanceby primi tive forest

dwellears,-' r dwellers adjacent to 
the forest, who hunt,

gather, &., cut smal someamounts. In I 
 cases, a low
disturbance forest gardening has been practiced wherein 
 Cl

useful plants (e.g., yams) have beep planted in the
forest. In other cases, a sustainable, long-fallow,

shifting cultivation has produced a secondary humid
tropical forest.
-'I- Forest farmers mall have occupied an area andthen left so 
that the forest now appears

pristine. I have encountered lemon [trees and other signs
of previous use in a/bO- to 120-year-old complex humid 
tropilcal forest in/ienezuela that h.Ad been considered by-"many-to be part of an original "undi'sturbed". forest. An

excellent accounttof'primitive tribal impacts on a
' ~....Malaysian humid tropical forest isgIven in Rambo (1985). 

Although many humid tropical forests have experienced

continuous or periodic disturbance, ;dditional human

impact almost invariably will reduced the biological

diversity and result in loss cf species from the area.
 
The obvious answer to 
this concern i's 
 to set aside

"preserves" -- substantial representative samples of the

various kinds of the world's humid tropical forests, and
 
protect them as much as 
possible from major human

intervention. 
This should, be done as 
part of a global.

network of parks and preserves'with humid tropical

forests.
 

Aside fLom these preserves and parks, the need for forest

products in development and subsistence areas makes it
imperative that forests be exploited. 
 The subject of
 
this section is how sustainable forest-products

harvesting can proceedlin those forests allocated to
production. 
These forests will be allowed to remain as
 
forest only if they are useful. While some will be
valued sufficiently for their soil and water or wildlife

protection functions to merit continuance as forest, most

will be required to do more 
-- to produce directly useful
products that can be valued in the marketplace.or in the

daily lives of people. In this 
context (realizing that

these will be altered forests) a strategic development of
sustainable use would involve keeping the area in forest
 
through repeated harvests, with little or 
no decline in
site productivity and with little or no adverse impacts-,
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off-site. Thus, as defined here, the three criteria and 
constraints for forest production and harvesting require 
that the forest:
 

- be maintai ned a: fore<; t (though perhaps altered in
 
spec ies compow it ion
 

no iiicait 


product ivity
 

- show fi pei manent loss in site 

show no ,;ignitilan t adv. ;e effects off-site 

The prodic t htwive t ii, ,i t.iv it ie-; dealt with here include 
those foi the. iioiiw)od (or so called "miinor") forest 
product!s, -ind fIo he .,.,od pirodu, t!;in which the trees 
are v : u011, lici i ()I l 11§(' 111d iw ,e1 ul stem; and
 
blranche.< i: .i . ci id ,e l)tI) iig for fcd I fr
er e.l 

atior I i 1o . c i r ltdd ii ! t Jl I 

HARVESTUIG NONWOOD FRODU(I'S 

Issue 1. Importance of "Minor" Forest-product Harvesting 

The label "mino." is unfortunate, for the harvesting of 
nonwood p rod u cts f'10111 humid tropical forests is a major 
(tholugh not hi rly visi ble) activity that has great 
econotilic vilue (though much of it is foi local use and 

,
does not enter the iiIITt y;tem and is not 
reported in nati na] ot FA() ;t:it.' tic; of forest product 
trade) . The remov,:il of ain H ,' Of useful materials, 
foods, and fiho!r: (coimmnionI, cal,-d "minor" forest 

t
products5) is the lelt th-e o thc mnintenanco of a 
continuous forest and e.tl in the lea.;t alteration of 
the undi stirbed primary f[lest. T'I't emilent observer, 
researcher, and 'aritei, the 1a to Dr. Mar i us Jacobs, 
called such removal the. only really s<stainable use of 
the primary, compie:.:, humid tropi-fl toreest (Jacobs, 
lr:soat 1 Commuiicat ion). 

The )onwoorf prodticts; riltl the gamlt from extractives for 
pharmaceuticals to rattan Vines, and from leaves for 
herbal medicines to sap extracts for poisons, lubricants, 
sugar, ard intoxicating beverages. An all-incILusive 
list, in even a single locality, is ofen truly amazing 
-- basically including the arrdy of products harvested by
 
traditional forest dwellers or ni7 by agriculturists
 
(including shifting cultivators). In Africa, as Poulsen
 
(1982) points out, these products, in providing food and
 
other materials for the well-being and daily lives of
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millions of people, are comparable in importance to the
 
use of wood for structural purposes and to fuelwood.
even 

Foresters must 
not ignore them. Moreover, many of the
 
products have become substantial items of commerce, even 
though harvested by rather primi tive means. For 
instance, the rattan from Indonesia alone represents an 
export trade worth US$17 million annually (Menon, 1980).
Worldwide, the rattan end-product trade is estimated to 
produce about US$1.5 billion per year (Spears; and Ayensu,
1984). The modern pharmaceu ical industry uses extrac
tives from hunilid tropical forests probably aaMIunting to 
US$100 million in retail trade (Spears and Ayensu, 1984).
The annual Brazil nut harvest from Brazil alone reaches 
50,000 tons (Prescot .,liei, 1982). Minor forest 
products have conl iht.t ed of 'he total. revenue of the 
Forest Department in mIdia it, 1980 and 1911 (Tevari, 
1982).
 

Nevwood-forest-produc harvest1ing aliso includes use of
 
the animal component. Por example, 
 birds, butterflies,
 
snails, caterpillars-;, and ants ale important 
 products in
 
different areas und in differont cultures. Bees lmay be

''used" to ha,:vest necaI i thet by bee hunters oC 
beekeepers, id many tropic'l! forest blossoms (including

mangroves) 
 p:,-,u ce honey with a prized flavor (Hamilton

and Snedaker, l)85), (ane harve ;I ing 
 of mammals, such as 
the South Ameican agout i and amc1l rodents, cons t i totes
 
not only an impor-tant t~rotein ,;ource 
 fo. forest dwellers,

but the products ocrasi onally enter the commercial
 
market. fin the Ucayii region 
of Peru, de Vos (1977)
estimated that 857' of the animal protein consumed was 
from 'vild game. in Saras'ak, it is estimated that about a 
million wild boa? , 23,0() rusa deer, and 31,O0') harking
deer are eaten each yeai , 'with a meat value of US$75 
million (Julian Caldecott and Adrian Nyaoi, personal 
communication, 1985). 

Some fishes 'n tropic . rivets are truly a product of the
 
forest. They f 
 n forest 
that fall or are vasled .ito the water. These 
vegetation-feeding 

1,de Lhe lea,,es, fruit, and seeds 

fish in turn StIppsrt predatory fishes. 
Water temperatuc.-. cce maf:t:infed at favorable levels by
riparian forest. The flooded fore.st may provide breeding
habi tat. The Amazoi river fi shery is a good example of a 
partly forest-dependent aquatic resource hat has 
important subsistence ano commercial values. The 
disappearance of the riparian and floodplain forests 
would have large adverse eff,._cts on thi. fishery. In 
this respect, it is a situation akin to the mangrove
forests of the coastal .(one that nourish estuarine and 
near-shore fisheries and provide an important habitat for 

198
 



many valuable and harvestable aquatic species, including

shellfish, mollusks, and crustaceans (Hamilton and 
Snedaker, 1985).
 

Removing nonvood products on a controlled basis has the
least impact on specics opoiiif),Stion. This direc t use of
forest preserves the groatest degree of biological
diversity, minimally ledl'e s ito pioductivity, and
 
usually has no deleteriou.,s otft 
 ;ite effects. 

The continued pioduction of the.;e plant ard animal f.rest
products depends fil theon m intainig humid tropical forest 
as a viable w ith i ofIys term. a inimum di,;tuibance because 
many of the res depond (n i iriaiy forest species. 

Guideline 1 

In plannin g foi sostainable u.;e of tle huiid tropical
forest, rhe most henign product rtmoval system is ti.atwhere nonwood plroduct, arc hirve;ted on a sustainable 
basis. The forest may b( made ereloormically useful in

developinont through 
 enceriIagore n t of cout rolled nonwood
produc t remova I . Even houh fies:t of the poducts may be
used locally, they may be of r;uh,;tantial value. I n many
"ases, such prodlic t' 1a'' f t im t he bas is o local 
industrie ; o n.,iolal econofirci irpomrtance and result i1nforeign exchange earnigs;. Fores;ters; and deve]lopment
 
planners should give 
gre ar,, considera rioln to ;ionwoodproducts when deciding on the ecroniric rtential for 
developing a hurrmid tiop rca] foie;, Fore;ts that are
 
producinlg iJUflu i1 PC( 1mniic ia; less;: likely
1 pi odort:; tobe cut and conver ted to economiricaly and ecologically
questiorahle uses, 1fyers (198() suggested that in 
vestern Amazonia, I kini' of humid tropical forest could
produce an overall annual income of least-, IJS$20,000
from nonwood forest product:: managei oin a siustainable 
bas i s. 

Inventory surveys of flora and farina r'sd (oz potent ially
,,se fuI) as nonwood produc ts are needed for each coun try,
This work will req ii ie coope i at oir betweer, agencies
dealing with forestry, wild]ife, and Ibotany (particularly
ettno-hotany) and wi I1 involve heavy interaction with
local harvesterf:. Such :tudies :hould include production
and economic data to document the importance of this 
sector.
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Issue 2. Even Nonvood-Product Harvesting'Must Be Con

trolled To Be Sustained
 

extractors usually do not remove 100% of the plants. For 
example, most forest farmers know that taking all of. the 
fruit eventually, halt the reproduction of that 
valued ipecimen or species. Therefore, sustainable 
produc tIion traditionally has been the rule, with the 
tree, 1hrub, vine, or epiphyte remaining as a functioning 
individual plant or vegetative group; or they are removed 
under atlow-intensity-use pattern that involved leaving 
many other 4-.dividuals behind. The Brazil-nut trade from 
the forest usually has been a harvesting of "interest," 
with the "capital" left intact. However, as removal 
intensity increases in response to a greater population 
of local users (or to the development of cash markets and 
trade) capital reduction may occur beyond regeneration 
capacity. Many species of orchids have been eliminated 
from wild forest areas by overharvesting. Rattan 
harvesting has become so intensive and widespread in many 
parts of the Philippines that a ban on cutting in certain 
public forests was instituted (Anonymous, 1980). 
Reduction in rattan stock has become so pervdsive in Asia 
that several countries are promoting rattan planting in 
the forest and the establishment of rattan farms to 
augment natural production. A rattan information center 
for the Asian region has been established at Kepong in 
Malaysia to promote appropriate practices for the 

• 	sustainable production of this important "minor" forest
 
product and to exchange knowledge.
 

Removing litter from the forest floor as fuel andIbedding
 
for livestock, or other products, is another instance of
 
nonwood-productharvesting (see box) where problems of
 
sustainabili' b.nld surface. Using forest litter for
 
Luel and jl;eddi-*'Is more common in thel uplands of the
 
tropics r.ather than'in the lowland humid forest. In the
 
Philippines (Cebu),. proJlems are being created when
 
forest litter is gathered (for the mosquito repellent
 
market) on mahogany, teak, and gmelina plantations-.
 
signalling a problem that could surface in the natural
 
forest, if this practice were to increase (Yao and
 
Nanangas, 1983). Litter is important in nutrient cycling
 
in those tropical forests where the generally low
 
fertility status of the soils makes nutrient conservation
 
imperative. Repeated removal of litt'r decreases the
 
supply of' nutrients and breaks this cycle and leads to
 
reduced site productivity (Stark, 1977). Moreover, it is
 
the litter plus the ground vegetation that gives the
 
forest its greatest protection against erosion, particu-
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larly against raindrop..impact splash erosion not the
-.
forest canopy, as is often stated (Lembaga Ek ogi, " 


o.nvod _Products'in ,thie Delopment- rocess,' 
i~
"'N 


"Developipen t planners, must 'undersfind 'the:iportance
f ,he .nonoodharvest t can be a v
 

.yet benign use of.~ihe tropic'al nmist forest,~~{

'''that all of? the emaning~evionena
allows 

jIservice trpanodeetionsoilil quality wariy
 
for tourism) to continu 
 aired whichesstht n
 

oithatlthese nonoodf products sreoften associated wa
traditional uses; theyaretno t ws kn ipiotan to
mrketedthrogh regulart channl uio
 
vy
Gis hus bc- harvesingI s s talways vf i 

. tse
 dacut
Guidelinee
 
ot ionsr 'n oIarvesI H TF i's, pattern of'hinking 

S nst al red ay Foresters, toor hane shiteto 
i nepaoetablotr isoheousuadly having been schooledtbohnkl tem fcubic meters or-girth-of, such 
.oo -pdorr 
 s.ssaw" ad venneer-logs, pilipn,

,pulpwood, and fuelwood. 
 Nonwood forestpoducts are,,
,too valuablev'tobe igmored by 
theuprofessi a forest
,manager.
 

Guideline 2
,phreuspes tckeyo ar cosdrbeing aduner
depleted 


In a humid 
tropical2 forest, with its diversity/rarity

complex, it'iseasy 
to cross the threshold at which am
original population of 
a plant species becomes so small
that it maybe headed for extinction. It is important 
to
 
set collecting 
or harvesting limits in conformance with
the ability of a plant 
or animal population to be
exploited on a rontinuous basis. Enforcing such 
controls

is,very difficuit because harvesting Is such 'Adispersed

activity.
 

Where species stocks of flora are becoming depleted under

the current level of harvest, enrichment planting in the
natural forest may be instituted, or reliance shifted to
 new plantations establishe&outside the forest. 
 This has
been dome for rattan 'inSabah and in the Philippines, for
instance. 
 When and where stocks of fauna become
 
depleted, harvest levels must be reduced or' the habitat's

carrying capacity improved. To determine whether a

product is becoming depleted, periodic inventories and
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.:datao production are needed. Based on these.data, 

incentive or control programs may n~eed to be impl\emented 
. .'to assure sustainability of these resource harveszs, 

rotationlength (8 to 10 years) or- the reharvesting cycle 

from the same rattan clump (about 3 years). 

Also, :where."minor" forest products become extremely 
valuable, they are often propagated and cultured in
 

special "businesses" outside of the forest; This has
 

happened to oil oalm, rubber, and cacao.) for instance,
 

which are now widely planted for intensive management. "
 

Rain forest wildlife examples are hatrder to find, but .
 

capybara farming is being tried in Venezuela.
 

HARVESTING WOOD PRODUCTS -- CUTTING AND REMOVING 

The harvesting of wood products-is defined here as the
 

cutting of trees and the removal of useful stems (and, at
 

times, useful branches). It is important to keep these
 

two activities, cutting and removing, clearly separated,
 
because they have different effects on the forest system
 

and on sustainability.
 

"Cutting" in a humid tropical forest is usually followed
 

by prompt natural regeneration of any area opened, unless
 

the area is burned, grazed, or converted to another use.
 

Cutting should notbe equated with "deforestation,"
 
although for a brief period a cut area may be devoid of
 

trees, the soil surfac, remains protected with under

brush, litter, and tree debris. In the humid forest,
 

woody and nonwoody vegetation occupy the site almost
 

immediately; within a year, woody seedlings and saplings
 

usually dominate the area. These species may not be the
 

same as those in the previous uncut forest, but they will
 

again produce a closed-canopy forest. Successful
 
regeneration processes have been described in detail
 

elsewhere (Gomez-Pompa and Vasquez-Yanez, 1974).
 

"Removal" practices, as opposed to "cutting" practices,
 

have much greater effect on reproduction, site produc
tivity, soil compaction, erosion, andstre'am sedimenta
tion. However, the intensity of this impact depends
 

greatly on the removal method and the amount of timber
 

removed. If the wood boles could be lifted individually
 
from their place of felling, without disturbance to the
 
remaining trees, understory vegetation, soil litter, and
 
soil itself, removal would cause little adverse impact.
 
Helicopter or balloon logging approaches.-this ideal
 
state, though disturbed areas for log landings and roads
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-are
still required Because of-its expense, air logginghasibeen employed only experimentally," if at Lill,Ai'n
humid, tropical forests. All other extraction_,teclwtques.

invdy~evarousdegees f dstubane tthe s'oil7 
* and(or) damage to 
residual vegetation.
 

Ctting
 

:sue 1.
3 Cutting Affects Species Composition :
 

Almost any amount of 
tree cutting can reduce, biological

diversity by altering species composition. The least

drastic change in species composition is associated with
 
the lowest intensity of cutting. 
 Light cutting of single

trees scattered over the area results in the least change

in ecoclimate and the greatest amount of propagules

representative of the original forest. 
 (Note, however,

that felling a live, large canopy tree with its usual

complement of climber vines 
tied into other trees has the

propensity to damage or topple many other trees unless
 
the climbers 
are cut first. It is an "imitation" of
 
nature's individual tree fall.) 
 Even so, exclusive
 
cutting of one species as practiced in the past for

rosewood or mahogany has resulted in major reductions of

the selected species over large areas. for
One reason 

this may be that of-spring from a particular individual
 
primary forest 
tree tend not to dominate'in the gap

created by its removal due 
to seed predation and
 
herbivory concentrated under the parent 
tree (Janzen,
 
1970).
 

Recent woodchipping operations have sometimes resulted in

large adjacent clearcuts with no seed 
source left within

extensive landscapes. An operation in a Hawaiian lowland
 
tropical rainforest is creating contiguous clearcuts,

expanding at 
the rate of 1la to 2 ha per day. The
 
clear-cut is often invaded by aggressive exotic weeds
 
that can capture a site for decades. However, other

large clear-cuts will regenerate with forest of secondary

native species. The clear-cutting of over 1,000 ha,

annually in 
the Gogol Valley of Papua New Guinea has

resulted in prompt 
tree regeneration, except 
on areas
 
compacted or gouged out 
by heavy logging equipment. Some
 
of 
these, like secondary stands of Anthocephalos
 
: hinensis, have good form and growth rate.
 

Wildlife for whom the forest:,is habitat also are affected

* by cutting. 
 Light cuttings have relatively minor


effects, but clear-cutting over successively larger

I areas, without being intervening uncut areas, can drasti:, cally affect those animal species that are dependent on 
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i}< '%closed primary forests,,and especially those that inhabit. 
the tree canopies (Jeffrey and Sdngkulirang, 1978). 
Large clear-cu ts may even be barriers to movements of ___ 

~''s6me~bird species that will not move across large 
openings from one uncut area to another (Terborgh, 1975). 

Guideline 1. The chief determinants of subsequent'
species composition are the intensity of cutting, the
 
pattern of cutting over an area, and the frequency of
 
cutting events. These determinants are 'embodied in.the,
 
silvicultural system employed. Our knowledge of and
 
experience with silviculture in the many variations of
 
humid tropical foLsts are very limited. 'As Kio (1983)
 
states after considerable experience with humid tropical
 
forests in Africa: "Even the management systems favored
 
by foresters are full of unsolved and apparently
 
insoluble problems." The systems, that have been employed
 
with some success are the Selection: System, Malayan
 
Uniform System, Tropical Shelterwood System, and the
 
Clearfelling System. The advantages and limitations of
 
each are described below.
 

- Selection system. Any system of partial cutting, or 
polycyclic cutting has problems with 1) serious 
damage to regeneration of desirable species of young 
regeneration already present on the site; 2) subse
quent takeover by pioneer, undesirable trees; 3) 
damage to desirable remaining high forest trees from 
felling and wood removal. As usually practiced in 
the tropics,,.light selection cutting (generally a 
girth limi \.does not have the third problem (if 
climber vines are cut first). According to Wadsworth 
(1981) and others, selection does not result in I 
effective regeneration of the stand width desired 
species. Moreover, it "removes the best and leaves 
the rest." Wadsworth (1981) indicates that selection 
cutting has been generally abandoned as a method of 
cutting by tropical foresters. However, in north
eastern Australia, the Oueensland Department of
 
Forestry, after many years of research, maintains
 

. that if selection cutting is carefully controlled to
 
minimize damage, it mimics the intermittent medium
scale natural disturbance to which rain forest
 
ecosystems have become adapted (Queensland Department
 
of Forestry, 1983). The department has officially
 
adopted selection cutting as a policy for production,
 
multiple-use, tropical rain forests. A selection
 
system generally is used in the Philippines, Ghana,
 
Indonesia, and Sri Lanka (Neil, 1981).
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System.Uniform
There has ben a lengthy, 
ba&'ixed, experience with theMalayan Uniform System
(MUS)'ii the dipterocarp forests of Southeast'rAsia
datfng from the 1950s (Ij;r.'t-Srnfch 1963; Neil, 1981).
In 'these fores ts (composed 'iarg1y,o the one _family-.-----inwic"~st 's6c-6w;ere valuable and where
advanced seedling reproduction of these species was 

,~, already present) removal of the total overhead canopy

seemed like a logicalistrategy. 
 It proved successful

in some of the lowland forest of Peninsular Malaysia,
where in addition to felling for exploitation, 
 c

remaining undesirable canopy, trees were poison

girdled (Salleh, 1983). 
 The MIJS with slight'modifi
'cationis was adopted in several other rountries at 
one

time or another, including North Born-o, Saban,

Sarawak,~Papua New Guinea, and Uganda (Neil, 1981).,,
According to Salleh (1983), 
as the scene'of logging
has shifted from the lowlands to the hill forests,

the preconditions of 
thQ MUS were not widely found, i 

sb the Sys'tem was modified.. Initially,. thesemodifications included sepalating the harvest into
 
two cuts spaced.25 years apart when there were'
advanced understory stems P'resn. 
 Tepvalg

syst'amp 
the selection management system,,represents a
 range of'options from light cutting with, largeEr girth
limits to complete stand removal, depending on site
specific conditions.
 

- Tropical Sheltervood Systemn. Another major syst~em of
management is the tropical shelterwood system (TSS).
This grew out of pearly regenerAtion-improvement

felling systems inMalaya in the 1,920s and was

adopted and modif 'ied into a'shelteriod system first
in Trinidad and'Nigeria; it thert,soread to other
 
parts )~fAfrica and the Caribbean (Neil, 1981).

Essentially, this system uses a.seri-2s of improvement

,cuts to obtain regeneration, thev a major harvest

(leaving bel nd desirable lower canopy t-,ees and

unwanted upper canopy trees) followed p~ rhaps 10
 
years later by a second commercial harv,'st and

deadening of the remaining overstory.'
 

- Cleair-cuttihg. Wood-chipping operations, which
permit the use of "any species, any size, any shape,"
have made clear.-cutting an economically attractive
~method of. harvest., The adverse effects of large
scale operaci',ns of this kind have been mentioned.

Ewel and Conde (1980) suggest that for'clear-cuts,

confining the harvest to strips 
no more than 100 m in
~width would avoid most 
of the pioblems of large

clear-cuts. 
 Jordan (1982) also has suggested a less
 

' 
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drastic alternative for Amazon.forasts, using 
transverse slope c€e.ar-cut strips, alternating with 

- strips ofzuncut forest, so that seed for regeneration 
is close by for easy dispersal by animals or wind. 
Based on his experience in Malaysia, however, Wong 

- .(984)-does"not bel,1Ieve-that,.-thisris-an-economically 
feasible system. Clear-cutting with natural
regeneration or.clear-cutting with replanting are two 
of three systems in use in Indonesia (see box) 
(Soerianegara and Kartowinata, 1985). 

a '
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cal considerations far too often in dictating how much 
will be cut, in what pattern, and when. 

What seems beneficial ecologically may be rendered 
useless by lack of adequate on-the-ground supervision.
It is evident, however, that no automatic ptescriptions 
can be given that teduce the need for a professional
forester to !-tudy andclosely supervise an area of noten
tial harvest. Moreovei th~is must, forester have
 
discretionary power 
 to alter any general systems that

have been spel led oiit in pol i cy. 
 This is essentially

what Sal]eh (10i9 ) hias, de.;crih od foi piactice in
 
Malaysia, wvhet..-_ a 
 ,nge of options are possible,

depending on site ;tpc ific conditiois. in considering

stand condition!- arid 
 (opticn. , a decision, tree chart by

Kio (1979) i.; par.t so 
iailv hel pfu (figure 4.3.1).

Issue / F f
,i.i_- t!, o! P i ,ti t 

The degree of niti ient los!s from a ite following cutting
depends on the amotit o Wood L,1mmo, 'Pd fhiom the site and

the amount o remaioing vi'e eatt ion (see box

"Silvicu.t1in Srr1: t in 1.
v'J';t d 1 dotje, i a for Di pterocarp 
Foir.es ts") . 

Logging operat ion that remo'nov, mly a portion of the main 
stem of a solectel numiiri . of t roes (selection system)
probably r- iiI , in only a amount.ma 11 of nutrient deple
tion. As t. e,.aves, tig:;, and hranchwood from har
vested tree,! d -ay, the ielea.,oid rititrients are picked up

by remaining vegetation.
 

In contrast, logging ops ations involving complete

removal of woody matler~isi from the forest area may result

in substantial nutrient lcsses. The risk of nutrient
 
depletion becomes particularly criti.:al when forests are
managed on a shoi t ,rotation. Moreover, each major
harvesting breaks the tight nutrient cycle and allows a
pulse loss of .soil nutrients thirough leaching and runoff. 

Few studies have tracked this link between cutting and
nutrient depletion. Herrera et 
al. (1981) noted that

clear-cutting and iiomass removal on an infertile sandy
soil in Venezuela resulted 
_n serious nutrient aepletion.

Brunig (1977) and Ewel and Conde (1980) have examined the 
scanty evidence and conclude that 
nutrient depletion

through wood removal is potentially as itriportant 
a factor
 
as 
intensity and frequency of harvesting increase.
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PRODUCTION FORESTS
 
(Protochon forestsaIready soparalod out)
 

kodosvo Fo-z Inventr 

1. 	Thro, not currrony ao.L 1tTote fc.e now 
ow 1in., lt,.sI~vreIrn 

2 Money 0,S1 2ar., rot? tenu 

'1 1m1reo -oot-~10.0"t PalC
 4, 

A- aneProtoorod 

3. Mstneyfe t , ibe 
3 Ia ryroovt to, rnt.we te'eLt pri ct=on 'o-ty 

4 Ioterrneda,a t, pernbf.+ 4a F~noo9r i5.20si. 	 5nmtse ,t~tlnrO+ate 


S SeveeaoPerr onr y ,erer, or rr~o' 2raJt ,a<t~renoocteir. 

6 Fhrrr{tltoorr is,,! or oao ha Regroorrvo roy mneer soet. 

eSr-ecn , 	 IS" CntP 

tosoo erxt-'re to 6grl b Y -,r 

CCr-to 	 Post-exrgooti r 

Ba RN-vto I &Y 
8 Peeh .br r e n Cd by to eoyv Ma"e-It, 

Comy ooetrev foo Otyey6 

ronao O,~rte Igrt0oo0 -e.,t osMey. 

by etorx St etieod 	 ExtendeodShelte~rod 

Figure 4.3.1. 	 Analysis of options for management of humid tropical
 

forests (after Kio, 1979).
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Silvicultural Systems Used in
 

Indonesia for Dipterocarp Forests
 

''andonesian selective felling:
• _',-inf r sts--wi-t h -- om l ( This method is used,nverted-Jzshaped)7

diameter disti ibutioi, on , slopes of from 0% to"~
 
more than 30An high-rainfall areas,' here the
 
number of commercial tree species is'more 
 than 40%'

of all trees in the stand. There must be suffi
 
cient advanced stock (that 
must not be excessively

damaged in logging) and the number of candidate
 
core trees to 
 be left above a 20-cm diameter is at
least 25 perhectare. This is supposed to give a
 

' cutting cycle of 35 to 
40 years.
 

b. Clear-cutting with natural regeneration: This
 
method (like the Malaysian Uniform System) is
 
predicated on having adequate stocking of advanced
 
reproduction (more than 40% of survey plots

stocked with seedlings, or sapling stocking is
 
more than 60%, or poles are more than 75%) and
 
where the diameter distribution of the diptero
carps is concentrated in the larger sizes. 
 The
 
number of commercial species must begreater than

30%. 
 The system Is considered suitable for slopes
 
up to 30%, at lower elevations (below 500 m, and
 
where rainfall is relatively less (less than 1,000
 
mm).
 

c. Clekr-cutting with replanting: 
 When the number of
 
commercial species is less than 30%, the number of
 
,candidate core trees 
is more than 25 per hectare,

the stocking is poor (less than 25m 3/ha),,and

slopes are gentle (less than"l0%, it is considered
 
that these forests might be converted into
 
industrial plantati'pns by clear-cutting and,,

planting. 
The method is for lower-elevation
 
forests (less than SO0 m), 'with rainfall between
 
1,000 mm 
to 2,000 mm per year, but not for 'lowland
 
wet-soil forests. 
 .
 

Source: Adapted from Soerianegara and Kartawinata,
 
1985.
 

209
 



Guideline 4. Short-rotation, totai-biomass harvesting
 
can adversely affect the productivity of humid tropical
 
forests on sites with low inherent productivity. Site
 
classification based on soil fertility studies should be
 
carried out before embarking on such intensive harvesting
 
programs. It should be recognize(] that more complete use 
is a two-edged sword. It mziy cut in the direction of 
reducing "waste" and permitting greater use of what. 
nature grows, but it may result in short-term gains and 
long-term permanent decline. In the absence of good 
long-term studies, piudence calls for avoiding large 
clear-cuts and total biomass removal unless site-produc
tivity studies demonstrate tiat s',ch harvest levels are 
sustainable. 

Issue 5.Cu tting f ects oi Watoer Re-srces 

Popular journalism, environmentalists' pronouncements, 
and even some quas.i !:cientific liteatire insist that 
cutting forests ieduces ainfall, causes floods, lowers 
groundwater, and dtie, lp 'streams. The cutting of some 
or all of the canopy trees; in a forest does affect the 
water movement in the hydrologic cycle in a watershed, 
but these effect; often havw tein misunderstood or 
misinterpreted or are predicated -n myths. While there 
is not much research in the humid tiopical forests, a 
synthesis of what is known in the tropics and of what can 
be adapted from temperate forest resea rch has been made 
by Hamilton (198U). 

There is no evidence that cutting Ioiests reduces 
rainfall. In "cloud fores t. ;''; o the humid tropics, 
however, cutting forest s does'- indled reduce the capture 
of atmospheric moi sture by conden;ation, and thus 
"effective" precipitation is reduced. This can be 
substantial and, in cortain s ituations , can reduce the 
amount of groundwater recharge and subsequen t appearance 
as springs and Streamflow (Zadroga, 1981). As the forest 
regains its; or igitnalI t I or te and height, this condensa
tion capture is restored. 

Cutting closed- canopy forest.s increases total water 
yields in streams emanating frem the harvested area. The 
increase i; propo, tional to the amount of canopy removed 
and is greater oii deep so il.s than on shallow soils and 
greater in high rainfall areas - though the period of 
increase is shorter due to more rapid growth (Bosch and 
Hewlett, 1982). This extra yield occurs because of the
 
reduction in evapotranspi ration when trees are cut. The 
increase in yield generally occurs throughout the year, 
which means that streamflows are usually higher during
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thelow-~f low months when additional water'may be needed 
~~downstream., However,4 high-flow..month yieldsr ae s
 
greaterwith stormflov volumes us-ually arger and
 

'yfligi to short~a time to be handled by soil , :,
ucd!channel capaci ty !to. handle flo lws :> :;!d~et ie :seijent accumulat ions, :channel ,cons trictioni.,, ,: , 

rive:!;: b the dilrection: !:i:i:> i
r asn am f the stform.:: i i: ::; 

folloingi fo horu , b
Cttigforests ,usuallyresults inhigher rather than
t ti. adldbysi
groundwater leVels, because of the reduced evapora_
oower 
 syt m-------
ti. n d reucuteandeimpopery loggedl(sesftorest 
 s..Pirato deand nextfow
nsoil water. Swampy or'
 rpotentially swampy areas indeed becs 
tome
moranm
 

Note th"
at: this issue deals :only with cutting of forests. :;,
 
deton on wood removal) or if they are cut andconvrte
 
by u d where soils
ses redcompacted or eroded then
indeed bthe effects on water may be different.
 

"Guideline 5. Cutting humid tropical forests (alone)
Cuttingdoes ,
not usually result in serious adverse impacts on
 
rainfall, groundwater, or streaflow. The major 
 -

exception 
to this is in the Cloud forests of the montane
 
tropics. These are areas of water capture, andapy,
 
benefiis fromwood harvesting would have to be-wighed "
 t
against' ts o ss wate in Te
th systm. asoare
 
fen areas of unusual bioticvalue, andithis lossgnext also(e
o 


..,mustibe ,weighedcarefUlly.:BecaUse of the higher eleva
ctio-and more severe climate, these fo ests are notnverte 4i
 

toote'usually
ef
great commercial value for Veneer and sawlogs
in tsummar
cloud forests shmuld nt be exploited for
 
iwood:products. 
 Inother humid tropical forests, it(is

the vaythe products are removed rather than the cutting
 

per sethat adversely effects water values. 
This aspect
 
•'is dealtiwith subsequently (see Removal) ... , ;:"
 

7 ,,Issue6. Cutting.andErsI'on Efects, 
Sas,oeen said that cuttheigin forests IncreaseSmthe
rte andesxtent of surface erosion Iecause the canopy
a f
 

theforest protects the soil fromlthe impact of rainig 
 , 
dps leading to less dislodgement ofparticles5 deysto
 
spah erosion. This is not true. Raindrop splash 
 s
sion isminimized by ha ng a protective lea nlitter
 

Issue~ 6.CtigadErso 
 fet
 

usually reat c i 211value for v a sa.l,g.
 



~j and understory ,vegetation and? as' a matter of fact, :the J"~A& 
t a erotentpoetal erosivelforceiof raindrop~ can lbe.~greatdr unde -i 

' a7ltail forest canopy (because of increased drop sizeand
 
the' same terminal velocity), a nhe open (Lembaga,
 
Ekologi,-19OM Mo'sley,',1982). 'It is the' exposure of soil
 

1U nd elmia pfn-ovri
roduct removal tha t
 
~.aincreases erosion, rather thanthe amount and, 
type of cutting. 

However, the roots of trees do impart extra shear
 
.-strength and hEnce stability ito
slopes thatare prone to
 
some types of mass erosion,.such as shallow landslips
 
(O'Loughlin, 1974).. When most or all large trees are cut
 
on such sites, slope failures occur with greater
 
frequency following the disintegration of the root
 
systems (unless kept functional by sprouting). For
 
.example.,following a clear-cut in New Zealand, landslide
 

2
densities increased from 1 per km to 20 per km

(O'Loughlin and Pearce, 1976). While no comparable data
 
are available for humid tropical forests, the same basic
 
processes are operational. Mass soil movemeits not only
 
take areas out of production for decades (they restabi
lize with forests very slowly) but are major contributors
 
to sediment in streams. Sediment has a host of adverse
 
off-site impacts ranging from reduced lake and reservoir.
 
storage and aggravated flooding, to degraded estuaries,
 
and damaged fisheries dr.d' other aquatic life.
 

Guideline 6. Although surface erosion is not usually
 
,,"increased by tree felling, the way in which the wood'
 
'	products are removed can have a very great adverse effect
 
because of disturbance to .the understory vegetation and
 
litter layer. (Methods of reducing this impact are
 
treated under the section entitled "Wood Removal.")
 

Certain areas that are prone to mass wasting (rock fall,
 
mud flows, landslips, debris avalanches, and soil creep
 
and slump) should be designated as critical areas .
 
Forest cutting and wood removal increases instability and
 
should not be attempted,' or' should be carried out only
 
with great care (difficult to achieve in developed
 
countries and almost impossible in developing countries).
 
Techniques for identifying these critical areas ' are
 
available (for example see Megahan and King, 1985).
 
Shallow landslips can be initiated even by cutting alone
 
due to death of the tree roots. Thus, on slopes above 
45% -- 'where a shallow permeable soil layer rests on an 
impermeable layer, or where a topographic concavity 
indicates drainage convergence -- potential slope insta
bility dictates :hat these areas should not be cut, or 
cut only lightly to retain at least 50% canopy (see box) . 
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SSoe Characteristics of Forest Areas
 
k'Prone to Sha ow L s'I ips 

a. Painfall1 ,characteritcs ._high. intensity ad(or)~ 
j lng: duration, 9 I, .lowhere§:J to, 5 iormts __ 

g hhodulter a r, and' o-stobmke 
d atIioninhours.e For example, ' , 
threshold' rainstrms intensity for as24 Ihour-, 
duration stormeis 4. 3 mm/hour or,103mm in 24 , 

phours... Cbiired with daly rainfall probability'. 
aayi one- can classify areas ~relativleto one 

another focimati chazard.. 'For 'xample, ,a 
.ocation-tere them probability of xceeding, 103 mm 

'in24 hus isi 0.20 is,fivetie moelkl to, 
,have landslis than an area wherethe pobabiity
of exceeding that threshold is 0.04 If cleared 
landsin the latter ocationshow landslipsthen 
the former location, in forest, would seem to be a
 
,.risky one to harvest.
 

b. 	 Topography with slopestabv 45% to 55%show
 
landslips,,and debris slides, with a maximium 
 occur
rence of failures at about 70% (350) Conditions 
ansuch slopes where there are concavities or 

aspoon-shaped depressionsor where water stream
lines converge in headwater areas are most likely 
toeconcentrate water andhave the soil saturation 
,that promotes failure. 

c.Soils where there is a structural discontinuity
 
be'tween a permeable upper layer and a lower.
 
impermeable or mnarkedly less permeable layer. 

Source: Adapted from Megahan and King, 1985. 

Wood Removal
 

Issue 7. Harvesting and Productivity
 

Cutting the forest usually does not present problems in
 
maintaining the area in some kind of forest; forest
 
regeneration is prompt except in a few special cases.
 
However, the careless use of heavy ground-based equipment

moving wood products from stump to road can greatly

affect site productivity. Where vegetation and litter
 
are removed and the soil compacted or, puddled by heavy

machinery or repeated log dragging or storage,. a hostile
 
environment for seed germination is created. This is
 
especially true for primary species. Compacted soil, 
to
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~~he~extent
-found in skid trial~s,log landings, and roads
 
can"even create barriers roryap dreco±onizationby
 
aggressive secondary'species. oGougeddepressions created
by l r ads of !vebicles, especill nsol 

..mallea bs ghrainfal a ao problem areas.....6ecause 	:of -Jn- term st,anonng ,e pu. .......
rqjf.r 

fsubsoil'.''Forest estAbtime it-a 'f asmuch 
as 5 earsi themost te as n theextent of the 
problem d rpendslon tae pattern and intensity of-the . 

,extraction rout'es and. he natutre of the extraction *'w 

quipmenit. /'i 

Small products may be moved frompstump to some yarding 
'point by'maiual methodsin the case of 	 fuelood, charcoal'' 
wood,oor pole harvestingafor subsistence use. Harvesting, i
 

:,:,under these low-techntology situations islimsited to areas
 
closeto existingroads or trails where pack animals or


K> 	 vehicles'~can form the next stage in 'the transportation 
link to destination.A Sustainable harvest ing' of this type 
has been going on for centuries in areas of relatively 
stable population throughout .thi developing world. *Such 
systems are rapidly disappearing, however, under 
increasing population'pressure and with the introduction 
of commercial harvesting. r 

Site disturbances are also minimized where wood products
 
are removed by animal power. '*Elephant logging is
 
probably the least. dis'ruptive to' the renewing'forest, but
 
it is a fast disappearing.t.echnique. Ground 'skidding
 
using buffalo, oxen, or carabao would rank next in
 
impact, 'but one seldom encounters this kind of operation
 
in comparison to the large areas now being harvested
 
mechanically. Nevertheless, the fut'ure' is promising for
 
use of these animals for harvesting wood from small
holder plantations where' treIes 
are small.,,
 

The variety of equipment and techniques now employed in
 
mechanized product removal is quite large' and h; s been 
well covered in specialized articles'andI books (for 
example, see Chauvin, 1976; Conway, 1976;; and FAO, 1974) 
(see box). ' 
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There also have been several useful studies of the damage,

to residual forest and 
to the soi l, including Fox (1968
and 1969) in Sabah ' 

' 

, Burgess (1971 and 1973) in Peninsular
Malaysia, Russel (1974) in Dominica, Nicholson (1965) in
Sabah, and Kartawinata (1978)'in Indonesia. 
 Ewel and
Conde (1980) have reviewed much of the literature on the,
impact of increased intensity of tropical forest use 
and

* state, "Today it is one of the most important causes for
ecological concern with respect 
to tropical forest utili
zation, and ways to minimize its potentially devasting
impact are clearly called for." 

In general, "skyline" logging systems are 
the least
damagingto the conventional, systems (see figures:4.3.2

and 4.3.3). 
 In spite of some exceptions seen in

Malaysia, high-leadologging methods are more benign than
tractor logging in 
steep terrain. While damage to
r.esidual trees (especially close to 
spar trees or the

crane) may be high, keeping the logs partly off the
ground reduces the amount of soil disturbance and ,compac
tion. 
 Cable logging requires fewer: roads, thereby

reducing the amount of land taken out of production.

Cable systems employing jammers, spars, or skyline

systems have been little used in tropical logging

(Vatasan, 1980), but 
the use is increasing. 

Chauvin (1976) suggests that for low-volume harvesting in
poor forests, ground logging requires approximately 4 km
of roads and 8.km of trails for 1000 ha. This can
increase to 8 km of roads and 22 km of 
trails for 1.000 ha 

road 2 an::;m o
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Figure 4.3.2. Multispan Skyline -- an aerial cable logging set-up with landing at foot of slope. 

Source: (Studier and Binkley, 1978). 
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Figure 4.3.3. Live skyline logging system; also called "shotgun" or "flyer" system.
 



of ground logging in rich forests. Rough terrain liunits
 
road density but increases skidding trails, unless cable
 
logging is used. The "san tai wong" or "king--of-the
forest" winch-lorry used in Peninsular Malaysia hill
 
forests requires a dense network of logging roads. The
 
amount of a heavily logged (but not clear-cut) forest 
involved in tracks and roads may range from 16% to 30% 
(Burgess for Malaysia, 1973; Kartawinata for Indonesia, 
1978; and Gilmour for Australia, 1977). An enlightening 
presentation of the variation in bare area under 
different methods comes from the humid northwestern 
United State; and may have relevance for the tropics; it 
is shown in figure 4.3.4 (Sidle, 1980). 

Figure 4.3.4 shows percentages of disturbed areas of up 
to 48% for tractor, 25i for highlead, and 15/Z for skyline 
!_7ging methods. 

Obviously tihe method of logging, rather than the amount 
of the cutting or the silvicultural system, has the 
greatest impact on the creation of bare areas that are 
potential trouble spots for regeneration and a source of 
sediment. While one would suspect that pulpwood or 
fuelvood harvesting, because of the generally smaller,
 
lighter products, would have less impact than timber 
production, it depends on th degree cf mechani zation and 
the size of the equipment. Mode-n clear-cutting for chip 
production, whore heavy ree-shearing!loaders and 
chipping equipment move in to the individual trees, can 
disturb even Larger percen tages; of the area. 

Guideline 1. The current trend in product removal in 
humid tropical fores;ts is toward increased mechanization. 
In general, 1he amount of di5;turhed forest floor, soil 
compaction, and damage to the residual forest increases 
as operations became nore mechanized. As is true with 
respect to the intensity of cut, the gentler the touch, 
the less the disturbance aod the greater the liklihood of 
sustained productivity and maintenance of' the forest in 
something akin to its original for-m and function. 

The use of aerial-cable logging, w'here wood car) be trans
ported in the air during much of its journey from stump 
to loading, offers the greatest promise in mechanized 
logging. The increasingl, high value of many tropical 
timbers and the s hift of the scene of action from the 
forested tropical lowlands (and gentle terrain) to the 
tropical hill forests make this a feasible and desirable 
technique. Skyline logging should be used viherever 
feasible to help assure prompt regeneration with
 
6e. irable species and minimize soil disturbance. 
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Tractor Highlead Skyline 

Figure 4.3.4. Soil disturbances attributed to 
roads and yarding for
 
different logging 
sy;tems (Pacific Northwest, USA).

(Adapted from .;idle, 1980.)
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,f> ovever, ;it should be remembered that most skylinie 
loggingtis possible only on clear-cut units., While 
selective loggi~ig isjpossible with some'sky]ine systems, 
the amount and value ,of material removed per unit area 
must begreatI enough to cover the greater expenses 
incurr 2d in settingupand moving the skyline and yarding
 

'y-achine more Jfraquetntly and with greater difficulty.
 

Log'or wood-yarding/landing areas usually constitute the 
worst problems in securing useful regeneration (due to 
soil compaction and puddling caused by heavy equipment) 
and should be replanted with native species. 

Issue 8. Logging and Fire 

The humid tropical forest is usually regarded as as an 
"asbestos" forest; even shifting agriculturists have to . 

be skillful to obtain a burn in their slash-and-burn 
system. . Fire in logging slash has not been 'a major 
problem. However, in exceptionally dry periods of long 
duration, logging residues will dry sufficiently to burn, 
and the effects of fire in a.forest not adapted to fire 
can be extreme. Due to.the climatic anomaly associated 
with El Nino and the Pacific Oscillation of 1982-1983 
that produced severe drought, what has been called the 
largest forest fire in history burned over soiae 3.5 
million ha of East Kalimantan, Indonesia (,siaweek, 
1984). Observers attributed the seriousness of the fire 
to the large amounts of logging debris 'lose to areas 
where slash-and-burn fires were employed (Mackie, 1984). 

Guideline 8. Leaving bands of uncut, unlogged forest at 
intervals reduces the risk of these unusual and unex
pected fires and also provides valuable sources of seed 
for regeneration and habitat for rain-forest wildlife. , ''p 
Following decomposition of the slash and complete 
regeneration of the harvested area, logging might proceed 
in the reserve strips. 

Issue 9. Logging and Erosion
 

Wood removal almost'invariably accelerates erosion
 
because even the "gentlest" extraction removes living
 
vegetation or litter cover and exposes soil to' erosive
 
forces. Even helicopter logging can result in a,small
 
but potentially important amount of bare soil (Rice et
 
al., 1972). In flatlands of humid tropical forests, soil
 
exposure may be of little erosional consequence, but most
 
of-these forcsts currently being harvested or considered
 
for harvesting, whether in the few remaining lowland
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~areas'or in the'uplands, has'sufficient s'lope~to,1make
 ''nahandmaiden ofany.,wood extraction.
 

r, rat d.r'o 
 ! : . ... ''...
>~Erosion from sheet wash, rills,.gullies, and mass wasting

Scausesaccelerated
nutrient removal from the site in the
 

surface r~vioff water. In addition,''serious gillies and
masslp/ alre .)r
ctal emove-part of t he~iprodli:c'::
 
, , 'm iu a n -- 'l.-., - 4 --......-.

-go i ''--d sewereleaving; infer-
--

tile, often more compactedand unstable subsoil or
 
bedrock -- degraded,,and'that is unsuited for forest
 
production. 'The most serious 
type of erosion is mass
 
wasting. Following the initial.destruciion of most
 
remaining vegetation, there is gradual.reVegetation, but
 
orga lcsurface accumulation, <vegetativeicover, and tree
productivity levels are consistently lower than those on
 
nonmass-wasting sites (Smith et al., 
1984). Such areas
 
also are pl.gued by surface erosioi that ten'ds to keep

theM unstable, 'Cutting alone may trigger slope failures'
 
on landsl'ip-prone sites, due to loss of root shear
 
strength. But, 
to an even greater extent, roads and
 
tracks 'that' cut 
or fill on such slopes (or that-conduct
 
extra water to them) are major triggers of mass wasting
 
(Rice, 1977). 
 -


Guideline 9. For a given combination of soil," terrain,

and rainfall, the amount of erosion is determined by the
 
amount of disturbed soil; as well as by the nature'of the
 
disturbance (see box). ".Average soil disturbance for
 
three logging systems is shown in figure 18. Tractor
 
logging requires a more extensive road syste' than either 

high-lead or skyline logging. Furthermore, skid trails
 
associated with' 
tractor logging (bare, compacted soil)
 
act like a road system, channeling surface flows and
 
disrupting slope stability. While compacted soil from
 
tractor logging extends to depths of 30 cm 
or more, the,

small amount of compacted soil from high-lead and skyline

logging is only at the surface.
 

-Downhill 
tractor skidding often results in a dendritic
 
skid tral1 pattern that can funnel surface flows during

high rainfall events (figure 4.3.5). L2osjon at 
the
 
convergence point (the landing) can be 
severe. 'While
 
uphill skidding can increase logging costs considerably

and may be impossible on very steep slopes, the water
 
flowing along this type of skid-trail system gets
 
diverted to progressively less-disturbed areas.
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Erosion and Sediment
 

eMuchsedimen't comes finm,'natural erosion processes,
 
epecially in:areas oftectonic activity and mountain
 
building (e.g., the Himalayan Mountains). Even
 

however, human-initiated sediment should be reduced 
in activities such as forest harvesting.
 

There is a substantial lag time before surface
 "rceehannli -676y-s--' -- Y ....--'
erosion caused by human activity in the forested
 
uplands becomes sediment ina major river or behind a
 
dam in a reservoir. Erosion material movesinto
 
temporary storages in topographic depressions, into.
 
deposits at footslopes, into tributary alluvial fans
 
on flood plains, and finally into mainstream
 
channels. Landslips, debris avalanches,"and debris
 
torrents, on the other hand, may move directly into a
 
stream. Logging'tracts or roads that lead into
 
streams also speed up the transfer of erosion
 
material into stream sediment, hence the emphasis on
 
care in laying out, designing, and maintaining 'these
 
harvesting arteries. Sloping log landings on stream
 
banks are of particular concern. Undisturbed buffer
 
strips along watercourses are emphasized as a part of
 
the logging plan because they reduce *the potential
 
for direct streambank erosion into the water,, and
 
also trap upslope surface erosion and "increase the
 
lag time of soil moving to the seas. The fact that
 
today's erosion in the uplands may not show up at the
 
mouth of the rive~r or behind, a downstream dam for
 
decades does not reduce the imperative, for action.
 
The portion of today's sediment problems caused by
 
humans stems from lack of appropriate action decades
 
ago. The time to halt the unravelling process is
 
now!
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Figure 4.35. Hypothetical skid trail pattern for uphill and downhill logging (dashed lines).logging, water from tracks flows 
With uphill

on to progressively less disturbed areas as
reducing erosion hazard. it moves down slope,
Downhill logging, on th,. other hana, concentrates surface runoff on the
lower slopes along main skid tracks, causing considerable erosion and sedimentation hazard.
 



A similar 	case can 4be made for aerial-cable logging, 
"Bare'strips of, soil caused by skidded logs (logs no~t 
completely airborne) converge when skidding is downhill 
and, disperse when skidding is uphill. While the distur
bance is minor compared to tractorf skid trails, the slope
 
steepness may make surface erosion in_those bare strips a
 
major 	consideration.
 

4Preplafining- the:- location-ofc-skid- trai-ls"'for-,areas- har 
vested with crawler tractors can significantly reduce the 
amount of compa q ted soil. Machinery should be required 
to stay on a limited trail system; the log should be 
winched to the machine rather than moving the machine to 
the log. :Following harvest, skid trails should be water
barred and seeded. .Subsequent harvests may make use of 
the same skid trails. 

Identify in advance of logging (and cutting) those areas
 
of greater landslide hazard. Criteria are based on slope
 
steepness, slope shape, soil layer discontinuity, and
 
erosivity. These factors are listed in figure 4.3.5.
 

4; 	 Specifics of a system for delineating these critical
 
areas of potential mass wasting may be found in Megahan
 
and King (1985). Traditional ground logging techniques
 
should not be used on mass-erosion-prone sites; zone them
 
for nonharvest or harvest them on. by skyline methods
 
and leave at least 50% of the trees to maintain slope
 
stability. Avoid putting roads through these critical
 
areas to reach other forest. They will present continual
 
slope-failure problems.
 

L"" 	 Locate log-loading or -landing areas along ridge tops or
 
on othe> areas having gentle slopes rather than near
 
streams.
 

All roads should be designed and maintained to reduce
 
downhill concentrations of water. Measures include
 
providing adequate ditching and culverts and adequate
 
cross drains or water bars; crossing streams at right
 
angles; keeping grades as low as possible and no more
 
than 12%; using ridge-top locations as much as possible,
 
rather than slopes that require extensive cut and fill;
 
adequately designing cut and fill to ensure stability;
 
surfacing with gravel or stone major roads that will be
 
used repeatedly for successive harvests; taking out soil
 
cut materials by end-haul rather than sidecast (figure
 
4.3.6).
 

After completion of the harvesting, all roads, landings,
 
and skid trails that have not revegetated quickly should
 
be ditched and either mulched, sown to herbaceous vegeta
tion, or reforested.
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Figure ".3.6. 	 Guides for locating cross drains. Several locations
 
require- ccoss drains independent of spacing guides. A
 
and J, divert waLer from ridge; A, B and C, cross drain
 
above and below junction; C and D, locate drains below
 
lcg landinc areas; D and 14,drains located with regular

spacing; E, drain above incurve to prevent bank cutting

and keep road surface tater from entering draw; F, ford
 
or culvert in draw; G, drain below incurve to prevent
 
water from coursing down road; I, drain below seeps and
 
springs.
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Logging guidelines for location, design, and maintenance
 
of roads, tracks, skid trails, and landings have been
 
well established (Gilmour,,1977; Megahan, 1977; Kidd,
 
1963, Hamilton, 1983).'
 

Issue 10.. Logging and Off-site Water
 

One-ofzthe-adverse-effectsofwoodextra ionsa -more- ,
 
rapid movement of,''water off the area and a greater
 
concentration in channels.' While cutting (alone) can
 

brincrease peak flows and cause them to occur earlier, the 
soil compaction and water channeling associated with skid 
trails, tracks, roads and landings has even more impact. 
Local flooding of streams within and emanating from the. 
logged area occurs more frequently, and: flood 'stages are 
somewhat higher than from unlogged areas following-minor,, 
'high-frequency rainfall events. For the low frequency, >. 

majo 'storms of the once-in-50-years-or-more variety, 
there may be little additive effect. Als ,'for catastro
phic floods on the lower reaches of major rivers such as 
the Orinoco, Ganges, Chao Praya, and Congo, where . 
thousands of lives are lost, the logging of even large 
areas has little or no impact. This does not refer to 
logging followed by burning and later conversion to 
abusive grazing or cropping that leaves the land 
degraded, compacted, and gullied. Rather, the issme 
relates to sustainable logging that keeps the land in 
forest (Hamilton, 1983). 

Guideline 10. Proper layout and design of the har
vesting system can reduce the rate of accelerated water
 
runoff and local flooding -- for expample, minimizing the
 
slope of tracks and roads, using water bars, installing
 
frequent culverts draining into the forest, and using
 
aerial cablevays instead of ground skidding. Water
 
management in logging is as important as water management
 
in agriculture in teris of minimizing off-site water
 
problems. The track record in forestry operations has
 
not been good.
 

Issue 11. Logging and Off-site Sediment
 

Perhaps the major off-site adverse impact of using wood
 
products comes from sediment. Sediment is the off-site
 
consequence of on-site erosion. Sediment being trans
ported in water can create major damage. It impairs the
 
quality of downstream water supplies for human consump
tion, for industrial use, and for aquatic organisms,
 
including valuable fisheries. Sediment shortens the life
 
of turbine blades and irrigation pumps, and raises water
 
temperatures. When sediment is deposited, it shortens
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the, us life of lakes and reservoirs with consequentW
Wdisruption. of conomic and:,social'activitiesbased on
 
water.use (such asirrigation andunpower generation)-from 


dhesehestorage areas. Sediment also depositskin river'
 
beds, r channels so that downstream fioodingeis .
 raisin 

'"' ayte.-ret'deciter cropland 
 due to oyerbank
,flow, itaS 'usualy(though oalways)destructive. 

Radvesnely iaffect'imangroveu
and sea-grass beds and
 
invariablyhar scoral reefs, reducing high penetration

and therebyprimaryproductivity. Sediment is best kept

on-site, and if the wood-product harvesters do not do it
 
voluntarily, 
the adversely affected downstream interests
 
may tryto force it by either prohibiting logging or
 
establishing strict controls on logging practices.
 

Reducing erosion will reduce sedinent, although the e is 
a considerable lag between sediment generation on-site 

iod itsmanifestation inlower reaches of rivers.
 

Guideline 
1.' In addition to the guidelines for

reducing erosion (and hence sediment problems off-site)
 
some additional. practices can keep sediment from entering

channels, even though erosion does occur.
 

Keep all skid trails out of stream channels and off
 
stream banks. 
 Where trails must cross streams, use
 
temporary log or metal culverts.
 

Logging roads should cross streams at right angles and
employ bridges or adequate culverts in the crossing.

Fording the river with log trucks can only occur under
 
special circumstances -- where there is bedrock and bank
 
stability (figure 4.3.6).
 

Locate log landings away from stream channels (figure
 
4.3.6).
 

Leave uncut roadless buffer strips on both sides of any

perennial streams. These vegetation strips have key
 

k r significance to the aquatic habitat as part of a special

riparian system, and their presence can stabilize banks.
 
They can trap slope-wash soil and nutrients and keep them
 
out of the water, thus preventing their movement off-site
 
to cause problems down the watershed. While the width of
 
the strip varies somewhat with the size of the creek or
 
stream, a general rule of thumb is 
a minimum width of 20
 m each side of the watercourse in gently undulating topo
graphy. 
This width should increase with the steepness of
 
the slope.
 

i,
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Intermittent streams'.Pjn'therainy ,season ma'y carry
,ubstantial flows 
vith\heavy -sedime6nt ,lads; should
 

"pre 

taieableenoressV'- hser'tegadiq
~~'-Issue ,12. Logging~and Conversion ,. 

'isthe total loss of the area due to illegal and 
quasilega]1 conversion to shifting cultivat'ion,, cattle 
ranching, or sedentary (although usually short-term) 
agri'cultural cropping. Special problems exist where4 
there are illegal, but high-value, crops such as poppies 
and marijuana.' Roads punched into new forest areas for 
timber harvesting offer access to the land-hungry who 
,look -for opportunities tofind now areas, for subsistence 
or commercial production of crops and livestock. 
Moreover, the roads lead to forest areas where some of 
the felling and clearing (skid trails landings) has 
already been done for this would-bearmer orgrazier. ' . 

Conversion follows logging so f ten' in humid'tropical 
forests that environmentalists have been prone to lump 
them together in presenting statistics on .rates of forest 
disappearance. Those who grant logging concessions, and 
those who accept the concessions, can no longer ignore 
this problem. 

Guideline 12. Government forestry departments must 
monitor timber concessions after the harvest has-been 
completed, as well as during harvest acivity.., Control 
over the area must be continued until the forest has '. 

regenerated and. the' logging scars 'are forested. The 
roads present special problems. If they are not to be 
used for some time in a successive harvest, they should 
be blocked off to vehicles by semipermanent barriers 
(bulldozed earth). If some use will occur on an inter
mittenc basis, sturdy but remdvable, locked ba'rriers may 
have to suffice, but then inspection and patrol is 
essential. ''Nonvehicular access is a knotty problem and 
probably can be controlled only by having a "presence" in 
the area. 

This is one of the greatest threats' to the future of 
humid tropical forests and guidelines are notreasily 
designed. This is true' mainly because the solutions lie 
outside of forestry and forest land management -- in 
areas of populationcontrol,.land reform, off-land 
employment opportunities, intensification of agriculture 
on already-cleared lands, and land classification for. 
opening up new areas for sustainable agriculture. 
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SUMMARY
 

Plantation forestry offers an alternative land use in the
 
humid tropics (see box), especially in those areas where 
traditional agricul ture is marginal. Forest trees 
generaliy require less .;oil nutrients than do food crops
and cain therefore grow on site; where grazi rIg and cult i-
vation are not profital)lo. Agrof-orestry plantations for 
fuelwood and loca l cons:tiction materia Is can supply 
needed wood and improve rur al pioductivity. Large,
industrial planta i on cal improve rural employment and
 
income while producing fqre t products needed for
 
national development
 

cuidelill.r: arc pe-ontod for 
plonnin g forest development 
at a national level and at a local lovel. These include 
the def ini ion of foies;t pioduct iiecd;, establishment of

realistic ctoieetation goa l , , iret yorking among govern
ment, univ(er: ity, and private agencies; development of 
forestr re'.azch capac itien; and e-xtension work with local 
commun it ieS Techn ical suppor t should inc Lu(d help with 
species selection, obtaining pi oper seed sources, and 
disease, insect, and wildlife control.
 

Advantages of ?lantation Forestry
 

Plantation forestry in 
the humid tropi,'s is a land
management alternative that can effectiv.ly use
 
marginal agricultural lands, making them productive
 
in wood products while at the same time employing
 
unskilled rural labor more effectively than do some
 
traditional extensive land-management practtces such
 
as grazing.
 

INTRODUCTI ON 

Conceptually, plantation forestry development differs
 
from the management and conservation of primary natural 
forests. Forest plantations of fast-growing species

should be lcoked upon as another agricultural alternative 
for maximizing total Land productivity in the tropics, 
but differing in that tree plantations arc managed on a 
longer rotation than are most other agricultural crops. 
Agroforestry plantations supply important local-use 
product; such as fuelwood and construction poles. Large
scale plantations supply forest products needed for
 
national development.
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Tropical forest plantation establishment worldwide 
averaged 922,000 ha/year between 1976 and 1980 and is due 
to rise to almost1.1 million hectares per year by 1985 u 
(FAO, 1981a). Just over one-half of this areais in 
industrial plantations. 

the tropics is estimated to,'be equivilent to the produc
tion of nearly 48 million hectares of intensive fuelwood 
plantations (FAO, 198ib). Agroforestry plantations can 
help to reduce the 'fuelwood deficit. In addition, about 
40 million hectares of new coniferous plantatidns must be 
established by the end of the century to meet an expected 
severe global shortage of industrial softwood. Sustain
able management of about 30 million hectares of intensive 
tropical hardwood plantations would be needed to meet the 
expected demand for sawlogs that are currently being 
harvested from the primary tropical rain forests (FAO, 
1982). 

The great majority of the tropicil forest plantations are
 
established on lands previously cleared for grazing or
 
agriculture that have fallen into disuse or marginal use,
 
rather than by clearing or destroying natural primary
 
forests (Sedjo, 1983; Zobel & Kellison, 1984). Land can=
 
be defined as degraded and marginal when the modification
 
or substantial removal of its Vegetative cover prejudices
 
the stability of local or regional ecologies and
 
economies.
 

ECOLOGICAL ISSUES AND IMPACTS OF TROPIAL PLANTATION 

FORESTRY 

Deforestation and Soil Depletion
 

According to popular belief, tropical deforestation is
 
caused principally by timber-harvesting activities of
 
large companies. Some governments do promote timber
 
harvesting in natural forest lands to bring needed 
revenues into national treasuries and as.a means to
 
finance road access into new lands for colonization. For
 
example, Indonesia'(with a population of 140 million) has
 
been promoting logging on the island of Kalimantan for
 
such purposes (Johnson, 1981). Nonetheless, if these
 
cutover forests were left alone, with no human interven
tion, they would regenerate to commercial forests in 35
 
years (Johnson, 1981). Unfortunately, such regeneration
 
does not occur in most cases, because landless people
 
usually move into harvested areas once roads make the
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4~f land accessible, and the. forest is then' converted tograzing 	and cultivation ' :' ! !	 ' 

~The
primary 	forces leading to tropical deforestation are

1);ipopulation growth aund 
2) the movement of rural popIula

* 	 (tions from unproductive' farm lands to virgin fr~t
~i~h~kie cnversion of' forest to cattle grazing in
 

Latin America during the last 20 years has been shown to

be an 	ecologically unstable practice, and the soil
 
fertility of the cleared 'lands has diminished to an
 
extent 
that most of these cattle ranches are no longer

profitable (Raven, 1981)., 
Toxic 	weeds and inedible
 
grasses 	have invaded large areas of cattle ranches
 
clear d from virgin forests since the turn of the
 
c:-tury. Livestock production has fallen so drastically
 
as a result of soil-nutrient depletion and weed invasion
that many ranches are now unproductive and abandoned.
 
Cattle grazing was the foremost cause of soil erosion in
 
a government study in Colombia (Ministerio de Agricul
tura, 1975), where large areas once covered with forests

have been cleared for cultivation, then for grazing.

'Today, these areas are wastelands due to exhaustive and
 
nontechnical soil exploitation (Buirgos, 1984).
 

Reforestation: An Alternative Land Use
 

In the past, when population pressures were not as great,

tropical deforestation was not considered to be a

problem. Governments gave land 
to those pioneers who
 
cleared 	away the forest and thus showed 
their 	good
intentions to make the land productive. There is
e en a
 

'--. 	 statue to the pioneer's axe in the city of Manizales,
 
Colombial
 

By the year 2000, approxi.aitely three-fifths of the
 
world's population will be living in the tropics (Barney,

1980). Because.an estimated 95% of the arable land in
 
the tropics is already in cultivation, only 5% of
 
additional arable land can be added 
to the agricultural

sector while the population doubles (Raven, 1981). 
u
 

The worldwide land-use problem is two-sided. On one
 
hand,.better cultivation and cattle-grazing techniques

must be developed and put into practice on a 
global

scale. On the other, alternative land uses must be found
 
that will increase rural employment and rural income,

while 	maintaining or 
improving soil quality. *Plantation ' 

forestry, both at the agroforestry and at the industrial 
'forest 	level, offers a promising land-use alternative.
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W'iTropical plantation fores try is still relatively new,~and 
effective technical assistance is needed at all levels 
fro'm training In~ successful p'ntiiig practices to the 
development of long-range planning and the ~development of.,' 
the necessary incentives 'to reforestation In government 

' and~or)industry,. 7----- 7 

Reforestation in the more humid regions of the tropics 
holds promise for improving both the well-being of its 
people and the productivity of its lands (table 4.4.1). 
Harginal farmlands have been made productive with planta-
tion forestry producing more than 25 ,n3/ha/yr of wood 

, 

with tropical conifers and eucalypts (Brandao, 1984; 
Cordoba, 1984). The success of tree plantations is 
primarily because ef their very reduced nutrient require
ments versus those of traditional agricultual crops,'the 
ability of trees to adapt and grow well in a wide range 
of'soil and site conditions, and the,ability of the 
forest to restore soii-hydrological balances over time. 

Plantatiun forestry'has been shown to maintain similar 
yields over more than one rotation with Pinus patula in,: 
Swaziland (Evans, 1984) and Acacia mearnsii in South 
Africa (Herbert, 1984). Nonetheless, under intensive 
management and short rotatlons, plantation forestry 
undoubtedly will require cultural treatments such as 
fertilization in order to maintain soil productivity, the 
same as do other agricultural crops, but to a lesser 
degree. 

In the Andean region of Colombia, where extensive cattle 
farming normally uses approximately 16 laborers per 1,000 
ha on(a sustained average, plantation forestry employs 74 
laborers per 1,000 ha on a sustained average (table
4.4.2). In the state of Minas Gerais, Brazil, plantation 
forestry created 18,800 new rural jobs in 1982 (Ladeira, 
1983). 

Because plantation forestry can employ large numbers of 
unskilled workers, it has the great social benefit of 
increasing employment and personal income precisely in 
those marginal areas where jobs are scarce. These 

7 
benefits can help reduce the migration of rural people to 
overcrowded cities and(or) their movement to virgin 
forest land where they cut and burn the forests to open 
new lands for subsistence farming, often with adverse 
ecological effects. 
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~' Table 4'.4. 1. Benefits of tropicala plantation forestry. ' 

1 
 new 	agricu]tural cash crop but with a longer growing
 
cycle
 

2. 	increased overall land productivity by putting
 
marginal lands back ' into production
 

3. 
increased employment of unskilled rural labor
 

4. 	new'industrial invest'ments outside of urban centers 

5. 	increased job'security and stabilization of rural
 
labor thereby' reducing human migration to cities or
 
else to virgin forests where they clear and burn 
to
 
open new farmland
 

6. 	erosion control and so'l stabilization with tree
 
planting stops soil deterioration
 

7. 	improved hydrological conditions of soil including

increased water purity and continuous stream flow in
 
reforested watersheds
 

8. 	supply of agroforestry products for local use:
 
fuelvood, charcoal, fenceposts, roofing poles,

windbreaks 
 r n
 

9. 	 supply of wood products for industrial use: lumber 
and dimension stock, transmission poles, posts, 
pilings, railroad sleepers, pulp and paper for 
packaging, newsprint or writing papers, particle
board, hardboard, plywood, mouldings, and furniture 
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Table 4.4.2. 	 Plantation forestry generates additional 
employment on marginal farmlands in the 
Colombian Andes when compared with 
traditional extens ive grazing. 

Plantation fores;ti 0 	 Traditional grazing b 

Person- PE .SI
yeai s, years, 

Job 1000 ha Job 1.000 ha 

Field supervision 3.9 Adminis:tration, 
Land preparation -5. 1 supev ision I .I 
Planting and Cowboy!; 2.3 

fertilizing 1.6 MilIke rs 3.3 
Fire prot.c.c ionI 5.5 Tractor operator 1.1 
Plantation c6. 6.I Permanent laborersPOninc.sI 2.2 
Roads, i re inene, Temporary laborers 5.6 

f en ce 1. 3, 
Low pruning 2.3 
Th inning opeI , i o I1 ' 6 
Final ,iaive; t 34.5 
Wood folwarlding 3.9 
Farm .:adiin is ti at ion 4.0 

Total 73.6 	 15.6 

a 	 Based on an 8-hr day, 5. 5-day legal wcrkweek, 272 
working days/year. Calculated for a pine pulpwood 
rotation with thinnings at years P and 12 and a final 
harvest at year 15. Mos,t emiployment is generated 
during plantation es;tahlli-shment and during thinning and 
harvesting, tmt unde, sostai nd vield manageren there 
Would be a cent ilm l'; d(emn1d :)I ;ill joh.. 

b 	 Based on a tyi,):al cattle farm of 910 ha with 1.3 
animal mnit.ha foi mixed beef anId daiiy production; 
such caiti. farms geni-arly occupy better-quality soils 
ihan do forest plantations that are normally estab
lished on mac.ginat pa.-ture lands. 
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In mountainous lands of the trpics, extensive 'land
 
.clearing.in
.. thehmd uplands has resulted in the


flooding of lowlands during heavy~rains and the
.subsequent 
'drying up of the s'ame"§treams during the dry

seasons'>(seebox). Thus, 
some of the best 'agricultural

lowlands have lost~prod-t cti1ty -due.-o.-nunidat ions. during-,,,---.
part of the year 
 .nd
due to a lack-of striamflow for
 
irrigation'during the rest of the year. 
 In other cases,
 
sediment from erosion has seriously rreduced the effective
lifespan of dams constructed for electric-power genera
tion and flood control.
 

vo ft,i'cH1,Ly ied a!djaerp 

ue oo To Fasouets !s 'Com plantad

edensc d lombia aopt~ at~ eeorharof
 

tgetrsoh'6n ra' andW p t a n ea keoOr 

' , :e .... .g .. anp iaina o r t
,,,decfat. familyn 

!hin 

p ta te'N--n la' n!mnt 4eViel : te plan.' ins- m 

vilg be maae tine an 'idviuly rdligsanil r byhe'ie spent inatranspo e toramil'ith

fte 'fso ndai ly needs a st-rowinguexot rodus
ant
 

ofres 

bbi ed a 


ch om t. is iniidf flaincandervpar t oril
 
Tirin dsintted areasat nart r arodpea 

tsucsfu soletions toe 
 oordeiitob famiyocingd
awllofitgs incomebycarngtr,.im het ing, denring
many atien-.Arian naommnsit 
 re, 1983).taiosa

andt'selling 'fuelwood .
nds costrin maelso' 
te
 
illgad~t provinag hel tn meetiualo aly
esoure
 
conees, Th\isaindrestryalsorca'muply'expodrtv prot

aove 
 t ioe tern h'forld markesti,theebyng

gendeating muh needead fosrnechaonge.aeciause fortes
 
otat insagr. Inoteniv~e tropicsulthan in ea
 
tueserat region o the wold thefii
trocs wallcninue
 

ovcatue lrgtermpopotion woreboo
wofl mathe 
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products market (Iziar, 980; Zobel and Kelison, 1984).
 
,The s~nra'ortydvlp this potential, the~better
 
1will 
 be its competitive position in this market.
 

Large-scale plantation 'forestry requires significant 
areas of land in large blocks for. economic and adminis
~trative efficiency. In many-,smaller countries, a'"' 
1,000-ha farm is considered lQarge, 'thus local residents 
and politicians will: be concerned when a forestry. 
co'rporat'ion,' eith~er private or public, begins to' reforest 
thousands of hectares.- This represents a major change in 
traditional land-tpnure practices, and if these changes 
in land use: ar 'n)t handled properly, they can result 'in
 
excessive land.speculation, economic losses to local
 
residents, or. outright resistance to a planting program.
 

Similarly, when forest plantations are developed near
 
" :rural communities, the owners benefit from labor for 

nurseries, planting, maintenance, and harvesting, and the 
local communities benefit from the additional income and 
job stability.
 

Use of rural labor' always should be a principal objective
 
of Third World reforestation programs, and the needs o'f
 

-"
 the local people should be firmly integrated into the '.
 
planning of plantation foresvry. Without their coopera- 
tion, reforestation stands little chance of success. The
 
best way of recruiting such local interest is to promote
 
the involvement of local people and to create anticipa-"
 
tion of early direct henefits in the form of 'agroforestry
 
products such as fuelwood and local construction .
 
materials that may be .n short supply. If local people
 
actually help to plant the frees, reforestation has a
 
greater chance of success than if the people are just'
 
passive observers of the transformation of their local
 
landscape and traditional land-use concepts (Whitmore,
 
1983).
 

Nutrient Demands by Crops and Trees
 

An important difference between trees and traditional
 
agricultural crops is found in their nutrient uptake and
 
cycling. Substantial soil-nutrient loss usually occurs
 
with agricultural crops, 'because 'the purpose of growing
 
crops 'isto produce nutrients for human 'consumption in
 
the form of fruits, grains, roots, tubers, green
 
vegetables, and meat.
 

Trees, in general, are much less demanding of soil
 

nutrients than are agricultural crops. Wood, being
 
mostly cellulose, contains the least amount of the tree's
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Ynutrients, and wood podu'ction is-mu hd f 4m n i g V N 
si ',I ut'rientsthan is food production.'
 

Some .trees are less demndirig of nuret 
hnothers~~"and':'are better, atre h inn,
their erviron Iment. yS~ nutrinsin_alal 


socle >Coni f rs a~re especially

< 't ~'binutrient-poor soils,:'theyreyl
.vial nurets ~. extracting them'from the soi-bKuingthem to'grow, return.ing them to the soil~as needle~" cast,.and then using them again from the soil organic ~ layer of duff and li'tter~created by the needle cast.

Mature 
pines have been shown to receive up to '98% of
their princip~al nutrient needs from soil sui~face :li tter,
mntenail movement of nutrients, leached nutrients, and
 
the 'atmosphere, 'i.e.. 'nonminieral soil 4sources 
(Cannon,
1983). 

'' 
-

When harvested, 
the leaves, twigs, branches, 'and roots
 
arer normally left on 
the' site, so 
that fewer nutrients
 are removed from the s9ite ,-- far fewer than would be'
removed byfood crops. 
 Tropical pines grow successfully44

in Colombia on 
abandoned farmlands 
that' show severe
 
nutrient'deficiencies for 
food crops; 'these pines grow
without fertilization, although very small amounts of'phosphorus and boron have been shown to 
improve growth
even more (Ladrach, 1983a). 
-Broadleaf 
 tree species are
generally more demanding of soil nutrients than are the
conifers,' but still are not 
so demanding as the food
crops.' On nutrient-deficient volcanic soils'where
 
tropical pines 'grow well with no 
tertilization,

Eucalyptus grandis requires small amounts 'of boron,
phosphorus, and nitrogen at planting time (Cannon, 1983).

Wi~thout these eements, the eucalypts were just' bushes,
but wi'th 'alight 'fertilization at planting time, they
became commercial 'trees in just 6 years.
 

Species thiat'throw the most leaf 
ite geeal ar

besa re'otregsecide sites. Pinus kesiya 
cam be one
of the best tr e s e 
i s f rre overing'mar gi a
tural' lands: in the Anides Muntains'o goomia;g i~ latreydevelop over 3 'tons"of 
duff and oftte
Colmbia 4 they
plant'ations in just 10l
years (Cannon, 1983). As a
result, this,"pine species is'1being used 
to recuperate
severely eroded and 
gullied sites 'on steep mountain
 ,slopes: that have been degraded by overgrazing and where
o~ther tree and shrub species tested are ineffective.


P-Inus kesiya is producing pulpwood on a commercial 'scale
'on such previously unproductive sites.2
 

247
 



~ 

~ 

Man y o f thea legumes are good' pioneer and fuelwood 
speciesi including!Leucaena, ucophala,,Ac cl.& 

SMimosa spp., :Prosopis spp.,,_and ,Sesbani.aspp 
_Myrtaceae :also contains ma nypioneer-species that a 
usefl forfuelwood,1- including- the 'guava (Psidiu"'4',-, 
guajava)~ the tea tree (Malaleuca guinguenervia) n 
many of the eucalypts '(AS,1980,1983) Many 'of the 
uclyp't species also are of great importance, in 
industrial forestry and are the backbone of the bleached 
pulp and fine papers market in the tropics. 

"'"' 

7_ 

GUIDELINES FOR BROAD PR GRA;-DEVELOPMENT PLANNIN17, 

The Need for Forest Products 

The demand for for'st products should be !analyzed before 
a national reforestation program isbegSA If 'country 
imports substantial quantities'of lumber, plywood, 
packaging, newsprint, or other woodproducts, then a 
program to replace these with nationally 4grownforest 
products. usually has merit. Additionall, if there is a 
potential export market for sawlogs, wood chips,' or 
finished' products, forest 'plantations also have merit.' 
Ideally, there should be a substantial local-labor input I 
into the finished 'product, along with a major portion of 
product sales within the same country, to provide a' 
better base for a stable, long-term foreq.t industry. 
Local demand for' fuelvood and charcoal' production' also 
should be evaluated, 'and the feasibility 'ofpromoting' 
municipal as well as rural fuel ood plantations should be
considered in areas where such fuels are scarce or 

Networking To Provide Technical Information 

K ''A close and workable association between the forest 

'> industry,' the government forest-regulating agencies, E~nd. 
. the natural resource faculties,of the local universities 
is important: for' the overall, success 'of a national 
refoestati'on effort'. In a developing country, this 
interchange between agencies can be' most heneficial in 
promoting forestry (n a national bas.' .s. 

" 

<4~ 

4 

Certain types of 2information needed for' forest planning 
can best be developed by faculties' at universities as a 
support function'for~a nation~al reforestatioii~program '' 

For ex~ample, techical inforation such as 1) tree volume 
and weieght tabl es , 2) stand yield.tables, and i3)growth 

~and yield projections canbe provided by the universi
' 

;)tie., T ee v lume weight tables by species will 
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supply the necessary iniformation for coniverting inventory
measurements into yield data to plan and predictharvesting activities in the future and to plan the in
 g ration of land productivity, harvesting, and wood draw 

Wood-quality information 
can be obtained from plan"tions

reaching maturity. Wood samples should be 
tested a d
evaluated for a variety of tequired chafacteristic! for' 
the desired products. Specific features should be "
 examined to 
compare quality variations between speciJes

and ages, including strength tests, machinability,..and

nailability for lumber; puliping quality and pulp yield

for pulpwood; and heat yields and charcoal yields for

fuelwood species. 
 A
 

Losses can be minimized by supplying adequate technrihal
 
backstopping; by contact with other forestry organiz!li
tions through technical journals, research reports, or
attendance at meetings and symposia on 
tr6pical foreitry,

by inviting experts and consultants to viisit local

plantations on a periodic basis; and by d4-veloping lo al
 
research capabilities (see box).
 

::i-:An' E amplee"of,,Fo esot: ,)ne : 
in Local Community. el 

~An,,exce'llent, example, of, the, integration~,Va forest
jinduistr' into i'' loaL:omn 
 yi ,h "00hp:hiitin p'ra~,b Pizamo,'
pantng. b ,S. ~Irgra,company,-, near_,the ,;aXobuibi~n lywooZabaoho0~id" Mtagda .ena.iRiver. Pel' "wr r:o n fo
 

only a smal "aief'o, po isna.frvut idfi
ATh'k~l~~l 4 reidet~the f aretaking, personalf 

1".jh~s , ,women~ club 'tha't':nowI 

eny 
 n w:has 
 a donate
 
~equipnt, and, labor to cons'truict ,a nearbywate'r'
 

~dvlping,.a 100-' 1aqu~atic fm. iwk$ thej

properties f~ the pr~duction offi,h .,nd nativei
aidmaJl jhus~Ti's approach jto,,type of- integrafe 
''industrial reoetto~s ihy e'fiilt''l
parties 
1nv i''igI beidiia
 

i,W 
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Successful, sinessventures requireabalanceofrisk 
versus gan, and plantation forestryis no exception 
(tablej.,4., . Since init'ial capital and time invest
ments Eire lng, term, unknown risk factors are always, a, 

losses,., or losses due to poor growth or quality.
 

Table 4.4.3. Principal risk factors associated with 
J it tropical forest plantations and risk 
, 
 reduction-',"lternatives.
 

Risk factor Reduction alternatives
 

Wildfire - Establish' fire-prevention, 
-detection, and -supression 
techniques 

- Develop personnel training 
programs in fire control 

Local pests adapting - Maintain plantation vigor by
 
to indigenous or adequate spacing and
 
introduced species thinnings to avoid tree
 

stagnation. 
- Plant species adapted to 

local environment 
- Protect and maintain existing 
natural forests within or 
near plantations 

-.Plant blocks of different 
species, provenances, and 
ages together 

Imported pests adapting - Observe quarantine and 
to indigenous or phytosanitary regulations for 
introduced species seed and vegetative 

importations
 
-Ensure that foresters and
 

specialists periodically
 
review plantations for pests
 

- Plant blocks of different 
species, provenances, and' 
ages together 

Improper species Develop forest research
 
selection for planting programs to study species
 

adaptation and silvicilture
 

250 



Table 4.4.3. (continued).
 

Lack of sufficient seed 

t.omrect planting goals 


Improper nursery 

and planting 


Wood quality not 

adequate for products 

desired 


Insufficient 
trained 

forestry personnel 


Plan seed importation ahead 
of time 

- Develop seed-stozage 
facili ties 

- Establish local seed stands 
and seed orchards 

Train field porsonnel before 
beg i ll operationali ing 

programs
 

- Start with small planting 
goals ald gradua lly increase 
goals as personnel gain 
experience 
Maintain adequato supervision 
of nursery and field labor 

- bse outside technical 
assistance 

- Initiate ro ;eaiich on wood
 
quality and product
 
development
 

- Select proper specl.s for
 
products- desired
 

- Exchange information and
 
technology with other
 
organizations with similar
 
past experiences
 

- Plant several species, not
 
just one, as a hedge against 
low wood quality at harvest
 

- Use research on wood quality
 
and product development 

- Establish national 
forestry
 
schools for foresters
 
and technicians (rangers)
 

- Send key personnel abroad for 
advanced training 

- Attend tours, workshops,
 
symposia abroad 

- Obtain international forestry 
publications and journals 
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7.Reforestation Incentives
 

Because of the risks involved-in such long-term invest-' 
ment ventures, plantation forestry usually requires 
initiaLgovernment-incentives.such.as-preferential--tax
treatment and low-interest loans to promote program 
creation. Typical incentives in Brazil, Chile, and 
Colombia include long-term capital gains exenptions, 
discounts on taxable income for reforestation costs, 
direct reductions in taxes for reforestation investments, 
low interest rates on loans with payments delayed until 
harvest, plus special credits for plantation maintenance, 
harvesting, and road construction (Banco do Brasil, 1977; 
Conaf, 1979; Ladeira, 1983; Banco de la Republica, 1983). 

Credits usually are available to small landowners, but
 
are more often directed towards larger forest companies
 
and industry because the economies of scale of forestry
 
require substantial capital outlay. After a forest
 
industry.hasdeveloped a wood market, smaller landowners
 
can participate gainfully in plantation forestry.
 
However, without the initial industrial development, the
 
small landowner has no cash market for his timber.
 
Local-use products and agroforestry investments usually
 
do not encounter this problem and incentives direted
 
towards the establishment of fuelwood plantations, for
 
example, can be highly effective for small landowners.
 

Government intervention also is required to create incen
tives and credits for the wood-product industries in
 
conjunction with the reforestation-incentives. If large
 
areas are, planted to trees, but the landowners cannot
 
find markets for their wood, annual planting rates will
 
drop dramatically and further promotion of planting will
 
be difficult.
 

Marketing structures require proper orientation based on
 
a detailed policy analysis of both domestic and export
 
markets. Wood-production credits should be directed
 
towards the types of products needed in a particular
 
country, but usually will include the production of
 
posts, poles, and ties, as well as wood-treating pro
cesses and structural lumber, laminated beams, molding,
 
and furniture.. Pulp and paper production, packaging,
 
laminated or particle board, interior paneling, and
 
charcoal production also may require government subsidies
 
or incentives.
 

Applied forest research should be promoted as a sound
 
investment and necessary integral pat of a plantation
 
program. Initial research of this type can be cost
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'iv limited budgets. forest
efective even on Nonetheless,research often is considered to be a luxury, an
additional costthat can be done without, rather than 
 1
as
a useful tool to assistfotest operations asor an 

in tree growth, rp,ductions in losses and risk, or
increased relurns': on the plantation investment 
(see1rbox). ;19 
sorest Research prsCrieticalto Tropial ingssh 

be earch -one,sphe e tionafr erdfoi esrducts, poertseed sources sitec assiications,'.
land ,prearat man er cangement'procedures is 

4 I ene y6not: only_ ici :utaosolu te cessary.,I 
ouni srees 
 ,large-'scale'praninhg -r6 igais ,hve 6e' n'ii iatedwi thouit having 
arase helted.Pailoe researatisuppqrt oreganiza

recomndatios
As forest research produces results,
oe areserch Informationgthe findings shouldhs'Cnteibe integrated into theoperational program. 
 This
 
requires a concerted effort by research an
toobere rth daifrencten operations
'projec d.and by 
the forest manager in charge ofboth functions,

who is responsible for seeing that 
the research results
 
are assimilated. Pilot operational 
trials of research
recommendations often are useful in creating this inte
gration; current and newi techniques are tried In adjacent

blacks of sufficient size to permit cost comparisons and
 
to observe growth differencesIn the field.
 

4 Three factors of highest importance in successful forest
 
research 
are 1) adequate training of key personnel in

research design and statistics, 2) permanence of the
researchers at their posts, and 3) adequate researcher
supervision of field-site selection or of study estab-lishment, maintenance, 'and evaluation (table 4.4.4). 

4 

Although the research budget-is important, insufficient

funds often is cited incorrectly as the overriding reason
for many research failures. Zobel and Talbert (1984)
estimate that at 
least 50% of all forest research does
not yield the desire~d results because of lack of super
vision, loss of records, 
or movement of key personnel.
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' ,,.Table 4..4. 	 Forest research"requirements for profes
sionals working in the tropics.
 

- .-T.. .. 	 .... . .- .. 

- research methods 

- study, design 
- statistics
 

report writing
 

Permanence of personnel in a research capacity 

creation 'of autonomous institutes for research
 
- promotion of continuing education through literature,
 

symposia, etc.
 
-remuneration equivalent to administrative positions
 

Effective and productive research
 

- initial research goals planning 
- adequate supervision of study establishment 
- participation of professionals in field layouts 
- good documentation of study establishment 
- participation of professionals In study measurements 
- allocation of time for study evaluation 
- allocation of time for report writing 

Communications
 

- access to or development of,-a research library 
- correspondence and professional interchange with 
- colleagues in other countries 
- application of research results through reports,
 

fieldtturs, lectures, and pilot operational
 
demonstrations.
 

- . translations of international forestry literature and 
texts int:o regional languages 

- translations of local research reports into common". 
international languages such as English 
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Stability 'of Technical Personnel 

Hi.$iighly educated forestry personnel Sin Third World 
'countries frequently do not remain in technical research
 

_--positions-iong -before -they-are moved-into-administrative
posts, where they are better rewarded, but where their 
technical.expertise is underused. Likewise, in govern
ment forestry organizations, a high post (such as head of 
forest research): usually has political overtones; with 
each change in government at the ministry level or 
higher, these people also are changed. If a government
research organization can.gain some autonomy (for

example, by creating a separate institute); there is a 

, 

greater possibility that key people will remain longer in 
technical and research capacities. Of course, recogni
tion of the importance of these technical people, with
 
remuneration commensurate to those in administrative
 
positions, also is effective.
 

Technical Assistance to Small Landowners
 

Technical assistance to small landowners can boost
 
agroforestry plantings, because most such owners would
 
not have access to the technical information necessary

for good planting programs. U.S. landowner assistance
 
programs by government and industry foresters provide an
 
excellent fund,of knowledge for developing guidelines for
 
similar programs in tropical countries. This is
 
especially important in the promotion of plantings for
 
erosion control, windbreaks, fenceposts, roof poles, or
 
firewood.
 

Both government and industry can derive much goodwill

from extension forestry. Forest research publications
 
and "how-to" brochures written for the layman can be

valuable tools to stimulate afforestation by small
 
landowners and to 
help them plant their lands success
fully. National fire-control campaigns and ecological.,

campaigns have been effective in the United States and.
 
this experience can be most helpful in:technology.
 
transfer to tropical countries. . .
' 


GUIDELINES FOR PROGRAM/PROJECT DEVELOPMENT AND DESIGN 

Establish Goals
 

Initial planning is key to the success of Ka reforestation
 
program. The longer the program, the more critical the 
initial planning phase, because it is difficult to change

forest policy effectively in the short run. Early policy
 

,, 7,,7Erlo i
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i> decisions will continue to influence forest development 
until the end of that plantation rotation. Frequent
'policy changes at a national level can cause chaos'in 
refordstation efforts and negate any beneficial effects
 
of ncn tive.programs..L-People.- simply~. wil.no t-Anves t in _7 
tree planting if there are constant, large changes in 
forcst policy...
 

National planning for public and private reforestation 
should be stressed. All too friquently., a reforestation 
program is conceived of as a simple planting program, 
with little or no thought given to overall land-manage
ment planning (figure 4.,l). This is because 1) many
Third-World countries have inot had experience with forest 
plantation management and do not have sufficient know
ledge about what should be considered or how to go about 
designing a long-range program, and 2) the most immediate 
and urgent problems initially are those of nursery 
production and planting, so more distant problems such as 
stand management, inventory, harvesting, road construct
ion, and fire control are not coisidered important until 
they become critical. Reforestation of marginal tropical 
lands requires good planning and should be seen as a 
matter of national responsibility; it also should receive 
supportive international attention. 

The first prerequisite to a reforestation program is to
 
clearly define objectives -- whether wood production is
 
for solid products, pulp and paper, posts and fuelvood;
 
or for ecological objectives, soil stabilization,
 
watershed management, recreation; or a combination of
 
these and others. All too frequently planting programs
 
are promoted simply because "it's good to plant trees,"
 
with little thought given to species selection or manage
ment plans for use, and with almost no consideration
 
given to the logistics of harvesting, transportation, or
 
marketing of the products. Thus, if the forests reach a
 
marketable age and have little or no commercial value,
 
planting is severely curtailed oi stopped altogether.
 
Since most plantation forestry is initiated for the
 
purpose of producing wood products, the objective of
 
intensive tree farming can be defined as "the production
 
of the desired-quality timber in maximum amounts in the
 
shortest period of time at a reasonable cost" (Zobel and
 
Talbert, 1984) (see box "Selection of Tree Species for
 
Planting").
 

____~@____ ____ ____ ____ 4 4 
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Figure 4.4.1. 	 Key factors involved in initial jtand use planning for 
reforestation at a national level.
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Se et[onot ee p ies f plantins 

efine, I'areas apr iafor podtinhg on ocat :hpend,te 

on d compl ulaectiradtinwlnd use- yeraheo
 
.,:mpegees fl '
uci-''w'-6e-. 


S estq h~14on$'e 'vAl se Aes
ted are-

areas ropt fr ,ucing 

aseection old c aditionalanduerte
 

,,defned, rsods .thseprdcs
 
-sopleen


thnopeewiit, asr ntt frestryh illnotar
 
O- therd-uets netd frim foret pornta ions
- arecut 

take high-quality food-producing lands out of production:.
v;n:
 
Existing soil-classification systems-should beiuse'd, or
 
ne stems developedthat will define those lands
 
generally apt' for forestry as well as those that should
 
be maintained Inaother agriculturaluses or for cattle

Sproduction. In countries with limited highway or
 

Srailroad networks,: as Well as limited agriculturalplantationsoils,
such planning Is necessary to assure that 1 

forestry will be a compatible use of the soil resources
 

itand
2)sthe-plantations will be located sufficiently near
 
t oplanned mill Sites and consumerfcenters fOr economic
 

Tocalcul tethe area that should be planted each year

efora sustained yield of fore tuproducts, the rotation
 
ulength (thetime between planting and harvestig) mUst-be
 

defined. wThis calculation can be based onexrsriences In
"forassandyedo frestipoutmh oatof~
other 'areaswith similar conditions and according to the
 

size and type of forest products desired. An estimate of
 
the expected yield per hectare also is required. These
 
are the so-called "magic numbers" used to 'compute the
 
economics of the entire program. These figures 'should be
 
somewhat conservative until' sufficient experience is'
 
gained to define them more precisely.
 

In the humid tropics, firewood often can be produced with
 
coppice cuttings of fast-growing hardwoods every 2 years;
 
posts and small poles can be cut every 3 or 4 years.
 
Hardwoods for pulpwood are cut in 6 to 8 years; conifers
 
in 12 to 15 years. Sawtimber rotations vary between 15
 
and 40 years, depending on site and species. Guidelines
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T::!,<able 4.4.5..; Guidelines for, promo tinag fuelwood plan ta-, i r 

F''or planning reforestation 'fuelvood programs 4 are 

i ::i- fewo- onupinb community; prsn and :future:"existing supplies fr ne frlantation largeSTabesign of4.fient forn prouctoune "lnt

t esbssystemshment. 
 -

- plantation ownership patterns: family, municipal, 
regional" 

- species selection, evaluation (growth and energy 
'output) 

- rotation lengths -
S -- product yield estimation 

- planting systems: seed, vegetative propagation 
-. nurseries and seedling distribution 
- promotional techniques. 

For entablishing plantations
 

- delivery of seedlings/cuttings
 
- nursery locations, establishment methods
 
- training of nursery, extension personnel
 
- extension service for plantation establishment
 
- .site selection, site preparation "
 
- planting procedures
 
- plantation spacing, maintenance'
 
- harvesting techniques
 
- fuelvood storage and transportation
 
- coppice regeneration techniques
 

For managing a program
 

- recordkeeping
 
- cost analysis
 
- follow-up extension work
 

production rates, program success rate '.
 

community relations
 

<,i ':: -''', ,'""" 
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Table 4.4.6. Guidelines for industrial forest plantation
 
establishment.
 

For planning reforestation 


Legal aspects, 1-ind tenure 
Land acquisition 
Mapping 
Road anv firebreak layout 
Specie:< ;e ection 
Rotation length 
PI oduc t ieId is t imat ion 
Pro t ec t ion I exi ;ti ng 

natural fo rI,;t. 

For init iat ing a plantation 

Seed 5iipplv 
Nurse y c::tai ihment 
Training of ic Iot ,;tation 

personnel 
Site piepala t iof) 
Fert iiza
isa; 
Spacing and ;tand densi ty 
PlaIn t iag proedCures 
Fire contolI 
Bollliday ille mintenance 

For managing and
 
administering plantations
 

Rccordkeeping 
cost analysis 
Species and age mixes 
Pe-;t control 
IOventory procedures 
Community reIations 
ln tegra t ion of and 

mnagtaemeit and f orest 
util izat ion functions 

For planning the harvest 

Wood qual it, analysis, 
product ion trials 

1'q1uipment cection and 
test ig 

P.I 	nr;orel t airig and 
ctotrn( t or development 

E-1i i psenIt imlportat ion and 
f ionaI inI , 

Eqitli peint cost coltol 
Road ()lnl;t andict ion 


IaIjt artilce
rIIl 

Control of product flow 
Woodyard establishment 
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iLg Restrictions a t 

tLegal aspects relating to forestry.should
 
jexplred 
lin each country. 'There may be'regulations

CIOag: es utlanngttrees,even -lntednespe-wi-thin municia:-' 
s for'drlinhwaate, above hydroelectric

dams, or inwatrsheds supplying irrigation water. Wellmeaning regulations can sometimes work agains't 
their
 
initial intention. For example, a forestlaw in one
 
country was designed to prohibit cutting of natural
 
forests ard' native species, butatthe saneptime to 
promote forest plantations. In reality, 
the law actually
"prohibited,",the plancing of native species since it did
 
not permit the harvest of plantations of native species.
As a result, no 'one would plant'native species, except as
 
ornamentals.
 

Similarly, when a law ignores demands foi 
'goods and

services and gives no alternative solution to a social 
problem, it mayhavelittle or no positive impact. Fior 
example, several tro cal countries have laws against
cutting trees for
/,i.-.. e -'pcn a il a firewood unless they are overmahure orb iis c l w~~r h b t n ~ u t n . : e there is 
fuel in many of these areas, rural people. climb trees, 

dead. Sinol no alternativesource of cooking
 

even very tall ones, 'and lop off all but the very top.
 
branches for fuelwood, which effectively stops a tree's
growth and often results in its death. Without the
 
concurrent government incentives 
to plant fueiwood
 
species near villages, such laws prohibiting cutting

natural forests for fuelwood have little value.
 

Forest resources nay belong to the governnent, even onprivate' land, as in Hondura:1. Governmental forest
 
agencies may decree that they have partial ownership or. 
control over plantations made on ceded public lands even 
though, the forest is totally planted with private funds,as in Venezuela (Cornaro, 1982). Such 'laws mustt be 
thoroughly understood before initiating planting programs 

.* 

to ensure that the wood can be'harvest'ed and used as ''. 

.. 

needed. Extralegal considerations alsonmustb 
 ae
into account. In some rural areas, a comtn bey
tae 
''o
 
pay 'minimum legal wages plus labor benefits, whereas4

local landowners pay lesser'amounts out-of-pocket 
to
 
avoid the wage laws.. This can cause local reactions and''
 prsue aantrfrstinthat':can make 'further

plantation establishment almost impossible.'
 

Select theProper Species for Planting
 

Tree spe .Ies should be selected that are compatible with
the objectives )fthe reforestation program and that ",are 


=:3' ' ] 3 ' [' ' 3  ' :' :i, :  '3: -: 7-.< .::';:.:.;;% 3:::.i~i:;?i:! ::.::!:: ;:il::' !.. . ....... , .' : . : ." '.:.,'x., .... . ... - 444.
. <3:¢ : <:: ... ; 261 ' ' '' 

. 
:. ' 3,'-,.,':; /,',, :, * f' , ' : , - -<~fit~i! ' : e; *:- . , : " At ::, ,' -' 



suitable to the environ-ient where' they are-planted. -In 
a forexample, some species maybe-desirable 

~ v on some 4sitEs but- not on others. A species suchlas 
Leucaena -leucocephala is a good fuelwood and'jforage
 
produ erbu t,, ue-to-its--pro .- diar n isee dL du c t 
can easily spread to adjacent fields and becoimea 
nuisance that isdifficult to control. Many of the 
fuelwood species-can become weeds (NAS, 1980). 

Gmelina arborea can be a good species for solid wood
 
products on sites where it-grows straight and tall, but
 

on the wrong sites it can be a very forked tree with poor
 
growth. Some-species may grow well initially, -but may
 
grow slowly after the juvenile stage and then produce
 
undesirable wood products.
 

The planting program always 'should-include more than one 
species. In the Guayana of Venezuela where Pinus - 

caribaea var. hondurensis has been shown to be--the 

outstanding species, Pinus oocarpa and Pinus caribaea
 
var.; bahamensis also are planted on a lesser scale as
 
secondaryspecies (Conare, 1982). In the Caribbean Coast
 
of Colombia where Gmelina arborea has been shown to-be
 
the superior species on vertisol, Bombacopsis guinnata
 
and Cassia siamea also are'planted as scondary species
 
(Ladrach, 1982). In Espiritu Santo, Brazil, where
 
Eucalyptus.grandis is the outstanding species, Eucalyptus
 
urophylla. is planted as' a secondary species (Golfari,
 
1975). In Mindaneo, the Philippines, Eucalyptus . •
 
deglupta, Albizia falcataria, and Anthocephalus chinensis
 
are commo'ily planted on different sites (Domingo, 1979)
 
and in Jari, Para, Brazil,:Gmelina arborea, Plnus
 
caribaea, and Eucalypti:s degl92a are planted as the
 
principal species, each according -to site quality
 
(Rollet, 1980).
 

.Obtain Adequate Seed of the Proper Species and Source
 

The success of-a planting program is dependent on the 
proper seed source as well as the proper species. 

i-:.Initial planting programs often require the use of, - 

imported seed. Often there are delays in ordering and 
registering of seed, -and there is no seed to plant after 

-4 - the fields are prepared.- In such cases there is-a great
temptation to use any seed available, even the incorrect 
species, just to meet planting goals. Pinus elliotti- has 
been planted instead of Pinus caribaea on tropical sites 
with disasterous results. Pinus patula seed of inferior 
quality has been used from thinnings instead of from 
quality seed stands, resulting in inferior growth rates. 
Hybrid Eucalyptus seed frommixed plantations (including 
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E. ter'eticornis, E. saligna, and E.urophylla) has been
planted in Brazl resulting i ferior plantations

showingihybrid degeneration rather than hybrid vigor(de

Castro Pastor, 1975). 
"The need for the correct genetic
quality of seed cannot be overemphasized. . -

Disease, Insect, and Wildfire Threats,
 

Within many areas to be planted, there is often some

natural forest or 
brush land along water- courses, on

mountain 'top , or 
in other areas. These areas should be

protect2d in part, o6r totally, even if they have 'low

growth and productivity. In Jaa, Brazil, natural
 
forests are 
left on deep sands where plantation species

will not be productive (Rollet, 1980). 
 In the Andes of
 
Colombia, natural forests 
cover approximately 25% of

planted farm areas (Ladrach, 1983b). Most defoliat'ng

insects ",at attack plantation species in Colombia and
 
South Africa come from natural forests; these native
 
insects usually are kept under control by natural
 
parasites or predators 
that also occur in the natural
 
forests (Van Rensburg, 1984). 
 When such forests remain
 
intact, this biological complex serves as 
a natural
 
control on potentially harmful local insect pests; 
they

also serve as a refuge for other natural florp and fauna

of the region. In this way, plantation forestry can
 
serve as an effective means of conserving both wildlife
 
and 
plant species (Borrero, 1978).,
 

Loss due to insects and disease is always a threat in

plantation forestry, 
as it is in agriculture. Exotic
 
species usually are 
free of pests for some time until
 
local pests adapt to 
them or until foreign pests are
 
imported (Zobel and Talbert, 1984). 
 Nonetheless, pests

usually willadapt to 
the trees. Having alternate
*species to plant is 
one way of reducingthe risk of such
 
losses. 
 Research on genetic resistance to pests


* another important 
is
 

means of developing pest resistance and
 
reducing risk of loss (Zobel and Talbert, 1984). 
 Natural
 
control by practices such as 
leaving natural forests
 
nearby or by maintaining plantation vigor through
~adequate spacing and thinnings also helps reduce risk
 
(Zobel and Talbert, 1984).
 

Effective biological control can be obtained through the
development of special parasites or predators for insect
 
. pests or chemical control for 
insects (especially the
defoliators). 
 However, these treatments seldom areused. 
. ' 94

in plantation forestry, except in speclal cases, because
the cost of development and application outweighs the
 
'9 

value of the end product. 
 Given the fast growth and ' 
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short rotations in the humid tropics;,.especially for the
 
fuelwood plantations, it is oftemn'mre expedient to
 
harvest a diseased or insect-infested'plantat ion and to
 
replant with a more resistent species than to invest in
 
insect or disease control. Siiviculturally, this is
 
,frequentlythe wisest, most economicaldecision.
 

fireuently',cnthe -trd-d lnzt 
,)	young plantations full of grass and weeds are easily
 
destroyed by fire. The reforestation agency usually must
 
supply its own fire vigilance and suppression crews. In
 
areas with limited road networks, or in steep country
 
where mechanical equipment is of limited use, fire
 
control must largely depend upon crews using manual
 
suppression techniques. Unfortunately, little attention
 
is usually given to fire control until some losses have
 
been suffered, and there is usually little experience in
 
the development and training of personnel in fire control
 
in the tropics. Knowledge and experience in this field
 
and effective training programs, along with the supply or
 
development of manual.fire tools, isIa high priority in
 
the management of tropical forest plantations.
 

Roads serve as firebreaks, but additional firebreaks will
 
be needed on ridges or between large unbroken areas of
 
forest. The state plantations of Sao Paulo, Brazil, have
 
10-m and 30-m wide firebreaks around 50-ha blocks. In
 
Zimbabwe, firebreaks approximately 15-m wide often are
 
placed along main ridges in plantations. These breaks
 
can be maintained either by discing, grubbing by hand
 
with hoes or machetes, or planting species that gr.-ow
 
rapidly and shade out ground competition and weeds.
 

Technical Information
 

When a planting.program is being designed, money should
 
be allocated for the training of key personnel, including
 
periodic visits to other reforestation programs. Desig
nated research foresters should be required to have, or
 
be encouraged to obtain, a postgraduate degree. Field
 
tLraining in research methods with other research organi
zations locally or abroad is.also valuable. However,
 
research data or operational procedures obtained through
 
other organizations or from other countries should be
 
verified by pilot studies on the lands being planted,
 
before being applied operationally.
 

Language can be a part of a communications gap, since
 
English is a universal language for forest technology, as
 
it is for most other technological sciences. An
 
important technological support for non-English-speaking
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t"nslatio f key. Le G.o technical reports andifore'stry n
texts from English. 
'At the sane time there
 
should be a reciprocal translation of work from non;Englishspeaking populations into English, to develop

better worldwide exchange'of ideas and technology' , 

' 

transfer.' 

Forest-managers 
ill find that community relations'<! 
 ' efforts can be rewarding. 'When large 
areas are converted
 
to plantation forestry and much labor is required for
this work, local communities will be worried about the
overall effects. With 'proper community'icontact, however,
local political leaders can be helpful in informing these
publics. 
Yet there may still be a united resistance
against such a reforestation program, even though it
would be beneficial to the community in the long run.
This is a very sensitive issue in all[countries and must
be given proper consideration and attention.
 

BIBLIOGRAPHY
 

Bancode la Republica. 
 1983. Manual de credito agro
pecuario, programa de actividades diferentes 

cultivos semestrales. 

a
 
Circular Reglamentaria


D.C.A.-100. 
Bogota, Colombia. 42 pp.
 

Banco de Brasil. 1977. 
 Manual de fiset, fondo de

investimentos setorais. 
Brasilia. 84 pp.
 

Barney, G. 0. (ed.) .
 1980. The Global 2000 Report to.

the President. Vol. 1. 
U.S. Govt. Printing OffIce,
 
Washington, D.C. 
60 p.
 

Borrero, J. I. 1978. 
 Estudio comparativo sobre la fauna

de un area 
sin reforestar y otra reforestada con
 

ii:S:'' : pinos en La Venta de Cajibio, Cauca. 'Informe deiInvestigaci On No. 
 0.aiCa uca . Inomed
 
- ,c on N 
 4 Carton de Colombia, Cali.
,. PP* 42
 
:p.
 

Brandao, Leopoldo Garcia. 
 1984. Presentation. Symposia

Proc.: The New Eucalypt Forest., 
The Marcus

Wallenberg Foundation, Falun, Sweden. 
 pp. 3-15.
 

Burgos, Anibal G. 1984. Evolucion de la ganaderia y sus

efectos con enfasis 
en la .zona de ladera del Valle 
del Cauca. En: . anejo y Conservacion de Suelos deLadera. 
 Com. Nal. de Manejo y Conservacion de

'Suelos, Cali, Colombia. pp. 47-60.
 

",,":.. ' ":.
.. 
 -," . .i:.. : 
:'-:
265 
I 



Cannon, P. G. 1981. Fertilizacion de plantaciones con7>~ NPcalfos y borax: resultados al final de cuatro 
anos. Informe de Investigacion No. 68. Carton de 
Colombia, Cali. 8 pp. 

Cannon; P. G. 1983. Ciclo de nutrientes en planta- ii' 
~ii~nes .. En: liza'ci'on Forestal en el'Valle y.el 

Cauca ' ctavo informe anual de investigacion 
forestal, Carton de Colombia. Cali, Colombia . 
pp. 85-112.
 

Conaf, 1979. Decreto.ley,701:i Clave de la creacion y
 
mejoramiento del recurso forestal. Chile Forestal,
 

edicion especial. 'Santiago, Chile. pp. 25-32!.
 

Conare. 1982. Algunas consideraciones de politica
 
forestal relativas a las plantaciones forestales y
 
bosques de produccion. Venezuela Forestal 6:12-37.
 
Valera, Venezuela.
 

Cordoba, A. 1984. Predicting growth and yield for
 
* patula pine plantations: a case study for Colombia.
 

Masters thesis. State University of New York,
 

College of Environmental Sciences, Syracuse, U.S.A.
 
180 pp. 

de Castro Pastor, Y. P. 1975. Estudo comparativo do
 
comportamento das especies Eucalyptus alba e E.
 

decaisneana na regiao'de Sao Paulo. I.P.E.F., Sao
 
.,,Paulo, Brasil Ii:I-16.
 

Domingo, I. L. 1979. Forest rese'rch at PICOP, the
 

search for scientific breakthroughs. Baislig Bay
 
News (Philippines) 18(1):28-38.
 

Evans, J. 1984. Maintaining and improving the produc
tivity of tropical and subtropical plantations.
 
Proc. Symposium on Site and Productivity of Fast
 
Growing Plantations. South African Forest Res.
 
Inst., Pretoria. pp. 893-905'.
 

, Food and Agriculture Organization (FAO). 1981a. Tropi
cal Forest Resources Assessment Project (GEMS): 
Tropical Africa, Tropical Asia, Tropical America. 

S:. FAO/UNEP, Rome. 4 vols. 

Food and Agriculture Organization (FAO). 1981b. Map of 

the fuelwood situation in the dpveloping countries. 
Supplement to Unasylva. FAO, Rome. " 

, ,..266 



: Food and Agriculture Organization (FAO). 1982. World .forest ,products demand and supply 1990 and 2000. 
A
report prepared by the industry working party. FAO
 
Forestry Paper No. 
29. FAO, Rome..
 

Golfari, L. 1975. 
 Fantasias e realidades sobre plantios
e...u.aliptos..0.Eucalip e o 
Brasi2.. pp. 17-24.
 

Herbert, M. A. 1984. 
 Variation in the growth of and*
 
response to fertilizing black wattle with nitrogen,
 
phosphorus, potassium and lime over three rotations.
Proc. Symposium on Site and Productivity of Fast

Growing Plantations. 
Soueh African Forest Res.
 
Inst., Pretoria. pp. 907-920.
 

Hiley, V. E. 1959. 
 Conifers: 
 South African methods of
 
t cultivation. 
Faber and Faber, London. 123 pp.
 

Izlar, B. 1980. 
 U.S. forestry investment in Latin

America --
Can we meet the challenge? Proc. 27th
Annual Meeting of the Southeastern Council on Latin

American Studies, Appalachian State Univ., Boone, NC,
 
U.S.A. 20 pp.
 

Kriek, W. 1969. 
 Spacing, stand development, and produc
tivity of eucalyptus plantations in Uganda. Uganda

Forest Dept. Technical Note 159/69. 
 36 pp.
 

Johnson, Norman E. 
1981. Statement. In: Tropical

Deforestation, An Overview. 
U.S. Govt. Printing

Office, Washington, D.C. 
 pp. 281-308.
 

Ladeira,,Hercio Pereira. 
 1983. Aspectos sociais dos

reflorestamentos cum incentivos fiscais no est,:1o de

Mfnas Gerais, Brasil. En: Florestas Plantadas nos
Neotropicos como Fonte de Energia. 
 Univ. Fed. de
Vicosa/MAB/IUFRO, Vicosa, Brasil. 
 pp. 326-347.
 

Ladrach, V. E. 1974. Recomendaciones sobre el espacia
miento inicial y manejo de la densidad de planta- * 
ciones de coniferas. 
 Informe de Investigacion No. 2.

Carton de Colombia, Call, Colombia. 8 pp.
 

Ladrach, W. E. 1982. 
 Sistemas de reforestacion. 
 La

Reforestacion en 
la Costa Atlantica. Septima reunion

anual de investigacion Forestal. 
 Carton de Colombia, ,"

Cali, Colombia. pp. 73-79.
 

267
 



Ladrach, W. E. 1983a. Fert lizacion Forestal en el
 
Valle y el Cauca. Octavoinvorme anual de investi
gacion forestal. Carton de Colombia, Cali? Colombia.
 
153
 p.
 

Ladrach, V. E. 1983b Preguntas y Respuestas, Ecologia
,. 

-. For-- I-,Divi 7
e sion Fores tal, Car ton -de--Colombia, -

Cal.i, Colombia. 72 'pp.
 

Ministerio de Agricultural. 1975. Programas Ganaderos,
 
1974-1975. Bogota, Colombia. 218 pp.
 

National Academy of Sciences (NAS). 1980. Firewood
 
Crops, Shrub and Tree Species for Energy Production.
 

rNational Academy Press, Washington, D.C. 237 pp.
 

National Academy of Sciences. 1983. Firewood Crops,
 
Shrub and Tree Species for Energy Production, Vol. 2.
 
National Academy Press, Washington, D.C. 92 pp.,
 

Raven, Peter H. 1981. Statement. In: Tropical
 
Deforestation, an Overview. U.S. Govt. Printing
 
Office, Washington, D.C. pp. 68-91.
 

Rollett, B. 1980. Jari: succes ou echec? Ui exemple
 
de developpement agro-,sylva-pastoral et industriel en
 
Amazonie bresilienne. Bois et Forest des Tropiques
 
No. 192:3-34.
 

Schonau, A. P. G. and D. I. Boden. 1982. Silvicul''ural
 
techniques in the establishment of Eucalyptus
 
grandis. Proc. Symposium on Establishment in Modern
 
Silviculture. University of Stellenbosch, South
 
Africa. 19 pp.
 

Sedjo, R. A. 1983. The Comparative Economics of Planta
tion Forestry, a Global Assessment. Resources for
 
the Future, Washington, D.C. 161 pp.
 

Van Rensburg. 1984. Forest pests and diseases in South ' 

Africa. Proc. S.A.T.G.A. Congress, Durban. 5 pp. 

Whitmore, J. L. 1983. Ecological aspects of plantation. 
i' .... !forests for fuelwood. In: Planted Forests in the 
>!. Neotropics -- A Source of Energy. Univ. Fed. de 

Viccosa/MAB/IUFRO. Vicosa, Brazil. pp. 296-307. 

Zobel, B. 1981,. Making forests productive-overcoming
 
perceived restraints. Proc. BANFF Center/IRPP,
 
National Resources Conference, Sept. 10-12, Canada.
 

9 pp.
 

268
 



Zobel, B. and R. C. iVeuli on. 1984. Wood, where will it 
ccrne from :' 1',o'v,c i I I it j,o ? A comparison of the 
sotlth i n Ini 1od t.-:Ic.;t v'i t h Soutlh America. TAPPI 
"Jot I11a . 1 1()I) I 7. 

Zobcl, B. Ind I. T'Iln' t . 18ll4. AppI ied Fore-st Tree 
II1prflvp!)nn ! Jfhnl 2nd Newc" aij Noil. York. 505 pp. 

269
 



MODULE 11 

AGROFORESTRY AND MIXED FARMING SYSTEMS 

Richard R. Har'wood 
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INTRODUCTION lo i~"uia -lhe 

'The directionslof che in aruthei ra systemsof the.
 
humidtropics bear i"carrying capacityl"
 
(their sstainability and ablility to meet the needs of
chneunricseulturalg:.fin
inhabitants of' the area). The attainment of optimaln e 
deve lopmen t-in--both -product-ivi t n- stainbi1it ---
highly dependent on both the philosophy of those guiding 

of the key.issues in the purposeful change of intensive
 
..farm systems. Asbackground, the reader should review,

Chapter 5 "Agriculture in the Humid Tropics" in
 
EcologicaloAspects of Development in the HumidTropics
 
(NRC, 1982), whichprovides an overview of humid tropical
 
systems, their evolution, and the ecological principles

governing their structure and function. Here, we will
 
look at the narrower rangeof intensive, integrated
 
farming systems 'that are the focus of many agricultural

change projects.
 

NRC (1982) has stated the central issue succinctly: the
 
usual development of "any farming systemshortens and

simplifies a food chain." 
 The crucial question is: How
 
much modification can the ecosystem tolerate and still
 
retain' its capacity for sustained production? The
 
answer, as we shall see, depends very much on how the
 
farming system is structured and whether changes add to
 
or detract from "effi-ciencies" of that structure.
 

DEFINITIONS
 

To the several definitions given in the background

material (NRC, 1982), 
we must add the following, which
 
are specific to intensive farming systems.
 

Mixed farming systems include both animals and' crops,

with the crop component 'usually highly,diversified.' The
 
degree of interaction between the crop and livestock
 
components varies considerably depending on the inten
siveness of the'system.' Development efforts directed 
toward mixed farms must 

' 

'small 
 deal with interactive , ' 


components ina holistic manner.
 

In mixed cropping systems, several crops are produced on 
the farm in one year. This may include crop sequencing , ' (rotation) on a single field, spatialdelivery of crops. 

across the farm, intercropping,' relay cropping, or other '"
 

methods . Crop interactions occur through ,haring of farm

production resources, 
through biological or allelochemi
cal interactions, or 
through their individual influences 


' 

'" 

r:ie 
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onboloical~og 
on thecyling of nutrieiits,'o lor organisms, and 
oThis mixed crop component is an 

::integral partof thic more complex formsof farmorganiza 

tion.
 

Agroforestry refers to the integration of trees into an 

- ------ agricuItural Iand cape -I tycludes--trees-n-pa tures--------:,[..:
for more extensive systems, as well as for use in 
fencerows, in alley cropping, in mixed tree/annual crop 
pTlantings, and in mixed food crops, trees, and annual 
crops in the early stages of foestry plantings. 

The structiue of a farming system is definedby its mix 
)f crops (including, trees) and animal components; the 
extent of each; their ise of farm resources;'the inter
actionsamong them; the flow of energy, nutrients, and 
other factors through them; and their Firividualcontri
bution to total farm productivity. 

MAJOR TYPES OF INTENSIVE FARMING SYSTEMS 

L quick review of the major types of integ~rated animal, 
crop, and tree systems reveals theextrem hvariability in 
types of combinations (tables 4.5.1, 4.5.2, and 4.5.3).
These listings are not nearly complete and include only 

neconomic" tree crops. The systems listed are mainly 
those in'which the farm crops provide the greatest part
 
of needed animal feed, with off-far.,i feed sources being
 
of secondary importance.
 

A vast complex of factors determines the adaptability of 
particular combinations (Hart, 1984). For the most part, 

.sa farm system with crops, trees, and animals has the 
combined environmental determinants of each of the compo
nent parts. Thus, entire farminig systems can be 
extremely environment-specific (Harwood, 1979). However, 
the rather generic types listed cover millionsof' 
hectares of land acrosq entire continents. 

Some of the system determinants include the following. 
In Asia, land type isva major'determinatn of oh crop 
and animal components (Garrity et al., 1978). Due to the 
high rainfall and heavy soils, much of the lowland is 
used for paddy rice, thus other crops on this land are 
considerably restricted. In,,Africa, pest' and disease 
problems restrict cattle use in the heavier rain'fall 
systems. Transition-zone (lower rainfall) systems 
include cattle. Feed availability dete~rmines the animal 
component within the various combinations of crops. In 
Asia, swine are raised In subsistence slash-and-burn 
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Table .2. Tr...
wflingsyst-ofaaza-Icuas- -- I (-...a, Inoregios .9 as.,majorcrop,sodosimalspocis,soW 
loodgource. for oi_,$ is Atr 

itaJor torsiogoyotaoll iajor crops Majorasimai Kajar regions FoodSoource. 

l Bush,f:oow(ohilsiogAlsolzel ss1atats Goats,
sheep. Ramidtropics ?allow,cropresidues
 
-Itivtw, asim.ant-to.azeca1swo,y t
 
..I impsrtorj 
 treecrops,cc y.oS~y
 

Srj~gghtill~t Cattlo,SoAto, Traoaitio Follow,atr...,stover,
mais......2 soybeans, shomy, poultry. foroui/sawarna winos, call roos,
caosiva, sgarcane.tree horses Soathern Gainea swosos
cok
 
cps, tasp.Ss, .#.table.. 

2. 	Audimentary todintor lico.t./Plosn,.in oop,:ots Iold tropic. Ric# bras, coll roots.
ogicltr.(oifioato, osov, ostolepolry vIn* stras, crop rooiduoo,cultivation), asmals tree crops,corwy visas o...


import-

SochamSiletCottlo, go, Tru:oltios~ Stover, vines,SiAnsro. 

cosorcast, trot crope, a p r tos, tulros ors 
cpas., Yams,lo.t1coIrsodo ck!abs os 
gr....doato, vegetable, 

I.CoepoadfarisI mnd RkceI.../Plotils cost..shoop. lusld tropics straw,Itico rico bras,Intensive sasito solso,cassava, vgetables, 'wine,poultry vooal otfollow,
",rcuIar (,hittingcr00crop.,' .p.",! ;i T-!. Crop .tcoysm, Y00 G-11s shepq Trnito vines,!: orcoil taberssundcarryoorCrain cut,4 ,

tiotioln la roots, stvr, roo-crop
impatast. . . .by-pcodsct., pal. oil coke 

.,. : ; : .. .';i iJS !? ! )! ; ;i!! ', '. : :: ? + !i) ! ! _ 

ofts .- Vegttable shomp torico,, yt-ms,coco..s mrot 

suarcstobobacco1, ashoplr, psire foroo/swaa by-rascs, godt ckeellot 

4. isl- r rt horsesrAgiclt 	 oPcts.a pi1tin tropic. 
.cs--oT- dosInspoy

6,frmiog(farStod Lic/Ta . rmr Odtoi . Faw, ctabass 
" oaur 


ipegrtabte rariadles
 
catta~obaole,
got. Transition Folor, ar.s,strawdu'*!f~i%~i~, oosarcaoo ca.sosavoa,4 , i:;r.5y coke ~ cso~sh ev"~ %~O 

cocmhill5 t 	 otat/oyss 

5.rosiod cropsaste CocitostPanan
an 
 Cats, poultoyCottar GCr~nor codtas carry,tropics
Aficatofoagrcll veethis morpison, o
bslI.tcof aslmof ccsoooaacaiti 

Riamatle goatsscTranstiao S t' 
tt) .spadfaiaSo.tabl.o, alto.platin sheetp.poltrnors/a- Wtawauntae 

goccus, platain, ninetr, h.... o, towaoI oocs 

t Sachstvardabe;in Vooobs speibe(wodld trpi I..aaalrs ss$r 

ssc hcattleot 	 Transition Y Crbrlowof w
 

orc~smaynt..mayLostal 	 t hosZ-dtrpc raing roctsso car 
Aoted from dcwvlbk14 
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Table 4.5.3. Prevailing sy-tas of agricul 'ure on imalI farms, main regions of use, 
species, arod feed sources for anjIls ol Latin Aserica. 

iariin sYit r. 
 Nazor cr:,, Njor anIlfs 

I. Pere-ial mietures 
 Cort, coffee c.atte, uir 
(large fte-s; livestock cacao, plantains 
relutively ulilp-¢ortalntl) anai, oil pa.ims, 


2. Coaranrcil ai-.(4 ,rrp Rice, acute, sorghL, Swine, cattle,
(l,'sJiurs t. large tarn,, cactI Is -ruttn,grain, po Itry 

ivestock C ,xirately
 
ietoortant )
 

3. Corrial ii Iproonddrtccrpasture, Cattle (dairy),
linl.eiisioenspsiv,; sco,.- grains slvr, poultry

-d'i to lage, 

I Instock dcanirant 

4. Miae-rJ pr,-Il site ii settled RICe, eu-izr, Cattle, poultry.

areas; songha, beans, goats, heep,
MediEn size in frontier wiest, caca-, donkeys, horses,

areas; plstains, cofite, sules, swine 
SutlsItenc, or r zted toicc 

livestock crtet oly 
tegirtant
 

Source: Adaptri firs . acOovetl, 1980. 

ma or crop, awi animtal 

ret sources 

Natua, pastures,
 
y-p oits, cull
 

aioterial
 

Pasture, crop residues, 
grain 

Natural ard iproved 
pasture feed ]rains, 
by-pro- ( 

Natural pastures, crop
 
residcues, cut feed 
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'Am
sinwhich the crop/aninial'interaction isN 
unstru',ctured. The swine iin these systems are not 
confined. 'In permanent, moredeveloped systems, swine 
are' found primarily in associ'ationwith intensive market 

~ production _of vegetables.' In these systems, fermented 
vegetable residues constitute the major feed, source 
Tree crops areJnntegrated-into.-this- -ype,-f..Asian--famg 
Lsystem in many ways. As 'arule,' inihigh-rainifall areas,
 
trees are used in fe ,cerows, field boundaries, hilly or
 

r stony outcroppings,. or gullies not suited to tilling, and
 
around the household compound are.: In-areas producing 
for nearby markets,. high-value, mixed fruit-tree 
pla 'tings are included. More remote areas commonly have 
tr' mixtures of spices, fruit, 'coffee, leguminous trees 
for firewood, or trees for industrial use. All. of these 
types are 

grated systems. To the untrained eye, such a landscape
 
appears to be.a hodgepodge of seemingly useless plants
 
and wasted space; however, the scructural patterns become
 
apparent on closer study. In the better systems, higher
 
orders of integration are found, with interrelationships

"mimicing" those of a climax-forest ecosystem.
 

* . characteristic of intensive, small-farm inte-

Weaknesses -in this type of system are common to many farm
 
types, some of which are described here.
 

If farm development is to add to structural efficiencies
 
leading to higher levels of sustainable productivity, a
 
knowledge of the principli'\of systems integration is
 
essential, and the development project must be oriented
 
to the needs of the particular .type of system. We now
 
understand that farm productivity, the efficiency of use
 
of resources and, above all, the impact of farm practices
 
on the environment and on its resource base are deter
mined largely by the kinds of enterprises a farmer uses
 
and how they assembled to make up farm structure
 
(Harwood, '1985). Mixed farming systems that include
 
agroforestry represent the most common and the highest
 
f.rm of integration of farm components in the humid
 
tropics. 'These systems represent ways for achieving .a
 
high degree of closure of nutrient and energy loops and
 
for improving biological stability. By meeting more of
 
the family's needs, they can reduce pressure on the off

; :farm environment. Thus they can be seen as complex,
productive, environment-protection measures. The design 
of such systems in the future should play a vital ' 

directing role in all' farmeroriented development. 
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IMBALANCES IN ASIAN SYSTEMS 

* 

The areas in which this Asian upland system is found are
 
experiencing, increasing pressure on production resources
 
~and on the environment. Modern development has tended to
 
concentrate on individual commodities. As a result, the
 
favored crops (rice, wheat, and maize with their superior
 

7 -cultivars -and-technology-)- have -pushed aside -many:of - the, 
traditional integrating crops such as grain legumes.

This alters the nutrition of both humans and animals and
 
reduces integration efficiencies.
 

With increasing population pressure and pressure for farm
 
development and expansion, the "common" or village
 
grazing and forest areas are 
being reduced or overtaxed.' . 
Fuel is in increasingly short supply. Then,. too, few of 
the farms in a typical area have the efficiencies of
 
structure of the best farms.
 

Knowledge of structure has been outside the information
 
stream of the public/scientific sector. Extension
 
efforts have focused on transfer of specific crop

information. Soil erosion is on 
the increase. The
 
nutrient drain from burning is increasing. The danger of
 
water pollution is a "time bomb".as more and more use is
 
made of modern inputs with systems intensification. .High
 

nitrate levels in the groundwater of these areas would.
 
cause more harm than the simple inconvenience to farm
 
families that is found in the United States 
-- they would
 
cause a social disaster. There is critical need in Asia,
 
as well as on small farms throughout the humid tropics,
 
to 
articulate and encourage effective landscape-manage
ment systems. 
 ,. 

STATUS OF SYSTEMS RESEARCH METHODOLOGY 

The early, descriptive studies of tropical systems 
were
 
mostly observational, but more recent scientific emphasis
 
on farming systems study and on agroforestry has advanced
 
from small, poorly supported efforts in the early 1970s
 
to 
become a major,part of many of today's development h
 
efforts. The methodologies for on-farm research of
 
systems components havebeen well documented (Shaner et
 
al., 1981). The Asian Farming Systems Network, coordi
nated by IRRI (IRRI, 1982), and the Florida Farming

Systems Support Project (FSSP, 1984) have ongoing

projects with intensive monitoring and documentation of
 
the evolution in methodology of farming systems work. 
 ' 
When !properly designed, 'this research uses a farmer
collaborative approach that links researcher4
 s, extension
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workers, and farmers in a team effort. This approach has
 
institutionalized the work and effectively integrated it
 
into mainstream agencies. The farming systems approach
 
is being used in a current production thrust for Nepal.
 

The results stemming from major farming-system-research 
programs in the last 10 years have begun to add consider• /:--:able d ep th- to0 complemen t t he s ca t-t ered -i nd i v i d ual- f arm : 

level studies of earlier researchei's. Prior to this
 
work, understanding of systems had been highly intuitive.
 
Early attempts to quantify and model systems in the 1970s
 
were expensive and yielded few useful results. The more
 
recent approaches based on extensive on-farm research are
 
beginning to quantify key elements of good conceptual
 
farm models (Camoens, 1984).
 

The knowledge of systems design and modification is still
 
in its infancy, but the empirical design and modification
 
work now going on has significant promise. There
 
remains, however, a real need for further farm system
 
conceptualization in easily understood format. This con
ceptualization could well serve as a guide for develop
ment planning and for program coordination. It is
 
especially needed for the integration of agroforestry
 
into farming systems programs. The International Council
 
for Research in Agroforestry (ICRAF) has made a notable
 
start in this area (Hoekstra and Kaguru, 1983; Huxley,
 
1983).
 

With today's knowledge of integrated systems and agro
forestty, much greater use could be made of systems

development for solving problems in resource conservation
 
and use. The methodologies are largely in hand.
 

ISSUES IN THE DEVELOPMENT OF MORE INTENSIVE, INTEGRATED 
SYSTEMS (POTENTIAL IMPACTS OF SYSTEMS CHANGE)
 

The manipulation of intensive farming systems implies the
 
use of farming systems research and extension (FSR/E)
 
methods. There are options as to how mu-h of the
 
complete approach may be used; different projects now
 
have varying levels of involvement, all in the same name.
 

One component of FSR/EIs the establishment of a
 
mechanism for farmer feedback into the technology
development process. This is really the establishment of
 
a multidirectional information-flow system. Although


i this feedback can be a part of FSR/E, ,such information 
' flow can occur in the absence of a complete FSR/E 

program. 
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.nother.component
of FSR/E is falmer collaboration in 
testing newItechnologies'.on the!',farmerls land. This may ' 
be done eithe,""under farmer or research-worker n'anage
ment. Such on-farm testing of' varieties or management
packages, together withadequate feedback, is a.necessary
part of anygood!research.program. However, this,
 
process, by itself, is not' FSR/E;
a - it is not "systems"es c F l l--f arming- sys tems;Tresearch--o --Sys tems-- .... :...... 
oriented change involves an overall assessment of the
 
farming system in its entirety. Planned 'changes then' may
involve addition or deletio'of a production component, 
with the overall impact on. the system and its produc
tivity being 'the measurement criterion.
 

More effective use of production resources is often 

achieved by increased cropping intensity (Dalrymple,

1971). It is often possible to make more complete use of
 
available water by adding crops to the system, either in
 
rotation or as'intercropping.
 

Adding animals to a cropping system often permits use of
 
crop residues and may add a significant production compo
nent with little or no adverse effect on farm crop
 
production. Such intensified systems, if well designed,
 
may make better use of available labor. The food
 
available for family use may be diversified and the
 
vitamin and protein levels in the family diet improved.
 
If trees are added, much or all of the firewood need may
 
be met.
 

The inclusion of animals and(or) trees within a farming
 
system makes for a more highly structured system. By

"structure," 
we mean the spatial and time-sequence
 
relationships of component parts. For instance, crops
 
may be intercropped and rotated in intensive pattern,
 
providing higher yields for the intercrop mix, while''
 
having greater ability to withstand weed and insect pests
 
(Kass, '1978).. Legumiqious trees may be intercropped or
 
planted along field borders to provide firewood, and to
 
supply nitrogen to other crops. These practices may have.
 
significant effects on nutrient movement' in the soil

profile, and into and out of fields, with movement of
 
surface water. As animals are added, the crop mix may
 
change to provide for feed needs. Crop harvest and
 
manure :placement help in the movement of nutrients from 
field to field." Thus, farm system structure affects 
nearly all impact areas of the system, including resource 
use, input demand, and the social, economic, biological, 
and physical environment of the farm. We are just'
 
beginning to understand the potential for altering farm
 
structure to.,change these~impacts. Such alterations
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could replace the old, ;'ostly, and largely unworkable 
approach in which corrective measures were taken to 
counteract adverse effects of oversimplified (often mono
cultural) farms (often by adding terraces cL catchments
 
to stop soil erosior whi le leaving the causal monocul
tural system intact). 

The adverse impact.s cuSed by present-day farming systems 
in the humid tropics may be add .essed at least partially 
through proper design of integrated animal or agro
forestry systeis that would take into account the 
following considerations: 

- Surface water ruinoff fr om farm fields occurs when 
large areas of the faim, especially sloping areas, 
are planted to a single crop with no fencerows inter
spersed. The soil -s: riot covered during the entire 
rainy season, thkre is littlie Crop residue remaining, 
and(or) rotat ion,, are not us;ed to keep the soil in 
good tilth. (*oil and inutrients are lost with water 
rune f f 

- Leach irng of nu t r i i non T isnto groundwa ter 
increasingly comi, on in monocul tural type operations 
in the Uni ted States. Nitrate contamination of 
groundwatei is increa-ingly prevalent in both the 
United StateW,;11 ii, [':iropean couitn tics (Trhe Royal
Society, 1984). 

- Biological ;tahility decieases .ith monocultural 
plantings. In paiticular, insect pest incidence 
rises, reclui ing the application of more irnsecti
cides.
 

Weed management becomes more (difficul.t, requiring 
either heavier application of herbicides or more 
mechanical cultivation if rotations and crop 
diversity are no used. Both the weed and insect 
increases lead to heavier input use with te 
potential for greater environmental impa. t. As more 
and riore biocides are used, it becomes increasingly 
difficult to keep them vithin farm boundaries. 

The efficiency of use of available or applied 
nutrients depends hea'ily on the crop rotations or 
combinations used. Single crop monoculture is least 
efficient.
 

A high level of nitrogen fixition for the system as a
 
whole is difficult to achieve in a system with few
 
crops. Most nitrogen must be purchased.
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Without animals to facilitate nutrient movement, crop
 
fertilization is on a crop-by-crop, field-by-field
 
basis, rather than for the farm as a whole. Farmer
 
options for nutrient management are limited.
 

Without trees oi animals, it is difficult to attain 
optimal productivity on marginal areas of the farm
 
without causing ,evpre environmental degradation. 

Limited production enterprises in an unstructured 
system commits a farmer to high input le,,els and few 
production options, restricting his ability to adjust 
to market demands and changing economic conditions. 

When the farm does not meet family needs for feed and 
fuel, additional pressures are put on "common" areas. 
Communal management of such production is far more 
difficult and often less efficient than is private 
management, often result ing in overuse, lowered 
productivity, and environmetital degradation. 

The quality of the farm-family diet often suffers on 
limited--enterpriie fa,,ms when an uncertain and high
cost market becomes, the source of much of the 
family"'' food npe(. 

Intensification of farm systems may bring additional 
problems that mnsL be dealt with: 

- Farm management become!-; more complex; the information 
needs increase markedly. 

- Labor availability often becomes limiting. 

- Animal wastes must be properly handled to prevent 
loss. 

Fewer resources may be available to produce the
 
single most profitable product for a given reason.
 
Diversity may lead to tradeoffs bet%,een stability and
 
sustainability and maximum economic return.
 

- Tree cropping requires a longer time before payoff. 

- Structural characteristics that best protect the 
resource and environment must have short-term 
economic benefits as well. 

- With highly integrated systems, family responsibili
ties and the division of labor become more complex. 
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Service institutions may'have to'change to meet rhe
 

needs 'of diversified farms.
 
-' "i + 7 , " [ " . .. < ." . 7f% 

CONSIDERATIONS FOR BROAD PROGRAM-DEVELOPENT PLANNING 

The following issues must be considered in answering the 
--:---.---ques tion ,--shiould -the--targe t --farming- systems' be 7S truc

turally changed?
 

-: National capabilities -in component technologies . 
* -(crops,.livestock)ymust be develioped concurr6tly
with the farming systems research and.developint 
work. I this chapter we argue for making full usF7 
of the potential .of. integrated farming systems. Yet, 
those systems will not be fully effective unless 
,suitable component technologies are available. The
 
greatest improvements are derived when iinproved crop
 
or livestock technologies can be fitted into existing
 
farming systems.
 

- The structure of farming systems determines, to a 
major extent, their impact on the resource base and
 
-on the environment. Programs that develop or improve

mixed farming systems and agroforestry usually will
:i< -'7 have a net positive effect on the environment. The
 
ability to scientifically d-sign such systems is 
not
 
yet well advanced, and research in the area is 

- considered to be a- the "cuttipg edge" The 
- increasing understanding of farming systis will 
allow future programs to build complementarity 
between conservation and producticK-'and to use farm 
system structure as a potent tool:'t"affect 

efficiency of resource use at increasingly high 
- levels of productivity. : 

- - There is a general need to reintegrate components of 
farming systems. In encouraging mixed systems, a 
balance must be achieved that takes into account 
physical and human resources, as well as local and 
national goals. - Past development directions have 
b.en toward overly simplified farming systems, which
 
were often reduced to a.minimal number of crop- or
 
animal-production enterprises. Such "reduced" - , 
systems offer advantages of simplicity and narrow 
focus, but they provide minimal opportunity for use 
of structure or of.species diversity as an aid to 

. biological stability. They also provide little 
. opportunity for building positive interactions, into 
the system to achieve more efficient use of 
resources, both loca]. and purchased. They also , 
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,, 
 , 

~' ylprovide onlyi limited capability for structuring 
systems that would use varied uctio 

h ,remtoward acommodeveopment programs having
dity focus,,.and, targeted.towards'higher~input areas
 
with fewer and fewergproduction enterprises, should
 

-'-b -reversed7 That-trend -ad "itsrlationsh ip- to--the,
stages.of farm development is shown-in figure 4.5.1.. '.
 

In project design,.an assessment should be made as to 
the appropriateness of the planned farming systems 
changes for the target areas. We are developing a 
better knowledge of where different types of farming 
systems "fit" relative to the natural and socio
economic resource base. 'Ahigh-input, high-flow
through, simplified'system seems to be appropriate in 
areas close to population centers or where highways
 
and transportation, as well as other elements of 
"rural infrastructure" are well developed -- if 
diversity is not needed for ecological reasons. The 
ready availability of capital and of production 
inputs, and the shortage or high cost of labor, seem 
to be determining factors, Integrated systems have 
more to offer as inputs become morescarce or expen
sive, as rural technology services diminish in avail
ability, as labor becomes more plentiful, and as the 
physical production resources available to farmers 
decrease (small farm size, limited water) or the 
environment becomes more fragile or degraded. 

- Is there an excess of rural labor potentially avail
able in the target areas? Is there social acceptance 
in the target area for increasing farm labor input 
and does this correspond with national political 
objectives? Farming systems can be designed with 
markedly different labor requirements, often, at 
similar levels of production intensity. The enter
prise and input mix may change instead. 

Are fuel and firewood (as well as building materials)
 
adequate in rural areas or do urban markets exist for "
 
these products? For the most part, they are".
 
increasingly in short supply.< 'Except in the
 
extremely high-resource, high-infrastructure areas on
 
stable soils, it is imperative that trees be a part
 
of the farming system for economic as well as 
environmental reasons. As fuel becomes scarce, crop 
residues and animal manure are burned. This puts 
increased' pressure on soil organic matter and crop 

•/ nitrogen supply within the farming system. When
 
nitrogen fertilizer is expensive',or in short
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Figure 4.5.1. Schematic presentation of nutrient relations and 
advantaaes of agroforestry systems in comparison

with forestry and agricultura! systems (Hoekstra et al., 1983).
 



supply, it seems unlikely that good crop nutrition 
can be maintained, unless the fuel problem is solved. 
Nitrogen- 7xing trees in the farming system signif-. 
cantly altr, this balance. Farmer acceptance of tree
 
programs will depend on the farm resource base.
 
Resource-base pressure can then be supplemented by
 
conservation-focused education to promote acceptancel.-

-,.,of -l ng 	 te g a s.------

The careful integration of animals into farming
 
systems can increase net farm productivity where 
labor is available and where"social conditions 
permit. Feed availability is often the major

* 	 : limiting factor. Are suitable crop residues and feed
 
available on a year-round basis? Could shifts in the
 
cropping system alter the availability of feed to
 
permit a changed crop/animal balance with increase in
 
the net productivity of the system?
 

- Finally, the impact on the national and global
communities should be assessed in broad terms. The
 
more complete and efficient use of local resources
 
will increase-net output from a farm and area. 
 It
 
may decrease demand for a particular input, but may

increase demand for others. In 
the long term, the
 
increase in primary productivity coupled with
 
stabilization of the production resource will benefit 
 A
 
both national and global economies and people.
 

•
In brief, there has been a mark, shift in farm-develop
ment strategies toward rational design of integrated farm
 
systems. Improved component technologies are essential
 
to the change process. A basic difference with respect
 
to environmental protection is that now, with effective
 
systems design, ecological and environmental safeguards
 
are built into the production system. Components are
 
assembled that balance each other to minimize adverse
 
environmental impact, rather than depending on expensive
 
and seldom used add-on remedies for problems created by
 
narrow, single-factor approachs (such as"increased rice
 
yield). Mixed farm development with crop, animal, and'
 
agroforestry components represents the cutting edge 31
 
new strategies and.direction. This new strategy is
 
sometimes referred to as "agricultural ecology" (Conway,
 
1984).
 

* GUIDELINES FOR PROGRAM DESIGN 

The effective implementation of the farming systems
 
concepts requires that 1) national programs and donors
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be committeto a "syste.ms" improvement approach;4 2) the 
organizational structure bringetogether the necessary i 
technlogies'and.support; and 3)thIe general direction, 
fx~-for .chanige'in farming systems be articulated in'program 
design,"'which,, in'turn',,wil1~indicate the. expertise 

1needed.-"The systims goals sh'ould~be' spelled out,
permitting the infusionof'.socialandenvironmental goals
- t-ino the-process-,to'-compem'ent the-often-overly-dominant

production goals. The principle here is that alternative
 
farm structure nay ~permit the realization of social,
 
environmental, and production goals.
 

G~uieline 1
 

An organizational structure must be evolved to permit 
management of a farming systems team. Integrated - . 
farming-systemS7improvement programs have an obvious 
-requirement for multidisciplinary participation. This is 

usually difficult because of spatial and institutional
 
separation of the needed expertise. Crop specialists,
 
foresters, animal specialists, economists, and sociolo
gists are often housed in different ministries. It is
 
,.usually-not possible, and perhaps not even desirable, to'
 
assemble all.needed expertise in a single institution.
 
There is strong argument for having elementsof farming
systems planning and collaboration as apart of all
 
development projects. For the planning and design 

stages, it is especially crucial to have a close working

relationship. Actual field implementation may oftenbe
 
on aspecific item-by-item basis, requiring looser
 
coordination. Where interactions are more intense I 
 '
 
between farming systems factors, the working relationship
 
must be closer and ongoing. Zandstra (1982) and Carangel

(1982) reviewed alternative institutional arrangements
 
(see figure 4.5.2).
 

Guideline 2
 

A conceptual design of the4 targeted farming system should
 
ibe-drawnduring program formulation. Desired changes in
 
the forestry/crop/animal balance should be articulated.
 
This permits the establishment of goals and provides a 

framework for the organization of varied disciplines.
 
Farming systems programs of the past have all-too-often 

had only a,very general mandate "to improve the farming
 
system.-" We now have the capability tobe more specific
 
in the better programs.- Our design capability is .
 
improving. 

_ _ _ _ _ _ _; 

' 

-i
 

4 

' 

' 

'
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Figure 4.5.2. 	 Labor productivity, number of farm enterprises, cash
 
investment, and skills required in different agricultural
 
growth stages when markets for high-value crops are
 
limited (Harwood, 1979).
 

289
 



Guideline 3
 

Social goals for systems change should be Shifts in
set. 

the structure of farm systems through changes in 
the
 
crop/tree/anima, balance can markedly change total labor 
requirements as well 
as the type of work required. The
 
tasks readily prrformed by elderly persons, women, or
 
children frequently are alteied. Mixed systems often
 
have a higher requirement for "tending" relative 
 to the 
"heavier" work of till1.ng 
or cultivating. Cuiltural work
 
or responsibility preference:; between male and 
female,
 
young and old, will often markedly influence acceptance.

Careful sociological apprai:Sa[ is needed, even in the
 
design stages, to ac:count foi culitural preffe rence and to 
design system changes that will he accepted and that will 
appropriately use human resources. 

Guideline 4
 

The technologies in question may require village-level
organization for impl ,mentation. Animal security and the 
confinement requirements for crop protection are village
level problems. The aIlocation and management of

"common" land for tiee planting o, agreements on rights
 
to fencerow s along p opet y 
1 lines ale village issues.
 
Likewise, 
 land tennure issues frequently are involved.
 
The planning te am should inclUde persons having insight

into vii.lge -level problem: for the target area. 

Guidel ne ) 

There will be ai need for nontraditional methods for
 
extending more complex 
 faiming -systems methodologies.

Farmer education needs will increase as a result of
 
dealing with information-intensive !systems with benefits 
often being long-tecm. Since integrated farm systems

involve the entire farm 
family, planning, development,

and educational thrust s,must include the entire family.

Extension workers may 
have to deal with more complex and
 
variable packages of information. 

GUIDELINES FOR TECHNOLOGY SELECTION
 

Claims made for integrated tree/crop/animal systems often
 
seem to 
suggest that they can be manipulated to provide

the solution to all development problems. While such is
 
obviously not 
the case, they do have characteristics that
 
can contribute to problem solving.
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Guideline 6
 

Continued work is needed to strengthen individual crop
 
and livestock technologies in support of any integrated
 
farming system. Farming systems, ultimately, are only as
 
productive or as strong as their component technologies.
 
Effective systems p.rmit full realization of component
 
technology potcntials. Continued effort must be made 
toward directed development of components with special
 
attention given to thcir biological stability.
 

Guideline 7
 

A systems design goal shculd he that production compo
nencs (aniinal, crop and tree) should be assembled and 
managed to achieve maximum biological stability, using to 
the fullest extent the biological stability in mixed 
systems. There should be a substitution of farm 
structure for external production inputs in the form of 
biocides. The closeness of rural people in the humid 
tropics to their environmeat, and the difficulty of 
achieving control of biocides on small farms, suggests
 
the use of "internal" control (wherever possible) for
 
insects, pathogens, and weeds. External inputs should be
 
used to stabilize and enhance existing "structural" or
 
"internal" control factors. There is an increasing 
awareness of the potetial for usv of indigenous plant 
materials as hiocides in such mixed systems. 

Guideline 8
 

The modern tendency toward limited-enterprise or even 
single-enterprise farms should be reversed to enhance the 
potential for mixed farming systems to correct the 
increasing problems of resource depletion and degradation 
of rural environments. 

Guideline 9
 

Optimal efficiency of resource use should be a goal of
 
any farming- systems-oriented project. The degree to
 
which farm structure can be reorganized to concentrate on
 
use of the most limiting resource depends on the labor
 
availability and its cost relation to the cost of inputs.
 

Guideline 10
 

The long-term productivity of a farming system depends on
 
the creation and maintenance of ar adequate and available
 
farm nutrient pool and of a favorable environment for
 
growing crops and animals. These goals are consistent
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mog-term, Afarm* focused
0ih c onserVat i''n :gooAestry
animixed farming systems,~if: properly~designed,.can,'~A
achieve these ends .with fav~orable short- and long-term>;

tecofiomicAimpact,',
 

Crop. anima-l-- systems -should be designe6d -for- 6ffiEient_ 
nutrient f low L..The integra on.,of crops and animals on

,,the farm influences the' r'ut ent flow in several ways.#2'. 	First,.it eacourages farr togow higprticos
 
such~ as grain'/Jegumes, leguminous cover crops, or~legumi
nous trees wherethe crop residt~es furnish high-quality

feed wh~en,added to cereal crop residues. The o er 11
 
nitrogen balance is*thus improved. Second, the nutrient
 
concentration effect makes nutrient mobilization'-and
 
Smovement on the farm considerably more effective.' Animal7
 
manures 
can be applied wheni and where needed., Third, . 
there is a "harvest" and inflowof .ntitrints 'to the farm 
as animals aregrazed off the farm andthen housed at
night oln 'the farm. ' cut-and-6arry system oni small farms 
contributes to this inflow. 

Guideline 12A~ 

Animals serve 
to accumulate and concentrate nutrienits.
 
Care .should~be taken in the system design for efficient
 
recycling .)f these nutrients away from areas of confine
ment and into crop-productionfields. This is often an
 
area ofbreakdown, leading to serious resource loss and'
 
serving as asourcie of environmental pollution. When 
properly used,': the "accumulation" effect can be used to 
Manage nutrient flow between fields and between the farm 
and surrounding areas. ' ~ 

Guideline 13 

Inputs 	should be "targeted" into th amngsse at
 
the most effective entry point. For instance, in a mixed
 
system 	thereare multiple "windows" for the insertionof
 
nutrients. They should be applied to 
the crop or animal
 
'portionof the system where they can most efficiently be
 
incorporated into biomass, :with the remainder being


~ 9 	 retained and recycled. This approach reduces the 
emphasislfcon fertilization of specific,crops in favor of a 
longer-term approach to nutrient management. 

Guideline 14 

Nutrient'(fertilizer) applicationt and man~agement should
 
be.,pAnned to minimize downward movempnt of'nutrients n~
 

p9~~ 	 '2921, , , 

http:First,.it


:< soil..... !
,;-,the. The .leaching of nutrients downwardin the Tsoi-l.. 

7:f D]:i :not),nlnr atsou rce, 6 f 'oss (but Tal oua'' 'T]'lj t
c to7 crops, s 

,.,,: ,77-,:.:'
.:of $groundwater con tamina tion,;. Data show sign i n t ,,"., 


trees. LThis 'effect,becomes: of economic significe-in.:?
 
l i n: 


7 :if. 

J.',!:iput: , marginail far;ming.area-c') ,Thie inclui-on of ]i./ :]
 
trees in the system can sgnficantly alter the downward
 
me.ment ofnutrients (figure 4.5.3), a n proper.
low.oinput'ndmarginalfarmn ea g~em'uio, of/;


.movement of tiens(i r453,as;can ttheroetreintesytnca inii<ityate edowlwar 
planning of crop rotation and the farm and timing of
 
fertilizer application (Harw6od, 1984). :With creful
 
structuringarid management, it is possible to maJntain an
 
actual net upvard flow of nutrients in the soil iprfile
 
to achieve accumulation in 'the upper horizons. .This is,
 
in effect, a."soil-building" process. .
 

Guideline 15
 

There should be increased use of trees and other woody

'
pe,rennials in most farming systems. Many, if noti most,
 

farmors in 'the humid tropics',should increase the ise of
 
tree crops for economic stability, as well as for!
 

' 
creating a more ecologically stable system.
 

Guideline 16
 

It s essential that agroforestry systems be designed for
 
the broadest possible multipurpose function and us ? of
 
trees. Integrated, mixed crop and tree systems, if,"
 
carefully,selected, can provide fiber products, 1fuel,
 
products for cash sale, food and feed, improved human
 
habitat, significant contributions to the nitrogen ,
 
balance, improved nutrient retention and cycling,
 
protection from erosion, and' boundary or field enclosure
 
o),Ysecurity. Depending on the crop mix, net farm'produc
tivity can be increased in bothithe short and long ,erm. 

Guideline 17 ' 

Genetic diversity within and. between the species sho ld

be maintained. Many programs are now encouraging -!
 

development with broad use of a single tree species and
 
seed source. Maximum use should be made of a wide range
 
of adapted local and introduced species to optimize l
 
biological stability. , ,.


Guideline 18
 

Sufficient fuel should be made available to farm r
 
f-amilies, either from outside sources or from on-farm
 
production 'f'woody'species to eliminate burning of crop
 

ada residue'and 4t.oreduce pressure on forested or
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Figure 4.5.3. 	Organizational setup of a national croppng systems 
program (Zandstra, 1982). 
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ed of areas
gra om t o equal carrying capacity. ura gof higfI-n, roe-otiig r'ebco 
material' drains
ni-troge NVYnd fixed carbon fg.orouct i 
.on-syst s ,Th
.... is-"but....ningcauses 1ong-term reduction in production -
potental and loss of the ability to 
maintain plant 
cover
of the soil, and accelerat. soil degradation and
-:erosion :.: : .,
. . .
 . . .{
 

Guideline 19.
 

Leguminous 
trees should be considered 
as a source of
supplemental nutrients 
to fill at least part of the
farm's nitrogen needs, especially where production input
resources 
are limited. When nitrogen-fixing')trees 
are
used on field boundaries in Java, rat;'i; 
of nitrogen
produced ,avd added to 
the fields can reach 50 kg/ha/year
to 90 kg/ha/year. In alley-cropping systems inNigeria,

even higher. rates have been measured. This nitrogen is
provided to 
the soil in the form of 
tree leaves and twigs
and is released slowly, reducing leaching and runoff (as
compared .to 
that expected from an 
&'uivalent amount of
more soluble nitrogen applied as 
comoercial fertilizer).
 

Guideline 20
 

Tree mixtures should be used on 
steep slopes, rocky
 
S~~"outcroppings 
 or in ravines and gullies, which are
unsuited 
to crop cultivation. 
 These areas are thus
protected from further degradation, and their production


potential is better realized. 
 There is considerable
 
scope for extending such practices, especially in t'he
vast 
areas with small farms on marginal lands.
Indonesian farmers are especially adept at 
this practice,
using complex mixtures of spice, fruit, and firewood
i..trees. _ 
 ,{
 

Guideline 21
 

Similar, tree mixtures should be used around household
 
areas, providing shelter and an 
altered l., ving environment, and having similar production benefits.
 

Guideline 22
 

Inclusion of trees in fencerows, field boundaries, and on
terraces tends 
to delineate the boundaries and 
to serve
as a protective barrier for shrubs (or, 
in intensive 
 "
 systems, perennial grasses). 
 These, in turn, stabilize 
 'Ixthe terraces that build over a period of years. 
In the
gently rolling, high-rainfall lands of Java and of Luzon,
where such practices have been used for decades, the
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. terracinI g pattern .can be traced along treelines, with'' 
S. some naturally built terraces now sev'Ikral meters in 

* height. Soi loss from the farm is significantly reduced
 
.andthe le s are made more workage. The tees,.
 

Y' 	 " °depending on their type and mixture. produce food for, the 
family, as well as cash crops, firewood, animal feed, and 
building materials. They also serve as "living fences,"' 

sometimes with wire attache'd for animal eniclosures." 
There is usually some decrease in productivity of crops 
near the trees, iinsystems where fertility is high. Many 
farmers have learned to selectively prune (some species 
respond well to heavy pruning) to minimize the competi
tive effect on neazby crops. 

Guideline 23
 

Trees are sometimes said to provide refuge for crop pests
 
such as birds or monkeys; there are mixed findings about
 
their effects on insect pests. Many entomologists feel
 
that tree plantings encourage insect diversity and help
 
to maintain more uniform predator levels, stabilizing
 
pest outbreaks. In highly diversified landscapes$ pest
 
outbreaks tend to be less widespread and less severe.
 

Guideline 24
 

The inclusion of a firewood source on the farm lessens
 
the need to burn the nitrogen-containiPg crop and animal
 
residues, and thus reduces the carbon and nitrogen drain
 
on the farm system. Pressure on off-farm forest areas
 
also is reduced.
 

Guideline 25
 

Wherever possible, animals should be a part of farming
 
systems to increase use of farm resources. Farm net
 
productivity can be markedly increased with positive
 
crop/animal interactions. The need for animal feed often
 
broadens the crop base to include crops that can markedly
 
reduce soil loss. Where farm crops provide for most feed
 
requirements, grazing pressure is reduced on common
 
lands. Such lands should still be protected from
 
overgrazing, as herd size will often increase to above
 
the carrying capacity of farm and communal area combined
 
(as in the low hills of Nepal).
 

Guideline 26
 

Proper selection of the size and type of animal component 
i essential if optimal use is to be made of the feed 
resource. The c'mbinations of physical environment and 
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'-feed availability result In specific types' ofcrpail 
,asocations'. Proper cirop/anim I mixes permit signifi
iticant animal production and reduce pre'ss ure on ___common, 


~,~' In. summary, through the proper design and 'use,- of mixe(.

crop, tree, and animal systems,' efficient use can *be madeof farm respurces to achieve high 'levels of net: produc
tivity while building in environmental stabil'ity for

long-term sustainability. The "science" of.'such design

is the. exciting "Cutting 'edge" for change L, the late~

190 n notetwnyfrtcnuy which promises

continued expansion Of SU,3tainable agricultural produc
tion in systems that can regenerate the resource base.
 

SPoint7Counterpoint Concerning Work :i
~~: ~~ On Complex, arming Sysen. 

dee'pm . ~raA w~l suppor,,ted' butvokes,
4ccasional :appre en-io 
<Sytem jork. represen ts,~aj 

chan narrowfrom crop4sing e or~ 
a f~ociu f-usuccessfu1in- th-ei Greene Revolution of

he O~ 7Os..., 'Tt are~maniy why the p9~ ' e reasonsappoa...M sOnede 'oh
 
soften-debated points': 
 ?g ' 

on:, Progress ismost rapid when'therp, fs a'qarrow,Wldeid~ ~ Zcus'.' Intervention i1smost
effective when,a single crp:o-aia s ,ag~e 

i s''mkep'fcrops, tre'es, an nias are,,gy 

through 'asystensaaproach. .,Actual,'chamngefwill&>4ten~i~brought aboiit by, ltep'o
nentswithe
in-kad 6f, technolog for
ve'-p cae proro th'v~ 

1:minggc rid':
 

_Polnt: 'The' reductionism, ofmdr c ce has ledis 
t o~onsstanabe~ad eologi cally' disas t rous:, ech -

ou~interpoint.; Th ss-true" int notfls '' 
y~w e foreseen. e 

conteXtuit ing ot:hae~been~uly~eva, ua-' S m 
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MODULE 12
 

AGRICULrURAL INTENSIFICATION ON MODIFIED LANDS:
 
GRAZING SYSTEMS AND LIVESTOCK
 

Loy Crowder 
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Grazing4 systems require the wise and skillful maiul
tion of two basic biological systems: h pausa rd
 

ii4 e available fo t1i' grzinerazingLjtte 
~animal'.-: a tor-" geith rsste, 1 nfhne 
o$''2~utpiii per~lanima1 (meat, 'mikol, repodu~tion)? 

Mostlivestock in 'the tropics are kept on grass-based 
grazing lands, and relatively few have access to improved 
pastures.~ Generally, herbage is plenitifuil in'the rainy 
season, but shortages occur in the dry season. Carrying 
capacity usually is based on lush plant growth, and these 
~estimates lead to overstocking and overgrazing in'the dry -; 

season. Furthermore, herbage'nutritive value declines 
ra... predominant girasses become stemy and 'dly because the 
lignified. Ruminants are particularly adapted tofeeding 
on forage, and good quality is indisenisable for their 4 
growth and'-production., In much of the tropics, the 

, 

seasonal-variation in forage availability and quality 
impose 'a"stop-go" growth pat tern-characterized by 
alternate gains,,and losses inanimal weight. This lack 
of an12-month feed supply is perhaps the most serious 
constraint to animal production in the tropics.'
 

Becuseof~isig ncomes, combined with population ' 

i' 1and urbanization, dena'nd for animal food"ncreases.

Because ofrisnaproducts +9i tropics has grown
in the humid and subhumid 

faster than supply. People'at all. economic levels spend 
a highs proportion of~their incomes on products such as 
beef and'milk. Income elasticitiesof'demand remain '" 

high, indicating tha.t people 'will spend ever'more. as 
their incomes go even higher.
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'tropics is low compared to tha t i i)the temperate areas, 
1Wprimarily because'of-~poor nutrition. Tepotential fort 

4
 
i~'
qimproving 
 grazing lands, as well as increasing production
 

'o'f sownf p 'stures,',is well documented. Improved prac
tices, along with appropriate animal management and 
judicious managerial skill,',hae been shown to increase 
Panimal outputper individual' and p'er unit of land a~rea...
 
Issues related' to such imrvmnsaedcibdelw
 

.teshudbconsidered in terms of associations with 1 
Sexisting and modified farming systems, as wel'l as their " 

impact on et'
ecosystem stability.

'4 4 :i 44'. 
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ISSUES7'7 ~ 74$~ 2 
Issile 

Animal production from improved and unimproved pastures

islmited by the' qualifty and quantity of forage and feed
 

..produced, 'which are controlled by many factors that can
 
be grouped broadly as follows:
 

'7"climate -- primarily rainfall,,(amount, duration,
 
distribution) and 7temperature',(generally favorable
 
for year-round plant growth in the humid and subhumid 


* tropics)
 

- soil and amendments -- inherent soil fertility,

water-holding capacity, depth, structure, texture,

slope; correction of nutrient deficiencies by

fertilizei'
 

- vegetation --. plant species and cultivars present;
their abundance, production, and persistence; often
 
modified by associated weeds and trees
 

- animal type -- livestock type and breed,'their ~ 
genetic potential 

- graizing systems -- intensive or extensvcn 
inuous, rotational, deferred gaznne conpl

mental feeding 

- management -- managerialskill of producer in the~ 
manipulation of factors influencing pasture and 
animal 'production~ 

In most countries, 'livestoc~k population and offtake data
 
are recorded along with area estimates of 'overall grazing

lands. These lands are seldom classified in terms of
 
improved pastures, and little or nothing is'known of
 
their productivity. Animal production and grazing

systems are not well designed or organized, and producers

need to learn new management skills.
 

Animal production and veterinarian services are located
 
in separate departments of the agricultural ministry, or
 
perhaps in different ministries. Furthermore,. pasture

and forage agronomists are not officially associated with
 
those responsible for animal research 
or services.
 
Pasture and animal trials usually (but not always) are
 
conducted at the same experiment stc4 ion1(s);-
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'
1Research and exte'nsion 'acti i5-J seldomn coordinated,~ ' 

.Mapedand desr-bd ,in....bat 
Baseline 'studies can 'r iu l inff , '>': 'daionion 


productivityini~terms of pasture arnd livestock'output~adt
 
prbby will reveal that research and' '' 

letensionrecommendations 1) are little known andequire
 
tproot on by extension, 2) are known, but'are 'not used by.,
,producersand need cl simplification, and
 
further on-farm testing; 3) are known and have been,

~partially adopted by farmers, but need on farm verifica-

Stion. Thesestudies are also likely to show that soie
 
c:urrent problems canbe solved by existing research, that
 
ininvyet verified on farms and requires adative
 
research; other problems require on-station research; n'
ardficadtion 
indigenous technology exists thatcan beimmediately '' 

moved into adaptive research. 

The baseline studies will motivate new thought2 andaction
 
by research~ers and extensioriists, redefinition of. priori
ties, new concepts in carrying out research and its
 
delivery, redirection of policymaking and na'tional
 
intervention for support of new and modified pasture
animal pro'duction programs.
 

Despite lack of area-specific research, the'benefits of
 
improved pasture- anid animal-management practices have'
 
been 'demonstrated experimentally and confirmed under farm
 

" 	 conditions in various Countries --~ e.g.,,'Australia.
(OSIRO), Colombia (CIAT), Brazil (EMBRAPA), Nigeria' ' 

(University of Ibadan) -7dnd in H1awaii, and Puerto Rico.' 
These results have application and can serve as guide
lines under comparable~ climatic conditions. ProperlyIssue 2u
managed improved grasses and legumes in the humid and 

subhumid tropical zones have the potential to enhance 

" 

forage'cquality and increase herbage yields several times.
 
'overthat of commonly used grazing lands (figure,4.6.1)._

They' are used in sown ("improved" or "permanent")
 
pastures to economically increase animal production

through added nutrition in the pasture system, which
 
leds~to higher yields of herbate that is protein rich
 

Sand more digestibl. In addition, properly managed:.
 
pastures within ~the farmiing system will increase soil
 
fertility and improve s'iV structure for subsequent crops

"and, in someflinstances, will reduce weeds insticts, and
 
diseases by' interfering with their growth and l~ife
 

cycles.
 

4307 



17o 

600 - Humid 

Trpc500 

400
 

300 

200 

Monsoon
 
100 	 Tiopics 

0 

Pasture Legumes and Grasses and Grasses and 
Manacement Fertilizer Legumes-Fertilizer :t rtilizer 
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Figure 4.6.1. 	 Estimate of live weight gains from beef cattle in monsoon 
and humid tropics. Calculation based on data from 21 
grazing experiments in various countries (taken from 
Dirven, 1970). 
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P r a animals should'- pro,' e~ A~ 
prdc~s~npoi 4pInrea-9,ne-prss. ver tim 

-tesocioe~o omic~ condit-iins' f, i~id u'li may b 
-anced ht oe!'s'elas f-l 

~i~oU1d ibe; remembered,_ hweer V lm, otntad 

outlay,,by thegovernment and may place lim tad6 o 
-deelopmentof other -r'ograms. '-Furthermore,, expectations 
oofIanimal production and profitability. .are of ten aver-> 
estimated and ma as iaca opiainfr 
producers. Intensification~ of' asture- -and-animdl

puction systn br abu
0 cnges in-hd -menagement 
and'thus may modiftyfawnily resporis'ibilities and community ~, 

~An examination of present-day pasture and animal research
 

~howdsta ti usually? oriented toward Jarge land
holdrshaving been desigred, conducted, interpreted, '~ 

a promulgated'from the viewpoinT -of :the scientist.1 In 
S general,'smallholders 3o not signifcnlcotiueo 

tegross ntoaprdc ems if animal output., On
 
a hccal. lpvel, however, they are of ten the primnary source
 
of animal products., Still, their importance' ften has
 
,~not actracte.4 the 'attention:of teseachers, who g'ecally
 

~ attempt to keep abreast of pertineot,,producer problems
 
'Iibut too loften generate new research based on problems
 
-~that arise fromprevious research. Furthermore/j the,>~


major research, on,pastures and animals is conducted in 
rcountries wh&eejixed-area pasture manageinent'relates to
 
'lar~dge-scale operationI and may Aot tbe- directly,'tran~s 

~ferblto other bioiogical-and soci.al systeins. 

Issue'

;'~Nutrients for plant growth pass thro'ugh~ta cycle from the 

-removed or~ returnedio the soil in plant - d&ue or
~~s ail erea Th'nioe quntces) to'tilapbii~yandar 

nutrients inthe, cyce determine muh o'f the'herbage 
:production andanimal output.: Crazing animals usually p 

~ rtur~ aout80"' of, the ,consue n'rgn hshrs 
,and P,tassium~'through excreta; thosi, grazing animals 
-furnish an iiportant link in the're'_ycling of nutrients 

' betweenf the plant and the soil. 

Sources of plant nutrients include fertilizer, rainfall,,,Ssymbiotic and nonsymbiotic microorganisms activity,,'
 
anima~l excreta', decay of plant residue and dead animals,
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~Wearing of soil~parent material, and,deposition

~following soil erosion. 'The in~ertion 
fjetims ihto

SLthe pasture dystem"Wili ad&dnfitrcgen ,fOr ecycling anda~WZj7~ reduce the need for pur~hased nitrogen fertilizer. ThiY 
shul haeaf~rbeipc the ~biological and ~ 
~economic aspectsof the far ming system as a Whole., 

Lack of seeds and vegetative plantin materials imposes&a,Q serious cons traint on the development of improved
pastures in the tropics. Seeds ofimproved grasses and 
Jegumes~are produced commer,cially in some countries, such 
as Australia, Kenya, Colombia, Brazil, Imp rtedseeds in
 
most countries are expensive andnot always available 
locally. 'Ofen, eoal types are hand-harvested but seed

ihabiet s germination such grass seeds may'dalow, of 
varysbetween 0.5% and.5%j.with sona legume seeds n
approaching 50%. 


-

Seed yields of tropical pasture species usually are low r 
and their recovery is more difficult than thatnof : 
temperate species, seed- production industry is diffi 

Scult to develop because&1) flowering occurs over a longper'iod; 2) relatively few fertile seed tillers develop,

3) seeds mature irregularly and often shed when ripe; 4)' 
masses ofherbage, often still green, iterfere With seed.
 
harvest; and 5) a cadre of specialized seed producers and
 
processors is lacking.
 

Thejdemands for high-quality seeds accompany an expanded
and intensified animal industry. 
 Basic. information
 
relatedc to seed avaiilability and produ~ctioni within a
 
giveii country must precede this development. High
quality seeds of superior grasses and legumes Will 
contribute materially to in'creas~d forage production and 
,.animal output.
 

Issue 6 

a In a pasture-aid-livestock-..mprovement. program,%aseline
 
Sstudies 
 usually reveal that 1) all grazing lands and most
 
a sown pastures do not produce at their potential level,'2)
 

some grazing lands can be improved by thinning trees and
 
a removing scrub-type~plants, 3),somr. graa ing lands can belrenovated by oversowing with an appropriate legume(s), 4) 

'' 

all grazing lands (after renollation) and all sown 
I ~ pastures require a systematic maintenance fertilizer
 

program, 5) sown pastures. are not1 properly managed 
to
 
mananlegumes, and6)ms sown
rzlgansnday
Ka pastures,;are overstocked for part'of ,the year. 
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fA' ur63''n-ounrypasture research usually will-show 
ht ste 

einnip t pa o ulV e d . f m'f san zo, 

Sanes a s e
'' eiIhofgrzinlds,-patrsan anmtn, 


ru paerr sh t nlao 

!an 'proea ng e 

asdL!ren s legums;pvdefebiiyadalrntesnr .... prvideer e cantity and ualty axtene
0feed pro'vid e tive roundvcover

team ac4irnfnrvesterto
was - ro'f. ad solfro -s tal i in dce 

i' pl e e *aind t enduai n systems hrosga 
mpOdi n grazing.. e,s ure .. ges , a , n aim a-

pr....nd rovnieam. eaodua iprvtegratendwdd ireyatminofstemolg transfes i s thet wsll ic re conc-ptifocrate, reucefcalf orgality arodeinrne
 
and ulopnth pro u an i er
fed; en sei et ound ctsoy 

wto-yruifyatre nd animolproucion- eatres
 

aemperadeOpr odrs. eonenutrses will biencmemor
 
aocipteiy 


asture andu grazn flbli ta n paltrnaiesi
apwi c su1!ui aepes enrroduceranifaoleprlemsthroughdcionpacteeacadaive-se 

anfu n o the heir nent,h t -of land.e tals . 

rsw parc fesdband.gAllmiing prams m ae toth
grssvie 7 
r9 rh feeba. .L ...modified programs ha...e an.. ... ... 

aatl usawall prematofr andte

ncet vrnSela n.st- s y n 

Ppr ch soies in reu afopare Cy acth
 

:, ue0Sona] the etoesis,n e 

Siso aptsagabiin lnds<. Aos sopea ttues
 
and alt an etropics Canye 
gras.ses .h.ae epr an t veadp smen 

-), ies bheod ofe andav'
 
ar tSsf ation,4. 


diofret biohica1ol~aredtficpotonntoeni, nqhev

di-ffea'
ren andh:nc~~taapt~iatioi~erie to prog'"erlgh"dce hih fraeyields
tos anpovd moelevaedprotn contens.
rases ithf Drny
 
gataer rd a inde rg faapttin, cwitosan
 
ampciesol aatiis t yiceaesdn a oss seeal ltitude
 
andaltsitues h rpiso ane n
inemen 


grasses, sog, ariea
Mos e ofniroen fertiiroe. anomeav
 

grasese~g. guneaand elephant grasses, will produce
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Figure 4.6.2. Dry mitter production ef tropical grasses with C4
photo:synthetic patway cwpared to temperate grasses 
legumes iitha C3 pathway. Grcwth inlex represents 
forage yields relative to the production of tropical 
grasse:;at their optirmuteoperatures (taker from 
Initerar, 1980). 
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f£rom 5..m-ri t erctoshauf'r 
annuaJ.llyudrfvrbe-osuecniin n-wt 

at, 

'aedi:'lsilne;i:)nue tabi ty' f rde ' :, '>' 

j ~ t~aa1000+kg/hi of applied nitrogen. ndere razping condi
,tions,' forage yields will be lower and less nitrogen will 
i.be needednfor sustained production. Animal production -. 

from fertilized grasses generally aexceeds that from
grass-legume pastures (figure 4.6.1) but this practice ... 

ma-notff& i~ . 

4r . 

a 

____ 

a 

. 

-

dPerennial grasses in the pasture sward are, desirable 
1-cause they can 1) increase total herbage productionr 
(but in combination, with legumes may not outyield ferti
lized grass alone); 2) ensure stability of production by 
initia-ing their growth after rains more rapidly thando 
legumes, thus increasing earlier grazing; 3)increasdd:Ithe 
energy value of forage by providing the bulk of the 
energy ration; and 4) suppress weed invasion by main- -
ta: ing a dense sward when properly managed. 

a 

. 

Issue 8 

a 

a 

Legumes usually contribute less herbage to the total-on
offer in sown pastures and grazing lands. They are 
desirable components of pastures, however, because they 
can 1) increase the crude protein content of forage
(which is of -particular importance when grasses begin to 
mature); 2) extend the grazing period ( plants 
remain green and continue growthaa nto and through the dry
season, depending on available soil moisture); 3) adda 
nitrogen to the pasture and 'razing systems through the 
symbiotic relationshipwith root-infecting rhizobia; 4)
increase voluntary intake and digestibility of grass
legume mixtures as compared to;grass alone, especially as 
the' latter matures; and 5) provide stability to pasture
and grazing systems.' 

-a 

a 

a" 

a 

aalfalfa 

Legumes will provide 100 kg/ha to 200- kg/ha or more ofniroe onman annual basis. Some legumes require a 
specific Rhizobeumbfor o'ffectivemodulation. The -

bacteria are tolerant of acid soils and tropical legumes
can-;effectively extract calcium from isoils1 low in this -

nutrient. Application of line is seldom needed'e'xcept on 
very. infertile and highly acidic soils. Leucaena and 

are exceptions in regard to their Rhizobiun, and 
lime'requirerents. .. -a-. 

a 

a a 

aIn Australia, the combination of- oversown -Townsvi-lle -

stylo and phosphate' fertilizer increased carrying
capacity (to about one animal per hectare compared to one, 
per 10 ha). There was a sixfold increase in beef gains 
per hectare and the live weight gain/head was almost 
double that obtained on giass alone (not fertiliz. d)i 

--
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.Z'
rhe nutritive,'value.of a forage usually is synonymous
 ' J
tfeeding refers 


in iT ebi 

w ivit value and to its chemicalcomposi-


digesti atyuandthenature of di ested
 
prdci(u not toanimal Intake). The amount off
 
oaut oner isrveryv important bcaus
 

on 'ttotal thus animal- " ''nutrient intake and '' 

involves nutritive value and level of consumption byjAhe 
anial, The ultimate measure of quality is animal'. 
h e a i
resnse.~uction. qua nt; esti-
Two basic componentsare intake and di 

bility, butrotherfacts.,te 

p foAssse f foag quality,•"terfore, ::i~
 

also contribute, e.g.,,amount
 
of ingested feed constitutents, availability of'these
 
constitutentsto the'animal, and thE abiltyof the
 
animal to absorb arid use them' ,The 'major determinants of
 
herbage forage quality are stage of plant maturity and
 
genotype.
 

Forage intake represents the amount voluntarily consumed
 
by the animal and is amajor limiting factor in tropical
 

4 r forage quality; it accounts for about 70% of the 
variabililty in animal production. Only 30% of the 
variabili iy is due to digestibility. Factors that 
influence-intake include stage of. plant growth, genotype, 
digestibility and'rumen retention, chemical composition 
(especially cell wall content, lignin and silicia), 
environmental fluctuation, and proportion of different 
species..- Many of these factors also influence chemical 
composition and digestibility. In general, tropical 
forages have lower digestibility than do temperate 
forages, primarily because of environmental (specifically 
temperature) rather than genetic differences. Nonethe
less, tropical forages have the potential to provide the 
necessary energy and nutritional elements for weight 
gain. 

Issue 10
 

Well-managed grass/legume pastures (under favorable .>
 
moisture conditions)can provide the total digestible
 
nutrients and digestible protein for maintenance and
 
-weight gain of grazing animals. The effects of
 
grass/legume associations can be expressed in terms of
 
dry-matter production,i... crudeanimalprotein content of
... .and~ the
 
forage, animal intal' , and anmlproductivity. Weight
 
gains in several studies of grass/legume pastures in
 
Australia ranged from 250 kg/ha to 550 kg/ha, while that
 
from nitrogen-fertilized grass varied from 250 kg/ha to
 
1,100 kg/ha annually. Factors-that the animal producer
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4 y I ustconsider in regard to grass/legume symbiosis Y "" 

Yields when mixed are less than when grown in pure 
stlands(ass mingthat improved grasses receive 
appliedinitrogn). :,The combined yield, however,,may 
exceed tha tfthee-legume 
likely to be ....... beavo 

he7alone;--:tthe--legume--i 
when mixed than is that 

of grass., 

Nitrogen content ofthe grass herbage in the mixture 

thaofdules lu m willhlikely be lower than In a 

Legume/grass combinations provide a wider array of 
selectivity for grazing. animals than does either -, 
component grown alohne. on 

The large gleavesof legumes such as siratro, 6 
bprean ayed. rcl f r e j f~iat~desmodium,' and kudzu may interfere with biting
behavior and animal intake. 

Qrn 

Effectively nodulated legumes make little or no 
demand on soil nitrogen, while providing nitrogenous
compounds fixed by the legume to the associated 
grass. The grass benefits from the nitrogen after 
nodules slough from the legume roots, because less* 
'than 1Z may be directly transferred from active 
noe'ules. 

A survey of beef cattle experiments in the humid and 
subhumid tropics, disclosed that 1). few comparisons of 
grassand grass/legume pastures have been conducted 
within the same experiment; 2) weight gains were highly'
variable; 3) weight gains from grass/legume pastures
exceeded those on grass alone at low levels of applied
nitrogen (but not at high levels); 4) weight gains
increased proportionately with the 'level of the legume 
component; .5) the leguni. component provided about 10(.
kg/ha annually of nitrogen fertilizer equivalent; 6).
conception rate usually increased and. calf mortality
declined on grass/legume pastures as compared to grass 
alone. 

2 

Fewer data are available for milk production, but a
compilation of records from variou~s experiments showed 
daily milk yields of. 6.5'kg/cow to 15 kg/cow. 'The main " 

limiting'factor 'on improved 'pastures -appeared to, be low,,'''
intake of digestible energy. 
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reviweof pasture-fertilization trials has shown that 
nagroen is usually the main limiting nutrient for growth

Sof pasture grasses. This element can be provided more 
economically byiassociated legumes than by applied ferti
1-- , i zers~iand-f ertiliza t-iorr-of~legumes-nust,-be-considered
separately from that of grasses'. A principle limi-tation 

Sto the success of legumes in pasture establishment and 
management is the low phosphorus"content of many soils. 
Often, soils are heavily leached and highly acidic; they 
are low in calcium as well'as phosphorus. Most grasses 
grow over a wide range of soil pH, however, and tropical 
legumes tolerate the acidic condition if phosphorus its 
available, the calcium-magnesium ratio is favorable, and 
the aluminum content is not too high. 

In addition to nitrogen and phosphorus, the other 
macronutrients required for plant growth are,potassium,
calcium, magnesium, and sulphur. The micronutrients are 
copper, zinc, iron, boron, manganese, and molybdenum. 
Two others are essential for animals -- selenium and 

-

iodine. 

Applied fertilizers, especially phosphate, are usually 
required, for establishment of pastures. Subsequently, 
fertilization has thr main effects: 1) increasing 
forage yield, 2) modifying botanical composition, and 3)<> 
improving nutritive value of herbage. Their use, 
however, will depend on affordable risk and economic 
return to the producer. 

Issue 12 

*1 ' 
Animal-production systems can be described in terms of 
livestock type (i.e., beef and dairy cattle, iheep and 

V : goats, and water buffalo). Systems of beef production 
vary greatly but can be grouped into three classes: 

1. cow-calf operation, usually associated with extensive 
pasture management in which breeding is a major 
concern, with sale of weaned and store-condition 
animals (frequently, little attention is given to!, 
time of conception and calving) 

2. breeding and production of fattened animals by one 
producer, which requires improvement and management
of pastures, provision of supplemental pastures, 
and(or) use of supplemental feeding 

-,~ , ....n 

316 



V3animals reard roducer"ad fattened 
o whichrqieja so:~other', wn~pasureS:provide 

e y,~ hghquality optimum
an'imal growth and weightgain over the longest.,
possible time,'or' use ofreaeedlqt operation 

ample.quhf ~ f ~i ,oragefor 

mi .aIf 

more fertile landthat hasea 'highcropping potential,
 

PL iv' em'- ;,Concenratd ont e
 

frequently at altitudes of about 1,500 m, lusing, imported'

dairy breeds rnd supplemental feed based on animal,

performance. At lower elevatiohns 


'a Asube
 
withsilage or daily-cut forage, and supplemented ar Much of
mconcentrates. 
the milk for local
consumption," however, 
comes from crossbred avid unimproved
 

cows on extensivly managed pastures, which produce less
than 1 liter per day for lesF,than"100 days.
 

Sheep'and goat production in the humi'd and subhunid
 
tropics is largely 'ahousehol~d operation," primaril'y for
 
meat. 
'Animals are maintained 9,n vegetation in wastelands
 
and on crop and household residues.'"-'___ 
 ' 

Water-buffalo production is largely confined to Asia
* where they are 
used for draft power, meat, and milk. The.
 
buffalo is a vital component of the farming system on
 
small holdings in some parts of the world.
 

Livestock keeping may be combined with wildlife manage
ment in some countries, e.g., 
Kenya, vhere offtake of
 
certain species can complement output by domestic'
 
animals.~
 

The type of animal-production 'system depends 
to a great

extent on socioeconomic conditions in a given region,'as.
 
well as 
cultural and historical aspects . Improvement of
 
pastures and intensification of livestock enterprises

generally will require some form of government subsidy

that 'can alter the production system. Such alterations '
 
can modify the producers' lifestyleand responsibilities,"

and even the fabric of the society." -


Issue 13. 

Grazing systems are derived from the application of

grazing management, i.e., manipulation of pasture plants

and grazing animals. Because of differencesamong human
 
societies"(soial, cultural, and historical) grazing

,lands are managed in various ways. Basically, three
 
distinct grazing systems can:be identified: '1) enclosed,.
 
or fixed areas, 2)'communal'grazing, and 3) nomadic
 
herding. 

' ' 
Nomadic herding is associated with transhumant ' 
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*~societic~ in arid VanI 'semiarid 'reg~ions of the tropics .>> 

Communal'>grazing~may he Afund ~in the more humid region's, 
but forage adanimal :production are hampered by 
overstockihg and ovegrazing. The enclosed or, fixed-area
 
systemrequires two methods of stocking: cotinuous and 
rotational grazing. Undercontinuous grazing, animals'' 

a gEt70 area ti r(tien wit 
varinble (adjus availablestockingor a oumber ed to the a 

forage -- this is also called put-and-take grazing). 
Ui:der rotationalgrazing, the pasture is di'ided into 
paddocks with a regular'sequence of grazing andI resting, 
either set orvariable stockinig. Modifications or 
rotational grazing inude 1) defered grazing, with 
attention given to critical periods of plant growth and 
developmentin different enclosures; 2) strip, gazing -), 
dthrationing of available forage and usually associated
 
with dairy cattle; and 3) leader-follower, with the more
 
productive animals allowed first grazing.
 

Many comparative expeLimentsdealing with continuous and
 
rotational grazing have been-controversial and open to
 
bias in design, methodology, and expectations of the
 
in~eStigator. Differing findings result from an inter
action between stocking rate and management decisions to
 
determine the stocking rate for sustained forage produc
tion and animal output.
 

Nomenclature and definitions used with grazing systems
 
and management practices cause considerable confusion.
 
Two commonly encountered terms are extensive and inten
sive management: "extensive" usually refers to grazing
 
lands in the less humid regions and "intensive" to sown 

pastures.
 

Deliberate burning is a common practice in the tropics,
 
including humid and subhumid savannahs. '?.The need to burn
 
is a natural consequence of an imbalance of forage
 
between seasons, i.e., excess accumulation du, ing the wet
 
season and incomplete use of the mature, fibrous, low

*i- quality forage left during the dry season. Primarily,
buhrn'ing is done to remove this unacceptable material. ..
before the onset of the rains so as to improve the
 .. bufrin isoe t eoeti cetbemtra
 

availability of regrowth. 'It may be done to promote out
of-season growth, but this leads to depletion of root and
 
crown reserves and subsequent deterioration of the sward.
 
Burning also may be used to control woody plant types, to
 
remove unevenly grazed areas, to attract animals to
 
ungrazed areas, tG control pests and diseases, to 
establish fire breaks, and to prepare a seedbed f~r 
natural reseeding and oversowing of des ired species. 
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.K; Issue 14 -

A 127month feed supply 1is needed for sustained animal 
-;':outputs. 
 one way to complement a year-round production
 

system is'supplementary feed, which may be produced by ,,
 
thepasureduring surplus periods. It could be
 

derived from some on-farm or industrial by-products.
 
";..
Silage from tropical species does not compare favorably
 
with that from temperate species. Tropica grasses
generally are coarse and stemmy, as well ashigh in crude 
fiber and structural carbohydrates. Some (e.g., elephant 
and setaria, maize and sorghum) can be successfully 
ensiled when haryested at an appropriate'growth stage. 
wilted before ensiling, supplemented with addfiives 
(e.g., molasses), .roperly compacted, and sealed in silos 
to improve quality and reduce loss of dry matter and 
nutritive value. Haymaking in humid areas is difficult 
and usually unsuccessful. Accumulation of excess herbage 
in pasture enclosures is a practical mearns of forage use, 
but mature grasses become fibrous and lose crude protein, 
thus becoming less acceptable and digestible. Sowing 
legumes in separate' enclosures provides a higher quality 
supplement as a "protein-bank" for integration wich 
regularlygrazed pastures. Grinding and pelleting of dry 
forage increases intake, but this process is expensive 
and generally uneconomical. Other types of supplemental 
grazing and feeding of crop residues play vital roles'in 
developing feedi systems. Strategiesiinclude grazing 
under tree crops and after crop harvests, as well as use 
of molasses, cassava, alkalJ-<reated roughages, 
industrial by-products, nonprotein materials, vitamin 
supplements, hormones, and antibiotics. 

GUIDELINES FOR BROAD PROGRAM DEVELOPMENT PLANNING 

Guideline 1 

Pasture- and animal-improvement programs can be initiated 
by informing policymakers of feasible plans for meeting 
the increasing demands for animal.products. The ultimate 
success of new and modified programs then depends upon 
government support and adequate financial backing. A 
definite budget ,must be confirmed and publicized, with 
sufficient reserve to allow changes as the programs 
evolve. 'It is advisable to begin on a small scale. 

Tha existing pasture and animal programs should form the 
basis for ii,rovements in a given country. All within-, 
country research data relevant to the soil/pasture/animal 
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~icompi"x must ~b'compiled, along 'vith data from other' 
.~>countries. It also is beneficial to have on hand'such' 

secofidary information a dclimatic and edaphic conditions
 
land capability.and water resource studies, rural
4< developmnent' schemes, and other pertinent records. 

--.2-< ,-Development-,f-mrvd prgas--epasij ar-
fication should, then 

7 77 
be founded ?on baseline studies. 

SPuch studies can delineate and'characterize ecosystems'
%figure 4.6.3) to 
be selected as target'creas for
modified programs; locate and !describe present pasture
areas so as to enhance renovation of old grazing lands
and aid in establishment of sown pastures; identify

problems and constraints:related to pasture and grazing

systems, animal and agricultural production schemes, and
biological and socioeconomic conditions; 
and accumulate

background data and information needed 
to formulate and
 
set 
in motion modified and new programs.
 

The baseline studies should involve an 
integrated and

interdisciplinary team effort to 
identify local areas

bestadapted for expanded and intensified pasture and

animal improvement; to 
focus on pressing producer

problems and alternative solutions 

' 

as discussed by

researchers, extensionists, and producers; and 
to select
collaborators for on-farm adaptive and verification
 
trials. Innovative schemes must be used 
to move appropriate technology into the hands of. both small and large
landholders.
 

The baseline surveys and studies are 
fundamenta! to the
promotion, organization, and implementatioc. of new and

modified pasture/animal programs. 
 Basic designs,

procedures, and methodologies are available from several
 
sources, e.g., 
American Association for the Advancement
 
of 'Science (Conant et al., 
1983), Organization of'
American States (Rodgers, 1984), and International Center.

of Tropical Agriculture (CIAT). 
 (CIAT specifically works
 
to improve grazing lands and animal production.) Such

outlines are usually either very general 
or very

location-specific and will need modification and adjust
ment for other conditions.
 

Guideline 2 .
 

Successful improved national pasture and livestock
 
programs depend on 
continuing experiment station
 
research, which probably will require strengthening.
Such researchuund~rgirds and supports on-farm research

and is essential for investigating problems encountered

in the field. Relevant research then 
can be < 
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derived from annual reviews-of the pasture/animal: 
::improvement program., Experiment station researchers, 

' 

the 
adaptive research team, and extension representatives' 
should participate in these reviews'. 

A core of research and extension staff must be des igat6,d 
ponsbil tyfor-organizing,planning; developing, and establishing the pasture and 

animal programs. The team might be composed of members 
representing fields and disciplines suci as agronomy,

soils, economics, farming systems and animal production,
 
nutrition, and health, but should be flexible. 
They can
 
benefit from national, regional, and international
 
workshops, visits to international centers and national
 
programs, and outside consultancies by internationally
 
recognized specialists.
 

Team members must have freedom of operation, but should
 
work closely with the National Agricultural Planning of
 
Coordinating Committee, which is usually housed in the
 
Ministry of Agriculture. The pasture/animal team will
 
identify target areas within ecosystems and assist in
 
formulating national goals and objectives. They also
 
should be involved in the baseline studies and'implemen
tation of program(s)." In addition, core team members.
 
(pasture agronomist, animal-production specialist,

agricultural economist) must collaborate with people from
 
other disciplineS who have specific responsibilities and
 
time commitments. Organograms with lines of authority

and responsibility will benefit all who are 
involved. It,

should be clearly understood, however, that operational
 
flexibility is required.
 

A seemingly small, but significant and vital, component

of program operations is that of transportation -- in the
 
field and for use by office and administrative staff.
 
Mobilization of personnel is an absolute necessity, with
 
clear definition of when, how,, and by whom vehicles will
 
be used and maintained.
 

Pasture/animal improvements are long-term and costly

operations and commitments when compared, for example, to
 
a national maize-improvement program. Renovation of
 
grazing lands, establishment of sown pastures, modifica
tion of grazing and feeding systems, and buildup of
 
animal populations require several years. On-station
 
research results can sometimes be obtained in 3 years,

but longer studies are required if pastures must be
 
established. With appropriate technology, effective
 
adaptive research can produce useful findings within 3
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eae ou eyears bejneededto. 
influ~4neomic conditions, ..

LResea r'h methods have been discussed au described in 
severalpublications.(Crowde nd Chheda,1982, Cook,

1980'- Shaw and-Bran' l976; Mannetje,'1978) and adaptive 

rsac'methods are':avai able Ifrom CIAT I { 

Rapid increases of ani'mal output to meet national demands 
can be derived wheu pasture and animal manigement 
improvements are made by large producers,' Increases in 
local animal production and Improvement in the uality of 
life of rural dwellers will depend: largely on improve
menits made by smallholders. To meet these combined,

Objectives, 'anational or regional pasture/animal-
impr'ovement program must be';supported by the,national

Sgovernmnt and administrators of in'volved miinist'ries to 
ensure financial backing, availability of trained ' 

personnel, and integration of inputs and services. 

Most developing countries have. limi ted Yresources for
 
,research and usually opt to transfer technology generated

"elsewhere, most of which is designed for large
],andholders. Thus, a problem arises when 'attempts are *.

made to move "Packages," such as specified cultivars and ". 

mixt'ures, fertilizer recommendations, pasture- and 
animal-management practices, ontosmall farms. Although
 
the 'basic pr'inciples of pasture development, grazing,

ma'nagement, andispecies and cultivar characteristics do
 
not change from "country' to 'country"'or region ,to region,

their application and responses should be validated for
 
localized recommendations, Special techniques will be
 
neded to work with smallholders, e.g., collaboration
 
among 'producers in''avillage. Administratively, a
 
s3bject-mater-specialist should be attached to the
 
adaptive-'research'team to assist in preparing extension
 
and producer' publications, as well as to conduct
 
shortcourses and workshops.'
 

Guideline 4 

" Wherever moisture conditions are adequate and economic -!
 

returns are favorable, consideration should be given to

'th'4repacngspecies, especially legume's,'and using

fe'rtilizers.. 'Improved pastures should be established for "Aintensifying animal production. following procedures,

mehdsn tecniques that have proven ap'plicable under
 
varied environmental conditions. In'this' way, more
 
nutrients w/ill be L.'roduced into the soil/pasture/animal'
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'g s mes comprisin the pasture. 

sward s and recycling nutrients. 

Ground cover and in upper soil suracereduceytherroots 
~water runoff and soil erosion. In addition, roots at, 
g rvdih u e d of somegrassandlegumeroots '7l,,1e% 


~o scurJhlow30Qcmyth some reachin i,2normorein 
depth) m bli t ients an.d tranpor themtoaial
 

orngi's
,ort.ions.. for "rcae.
7= -7 p 

s grazinglands and nutrient recycling usually can 
be improved bypractices such as thinning tees and
 
removing bushes;, c orrectieng soil- nutrint deficiencies
 

. and
and'flrtilzl. athregular intervals; oversowing legumes;
 
providing acc mulated legumee or grass/legume forage in
 

4 ., strips(it in the pasture or in separate enclosures, and 

.adjusting taocking rates so as notito overgraze g 

-periods'.of moisture stress. 

Guideline 5
 

Pasture developmnent in the tropics is basically
 
dependent upon adequate supplies of high-quality,
 

reliable seeds. The baseline study probably will show
 

thatadequate grass and legume seed supplies of s s
 

acceptable standards (in terms of purity and germination)
 
are practically nonexistent or very limited within the
 

country. Thus, imported seeds usually will be needed 
to
 

initiate and accelerate a pasture-improvement program.
 
It is likely, however, some established pastures
o that 


contain fair-to-good stands of improved cultivars and
 

1; recognized superior ecotypes. If seed expertise does not 
exist, within the country, consultants and specialists are
 
needed to assist in identifying and upgrading such stands 
and. to provide guidance in producing, harvesting, and . 

proccssing seeds. These sites might provide a nucleus 
for organizing and developing farmer seed cooperatives.>
 

If not, they might serve as a stop-gap measure to reduce
 
thepcost of imported seeds and to build up a supply until
 

seed producers can be organized in areas suitable for,
 

seed production. A feasible and an economically viable.
 

approach is to organize farmer cooperat ves, using a
 

model developed 
in Kenya (Booman, 

1979).
 

Government policy usually controls the kinds of seed 
production that develop - whether farmer cooperatives, 
private ent':epreneurs with partial governmentallinancial 
support, private seed- companies, or governmental 
agencies. Regardless of the organizational scheme, the, 
development of a seed-industry will require guidance and 
assistance from knowledgeable specialists. Seed

~$1:K -processing techniques
<roduction, -multiplication, and 
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kand proedurhes~have been:.summarized, by,Crowder a'ndChheda~W' 
(19132), erguson (1 ) Humphreys (1979), Javier and 
Men~loza' (l976) I 

GUIDELINES FOR PROGRAMIPROJECT DEVELOPMENT AND DESIGN 

Guideline 6 ~ 

After national goaf1,and objectives have been determined, 
,the team should move'into the target area, set up. 
o.ieadquarters; become acquainted with local government

oficial ard;extensioni staff, community resources, and 
farmer services; compile and analyzescnayifri
tfbn, and plan on-.farm surveys. This period of learning
and planning will prove highly rewarding in subsequent
operations. The survey procedures, of qourse, call for 
stratification cand sampling, to include both large and 
smaliproducers. In some regions, however, it is 
unlikely that they will be intermixed. The survey and 
study report will identify pK-oblems and alternative 

. .. -

solutions. The next phase is that of formulatin'g 
projects and preparing plans of action, along with,analyses of costs, expected program benefits and' 
recipients, and environmental effects. The pr'oposals 

,,will require higher governmental'agency approval before 
implementation. r 

Or-.farm .verifica'ion and adaptive research could include -
expanded testing of grass. aad legume cultivats in ' 
different environments, fertilizers in.small'plots and 
under grazing, methods of establishing legumes-in grazed
pastures, methods of land tillage and establishment of 
sown pastures, weed control, accumulation and use of .
"standing 'hay" and "protein banks," hay- and silage
making, and establishment of leguminous trees and shrubs,
(such as leucaena) in. strips for supplemental grazing,
browsing,.and daily cutting as fresh feed, plus other 

''-: 

i 
applicable practices. 

Pasture establishment is of critical irrportance in the 
development of an improved animal program. If establish I 
ment is poor, the pasture may never develop a productive 
swardor attai its full potential'. .Inrenovating andove.sowing native and naturalized.grazing lands any ' 

excess plant material must be burned, heavily grazed, or 
cut and removed, and. some form of sod disturbance or land -
tillagemust be used to prepare a seedbcd For sown 
pastures, land clearingand tillage are essential for a 
firmly prepared seedbed. In either 
deficiencies mustbe checked and.corrected with applied 
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fertilizer. Then,-other procedures adthipsdmn
 
attetio.-, (scarification,' inoculatfon, -,
e~dtreame 

pelleting); timne, diensity, and method of seeding or 
transplanting vegetati'ematlerial; weed control; and' 
grazingmianagemnent until seedlings 
are firmly established
 
and growing. Time spent plannizngrthe program/proje~t,
 
will pay good dividendsin the established pasture,
 

Many of the recognized,,grass species contribute to native 
and naturalized grazing, but about 40 of. these species 
comprise 99% of the world's sown grasses. Grasses 
important. 'for use in t he humid and subhumid tropics 
include guiaea grass (Panicum maxiium); giant cynodon 
(Cynodon nemfluensis),"para grass (BracI.iaria mutica), 
signal grass(B. decumbens), creeping signalgrass (B. 
humidicola), gamba grass (Andropogon'gayanu), elephant 
grass (Pennisetum purpureum),and jaragua (Hyparrhenia 
rufa). This is not a complete list; other grasses may be 
adapted andiuseful. : 

Species differ widely in their requirements for moisture, 
nutrients, management practices, and (t6t some extent) 
temperature. For example, .para grass withstands "wet' 
conditions and short-duration flooding, whereas guinea 
grass wil] not persist under these conditions. -Dry
matter yields of elephant grass and Cynodon cultivars 
respond more dramatically to applied nitrogen than do 
molasses grass and Andropogon spp. 

In their native and naturalized'regions, grass and legume 
species flourish as a part of the indigenous flora. In 
some instances they occupy special climatic niches and" 
are recognized as ecotypes or agrotypes. -Many of 'these 

dif fe ren tion s
 superior genotypes have been moved to t loca
 ! :""-and-identified as cul tivars,-e~g.', Makueni guinea and ''-

Masaba Rhodes.' The development of improved varieties and 
cultivars in plant breeding programs is'relatively new 
(as compared to those in temperate zones) but some 
superior cultivars are available. These include 
coastcross- bermuda grass and Nandi setaria, and 
Planaltima gamba grass. Transplanting vegetative 
material of some grasses (e .g , para, elephant, guinea) 
may be more economical than using seeds. '::. 

Guideline 8 

A primary objective of developing legume-based pastures 
is to provide a more nutritious diet for the grazing 
animal through introduction of nitrogen,into the system 
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for rimple and economical approach 
Nto 
 the introduction oflegumes into grazing lands is
'oversowing with an 
adapted and compatible species or
cultivar -- as 'effectively demonstrated with Townsville

ard Caribbean stylos in Australia and Desmodiumovalifolium in Colombia and Brazil. Oversowing into an

es-tablished sod ha'been less successful than sowing into
 
a prepared 'seedbed.
..........
reita-.ii'-2222 ttat- *Areliable.h meh-tprocedure-6 f-t H-6 is utillageme, of !e with 

N il .subsequent dispersal into the untilled areas. Successful
establishment ot legumes<1nto existing grazing lands
 
depends upon the choice :f appropriate species and
cultivars, suitable land-tillage techniques, application

of fertilizer (especially phosphate), proper methods of
sowing, and judicious grazing managemeat. Timely

operation is especially critical. 
 The most important'
factors affecting germination and seedling establishment
 
of surface-sown seeds are ample soil moisture for a
period of tine after sowing, surface-soil characteristics
 
to allow root penetration and growth, available plant

nutrients, and competition of existing plants in the
 
pasture sward.. 
 . .. 

Grazing pressure must be relatively light aftersowing

and during establishment of trailing legumes such as.
siratro, centro, and kudzu, because 
they are intolerant

of heavy trampling. Te low-growing species, such as
Townsville and Caribbean stylos and Desmodium 

ovalifolium, benefiL from moderate 

N, 

to heavy grazing,

especially in situations where vigorous and tall

companion grasses produce heavy shade.,, The grazing
management mixtures will differ from those of grasses or
legumes alone, since their growth cycles do not 
coincide.
 

Some 
tropical legumes are effectively nodulated by the
 common cowpea-typk of rhizobia that 
vegetate in many 
2' ' soils. Others require a specific strain of Rhizobium'and
thus seeds must be inoculated properly at 
time of sowing.
Under most conditievs i~t 
is advisable to inoculate, even


with the nonspecific type of legumes.
 

Guideline 9 

" 

Grazing management is the primary method of improving

nutritive value and forage quality, and 
it is directly

related to the managerial skill of 
the producer in
 
calculating the carrying capacity and stocking rate of
the pasture. Successful producers know that forage
quality is necessary 
to attain greater animal production

(in output per hectare or per animal, both).
or Produc
tivity depends on nutritive value of herbage, as 
well as
 

(' ( "/:: :' i' " 'L . :"'[ :]:' ." :. ':! : - '2,2 

http:reita-.ii


pasture carrying capacity,
 
grazing pressure, and provision of supplemental feed.
 
animal genetic potential, ' 

itae fatr hat affect nutritive value and forage.
 
'include environmental fluctuations, use of adapted 

and improved cultivars, proportion of different species 

(es~pecially percentage of ,legume, stage of plant growth, 
and chemical composition of the herbage on offer, which 

intensity of. the sward). The producer can directly or 

indirectly affect these factors. Environmental effect 

can be altered in part. by location of pastures and by 

irrigation, if available and economical. The plant . 

factors are influenced by the grazing pressure imposed -

if too intense, the pasture will be overgrazed and the. 

forage quantity insufficient; if too light, plant
 

maturity decreases forage quality.
 

A primary objective of grazing management is to match
 

forage supply with animal need, as assessed by the
 
producer. Ideally, herbage should be managed (grazed) to
 
maintain a constant production of leaf area and to
 
maximize continuous dry-matter production and provide
 

high-quality forage. Ideally, the animals should have
 

feed available at all times, in sufficient quantity and
 

quality to satisfy the maintenance and production goals
 

of the producer. Such conditions are obtained by
 

adjusting-stocking rate to give optimal daily rate of
 

gain per animal and optimal weight gain per unit of land.
 

Attainment of this objective requires a variable number
 

of livestock, not always feasible on large or small
 

farms.
 

Research that can be used as guidelines probably exists
 

within the country or can from another
'-'transferred 


country. Such data mup, validated by on-farm trials 

conducted by the ad"- .rearch team and disseminated 

by use of api . media in collaboration with exten
sionists.
 

GUIDELINES FOR TECHNOLOGY SELECTION 

Guideline 10 

An outstanding feature of forage in legume/grass associa
tions is the constant level of the nitrogen content of
 

the legume component. In compounding mixtures, these .
 

factors should be considered: 1) adapted species and
 

cultivars for maximum production of quality feed over
 

long periods; 2) compatability and complementarity of
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growth cycles; b3) species or cultivar characteristics
 
(such' ase'! of establishment; palatability; length of
-vegetative growth stage; 
response to applied fertilizers,
persistency; tolerance to drought, grazing, cutting, and
burning; 'herbage yield and regrowth potential; seeding
habit, and ease'of eradication); 4) soil type 
-- nutrientstatus, water-holding capacity and drainage, .depth,
texture; 5) intended use 
-.continuou.or-.rottional 

- gr~ln,hy, il~, geenchop and daily feeding, or
ration grazing; 6) availability of seed and planting
material; 7) type and quality,lof animals to be grazed.
 
The number of different species comprising a pasture
mixture varies from a single grass and legume (simple) to
three or four legumes anid six or eight grasses (complex). .Under most conditions, the complex mixtures revert to
simple .combinations'within the microenvironments of a
pasture. 
The percentage of legume that constitutes an
"adequate proportion" of the mixture has not been firmly
established in the humid and subhumid tropics. 
 Animal
gains, however, increase with legume mixes of 40% to
(figure 4.6.4). Maintenance of 

45%
 
an appropriate
grass/legume balancein an 
improved pasture requires


strict attention to 
the overall soil/plant/animal_
 
management program.
 

To avoid delay in stand establishment and 
to provide for
rapid ground cover and earlier grazing, mixtures should
contain a grass and a legume that germinate and grow
rapidly, even 
if they die out after the first or second
 season. 
For example, molasses grass and phasey bean or
calapo might be included as pioneer species. 
 The
producer should not 
be diszouraged if the more desirable
legumes are less prevalent in the first season, because
 some (such as 
centro, glycine, siratro, and kudzu)

establish slowly.
 

Guideline 11"
 

Once an improved pasture has been established, the next
consideration is persistence and stability of the sward.
Persistency and stability depend on 
the plant genotype
(species and cultivar selection), nutrient supply
(maintenance fertilizer), grazing management (balanced

stocking rate 
based on 
forage supply), 
and how these
inputs interact with cl:Jtic conditions and ecological
processes. 
 If 
the pasture is legume-based, stability'depends on persistency of the legume and its production.In fertilizing mixtures, it is assumed that an adequate
supply for the legume component is sufficient for the 1. 
companion grass, because legumes are more sensitive to ) 
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Figure 4.6.4. 	 !rflueoce of lequr cnr' r,ent in a grass-lecurre pasture 
on beef live weifht gair, inAustralia; 125 kg/ha of 
superphosphate a p IiI d annually, 2.47 headiha 
(redrasn from Evans, 1970). 
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nutrient deficiencrand theysupp y nitroeg rase . ses, -. 
Assessment offertilizer maintenance requirements


equo..r.secropnlo"git'g, i.e., monitoring the 
 ' 
til/plant/aninal relationships to nutrient supply, 
 : 'use,removal,andrecycling. Applications of certain elenents
(e.g., phosphorus)'may be needed each year. 

" 

enenil enge r t a i .mentFtie r btheestablishedf o 25e on .
 

,-,r-eiht bals formsistence of improved grasses and.. 
 ."Iegumcritical e so may be required 
to optimize economict
pastureand animal output -- which may be lower than the:
biologicayield potential of a given system when all
limiting factors are assessed and adequate suppliesprovided. , 

Critical levels for nutrient concentration in plants have
been established; they range from 0.25Z to 0.60% on a

dry'-weight basis for most grasses and legumes. This
 
critical level represents a concentration in the plant
that allows production of 90% of its potential. Although
 
not an 
absolute property of a species, this level can be
used as a guideline to indicate need for applied

fertilizer. 

. 

Application of certain fertilizers can have 
an adverse
 
effect on soils and plants. For example, regular use of 

amnonium sulphate and urea can increase soil acidity and

concentrations of aluminum, both of which have 
a
 
deleterious effect on root development.
 

Guideline 12
 

An objective of the baseline study is to develop alterna.
 
'I tives for technology transfer that will improve compo

nents of the animal- prodction sstm. Such studies

often disclose that 
1) animals do not perform at their

potential because of low nutrition, '2)bulls frequently
run with the herd-year-round, 3) many cows do not 
 . 

'7 
 :conceive regularly or annually, 4) calf mortality is

high,.5) stocking rate is excessive, 6). there is 'little
 
or no supplemental feeding, and 7) no animal-production


: specialist is attached to the adaptive: research team 
(if
such exists). 
 All of these factors (except the 
 . . 
specialist) are under controi of 

' 

the producer", who will

need assistance and guidance from extension staff and 
the

adaptive-research 
team to make corrections and modifica
tions.nc. -

Adaptive research for enhancement of an animal-production'. .program might include separation of bulls from the herd,
except at prescribed periods; adjustment of conception
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adcalving to coincide wi th adequate high'-quality
 
forage;,creep-feeding of calves; adjustment of carrying


'7 capacity, which requires sale of stock or arrangements
 
for care of excess' anim~als during p~rlods of low feed 
supply;.provision of supplemental grazing or feeding; and 
integration of health 'services with' on'-farmn trials. 

-----.- Animal- research .methodology-and -techn iques.-have-- been. 
described by Crowder and Chheda (1982), Hacker (1982), 
Whiteman,(1980), Mannetje (1978), Williamson and Payne 
(1965); adaptive-research procedures can be obtained from 
CIAT. 

In planning on-farm trials and demonstrations, the r
 

adaptive-research-team members and their extension
 
counterparts must not forget that livestock are an
 
essential component of an agricultural system that often
 
is based on traditional culture. Within the system,
 
worthwhile indigenous technology may be found and could
 
be readily integrated into on-farm verification trials.
 
Producers are likely to show interest in such practical
 
component innovations rather than complex packages of'
 
technology. 'Interest can be generated by involving
 
producers in planning, executing, and in'terpreting on
farm trials and demonstrations.
 

Guideline 13 

Within the grazing system, stocking rate (number of
 
grazing animals per unit area) determines production per
 
head and per hectare. A stocking rate model proposed by
 
Jones and Sanderland (1974) showed a linear relationship
 
between weight gain per head and stocking rate. In;
 
general, as stoking rate increased, grazing pressure
 
also increased, (i.e., number of animals per weight of
 
forage), Conversely, herbage allowance decreased, i.e.,
 
weight of herbage per unit of animal'live weight.> Intake
 
decreased, forage use in ,reased, and selectivity of
 
quality herbage decreased. The producer also has control
 
of stocking method (continuous and rotational-grazing)
 
which, along with stocking rate', is central to grazing
 
management. In deciding whether to use continuous or
 
rotational.grazing, the producer must carefully analyze
 
the location situation. Jboth grazing methods.have merit.
 

Under an extensive system, continuous grazing is
 
advisable because it requires less capital expenditure,
 
provides more opportunity for animal selection of high
quality diets, affords less variation in day-to-day
 
intake, and requires less producer labor. Under an
 
intensive system, rotational grazing might be-more appro
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~ priate," since it'provides for increased animal production
at high stockin'g rates, for easy adjustment of stocking
rates, for greater potential~ for recycling of nutrients,
and for a choice a high-quarlity forage for high
producers in a leader-follower syphtem. Calculation of

stocking rate should be based on, the total grazing area
and potential forage yield todetermine carrying capacity


(tenrbr fani mals7tha t-can -be-supported-wi thour.2----.-undue risk to pastures or animals). Grazing manageme rt
affects botanical composition and plant growth'rate;
he/rbage accumulation, quality, and use, and weed and
parasite infestation, as well as animal production.
 

There is no 
need to burn pastures in the humid and
 
subhumid tropics, if they are properly managed with a
 
grazing system that effectively balances and uses

availabie forage. 
 Burning of unimproved grazing lands

should be considered only as 
a means of managing plant

species to 
obtain a desirable botanical composition

(e.g,, bush control). 
 It also may be used to remove 
excess mature plant material in preparing a seedbed for 
oversowing grazing lands. 

Guideline 14
 

Improved pasture management is the first step in

developing year-.round feed-production systems. 
 A wide

variety of materials and management practices may be used
 
to provide supplementary fr.d. These 
can be classed as

1) conserved forage, 2) biological residues, 3) indus
trial byproducts, Fnd 4) chemical and 
concentrate supple"iments. 
 With conserved forages, the easiest and most
 
econonical plan is to accumulate herbage in situ.
 
Improved nutrition and animal acceptability of mature
 grass can be obtalnnd by spraying a molasses-urea mixture
 
and by providing mineral supplements. A more reliable
 
course to 
follow for higher quality forage is through a

protein-bank in the form of a conserved legume in
 
sepg.ate enciosur(,7. Hay-making, sikge, and daily cut
forages are options. 
 . 

Undersowing of cash crops (suzh as 
rice and maize) offers
 
one alter'itative. However, the producer must baJance
 
adequate establishment of 


f 
the legume with minimum 'ieldreduction o the maincropi. Options to balance the

competition of both crops include vigor and maturity 6f 
the cash crop, sowing density of both crops, and. time of
 

- applying nutrients to 'th, ,,cash crop. 

Improved grazing under plantation crops may be a viable
 
4.! prospect for increased forage production and animal
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in many countries. N'ative and naturalized species 
usually grow under coconut trees b legumes 'such as 
centro, calopo, and. kudzu, which have shade tolerance, 
are oftenl'grown u der tree crops. Feed supliesLinder 
most plantation crops can be substantially incrcased by 
use of appropriate species, maintenance fertilizer, and 
.>~
grazing management.
 

Both crop and,,animal residues may be components of animal
 
diets,; for example, postharvest crop residues for
 

4 	 grazing, straw:and stover, and poultry litter. Indus
trial by-products include residues from food processing,
 
packaging, and brewery operations, as well as brans, oil
 
cakes, cottonseed, molasses, and citrus pulp, whenever
 
readily and economically available. Several chemical and
 
concentrate supplements provide sources of energy and
 

_.	protein and varying amounts of minerals and nutrients,
 
but their economy and use requires careful consideration.
 
Provision cf mineral blocks/licks is good insurance
 
against deficiencies of required elements and compounds.
 
The use of hormones and antibiotics at therapeutic levels
 
will increase weight,gains, but may lead to accumulation
 
of these compounds in certain organs of the body.
 

Classifying forage andsupplement use in terms of systems
 
helps in planning a ye r-round feed supply. Modeling of
 
these systems aids in their understanding and testing, at
 
least under simulation.
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MODULE 13 

CONTROLLING DEVELOPMENT TO CONSERVE AQUATIC RESOURCES:
 
FRESHWATER FISHERIES INCLUDING AQUACULTURE
 

Mark r'1.Brinson
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humid 'k'-:neeeveiospomrte rprojecotsin'the 

- 'h
have gIven adejua'te 	attention 'to the mai~ntenance of.
 

f
isaheries and other aquatic resources. 'Basin-wide,
 
:Odevelopmentt
that causes changes inrland use and altera
 
ntions
ofrriver flows hassevere impacts on the habitat,


f*od sour es, and reprodUction of fish popu lations.
 
ep are e feiref of ten 'aresadeprived
 

essenla-n1Vsorc_-. rti when 
dams cbnversions of, forest to agriculture, draiage
projec ,t pollution of ater, and other such activities 

causedeterioration of aquatic resources.
 

This module 1) points out the environmental requirements
 
for maintaining water'quality and'habitat needs for
 
sustaining aquatic resources and 2) suggests' some ways

that fish production can be enhanced by managing capture

fisheries and by' dealing more effectively with freshwater
 
aquaculture. 

Th'e subject of freshwater fisheries and aquaculture
 
* . represents a broad array of topics that covers everything


from capture fisheries in large, deep lakes' to fish
 
farming, in small, densely *,tocked ponds. The array is
 
similar in range to land-based topics that cover

everything from nondestructive harvesting of forest
 
products (see module), to intensive agriculture and
 
production of, cash crops (see module).
 

Capture fisheries and nondestructive harvesting of forest
 
products are similar in that humans expend labor and
 
fossil-fuel energy to 
harvest and process products that
 
are 
the result of natural energy sources such as sun,

wind, and rain. Little or nothing is returned to the
 
ecosystem from which 	the products came. 
 The ecosystem is
 
thus susceptible to overexploitation, which can occur in
 
two basic ways: 1) overfishing, whichdepletes stocks of
 
fish so badly that production is insufficient for
 
harvest, and 2) degradation of the aquatic environment by
competing uses such as wastewater discharge, hydropower

generation, agricultural production, and other kinds of
 
development. 
 '. . 

1- . At the other extreme of this. analogy, both intensive 
: 
 aquaculture and cash-crop production receive considerable
 

investment from humans in the form of management and'
 
subsidies. These investments supplement the natural
 
energies of ecosystems, and annual yields of good per.
unit of land or water are correspondingly higher than
those of natural ecosystems.
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,Figure 4.7 1 shows aquatic ecosystemsin relation to the 
factors that influence them. These factors fall into 
three categories: 1),inputs of' energy and materials, from ~ 
either natural sources 'or those spplied:by society (top 

*2of diagram), 2) outputs, which usual1y,'represent products

that are valued.by society (at right); and 3) stresses,
 
which are either blockages of inputs or'iosses that
 

with useful 	 f : stm(outputs"
'c"s 


One of the importart distinctions between capture 
;fisheries and aquacultureis that capture fisheries -
invest energy and esources (boats, manpower, etc.) to 
remove fish, but return nothing to the: aquatic ecGsystem.

Aquaculture, in contrast, returns energy and resources to
 
he aquatic ecosystem by supplying inputs (fertilization,

feeding, stocking, etc.) at the sane time that a harvest
 
is being extracted. The strategy for both approaches,
 
however, is to 
produce a 'net gain in value of harvested
 
products overJnvestments. With increasing management,
 
the ratio o'fi tural energies to those supplied by r
 
society will decrease.
 

In addition to fishery yield, aquatic ecosystems provide
 
other, and often less tangible, values and life-support
 
functions. For rivers, floodplains provide wood :
 
products, areas for farming and grazing, waterquality"
 
enhancement, and wildlife production. The .hannel itself
 

P 	 provides transportation, a place to discharge wastes, and
 
a source of water for domestic and industrial use. (This
 
list could be extended and a similar one developed for
 
lakes.) Water-dievelopment projects normally 'are oriented
 
toward taking advantage of and enhancing only a few of
 
these natural services. In many cases, the value of
 
these natural services is not recognized until the
 
outputs are shifted and reoriented after development. In
 

p 	 other words, development is usually oriented toward a
 
3pecific product or limited series of products for which
 
production may preclude the continued availability of
 
products thatare taken for granted before development.
 

The stresses shown in figure 4.7.1 represent losses from
 
the aquatic'ecosystem caused/by 1) obstructions that
 
block or divert natural inputs, such as water flow and:
 
mixing 	and migrations of organisms; 2) overexploitation
 
that. depletes biomass of fish.stocks, either to
 
extinction or to the point tat the capacity for the
 
stocks to sustain yield is scNerely limited; and 3)
 
alterations of internal cycles and dynamics within the
 
aquatic ecosystem, such as pollution by toxic organic
 
compounds and metals or by nutrient loading that changes
 
the structure of the foodw eb.
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Figure 4.7.1. Aquatic ecosystems in relationship to 
the factors affecting them.
 



The concepts explained 
can be summarized 'inone simple principle: A given area 

--	 above and illustrated ifiu,; 
ie.

ofoland or water has 'limits to sustained production, the 
:more intensivelyit is managed for high yield 
 o ne
 
product, the less itwill 	 .dof. 
spectrum of products. . -, the: of abroade 

ISSUES 

Maintenance of fisheries can be an important issue in 
, development projects, particularly ones that affect land 
,iseand have other basinwide effects on the 'watersheds of 
productive rivers. Thus,' it is important to have a 
general understanding of the requirements for fish 
populations of many capture fisheries and for aquaculture 
development. Some issues are common to both capture 
fisheries and aquaculture;" however, these have to do with
 
the skills and training of personnel, as well as
 
awareness of cultural and socioeconomic factors that
 
influence the success and failure of fisheries-related
 

.i~development projects. Details i-out the ecological
functioning of lakes, impoundments, and .wetlandsin the
-	 ]
 

humid 	tropics are treated more extensively in the
 
'4 :National Research Council "green book" (1982).
 

4' CAPTURE FISHERIES 

Issue 	1 -- Conducting Development Projects Without 
Harming Fish Migration Routes
 

Fish are highly mobile and many species must migrate long
 
distances to complete their life cyc's. Some species
 
spend most of their adult lives at sea or in lakes,
 
migrating up rivers to spawn. Their capture by fishermen 
is keyed to these migratory patterns and the survival of 
the species is dependent upon having corridors for .. 
migration that are free of barriers. These corridors may

* 	 :be blocked by obstructions such as dams and waste
 
discharges that fish avoid.
 

Fish migration appears to be linked to favorable habitats
 
-' .for specific life stages of the species, especially those 

stages in which they are young and vulnerable. For 
example, species that spawn in the upstream portions of 
rivers usually encounter a habitat with more abundant 
food, greater protection from predators, and suitable 

-physical 
 and chemical charazteristics of the water. 
Thus, protection 'of habitat and water quality is ." 
essential also. 
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Manyfactors may jeopardize fish'habitats. Migration and
 
spawning usually occur when river flow is high and the
 
floodplain forests are flooded. 
 Thus, the newly hatched

and younger fish have access 
to soll-dwelling organisms,

fruits from trees and shrubs, and other food items from a
 
terrestrial environment. Pollution of these 
waters can
 
make conditionsunfavorable.-,f or-some-fish,- and -also may--,-affect'the production 6f food 'chains that support the
 
fish. The importance of floodplains to riverlfisheries
 
is so great that fishery yields can be shown to be a
 
function of the duration of flooding and the surface area
 
of the floodplain thatis covered with water (Welcomme

and Henderson, 1976). 
 Dams, levees, and other structures
 
that prevent flooding make the floodplain unavailable to

fish, even when forests a're left intact as 
a potential

food source.
 

Issue 2 -- Protecting Valuable Lake and Riverside
 
Wetlands When Developing the Water Resources of a Region
 

Swamps and marshes associated with the shorelines of

lakes and the floodplains of rivers merit special mention
 
as an issue in developmenit. In every ase where these
 
wetlands.have been studied, it has been demonstrated that
they play critical roles in habitat and water quality.

Past experience suggests that it is difficult 
to justify

modification of these ecosystems or disconnection from
 
the rivers and lakes that support them.
 

Issue 3 -- Developing Fisheries Without Exceeding the
 
Capacity of a Fishery To Sustain Yields
 

For capture fisheries, there are limits to the amount of
 
fish that can be taken from a lake or river without
 
depleting stocks. 
 If stocks are overfished, populations

become too low for reproduction to sustain a continued
 
yield. Figure 4.7.2 shows therelationship between
 
fishing intensity and other important aspects of fishery

production. 
 Maximum sustained yield, once a common-goal

in fisheries, is probably not obtainable in lakes,

rivers, and reservoirs because fish recruitment varies
 
from year to year. This variation in production ,f fish
 
is in response tofactors such as flood cycles in rivers
 
and wind mixing in lakes, which also vary fromyear to ' 

year. Fisheries with heavy investments in equipment are 
poorly adapted to accommodate these variations because of 
the inflexible schedules they must meet in paying back 
loans for the purchase of fishing equipment.
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Figure 4.7.2. 	 Relationship between fishing intensity and other aspects
 
of fishing production.
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AQUACULTI.RE
 

jIssue 4 -- UVhich Strategy for a Development Project,
 
Expansion or Intensification?
 

.tion:_I)Awo basic approaches may increase aquacultural product....... -exPandIng-~ap raac l..
.1. t4 ce argered- ,n t o -new -areas -ove r-,I er 
regions and 2) intensifying and improving existing

practices. 
 One of the problems with expansion from an
 
economic resource perspective is that it requires new

lands or resources 
that already may be dedicated to a
 
high level of use. Unless aquaculture can compete

favorably witho ther economic ventures, it is unlikely

that its development can be sustained. 
 If the new areas
 
are marginal for aquaculture for some biophysical reason
 
(salinity, topography, water quality, etc.), 
the

increased costs of production and a reduced yield (or

both) will make the aquaculture project uncompetitive.

Alternatives to aquaculture, such as 
enhancing other.

plant- and animal-protein products, should be considered.
 
Forexample, where livestock production is a central part

of the culture and economy, as it is in many Latin
 
American regions, it might be more effective to apply.

existing technology toward improved livestock production

through the use of parasite control range improvement

and management, and introductions of better-adapted
 
genetic stock.
 

Where aquaculture is an established practice and 
the
 
expansionist approach appears to have shortcomings,

intensified management 
can be used to increase production

rates and improve yields. 
This requires additional
 
subsidies in the form of disease control, food supple
ments, environmental control, genetic Improvement, and
 
other husbandry techniques. 
 Unlike capture fisheries,

which are vulnerable to overexploitation, the processes

of management and harvest 
are normally so closely coordi
mated in aquaculture that overexploitation is not a

likely hazard. 
 The purely technical aspects of'intensi
fied aquacultural production should be examined from an

economic perspective 
to make sure that investments are
 
not merely shifts from other, and perhaps more valuable
 
sectors of the economy.
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POTHlR ISSUES 

Issue 5 -- Incorporating Adequate Training Components 
iAnto'Fishery-development Projects 

Training of personnel.for fisheries and aquacultural
evopent-invo lves- cnieain.f--)-hway-o 

K4 ,*< train and 2) in what areas. .The technology to expand and 
improve production depends upon trained people in 
research and extension capacities. 

,iThe type of training also may affect project implementa
tion; many of the techniques relevant in temperate'zones 
may not ibe applicable in the humid tropics. In the 
practical application of fishery and aquacultural. !\ 
science, transfer of technology within humid tropical 
,zones has a greater probability of success, however, 
because of environmental conditions. But fish production 
requires water-quality protection, thus training should 
not be limited "a fish culture techniques alone; it 

- should be brcad enough to ensure an understanding of 

aquatic ecosyvstem function. 

. 

GUIDELINES 

The guidelines below provide suggestions for making 
aquatic resources a part of integrated development 
projects. These suggestions are organized from the 
general (i.e., broad program-development planning) to the 
specific (i.e., technology selection). They fall into 
two general categories: ,1) opportunities for protection 
of existing fishery resources by giving consideration to 
the requirements of fish populations and 2) opportunities 
for enhancing fish production by implementing management 
objectives for capture fisheries and by setting realistic 

goalsfor aquaculture..... 

Guidelines for Broad Program-development Planning 

S 

Guideline 1 -- Planning of water quality and fishery 
issues with large-scale river-basin development should'be 
coordinated systematically. Many large-scale development 

:iprojects are river-basin-development schemes in which 
fisheries and aquaculture are lesser elements of the 
overall plan Because of the complexity, size, and 
duration of these projects, there are opportunities for 
planihing that can avert costly environmental mistakes and 
miscalculations, while offering new approaches to fish 
production and the protection of water quality. Some of 
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these opportnities are outlined below '(abstracted from ' Dasmann et l. 1973 :
 

Cope'esv' long-term evaluations of the social
 
"'aand ecological~dmpacts of existing river-basin

~ ~ development projects shoul-dbe initiated by national
 
. '----and--in
terna tiona--agencies'-respons i blefor',develop---,----''--

ment. 'Such evaluation should include global
 
inventory and integration of information on existing

man-made lakes and irrigation projects.
 

Long-term environmental research and monitoring

should be initiated in river basins likely to undergo

development. Such information is often critical in
 
the identification of successful development tech
niques and alternatives.
 

Local environmental monitoring of natural and
 
i-f 	 modified systems should continue through all phases
 

of preproject and postproject development, empha
sizing possible environmental disruptions.
 
Ecological surveys and studies 't anticipate the
 
impact on the aquatic and terrestrial environment
 

" 'should be initiated at the earliest possible phase of
 
river-basin-development planning.
 

- Specific ecological guidelines for projects'should be
 
formulated on the basis of pre-product research and
 
ongoing monitoring, to develop pre-investment survey

criteria, cost-benefit project analysis criteria, 
project construction design, and project management 
and evaluation studies. a -


- Project planning, construction, and follow-up activi
ties should allow sufficient time for 'full incorpora
tion of ecological considerations, data, and 
findings. 

Project studies, from early phases of identification
 
to later stages of feasibility assessment and
 

a , 	 planning, should examine local social and cultural 
systems and their relation to national society and 
culture. These studies should compare current 
patterns of behavior and values with patterns that 
seem more congenial 'to an economically developed'

river basin. 
 Thus the project would be planned to
 
fit'the- current and potential adaptive capabilities
 
of'peoplo within their own way of life, rather, than
 
introduce some elaborate, foreign form of technology
 
that might eventually stimulate more costs than 

-.benefits. Because of the complex changes often 
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ivolved in river-basin projects, it is just as
 
essential to study and plan their adaptation to local 
cultural patterns as it is to weigh the local 
ecological, economic, and engineering factors. 

If costly environmental impacts 'are arxticipated,
aLterna tive--plans -should be--made--to -complement-the------

S 
 primary development plan, taking these environmental
 
impacts into account. Estimates of all the ecologi
cal costs and benefit of river-basin-development
 
projects (including alternatives) should be included
 
in overall cost-benefit analyses.
 

- Adequate provision for ecological aspects should be 
made in the final project funding for training, 
management, and extension services. 
Where necessary,

aid should be given to local agencies that are
 
responsible for development, but lacking in ecologi

:cal know-how, to enable them to enlist trained
 
ecologists to assist in planning and management.
 

To implement these suggestions, especially those that
 
impinge upon water quality and fisheries issues, action
 
must be site-specific and focused. 
 Detailed guidelines

for making inventories of aquatic resources are given in
 
Conant et al. (1983).
 

Guideline 2 -- Aquaculture should be thoroughly assessed
 
as a substitute for fisheries resources displaced by

development projects. 
Damages to capture fisheries
 
cannot be "mitigated" by substituting aquactilture,

because 1) capture fisheries require different skills,
 
technology, and equipmenv than does aquaculture, and the
 
costs and resources that must be mobilized to implement a
 
new technology such as aquaculture may be prohibitive;
 
and 2) this replacement might be culturally disruptive.

Most capture fisheries are highly seasonal and are'
 
usually keyed to migratory or other life-cycle phases of
 
fish populations. Fishermen normally pursue other
 
endeavors such as farming and forestry when the fishing
 
season is over. The full-time commitment of aquaculture

usually does not allow time for alternative seasonal
 
employment.
 

Guideline 3 -- Existing river-basin-development projects

should be examined for opportunities to enhance fish
 
production. Irrigation and hydroelectric power are two
 

,,principal reasons for building reservoirs in the tropics

(Lagler,: 1969). In the humid tropics, irrigation would
 
be less important than in regions with highly seasonal 
 . 
rainfall. Thus, opportunities for w3ter management may
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be\ enhanced in the humid 'ropics because of fewer
 
coripeting uses. For example, one ofthe majordownstream 
imp'acts of reservoirs is reduction In the duration of 
flods' and. in thearea of inundation of the floodplain - .. 

both key' variables that c6rrelate strongly with: river
fl)dplain fish catch (Welcomme, 1979). Simulation o:f 
the-,na turali-flood -cyc-le-'migh t'-be.:poss i ble -i n -some'- water . 
dev(,lopment pr6jects to enhance the downstream floodplainY 
fishery without great reductions in hydropower genera
tiox . Scudder (1979) suggests that shallow embayments 
formed during high stages.in reservoirs might be provided

withweirs to hold back water for entrapping, growing,
 
and harvesting fish during the drawdown period. This
 
would bc similar to the 'modulos' (crescent-shaped
 
levee's) built on Venezuelan floodplains for trapping fish
 
and for retaining moisture into the dry season, when
 
water levels decline. Cattle grazing and fish production
 
are compatible uses of these floodplains. Depressions
 
are'also dug in African floodplains to create deeper
 
water for trapping and growing fish when flood waters
 
recede (Welcomme, 1979).
 

The exposure of vast aicas of land during seasonal
 
,drawdown of African reservoirs has led to proposals for
 
using these areas for seasonal farming and grazing.
 
However, the drawdown cycle is determined by needs for
 
hydroelectric plants and distant irrigation, with no
 
regard for seasonal farming. Some compromise among
 
competing uses would be necessary to prcvide a drawdown
 
of sufficient length and predictability to provide
 
incentive for riparian populations to use the drawdown
 
zone.
 

.:n the planning stages, water-development projects of all
 
kinds can be assessed in terms of the new habitats that
 
will be created., For example, when a reservoir is
 
planned, topographic surveys from which storage capacity
 
is calculated can be used to determine the kinds of
 
aquatic systems that will develop, and, to some extent,
 
the kinds of plant and animal communities that will
 
colonize these habitats. Trees standing dead in shallow
 
shoreline areas may create a favorable habitat for fish,
 
but may limit access to fish by'fishermen. Information
 
about plant and animal communities found in similar
 
natural habitats of shallow floodplain lakes and ponds
 
can be helpful in making predictions. Habitats for
 
aquatic invertebrates that are important in aquatic food
 
.webs, but which also may be vectors for human parasites
 
(malaria and mosquitoes; onchocerciasis and black flies;
 
schistosomiasis and snails) should be a part of thel
 
evaluation. The National Research Council (1982) reviews
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many of the serious environmental problems that have been
 
encountered with reservoirs in'the humid tropics.
 

Guideline 4 -- Development objectives should be broadened 
to include aquatic sciences, rather than limit the focus
 
of development to "Freshwater Fisheries Including

Aquaculture." FAO reports have suggested that current,


-worldwide,- f reshwaterrfishery yields- may have reached' Z
 
plateau because gains are being offset by deteriorating
 
water quality and by water-development projects. Aquatic
 
ecosystems have competingeconomic outputs (i.e., "other
 
values," figure 4.7.1) 
that include transportation, the
 
dilution and assimilation of wastes, water consumption
 
for domestic and industrial use, agricultural Irrigation,

hydroelectric power generation, and so 
forth. Economic
 
development in one sector (e.g., industrial waste
 
discharge) will obviously affect the aquatic ecosystem's

capability of providing services in other sectors (e.g.,

domestic water use and fisheries). Thus, the stresses
 
represented at 
the bottom of figure 4.7.1 indicate
 
alterations of aquatic ecosystems that prevent fisheries
 
and other services from reaching their full potential.

Planners should identiLy countries and regions in the
 
huxid tropics in which the potential for fish production

is deteriorating because of these stresses.
 

Manty regions in the humid tropics lack data on water
 
quality, thus 
they do not have even the fundamental
 
information with which to assess the status of aquatic
 
ecosystems fur fisheries or 
for any other use. In those
 
regions with water--quality-.monitoring programs, the data
 
indicate that many of the rivers are seriously polluted.

For example, Kato et al. (1983) found that 56% of tle
 
water-pollution problems in peninsular Malaysia are due
 
to rubber factories and palm-oil mills. The Philippines

has over 40 polluted rivers, and mine tailings in rural
 
areas are a serious problem. In Thailand's cities,
 
industries are a majoi pollution problem, but sugar mills
 
and agriculture are other sources of pollution.
 

Guidelines for Program/Project Development and Design
 

Guideline 5 --
Effirts should be made to protect the
 
integrity of aquati" ecosystems. Actior must often be
 
taken outside of the immediate boundaries of the aquatic
 
ecosystem. Because aquatic ecosystems are directly

dependent upon ecological processes in the watershed and
 
upon linkages with other aquatic environments, both
 
upstream and downstream, fishery resources may be
 
affected by terrestrial development and by alterations in
 
hydrology. To protect fishery resources, it is necessary
 
to:
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-'P'revent ,excessive ersion, wasteful~fe'rtize appli
cation,, inappropite pesticide use,.-and otheri
 
p4;cties thia may degrade, water quality. Develop7 

men deOsdfi,,hatapear on te, surface) to be
 
reot.fo h'au~tcrsoremyhv a major

J'ima t on E q ly ESor examnple,..econiomic ----
~w-'--~'Aevelopment-of the Amazon~basin, including7~.i
 

deforestation and conversion of,,floodplain forest to
 
rice cultivation, will havie a'direct and negative
 
Impact on the productive riverine fisheries
 
.(Goulding, 1981, Smith and Peterson','1982).
 

Treat urban and industrial wastewater to the highest
 
possible level to. adequ t.i7!y protect ,,ater quality.
 
Urbanizationiplans shoul set aside land for
 
wastewater application. Technologies should be
 
explored for, converting nutrient-~rich wastewaters to
 
economically useful agricultural end-products 'through

land application and treatment.
 

Maintain existing hydrologic regimes,, especially
 
.where 
 seasonal flooding isnecessary for the
 
viability of riverine fisheries.
 

- Protect floodplains from development, or put them to 
uses 'that do not impair riverine fisheries. 

Natural' hydrologic regimes of rivers have many values
 
that are taken for granted. Development should be
 
conduc'ted with full awareness of existing natural values
 
and services, and with awareness of which of these will
 
be lost and' of!,the cost of'rtheir'replacement and mitiga
tion.
 

Guideline 6 -- Maximization of' production is not, always 
advisable for aquaculture and may be an unrealistic goal 
for capture fisheries. Developers ustially~rassume'that 
'ubsistence capture fisheries are being used 'at a level
 
far, below maximum'sustai'ned yield. Thne ".primitive"'tech
niques. used, the low standard of living~of ,the fishermen,
 
Ithe seasonal~nature of the activity," andy the' relatively

low catch per'unit'area or unit effort, 'are often
 
associated with unproductive'fisheries and "underfished"
 
aquatic 'resources. 'However, in the interest-,of sustained
 

(; yield, it'issafer to assume just' the opposite'-- that a 
given fishery already is operating near maximum yield, 
especially if the present fishing in'tensity has sustained 

.moderate yields for more than a decade. In regions where ~
"improved" technology ha's been made available through 

access t~o nylon gill nets and outboard engines, over
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e tdecline of fish stocks 

~2~ the,,course. ofa few years.' 
S Improved technology will not enhance the capability of 

',< the aquatic ecosys,tem to~produce fish, and may eliminate 
stocks by psi tebeothsol1-e'vels_._orannua1.l:qr ec y ryi ( igu re '3) Enfo6rcemenHt ' of f-ish i n r eg ' latfifon"~ii, 

theoretically could' preveni'overfishing; however,

effective regulations usually depend on having knowledge

about ,pulation dynamics and life histories of the 
spec.is being managed. This information is seldom 
ava lable- for multispees fisheries because their 
management plans are especially difficult to design.
 

Improvement of fishing techniques should be the last step
* 	in developing a capture fishery. Unfortunately, it is 

usually the first and only step, leading to overfishing
and collapse of the fishery at levels far below the
 
original potential-of the aquatic ecosystem for sustained
 
yield. Unless it can be demonstrated unequivically that
 
the fishery is operating below its potential over the
 
long term, there is no basis for "improving" fishing
techniques. 'To demonstrate that '.the aquatic ecosystem is
'
 underfished"' would require a. study over:.veral years by
fishery biologists competent to evaluate the biological
basis of the fishery. 

More commonly, modern fishing techniques have been
 
acquired-in the absence of development projectsand
nd 
1) the fishery has been overexploited, or 2) other 
environmental.stresses that lower yields have been
 
introduced. In 
the first case, the only solution is 
management of the aquatic ecosytem through a combination 
of restricted fishing, restocking, and research that will 
provide the information for future management plans. In 
the second case, an evaluation of' the ecological

condition of 
the aquatic resource should be conducted to
 
evaluate its present best 'use or to 
examine options that
 
are available for improving water quality.. 
 ' 

For aquaculture, "maximumproduction per unit area may ' 
sometimes be inadvisable. In Southeast Asia and China,
where aquaculture has been used successfully for many 
years, the relatively few species of fish grown are 
adapted to' the low oxygen concentrations of organically 
enriched water. Species that have higher oxygen require
ments simply~could not survive the conditions of these 
ponds. At 'the same tire, there are limitations to the 
number of'fish that can be stocked without having to 
mechanically aerate the pond. Investments in mechaniza
tion may divert resources that could be used in more 
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productive sectors of the economy. Fn Soutifheast Asia the 
use of insecticides in rice paddy culture to improve rice 
production precludes tile traditional practice of
 
combining 
 ice and fi sh cul ture. in thi:s case, the yield
for rice is maxiiiiized al the expense of fish prod ucts 
that are high it) pioteii. in most cases intensification
 
of aqllacoltore 
 si.preieried to the more wasteful practice 
of dedicating new land i e i:lrce<; to ih pond ; (Pillay, 
1977; Snedaker and (,ette , 10,4). 

Guideline 7 • Fishery devetopmenit projects should be
 
kept at a relatively srmall scale because of the site
specific nature of biogeographic resource limitations 
and 
the complexity of social an economic cons iderat ions for 
sustained and( succes'sfiul development. Most inland
 
aquatic refuc I,,rs cature 
 fi< heries in Southeast Asia 
aid Latin America are so widely di.s<pe<;od geographically
that they do not lcnd ttrem<el ves; to highly centr-alized 
randlarge sci le deveiopmse nt.;. The e i; r eason to believe 
that manyi , l li e , itii I rut al-eadl overexploited, 
are operatin g near ma:.:imum ii;(,iii( d vield. Presumably,

siiall-scale pioject.; woold not only 
 be imors responsive to 
local needs and peculiarit iit ;, hit the consequences of 
failure vould not be a i rdirtaig igi ,:;that of large-scale 
proj e-t 5.
 

l)vh elopimi i iqtiaciui i!;coiiplex; F-S otulce ortof iitii 

technology 
 Iini tlat irn; alc. probably lie ea<iest problems
 
to overcome il s;icces;( lly ir ; i ig aqkiact tore
c imlil er 

pr1jOect The 11)w; t 
 di If I IiI t prob i em< are those
a.<s.;sociated wit I c ii IIAnd ecoiroiiic co.ui;ide-ati-ns.
 
Tlies~e inicltde I) the need to inicrea;e animal protein
 
vertss carbohydiate in 11iitMai diets, 
 2) the cost--benefit
 
i-atio of aqtlacultie verius othei 
 animal protein
 
pr-oduction, 
 3) the deiiiand fr fish pioducts, 4) theinfrasttrutin e iecessary to develop markets;, and 5) the 
availahrility s-f cap i tal ann credit (Polliac et al.,

1982). "he oilidiocipiiat 
 nature of the assessment 
process for these vatiable in ain indic tor of the
complexity of developirent. Ptoject asses;sment and 
implementation could be cooi dinated bettor on a small 
scale, where resotiirce;, ctiItire, and economy are 
relatively iromogeneous. This cjuidii( reduce the complexity
of the assessment and improve it' resolution (Shaner et 
al., 1981). 

Far development of either capture fisheries or aquacul
ture, there is often a need for national support that 
involves legal consideration.; (e.g., clarifying property
rights), economic institutions (e.g., sources of loans), 
marketing infrastructure (e.g., 
storage facilities,
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, ~ 	 transpodrtation), addevelopment of ancillary industries 
(Smith and Peterson, 1982). 

"Guidelines 	for Technology Selection
 

..UL-Guideline - Avoid-building.structures, altering-,

'hydrology, 	or creating conditions 
that will block the
 
migratory patterns of fish or restrict ,their access to
 
floodplais. A few examples best illustrate how fish
 
production would be affected; these inC'lude both direct
 
and indirect impacts on aquatic resources.
 

Structures such as impoundments and diversions for
 
flood control and irrigation may block migratory fish
 
on journeys that are necessary to complete their life
 
cycles. This can lead to extinction of species
 
(worst case) or severe reduction of yield (best
 
case). Fish ladders and elevators have been built
 
around dams in the temperate zone to facilitate
 
migrations, but these structures usually work for
 
only a few, select species. Tropical rivers contain
 
more species than do temperate.waters, so it is
 
unlikely that by-pass structures could be built to
 
function adequately for most migratory species. (We
 
do not know if they would work at all.) Impoundments
 
and diversions also alter peak flows. In temperate
 
zones, an increase in water temperature in the spring
 
is the triggering mechanism for fish to migrate and
 
spawn. In the tropics, the signal, for migration is
 
an increase in water flow. Because of the lack of
 
significant temperature changes in tropical waters,
 
reductions in seasonal flows could disorient fish and
 
cause them to fail to initiate their migratory
 
behavior.
 

- At. the mouths of rivers, shallow water caused by 
sandbars often prevents intrusion of seawater during
 
low-river flows. Dredging that breaches these
 
barriers can allow upstream intrusion of salt water
 
to parts of the river that normally contain only
 
fresh water. Since most freshwater fish are sensi
tive to so.linity, a change in the salt content would
 
alter their distribution and would likely kill
 
floodplain vegetation that cannot tolerate the higher
~~~salini ties. ! 

... ..-,.Levees prevent the movement of fish from the river
 
channel to the floodplain during flood stage. This
 

' ' ' 	 restricts fish to the high flows and sediment loads 
between levees, because the floodplain no longer 
provides storage for flood waters. This would alter 
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"species co post of the fish community by elimina. 
ting allt~but those tolerant to rapid flows and turbid
 

•v 	 waters. Floodcontrol als initiates changesin land 
use so that crops are planted and people settle in 
otherwise food-prone areas., Even if fish reached 

--	 - thie-floodplans,atleiral ft el-foods.andsabIte
 
would be seve r ityalt aered.
 

'Small streams in low-lying areas with little 
topographic- relief, including those in.yetlands, are 
sometimes widened, deepened, and straightened to 
-facilitate the conveyance of water. E'en- though
floodplains may be small for these strears, they

function in two critical ways that are dispropor
tionately important incomparison with their size and
 

* width. First, they provide--streamside cover,
 
habitat, and food, especially that provided by leaves
 
blown in from streamside forests. 
 For small streams
 
that are shaded and do not receive sunlight for plant

growth, leaf-fall from trees provides the energy
 
source for aquatic food webs. Second, the forests
 
buffer and protect the water quality. With
 
streamside forests in place, there is a strip of
 
vegetation to 
trap some of the seil, nutrients, and
 
pesticides that are transported from fields by

erosion and runoff. Removal of vegetation from these
 
strips allows direct entry of runoff into the stream
 
channel and may -have severe effects on water quality.
 

Guideline 9 -- Technology for capture fisheries and 
aquaculture should be transferred from other regions in
 
the humid tropics where the practices have been success
ful. Advocacy for introducing aquaculture into regions

with protein-poor diets has been based partly on 
the
 
extrapolation of exceptionally high yields measured in
 
highly subsidized pilot projects in more developed

nations with abundant food sources. This has placed a
 
heavy-and unrealistic burden on aquaculture for solving

protein-deficiency problems in developing countries.
 
Severe and justifiable criticism has been aimed at 
those
 
who have failed to take .into account costs-of mainte
nance, disease control, marketing, andohe outlays in
 
aquaculture production (Bell and Canterbery, 1976).-'
 

The husbandry of fish 'and shellfish is an ancient 
: practice that was developed in Southeast Asia (Ling,

1977). Although social and economic-limitations may-
 .
 
still impede transfer of-technology from one country 
to
 
another, resource- differences would be minimized 'by-
- ' .
limiting transfer of technology among those countries
 
with similar climatic conditions.
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Guideline 10-- Training in aquatic'sciences should . 

include not only the fields of inland 'fisheries and 
aquaculture, but also training in broader aspects of 
aquatic sciences. This recommendation emphasizes the 
need for broadly trained aqur,,tic scientists, including '" 

~~~J ~ecologistslimnoogists ,and& environmental engineers ,- -~
who can respond to a diversity of problems that might 
arise with at~y aquatic-resource-development project. 
This includes issues of water quality and the," ability of 
an aquatic ecosystem to support fish production and other
 
uses. Conant et al. (1983) provide details of the
 
environmental monitoring techniques for which personnel
 
should be trained.
 

Guideline 11 -- Extreme caution should be exccrcised when
 
introducing exotic fish species from the inland waters of
 
Africa to Southeast Asia and Latin America. The
 
advantages and disadvantages of species introductions
 

*should be evaluated comprehensively. Some introductions
 
have caused extensive changes in the structure of native
 
fish communities. For example, the introduction of
 
tilapia to the Philippines nearly caused the extinction
 
of the world's smallest commercially valuable fish in
 
Lake Buhi, and the proliferation of introduced species
 
has threatened endemic cyprinids in Lake Lanao. Effects
 
are not limited to the loss of single species through

competition or predation, rather populations may be
 
altered over a wide range of levels in the food web. The
 
advantages of introductions to improve yields should be
 
weighed against the impacts of possible extinction of
 
species.
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