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Preface
 
This set of guidelines is focused on the arid and semiarid lands 
of developing countries. Ahlhough the coverage is worldwide, 
the emphasis is on Africa, The objective is to bring together tle 
technical understanding of these ecosystems and the experience 
of past development efloirs to assist development planiers to 
design and inlplement I)rograins/projects in arid and semiarid 
lands of developing comnitrics that will 1)better meet both 
short- anrd long-term human needs from these resources, and 
2) minimize the environmental impacts on these systems, 
ensurinII : sustainalble production system. Specific inlformation 
is provided that can ensure that the total ecological and socio­
economic environment is considered throughout the process of 
project planning, implementation, and evaluation. 

Both this )ul)lication aid the companionl review pt)lication are 
part of a proiect ihat formally bcgan in 1979, when the National 
Park Service (NPS) and the United States Agency for Inter­
national )evelopment (USAID) sigiied an agreement to begin 
working together in natural resource mianagement. l'his 
agreement resulted from USAI1)'s increasing in's olvement with 
natural resources anId lile realization Ihat personnel within the 
agency were generally not specialized in environmental 
protection or natural resource matnagement. Arid and semiarid 
rangelands was one of three biogeographical provinices selected 
for improvement of USA II)'s and other development assistance 
agencies' abilities to conserve natural resources while meeting 
the short-term and long-term needs of the people. The humid 
tropics and coastal zones were the other two biogeographical 
provinces considered. 

The companion publication, Arid and Semiarid Lands-
Sustainable Use and Management in Developing Countries, 
should be studied together with this volume. Key concepts from 
that publication are referenced throughout this publication. 

V
 



Acknowledgments 
This publication was reviewed by approximately 30 people.
Most have had extensive experience in the international 
development of arid and semiarid rangelands. These reviews
have provided valuable inputs into the final manuscript,
although not all reviewers are in agreement with all of the 
statements, observations, and conclusions. Major contributions 
on the subject of wildlike management were made by
James G. Teer. 

The authors acknowledge the assistance of the following 
persons: 

Agency for International 
Development (AID) 

National Park Service (NPS) 

Bessie Boyd 
James R. Dickey 
Harold Dregne 

Hugh Bell Muller 
Jeffrey B. Tschirley 
Ronald Cooksey 
Joanne Michalovic 

John Gaudet 
Jeffrey Goodson Winrock International 
Molly Kux 
Stephen F. Lintner 
Raymond E. Meyer 
Michael Q. Philley
William D. Roseborough 
Howard B. Sprague 

Sheila Boylan Parsons, Art 
Ramona Jolly 
Word Processing: 

Shirley Zimmerman 
Tammie Chism 
Darlene Galloway 
Rhonda Newsom 

Other Affiliations 

Jon Norris - Consultant, Arizona 
C. Wayne Cook - Consultant, Colorado 
M. Joe Trlica - Colorado Suite University
Sam Chema -- Min. of Agriculture and Livestock Dev., Kenya
Bob Bement - Consultant, C lorado 
Don Burzlaff- NRRS, Kiboko, Kenya 
Walter Lusigi - IPAL, Kenya
Peter Ffolliott - University of Arizona 
Jan Laarman - North Carolina State University 

Partial funding for printing this publication was provided
through the Forestry/Fuelwood Research and Development
Project. 

VI 



Executive Summary
 
Increasing demands on the land for goods and services are 

placing greater burdens on traditional management systems in 

developing countries. Most of the lands ill these countries are 

classified as arid or semiarid. When you consider that every 

developed nation with arid and semiarid rangelands has 

experienced problems when attempting to cultivate thel, it 

isclear that meeting these increased demands will take careful 

planning. Arid and semiarid lands have the potential to be 

more productive, but they are fragile and must be wisely 
managed.
 

on arid and semiarid lands have his-Development activities 
torically been less successful than had bec n hoped. One of the 

reasons for this apparent failure is that past projects often did 

not consider the total system - including people - in the 
or follow-up phases of development.planning, implementation, 

Another problem is that technologies that work in the 

developed areas of the world are not necessarily appropriate 
for developing countries. Most of these countries have tropical 

climates, particular socioeconomic infrastructures, low levels of 

total wealth, and limited renewable natural resources. And even 

though the ecological principles behind the technologies remain 

constant worldwide, the actual application of these technologies 
must be adjusted to local conditions. 

TFhe sustainable use of arid and semiarid rangelands depends 

upon the development of projects and programs that take into 

account the fact that all the components of rangeland systems 

directly or indirectly affect all the other components. 
Accordingly, this guidelines book begins with a section 
describing a basic arid/somiarid ecosystem and discussing the 

interrelationships of its components: soils, microlimate, 
decomposers and microconsumilers, vegetation, animals, and 

people. 

The three remaining sections are divided into 21 stand-alone, 
modules. 

The Natural Resource Base 

Most rangeland resources are renewable. Thus the goal of wise 
resources so thatdevelopment efforts is to manage the natural 


their productive capability is protected. Grazing affects all
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ecosystem components; a change in any aspect of grazing ­intensity, frequency, or season of defoliation - also changesthe degree to which different fbrages are chosen by bothlivestock and wild game. This interrelationship makes it possibleto manipulate vegetation, using it as a tool. Vegetation can bemanipulated by altering the distribution of water and livestock,using fire or mechanical or chemical means, or controllingseeding and planting. And every decision that is made willaffect how devastating the next drought will be. 

The II modules in this section cover:* vegetation management through 1)grazing, 2) water andlivestock distribution, 3) tire, 4) mechanical and chemical means, and 5) seeding and planting* livestock management and breeding

" game cropping
 
* water harvesting 
* agroforestry
 
" mining

" coping with drought
 

National and Regional Institutions 
In interacting with the resource base, range institutions face
a wide variety of issues. Rangeland policy, regulations, and
institutions form the friamework necessary to establish authorityand responsibility for forinulating and executing l)rograms and
projects. In order to improve development efforts and nmake
them more coherent, attention must first be given to creating
the essential institutional inf1rastruclttie, and to defining the
Functions of the inslituliois.
 

The seven modules in this section comprise:
" government policy and service institution development

* training and education 
* research 
* extension 
* infrastructure development
" marketing rangeland products" agency personnel selection for development activities 

Planning, Assessment, and Monitoring 
The planning process consists of I) setting goals; 2) analyzingsituations, problems, and needs; 3) creatively thinking throughalternative actions; 4) evaluating possible sidle effects; 
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5) selecting the best options; 6) executing the planned sequence 
of options; 7) monitoring progress and side effects to ensure 
attainment of project objectives; and 8) fbllowing up to ensure 
host-country assimilation of the new procedures. Also necessary 
is a documentation center or archive in which to store easily 
accessible information on natural resources. 

The final three modules are: 
* program planning 
* assessment and monitoring 
* documentation centers 

A Final Word.... 
These guidelines were developed to provide a framework for 
the efficient, intelligent development of lands that are critical 
to our future. It will not be easy, but increased productivity 
from arid and semiarid rangelands is possible, and can even be 
sustained. If informed planners design and implement projects 
and programs that minimize environmental impacts, natural 
resources can be conserved for future use at the same time that 
the short- and long-term human needs are being met. 
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Introduction 

Development activities on arid and semiarid rangelands have 
had a history of not being as successful as hoped. Many of these 
activities focused on livestock and failed to meet the expecta­
tions of planners during the relatively ,hort funding periods. 
Some projects even seemed to leave the resource in a more 
degraded state. This seeming failure has caused many to be 
skeptical of the possibility of success of future development 
projects that, in particular, involve livestock. We suggest that 
one of the reasons for this apparent Failure is that past 'projects 
often did not consider the total system, including people, in the 
planning, implementation, or Follow-up phases of' development. 

The key guideline for the development of arid and semiarid 
rangelands is to remember that all the components of' the 
system are related and that any activity directed at one of the 
system components will directly or indirectly affect the other 
components. Anticipation of these interrelationships will assist 
in minimizing conflicts between demands placed on the 
resource base. Inherent in the definition of an ecosystem is the 
fhct that the human population is a major component of the 
system, one that must be involved during all phases of 
development. 

This publication brings together some of' what is currently 
known about the structure and function of arid and semiarid 
ecosystems and the experience of' past development eff'orts. Its 
purpose is to assist planners to design and implement 
programs/projects in arid and semiarid lands of' developing 
countries that will 1)better mect both short- and long-term 
human needs from these resources, and 2) minimize the 
environmental impacts on these systems, ensuring a sustainable 
production system. 

The Approach 
This guidelines publication has been divided into four parts. 
A preview of these four parts follows. 

The Ecosystem 

This first section describes a basic arid/semiarid ecosystem and 
the importance of understanding the interrelations of the 
components of the system. The remaining three sections 
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contain specific guidelines, in the form of' stand-alone modules,
in three of the more common areas of development activity.
These common areas are 1)the natural resource base itself;
2) national and regional institutions that interact with the 
resource base through the human inhabitants of the ecosystem,
and 3) the p)lanning-assessnment-monitoring process. Emphasis
is given to the flollowing six major components of a rangeland 
ecosystem. 

" soils - the supporting component and nutrient warehouse 
for all living organisms

* microclimate - the environmental controlling factors that
 
regulate the speed and efficiency of ecosystem functions
 

* decomposers and microconsumers - the component that
facilitates the return of' dead plant biomass to the soil and the
cycling of nutrients within the ecosystem

* vegetation - the primary producers in all ecosystems
* animal populations - the consumers within the system, many

of' which form the link converting vegetation into products
required by people

* people - tile eventual target of' development activities 

Section I. Guidelines for Natural Resource
 
Development
 

Development activities often have as a primary goal the
improvement of*the natural resource base from which the
indigenous people derive their livelihood. This includes the 
management of' the natural resource base for the
production/extraction of' goods and services for local 
consumption' or export to other areas. For the most part,
rangeland resources can be considered as renewable. The most
notable exceptioni is mining, where once tile products are
extracted the resource will not be replaced naturally in the
 
near futu'e.
 

Abusive management, or lack of management, of even 
renewable resotrces will lower the productive capability and
in some cases destroy the resource base to the point where it
is no longer iproductive on a sustainable basis. The f'ollowing
modules have been prepared to provide guidelines when one
of the developnment ol)jectives is manipulation of the resource 
base for the wise use (conservation) of' this resource, along with
harvesting and marketing goods and services produced there. 

* Module 1.Vegetation Management T 'hroughGrazing
* Module 2. Vegetation Management Through Water 

Development and Livestock Distribution 
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" Module 3. Vegetation Management Through Fire
 
0 Module 4. Vegetation Manipulation Through Mechanical
 

and Chemical Means
 
* Module 5. Vegetation Manipulation Through Seeding and
 

Planting

* Module 6. Livestock Management and Breeding
 
" Module 7. Game Cropping
 
* Module 8. Water Harvesting
 
0 Module 9. Agroforestry
 
0 Module 10. Mining
 
* Module 11. Coping with Drought 

Section II.Guidelines for Development 
of National/Regional Services 
Most developing countries do not have the pool of trained 
manpower or resources to adequatcly accomplish the level and 
rate of development they desire. An essential component of the 
development process is preparing the host country to assume its 
own development activities. 

One of the most important keys to successful development is to 
involve the local people throughout the planning-and­
implementation process. The following modules have been 
prepared to provide guidelines for building the host country's 
capabilities for planning, development, and conservation of 
its natural resource base. 

* Module 12. Government Policy and Service Institution 
Development 

* Module 13. Training and Education 
* Module 14. Research 
" Module 15. Extension 
" Module 16. Infrastructure Development 
* Module 17. Marketing Rangeland Products 
* Module 18. Agency and Personnel Selection for Development 

Activities 

Section III. Guidelines for Program Planning 
and Documentation 

Planning for the integrated development of an ecosystem or 
collection of adjacent systems requires a high level of planning
along with continuous monitoring and assessment. The follow­
ing modules were developed to provide guidance in applying
integrated planning concepts to development activities fbr arid 
and semiarid lands. 
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" Module 19. Program Planning
" Module 20. Assessment and Monitoring
* Module 21. Documentation Centers 
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Ecosystem Structure
 
A system is a set of interrelated comIonents within a defined 
boundary. Systems typically interact with other systems across 
their boundaries. In fact, each of' the components of a larger 
system can be thought of as a system in itself'. This definition 
generally fits rangeland ecosystems - both small land areas like 

pastures or ranches and large portions of a continent like the 
, the major componentsSahel of Africa. Figure I shows sonUe 

of a rangeland ccosysteni as it might be found in the arid and 

semiarid areas of developing countries. The relationship of' 
the modules developed in this publication to the ecosystem is 

also shown. 

The basic ecosystem diagram in figure I shows the level of 

detail required fbr planning. It is essentially the same at this 
level for rangeland ecosystems anywhere in the world. Two 
types of inputs an(I Outputs are shown: 

" Those that occur without human intervention and over which 
development has little or no control. The sun's energy, 
general climate, living organisms or gene pool available 
within the ecosystem, and impacts to and From other natu'al 
systems are examples. 

" Those that result from human mailipulatioil of' the ecosystem 
(i.e., inputs of' fertilizer, c'apital, management, or other riaw 

materials or activities resulting in cither increased production 
to meet internal needs 01' outputs of goocls aimd services from 

the system). Note that existing outputs md linkages to other 

systems are often modified as a r'sul of' htman intervention. 

The general landscape of arid and s.,ciiarid rangelanids looks 

much the same everywhere in the world when viewed from 
afar. Yet, the dif ferences between individual ecosystems emerge 
when the components within the system are examined in 
greater detail. 

Some of these differences may be of' critical impjortance to
 
development planners. For example:
 

0 Most developing countries are near the eqtator and do not 

have temperate climates as do rangelands f'ound in most 
seein like a small difference,developed countries. This nmav 

but even thoutgh the physical appearances may be similar, the 

effect of temperature-induced plant dormancy, freezing and 

thawing, etc., cail dramatically influence management 
strategies. Differences in climatic and other factors also 
markedly influence adaptability of both animals and plants. 

7 



l
Extrn Ragln Ecrltir -


Figure 1. Abasic ecosystem diagram with potential proje,,tfocuses (shaded areas) overlaid. 
* Social consicratics likte customs and goals of the 

indigenous people may van'y grealtly among coutries, regions, 
or even neighllor-inlg conmjtites.* Political and ecolnmic en\yii')ImnleltS ar'e also extremely,variable in both space aohd time. Political sststees in nlydeveloping counties tIer are not uaictilarly stable or are 
i a slate of evolution. In acldliio, the workl comory hasdramatic cftbcts on some of the (eveloping cotmties. 

Outputs from onle system to other sy'stems can, be modliedl byhuman inteve,btisin either positive or negative ways. Weoften think of changes that have rlstlted iii negative otputs 

such as air"pollutio, or"inc:reasedl seolinient loadls or chemicalresidues in the streams that fl1w into other systems.
effective integrated ploaning can 

'et 
pgrovide good management,which in turn prodtrces positive changes. Ittegrated planningalso contributes to reducing cmiflicis in land use anl to meeting

the needs of growing polulatioids. 
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Integrated planning implies that the total system (including 
people) is being coividered throughout the development. 
process. By definition, most components of the system are 
interrelated. Thierefore, development. activities, even when 
focused on one component, will often affect other components 
of the system. For these reasons, development activities should 
be considered within the context of the entire biological system. 

Major Components of a 
Rangeland Ecosystem 
The six major components of the rangeland ecosystem are 
shown in figure 1: I) soils, 2) microclimate, 3) decomposers and 
microconsumers, 4) vegetation, 5) animal populations, and 
6) indigenous people. Each of these interrelated components is 
described in greater detail on the following pages. 

Component 1: Soils 

Many loks have been written on soil, soil conservation, and 
erosion control. Some expound on taxonomic or historical 
aspects, often in a mood of handwringing over the destruction. 
Others are more concerned about placing the blame for certain 
types of land mismanagement. Still others concentrate on the 
physical and chemical characteristics of erosion, and numerous 
writings describe the specifications for repair of the land. This 
discussion attempts to abstract aspects of soil conservation and 
erosion control and to emphasize current attitudes toward some 
control measures. 

Rangelands the world over have experienced more extensive 
damage bfy wind and water erosion than is normally expected 
from geological causes. This acceleration of damage is a result 
of overgrazing, direct harvesting of fuelwoods, excessive use of 
fire, cultivation, and other activities associated with develop­
ment. Soil erosion from rangelands during and immediately 
following droughts may be accelerated because of previous 
mismanagement. 
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Erosion is a normal process and few lands are without it. It istherefore important to distinguish when possible betweenerosion as a normal process and as accelerated destruction.Severe normal erosion probably occurs only following rareevents, i.e., floods, severe droughts, climatic changes, andgeological changes in the earth's surface. No soil would exist onmost terrain if erosion were fIster than soil fbrmation.However, persistant abuse can markedly increase soil loss. 
Until the last few decades, erosion was accelerated by the lackof knowledge about its causes and cures. A limited populationthat could move to new land as land was destroyed and land­management traditions based on an incomplete undlerstandingof soil-management principles led to unnoticed erosionthroughout the world. The rock terraces in the Middle Eastillustrate the t.ct that soil management and erosion have beenproblems since cultivation and grazing began. These neatlycontoured rock walls, many now abandoned, may have beenused to keel) soil in place that was already there, to hold soilthat was hauled from the lowlands I donikey, to catch soil andwater from above, or some comlinatioll of these reasons. It isnot clear whether loss of soil flrom these terraces caused thedownfall of civilizations or cale afier people were fbrced to
leave because of war, drought, disease, or other reasons.
However, it is certain that abandoned 
 man-nade structures arereduced by the fiorces of nature. Natural erosion and the forcesof nature must be considered in the evaluation of severity oferosion and the permanence of struclures to control it. 

The Erosion Process 
The amount of erosion that will take place in a given situation
is the result of several interacting lactors (figure 2). Soil erosion
is the movement of soil as a result of the forces of water and
wind. These forces first dislodge and then transport the soil
particles. Other factors modify the degree to which these forcescan act. For example, increasing shpe causes increased velocityof runoff water, all other thtigs being equal, and overgrazingreduces vegetation cover and exposes soil particles to easierdetachment. Let LIs look at these processes in more cletail. 

Water action. The impact of falling raindro,,s is the mostcommon dislodgment force. Fifty millimeter, of rain perhectare deliver enough force to 1i i 18 cm of soil to a height ofI in. If the raindrops are large, the force is delivered in blowsthat dislodge soil particles and splash them in all directions.When the drops are tiny, little dislodgment occurs. On smooth, 
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Figure 2. Factors influencing soji erosion. 

level land with rain ['ailing vertically, splash would be equal in 

all directions, and there would e little net loss of' soil. But the 
greater the slope, thle greater the downhill creep of material. 
On 10% slopes the downgrade splash is aout three times the 
upgrade movement. A violent storm could splash as much soil 
material as 250 t/ha. These effects can be easily seen as mud 
splashed onto objects during a rain. 

11
 



Splash erosion destroys soil structure, places particles insuspension, and mixes water and soil. This mixing action iscalled puddling. As muddy water infiltrates the soil, thesuspended particles tend to plug the soil pores, sometimescompletely preventing water intake. A dry, unstructured soilsuch as dust traps air. This prevents wetting except on thepuddled surface. When the sealed layer dries, it forms a crust.All this tends to waterproof the land and to increase surface 
runoff. 

The overland flow of water transports soil materials and
nutrients dislodged by raindrops, and ftirther loosens soil
particles by abrasion. The first sheet erosion of soil may not benoticed readily, but it results in concentration of' water, lossof fertility, and scouring action that soon is evidenced by rillsand grooves in the land. The deeper water-cut channels becomegullies, the worst of which often occur toward the bottom of

watersheds.
 

Wind action. Wind erosion is similar to water erosion in causes,results, and cures. It occurs where the soil is exposed to thedislodging force of mnoving air and varies with soil structure,
moisture, and lexture; surflace roughness; slope; soil cover; air
velocity; and duration of air movement. Air moving over a
surface is slowest 
near the surface, anid increases il proportionto the logarithmi of' the height above the surfice. At less than
2 mm above a bare and relatively smooth surface, the wind
velocity is zero. Above this, (he wind movement is parallel to
the surlace and still higher it becomes turbulent, all this is
within approximately I cm. Soil particles and debris extending
into the turbulent air receive most of [ie force. Tiny particles
may be lified and carried away. TFhose of greater size or mass may be bounced along the soil stirl 'ice to be lodged ordeposited in a place with less wind velocity. This bouncing orskipping motion is called saltalion. Soil creep is the movementof still larger particles along the soil surliace (particles moving
particles by nudging each other along). 

Winds as slow as 2 kn/ho-ur produce turbulent flows, butroughness of*the soil surfi-ce determines the depth to whichturbulent air penetrates through the layer of' zero velocity.
When vegetation and rocks naturally increase the roughness of'the terrain, the turbulent foice is spent on the larger soilparticles that are less likely to be moved. Rough tillage oncultivated land produces the same results. Oin rangelandsa common practice is to plant tall grasses in narrow stripsperpencdicular to prevailing winds, as miniature windbreaks.However, the effects of the wind increase as the square of the 
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The Universal Soil Loss Equation (USLE) 

The USLE is the mathematical model most often used to 
predict soil losses caused by water erosion. It was first 
proposed by Wischmeier and his associates in 1957 for 
use on cropland in the central United States and was later 
extended to rangelands and forests. The formula was 
developed from measurements on experimental plots. It is 
a simple equation to express (A = R*K*L*S*C*P) but a 
complicated one to apply in the field. 

A is the computed or predicted soil loss per unit of area. 

R is the rainfall factor that is an index of the kinetic energy 
of the storm for a period of 30 minutes. The raindrop size 
differs on a regular basis in different climates, and workers 
have found that the index (published in tables) is not so 
precise in high-intensity tropical storms as in North 
America where the index was developed. 

K is the soil erodibility factor and it is akin to the splash 
erosion concept. It was determined as soil loss from plots 
of fallow soil (not rangeland) with a slope of 9% and a 
length of 72.6 m. 

L and S are slope factors; the formor is length of slope 
and the !atter is percentage of slope. Responses of 
erosion to these two factors are well understood, and they 
are usually combined in the calculations. 

C is the cropping factor and describes the total effect 
of vegetation, residue, soil surface, and management on 
soil loss. 
P is the factor that expresses the effectiveness of 
erosion-control practices such as contouring and terracing. 

The USLE and guidelines for its use were derived from 
data collected under farming conditions in the central 
United States. Itcannot be expected to be equally valid for 
rangelands nor for soils in the humid tropics and arid 
regions. Attempts to use it to measure soil erosion on 
a practical scale and in the context of research beyond the 
central United States have been only partially successful. 
For the interested reader, the following references are 
suggested: Arnoldus (1977), Branson et al.(1981), Hudson 
(1977), Wischmeier and Smith (1965). To be most accu­
rate the equation should be applied on a single soil series 
or range site, not upon a complete range watershed. 
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velocity. A 40-kin/hoir wind has four times tile power to pickup soil as has a 20-kmn/hour wind. Dune sand begins to movewith wind velocities of 15 ki/hoti,- to 25 ki/hour. As soilparticles are moved b), air, their abrasive action dislodges moresoil. Control can be attained by decreasing exposure to windwith tillage practices or b)y planlting vegeta:ion that covers thesoil and aIds organic matter, tlereby promoting improved soilstructure. More on %indl erosion can l)e loncl in Fool andAgriculture Organization (1960). 

Recognition of Erosion 
Obvious early signs of erosion are pedestaled plants with rootsshowing and lines on rocks and wood)' stems that indicate
Previously higher soil surfhces. The newly exposed rocks andstem bases differ in color, so it is simple to measure the depthof the soil that has been relnoved. Ofte, fine debris will haveaccumulated in small contour ridges or lodged at tile ulphill sideof obstruclions to walcr flow. Rills or small V-shaped groovesand an accumlation of pelbles or gravel on the soil surftceare strong evidence Ihat a:cceleratederosion has occurred.More or less level a,'eas are sites of accuiulation when tileslopes above begin to erode. More serious and characteristic oflater stages of erosion ale exposure of' subsoil and bedrock,iud flows Firon slopes and mud bars along drainages, gorgedchannels, floods with recordl-breaking peaks, undercut streambanks, lowering of tie %%alerttbie, and large gullies that aredeepening. Ally of' these should be recognized as a warning thaterosion is occurring. In most silttations, ti e steeper the land,tie iiiore essential it is to recognize early signs of erosion,
to determine tihe causes, and to take corective action if
accelerated erosion is suspected.
 

Control of Erosion with Plant Cover 
Erosion begins at the soil surfhce; protection of that surftace isthe most important way to prevent erosion and to heal erodedareas. Soil cover composed of standing vegetation, plantresidue, andI rocks on tile surfikce breaks the beating action of'rain, intercepts some of the rain, keeps the surface soil moistlonger than does bare soil, improves soil structure )),addingorganic matter, and protects the soil frlom wind. Cover reducesthe rate of' water flow across the sitr-ice by damming it andcontinually breaking large volues of flow: into smallervolutnes. Unattached organic material ma'y float and move withrunoff water, but it tends to lodge, nmaking tin' daiis andsettling basins. The reduced suirlace flow resuls in lower flood 
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peaks, more water infiltrating the soil, and more storage of 
water in soil. 

After long experience, most rangeland conservationists have 
learned to concentrate their effbrts on managing vegetation 
rather than on making structures of concrete and stone. Such 
structures (sizeable dams and gully i)lugs, For example) are 
often bypassed with new gullies unless steps are taken to reduce 
peak flows. Terraces and contour furrows aim at controlling 
surface water ilow, keeping water where it falls. They fill with 
silt and overflow, and may be breached by Iurrowing animals. 
Splash erosion tends to flatten terraces. Any break in a contour 
furrow concentrates water flow that may cut ai new gully in the 
downhill rush of water. As a princii)le, surface water flow 
should be prevemecd by soil and vegetation management on 
each square meter of soil rather than by stoping runoff water 
and soil somewhere d(hwnst ream. 

Control of Water Erosion with Mechanical Structures 

Mechanical structures are necessary to control erosion in 
certain situations. A series of small dams is often used to raise 
the water table in meadows or semimarshy areas tiat have been 
excessively drained Ii a central gully. DIams of this type call be 
constructed of wire and posts a11d titlc([ with material available 
at the site. A principle to Ibllow is to place each dam so that the 
water held nearly reaches to the dan above. Each dam creates 
a settling basin sujporting v'egetation. 

Gullies may be especially active in different positions along 
their length. ()ne point of concern is head-cutting. If a gully is 
more than a few decimeters dep, it usually grows by Under­
cutting the sides and allowing tile soil to slump. 

Another point of concern is dlelening of the gully neal" where 
it reaches i main drainage area. Exl)erieiice with controlling 
erosion on large areas with extensive gullies has led to recoin­
mendations for control of large gullies. The first step is to build 
clanis designed to accomnodalte in overflow and to be filled with 
sedimiient. When a stable gradient is rached between danis, 
vegetation iiay I it inay conc i atrally, causinghe plaiited om i 

further deposition of sediniit. L.arge danis are ilic'ded For 
deep-gullv coitrol, and v'egctilioii pIlanted in the deposited 
sediment further increases t eir stabilil\v and effect ivelness. 
Sedimentation builds the V-shalpd gullies into U-shaped valleys 
and eventually into flat valleys as the sides are smoothed by 
erosion and plants become established. A discussion and 
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suggestions for design of structures may be found in Heede(1977) and in module 8 (Water Harvesting) of this publication. 

Small but critical areas sometimes need contour terraces andtrenches to hold water until vegetation can be established.Specifications fbr the terraces include zero grade, spacing anddepth sufficient to hold precipitation from the largest expectedstorm, and check danis at no more than 8-in intervals across butslightly lower than the terrace dike. Mechanical maintenance ofthe terraces may be needed until the vegetation, usually seededor planted as part of the operation, substitutes for the terraces
in holding soil and water in place. 

Control of Moving Sand 
Permanent control of moving sand usually is accomplished withplantings of sand-loving plants, such as Ammoplijla arenaaoncoastal sand and Tanwriv spp. near desert oases. If thereis enough rainfall, the sand surface may be covered withherbaceous debris that is anchored in the sand, aadl a cropplanted. The most likely crop is a quick-growing cereal grain. 

Planting oil sands in arid areas may not be as risky as it seemsbecause coarse sands in dunes often remain moist at depthsavailable to roots for considerable lengths of time. This
happens for two reasons. The spaces between the sand grains
are large, permitting rainfll to penetrate quickly as it falls,
so there is little or no runoff from the sand. Second, thewater-holding capacity of the sand grains is so low that a small
quantity of' precipitation can plenetrate (feel) into the sand
where little evaporative loss occurs. Plant (feel) on 
sand dunesso that woody cuttings and young plants are in contact withthe moist sand. Where wind direction changes and moves
sand in different directions, plantings should take the form
the
 

of strips around hollow squares or rectangles, rather than
as plantings that cover the whole area or that are in one­
directional, parallel rows. 

Other barriers (figure 3) such as slatted wooden fences androws of piled brush also tend to hold sand in place. These workwell if the sand is in narrow strips or if the areas are small.Picket fences at a slight angle to the wind also promote scouringof the dunes. The distance between pickets should be about thesame as the width of a picket so that nearly the same propor­tion of air goes through as over the lence. Placement ofthe fence determines the pattern of dcoosition. One on thewindward side of a dune crest results in narrow and high 

in:
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"fIrom FAO, 1976).Figure 3. Illustration of physical structures being used to hold dunes inplace (adapted 



depositions. Fences on the crest result in long accumulations
downhill to leeward. Barriers placed on the lee slopes of dunes 
are likely to be covered. 

lUrge sand deserts like the (;rea Nafitd in Saudi Arabia can
hardly be controlled or stabilized to pro~tect a road or a canal.

.Justification fbr sand stabilization is diflicult where square

kilometers of sand are moving toward low-value 
 levelopments.
One approach in such situations is to build structures that tend 
to channel or intensif'V the wind into smialler areas, thereby
causing tihe wind ve!oi-ity to in:rease, as through a funnel. This 
type of' channeling has leeti a coinj)lislhed by sealing about half"the sand surface near tie develo)ment with 2-n -wi(e strips of
asphalt that are parallel to the prevailing wind. The tendency isfor the wind to move the sand between the strips at a velocity
that carries the satd I)eynd tie road. 

The ol jectives of controlling moving sand are to lower dune
 
cresls, to reduce the lee slope of (luies to less than 
a 3:1
horizontal-vertical ratio, and to,spread the sand as evenly as
 
lx)ssible. Whetn these objectives are accomplished, vegetational
controls will be most ect'ti'ive and replace tihe mechanical

barriers. Animals 
 rt always be caref tllv managed in sand­
control prograts )ecaitse saindy sites have itfiragile soil
 
structure and are vulnerable to trampling and grazing datnage.
 

SComponent 2: Microclimate 

The microditiate of range ecosystems plays an important role
ill tihe interactions between the mIjor components of' tile 
system. Changes inthis Inicroclinlate resulting fiom various 
nlttagetletl aclions cat have a tmjor impact on the ecosystem. 

One of the most common ways tllanagement dratilatically
changes the microclitiate of' a rangeland ecosystem is by
removing or thinning itshrub or tree overstory. This usuallyresults ina iodification ,,fthe teml)eratt re in the inmmediate 
area near the soil surface, inincreased intensity of' tle sun's 
enctgy reaching the herbaccus plants, and changes inthe
interception atnt( intfiltration of' rainftll into the ground. 
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Canopy reduction often results in a change of the herbaceous
species. Plants that once thrived under the canopy are often
reduced or eliminated. Other components, such as the insect 
and wildlife populations, may also be altered as the micro­
climate changes in conjunction with changes in the canopy 
cover. Many species have a narrowly defined habitat and their 
population density is dependent upon the stability of that 
particular habitat. The IseIse fly po)ulation, for example,
decreases dramatically as the canopy opens. Each of the many
varieties of this insect has its own unique habitat requirements
and, as the habitat is altered, diffir rent varieties often replace 
those that call no longer survive. 

It was suited earlier that nman does not aflect the overall climate 
of an area through his management practices. Even though this 
may be true in most cases, it is theorized that the cumulative 
effect of changing tile microclimate over many smaller areas
will eventually change the overall climate. There is some 
evidence, fbr example, that the very arid areas of eastern 
Jordan were once tbrested with oak and pine trees. Centuries 
of harvesting and overgrazing have removed this woody veg­
etation as well as most of ihe herbaceous vegetafion. This
 
degradlation has occurred 
over such a large area that the 
microclimate alppears to have been modified to the point that 
the resource base will require stbstantial inputs midI lime 
befire it can again support a forest ecosystem. ()in at more 
global basis, the "gccnhoinse eflect" ' warming" areanI"p)olm 
two of the many terms used to express postulaied worldwide 
climatic changes resulting, in pari, from tile accumnlated effects 
of human manipulation on tlhe niicroclinate within individual 
ecosystems. It should be noted that tile impact of hunan­
induced changes versus natural climatic fluctuations has yet to
be worked out with sufficient clarity to s5lluport specific 
recomlendations. 

As was mentioned earlier, the inicroclimate is very closely
related to succession. Rehabilitation of' degraded lands may
require that a progressive restoration of*the microclimate occur
before some of' the desirable plat and animal species can be 
reestablished. 
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Component 3: Decomposers and 
Microconsumers 

Decomposers and microconsumers play a vital role in the 
ecosystem and are integrally involved in energy flow and 
nutrient cycles. Microconsumers can be important as human 
food (termites, ants) particularly in -hunger months," and may 
even be preferred to meat in some areas. Understanding the
key concept that nutrients cycle within, while energy flows 
through, ecosystems is critical to the management of natural 
resource systems. The capture and conversion of energy by
plants was discussed ealier in this section. As Plants grow, they
form protein and carbohydrate substances using the sun's 
energy and elements found within the ecosystem. These 
elements (carbon, nitrogen, phosphorus, potassium, etc.) are 
bound up in the plant and, in lesser amounts, in animal tissues, 
even after the organism's death. These ntutrients are then 
released into the soil by the actions of deconmposers. Most 
ecosystems don't have an abun1dance of' these nutrients available 
for use by plants and rely on using the sanme ones over and over 
again. Hence, the term nutrient cycling. The nitrogen and 
phosphorus cycles are illustrated in figure 4. 

Decomposition and mineralization are important flctors in the 
development and maintenance of soil. As plants mature and 
die, decomposers and microconsmuners (for example, termites)
break down the plant structures and return the nutrients to the
soil and air, thus making them available for new plant growth.
In arid and semiarid areas this .ycling process may be very
slow. The efficiency and rate of' mtrient cycling is affected by
the health and status of the decomposers and microconsumers 
within the ecosystem. They can be affectcd by the stability of 

Adecomposer isan organism, usually a bacterium or 
a fungus, that breaks down the bodies of animals and 
parts of dead plants into simpler compounds. 
Amicroconsumer isa small organism that consumes 
living and dead plant material. Examples of this category
include nematodes, protozoa, termites, and grasshoppers. 
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the top few centimeters of soil and the litter layer on the soil's 
surface. The rate of decomposition plays an important role in 
soil fertility, as does the nitrification activity of some 
leguminous 	plants. Both make nutrients available for plant
uptake and growth. 

In arid and semiarid areas, microconsumers consume up to 
25% of the standing vegetation annually. In some years this can 
be much higher. Of course, microconsumer and decomposer
organisms also use roots, where large consumers do not have 
access to this energy and nutrient source. The balance between 
production by the p!ants, consumption by consumers, and 
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Figure 4. 	 The nitrogen and phosphorus cycles (adapted from 
Bradshaw and Chadwick, 1980). 

decomposition is of prime importance. Management practices
often alter this balance without the manager realizing the 
importance of decomposers or the degree to which they occur. 
When an area is burned or cropped, some of the nutrients are 
not returned to the ecosystem's nutrient cycle, which can upset
the balance. Adding fertilizer or other additives is a manage­
ment strategy aimed at bringing the nutrient cycle back into the 
desired balance. 
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Component 4: Vegetation
 

'lants are tile primary producers of' the ecosystem. converting
the energy fiom the sun into energy usable by man and animals
through photosyntie:,.s The energy flow through an ecosystem
is illustrated by Odums c'lassic drawing in figure 5. Anyone who
plans or implements development activities must understand
basic ecological concepts that inmalve vegetation, what consti­
tutes a range o1 vegetation site, the signifilca:nce of range
condition and Iend, and Ihe atiloccology of' dominat or im­
portant Species. This section will stmnarize some of, these 
Important concepts as they relate to development planning. 

Vegetational Change 

Vegetation management Ilocuses on the naturally occurring
dynamics and practical n iulthitionl of'ral gelatld vegetation.
A key to ulnderstandinig the selection antd application of' 
techniques f'i' vegetational manipulation is knowledge of* the
characteristics of iaatiiral veget iital variat iio)t. The imdividtal
plants and the comlimunities of 'egetation oil every piece of'
rangeland are changing coltitlla atd iiay 'ijx-at phan 
expressions iina decade or" less. Most oft hese changes are
beyond the controll of' aiuinager's and graziers; otly a flew can 
Ibe directed by tileic ni1ager. 

Within most development projecis resource stil'VeVs anidcl veg­
etational assessmients are conducted befoire Ilaniageiient
techniques are apphed. Tliese assessments are measnirements 
mid evaluations of' conditions during a specilied time. The 
resource at that poiit is [lie cullIination of' )ast influences of'
drought and flood, grazing animals, use of' aile land fbi'l raising
ci'ops, wool cutting, fire, ravages bw inisects, and many other 
processes. The rielative imprtance of* each of' Ihese fihctois inshaping the structure and composition of' [lhe vegetation and
conditioti of the resources can only Ibe estitiiated, but is 
somletimes f',irlv accurately deterniied. An understanding of'
how vegetational composition changes is necessary to impirove
decision-making invegetation management. 
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Another aspect of the assessment is that it contains the baselineinformation for assessing effects of future changes. Thesechanges result from the same influences as in the past (drought,grazing, cropping) plus the additional impacts of appliedmanagement techniques. In order for the manager to monitorresults of various practices, resource changes of many typesmust be measured and interpreted. 

The skilled manager either encourages or works against thenatural changes in ecosystems to further program ohjectives.Each alvration of grazing, seeding, fire pattern, wild animalpopulation, small organisms, soil minerals, and human presenceresuhs in a new set of ecosystem changes. The manager needsto know wLat is happening, what might happen, what goeson where ­ in short, the dynamics of the whole ecosystem.Following are brieldiscussions of ecosystem changes, climax,
and stability. 

Daily and seasonal changes. Ecosystems experience manyphysiological, behaviorial, and phenological changes that closelycorrelate with the dynamics of weather and energy flow. Forplants, 24-hour cycles characterize concentrations of water andphotosynthates, position of leaves, aind flower opening andposition. Maby species of insects are found on the vegetation atdiflerent heights above the ground at various times during the24-hour day. Numerous anmimal rhythmis are keyed to solar andlunar influences. Omther cycles correlate with wet'dry seasons
and with warm/cold seasons.
 

It is important to recognize that daily anmd seasonal changes
in organisms ocur no 
matter what the stage of biological
succession. The effects of these repetitive changes need to be
isolated fron other types of changes through careful timing of
field sampling and interpretation of results. For example,individual plant species reach their mnaximum biomass atdifferent times in the growing season. Annuals often maturerapidly and perennials somewhat later. Early sampling ofvegetation may give dominance to anmuals and later sampling
to perennials. If sampling is done on a 
fixed sequence forvegetational treatments, misleading results can be obtained.Comparison of sampling results fi'oin different phenologicaltimes confuses seasonal changes with treatment results or other
effects. 

Yearly changes. )aily and seasonal changes do not follow thesame pattern every year. Fluctuations such as occur duringdrought periods are especially drastic in rangelad regionsclassed as arid, semiarid, and subhumid. Some climatic changes 
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are cyclic: From one year to another, individual plants and the 
herbaceous vegetation as a whole fluctuate in response to 
variations inweather patterns. Parameters such as life cycle, 
growth rate, mortality, basal cover, height growth, and many 
more differ from year to year. Rodents, insects, mammals - in 
fact most animals - exhibit demographic changes from year to 
year, some of which are predictable. 

Yearly changes continue with little control by the resource 
manager. Daily and seasonal changes may be confused with the 
longer term cycles and annual variations if measurements are 

keyed to calendar dates alone, because vegetational processes 
do not occur at the same time every year. As with daily and 
seasonal changes, care in sampling and evalualing tile results of 
intervention are needed to separate the results of managenent 
from changes over which the manager has no control. Sampling 
should be scheduled in concert with the growth cycle of key 
plants rather than by calendar dates. 

Successional changes. Succession refers in part to tile 
replacement of species by other species as subtle micro­
environmental changes to soil, vegetation, and animals 
progress. Consider the se(quence of vegcation and animals that 

occurs on a piece of land inade bare (by cultivation, for 
example) and left to return to its mndanaged state (figure 6). 
Certain species will dominate the first year, likely the annual 
species that grow rapidly Fliom almndant seed. In the following 
years they will give way to others, probably many perennials. 

Many species are likely to be present in the natural systems at 
all stages of' succession, but only cerlain ones will be (lominant 

at a given time. Changes in microenvironmient accomnpany, the 

succession of' soils, plants, and animals, reflecting tie dominant 
species. Unfortunately, some literature refers only to tile 
succession of' organisms, mainly plants, and not to ecosystem 
processes. However, for successful planniing and management, 

succession should be conisidered as a progression of organisms, 
environmental inptits, and processes. 

In nature, daily, seasonal, and yearly changes are so thoroughly 
superimposed upon successional changes that their measure­
ment and separationr have not always been attaincd, perhaps 
not even realized. Extremes of droughts, winds, and freezes; 
severe fires: and epidemics of' herbivores fr'om insects to 
elephants may catastrophically reduce the current dominants. 
Succession is then set back (this is called retrogression), to 
continue again toward a balance with regional dimate and local 

environment. 
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Figure 6. 	 Representation of soil development and successionalchanges of vegetation and animals that can occur Ifdisturbed land Is left to return to its previous state. 
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Secondary succession refers to those vegetational changes that 
follow the structural change, often by people,of' existing 
communities. The change may be as studden as a fire or as slow 
as slightly-too-heavy grazing. Suich change, even short-term 
cultivation, isusually not a total elimination of species nor 
a conplete structtral change. The soil that remains after 
change may be partially developed and organisms may be freed 
from severe competition, reslting in rapid succession after the 
cause of the change is eliminated. Then eithe' the climax 
returns rapidly or, if the change is permanent, a new clirax 
counliltynk, may be attained. 

Human activities that cause secondary succession differ only in 
degree friom the natural catses. Vegetational changes following 
catastrophic lire are similar whether the fire was set acci­
dentally by lightning or intentionally for resource management. 
Other types of influences that cause similar changes include 
construction of ponds by nmachines or natttre, overgrazing by 
wild or domestic animals, destruction of vegetation by insects 
or herbicidcs, and actions of nachinery or burrowing animals 
(figture 7). 

Short-term cultivation 

Heavy grazing 

Fires 

*t.- Construction of 
homes, ponds, etc. 

Figure 7. Human activities that affect the structure and function of 

range ecosystems. 
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Changes due to immigrations. The fifth type of change resultsfrom the permanent immigration of organisms and minerals,the latter through erosion and transportation by humans. Manyorganisms have potential to move because of' highly evolveddispersal mechanisms. They ride wind and water currents forgreat distances. Animals that migrate, especially birds, moveseed. A safe assumption is that immigrations have occurred Fbra long time and that they will continue. 

For several centuries increasing travel by people has multipliedthe number of' plant and aniimal immigrants. Many newcomersquickly become naturalized and become a part of the localsuccession and climax; some are difticult to eliminate fromtheir new habitats. Examples include the movement of Mediter­ranean annual plants to similar climates around the world, theEuropean rabbit in Australia and New Zealand, and theestablishment of itinlerouis new populations of plant species

in Hawaii.
 

Early man altered succession and climaxes by burning thevegetation and harvesting plants and animals. These influencesintensified as people multiplied and new areas were occupied.Since people are part of the ecosystem such changes should beconsidered natural phenomena, as should the resultingsuccessional stages and climaxes. In other %%ords,currenthumain iimpacts difcr from the older mnore in degree than in
principle. 

Evolutionary changes. Still another type of change results fromthe evolution of new characteristics and species, which usuallyreplace older ones. Each organisii struggles fbr suirvival. Those
Species best adapted to tile extreltes of their living conditions
survive, altering their genc fIequenlcies, their populationcharacteristics, and the system in which tile), live. As 
one species
evolves, others react; thu1s the stl'uicture and ftnction of the
whole assemblage changes throlgh time.
 

The evolution of communities andl(1 ecosystems seems asreasonable in theory as does that of iilividtals. Geneticgradients are in harmony wilh gradients observed in geographicand comnmunity charactei'istics such as diversity, physiognony,succession, and nutrient cycling. (;enetic gradients are thectuntilative eff'ects of' species evolution. Significant adaptations,whether developed throuigh biotechnology, suddenly as a singleevolutionary step, or gradually over eons, alter ecosystems,
successions, and climaxes. 
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Changes in plants, animals, and ecosystems resulting from 
evolution, earth changes, or climatic drift are of more interest 
in theory than in resource management. Such changes usually 
do not concern development planners. However, they do occur 
and activities such as plant breeding and genetic engineering 
may be considered as accelerated changes. 

The Climax 

Much theorizing and research have been devoted to the 
characteristics of stability and climax. Most definitions of climax 
refer to a self-perpetuating community of organisms in equilib­
rium with their environment. This definition implies that 
climax organisms interact with each other and that these 
relationships result in ecosystem stability, and that non­
directional vegetational changes are no longer present. An 
absolutely stable climax could be reached only if the physical 
inputs remained constant - but they never do. Although there 
is a trend toward stability and a dynamic state around which 
variation fluctuates, an absolutely steady state is never 
achieved. 

Vegetative changes within an ecosystem occur over a contin­
uum of' different time scales. Some changes, like plant growth, 
can be observed on an hourly basis, while some successional 
changes can only be observed over many years. l)aily, seasonal, 
and yearly changes are rapid and respond little to managerial 
efforts. Successional changes in deserts take so long that only 
Slight Changes Can bc nicasured over 1-m .. Naturalperi.ch;. 
resource managers, when evaluatiig and monitoring ecosystem 
changes, tend to center measurements an judgments on a time 
scale similiar to their own life span. So it is understandable 
that when an ecosystem's life span reaches beyond human 
comprehension, as it does in many forests and shrublands, 
intermediate successional stages may be mistaken For the 
climax. 

Stability in Communities of Organisms 

Determining ecosystem stability requires interpretation of 
trends, cycles, variability, probability, qualitative relationships, 
and above all, repeated measurement. Rangeland monitoring is 
the means by which this information is acquired and is 
absolutely necessary to quantify and evaluate plant succession 
and climax on rangelands. The concepts of range condition and 
trend are closely related to these ecological concepts. 
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Most early ecologists believed that less complex ecosystems weremore unstable than complex ecosystems. This concept has beenquestioned in recent years, in ftlct, some feel that jiist the
opposite is the case. After 
 leftinig the terms complexity andstability, Pimm (1984) reviewed some recent modeing eflbrtsand compared the results to field stuclies to examine tilerelationships between complexity and stability. fie concludedthat many of the important questions about this relationshiphad not yet been asked ancl suggested the following theory. 

" The more species present in the community:
* the less colected it will be, if it is stable

" the less resilient will be its populations

* the greater will he tihe change in composition and inbiomass when a species is renlove(d
* the longer will be the persislance of species composition

ill tile absence of Species removal 

• The more connected a communily:
" the fiwer species it must have if it is to be stable* the more likely it is to lose other species if"one is 

reloved 
• the more resilient will be its polplations
* the more ipersistanl will be its composition• the more resistant will be its biomass if a species is 

removed 

Table I shows selected attributes of ecosystems at develop­mental anl climax successional stages, using the classical climax
theory. It is intended to be inclusive, bt 
 not to show relativevalues. The characteristics apply difl'eremly to diverse areassuch as deserts, grasslands, and forests; SOiIme may 31o apply to 
a specific place. 

Application of Vegetation-change Concepts to
Resource Management
 
The preceding sumnary of climax and sticcession should behelpFl to resource managers in evaluating vegetationcondition, trend, andlmanagemlent. Certainly tile manipulationof' vegetational change and the stability of soil and vegetationare cewral activities of vegetation management. Understanding
the dynamics of rangelanld vegetation is ftuiilailiental to itsmanagement. These tenets of vegetational change are appliedat the resource-managenient level through the tse of threeconcepts: range site, range condition, and range trenc. 
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Table 1.Attributes of ecosystems at developmental and climax 
stages'. 

Ecosystem attribute Developmental stages Climax 
Species composition Stable 

Diversity of species Low High 
of life Forms (patchiness and 

mosaics evident) 

Dispersal mechanisms Physical control Biological 
(predominantly wind control 
with seeds) (animal movement 

and vegetative 
continuations) 

Biomass per unit Low High 
area 

Net production High Low 

Mineral cycles Open Closed 

Niche specialization Broad Narrow 

Nutrient exchange Rapid Slow 
between organisms and 
their environment 

Amplitude of abiotic High Somewhat lower 
extremes 

,,Adapted fromn Odui (1956). 

Range site. The first consideration is delineation of range sites 
(natural resource units). Each site is an area of land that 
responds homogeneously to climatic variation and has uniform 
topography, vegetation, and productivity. A range site should 
respond unifbrmly to grazing and to any applied management 
practice. Sites are mapped with the degree of rigor demnded 
by the intensity of managerial decision-making. For practical 
purposes the scale or size of a range site needs to be no smaller 
than a few hectares and no larger than a Few square kilometers 
in area. [his is in contrast to research that is olten in square 
meters and country planming where several square kilometers 
may be minimnum size. The ideal size of range sites is one that 
promotes uniform grazing management and cultural treatment. 

Each mapping unit may be a site or a complex of sites forming 
a management unit. It is defined in terms ef vegetation of' 
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a particular botanical composition (with a known level ofproduction), one or more soil series (of great similarity), range
of precipitation, and physiographic uniformity. The existing
and potential productivity of' one site will often be differentfrom another. Mapping units are the basic land units on which 
range condition and range trend are assessed and prescribed
management practiced. 

Range condition. Range condition is an assessment of the
 
present suite of health of the range site in relation to its
potential. Descriptions of good range, or the highest potential
for that range site, depend upon evaluations of moderately
grazed areas, relic areas, exclosuies, historical accounts, and
vegetational changes ftollowing relief from overgrazing. Infor­
mation from these sources helps especially in the separation ofvegetational changes that the manager can control from those
beyond manipulation. A model of a rangeland ecosystem illus­
trating the way grazing relates to condition and trend is shown 
in figure 8. 

Determination of' range condition is difficult For many sites.
Widespread resource deterioration may have caused the sitepotential to decrease. Information on vegetational changes and
what the climax taight be helps in this process because tile
highest potential fbr grazing in grasslands is likely to occur
during a late successional stage or even climax. The best graz­
ing for domestic cattle is usually perennial grasses of a medium
height, less than half a meter. In tall- and high-grass savannas,
the short- and medium-height grasses are most desirable and

usually constitute an intermediate stage of succession. In
deserts, where the forages are annual grasses and shrubs, there 
may be little relalionship between range condition and climax.
This is also true in dense woodlands and forested areas. Wher­
ever tile site, the manager must be concerned with the increases
and decreases of both desirable and undesirable plats. Placing
these sites into various condition classes - excellent, good, fair, 
or poor ­ is useful for comparing the present vegetation ill
relation to potential or desirable vegetation. 

Range trend. Range trend is the direction of' change in condi­
tion for the site. It requires determination of the range con­
dition of the same site at two different times. Fewer and fewer
desirable forage plants, increasing erosion, more bare soil, andless plant vigor characterize a downward trend. Decreasing
vigor of perennial grasses is indicated by shorter leaves and 
stems, fewer seed heads, sometimes a yellowish color, and dead
tillers. With experience these indicators of downward trend can 
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EXCELLENT FORAGE RESOURCES - MATURE SOILS 

HIGHlPRODUCTIVITY t
 
Low vigor ofpalatable plants,l 
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perennial plantst, 

Decrease of Idesirable speciesI~rI I C. 
Annuals andperennialsI ennals., 

E 
00 
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2 Annual grassestM 

N La 
0 
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tM 

become rare 
cm 

:0Broad-leavedB 
2 annuals 

Fewer invaders 91 

DETERIORATED RANGELAND RESOURCES 
ERODED SOIL 

LOW PRODUCTIVITY 

Figure 8. Acomparison of the effects of overgrazing a rangeland 
ecosystem with the effects of appropriate grazing 
management (adapted from Heady, 1975). 

be detected in one examination, but they can be quantified
only on the basis of' repeated measurements over time. This is 
currently referred to as monitoring of range condition. 
Changes in the vegetation that are clue to drought or some 
other uncontrolled cause may also result in a downward trend. 
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Presence of young, middle-agecl, inl oll plinlts of";I gra;iss
species (all-age stands), indicates that regeneration is taking
place. If the species are desirable ones, the trenl is upward.

Factors such Ias livestock coiition and prodlction, degree of
fbrage use, and pop)ulations of insects and rodents only indi­
rectly suggest range conclilion and Irenl, 
 and can often bemisleadIing. Even low-conlit ion ranges, if' properly Iynanlged,will susta;in some animals at a s;atisfa.clory prlduction level.
Thus, the evalation of range iretll 
must account lir vegeta1­
tional changes restulling fronl all causes. Measuremnt and
evaluation of range trend require 
 ill underslatlding of' plant

succession and other types of vegetational changes. For exam­ple, trend analysis is tiiore liffictult for range sites dominated by

annuals.
 

Y1 Component 5: Animal Populations 

In ilis stcliotl, the lerl "grazing aiimalls" refers to donlestic
livestock and wild ungulates. This does [ot imply that rodents,

insecls, etc, are not important. Rather, the concentration is on the atniiils thlat itl general are of' direct use to hnit itians,

and that llay be managed to a considerable degree and on
 a regularIbasis. "hi a is, the iInpactI Ihese aninlaIs hive on tie
rest of, the ecosystetli can lie sigililicat, but call be conlrolled. 

Domiestic livestock antd wild unigultes Vreof p;articular ,.ill)lportatlce Ibecause tihey produce high-qualily energy (and
proteil) aid other allilial p)r(dIlucls that constitutle the ni1iiloutputs Froi rangeland ecosysitils that call be used directly
by people. By Iolodiling or colntrolling relationships ailloIgthe alilils a] liiportaint co(tiilotets ol tile igeland eco­systems, chitiges il thile oulpltt can lbe eftlecied. Furthetiiore,
the types of relatiniships established will ilil lenice the con­tinued fuiintting ol'the ecosystem, becauselithe relationships
may eitiher iiprove or itilpr Ihe overall Iuitciotitig, II thissectioti, our olbiecive is to (lescribe sotme of tle more important
aspecls of' how gra/ing alniials afl'ecit and 11( affectecl by the 
rest of, tlhe ecosyslenii. 
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Animal/Vegetation Interactions 
The most important interaction that involves animals is when 
vegetation is being grazed/browsed (Child et al., 1984). Two 
simultaneous actions occur: removal of filiage and other plant 
parts and consumption (intake) of that material by the animals. 
Trampling is a third associated action of considerable 
relevance. 

The primary flactor influencing tihe response of plants to 
grazing is the degree to which the foliage removal iiiterflres 
with solar energy interception and capture. (Physical injury also 
may be important, particularly ill palatable browse species.)
While such interfi.'rence obviously depends tupotn the aimotnt of 
green foliage left, it may also be stroigly iililucuced by
moisture availability, roo't t, physiollei, )hvic lcgical
differences among l)lawiis, and general growinlig conodilions. 
Energy intercel)ti()i also Il)endIs (ii stage ()f gr)wtlI a1(i 
frequency of grazing. 

Too heavy and too firequent grazing (uring fle growing period
reduces subse(qiuent growth o" boith to)ps anol roots. Rate of 
growth also is slowe(d ainl efiicAcv of' soil mioisture use is 
likely to decrease. Acceptability to aliiimals and relative intensity
of Foliagc removal v;aries aim )ng plails. Irefcreices for 
partictar plait i)a its aild Ilsecics vary a ioig animal species. 
phunt associations, aiid stage )f plant gtrowi i. (;,ais atfd caiels,
for examilep. Il'e (Iliie diifl*crc ii graziig pirI icr(.cs tIllIn (o
cattle and sheep, and thest. dlifierljules nma' var, with ihc 
seasons. Their grazing cal)al)ilitics iAay Iso iotablv differentbe 
(lie to size, st ril(t ill'e, agilitv, c. :\illllg wild fioragiiig allillals, 
one species iay pirepalc tle liivirlnilell i,)r, ()thlori Sl)c(.ics.
Elephants. for eXiiiamle, iav (iimolisha firest, itiakitg way, lor 
I)rush-caters such as ihe kudit. lit turn, k(Ils iii;v opien tile 
way f()r"griSS grwiIi, criea tinig c,) nlid t in fir eI by grass­
eaters such as the wildebeest. Removal of oldIhir)a;cois
material tir(iigh grazing may Ibe vital to file Ii ainiteiia ice of 
vigorous stands of grasses. "rail)ling of' see(SI into the ground
often helps natural regeneration. 

One can therefore p ilateihal the impIact of grazing uipon
the vegetation will vary with the degree. Irequency, and time of 
grazing; with it le I lix of*plait and a iliial species present; and 
with environmniital collditioiis. Response to changes in floristic 
comiposiiol anld structure will reflect moldifications ill conipeti­
tive relations caused by the complex of factor's ill which aninials 
often play a primary role. Tolerance to very heavy grazing may 
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be exceptionally high where strong selective grazing pressures
have been operative for a long time - as in the Near East and 
much of Africa. Vegetation changes and the influence of' 
animals are further discussed in the section dealing with 
vegetation as a component of the ecosystem (in this chapter)
and in modlIe I (Vegetation Management Through Grazing). 

Animal responses (weight change, reproduction rates, etc.) to 
grazing conditions depend mainly on the quality and quantity 
of what is eaten, i.e., intake. The main concern ol arid and 
semiarid rangelands has to be with quantity. The fict that 
dry-matter content on these ranges is relativcly high even 
during the growing season, and quality remains higher than in 
more humid grasslands nanos essentially that a satisfactory 
intake of energy and i is possible, providing an adequatettemi 
quantity is available. N(,, nearly enough is known about how
much forage and water should he available to meet animal 
requirements under the diverse conditions of arid and semiarid 
rangelands. However, it is known that when the q,.antity flls 
below a certain level, weight gains will decline rapidly. If 
quantity continues to decrease, animals will lose weight Until an 
equilibriuim between energy constiied and energy expended is 
reached, or they (lie. 

Because of difirent ltod prefrences and capabilities, 
response to a given type and (jilantity of' vegetation will differ 
among animal species. For example, sheep and goats can more 
efficiently select forage that meets their nutrient requirements 
than can cattle. Camels can range over larger expanses of' 
ground and eat coarser material thaii can most animals - so 
they remain in excellent condition while other animals are 
malnourished. Goats can select more nuiritious materials 
among bushes than can either cattle or sheep. 

A: 'mal/Soil/Water Interactions 
A principle objective in the management of arid and semiarid 
rangelands is to use as much of the rainfall as possible For plant
growth. This riequires that as much of the rainfhll enter the soil 
as possible, i.e., that runoff is kept at a minimum and that 
evaporation from the soil surface is low. In some cases root 
development (to reach and use all the moisture in the soil) may 
be important. 

Animals affect moisture relations by grazing and trampling.
When they remove plant Foliage, transpiring leaf surface and 
leaf cover are reduced. Additionally, the potential litter 
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production is lowered. The likely results are lower rates of
transpiration and therefore slower rates of moisture removal
from the soil, more bare soil, more raindrop erosion and
sealing of the soil surface, less rainfall entering the soil, more
runoff and erosion, and higher soil temperatures and greater
evaporation from the soil surface. 

The consequences of these interactions will vary according to 
rainfall intensity, slope, grazing intensity, rate of plant
regrowth, plant growth habits, soil texture and structure,
organic matter content, and other circumstances. For example,
on sandy soils little if' any sealing of the soil surface would be
expected to occur and most of the rainfall would enter the soil.
Evaporation fi'om the srtaIIlice of' sandy soil would not be greatly
increased because with its low water-holding capacity little water
is to be found in the upper 8 cm to 12 cm f'rom which most of
the evapolation would lxe drawn. Because a given amount of
water in a sandy soil will be (list riluted leeper into the profile,
the "green-feed" period might be extended. Over a period of'
time with heavy grazing, however, root penetration would
probably be decreased, leaving unused moisture in the soil.
This would in effect leave an open niche in the community that 
might be filled by lnpalatable, deep-rooted shrubs. The
consedquelIces could le somewhat different on clay soil, shallow 
soil, etc. Differences in the original vegetation, e.g., annuals
 
versus perennials and shrubs versus grass, woud 
 also influence 
the outcome. 

The pressu'e exerted by animal hooves is substantial and 
ie'nough to compact tie soil, reduce the rate of infiltration, andincrease runoi'f. Under certain conditions infiltration may be

reduced to a fraction of total rainfall. Compaction and damage

to the vegetation is only too apparent on animal trekking
routes (areas over which animals are frequently moved - as to
market), around watering points, and at other places where
animals gather. But it can also occur in grazed areas where tile
effcts of erosion and damage to the vegetation are not 
apparent. 

The ease with which compaction may be expected to occur
varies directly with the soil's moisture content, its clay content,
and noncapillary pore space (large air spaces in the soil through
which water passes easily), and inversely with root density and 
foliar cover. The amount of compaction that occurs in any
situation depends on the number of animals present, especially
during the time when conditions are favorable for compaction. 
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Compaction by tamipling is most likely to occur duriiig tie
ainy season, most notably on heavier soils. Noncapillary pore

spaces in soils high ill clay are essential folr good water 
infiltration. These soils aire very vulnerable to Conipactioii and
loss in infiltration rate. At the other end of the scale are sandy
soils with small pore Spaccs alid with a low water-holding
capacity. lramplling these soils will affect conIIpact ion and
 
inliltrationi very little.
 

The structure of soils coMIIpacted by tranipling will return to 
nlial over time if tranipling is eliminated. low long this 
takes will depend upon root action, soil ficezing, and other 
iactots. 

Animals and Soil Fertility 
Soil fertility is usually not an imiportaint litiliting factor on arid
aiid selian'i I rat igcIlands. lFor this reason, recycling of organic
latter and milerals llthrough the anillials is less impolortant thal 

under more huiiid coiilionis. Ncverlhelcss. return of alilll 
wastes to tile soil is desirablc. Reinoval of anialils alnd ini;
products ove i 1) iig peri I imay ('mlise soie deplctlion of
 
minerals inl short supply becatise Ihev are not returned to the
 
ecosystciii f.or recycling.
 

Wheni lrainfaill eXcee(ds aiut 50( nn.soil frtiliiv is ilich mllore 
ofiel a limining fliclor il prolductioil lecauise of' increased 
leaching (ald perhaipls becaise of othle fiiclois). (razing too 
heavily ('caii i-edce ro)t eitll ati(n allid theireby iicrease
 
leaching. Fliniilitioii of'l)alaale browse species with (feep 
 root
svstelis is l)aiic1larl ii desirable. iHlowever, grazing inlcnsity

(luiiilg the dry seasol ol duriing di oighit years has less o 
 all
 
clt oil r'ol Ielietiioltliali does graziig (iring scasollS
oif* growth.
raplidI p)lll 


"AhimalResponses to Temperature and Humidity 
Besides vegetatitioLii, aiiainlaIs ii y be greitly a'Iclt(ed by weather 
- especially tell peratutire and litinlitv. ihe (legree 'to which
aninals are afleictdbI I tci)t l-liic anid liuiiiit\v depends
tilolin how well the' aic adaplted, and to so ni dlegree il)oli
their physiological malle. Adaplation is of'profound iiportanice
because it afctCls lroductlivity ileccl, - eslpecially intake and 
health. This tol)ic amid othel's discussed above are treated Imlore 
ftill' in Child et al. (l9I-t). 
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Component 6: Indigenous People
 

The activities of the earliest known Itiman civilizations 
(lepended to a large extent upon the rangelandl half' of*tile 
terrestrial world. This relaionship was and continues to le 
two-way in that people receive their livelihood from the system 
and inlIencC or service tile system, usNally foi thrlir own 
benefit. The characterisics of' rangeland peoples and thcir 
practices as they should he considered for rangeland develop­
ment wcre reviewed in (hild ct al. (198-) and are not repeated 
here. However, many of the guidelines iil this publlication are 
intended to serve [he indigelious rangeland people, aiid a few 
statements are needed to make that service more effective. 

After several decades of assistalce, r;agelands thlottghout the 
developing contries reti aini in poor condition and iany are 
still deteriorating. Projects have htfiled outright and )rojects 
)erceived Is beilg successfhi seldom survive after withdrawal 

of' donor supp)ort alld guidaice. Crtises for these fiailures are 
many and they niaN be found witlill any of the separate 
components or boxes ill figure 1. More likely they are due to 
tile failure to accotllit for the inlteractiols, the lines between the 
boxes, which ar little reaized and ipoorly utderslood. Among 
these, and considered most imlortant Iw man\y, is the ftilure 
to take huiman and social lfactors into account in planning 
developnlent projects. Some important priniciples and 
guidelines f'llow. 

Understanding Indigenous People 

The tendency has been to aim foi technological and physical 
development bet bre working with people, instead of' bringing 
them forward together. However, understanding tile 
indigenous people should be the initial step in project planning. 
Such a1 tnderstanding permits the adviser to demonstrate 
his/her personal integrity and gain the confidence of*the local 
pastoralists. All too olten the traditional systems of livestock 
production have been less responsible for degradation than 
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attempted changes to these systems have been. Planners and
advisers tend to collect inadequate information about socialorganization of space, property, seasonality of resource use,and other aspects of the survival system. Advisers should spendmore time in the bush listening to the indigenous people and 
using the local language. 
Social Reorganization 
Subsistence pastoral systems have social and survival char­
acteristics that have evolved over centuries of nomadic andtranshumant use and management. Many planners and projectsassume that social reorganization is necessary when further
analysis would show that little change is needed. When a change is necessary, it must start with the actual situation ofthe people at the time. Change should build upon existingorganizations using development steps that are not too large. 

Participation of Beneficiaries 
Much has been written a[ibout the principle that the beneficiarymust be a part of ile project froin the v'ery beginning. Thebeneficiaries are the pastoralisr, not the traders, processors of 
products, or government ,tficils. Seldom has a project beensuccessful without the betficiaries having been included fromthe beginning. Regardless of the project's logic, scientific

soundness, or possibilities lot economic enhancement, it will

be either implemented or destroyed by tie local people,

depending on whether or not they see it as beneficial to them. 

Inappropriate Technology 
Application of the wrong technology is closely related to
 erroneous preconceltions of advisers. Traditional 
use is a formof management that has evolved through the sortings ofcatastrophe. Advisers with a high-technology, basic-research
approach tend to start at a level too Westernized fbr thepastoralist to accept. A simple exanlple is the attempt toincrease beef production when the real need is for improved
yearlong milk production. Anotlier is the tendency to work withonly a part of Ihe syslemI, but one that does not include thebasic problems. Cattle breeding may be eml)hasized%when thereal problem is feeding or rangeland management. Social andeconomic changes may be the thrust and the biology forgotten,
or the other way around, because of the expertise of the
adviser. Projects frequently lfiil because of unsound
conceptualization, resulting in inappropriate and incomplete
technology. 
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Sensitivities About Destocking 

Local people feel that sufficient livestock production comes 
only with large livestock numbers. Milk is needed every day of 
the year, so livestock must be milked throughout the dry season 
and through droughts as far as possible. Goats, sheep, camels, 
and cattle all play a significant role in survival by providing milk 
during adverse times. However, young animals must mature 
and be bred before they can produce milk - in other words, 
time is necessary before the animials become productive. In 
some situations cows calve (and begin giving milk) only about 
every 3 years. Since each person needs a certain amount of 
milk, people believe that severa: animals must be maintained 
for each person in the family. )oubts arise when advisers 
tamper with this belief'. This subject must be addressed 
with care. 

Crop- and Livestock-production Systems 

Livestock-production systems often are associated with cropping 
systems on small farms. Some tribes are largely farmers while 
others mostly raise livestock. Competition for the use of Iigher 
potential rangeland is increasing, largely as expansion of' 
sedentary farms restricts rights of' passage and reduces available 
grazing resources. Still another aspect of mixed livestock/ 
crop-production systems is the potential for increased prodLIc­
tion of forages from dhe crol) fields that might be used by the 
resident livestock or traded to other owners. Improved 
integration of' cro)ping and forage production should receive 
more attention by both research and develol)ment activities. 

Project Success 

Early and local participation by planners and advisers does not 
guarantee project success, but success can hardly, be attained 
without it. Many prol)lems lie outsi,(L%.the expertise and control 
of range management professionals and the local people - for 
that matter, outside the knowledge and influence of any 
professional. It is critical in project planning and imnplementa­
tion that problems and causes be (leined, not merely that the 
symptoms be identified. lie understanding of' the role of' 
people as both contributors and harvesters in the rangeland 
ecosystem is of ultimate inmportance. It is people in the system 
who determine the need for and the use of the guidelines 
presented here. 
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SECTION I
 

GUIDELINES FOR RESOURCE
 
DEVELOPMENT
 

y$I 



Module 1
 

Vegetation Management
 
Through Grazing
 



Grazing management implies control over tile influence that 
grazing animals exert on the rangeland systems. In the 
rangelands review (Child et al., 1984), the complexity and wide 
variations among rangeland ecosystems were stressed. ihe 
impacts of herbivores on these systems are also complex and 
highly variable. This module examines the grazing factors and 
comments on how [hey are taken into account by the manager. 
Briefly, grazing combines defoliation and physical processes that 
damage plants and move minerals and seeds about the land­
scape. Figure 9 diagrammatically sunumarizes the different 
intelactions between vegetation and animals. The emphasis is 
on the impact of grazing ol other components in the Vcosystem, 
not the responses of animals to the grazing systems. That 
important aspect of grazing is the stlject of modules on 
livestock management and game cropping. 

PwtRlt,RANGE VEGETATION 

MroAon,etc.) 

DEFOLIATION RE-

Intensity, DanmasUudefrequency, pards 

season, Ma 	 .s,
RANGEselectivity other 

I~rblora=INPUTS 

] PRODUCTS
 

F 	 0C.)unting,.MANAGED RANGE ANIMALS 

Figure 9. 	 Interactions between vegetation and animals under 
grazing conditions (adapted from Heady, 1975). 
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Defoliation
 
Most range plants cati he (efolialed to some degree withouta))recial)le (lallage. However, wlile moderate removal of livehrhbage may Stimulate (ne Species 1o produce more )ranchesor fillers, it lay severcly rc (hce l(anot her's size and growth rate.The manager's' piurpose is to keel ) grazing at Ihe highest degreeof*defo liation hIlatstill Imailttins irducti ni levels with rmin­illlill iltilX lt oil other ()SstIl (OIC oponelints. Uiullfoiu ly,that (legree of (le(fliationl is difficult to eterillitle )eCallse it

de)ends largely uo)ll' Ihlheiologi-al slage of the plant at the
time of (lefiliaioll. 

An ilt,ie )tld1eiit relationship has evolved ill which defi)lia­till is a part o lthe rangeland systels. Natural selection
operates both to provide herbivifres with 
 fl(d and to permit
plants to illeet the.ir needs. ihe filct plantshllat );latable tograzinig animals donlillawt the w()rl(s grasslands and commonlyoCculr illshrublllns an li forests suggess thait alllive

iou Iro(cessesthluih llunill sccltioi O)pera tlit) bsie lhboill(Ihtla.ter andithe eatll. 'is ;d(ilicte l)r()itess has Ien (eol(nstrate(dexclosilnies Ih!()llgll have 
ill

lt,e world tha1t( )retented grazing byiarge herbivores. .\ al have shown (lerTeased (letlsit\ and

pro(luctilil of' glasses alld chilligs lla( 
 woody l)lalis andlarge. unpalatable hierbaccous planis. (;rizinlg is a inatural andtortnal rio((ss in) grasslandls. )Lt it (In all (ot's get out of'
balance. 

llellsitv of, (1,0l:atiol reifers to (t l)r)l)ortion ofh' ticurreintyears grwtl Ihllflis Ibieen ()lsuleI or dest r)ye(I I)y grazinganilmals. Iltltellsitma i be ex pressed as the prop rtioil of, heightor weight of' illalials that a ' leel rem1oved( fioi lle plant.
Where alilals haivesI Ilec foirag(,, (tr' Itlls(reillellt of, tileaillolitt 'eoIll)ve( is iml)ossible: ihclieeie. i better approach is
to defille intensity 0i use it, ills o
III the allollill of, Ilalerialremllaliilg oil te giollild. I howvett. ill most Studies "p)l ,'I.'use" isbasedI 1tll pI.cli(olligc (of weight Ireilloved f.\+1rlhi:

lplhit, bul 
 'II;lsto )e txiss(l as )t'l('.Ill;g of plant used.For grasses, proper use is ((il in io(iily exj)ressed as the averagestlbble leight oi' teiglg of' IIoISed plantillelrial per land unit.The +ilditiofll o, ile soil al(Ille Slate of Ile d(ecolposers are
related to tile plill residute rllir thli tU
,1 ailloutltremlloved. Note tIlat o alinnal grasslatlds, Ih critical filctor is
the seed soutce and Supply, anid not ilicessalrily residue.
 

Freq uency of (leff iiiti( nludii(lu(les tlie ntmbr ofi(dl'fliaLionsanil tie inttervals between thlC.lIn Clipping exh)erimelts have not 
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clearly established many details about the effects of friequent
defoliations. The frequency with which planls are defoliated in 
clipping experiments seldiom accurately simulates the schedule 
of aninmal novement fir schemes that Use large nmLnbers of 
aninials in small areas for short periods illgrazing situations. 

Season (or phenological stage) of (dlliatioli refers to herbage
removal at different times, measured along the growth curve of 
tile plant. Some grasses and most kbrbs are highly susceptible to 
defoliation and lose vigor when growing points are removed. 
Others show little effect in terms of vigor. dry weight, and seed 
produced. Sensitivity of some species It,defolialion increases 
rapidly as the plants approach maturitv. ;rowith patterns are 
subject to great variation due to weather, as was discussed inl 
the vegetation component in sectioll I. Rotation and other 
grazing systems are based on manipulation of the eff'ects of 
seasonal defoliation. 

Selectivity and Physical Effects 
of Grazing Animals 
Different animals plfer to Cat various plants to different 
degrees - this is called grazing selectivity. Each herbivorous 
Species and individual - wild or dowest i, large or small ­
selects a daily ration fril available plants. All grazing includes 
elements of cloice ranging frlI obligatolv grazing il a single
plant species or genus to a display of' little or 1o food 
preference fot ally species. Fo,d selectivitv results f'roln 
a highly complex interaction all,,ig three sets of variables 
operating diffcrently over illie: the plants Ieing eaten, the 
animals doing tile grazing, and tihe albiotic en\viV1ill ei of' both. 

Whenever grazing animls move atllow they afflct soil, 
vegetation, and other animials. Matjor imlacts incltle pulling
plants from tihe Soil, trampling or trcaliing that ilijures plants, 
compacting the soil, and c,,vering the vegetation with soil and 
dung.Trampling aniid soil comlactioat have received c iisiI­
erable emphasis and have been shown to be directly related to 
increasing iltensity of rangeland use, cspecially dluriing the wet 
season. Trampling during tile dry seas, causes pmlalt residue 
to be incorporated into the soil, 1Ioses soil crusts, and covers 
seeds, all of which are beneficial. hlie periodic resting of areas 
froni grazing probably allows tle actions of siall animals (like 
rodents) and growth of tnderground plamt parts to ameliorate 
any trampling damage. 
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Another physical effect is the influence on energy flow and 
nutrient cycling in the rangeland systems. The digestive process
in ruminant animals certainly changes the rate of mineral 
cycling in the system, but the magnitude of these changes is not 
great. Less than 1%of any element in tile rangeland system
cycles through the large herbivores. Perhaps a fiw percentage
points of some elements, nitrogen in particular, may be in the 
plant component of the cycle. Removal of a 450-kg cow from an 
area only takes away approximately 16 kg of nitrogen, 6 kg of 
calcium, 3 kg of' pllosplorlus, and less than 1 kg of any other 
element supplied to plants by the soil. Considering that several 
hectares of rangeland were needed to raise that cow, few 
minerals per hectare were removed by her. 

Still another ef'ect, which is easily observed, is the movement of
minerals and seed about the area. At any location, tile supply of 
nutrients in the ecosystem constantly changes. Increased and
improved nutrient avaiibility results froni the weathering of 
rocks, deposition of erosion p),.oducts, )recil)itation and fixation 
from the atmos)here, immigration of organisms, and trans­
portation of minerals by organisms. Mineral conccntrations 
from accumulations of (lung and urine change the vegetation, 
as does the deposition of seeds. Large hlrbivores often 
concentrate minerals near watering points and resting areas. 
Management through grazing systems attempts to minimize 
these concentrations, just as it tries to re(uce trampling effects. 

Effects of Grazing as a Whole 
Individual )lants and tle vegetation (ommunity respond
differently to changes in the grazing fiactors. '[hese differences 
can be observed both in below- and above-ground )lanlt parts
(figure 10). Unlfortunately, intensity, frequency, or season 
oflefbliation cannot be changed without also ('hanging tile 
degree to which (lifferent forages are selected. )ifferent animal 
species graze and behave differently. Knowledge about the 
interrelationship of grazing animals and the vegetation is useful 
to the manager, who must make decisions a)out stocking rates, 
kinds of aninals, seasonal grazing schedules, and other range 
inputs. 

Managing Intensity of Grazing 
Control of defoliation through manipulating the numbers of 
livestock and the length of time tile, are grazing an area is one 

52
 



I ,. 

Figure 10. Root deterioration Inrelationship to defoliation. 

of the important tools available to the rangeland manager. To 
effectively use this tool, several concepts and definitions 
concerning animal numbers need to be clearly understood 
(see box). 

Determination of Grazing Capacity 
The relationships between forage supply and animal produc­
tion per individual and per land area were given in conceptual 
form in figure 19 in Child et al. (1984). That figure suggests 
that the stocking rate is a point where optimum production of 
both forage and livestock occurs. These points can be measured 
by weighing animals and determining the available forage.
An average of these determinations for a number of growing 
seasons gives an estimate of grazing capacity. 

Planners and managers of land frequently are asked, "What is 
the livestock carrying capacity of a prescribed range area?" The 
answer must be in general terms and reflect the current 
season's forage availability. It has about the same relationship 
and value to stocking rate and management as average rainfall 
has to the current year's amount and pattern of forage 
production. 
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A commonly accepted definition of carrying capacity is
"the average maximum number of individual animals that
 can survive the greatest period of stress on a given land

area." The definition has the connotation of "supporting
permanently." Carying capacity is not a single number to
be determined and used as a goal in management. Rather

itchanges as the managerial inputs change; thus, the
carrying capacity of rangeland will be increased or

decreased depending upon the management as well as
the environment. All management opportunities should

include flexibility to cope with fluctuating forage

production.
 
Stocking rate is the actual number of animals or animal

units on a specific area for a specific period of time,

usually for a grazing season. The average of the annual

stocking rates for grazing animals for a period of years
has been termed the "grazing capacity," which should not
be greater than the carrying capacity.
 
Grazing capacity is closely related to carrying capacity

but refers only to the grazing animals. Commonly it is the
number of animals that produce the greatest return without

damage to the biological resources, and that can be

maintained in concert with the other values received from

the land. Carrying capacity and grazing capacity are

sorAetimes used interchai igeably, which confuses the
overall capacity of the land for all products with its capacity
for producing only grazing animals. Determination ofgrazing capacity before the animals have grazed under 
a management system for at least 1 year is seldom worth­
while because climatic variations must be considered. It 
may require 5 to 10 years in some areas of Africa where

periodic droughts are common.
 
Stocking density is a relatively new term used to
describe both the number of animals in one prescribed
area at a specific time and the animal-to-land relationship
in rotational grazing schedules. 
Grazing pressure isdefined as a relationship betweenthe demand for forage at a given moment and a combi­
nation of standing crop and its daily growth increment.
Expressions of grazing pressure embody the concept ofdegree of forage use. Heavy pressure occurs when daily
consumption exceeds the daily growth increment and the
available forage supply is low. 
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A much more important question to ask is, "What is the impact 
of the current stocking rate on vegetation, soil, or other users 
of the resource?" Ifthe answer is that the range condition is 
deteriorating, or tile range trend isdownward as described ill 
section 1,then the obvious neel is to reduce the grazing 
pressure by every means available. These include but are not 
limited to reduciilg animal numbers, (listributing the grazing 
more evenly, using a grazing schedule, and providing more 
forage. When the mani)ulations have achieved a good, stable 
range condition, the grazing capacity will have been reached. 
But the manager must always keep in nindl that the seasonal 
and annual variability in resources will result in variability in 
forage use and livestock production. 

Mixing Animal Species 
The practice of grazing two or more species of domestic 
animals together on the same range has long been known as 
coImmion-use grazing. The more developed rangeland regions 
generally support flocks and herds of single species, but this 
may be changing because a few experimellts have shown that 
mixed species are more productive than single species. Ill 
developing areas. such as niost of the arid and semiarid parts of 
Africa, most if not all tie herds are mixtures. 

Mixing aninmial species is a managerial tchnicI'r taking 
advantage of a wide range of hwlage alahitailitics and animal 
iprefcrcnces for different plant species. All rangelands have or 
could have wild grazing animals. Insituations where rangelad 
is used by more than one animal species, all spcis should be 
considered when determining carrying capacity. Selecting, 
maintaining, an( manipulating the mix of species using 
rangeland is both a ineans to greater production and a Iool fIor 
molding the vegetation into desired botanical compositions and 
production. 

The mix of animal species selected loti any given sittation 
results from the interplay of many factors such as human 
nutritional needs, traditions, laws, market demands, aninmal 
health, handling facilities, and, above all, fbod and(habitat 
requirements of the different animals. In a general way tile 
proportions of grass, broad-leaved herbaceous planits, and 
shrubs or browse determine the desirable kinds of aninals for 
a given range. 
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In developing countries, the domestic species arc often herded,which prevents them from expressing a habitat preference. Oilthe other hand, tie wild species concemtrate in parts of thevegetational mosaic that they prefer. Wildebeests and zebraschoose grassland andi open woodland; ktclus stay in heavybrush and dense woodland. These species changle their habitatpreferences inresponse to changing supplies of water and feed.No two species have the same food and habitat requirements. 
Asst!uming water and shelter needs canspecies finds itsbest habitat to be 

be met, ;n animal 
he one furniishing to thegreatest degree those fbods that it needs. Each combination ofspecies needs a certain combination of f'orages and other rangeconditions that involves three sets of, f.rciors: 1)the nanager'schoice of' animals and operating procedures; 2) Ilhe vegetation,soil, and other )hvsical IactorsI i l colnistitlle the rangelandhabitats; and 3) the inflhence that tile grazing animals exert ontheir own and others' habitats. A change in tlhe nrmnlhers of oneanimal species influtences [Ihe nunubers of' olher species by
changing vegelaional composition. Such a rehtlionship can
be used for lrmanagerial pturposes.
 

An exanple from sulhlen ,Africa will illtstrate the possibilities.Annual burting cf1tlie ramgeland lor several decades hadresulted in grassland and open savanna. The fires wereeliminated for a few years, during which time the brushincreased, as did inpalar amnd greater ktidti, but lie gras':handantelope species decreased. 

An East Afritcan example shows tlhe use of'animials to changevegetation. WVoody plants were reduced by bulrning andcharcoal making. Then m1any sprotirs and seedlings of thewoody pints were killed by rotationial grazing with goats andwild species of browsers ill[Ile area. 
Too little information isavailabdle on his stlbject of' he relativeinlluence of' dilkcerent species our ileir habiau's, but enough isavailable to justify using ri1ixed gr';izing SI)ecies ad to inclcLethem in rangeland assessunent and planing. Grazing mixedSpecies cal also increase productivity from rangelands. 
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Seasonal Grazing Management 
and Schedules 
Seasonal management implies that, whether a range is being 
used by livestock or game, Iportion of tie range will be 
relatively free of animals for a sufficient time during 
a particular season so that the vegetation will benefit from not 
being grazed at a critical tine, excessivel), trampled, or 
otherwise (listurbed. The principal reason For moving animals 
from one area to another is to permit at least part of the range 
to rest (give plants the opportuity to renew l)hotosynthetic 
tissue and reserves) (luring the lime that the vegetation is most 
subject to lamage )y defoliation. '[he goal is good range 
condition, or at least ;an upward trend in condition where it is 
below potential. Other goals aie rehluction of "sacrilice" sites 
around water and higher animal production. Management of' 
seasonal grazing is accomplished by developing schedules that 
indicate when each pasture is to be grazed. Of' course this 
requires delineating boundaries and seeing thai adlequate water 
fbr both people anl aninals is (listributeld. Fencing is 
extensively used in levelopld regions but continuous herding 
Calllaccol)ish the scheduled chages as well as, or even better 
than, Cences. 

A rationale for seasonal grazing is that many grasslands in the 
world evolved trnder intermittent grazing pressure from 
migrating herbivores, for example, the bison in North America, 
wildebeest in East Africa, and caribou in the Arctic. These 
animals usedi a given range dtiniig a shortipeIocl, peIrhapS 
overtsel it,then moved to a new range ill a pattern that more 
or less repeated itself yearly. Migrations became fixed in the 
behavior of inany species and, consequently, excrted seasonal 
grazing pressures to which the vegetation became adapted 
through natural selection. Seasonal grazing plans developed as 
land managers attempteol to fit their domestic animial species 
into naturally evolved plaiit and animal systems. Seasonal 
grazing schedules were first suggested for rangelands about 100 
years ago. 

The review document (Child et al.. 1984) associated with this 
series of guidelines contains short descriptions br five different 
seasonal grazing sched uiles: continuous grazing, €lef'erred 
grazing, deferred-rotation grazing, restricte(l-growing-season 
rotation (sometimes callcd short-cluration, high-f'requency 
grazing), and the hema system. Further description of' 
advantages and disadvantages of' the various schedules as well 
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as diagrams that show sequences of' animal movement from onepasture to another can be f'ound in Heady (1975). Avoid
quick-prescription guidelines for grazing systems - only aflter
careful consideration of available resources and requirements
should a grazing system bc proposed. 

Grazing systems require an understanding of the response of'plants to defoliation and of' animals to (he forage supply. They
also require flexibility in the noveiment of animals from olepasture to another that is based on an understanding of' tilechanges that can be expected as other conditions change.Rangelands in the tropics and subtropics are not subject to therigid controls of f'cnciIng. ,Iherelore itis extremely important
that herders understand the grazing system and be motivated toput it into effI'ct. The application of range managcment
principles, as with any other agricultural p)riIICiple, must beaccompanied by an eif..c ive educational cflbrt. This combi­
nation helps ensure that rangelands will be well managed. 
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Module 2
 

Vegetation Management Through
Water and Livestock Distribution 



Ideally, animal grazing should be managed so that the area of 
range-forage use is as large as possible. There should be few 
areas of little-used forage; none should be overused. This ideal 
requires reducing the number and size of places where animals 
congregate and the numbers that congregate. Areas where 
animals must gather and where damage is unavoidable are 
called "sacrifice" arcas. 

In developing countries, especially in the arid and semiarid 
zones, the major tools controlling animal and human 
distribution are herding and establishing new water points. 
Water distribution also influenccs social and communal 
activities and the spread of' disease. Although fencing i usually 
impractical, boundaries can be described and marked that will 
help in managing grazing programs and maintaining uniform 
grazing pressrt re. 

Poor Animal Distribution 
Poor livestock distribut ion causes rangeland deterioration. 
Animals concentrate near waler, shade, and salt, and on 
relatively level areas where the nearby topography is steel). 
A permanent water source such as a spring, reservoir, or well 
serves as a focal point to which grazing animals are brought or 
a regular basis. They trail to and fiom water an( repeatedly 
graze along the way. In principle, the degree of impact (such as 
defoliation and trampling) varies as the square of the distance 
from points of regular concentration. Areas around water that 
are completely bare of vegetation are common on rangelands. 
Due to heavy camel grazing in Saudi Arabia no perennial 
vegetation occtrs within 15 km of' some water points; in 
extreme cases the distance is 50 ki. A common situation in 
rangelands of developing countries is that water points are too 
few and poorly distributed, and their use is unmanaged. 

Permanent water sources such as wells with or without pumping 
machinery, springs, and large reservoirs encourage larger 
numbers of livestock on the nearby land than do smaller and 
temporary water sources. The permanent sources are the only 
water supplies during the dry seasons and many of them 
provide water fbr aniials during the wet season as well. 
However, overgrazing is also evidenl near most temporary 
sources of water, at least partly because the vegetation is more 
susceptible to damage during the wet season than during the 
dry season. When temporary pools and streams are available, 
the permanent water sources (such as wells) should be closed to 
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use so that tile surrounding ecosystem can rest. Forages furthest away from permanent water should he Used first. Roe (1984)has determined that this restricted access results in better range
condition than does unrestricted watering. )eveloping manysmall-capacity water sources is another way to spread grazing 
pressure, but controlling when and where the herds graze isessential. 

Watering Facilities 
Water for livestock and game has bcen developed with Clanis,
artificial ponds or tanks, wells, opening of springs, pipelines,
,roughs, metal tanks, sealed runoff aprons, and sand traps

(figure 11). The l)roblems associated with water discovery.

storage, and delivery to the 
user have l)een present forcenturies Only the means of dealing with themn have changed
- fbr example, hauling water along desert travel routles by

camels has given way 
 to hauling by vehicle. 

Each species of' animal has its own specific water requirement.
Here ;a'e some daily reCluirements expressed in liters per (lay

for mature animals.
 

Camel* 75 Goat 4Europeau, cow 45 Sheep
Eland 35 Grant's gazelle 

4 
3Zebu cow 30 Thomson's gazelle 1Cape buffhlo 30 Oryx 0

Willebeest 20 

*Camels drink this amount per watering every ,t or 5 Clays. 

These data cannot by themselves be used to determine
required supplies of' drinking water because of' temperature
variations and because the f'eeding habits and ability to usewater present in the feed differs aniong species and by season.The requirements are much lower if the feed is lush with a high moisture colent, and higher if' the fied is dry and(or)
the air teinleraltre high. Animal species vary in ability to usewater from the forage and i' controlling body losses. For
example, tile oryx uses about 3 liters per 100 kg of body weight,
getting 11ost of it from digesting tle firage. Requirements such as those given above, plus estimates of' water losses through
seepage and evaporation, Iitilthiplied by the nmber of animalsand days of expected use, give estimates of capacity needed ii
water developments. Evaporation from an open water surface 
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can exceed 3 m per year under desert conditions. This suggests 
that in terms of water conservation, deep storage with little 
surface is better than wide, shallow reservoirs. 

Rain 
Failing on... 

Used a 

Dirctedto... mededn for..
 

Livestock 

_8 

Impermeablecatchment , 

surlace 
, 

, .- ..;,---

' 
,Storage 

..- - "- -

unit 

Figure 11. 	 Rainfall-collection and -storage devices that can provide 
drinking water for people and animals during dry 
seasons (adapted from FAO, 1976). 
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Sand trapped above a dam holds water in the voids among thesand grains. In coarse sand, water spaces amount to 25% to 30%of the volume. Evaporation from sand reservoirs almost dropsto zero after the top 20 cm or 30 cm of' sand have become dry.No plants can be allowed to grow on the sand because trans­
piration uses large amounts of water. Water in the sandreservoirs may be obtained friom a well on the upstream side orfrom a pipe through the bed of the dain. )esert sand reservoirs
have been used for a century or more in the southwestern
United States, Mexico, and parts of Africa. For centuries Bed­ouins in Arabia have dug wells by hand, some 10im to 20 imdeep into sand river beds, and concrete cisterns have been
made for water in the desert. Also, the Africai1 elephant is
noted for its ability to dig for water in sandy river beds. 

P'aved or otherwise sealed areas that lead to covered storage
cisterns can accumulate consideral)le water friom small drainageareas. Precipitation of' 100 mm on a i 1,000-in" area l)rovides10,000 liters of water, enough for over 200 cow-clays. A 
common formula is to iiake the collection surl 'Ice of' such a sizethat one-half the average rainliall fills the storage capacity.
Water for game, livestock, and household use can be providedin this way, but the installations are expensive and constantly

need sanitation care. Efficient use of water' requires covered

storage and watering of animals by hand. TFhese types of devel­opments are more fbr private and small special requirements

than for large numbers of livestock on an uncontrolled basis.
 

The distance between watering points is always a question in
rangeland management. Some say that water points should be
 as close as a kilometer to each other. Perhaps so, where tile
grazing capacity is high. There, each point should water 50
aninmals ol a yeariong basis. Others say that an easy day's travel
is a sufficient guide. That would increase the distance between
points to about 5 km 
 bir sheep and cattle, but fbr camels, which 
can go 2 weeks without watering, the distance is more like 100
ki. While these guidelines are highly generalized, they indicate
several principles in the development of' rangeland watering

points.
 

* Much planning is needed before construction of watering
points begins to ensure the natural resources are used
efficiently. Water should not be developed until animal
 
management isassured.
 

* Watering points should be small enough that hordes of
animals do not overgraze and trample the nearby vegetation.Trhe grazing capacity of the land determines the well capacity. 
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* Watering points should be spaced in order to encourage 
uniform use of the florage. 

* Use of watering points must be carefully controlled; otherwise 
the ecosystems nvy be destroyed. 

Herding To Gain Even Distribution 
of Grazing 
Controlling grazing distribution with fencing and the spread of 
salt licks is too expensive Fbr developing countries. In these 
countries herding is a way of life. Whether nomadic or village 
based, someone is with the animals during the day and the 
herds are placed in corrals at night. This protects against theft 
and predators. Mature animals in the herd respond to the voice 
of the herder, which provides a level of control. These practices 
are the beginning for management of both water and range 
vegetation. 

Herding is as important as water in determining the 
distribution of grazing pressure upon the resources. 'ihe 
herders should be trained to determine whether the range is 
used evenly, too heavily, or too lightly. Animals should he 
allowed to graze in open formation with only their direction 
determined. This means quiet handling so that the herd will 
spread over the area to be grazed. This type of, management 
increases production per animal over that of the generally 
practiced "close herding." 

In all countrics the major constraint to improved vegetation 
management is education of the manager and herder. Women 
and children as well as men mst learn new techniques and be 
convinced of their value if' the traditional ways of' nanagiD: 
livestock water and forage are to change. Some of' the 
management tools are improved distribution and use of water, 
and more even use of the rangeland Forages. The educational 
and sociological aspects of the techniques are the subjects of 
other modules. 

A cautionary note: First determine whether traditional ways 
should be changed. Unfortunately, often an alternative is 
offered that is not as effective as the well-adapted traditional 
method. 
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Vegetation Management

Through Fire
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Fire is a part of nearly all rangeland ecosystems; it is an envi­
ronmental factor, just as are moisture and energy. Many people
believe that fire causes grasslands to develop. Grasslands do 
burn frequently, but the presence of fire does not prove that
grasslands need or are caused by fire. Other vegetational types,
such as forests, burn occasionally and do not become grasslands
(Mooney and Conrad, 1977). Alpine and circumpolar eco­
systems burn - some are grasslands but others are forests 
(Wein and MacLean, 1983). 

Where climate and vegetation favor fire, species have evolved 
differing mechanisms for resisting and avoiding damage from 
burning. Some species even require periodic fire fbr regen­
eration. In addition to being an environmental flactor, fire 
is also a useful tool in natural resource management (Gill 
et al., 1981). 

Fire as an Environmental Factor 
Both plants and animals have proceeded through their evolu­
tionary changes in response to competition for a limited 
environment. Reciprocal relationships developed between 
grazed plants and grazing animals: structural features of grasses
that reduce damage by defoliation, and the ruminant type of 
digestion. 

Fire is not as selective as grazing, and it does not often occur 
during periods of plant growth. However, it is a defoliating 
agent, and plants have had to adapt to it in order to survive. 

Adaptations of Plant Species to Burning 
Adaptations of grasses, fbrbs, and even shrubs that permit them 
to resist, evade, or endure burning are similar to characteristics 
that provide tolerance to grazing. These include short basal 
internodes, vegetative growth by rhizornes and stolons, and 
basal meristems in linear leaves. Others are an annual life cycle, 
an abunclant seed crop, provisions for rapid distribution of' seed 
and its burial, arl a short period of vigorous growth followed 
by rapid maturation of above-ground herbaceous materials. 
Dry-season removal of accuunlated dry herbage by fire (or
grazing) has relatively less effrct on the grasses than does 
removal of green growth. However, dry-season burning can 
alter plant species composition in natural ecosystems by killing
plants (when the heat in the crown of the plant is great). 
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Responses of Soil to Fire 
A fire inI grassland, chaparral, or forest reduces the litter and
mulch, consunies most of' the dead material, and can kill bothabove- and l)elow-grouil organisms, including plants. Bare soilexperiences greater temperature variations than does soilcovered with a blanket of plant material. Also, the black st,,rface
after a fire realily absorbs heat, and so sur'hice temperatures
may be higher than in inburned areas. This short period of
higher iem perail res promotes rapid growth. 

With the exception of very hot fires, infrequent burning has

little permanent eflect 
on soil organic matter. Italters thie
amounts of paint material available for decomposition by
redcIinig Ihe above-groutId portion and often increases the soilorganic matter by killing some plants, which allows their roots todecompose quickly. Ashes left after a fire in vegetation are
comlpsed mainly of potassitiin), calciuim, magnesitun, 
 and
 
phosphorus. The first [Ill-ce 
 are basic (as opposed to acidic) inreaction, so a slight but temiporary change insoil pH inay occl.These e!ements are only lost hrotgh wind aol water erosio. 
Nitrogen and sulftur alre volatilized and lost, especially where

the fire is hot enough to leave white ash. The ashes are too
scant after grassland fires to significantly change the mineral

COnltpsition of' tile soil, even Illough tlie burning of' large
amIIoIlIts of*woody materials has a brief fIrtilizing effect. 

Burning grasslands may eitier reduce or increase soil moisture.Soil moisture may be reduced when higher temperattes
increase evaporation and traitsliratiol through more plant

growth. Soil inoistue may b~e increased b) less interception of'
rain fall by pilants and litter and by less transpiration if' the first
vegetation iscomlpsed of low-growing and shallow-rooted

species. The moisture (onteint is adeted only iii the top f'Cw

centimeters of soil. On steel) slopes, extensive runoff and
erosion may occur during the short period between the fi'e
atid reestablished cover. Accelei-ated erosion after a fi'e on
relatively level land is of' little consequence. 

Responses of Animals and Plants to Burning 
Insect populations are never directly eliminated by burning.
Many individtals are killed but enough escape to replenish
populations. Certain species flourish oit specific Food plants thatbecome abmndant as the vegetatioh changes through the suc­cessional stages after the fite. Rodents generally escape, but 
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some may be adversely affected by the lack of cover. Ground­
nesting birds are vulnerable to loss of nests, cover, and food. 
Rangeland fires seldom affect the larger mammals because of' 
their mobility - they respond more to the changed habitat than 
to the fire. 

Fire damage to individual plants depends upon the tempera­
tures reached in live tissue, the length of time critical 
temperatures are maintained, and the physiological state of the 
plant at the time of burning. Growth stage, growth form, and 
size of plant infhence the susceptibility of live tissue to heat 
damage. A grassland fire occurring when some species are 
green and others are dry may damage the green species more 
than the dry ones. However, some green growth in the plant 
crowns near the soil surface may kee ) the temperatures from 
reaching critical levels. 

New growth on burned areas may be higher in crude protein 
and ash immediately after the fire. Generally, the moisture 
content of, new herbage is higher in burned than in tuburlled 
areas. Certainly the new growth is more readily available to 
large herbivores than where old and mature herbage remains 
Linbillrled. Tlwo points are clear: 1)(;razing animals prefer the 
new growth on burned areas; 2) ile effects of burning oi 
herbage quality arC short term, seldom lasting into the second 
growing season after the fire. Excessive concentrations of 
grazing animals after fires may. in fltct, be a greater source of 
damage tham was the fire. 

Vegetational Changes Due to Burning 
Changes in the botanical composition of an area are related to 
the degree to which the vegetation is affected by burning. One 
ecosystem may be taken back to bare soil or to the very 
beginning of' succession, another may be converte(d to a shrl) 
stage with a scattering of the climax dominanits still alive. Fires 
in savanna vegetation maintain the openness Iy redtucing 
shrubs and small tiCees bui 110t te;criallyv cIaliginig the tallier 
trees, grasses, and forbs. Fire in extelnsive grassland has little 
effect on the botanical compositioln beynd leml)porary changes 
the first year or two. For many organisms a fire is a catastfol)he 
becatise conditions ftlvoring their development are destroyed. 
They in ust retreatt lii an(I await (ie retuirni ofI(tmbtledI areas 
a suitable habitat. The waiting time may be short in a grassland 
or centuries long if' mature climax forest is re(juired. For other 
organisms, btrning brings favorable conditions. Fire 
management mkes advantage of these differences (Booysen and 
Tainton, 1984).
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Vegetational change caused by either wildfire or prescribed
burning is a subject of wide concern. Each type of vegetation,
perhaps the vegetation on each range site, responds in 
a different way. If more were known al)out the site, better
planning could be done. However, some generalities can be
made. Rhizoniatous (having a subterranean steni) grasses and
sprouting shrubs mostly survive a fire and soon regrow to 
dominate the vegetation. Annual phats and some herbaceous 
species respond to fire by reproducing more quickly, which
results in numerous individuals and(dense stands after severe
burning of" forest and full-canopy woodlands. The dominance 
of animal species may also shift as the vegetation changes
toward the climax. For example, at first grazing animals 
dominated the African grasslands, but lack of fire and an
increase in woody plants resulted in fewer of them and more 
browsers. 

A cursory search of the vast literature on fire leaves no doubt 
that a change in burning pattern results in a change in
vegetation throughout the mat) (ifferent types of' rangeland
vegetation. Depending on the study or opinion cited, fire is 
destructive, fire is a rejuvenative force required for the
continued wCll-l)eilig of the landscape, or fire is a useful 
management tool. Whether prcscribed fire is used as a 
management tool depends upon the chances of accomplishing
specific objectives. The use of prcscribed fire is increasing as 
more information is accumulated on how to control fire to
obtain predictable results. Following arc some objectives and 
guidelines in the use of fire on rangelands. 

Fire as a Tool in Rangeland
Management 
Primitive man used firet as a tool with which to mniipulate
vegetation and animals for his benefit. Fire is still used as a tool
for resource managemient but some countries now have fire­
fighting organizations aitned at eliminating ov rontrolling fire
in forests and on rangelands (none has achieved futll control).
Increasingly, land managers are taking advantage of"these 
organizations and their own resources in the use of prescribed
fire. The objectives of using fite are numerous and vary widely,
but the main one is brush control. 
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Objectives in the Use of Fire 
Prescribed fire is commonly used to reduce the amount of 
undesirable plants - usually woody plants Where grosses and 
forbs are desirable. Land clearing nearly always requires fire, 
whether for the purpose of a shift in cultivation, developing 
forests of desirable trees, or modern types of agriculture. 
Although undesirable plants aie rarely eliminated by fire, their 
reduction is effective and worthwhile. 

Burning favors certain species. Frequent fires in the tall and 
high grasslands in the tropics tend to permit the shorter and 
more palatable grasses, legumes, and forbs Io becoie part of 
the forage supply. Stands of the cord grasses and 5wer coarse 
species in coastal marshes arc thinned by frequent -'e.Burning 
in the Mediterranean chaparral types often results 1 a tem­
porary stand of grasses or forbs with palatable and nutritious 
sprouts from the shrubs. 

Burning to produce ash for fertilization is commo i 
woodlands and forested regions of the tropics. QO ajguoly 
woody materials are cut, carried to small fields, aatIr!mred for 
the ash. 

Fires to produce more forage may or may not be effective. 
Results depend upon changes in botanical composition, such 
as grasslands replacing woody vegetation. Shrubs that are pre­
ferred by both domestic animals and game often grow beyond 
their reach. Burning can be used to kill the taller gowth, 
maintain the shrubs at a suitable height, and stinuU.e 
sprouting. The seeds of' some species germinate on after 
a fire has broken their dormancy. 

Burning of grasslands appears to increase nutritive quality in 
most situations, which usually increases animal production. 
Where grasses are tall and coarse, it may be necessary to burn 
them to reduce accumtations of poor-quality and undecom­
posed old growth. Where the mature forage is palatable and of' 
reasonable quality, burning (loes more harm by reducing 
quantity than good by increasing quality. 

Fires influence animal distribution. )omestic and ane species 
prefer and are attracted to freshly burned areas, p"41ably for 
the higher quality feed. If these areas are small and the animals 
numerous, overgrazing occurs. Size of prescribed fire, then, is 
a consideration. Perhaps 100 ha should be the smallest, but that 
will vary with the situation. 
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The numbers of some undesirable animals may be reduced butthey will not be eliminated with prescribed fire. Control oftsetse flies and other insects, ticks, and reptiles has beenattempted with varying success in Africa. In tsetse-fly-reductionschemes, the real purpose is to change the habitat from woodyvegetation to grassland in W,'iich the fly cannot live. Theseschemes fiffled because the vegetation was not completelyconverted to grassland ani(or) because management was notadequate to stop woody vegetation from invading. 

Burning encourages certain animals, just as it encourges certainplants. Different species of animals become abundantdepending on the stage of plant succession. Prescribed fire isa useful tool in developing and maintaining wildlife habitatsthat favor preferred animal species (including food and cover)and ideal conditions for animal harvesting. 

Prescribed burning reduces the hazards from wildfires by
removing undecoinposed organic materials. The more litter
(fuel) available, the hotter will be the fire, so the 
 hanger of'a damaging conflagration increases as these materialsaccumulate. This is one reason why preventing fires can resultin much hotter and more damaging fires at a later date.Temperature and developed regions appear to be more
susceptible to damage by large wildfires than do those in the

arid and semiarid tropics. 

Prescribec burning often ficilitates management and
 encourages human occupancy. Fewer woody plants and
reduced height of vegetation restults in easier movement of'
animals and herders, better visibility for the traveler, and more
protection from dangerous animals.
 

Fire Behavior 
Fire must be confined to predeternined areas if it is to beuseful in range management. This means that the intensity ofthe fire's heat and its rate of'"spread must be skillfully con­trolled. Weather, topography, and fuel influence combustionby providing diifferent combinations of heat, oxygen, and fuel.Prescribed burning should not be attempted without a thorough
knowledge of fire behavior. 

Precipitation, air temnperature, relative humidity, and windvelocity are the major weather variables that affect prescribedhurning. Light fuels quickly become less combustible if 
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dampened, but they dry rapidly. Thus a grass cover may be 
unburnable in the early morning and extremely combustible 
a few hours later. Conversely, heavy fucls (e.g., woody 
vegetation) soak through and dry slowly. Less heat is required 
to raise fuel temperatures to the ignition point when air 
temperatures are high. High temperatures also decrease fuel 
moisture through high evaporation. 

Relative humudity is the measure of air dryness. The drier the 
air, the drier the fuel. Experience in temperate regions 
suggests that prescribed lires may burn out of control when the 
humidity is less than 25%, but not at all above 70%. 

Wind brings oxygen to the flames and removes carbon dioxide, 
increasing the combustion rate. It also moves hot air masses 
ahead of the flame, drying and preheating new fuels. Seldom 
should fire be set if the wind velocity is or will be greater than 
10 km or 12 km per hour. 

Topography or roughness of the land surface influences fire 
behavior. Fires burn faster uphill than down, other factors 
being equal, because the fuels on the upslope side of' the flames 
receive more heat than do fuels on the downslope side. Narrow 
and steep-sided canyons tend to act as chimneys, so fires burn 
rapidly with the help of the upward air movement. Slope may 
be used to advantage in prescribed burning. Fires set at the 
bottom may burn to the ridgetop and go out when fuel mois­
ture and humidity are high enough to prevent downhill 
burning. At other times, tire: set on ridges can be backed down 
the slopes without heat damage to the tree canopy or the soil. 

The third major element that controls fire behavior is fuel. 
Water, as moisture in fuel, acts in three ways. It. has a cooling 
effect, because heat is used to convert water to steam, thus 
reducing intensity of burning. For this reason, water used to 
stop a fire should be directed toward the fuel in fiont of a fire 
rather than onto the flame. Second, moisture in the air 
(humidity) reduces radiation. Third, the cooling reduces the 
release of volatile oils from woody plants, thus retarding 
combustion. The fuels themselves have varying characteristics 
(such as size, continuity, and compactness) that influence 
burning. Although a grass fire may not release a great amount 
of heat because of the small quantity of' fuel, it burns quickly 
and spreads rapidly. Brush fields and woodlands burn at an 
intermediate rate; forest stands with little or no finely ground 
fuels burn least rapidly. 
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PredMW burning 
Prescribed burning consists of four main types of activities. Thefirst is planning, the second concentrates on preparation for thefire, the third concerns the fire itself, and the fourth is postburnmanagement. In practice the second, third, and fourth stepsinclude contqtM updating of plans. Diagrams, criteria, andguidelines for r6nducting a prescribed fire are given in Cheney
(1978). 

Planning A*i escribed fire begins when the manager realizesthat a of land might be improved for his purpose ifit were b g.uation of alternative land treatments
should*indc 'at fire would (1o a better job at less cost thanother methods. Costs include labor, rental of equipment,supplies, food purchase and preparation, liability insurance (ifavailable), and the value of the fbrage (for grazing anitmils) thatmust be left i carry a fire. Often areas must be protected fromgrazing fbr ' *n"to accumulate enough fuel to carry a fire.Soil and vegetation must be such that they will produce a prof­itable return, or the area must be capable of being improved. 

The area selected must allow for reasonable expectations of
successful burning to reach the objectives, and complete fire
control wit~ih t??e burn boundaries. A common adage about
prescribed burwing is that preparation gives a successful burn,
planning proh"es adequate preparation, and cooperation

among interewfrd parties pernmits adequate planning. 

PreparatIoo.Ae site centers on the construction of fire linesthat completely enclose the proposed burn. Fire lines are stripsof land devoid of flammable materials. They may be roadsscraped clean with a bulldozer or other machinery, or preparedby hand. Two fire lines 15 in to 25 in apart, with the areabetween them burned when danger of the fire escaping isextremely low, make a highly ef'tctive firebreak in grasslands.Many fire lines are placed on ridges and otherwise takeadvantage of topography and special fuel conditions. Internallines permit burnring in blocks, so that large areas are notaflame at oe time. Trees that might ignite and spread sparks
some di As,,well as brush piles near the fire line, shouldbe re e the principal fire is set. 

On the day befbre the prescribed 'urn, check on preparationsand notify cooperators. Although the (lay of the burn may havebeen selected a year in advance, the final decision to set thefire is made at the last minute. Predictions of wind direction 
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and velocity, temperatures, and relative humidity must be 
within prescribed criteria. The cool of tile morning, when the 
humidity is higher, is tile time to set as much of the perimeter 
of the burn area on fire as possible. As the fiel is consumed 
inward, slowly at first, firom the iprepared fire line, the line is 
widened and the fire is not so likely to escape later in the 
day when winds and temperatures are higher. Many designs for 
igniting rangeland fires have been used. One is to set single or 
multiple headfires with the wind or a backfire against the wind 
(figure 12). Another is to ignite the entire perimeter of the 

X X %-t 

3.. 	 2. 

WIND DIRECTION
 
OR UPSLOPE
 

X X x X 

3. 	 4. 

x x Ignition points 
-- p sequence of Ignition points 
46 fire spread 

Figure 12. 	 Sequence of Ignition points and fire spread used In 
controlled burns Involving multiple headfires (adapted 
from Cheney, 1978). 
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prescribed area (figure 13). Beibre that is finished, fires are setif the center. As the fires burn toward each other, heat accum­ulates ani the fuels in the center barn rapidly. Whatever diesiginis used, the original fir'es should be set 15 in to 30 in inside theperimeter fire line. This tends to pull sparks and 1)urningembers to the center of thc prescribed area. The principle isthat one fire tends to draw anodher toward it (in this situation,
aCross the ahrcaiy-I)t nl stil). 
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Figure 13. Sequence of Ignition points and direction of fire spreadused In controlled burns that Involve Igniting the centerand then the entire perimeter (adapted from Cheney,
1978). 
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Burning is only a part of'a managerial program. It presents the 
manager with an area where many other techniques may be 
applied. Any seeding must be planned ahead of time in order 
to have materials on hand because in most instances seeding 
and planting should be done soon after the lire. Inmediate and 
heavy grazing reduce establishment of desirable native and 
introduced plants. Sprouts of woody plants may need special 
attention, such as rotational grazing with goats or spraying with 
herbicides. Other modules deal with the management of areas 
burned with prescribed fire. 

Fear of Prescribed Fire 

A cautious attitude toward using prescribed burning as 
a management tool isjustified. The ftcar of* prescribed fire 
escaping stems from an inability to predict fire behavior; 
catastrophic fires destroy property, resources, and lives. The 
use of fire has increased in recent years, as has the research 
and experience basic to muerstancling how to use it. TFhis 
recent interest is largely duc to concern over herbicides in the 
environment. Because of' this, fire will increasingly be a tool of' 
the natural resource manager. 
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Module 4
 

Vegetation Manipulation Through 
Mechanical and Chemical Means 



In addition to burning for controlling undesirable plants, 
mechanical, chemical, and biological procedures are available. 
This module is limited to the mechanical and chemical 
techniques. 

Opinions vary on the substitution of these sometimes heavy­
handed control techniques for natural controls. A common 
statement about brush control suggests that objectives and 
procedures be altered to take advantage of the natural systems, 
rather than that the systems be altered to meet the objectives. 
Certainly woody plants have many valucs Fbr such things as 
browse, f'uits, charcoal, ftielwood, posts, shade for animals, 
gum arabic, oils, and wood stock fr I'trniture. Tle public's 
distrust of' chemical brush control on rangelands and other 
types of' tinkering with these ecosystems has pnonted caution 
in the use of most management techniques. However, eCery 
vegetative change stimulates the natural ecosystems to action. 
Weeding a garden brings a new crop of' weeds. Brush soon 
returns after a fire. A management crror seldom is absolute 
and repairs usually come ra)idly. in this contexi mechanical 
and chemical controls of' plants canIhe considered as severe but 
temporary treatmens. Also, these treatments are only two of 
the options available to the manager. Others are described in 
the various modules. 

Mechanical kontrol 
Man has modified range vegetation by removing certain plant 
species or individuals ever since he has had domestic li\estock. 
Salt and arsenic have been used f'Or centuries and fire even 
longer. Hand-pulling f'ollowcd by the use of' hand tools 
preceded animal power and machines. All of these methods are 
in use today. Hand tools for chopping and grubbing are mainly 
used in developing countries. There, machines Flr brush 
control are limited to the large projects - fo' example, the 
establishment of' a large Forest plantation or large-scale bush 
control for limiting tsetse-fly invasions. 

Sometimes the word "eradication" is used to describe this 
activity. However, eradication is seldom if ever attained on 
rangela-;., -- the usual result is treduction of' undesirable 
species. "Control" is the word to use, except where a complete 
removal is the objective and is actually possible. 

The practical pi'oblems of' brush control are how to alter the 

species composition and the height, succulence, and density of 
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plants. These problems require decisions on objectives, sites ofthe work, methods of control, time of control, and follow-upmanagement. Answers to these questions during early planningwill determine whether or not the control is biologically and
economically justified. 

Objectives 
Altering the plant cover on a rangeland has many purposes.Increased herbaceous forage and better quality browse fordomestic and wild animals are the principal objectives. Otherreasons for brush control include increasing the flow of waterfrom springs, making areas more accessible for hunting andviewing of wild animals, erosion control, preparing sites forseeding and planting, and decreasing the risk of damage byfires. To be cost effective, mechanical techniques are usuallylimited to woody plants on selected sites. 

Site Selection 
Normally sites with the best soil and water regimes are treatedfig st. These sites are relatively level and have a fertile and deepsoil, as indicated by tall, lush, growing native vegetation. Theynormally present the least risk of erosion during the conversionprocess. The site has a major influence on the type andintensity of management. Steep slopes, rock outcrops, and
irregular drainage patterns increase the costs of control and
decrease the likelihood of success. Mechanical controls are used
on steep slopes to control or modify fuel for wildfire, and to
improve wildlife habitats more often than to increase forage for

domestic animals. 

Methods of Mechanical Brush Contrcl 
Several points must be considered in choosing a technique forbrush control, whether mechanical or chemical. Among themare effectiveness on the target species and other less desirableplants, potential damage to desirable sp'cies, eff'ects onregeneration by seed and by sprouts, matching of equipmentand procedures to the size of the problem, erosion hazards,environmental considerations, and costs/benefits of' expected
results. 

Methods and equipment commonly used have developed morefrom accumulated experience than from research, resulting in 
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much local variation. Choice of procedures always starts with 
consideration of local experience, including timing and 
intensity of control. Some well-established principles or 
guidelines are as follows: 

" Plants should be mechanically removed before the seed crop 
matures. 

" Breaking and crushing of woody material works best when 
materials are dry and brittle. 

* Machines that remove woody plants from the soil operate
 
most efficiently and with least cost when the soil is moist.
 

* Timing of control is important - for example, sprouting
of some species may be as high as 100% for plants cut in the 
wet season but only 25% in the dry season. 

* For sprouting species to he killed, root crowns and other
 
organs with stem buds must be removed from the soil.
 

* Brush removal nearly Always increases fbrage for livestock but 
woody plants return to eJuce the forages within a Few years. 

• A second pass with most machinery increases effectiveness. 
" Disturbing and compacting the soil are to e avoided as much 
as possible. 

Hand-clearing is the only acceptable means of brush control 
where machinery is inefficient or damages other resources. The 
common hand tools are the axe, grubbing hoe, brush hook, 
chain saw, and backpack power saw. Hand-clearing is labor 
intensive and of limited value where labor is expensive.
However, it is the common method in developing areas where 
funds are scarce and the areas to be cleared are small. A major
advantage of hand-clearing is that the target species can be 
selected without error. Hand-clearing is effective because it can 
have a high degree of success and a little area each year soon 
adds up. 

Machines used to control brush operate differetly on various 
kinds of terrain, soils, and types and age classes of woody
plants. Nonsprouting species do not require cutting below 
ground level, and light brush is easier to remove than heavy
brush, but some species bend before the blade with little 
damage. Rocky soils reduce equipment maneuverability. Each 
of the following machines is effective in different situations, 
such as dry sandy soils or wet clay soils. 

The tractor with dozer blade efftectively crushes brush, removes 
whole plants from the soil, and piles woody materials for 
burning. The usual blade may be modified to make it more 
efficient for different situations. One type is a short blade 
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about a meter in length and often V-shaped with the point
forward. The tractor is also equipped with a push bar, which is
used for pushing or lifting individual plants from the ground.
A second common alteration of tile blade is to add teeth to the
bottom. It then has a raking action in the soil that combs plants
and roots, leaving the soil behind. 

Chaining or cabling is a favorite technique for knocking clown 
heavy brush and some trees. It is most effective on non­
sprouting species. The operation involves dragging an anchor
chain or several strands of heavy wire rope (cable) between two 
tractors. Preferred chains weigh approximately 100 kg/ni and 
are roughly 100 in long. The tractors maintain a swath width
somewhat less than half the length of the chain. The links may
have 75-cm-long bars welded to them for increased ef ec­
tiveness. This equipment is widely used because of its low cost 
per hectare, effcctiveness on some species, and adaptability to 
difficult terrain. 

Cutting equipment also comes in several forms. Heavy models
of the disk harrow and the wheatland plow do well on small
brush. The rolling disks cut off many stems and lift some phmnts
fiom the soil. Tclve leave tlne soil in place but loosen it and 
increase rainfll infiltration. However, disking damages rem­
nant perennial grasses. The rolling cutter is a large weighted

drum about 3 inlong that has blades parallel to the axle of the

drum. As the drum rolls over the vegetation, it chops the plants
and leaves a small depression in the soil, which helps to reduce 
runoff. These machines only remove the tops of sprouting 
species. 

Chemical Control 
The number of chemicals available for use as herbicidles is large
and growing. Papers that give the results of experience as well 
as research with chemical control of rangeland plants number
into the thousands. Thus, recipes for chemical controls of 
specific plamt species that take local conditions into account are 
probably available and should be used. 

The requirements of an ideal herbicide are that it has selective
action (affecling only plants that are to be removed), is easy to 
handle and apply, is nontoxic to people and animals, is non­
cumulative and nondcamaging in food chains, and is economical 
to use. No herbicide is ideal in all respects. 
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Of major consideration is the risk to all life on the rangelands. 
Danger from most herbicides is generally less than from the 
commonly used insecticides, with at least one major exception. 
Research has shown that the commonly used phenoxy herbi­
cides like 2,4-D, 2,4,54, and Picloram (4-amino-3,5,6­
trichloropicolinic acid) are moderately to mildly toxic to 
humans, about the same as common table salt. 

The major exception concerns the occurrence of' dioxin, 
a highly toxic poison to humans, in 2,-1,5-'' because of faulty 
manufacturing controls. This raises the question of "How safe is 
safe?" in the use of herbicides. The question cannot be 
answered for two reasons. One is that procedures for mea­
surement and evaluation continually improve. This permiLs the 
determination of' chemical contents in food chains with 
increasing accuracy. The other is the fact that the effects are 
being determined for increasing numbers of organisms over an 
increasing amount of time. Keep in mind that safety involves 
stability; movement; accumulation in humans; hazards of 
handling and residues; effects on nontarget organisms; and 
known and unknown environmental impacts. 

Application of Herbicides 
To be effective, foliar sprays of herbicides such as 2,4-D must 
be applied at a certain time or growth stage. '[he susceptible 
stage varies aliong species but f'or many ii is after leaves and 
shoots have developed and before the leaf cuticle has 
thickened. During this short period carbohydrates are rapidly 
manufactured and reserves are replenished. 

The equipnent for spraying foliage may be hand-operated 
sprayers or boioms with several nozzles, and may be fixed to 
tractors or to airplanes. The basal stems and stumps of' trees 
may be wetted with the herbicide using a sprayer or the 
herbicide may be porIeId into or brushed on the stumps and 
cut surfaces. There iseven an axe-like device to inject the 
herbicide under the bark. Soil around bushes and trees is 
treated with pelleLs or powder sprinkled near the plant. 

One of the common hazards with spray applications is drift of 
materials onto sensitive nontarget plants. Mist blowers are 
particularly prone to drift problems. Aerial application should 
be in winds less than 8 km per hour and in air temperatures 
less than 320 C; otherwise evaporation and drift will be too 
great. However, air temperatures above 200 C are necessary for 
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some herbicides to be effective. Nozzle design should be such
that large droplets are sprayed. 

Herbicides may enter water in lakes and streams through driftof materials and through direct application where watersurfaces are within the treated area. Herbicides may enter lakesand streams by overland flow and by leaching. However, tileshort half-life of most herbicides and their resistance toleaching reduce their potential For water pollution. When thewidely used and approved herbicides are applied according torecommended procedures, there is little hazard to man,
animals, or the food chain. 

Prior to using any clnical in developing countries, localpolicies and regulations should be checked and complied with.In addition to these standards, the World Bank, USAID, andother international development organizations have publishedguidelines fbr the selection and use of pesticides in projectsthey finance. Thc term pesticides, as used in these guidelines, is a term that describes the maniy types of' chemical control
materials (inclding insecticides, acaricidCs, fungicides,

nenmaticidcs, herbicides, etc.) The World Bank guidelines are
divided into four categories and are briefly stuimarized as

follows: 

1.Pest- and pesticide-managenient practices. An integrated
pest-management concept should be used that considers thatpesticides are a short-term response to the build-up of a particular pest and that whenever possible, a narrow­
spectrum pesticide be used to minimize the eflect on
 
nontarget species.
 

2. Handling, storage, and application saf'ety. People iandling
concentrated materials should have protective clothing andproper equipment, and be adequttely instructed and super­vised. The instructions on the pesticide label must be readand followed. Where pesticides are being supplied tofarmers it is essential that materials be selected that can besafely applied without close supervision and that the firners are adequately supported by trained extensionl services. 

3. Selection of' pesticide materials and pesli'i(l' fIormulation.TFhe selection of a pesticide mtst conlsiler lthe saflt,' andeffectiveness of the product in the local circumstances.
World Health Oi'ganization perio)dicallv 

'he 
revises and reissuesits Classification of' Pesticides by Ilazalrd. 'Ihis list can serve as a guide to the relative hazamds associated with tlhe 
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products available for a specific application. Preferences 
should be given to products that are registered in the coun­
try of the proposed project. 

4. 	 Procurement of pesticides. If possible, competitive bidding 
should be used. Since variations in formulation and carriers 
cause different responses in each locale, trials of products 
claiming to meet specifications should be made. Where avail­
able, containers that cannot be reused should be specified. 
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Mu 5-

Vegetation Manipulation
 
Through
 

Seeding and Planting
 



The human population in many developing countries is 
accelerating at a rapid pace. Consequently, there is pressure on 
pastoralists to increase their herds to meet the needs of an 
ever-expanding population. For example, Niger livestock 
numbers were greatly depleted during the 1969-1973 drought.
By 1983, the national herds had recovered to pre-drought
levels. However, the nunber of livestock for each family
member was only 70% of that for the pre-drought period
because of the increase in the human population. 

Many rangelands throughout tile world have been depleted by
excessive livestock grazing, cultivation, drought, activities of 
wild animals, and other causes. In many cases grazing has been 
indicted as a major fiactor in range deterioration and the 
desertification process. 

Although many plats have evolved mechanisms to resist or 
avoid heavy detoliation through grazing, not all plats are 
successful. Defoliation beyond a fairly conservative level 
reduces the ability of grazed plan1ts to compete with ungrazed 
or lightly grazed plats by reducing photosynthetic tissue and 
root growth. Heavily grazed plaits do not have the ability to 
grow at a maximum rate or to reproduce at a rate necessary to 
ensure their presence in the community. Eventually these 
palatable plants may be replaced by more vigorous, less 
palatable species. Such patterns are all too common on 
rangelands around the world. 

Desertification is becoming a worldwide concern. Degradation
of fragile arid areas by excessive numbers of livestock and 
related factors is a common situation in many countries. In 
many cases, simply a lessening of the destructive flctor may not 
result in a restoration of the Formerly productive condition. 
Direct seeding or revegetation may be necessary. 

In many areas of the world, seeding has improved conditions 
for livestock grazing and for other purposes. However, seeding
is a difficult, expensive task fraught with inany uncertainties. It 
should never be usedi as a substitute for proper range
management. Poor management can ruiv 'he best seeding
operation and limit economic reurns. C'. the other hand,
seeding offers a direct method for increasirg primary
productivity or quality of forage for selected animals within 
the herd. 

Many principles and general guidelines have been developed
for seeding rangelands. However, these guidelines need to be 
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modified before they can be applied in a specific situation. In
each case, the problem to be solved by seeding should be clearly
defined. 

Issues 
Rangeland seeding is clone for a variety of reasons. They
include, but are not limited to, the following (Heady and 
Heady, 1982): 

1.to improve the nitrogen status of soil and plants by the use­
of legumes

2. to improve the forage available for herbivores and the

nutritivq quality oif forage, especially For late or early

dry-season grazing


3 to establish herbaceous cover Following brush control
4. to establish vegetational cover on abandoned fhrmland 
5. to stabilize areas susceptible to erosion 
6. to increase flexibility in livestock management 

On rangelands reasons 2, 5, and 6 are probably the most 
commnion. 

Analysis of the need for and feasibility of range seeding may be
illustrated by a series of questions (Heady, 1975): 

Is seeding necessary? Seeding is often an expensive and 
complex operation 1or extensive range areas. Natural 
improvement may he possible through grazing management,
depending upon degree of degradation, seed reserves 
available, etc. On the oither hand, where degradation is
advanced, site condition may preclude successful seeding
without excessive renovation. 

Is the climate suitable? Heady (1975) warned against seeding in 
areas that receive less than 20 cm annual prccipitation.
However, where precipitation is concentrated during a short
growing season, seeding may be successful at lower annual 
totals than under conditions of the same total precipitation
spread over a longer time. Erratic and variable precipitation
makes seeding success tinpredictable. 

Is the habitat favorable? Soil properties and topographic
features are critical in determining sites suitable for seeding.
Generally it is best to start with the most productive sites first.
However, in some cases the revegetation of harsher sites is the 
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critical component of the development plan. In these cases small 
demonstration or research plots may be necessary to develop
procedures and techniques suitable for the specific situation 
prior to large-scale revegetat' -i. 

What species should be seeded? Each species should be adapted 
to the habitat where it is to be seeded. Using native species
generally ensures adaptability, but species vary in their ease of 
establishment. Also, the availability of seeds is often a problem.
If suitable techniques have not been worked out, it may be 
necessary to initiate small-scale research plots to determine 
specific conditions required For the species to be used. 
Generally, indigenous species should be used in seeding. An 
introduced species may be considered if adequate testing and 
evaluation have indicated that it will not become a problem and 
that is clearly better than available indigenous species. 

Legumes are usually included in pasture seedings. Under range 
conditions legumes are difficult to establish and to maintain 
when grazed. Opinion is divided as to whether legumes should 
be used in range-seeding projects. There is also a question of 
sel.ding mixtures (more than one species or even difflerent 
plant forms) versus single species. The advantages of seeding 
mixtures are as follows (Heady, 1975): 

* Mixtures often produce beti( r animal performance than do 
single species. 

" Mixtures often extend the green-feed period because they 
contain different species with different growth periods.

* Mixtures may allow more efficient use of soil water because 
the component species have different rooting patterns.

" Mixtures represent the optimum chance for different 
microsites to receive seed adapted for growth there. 

" Symbiotic relationships are Formed among the species in 
a mixture. 

* The species contained in a mixture will not all be eliminated 
by a disease or parasite, whereas a single species may. 

However, single species also have certain advantages over 
mixtures. 

•Less time and money are necessary to obtain the seed and get 
it ready For planting. 

* Drill-seeding is easier. 
•Seed harvesting is easier. 
• A single species may be better adapted than mixtures to 

a harsh site. 
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* Single species are easier to manage under grazing because in 
mixtures less palatable species tend to increase at the expense
of more palatable species. 

In range seedings, the emphasis is generally on grass or 
legumes. However, do not overlook shrubs and small trees. 
They often provide a valuable source of' protein and mineralsin the dry seasu'i when grasses are decidedly deficient in these 
nutrients. Shruts can be used in small plantings for special 
purposes at specific sites. Shrubs and trees may be directly
seeded or transplanted. Techniques have been developed for 
successfully planting many species of' trees and shrubs (see
module on agroforestry). Several sources present lists of species
that might be used in seedings ftot various areas (Heady and 
Heady, 1982; Pratt and Gwynne, 1977). 

Is proper management possible? Improperly managed range
seedings will fail, resulting in wasted time and money. This can 
be a real problem in developing countries where land control is 
minima!. Economic returns will be reduced if' the animals that 
can Lest benefit are not allowed to graze the seeding. Grazing 
a seeding at an inappropriate time can destroy it. In addition,
careful management after the seeding is opened flor grazing is
vital for long-term success. A minimum of' I to 2 years of rest 
following seeding is usually essential to ensure that seedings are 
established. 

Are the necessary equipment and seed available? Before an 
extensive seeding operation is planned, make certain that all
equipment, fuel, and seed are available. For large seedings, 
tractors, drills, ftuel, and personnel with experience are 
necessary. Some seedings can be done by hand-broadcasting
with little or no heavy equipment. 

Guidelines for Program/Project
Development 
The decision to include some artificial seedings in a range­
development project depends upon several factors. The first 
concerns project objectives. How well does seeding fit into the 
overall framework of the project? Seeding may be considered 
when the existing vegetation has been depleted to the point
where natural revegetation occurs extremely slowly. However,
in development projects seeding is more likely to be used first
for demonstration purposes. Once it has been shown that seed­
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ing is a feasible technology, it can be expanded into larger 
areas as management and funding permit. 

The second question to be considered is whether or not a 
seeding component in the project is feasible. Is it possible to 
conduct the seeding with Follow-up management and evalua­
tion? Revegetation should probably not be undertaken in the 
following places (Child et al., 1984). 

* in areas where grazing animals cannot be controlled for the 
first year or two 

* in areas where the soil is shallow or relatively infertile, and 
where precipitation patterns are quite variable 

* in tropics with granitic (derived from granite) soils where the 
humus has been destroyed or leached 

* in regions where the seeded area cannot be effectively used 
or where erosion control is not a primary objective 

Seeding or revegetation work is (lone for different reasons. In 
some cases, seeding might be undertaken to increase herbage 
production and stabilize formerly productive areas. Such 
projects would likely be perfoirmed by some governmental 

ranch or outside organization that would provide needed 
equipment or seed. On a smaller scale would be s.eding for 
forage reserves for late dry-season grazing or browsing, or small 
plantings around villages reserved for use by sheep coopera­
tives. In these cases the project should provide for some 
demonstration work to show that the approach is Feasible, and 
some training for herders or others who will provide assistance 
for those interested in the idea. Shrubs and trees should not be 
overlooked in these efforts since they serve as ideal sources of 
protein, minerals, and vitamin A for late dry-season browsing. 
Shrubs might be transplanted in degradable containers, directly 
sprigged, or directly seeded. 

Guidelines for Technology 
Selection 
Techniques for successful seeding have been worked out 
through field trials and research on rangelands throughout the 
world. However, certain techniques may need to be tested and 
adapted to local conditions to ensure maximum emergence and 
survival. The following factors should be evaluated before any 
seeding project is planned: 
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* land use and management objectives
* present vegetation 
* soil conditions and characteristics 
* climate ­ including amount and distribution of precipitation

and temperature 
• topography
* biotic factors - including small mammals, insects, etc. 
* size and shape of treatment areas 
* availability of seed and equipment 

Several general principles for successful seeding have been 
developed. 

* Remove or reduce competing plants. These are often shrubs 
or annual forbs. Mechanical or herbicidal treatments can
often be used; where labor is cheap, manual methods may be 
the most cost effective. 

* Use either native species or introduced species that have been
tested for the area. These might be grasses, shrubs, or forbs,
including legumes. Make sure that seed of the desirable 
species is available. 

* Seed at the proper time. The emerging seedlings need water
and favorable temperatures. Fall seedings are favored in 
areas with a Mediterraneatn climate and where the maximum
precipitation comes in the fill and winter. Summer seeding is
suitable in areas with summer rainfall, such as the Sahel 
region of Africa. 

" Prepare an adequate seedbed. Gcnerally, a firm seedbed 
is desirable for adequate support and water-holding capacity.

" Use the proper amount of seetl. Seeding rates have generally
been worked out for many species. Seeding rate usually
depends on seed purity, germination, and size. If the seeding
rate is too low, the stand will be sparse. If the seeding rate is 
too high, some seed will be wasted. 

" Use an appropriate seeding method. Drilling is usually the
preferred method for seeding, but it may not be appropriate
for leveloping countries. Broadcast seeding can be successful
when the ground surflice is suitable for germinating
particular plat seeds. For example, airplane seeding has
been very successful for seeding into ashes following a fire. 
Generally broadcast seeding requires more seed than does 
drilling.

O	Plant seed at the appropriate depth. Nearly all range grasses 
are seeded at depths less than 2.5 cm; for small seeds the 
depth is less.

" Restrict grazing for one or two seasons to allow plants tobecome established. Proper grazing after establishment will 
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maintain the seeding. Plants will not become established ifgrazing animals pull them from the soil during moist periods. 
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Module 6
 

Livestock Management
 
and Breeding
 

,%,I 



The objectives of livestock production differ according to 
degree of commercialization, alternative feeds available, land 
tenure, custom, and other factors. Of these probably tile degree 
of commercialization is the most important to livestock pro­
ducers. Tile degree to which tile) directly use milk or meat 
from their herds, or use the herds as a Form of insurance or 
savings, often determines tile degree of coimnercialization. The 
nomadic pastoralis,. depends on his animals to furnish food For 
his family and has different ifianagement objectives than the 
rancher who depends on cash from sales for his livelihood. 

Management choices are increased by the availability of 
alternative feeds such as concentrates, cUltivated pastures, hay, 
etc. But livestock production in developing countries is 
characterized by an almost total dependence on Forage, 
including browse, for animal feeding. Most of that forage must 
come from rangelands, although use of' crop residues and 
supplementary pastures and even conser'ved forage will no 
doubt increase. 'Fhis dependence on rangelands and tile 
complexities associated with these lands strongly influence 
existing managemenl objectives and limit the available 
alternatives. 

A management practice becomes ;acustom or tradition due to 
the role it plays in reducing risks associated with meeting basic 
needs. Therefore, a change is not acceptable if it is perceived 

which are always great on arid and semiaridto increase risks ­
rangelands. Perceived risk accounts for certain practices such as 
stocking more heavily than desiral-le from the standpoint. of 
range conservation, even when that practice reduces prodlic­
tivity. It also accounts for the ready acceltance of the nonrisk 
practices sucil as vaccination of stock against known disease. 

The above list of ftctors that inflhence nianagenlent objectives 
and practices is far fro, conlmplete. It does, however, indicate 

the need to assess existing production systems and the produc­
tion objectives and practices that guide these systems before 
embarking on a program for improvement through manage­
ment and breeding. 

Issues 
In developed countries animal breeding has been primarily 
aimed at improved productivity, e.g., more rapid growth and 
higher rates of reproduction. During the last several decades 
hybrid vigor (through crossbreeding) has been used extensively 
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with great success. Animal breeding has included importationof exotic breeds as a further means for increasing hybrid vigor.Wide use of proven sires and artificial insemination, especiallyin dairy herds, has led to a steady and notable increase inproduction per cow. 

Increased production has been achieved through some in­creases in the efficiency of f'ed conversion, but mostly it hasbeen a matter of increased energy intake and reduced energylosses. Advances in )eribrmance have been accompanied bycontinuously improved management, especially ofi utrition. Insome countries, especially the United States, this has includedthe feeding of enornous a olunts of c'(centrates 10 augmentenergy intake. However, this increases the production of fat inproportion to lean 'neat, which may not be the objective and isbecoming less fia'ored by consumne's. 

On rangelands in developing countries the constraints on feed,water, and management severely limit the improvement ofproductivity through )reeding. These constraints usually reduceanimal responses well below ille potential represented byavailable genetic material. Furthermore, periodic severe stressresulting from led scarcity may make longevity the primarycharacteristic influencing productivity. 

Limitations on feed intake as well as genetic makeup result in
low milk production. The widespread 
use of iilk for sub­sistence may make tle duration of lactation more important
than daily yield. Similarly, a certain consistency of' production
(and reprocluction) may be more important than quantity,
especially in the fluctuating environments of arid and semiarid
 
regions.
 

Management practices in developed count ries are predlomi­nantly concerned 
 with improving productivity. Productivityimprovemnts are mostly achieved for range livestock throughnutritional mai '1geinentby increasing primary production,
using thai production effectively 
over the year, and taking intoaccount difli'rences in animal re(luiiremelts and potentialeconomic benefits. Generally one-third or more of the f'eedsuch as hay and conce tlrates comes froin sources other than 
range. Breeding is strictly controlled so that the birth of youngis'limited to tile p- iod of tie year most fiavorable for meetingthe high nutritional requirements of mrsing animals. Practicallyno milk for huiman consumption is produced on the range andbeef herds are sharply reduced in size annally (usually in thefall) by sales of calves, young stock, and culls. Young stock from 
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the range are sent to improved pastures or feedlots. As a result, 
beef animals are usually ready for slaughter before the), are 
2 years old. 

In developing countries with well-deve!oped market economies, 
the emphasis is also on maximizing productivity fiom the 
rangelinds. However, management to relate animal require­
ments to forage supply is more lax, and supplementary feeding 
for the season when range forage is scarce is limited. Fattening 
is not practiced in most countries (but this may change with 
more stratification of livestock produciion and integration with 
crop production). Therefore, animals may not be marketed 
until they are more than twice the age at which they are sold in 
developed countries. Annual offlake is severely reduced. For 
example, cattle offtake in the United States is around 40%, 
whereas it is generally less than 15% in developing countries 
where rangeland is tile main source of feed. This means, 
among other things, that the reduction in the feed consumed by 
the herd during the most difficult period is much less than in 
developed countries. 

Where subsistence productiou is practiced, as in much of' 
Africa, the need to maintain a milk supply over the whole year 
for family use places certain imperatives on management that 
are vastly lifferent fiom those of a market-oriented beef­
production system. Most critical is the need to maintain 
adequate forage in spite of highly fluctuating raizfiall. This 
necessitates all inordinate amOulnt of InIoveient to secure 
adequate forage, a mix of species, anl a herd structutre in 
which adult feales (lonillatC(a high p1r)ootion of adult 
females ensures that the herd can be rapidly rebuilt after 
sstaining losses (fue to drought). FurIbermoi c,breeding must 
be timed so that milking animals are available over as much of' 
the year as possible. Intervals between breeding must be 
extended to lengthlen the period of milk production, and to 
allow the milking animals to recover. 

Some range-development activities will continue to improve 
upon the enduring subsistence systems. In most cases, however, 
the task will probably be to assist in bringing about an orderly 
transition toward a more market-oriented economy. 

In summary, breeding and management practices must fit the 
environment, be a function of' the objectives of the producer, 
and take into account trends and national needs. For this 
reason it is essential to Understand the nature of the existing 
ecosystems, the degree of dependence on these ecosystems by 
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the human and animal components, and the related productionobjectives. An understanding of*these relationships willfacilitate the transition from one set of relationships (level)
to another. 

Guidelines for Program/Project

Development
 
The easibility and nature of a program in management andbreeding depends upon the difference between current andpotential production. Possible modifications, such as a changefrom subsistence production to commercialization, are usuallygradual but need to be anticipated in development plans. Insome cases these modifications need to be actively encouraged. 

Benefits from breeding and management depend upon animproved productivity of the entire ecosystem. For this reasonprograms fbr animal breeding and management should beconsidered as components of ecosystem Ianagelent andshould be an integral part of overall rangeland development.Therefore, program/project planning teams making the assess­menit must have diverse skills and enough experience to make
judgments with relatively limited data.
 

It is of, course axiomalic that breeding and management
programs must fit the existing p~rodluction system(s) and take
into account the environment, including relevant characteristics
 
of the human society.
 

General Considerations 
Production systems have evolved as ways of neeting htmanneeds within existing cultural, abiotic, and biotic environments.These systems tend to be rather stable and resistant to change- especially in the more traditional setting. Nevertheless,virtually all systems could profit from improvement. 

Management objectives in different prodtuction systems mayvary greatly. For example, subsistence systems in which milk fordirect consumption is 1he main product aim a1t having milkavailable during the whole year, with some possible substitutionof blood or meat, thus providing regular food to family mem­bers. At the other end of*the scale, consider a commercial beeffarm - its objective is to produce as much meat as possible at 
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a maximum profit. In either case close consideration must be 
given to establishing the best possible relationship between 

animal requirements and forage supply, consistent with the 

basic objectives. This is accomplished through controlling 

animal numbers, manipulating herd structure, regulating 

breeding, conserving forage, etc. 

Since animal management takes into account animal require­

ments and production objectives and how these can best be 

integrated with the feeds available, information about the 

following is required. 

" seasonal distribution of range forage and its approximate 
composition - grass, shrubs, and herbs 

* variation of the frequency and severity of drought 
* response of different animal species to those variations, 

including weight changes, carcass weights, age of maturity, 

mortality, etc. 
* alternative sources of feeds, supplementary pastures, crop 

residues, etc. 
* marketing or other activities that help or hinder adjustment 

of animal requirements to the feed supply 
" ability of animals to tolerate heat stress and local diseases 

This information can be used to identify management 
deficiencies and can suggest corrective action, which involves 

manipulation of herd requirements or the eed supply or both. 

Such actions may include reducing animal numbers, changing 

species or their proportions, changing the breeding schedule, 

etc. (see Child et al., 1984, for a more detailed discussion). 

Most of the preceding comments are relevant to projects as well 

as programs. '[he main dif'ere'lce is that projects generally deal 

with a specific area or problem, and require more detailed 

infbrmation. 

Allow ample time during the preparatory phase of a project to 

obtain sufficient information. This is also the time to work out 

the administrative components, often the most troublesome 
element. 

During the preparatory phase the staff of the national govern­

ment, or designated organization, and staff of the donor agency 

should work together closely. It is essential that there is 

agreement on what the problems are and what the project will 
accomplish. 
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The pastoralists who will participate in the livestock manage­ment and breeding projects shoukl aiso be involved from thepreparatory stage on. They know what their current practicesand problems are, and whether or not certain changes actuallycould be made. But perhaps most important, this type of projectimplies behavioral changes on the part of the pastoralists. Theywill not make such changes unless they understand tile relevantpersonal benefits and possibly not unless they feel a rapportwith and confidence in project staff (which cannot be achievedimmediately). Major changes should not be proposed until thelocally relevant technical and economic aspects are understood. 

Once the problems have been diagnosed and an appropriatesolution suggested, the strategy of the project can be deter­mined. The strategy will show the elenents that could be
modified in order to bring about a solution. For example, if
inadequate animal nutrition is the major problem, it might bedue to low rainfall, overgrazing, incorrect stock combinations,no integration with croplands, mineral deficiencies, poormarketing practices, no place to move nimals, etc. Severalfactors may be interacting, making the problems worse. The
various avenues of possible relief' should be identified.
 

When a clear strategy has been developcd, identify the worknecessary to achieve the objectives. The plan must be developedwithin the limitations of money, staff, and administrativesupport. There is no prescription lbr this except evaluating thespecific situation with the help of the right mix of local and
outside experts.
 

If adequate baseline data (against which changes will be
monitored) were not gathered during the preparatory phase,
conduct the necessary studies as early in the project as possible.Design these studies so that measures can be made in thefuture to determine how well the strategy of [he project has
worked. Monitoring ought to be continued 
 until concreteconclusions can be drawn about the effects of the various
 
activities.
 

Guidelines for Technology
Selection 
Decisions on what technology to apply should be based uponthe objectives of the production system, all the main com­ponents of the relevant ecosystem(s) (abiotic, biotic, and 
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human), and factors that may be outside the ecosystem (demand 
for a product, social organization, and communication infra­
structure). Too often a technology's feasibility isjudged in 
terms of what that technology could do if it could be applied. 
Unfortunately, many applications have failed because not 
enough attention was given to understanding the interests and 
motivation of the people involved and the capacity of their 
government to provide the necessary continuing support. 

Although specific guidelines must be derived from the study of 
the local situations, some observations that are generally 
applicable to most situaions are made here. 

One of the most important considerations in selecting tech­
nology to apply to rangeland breeding and management 
programs is simply that it can be widely applied. This is because 
the possible increases in productivity or other improvement per 
unit of area on arid and semiarid rangelands are almost always 
small or very costly. However, what can be applied over the 
entire area, or over a substantial pail, can have a significant 
effect due to the enormous size of the rangelands. Further, the 
cost per unit area must be small and the application relatively 
simple. For example, an improved system of culling could affect 
every household, whereas a crossbreeding program would be 
difficult, if not impossible, to implement in the naiority 
of households of many countries. 

A second major consideration in the selection of a technology is 
whether it has been both proven and widely demonstrated in 
the field and to the pastoralists. Otherwise the essential 
participation and acceptance of the people for whoim the 
practice is intended is not likely. Ca|rrying out the necessary 
research and demonstration activities to obtain the acceptance 
and adaption of breeding and management programs will 
require training andlpractice involving the pastoralists. 

Base programs aimed at correcting dleiciencies in current 
practices on the use of local resources. For example, genetic 
improvement should be built on better selection of what is 
locally available, and management improvements should not 
depend on expensive imported materials. 

In general, avoid technologies that involve a permanent and 
sophisticated support system. A good example of such a 
troublesome technology is artificial insemination, which 
requires specially trained staff, transport, refrigeration, semen, 
etc. Breeding programs must be appropriate to the level of 
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management and feeding. Improved genetic material is ofvalue only as the feed supply and management permit expres­sion of the added potential. Even such a simple technology asa system For dipping animals sometimes strains the support
system. 

One practice that should be widely used is systematically cullingor castrating undesirable animals. This selection process can beadapted to any environment and any production system. Selec­tion of improved, adaped sires is another way to improvea herd. It requires a level of organization and recordkeeping
not feasible in soei countries. However, importation of
nonadapted but highly productive sires and crossbreeding

require highly sophisticated management and support organ­izations to be eflkctive, as well as much better feeding than isavailable on most arid and semiarid rangelands in developing
countries. 

Management should be particularly directed toward reducedfeed shortages, op(imuun range use, and grazing schedules thatftavor animals within the herd that have higher physiologicalrequirements (such as mtilking animals) or cconmlic vaie. Thisimplies control of grazing intensity to avoid heavy grazing,while providing the best grazing for young animals being fed tomarket size, breeding animals during he breeding season, andmilking animals. The management plan nust also consider ways
of ameliorating the effects of drought and differeices betweenanimal species. InI stumnIary, the basic aim in managenent mustbe to find the best possible relationship between the animals
and the forage stlppl)y in order to meet production goals. 
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Module 7
 

Game Cropping 



In developing countries managed game-cropping systems are 
often neglected in favor of more conventional resources and 
industries that satisfy immediate needs. Consequently, gov­
ernment agencies that are responsible for management of 
wildlife are often poorly staffed and funded, and sometimes 
lack scientific leadership. Moreover, except For those countries 
where tourism in game parks and surrounding areas provides 
an important source of foreign exchange, governments pay 
little attention to wildlife. 

In sone regions, past decimation of wildlife has left the 
countries bereft of industries and production systems in which 
wildlife habitats can compete with other fbrms of land use, 
when a cost/benefit analysis is applied. Besides, the desperate 
need for development of the land, and natural and human 
resources for producing food, education, health services, 
transportation, communications, energy, and other essentials 
of life are understandably a priority with governments. 

Wildlife is sometimes considered detrimental to development. 
Various species of large mamnals and birds compete with 
domestic livestock for food from crops, stored grain, and 
Fodder. Many of the larger carnivores are serious predators of 
domestic animals, and some animals carry or harbor diseases 
that affect both man and his animals. Some wildlife directly 
threaten nan. 

In spite of this, wildlife should be managed for the benefit of 
the people and protected for its own sake. It can instill a sense 
of' patriotism and pride in the people. It can provide recrea­
tional outlets for the citizens of the country as well as for 
tourists. Where wildlif'e has not been decimated, it can provide 
food and a source of income fOr the local populace as well as 
benefit regional and national economies. Income can be 
derived from sport hunting, tourism, and the sale of meat and 
other products from animals harvested in cropping and culling 
programs. 

Where Has Game Cropping 
Been Practiced? 
Cropping of' free-ranging wild ungulates has been a successful 
industry in several regions of the world since the early 1950s. 
Some 650,000 saiga antelope (Saiga lataica) were harvested by 
the Russians between 1951 and 1960 (Bannikov et ai., 1961). 
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Various species of introduced deer have been cropped for many years in New Zealand For sale of the meat, especially inthe low countries of Europe. Capybara (Hydrachoeus hydrochaeri)
(Ojasti and Padilla, 1972) and its snaller relative, the paca(Cuniculm paca), have been and are being cropped from wild
stock in Venezuela. By anti large, these cropping schemes havebeen successful at least on an experimental basis. Efforts arealso being made to produce them in 'capture" herd,.. 

Cropping of large herbivores in organized schemes was first(lone experimentally in Africa in 1959 and 1960 by Dr.
Raymond Dasmann on the Henderson Ranch in what was thensouthern Rhodesia (Dasmann and Mossman, 1961; Dasmann,1964). Trhe experiences and reports of Dasmann and his
colleagues precipitated widespread interest in cropping ofplains gane. Subsequently, cropping of wildlife for meat andfor revenue, as well as to reduce populations of large mammals
that were destroying crops and forage, spread to many

countries in southern and eastern Af[rica.
 

Cropping of elephants and various other species in theLuang va Valley in Zambia (Steel, 1968) followed shortly.
Elephants and hippos (HiMIpoptani.s ajhibiuns) were cropped toreduce their numbers in Queen Elizabeth and Murchison FallsNational Parks in Uganda by 1.S. C. Parker and his associatesin the 1960s. Other experimental cropping programs wereconducted by L. Blankenship c al. (in press) on the Akara andKekopey Ranches in the Rift Valley of Kenya in the early I970s. 

For several reasons cropping in East Africa fatiled in many areaswhere it was attempted. Most of the reasons were econonlic but some were political and a few were biological. Among the
important reasons were 

more 
poor transportation and refrigeration


facilities for the 
meat, distant and tmdependable markets
accessible only over very bad roads, and tiiiacceptable competi­
tion with the livestock industry. In son the,'n Africa, on 
the otherhand, cropping of animls front free-ranging herds of plains
game, but also of lush-dwelling species, has beeln successful.
A great many ranches in Zimbabwe, South Africa, and south­
west Africa crop game for sale in niarkeLts at home and abroad.
Joubert et al. (1983) report on ameffective and profitablecropping scheme on private ranches in southwest Africa. In this
scheme much of the meat is being sold abroad, but some isbeing processed - refrigerated or dried - and sold in the localmarkets. This seems to be the pattern of marketing in most 
recent schemes. 
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Parker in Blankenship et al. (in press) reports a profit of 
KSh65,292 (4bout US$8,161 at 1971 exchange rates) for 2,358 
impala and Thomson's gazelles on the Kekopey Ranch in the 
Rift Valley and the Suguroi Ranch on the Lakipia Plateau in 
Kenya. However, Parker qualified his conclusions by calculating 
that income could have been greater had the two ranches used 
their own labor and sold only the skins. The expense of 
sanitation and marketing of the meat was a major item, and 
demand for fresh game was low. The cropping program was 
a technical success that had not been achieved elsewhere until 
this effort in organized cropping efforts for plains game in East 
Africa. 

Some argue that the most efficient and cost-effective method 
for providing meat from wildlife is to permit local people to 
practice subsistence hunting, a long-standing tradition in many 
regions of the world. Distribution, marketing, and goals of 
cropping may be met in this manner, but uncontrolled har­
vesting (poaching in the strict sense) can result in impoverished 
populations of target species. Ultimately the potential for 
sustained yields of meat and the industry surrounding cropped 
wildlife may be lost. 

Parker (Blankenship et al., in press) believed the objectives of 
the Galana Ranch cropping program failed to consider that the 
Watta tribe was traditionally dependent upon elephants, and 
didn't need another organized cropping program. The Watta 
had developed an effective if not affluent way of life through 
subsistence hunting of elephants. They had learned to live with 
and had protected their resource. It was not until recent times, 
when money became important in the tribe's life, that excessive 
killing and poaching fo, ivory becaine a part of their existence. 

Game Cropping Versus Game 
Ranching/Farming 
It is important to differentiate between game cropping, game 
ranching, am .' game farming. Game cropping or culling is using 
wildlife from free-ranging, unhusbanded populations of wild­
life, usually on public land. Game ranching, on the other hand, 
implies production, husbandry, and harvest of animals from 
a semiconfined herd or herds of wild animals or from areas 
where conventional ranching of domestic animals is practiced. 
Game ranching usually is practiced on privately owned land. 
Game farming, in the sense of the industry now being practiced 
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with cervids (members of the deer family) in New Zealand andcertain countries in the Orient, involves the care and husbandry
of confined animals for production of meat and other products.
Animals are fenced or penned and carefully nourished andkept. Selective breeding is used to improve the quality of

the products being marketed.
 

This module describes the potential and processes for building 
an industry from free-ranging wild populations of large
mammals. More specifically, it describes the use of wildlife for 
meat and for income in countries where food is scarce and
where large herbivores are relatively abundant. 

Biological Guidelines 
Concentrate game-cropping schemes on species that are herd
animals, have relatively high reproductive rates, weigh at least
10 kg to 15 kg, and are sufficiently abundant to support a rea­
sonable annual offtake. Members of the order Artiodactyla
(even-toed, hoofed mainmals) are the primary targets of' cropping schemes. This order includes antelopes, sheep, goats,
deer, and pigs. Many of the antelope in the savannas and
tropical woodlands of \flica meet the criteria: They have
reasonable reproductive and recruitment rates, occur in fair to
large numbers, have some form of herd structure, and are
sufficiently large to produce good qt. ;ntities of meat per
 
carcass.
 

Large regions in many countries are marginal for production

of, livestock simply because the environment is not suitable. The

kinds of vegetation needed for fbrage may not be present,

markets may be so distant that livestock production is not
economical, Or various kinds of' diseases and parasites such as
the tsetse fly may prevent conventional animal agriculture. 

Many of the bushlands of' Central and South America and
Af'ica, and deserts and semiarid lands throughout the world, 
may be best suited to goats over any other domesticated species.
However, wildlife may be relatively plentiful in such areas.
Where the tsetse fly prevents development and even human
habitation in large areas throughout Africa, large wild her­bivores that are immune to trvpanosomiasis may potentially
produce meat more efficiently and economically than can even 
resistant or tolerant domiestic livestock. 
Notable among the antelopes of East Africa that are abundant 
and have been cropped are the blue wildebeest (Connochaeles 
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taurinus), impala (Aepvceros melain/lms), Thomson's gazelle 
(Gazela thomsoni), kongoni or Coke's hartebeest (Aicelaphus 
buselaphus), anti buflai,) (Svncens caffi'). 

Species of importance in southern Africa include the springbok 
(Anlidorcas marsupialis), eland (Taurotragu. oiyx), greater kudu 
(Tragelaphis strepsiceros), and gemsbok (Oyx gazt'lla). The blue 
wildebeest of the Serengeti-Mara ecosystem of "Ianzania and 
Kenya now numbers over a million and a half animals (Sinclair 
and Norton-Griffiths, 1979), and represents real potential for 
producing much-needed protein in the region. 

The zebra (Equmn brchelli) is another species of plains game that 
has figured in cropping programs. It occurs in great numbers in 
the tropical savannas of East Africa and has been cropped there 
for its meat and hides. However, it is not preferred, primarily 
because of the tastes or customs of the people. 

Although many species of the (leer flimily are not herd animals, 
they occur in sufficient numbers and are large enough to 
produce sizeable yields of meat. The white-tailed (leer 
(Odocoileu virflialu.s) of the United States is a case in point. 
An extremely widespread and abundat species, it provides 
great quantities of protein each year through sport hunting. 
Over 325,000 white-tailed (leer are harvested each year in 
Texas, which represents more than I 1,818,00( kg of lielid­
dressed carcasses. This is more meat than is produced from the 
livestock industry in some Third World countries. The caribou 
(Raugii'r, can'bou), another member of' the deer fhmily, is a herd 
animal. Although it has not been the object of an organized 
cropping scheme in recent times, it is taken in large numbers 
through subsistence htiinting by native North Americans in 
Alaska and Canada. 

Several of the large rodents of South America have been 
cropped For their meat, and here and there in the world 
varous rabbits, hares, and seals are used extensively in 
ubsistence economies of' native peoples. The cane rat 

(Thvronomy" ,wind.rianus), which usually weighs From 4 kg to 7 kg 
and may reach 9 kg, is an important source of meat in many 
areas of West Africa, although it is not the subject of organized 
cropping. Rather, it is taken by native peoples with ordinary 
hunting methods. In total yields, the take of such species is 
likely larger than the take of bovids and cervids in organized 
cropping schemes, and represents an important source of 
protein for native people. Kangaroos (Macro/nisspp.) and water 
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buffalo (Bubalus bubalis) (an exotic) in Australia, and variousspecies of marine mammals in the polar regions of the worldare also taken in cropping schemes for their meat and hides. 

Reductions in populations of large mammals that aredestroying their ranges through overuse of their food supplyand are depredating crops need not meet the criteria as statedabove. Their reproductive rates are low and thus sustainedyields may be too small for profit. Elephants and hippo­potamuses can overpopulate their ranges and are sometimespushed into conflicts with agricultural interests. Control
(removal) of those particular animals that are involved in
depredation is often the best solution. But where populationsof such species have reached high levels, reduction in the herdbefore they harm their range and become nuisance or problemanimals is the best long-term solution. Some of the great parksin southern Aftica routinely crop species that have become toonumerous for their habitat to support them. They are used fortheir meat and by-products. 

Guidelines for Marketing the Produce from
Cropping Schemes 
The first requisite in the development of a scheme to useproducts from free-ranging wild populations of animals isa marketing plan for the products. Where are the products tobe sold or where will they be usedl? Usually cropping isjustifiedon the basis of using the meat for indigeno~is peoples whosediets are deficient in protein. There are inany subsistence
cultures in the world whose people are malnourished and
whose diets are largely carbohydrates. Improvement in the dietsof such peoples is greatly needed. 

Second, products from cropping schemes can be sold abroadwhere tradition and cultural mores have shaped acceptance ofgame meat and animal by-products. Sale of produce from
cropping schemes can generate foreign exchange, which can
then be used to improve the lot of' subsistence peoples. How­ever, this is still a goal - the record of' success is as yet unim­pressive. Funds generatecd froim sales have rarely reached thosein greatest neel. 

The Netherlands, Belgium, Luxemburg, Ge, nany, and Franceare the traditional markets for game meat produced in Europe,Africa, Australia, and New Zealand. Game meat is often usedon traditional holidays and festive occasions by these Euro­
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peans. Venison is a highly dcesired flood, and most (If the meat is 
identified generically as such, cespite it being fi'om different 
wild members of the cervidae or bovidae families (figure 141). It 
is usually sold in the same markets as beef, inutton, poultry, and 
other 1111 Convetlioti)al tieats. 

(cloven hoof)ARTIODACTYLS Ial 

SuinaRumiantia 

Musk Oxa highly ppri aed Yaka Bufalo n l Eoandi a lelle Anre 

Figure 14. The relationship between larger domesticated and wild 
herbivores found on rangelands (Winrock International,
1978). 

SolitproductsIrof' Cropping ia Asa. 'i'hc vclai antlerseSerd 
of cervids now being fiaro'ed ill Nc w Zealand (Yerex, 1979) are 
a highly prized and valuable cominoditN ill Oriental markets. 

tileilar tiuhuigrc' failcs is olaiosin1, theMusk fsed il Wro(IlItIthe small nitsk deIt l sohusPn",tohi/lf'r,,) and is ;11101h10 

that has signed the tivetuing ill India, thionaland Some 
Skins and horns ofI many sp ccics arSoutheast Ask-i ,, unitrics 

sed in the inantsliwtrt oAfriosnt ha (luet ill tile 
tourist trade. |-lowiuver, ,mlinal products stich as skills, iv'ory, 
and horns of, certain Sltcics are nio (Ilgt'v legal itemls of' Iradc. 

Manly of' tile anlimlals arc enldanlgere-d and tugost nhl1lions ill tile 

world have signed 1i1c (Colivcnflioll ()I Ilcl-'alicml.1 "'Fridcill 

Enclangcried Species. The trcincidotis loess ofl lktck rhillos and 

Atfrican elephiants ill East Afr-ica ill tihe 1970s was clue to tihe 

great value of their horns and ivory ill the Orictit and certain 

Middle Eastern countries. 
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To develop markets for meat and other products, theconventional markets for domestic livestock meat should beexplored. The governments of many countries are themselvesthe distributors of' aninmial products and regulators of' domesticlivestock markets. In Kenya, for example, the Kenya MeatCommission is the principal regulating body fbI the livestockindustry in the country. It issues (luotas to producers formarketing their animals; processes the animals in its abattoirs;and regulates the sale, distribution, and export of livestock 
products. 

If the livestock industry does not permit competition with itsproducts, at least at local or regional levels, markets must besought abroad. Government agencies sometimes view a sourceof cheap meat as unfair competition for the livestock industry,as often does the private sector. Contact the export companiesand the government ministries involved in animal agricultureand wildlife conservation and management to obtain infor­mation on potential world export markets. Without the en­dorsement and support of' regulating agencies, cropping ofwildlife cannot succeed. 

The government ministries and departments charged withconservation and use of' natural resources issue permits andquotas Fbr wilcllif'e cropping. Through surveys and studies theseagencies decide if'cropping or reduction of' animal numbers isdesirable. They may carry out the cropping program them­selves, but in most cases coniracts aire made with the privatesector. The kinds and numbers of animals to be taken are care­filly regulated and the cropping exercises aire usually moni­tored by a rcpresentative. 

There are seveil arrangements that can be made betweengovernment and contractor, but usually the contract calls fora percentage of' the net profit For the operator. Under thissystem, the operator must make the operation profitable if heis to be rewarded fbi his work. 

Special considerations are required for some markets. Wheremeat is to be sold in Moslem markets, the animals must beslaughtered in special ways. A Moslem adherant usually isa part of' the c'opping party. He sees that the animals areslaughtered according to Moslem religious ieqluirements, whichusually means positioning the animal toward the east andcutting the throat For bleeding.
Another example is the eXacting requirements of some 
Europeans For wild game meat. )eer produced in semicaptivity 
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on deer farms in New Zealand are not readily accepted because 
they are considered tame or domesticated animals. Taste is not 
the issue; rather, it is the source that is at question. 

Guidelines for Selecting Cropping Methods 
and Procedures 
Harvesting wildlife from free-ranging herds of large mammals 
is most efficiently accomplished by shooting or driving the 
animals into some kind of pen for later slaughter. Many systems 
that are modifications of the two techniques have been tried. 
Various kinds of land vehicles, portable LIbattoirs, meat-han­
dling and refrigeration equipment, and aircraft have been 
used. Each situation is different and special attention must be 
given to the terrain, habits of the species to be cropped, and 
disposition of the meat and other products. 

Of the two basic teclniques, shooting has come to be used 
almost universally for cropping large mammals, and for certain 
large birds such as the ostrich (Struthio camehs). Age and sex 
classes may be selected for shooting when the animals are taken 
singly with the gun from free-ranging herds. With careful plan­
ning, the animals may be taken without undue stress (stress 
causes the meat to have an undesirable flavor). Some species 
are taken at night with the aid of powerful lights. Several 
species of antelope, including the impala and certain gazelles, 
can be approached very closely with a light and shot at close 
range. Being herd animals, several can be taken before the 
herd disperses. Head and neck shots are made whenever 
possible. 

In choosing which animals are to be taken, consider the social 
structuire and biological composition of the herds for humane 
reasons as well as to promote sustained yields of the species. 
Harvest sex and age classes of animals in the same proportion 
as they occur in the population. The goal is to harvest the 
animals without disrupting their social structures. 

Reduction of elephant numbers in areas of East Africa where 
they have exceeded their range's ability to support them is 
done with careful attention to the animal's social, population, 
and behavioral characteristics. Elephants are herd animals; 
families are usually led by an old fitnale. Several generations of 
females, their offspring, and young bulls comprise a herd. 
Because elephants are so highly social, people who have been 
licensed to reduce elephant numbers, in East Africa at least, 
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have attempted to take all members of each herd. Old bulls arenot members of the herds and thus are spared For the mostpart. In the actual shooting, tile matriarch is taken first and themembers rally to heriwhere they, young and old alike, areeasily taken. The herd, rather than individuals, is cropped. 

Elephants, bufflo, and some species of antelope are routinelycropped in some of the African parks to hold their numbers incheck. The cropping system in Kruger National Park in tileTransvaal of South Africa is a moclel of modern technology andefficiency. Elephants are taken with overdoses of drugs by usinga capture gun fiom helicopters. They are then winched onltolowboys for transfrr to the permanent abattoir. There they are 
processed into various products including boncical. Nothing islost. Reduction of buffalo and im ala Inimbers is accomplishedin much the same fishion, but with shooting as tile method of'harvest. Elephant and hipl)optanMus l)O)tUllations in QueenElizabeth and Murchison Falls National Parks in Uganda werereluced by a comnercial cropping company in tile 1960s. 
Herding animals into corrals with vehicles and aircraft has beenused fbc plains game, lbut the system iscostly and oftendamiages the animals meant for slaughter. Whllien soie species
are firced into small confinemenls, they often kill themselves
against the fiices and bruise their flesl so as to make the meatunaccepable in the market. 'Thie bue wildeleest a1d zebr-awere herded into COlifillenilles, but ait costs and with losses thatmnade the system un:iacceptable. Ot the other hand, tie blesbok(1)amaillcus (/b/nrolm), a fI'orite ganl-ranc:li species in SouthAfrica, is often herdedl into a confinement and held for sometime before slaughter. ht issemidomesticated and is more docile

than other Species. 

The usual system for"harvesting large mammals with tle guninvolves teams of hunten's in vchides ranging in tile anima!s'habitats where cropping is to take place. The habitat, locationsof' concentration, and behavioral pattei'ns of the animals haveusually been determined. Each team usually consists of ashootcr and two or inmore helpers. The animals are shot antieviscerated in the field. Wiitin or 3 hours the carcasses arecollected and bnought to a cential Stalion where tihey areskinned and the meat is prel ared fom" ref rigeration or drying.In some cases, tile animals are loaded onto the vehicle as theyarc shot, and the pNaI'ty retuIrns to the abattoir to process the killwhen the vehicle has b(een filled. A load usually consists of'about five animals. In no case choe, the team stay out longer
than 2 hours with whole carcasses. 
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On ranches in the Karoo of South Africa, shooters are sta­
tioned at vantage points and herds of surplus springbok are 
driven past them by men on Foot and in vehicles. The carcasses 
are collected and carried to the ranches' slaughterhouses for 
processing. They are eviscerated, skinned, and cooled for 
several hours before being carried to local markets for sale. 
Livers, hearts, and other edible inner parts arc saved and 
marketed. The carcasses of springboks (which are about the size 
of ordinary sheep), are sold as halves. Many ranchers and 
markets dry the meat and sell it as biltong, a highly desired 
product in southern Africa. 

Allow for the fact that wildlife cropping in remote areas where 
water and other amenities are not available is expensive. The 
central station consists of' portable equipment and must be 
trucked to a river or some other water source. Portable genera­
tors are often used to pover refrigeration units, lighting, and 
other electrical systems. Gasoline and potable water must be 
brought in jerry cans and barrels. Refrigeration trucks are often 
essential where distances to markets are great, and a number of 
four-wheel-drive vehicles and lorries are usually needed to 
transfer the camp and the meat products. Equipment For crop­
ping wildlife in remote areas is expensive, and the need for 
maintenance is constant. 

Remember that all cropping schemes are different. Every 
cropping scheme differs in geography, kinds and abundances of 
species, techniques For harvesting wildlife, and potential 
markets. Thus planning is the essential ingredient for success. 
Planning requires innovation and inventive minds to meet 
obstacles that are sure to develop. The very nature of cropping 
demands it. It is not a common business wvith conventional 
established procedures to draw on. 

Guidelines for Sanitation and Health 
Take precautions - wild animals are subject to diseases and 
parasites that can be transmitted to man and domestic animals. 
Carcasses must be inspected to ensure safety For the user and to 
prevent infection of livestock. ;overnments often require a 
veterinarian or meat inspector to oversee the cropping opera­
tion and to inspect every carcass. The croping operation 
usually must pay For the service. Some species of game have 
parasite loads that render them unsalable because they affect 
man and his livestock or simply because they are unsightly, even 
though harmless, to the user. As high as 5% to 15% of carcasses 
of such species may be condemned by the inspector. Some 
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nations forbid fresh game meat from being taken from areaswhere hoof-and-mouth and other highly contagious and epi­zootic diseases are Found. Meat has sometimes been canned toprevent transfer of disease organisms, and hides and horns aresalted and otherwise treated before they are sent to markets. 

Cleanliness in the cropping operation is difficult but must berigorously maintained. The animials are shot on the openrange, often eviscerated there, hauled by open vehicles to tilecentral station, and butchered on hoists set out in the open. Inevery phase, the carcasses are subject to damage by egg-layiiigflies and other insects, and contamination by dust and grime. Insouthern Africa, cropping is sometimes limited to the cold, dryseasons when blow flies are not encountered. People who skinand butcher are required to dress in clean clothing, includingcaps, to ensure cleanliness. Water and disinfectants are alwaysat hand to cleanse the people and their utensils. Under the bestconditions some animals will not meet the inspector's require­
menLs. Every aninal carcass condemned for whatever reasonalfects the profitalbility, and thus the success, of the operation. 

The Future of Game Cropping 
Wildlife can be expected to provide meat fir some time in the
future in areas where doinestic livestock cannot be raised
profitably or eflficientlv. Some regions of the world can supportwildlif'e more efficiently than donestic animals because wildspecies have evolved and are adapted to the extreme environ­mental conditions fbund there. The deserts and cold regions of
the world 
 are likely to remain wild environments; livestock will
be used there only; when every other I'avorable rangeland has

been filled.
 

However, in areas where conditions (such as the presence f'
parasites) currently prevent conventional animal agriculture,cropping of wildlife for"meal in wildands can be expected togive way to development of' a domestic livestock industry.Technology will eventually solve the management problems,and domestic animals of one kind or another will be used inextensive production systems. They are more manageable andhave sufficiently different dieiary requirements to usepractically all classes of f'orage. 

Producing livestock and wildlif'e on common-use rangelandsmay offer the highest potential for profit. The technology forintegrating systems of management is not well developed yet, 
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but with continuing world food and population pressures, 
management systems will be developed. The greatest value of 
wildlife will probably be as objects of tourism and sport hunting. 
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Module 8
 

Water Harvesting 



Water harvesting refers to a collection of practices that are used 
to reduce the amount of rainfall lost through runoff. These 
methods are generally small scale and provide water on 
a seasonal basis for increased forage production, limited 
livestock watering, and human needs. Historical evidence 
shows, for example, that a rough soil surface retards runoff, 
promotes infiltration, and slows evaporation. Water-harvesting 
methods that are discussed in this module are water spreaders, 
pitting, and microcatchments. See module 2 for a discussion of 
water harvesting from a vegetation-management standpoint. 

Water 	Spreaders 
A water spreader is a system for spreading flood waters to 
irrigate land, to reduce and store sediment, or to obtain deep 
storage of ground water (figure 15). They commonly take the 
form of a series of (likes across a flat valley (wadi), preferably 
one with less than 1%slope. Opportunities for successful water 
spreading are limited. 

-.97,: h
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dies(aape fro FAOl, 1976)."v, 

Figure 15. 	 Sketch of a water-spreading system of dikes with crops 
and(or) forage plants planted Inthe wet areas behind the 
dikes (adapted from FAO, 1976). 
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The goal is to take flood waters from the main channel to one
side of the valley, around the end of a dike, then to the other
side of the valley where it flows around the next dike. Another
design is to join both ends of the dikes to the valley sides and
have broad central spillways in the center of each to allow 
excess water to pass to the next dike and settling basin. The
latter design has fewer weak points and is less likely to fail.
Basins above each terrace eventually will fill with silt, resulting
in a new slope gradient for the whole valley. A break in thedikes then may cause a deep gully where none existed because 
they were designed to handle the customary flood, but were
inadequate for the unusual storm. Successful water spreaders 
are designed to take all the flow up to a certain amount, and to
let larger flows bypass the system without damage. 

Dividing large watersheds and flows into smaller ones can
minimize damage during Unusual storms. Ancient water­
spreading systems accomplished this with separate terraces and
diversions that could be opened or closed as needed. These 
terraces kept the volume of' flow to small quantities near the 
source. Other diversions subdivided or concentrated tile flows 
at the entrances to fields. 

Reasons for ftilure of water-spreading systems appear to be

inadequate design to handle large flows from the unusual
 
storms, sedimentation that plugs the system causing overflow.
 
and not managing water during each flow.
 

Rangeland Pitting 
Pitting the soil on land with slopes less than 15% is accom­
plished with a disk that cuLs a pit as much as 15 cm deep and

I in long, then lifts from the soil for I in before it cuts another

pit. Pitting is used to trap water where it falls, to increase water

percolation into the soil, and to roughen the surface for reduc­
tion of wind erosion. Sometimes the return is increased forage
production. liLs fill with sand and silt in a few years, but their
effect may last longer because of the increased water-holding
capacity of the soil that has accumulated in the pit. 

Another use of' pitting and contouring is rehabilitation of bare
and badly eroded flat land. Pits and contours break soil crusting
and, if combined with deep ripping of impervious soil, promote
deep penetration of water. Seeding of' desirable forages should
always accompany rehabilitation operations; otherwise, the 
returns will probably not repay the costs. 
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Microcatchments for Water
 
Harvesting
 
Harvesting surface runoff necessitates a catchment area and 
a water-storage facility. The efficiency of water harvesting from 
a catchment area is usually increased in one of four ways
(Medina, 1976): by taking advantage of naturally impervious
surfaces of rock or bare clay, by altering the land surface by
smoothing or compacting, by chemically treating the soil to 
prevent infiltration, or by using physical barriers as ground 
covers. Chemicals include water-repellent silicone, paraffin, and 
salt. Salt causes disperrion of soil particles, resulting in sealing
of the pore space at tllw .,uriace of the soil. A wide variety of 
impermeable materials has been used to seal catchments,
including concrete, sheet metal, fiberglass, plastics, and tar as an 
emulsion on paper; some of the most effective have been 
artificial rubber membranes. The importance of properly
installing and maintaining all these types of catchment surfaces 
cannot be overemphasized. 

The water-storage facilities for microcatchments fall into three 
basic systems:excavaled basins, bags made of rubber or plastic,
and tanks of metal or concrete (see figure 11 in module 2).
Excavated basins are usually the easiest to construct but they
should always be sealed, commonly with clay or the same 
materials that were used on the catchment surfatce. Evaporation 
can be controlled by covering the water surface with polystyrene
rafts. Bags of butyl-coated nylon are completely enclosed, 
offering clean storage and no loss through evaporation and 
seepage. All of these catchment facilities are subject to van­
dalism, damage by small animals, sedimentation, invasion by
weeds, and earth movement due to changes in temperature and 
moisture content; thus they must be rigorously maintained. 

Water harvesting may also be used to increase the water 
available for individual shrubs or patches of grass. A small 
catchment, 10 m" to 100 m, bounded by dikes with finely
scratched drainage lines oriented toward a corner collecting
basin, has furnished enough water for establishment and 
production of singly planted fruit trees, satbushes, and grasses.
Grazing should be eliminated during establishment of vege­
tation. Many techniques are available for the establishment and 
management of these planted catchments, but soil compaction
of the runoff apron and weed control are essential. This type of 
water harvesting is labor intensive, costly, and justified only for 
special purposes. 
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A number of rangeland-improvement techniques are also Forms 
of water harvesting. Livestock-watering points are described in 
module 3 because of their importance as a technique to im­
prove distribution of grazing, but they are also examples of 
water harvesting. Rangeland seeding can enhance the efficiency
of water harvesting by increasing the proportion of' rainfall that 
infiltrates the soil. Prescribed fire can decrease the efficiency of 
harvesting rainfall and increase runoff and streamflow because 
of the decrease in vegetational cover. While the goal of some 
rangeland practices may not be, in a strict sense, to harvest 
water, all aim to make better use of water. 
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Module 9
 

Agroforestry 



The generic term "agroforestry" refers to sustainable manage­
ment systems that combine food crops, animals, and woody 
plants on the same units of land, simultaneously or sequentially, 
and that apply management practices that are compatible with 
the social and cultural patterns of the local population. Agro­
forestry aims to increase overall production for the economic 
benefit of farmers and pastoralists, while avoiding the adverse 
effects of emphasizing a single product. An additional goal is 
to manage the trees, crops, and forages in such a way that eco­
system degradation is prevented. 

In the humid tropics the major emphasis is on cultivated crops 
with trees, but in arid and semiarid regions the emphasis is on 
pastoralism with trees and other woody plants (figure 16). 
However, the use of woody plants is sometimes limited to 
highly selected sites. Most animal feeds are raised on farms in 
humid regions, but on rangelands in dry regions. This module 
is for the drier areas. The "Guidelines for agroforestry and 
mixed farming systems" in Lugo et al. (inpress) on the humid 
tropics discusses the systems approach and gives principles that 
are applicable to the dry rangelands also. 

Figure 16. 	 The relatiohship of trees and shrubs, forages, and crops 
with people Inaridand semiarid regions. 
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Grazing Systems
 
A description of the grazing systems of the arid and semiaridregons wI!! help in understanding the application of agro­forestry principles. In intensive systems, animals are restrictedto areas immediately adjacent to the home or village. The herdsize is usually small, often only one or two animals that aremaintained in a still and fed on a cut-and-carry basis. Uneatenmaterials are tossed into the pen and become mixed with themanure. The compost eventually goes to the farm as organicfertilizer. In another type of intensive grazing, mixed herds andflocks are taken? to rangelands, roadsides, and forests in themorning and returned to tic farm or corral at night. Herding iscommonly clone by children and young people directed by oldermembers of the household. Herds must not be allowed to
damage food crops and tree plantings.
 

In seminornadic or transhuniant grazing there is a home basefrom which animals are herded on lengthy migrations, and towhich they return. Transhuinance is the most widely used of'
0,r extensive systems, especially in the arid and semiarid areas
of the world. The migrations ar-c well organized, with
established routes and dates of movement. 

Nomadism diftrs Iioin transhunance illhat the pastoral
nomads have no permanent home where the) are tied to
cultivation and water. Legal land rights seldom exist; if rights
do govern movements, they -,irebased on water. Somecharacteristics of nomadisnm include human food habits basedon animal products and exchange of an;ials with transhumantand sedentary cultivators fbr grains, fruits, clothing, etc. 

Nomadism and transhumance affect the land differently.Nomads, for example, have little or no incentive to plant treesor shrubs or any other type of lbdder plant. lPerhaps they useno more Fuel per person, but since their habitat produces lesswood than others, their impact on fuclwood supplies is great.On the other hand, destruction of the vegetation from over­grazing and erosion is likely to be greater near the centers ofsedentary populations !han under nomadic grazing. Thesegrazing patterns present different problems to land develop­ment through agroibrestry; incorporation of agroforestry intograzing patterns in the driest regions is the most difficult. 
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Values from Woody Plants 
Until recently the attention of rangeland managers and 
researchers was largely directed toward herbaceous plants. 
Although the value of browse or fodder from woody plants is 
recognized, browse is still not adequately measured in range 
assessments. Comprehensive discussions of the importance of 
browse trees and shrubs are found in the proceedings of a 
conference held in Addis Ababa (Le Houeroi'. 1980). The 
National Academy of Sciences (1979) described nearly 200 
little-exploited legumes, most of them trees and shrubs, Cf 
interest in agroforestry. A comprehensive discussion of tropical 
legumes, including leguminous forage and browse, is found in 
the FAO publication Tropical Forage Legumes (Skerman, 1977). 
Other lists and descriptions are available for India (ICAR, 
1981), Pakistan (Kahn, 1965), and the West African Sahel 
(Advisory Committee on the Sahel, 1983). Nutritive values of 
woody p!ants are given by [Torres (1983) and Gohl (1981). 

Values of Fodder trees and shrubs go far beyond feed For 
animals. Plantings may be in fencerows to mark boundaries, as 
barriers to unwanted brush, and for shade at the homestead. 
Many human Foods come from trees and shrubs, including 
fruit, and leaves for greens. Acacias and other legumes fix 
nitrogen in their rooLs and enrich the soil for other species. 
Fuelwood and wood for construction are important products. 
Plantings are made in gullies and on sand to control erosion. 
The only Fodder available during droughts may be leaves, 
fruits, and bark from trees. Yet the accumulation of knowledge 
about the culture and management of trees and shrubs in arid 
and semiarid areas is still in its infancy. 

Examples of Woody Fodder Plants 
These examples were selected from among several hundred 
that could be recommended for agroforestry use. Some 500 
species of Acacia are indigenous between 30' N and 300 S. 
Acacia albida is a tree up to 20 m tall that grows along streams in 
savannas and grasslands of Africa and eastward to India. Its 
leaves begin to grow with the onset of the dry season and are 
shed at the beginning of the wet period. The pods are large 
and a mature tree may yield as much as 100 kg of pods each 
year. Acacia senegal, a bush or small tree less than 5 in tall, 
produces gum arabic. It is also a Fodder tree, and both leaves 
and pods are palatable and nutritious. 
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Herbaceous plants are vascular plants that do notdevelop woody tissue. 
Woody plants are vascular plants such as shrubs, woodyvines, or trees that contain woody tissue (i.e., persistant
ligneous material). 
Browse commonly means forage from woody plantsincluding sprouts, young twigs, leaves, flowers, fruits, and even bark. The terms fodder trees and fodder shrubs are 
synonyms for browse. 
Fodder is the dried, cured plants (including leaves, stems,and grain heads) of tall, coarse-grained crops such asmaize, sorghum, wheat, and soybeans. 
Forage is an all-encompassing term for plant parts, bothwoody and herbaceous, that are eaten by animals. Foragecan be grazed or harvested for later feeding. 

Atriplex spp. are often planted and grown as fodder shrubs innear-desert conditions (150 mm to 250 mm rainfall per year).Several species are highly palatable and must be carefullymanaged so that livestock do not overgraze and kill the young
plants. 

Leucaena leucocephala is a versatile tropical legume used forhuman food, forage, wood pulp, fuelwood, and soil improve­ment. Under sonic conditions it suppresses Inperata oylindfica, anunpalatable and aggressive perennial grass. It mixes with most
tropical st-eded grasses and should be heavily grazed after it is
established. However, more than 30% of Leucaena in the diet
of livestock causes digestive problems because of the mimosine
 
content. 

Praopisspp. are valuable for grazing, fuelwood, pods, and soilimprovement from northern Africa to southern Asia. Prosopissficigera is a prized drought- and frost-resistant shrub or smalltree in arid regions from Iran and India. 

Taking into account 1)experiences with subtropical grasses andherbaceous legumes that are not adapted to 500 mm of annualrainfall and 2) the above examples of the value of trees to dryareas, it seems logical to encourage the development of deserttrees and shrubs, if only on a small scale. However, the cultureof these woody plants is little understood, and seeds or youngplants are difficult to obtain. Also, woody vegetation can lower 

140
 



water table elevations considerably in arid environments, 
reducing the amount of water available for wells and other. 
water sources. 

Planting Trees 
Selecting woody species for successful silvopastoral programs is 
only one of many considerations. The soil must be a suitable 
depth, moisture, texture, and structure. A choice between 
seeding ur using nursery plants must be made. Compatibility 
with grazing and crops is important and is likely to affect the 
density of planting. Almost all the literature on tree-uriderstory 
relations shows that, as shade from the trees increases, forage 
and browse understory decreases. FAO (1981) has an excellent 
publication on tree-planting practices in African savannas. 

Controlling Undesirable Plants 
Control of weeds and undesirable woody plants usually starts 
with some sort of land clearing. This may range from I ml 
cleared with a hoe for the planting of one tree to large, 
extensive clearings. 

Fire is a valuable tool when clearing woodland for the first 
time, but care must be taken to avoid damage to valuable 
woody plants. Sometimes it is possible with a little hand-clearing 
to remove fuel materials from the immediate vicinity of planted 
trees so that a light fire can safely reduc . debris. Light fires 
when the soil is moist have the least effect on seeds, established 
grasses, and trees. Grazing may take the place of fire if the 
planted trees are unpalatable, as are teak, the palms, and most 
conifers. Trampling damage to trees will be light provided 
overgrazing of the more palatable species is avoided. If the 
plantation trees or shrubs are palatable and browsed, such as 
Airiplex spp. and Acacia albida, they will need a growth period 
without fire or grazing to allow plant establishment. Even after 
they are established grazing must be carefully managed. 

Chemical control of woody plants was common for three 
decades following World War II, but recent reactions to adding 
herbicides and pesticides to the environment have reduced 
their use. In addition, chemicals are too costly for the small­
scale farmer. The preferred methods of plant control in the 
arid and semiarid tropics are mechanical - fire and the 
grazing of animals such as goats and certain game species that 
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browse on the woody species. Browsing by goats increases theeffectiveness of fire because tie), trim the canopy of individualbushes so that grass grows within and under the shrub canopy.This places a source of fuel, and thereibre heat, near the
woody stems. 

Fertilizing 
There is little doubt that fertilizing increases growth rate andproduction. However, it is doubtful that purchased fertilizerswill return their cast. Certainly the expense is too much for thevillage farmer. Other means exist to increase nitrogen in thesoil, such as using manures and planting legumes. The combi­nation of a legnne and Rhizobium bacteria on the roots allowsthe fixation of nitrogen fIom the atmosphere - part is used bythat plant and part becomes available to associated plants. Forexample, millet and other food crops are grown under thecanopy of Acacia albida in the Sahel region because of thefertilizing efTcts of the nitrogen flron the tree. Unlbrtunately,a number of herbaceous forage legumes that improve the soildo not do well where the annual rainfall is less than about


500)mm.
 

Nitrogen fixation is the conversion of elemental nitrogen(N2) to forms that plants can easily use for their biologicalprocesses, such as growth and reproduction (see nitrogen
cycle in figure 4). 

Problems 
Agroforestry is regarded favorably in the developing world inspite of the fact that large-scale forest plantations have seldomprovided much benefit to villagers. In fact, a strong trend toplant trees at the village and small-farm levels has recentlydeveloped (FAO, 1982). The demonstrated successes of multiplecropping an( the economic benelits, though small in scale,ensure continuing interest and support for developmentprojects that include agroforestry. However, it is dangerous toassume that agroforestry is free of problens. Here are fourtypes of problems that cause failure. 
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Sociological Problems
 
Social acceptance of new farming and grazing practices is 
foremost - people hesitate to change their ways. Some land 
traditions do not permit land ownership or private investment 
in land. When possessory rights prevail (whoever occupies the 
land owns it), there is little assurance that the person who 
planted a perennial tree or pasture crop will be in possession of 
the land when it is time to harvest the crop. Some cultures have 
tree rights, which allow individuals to own trees; to be the sole 
harvesters of leaves, fruits, bark, and twigs; to even cut the tree 
down. This tradition of tree tenure causes di fIculties ill 
establishing large plantations but can be helpful in establishing 
and protecting a few trees o a small farm. 

Another problem concerns ownership and labor. Most forestry 
practices in developing countries are lalxr intensive. Often 
local labor is difficult to find because there is no motivation to 
do extra work. Another labor problem occurs when the desig­
nation of someone as crew foreman or labor supervisor - thus 
a person with power - conflicis with long-established village 
governance. Two sets of leaders are not tolerated for long. This 
situation may be avoided by selecting a community leader For 
such a position; however, this doesn't fit into established 
customs either, and still may cause a problem. 

Development activities have often been less successful than 
anticipated bCcause there was no,understanding or consid­
eration of the vole of women in the societies in which the 
activities were being i plemented. Activities during the last 
decade, such as the international conferences on women, have 
pointe( to the vital role women play in agriculture in 
developing countries. The role of women both in ownership 
and as a lalxr source must be evaluated more carefully. 

There are many other sociological problems. Since wood 
products from a small ftrmi may not bring full price, too much 
wealth moves from the plac:e of production into population 
centers and the hands of dealers. in addition, water rights, 
erosion, use of fire, ineffective marketing, poor transportation, 
and religious customs all affect successful development in 
agroforestry. 



Silvicultural Problems
 
Uncertainties relating to the development and care of forests(silviculture) constitute another group of problems. Whilenonfodder trees such as teak, coconut, rubber, oil palms, andradiata pine have been grown in tropical plantations fordecades, only a few have been spaced far enough apart to leaveroom for fcod crops and forages. Encouragement of agro­forestry requires information that does not exist on speciescombinations, tree spacing, land preparation, and tree thinningand pruning. This lack is on humid areas where forests havebeen grown and harvested for a long time. Most of the screen­ing of species for forests in humid areas has been for wood,pulp, and single products (for example, rubber-), not foragroforestry purposes. Very little silvicultural work has beendone with fodder trees and shrubs that might be used on smallfarms and special sites in the arid and semiarid zones. 

Food and Fiber Crop Problems 
A third family of problems involves food and fiber plants thatwill grow with trees. Two characteristics of crops on small farmsthat are obvious but often not considered by planners: I) Ifrows exist, they are crooked, and 2) with few exceptions (rice isone) several crops are growing together. 

The improvement of multiple cropping on arid and semiaridrangelands in the tropics has been overlooked to a large
degree. Species and varieties of food and fiber crops in the
developing countries of the tropics and subtropics are
exceedingly numerous, but few have been improved through
research.
 

Animal Forage Problems 
Culture of forages is the least well known and the mostcontroversial of the triumvirate - food crops, forage, andtrees. Domestic animals commonly feed on Cynodon, otherweedy grasses, and perhaps the legume Medicago in manytropical palm orchards, but the grasses are extremely difficult toeliminate. Sometimes fodder trees have been planted andprotected in the Sahel until they were beyond the reach ofanimals. In temperate regions, grazing in conifer forests isdecades old but one still hears the argument that animalsdestroy trees, which they do. Unfortunately, seldom does 
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,.nyone point out that the benefits of proper grazing far 
, ,itweigh the few trees lost. Yet, the grazing of forages in pine 
piantations in New Zealand, Australia, the United States, and 
other countries has shown that trees and forages profitably 
complement each other. 

Tropical and subtropical pasture legumes have received 
effective research attention in Australia, where numerous 
species have been tested with grasses. None of the legumes and 
few of the cultivated grasses show sufficient tolerance of shade 
for planting under a tree canopy. This problem needs research. 
Where cultivated crops are in rotation with pastures and trees, 
the forage species must be easily eliminated so that they do not 
compete w it the crops. Most grasses that are now used or that 
come in naturally are not easily eliminated. This is another 
iesearch problem - and there are many more. 

Principles Learned from 
Experience
 
Experience with grazing in an agroforestry context has 
provided some widely applicable principles. Among them are: 

* Proper grazing can reduee weed and grass competition with 
young trees. 

* The timing of heavy and light grazing largely determines the 
degree of damage to trees. 

" Domestic aninmals generally avoid grazing conifers and some 
other tree species, especially if they learn that they don't like 
these species by eating the older foliage. 

* Grazing reduces grasses and weeds, thereby reducing the fire 
hazard to planted trees. 

* Agroforestry practices can best he applied in areas with 
rainfall above 400 mm and where some crop *agriculturei. 
being conducted or thu stockmen are somewhat settled. 

The growing body of experience justifies emphasis on agro­
forestry with a grazing component for projects in developing 
countries. The subject is complex, requiring attention to natural 
systems with many types of crops rather than to the culture of 
single crops with little attention to reactions in other parts of 
the system. 
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Module 10
 

Mining 



Mining represents an entirely different natural resource, 
a nonrenewable resource. Mining development is truly 
exploitive - whatever is removed is not replaced. 

The major concerns in development and management of 
mining operations are the timing and manner of exploitation, 
what the country does with resulting products and cash flow, 
how waste products are managed, and how skillfully society and 
the mining industry deal with environmental impacts and side 
effects. 

This module is not concerned with any of the technical aspects 
of mining. Those considerations are specific to each kind of 
mineral exploitation, and are for tile geologists and mining 
engineers. Rather, the co cern is with maximizing the comple­
mentarity of mining wit! athcr rangeland uses and minimizing 
the adverse effects of mining on rangeland areas. 

Mineable products range from petroleum to hard and precious 
minerals, coal building materials, and gemstones. However, 
groundwater resources and nonreplenishable (fossil) water 
should also ie included in this list. The users and managers of 
rangeland rcsources, as well as agriculuralists, foresters, and 
industrialist!, are intimately involved with these mineable water 
resources. 

Many of the activities of range nmnagers, agriculturalists, and 
foresters affect watershed qualities and thus the quality and 
amount of groundwater recharge (surfaice water that replen­
ishes the groundwater store). All resource users at one time or 
another drill wells to ap and use groundwater. The care with 
which this is done aflects the permanency and often the quality 
of the groundwater resourcc. For example, drilling and pump­
ing wells near the ocCans may allow saline water to intrude and 
contaminate the groundwatcr, or industrial activity on the 
sun -.emay pollulte the groundwater. Surface activities often 
use or transport free-Ilowing water and prevent recharge. In 
other cases, Fossil groutidwater may be exploited for agricul­
tural development with long-term detrimental impacts as the 
water reserve is depleted. 

Saline or highly mineralizcd water may be pumped to the 
surface and used for irrigation or industrial purposes that, in 
the long run, have adverse impacts. In other instances, soil 
drainage that is essential in many arid-region irrigated projects 
is concentrating salts and sometimes toxic minerals with 
extreme and worrisome consequences to bird and fish life 
and potentially to humans. 
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In recent years "reverse mining" has been used to deal with
petroleum and some minerals and toxic wastes. Reverse mining
is simply pumping these wastes back into the ground Fbr 
storage. Abandoned mine tunnels or wells have been used fbr
such storage. Another option is to dig a large pit down to an
impermeable layer and to fill it with these wastes. This returns
those useless fractions of previously mined resources that hold
substantial risk fbr human, animal, or plant life. 

Impacts fiom conventional and revcrse mining are not limited 
to the earth's crust and soil, grounld-, and surfa-cC water. Extrac­
tive and refining industries and many manifmacturing industries 
are producing by-products that lhave seriouns consequences
when released into the air, onto the ground, or into surfhce 
streams. Many of' these consequences of mining, indlustrializa­
tion, and agricultural production were not and perhaps could 
not have been ainticipated. 

There is still time for the developing world to avoid many of'
the mistakes that have been made by most developed countries.
Fortunaitely the industrial nations are developing techniques for

detection and avoidance of' environmental impacts, and ;'afe
 
waste disposal.
 

Issues for the Developing Nation 
Mineral resources 'el)resent a great poiential to create cash
flow and foreign exchange for any dev'cloping nation Fortunate
enough to have a reserve. These 'esources dIII lie exploited
and the reIturns used for immcliate needs or they can be
budgeted agai Ist othI iIIII)iMt u aIiiiId I ICS()It­
levelopmenit ncels fbOr which the c'ollil otherwise has

inadequate resou'ces. Tis tactic can creaiae some long-lasting
benefits from an otherwise expncallle rcsoiii'ce. However,
potential returns rom nineral exploitations are overcommitted 
for short-term waints and developing nations can create serious
financial problems fir themselves, as some dcveloping nations
have learned in the handling of' theii petrolcuii resoui'ces. 

Environmental legislation andl directives in tie developing
nations should be caref'ully thought out, injdependent of' tie 
patterns that have leveloped fi'om emergency conditions in tile
industrialized world. Instead of' blindly f'ollowing these patterns,
they should apply what these industrial nations have learned 
toward developing a strateg for dealing with the lproblem
before it becomes apparent. 
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Guidelines for Planning Mining 
Programs or Projects 

Guideline 
The advance analysis of side effects and potential environ­
mental impacts isessential in phining for the development of' 

both renewable and nonrenewable resources. The theme 

should be prevention of adverse environmental impacts by 

advance planning. )evcloping counties have tle lpotential for 
the same problems that have plagucd the industrial world. 

Therefore, it is critical that dcvelopmnt projects be structured 
to take this potential into account. The time to anticipate 
adverse side ef fects and to make provisions to either prevent or 

minimize d-ein iswhen the project is being planned. Monitor­

ing especially ,hould he designed to detect these kinds of 
problems. 

These preventive and mitigative measures should either be 

amortized against the profits from development, whether in 

renewable or nonrenewable resource areas, or they should be 

shared by the population as a whole depending on the breadth 
the project and the relative 'osts of' preventionof' benefit from 

in relation to potenltial rieenues. 

There are cases where an otherwise viable development or 

exploitation program cannot stand the whole cost of inpact 
though this would probably 

be cheaper than the option of disregard and eventual clean-up. 

Either the country and the people need the development and 

should share in the(cost, or they don't need it. 

prevention and mitigation - even 

Guideline 
The environmnenal legislation and directives under which 
mineral wealth isexploited should be very carefully thought out 

so that they are neither unnecessarily restrictive nor 
inadequate. 
Rational, unemotional analysis is necessary to wisely protect 

environmental values while developing natural resources. The 

main reason that the industrial world has been caught utp it) 

extreme environmentalism is that it did not anticipate the 

)roblems that have now become very serious. For various 
- these 

reasons -- carelessness, inconcern, alid ignorance 
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countries did not initiate prevention tactics until they becameensnarled in extremely serious and expensive clean-upprograms. The developing world can benefit f'om this lesson. 
When drafting environmental legislation and regulations,remember that the concept "to restore to ihe original" is notusually biologically and economically feasible. The goal shouldbe to restore a priotective
tion that the new 

cover andc the highest level of produc­growing condiIntions of the new ecological siteare capable of' sustaining. In East (;ermany,lfor example, somehighly productive irrigated pastures and high levels of' dairyproduction are on restored strip-mined spoil areas that wereformerly forested. It was recognized that restoration of' thefo:est Was not f'easible. 

Guideline 
In planning for specific mineral- or water-exploitation projects,many of the requirements for impact assessment can be met byadding a capable resource ecologist or range-relhabilitation

expert to the planning team.
 

The decisions about protective ineasures and exploitationtechnologies thai. aire less damaging to tie environment 
are
specific to resource type, location, and st rrotunding ecologicalconditions. Therelire, the most rational way to handle thesematters is to plan right from the outset, and to have the propercapabilities represented on the planning team. This makesmuch greater economic sense than later investing huge sums inenvironmental analysis and impact statements as a separate
f'unction. 

Guideline 
Normally the three most serious environmental problemsassociated with mining aire ) mine spoil deposits and theirr'eclamation, 2) ,,cvention of seepage of'leachales into streamsand groundwatcr from spoil dmps and processing plants, and3) reclamaion of' disturbed areas. It is possible to planin advance fior the solution of all these problems. 

The details of' what to do are site and project specific but thef'ollowing ae generally successful actions. 

Select proper sites fbr spoil clumps. These should be diked, andeither the soil should be sealed before use or the clump should 
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be located on clays that allow very little leaching. This may 
mean transport of spoils but such costs, if anticipated, can be 
minimized and should be less than those required for a subse­
quent cleanup. 

Mine spoils are sometimes reprocessed as extraction technology 
advances or as prices of specific minerals change. Some of the 
costs of site preparation should be recoverable in this event. In 
any case, site preparation should be looked upon as a cost of 
operation. 

The reclamation of a spoil area requires first the recognition 
that it is now a new environment, which cannot be returned to 
its original condition. The goal is to find a way to realize a 
benefit froim reclaiming these areas, as compared to leaving 
them in a raw state. The technology available to achieve these 
goals includes 1)screening and selecting plant species to use in 
stabilization (choices may be few but may include grasses, forbs, 
shrubs, and trees) and 2) using mechanical treatments such as 
terracing and adding fertilizers or soil amendments to improve 
the soil as a medium for plant growth. 

In open-)it mining, one of tho most important steps is re­
moving and storing the cveriy., g soil (overburden) so that it 
can be returned after mining, thus allowing )!ants to grow back. 
Special soil treatments and amendments may he required for 
successful establishment of a plant cover. 

In some cases open-pit mining will produce deep rock faces and 
surfaces that simply are not practical to revegetate. Then it is 
best to be content with the natural successional process, which 
will eventually restore some kind of plant cover to part of the 
area. If the moisture, temperature, and growing-season dura­
tion are adequate, natural ecological restoration may eventually 
be total, with few adverse environmental impacts when viewed 
in light of the value of mineral wealth extracted. 

Selecting and implementing these measures is a planning job in 
itself, but must be done at the time the exploitation plan is 
developed. If boxth plans are developed together, it may be 
possible to opt for extraction technologies that minimize the 
rehabilitation problem. If the planning is clone separately, a
 
prior mining-techrology decision may lock rehabilitation into
 
a very expensive alternative.
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Module 11
 

Cin 

Coping with Drought 



Drought is a constant threat in arid and semiarid rangelands. 
Losses from -angelands are high and in some years calamitous. 
During severe droughts more than one-fourth of the livestock 
may die; overall production is reduced still more. Immense 
hardship, suffering, and leath among the human population 
is common where drought results in famine, as has recently 
been the case in many parts of Africa. Besides other damage, 
droughts seriously interferc with development programs, nor­
mally because development programs don't take into account 
the fact that drought is a recurrinlg phenomenon. It is therefore 
surprising that drought has not figured more in the planning of 
rangeland development. 

Numerous definitions of drought were given by a working 
group of the World Meteorological Organization (1975), but 
none was considered universally acceptable. One of the 
definitions of a severe drought vividly described it as a period 
of months or years during which little raiun falls, "the country 
gets burnt up, grass and water disappear, crops become 
worthless, and sheep and cattle (lie." Other definitions have 
been expressed in complicated mathematical fiOrmul;s. Central 
to virtually all (lelinitions is the notion of a substantial reduc­
tion in the amount of rainfll and its distrilution throughout 
the growing season (raifiall effetivity). Effectivity of biological 
systems is a function of solar radiation, temperature, humidity, 
and wind. Due to the illfluence of solar radiation and tempera­
ture, effectivity of rainfall in (lie tropics is much lower than in 
temperate climates. It is also sharply reduced when individual 
rains are very low - in which case most of the water is nor­
mally lost to evaporation. 

From the standpoint of agriculturists and the pastoralists, 
drought is abnormal dryness that causes a pronounced decrease 
in crop and forage yield relative to what is expected in the 
average year. The decrease in Forage yield, for example, would 
be enough to increase animal mortality, reduce or stop animal,.. 
growth or cause wcight losses, and lower the rate of conception. 
These types of interactions between drought and agricultural 
production led Sandford (1978) to define drought as "a rainfll­
induced shortage of soie economic goods (e.g., livestock feed) 
brought about by inadequate or badly timed rainfall." Clearly 
what is implied by Sandford ard others is that drought must be 
judged in the terms of its effects or consequences (impact) as 
much as by its causes. This means that as ways are Found to 
ameliorate the effects of drought, drought per se will be less 
severe. 
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Rangelands vary markedly in drought susceptibility. Difflerences 
may be influenced by vegetation, topography, soils, and geol­
ogy, as well as by grazing practices. Furthermore, impact of
rainfall deficiencies will vary among animal species and mail­
agement practices. These are therefbre important considera­
tions inldeliing and coping with drought. 

Issues 
The central issue to be considered iii relation to drought is how 
to plan for reducing the risks, or minimizing the damage.Because droughts may aflect the whole society, this is an issue
that must concern governments, pastoralists. and the general 
public.
 

In approaching the problem, it is necessary to consider the basic
factors influencing drought. These include rainlll character­
istics, soils, vegetation, and animals and human elements that
influence the impact that rainfll may have on the pastoral
 
systems.
 

Rainfall Characteristics Influencing Drought 
Fie severity of (frought is a finction of amount of' rainfhll


actually infiltrating tile soil. Total rainflll in most cases is
 
a good index fbr infiltration ahlhough fir fiom accurate, as

explained later. Very light raitn may evaporate without affecting
 
plat growth. Niore seriously, high-inlensily showers, quitecomm111on in arid an(d seli rid rangelads,of'en result mainly in 
ruloff. (eograph1ical (list r-ibutio oF rai til is also critical.
When rainfiilI is sirongly influnced Iby convection (vertical air
movement) (fie to siurlfice healing (as ill arid and semiarid
 
regions), iltenlds even 
in normnal years to he irregular and 
spotty. )uring severe droughts raitialItl is deficient over rela­
tively large areas and is less affected 1y local f'eattires. )uring
less severe droughts, however, rainlifll maIy vary Considerably 
within tile area affected Idrought. The persistence of tiledrought-producing features ("meteorological abnormalities")determine the duration of drought, which may be several years. 

It is, as Sandford (1978) points out, most important to know the
fiequency and severity with which drought is likely to occur.
This amounts to an estimate of the likelihood of a drought of' 
a certain magnitude occurring during any particular year. The
main value of such a calculation would be to give an indication 
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of the kinds of preparations that could logically be made to 
reduce the impact of drought, and to some degree justify the 
standby costs that would be required. Data for this comparison 
are often not available. 

Soils and Drought 
Soils vary greatly in the rate at which they will absorb rainfall. 
For example, heavy clay soils will absorb water at much slower 
rates than will sandy soils. Water-holding capacity, however, is 
higher in the clay soils, but a smaller percentage of the water is 
available to plants. Clay soil surfaces are easily sealed by.rain­
drop erosion, and compaction by animals can flrther reduce 
infiltration rates. This is not the case in sandy soils. 

Depth of soil also strongly influences how much water will be 
absorbed. Slope of the soil surface is of particular importance
because it influences xth runoff and erosion. 

Vegetation and Animal Responses to 
Drought
 

The composition and structure of the vegetation may influence 
the degree of drought damage to the vegetation and the 
associated animals. For example, mixed types of' shrubs and 
grasses are likely to withstand dhy conditions better than more 
uniform grassland types. This is because the root penetration 
among the grasses and shrubs varies, and so there is less 
compelition for the same moisttire, and many shrubs stay green
.duringthe dry season. Partial shading by the shrubs may also 
improve the microclimaie for tile shorter grass and 1orb species. 

Further, in a mixture of vegetation species, the less palatable 
species can serve as a buffer against starvation - the animals 
will graze the most palatable species first, saving the other 
species for later in the drought. I"this is combined with an 
appropriate stocking rate, it is possible to achieve uniforim 
productioii of animal products even with wide fluctuations in 
rainfall. For example, in Australia a range with Ia combination 
of bluebush (Koclhlo) and an anial (Slipa) has given imnifoilrm 
wool production even though the average rainiall is but 200 
111111 per year. Vhen it rains, the Sin grows and the sheep live 
on it. When it doesn't rain, the sheep live on the bLubush. But 
this is possible because the stocking rate is controlled at about 
15 ewes and their lambs per square mile. With heavier stocking, 
the bluebush would not persist. 
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As drought intensifies, the food requirements of individual 
animals and their ability to meet those requirements become 
increasingly critical. Their requirements may be influenced by
size, physiological state, activity, and other flictors; ability 
to meet these may depend on how often the animals need 
water, their ability to travel, their range of acceptable diet 
(especially their ability to eat coarse material of low nutritional 
value), their ability to select what little quality feed might be 
available, as well as a tolerance of the environmental stresses 
associated with drought, such as high temperatures. Some 
animal species survive drought much better than others; among
the best survivors are camels and goats, along with various wild 
ungulates. For further details on these relationships and the 
related management issues that are basic to coping with 
drought, see Child et al. (1984). 

The impact of drought is greatly influenced by human activi­
ties. Indigenous people have over the centuries developed
practices that have furthered their survival. Keeping a pre­
dominance of female animals for milking and quick rebuilding
of the herd following drought are common practices. Having as 
many animals as the family can care for has also been consid­
ered important to assure that at least a nucleus would survive 
a drought. 'fhe practice of keeping a variety of species with 
different capacities fur drought survival is also a form of insur­
ance against total loss. Lending animals to other herders im­
proves the likelihood that all the animals will not be equally
stressed by drought. And of course, mobility continues to be 
one of the most important means for reducing the iml)act of 
drought. 

Planning a Strategy To Cope
with Drought b 
Recent increases in human and animal populations threaten 
what balance may have prevailed under less intensive condi­
tions, increasing the environmental stress associated with 
drought. At the same time, the infrastructure, marketing, sup­
plementary feeds, and other features necessary for manage­
ment are generally not adequate. Serious problems can arise 
from this combination of' factors. For example, people in more 
remote areas are often dependent on some form of drought
relief (food, supplies, etc.) until their crops can produce again.
But when the rains finally come there is increased runoff and 
flooding because large areas of bare ground have been left by 
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the drought. This flooding damages or interferes with the 
transportation systems providing the people with emergency 
supplies. 

Tile best strategy for coping with severe drought is learning 
how to cope with less severe, more regional droughts, which are 
less spectacular but more frequent. Because the small droughts 
are more numerous, their economic consequences are as im­
portant, possibly more so, than those of the extreme droughts. 
Further, something can be done to reduce the impact of smaller 
droughts, whereas the severe droughts demand relief actions 
more than anything else. 

A strategy Fbr coping with drought should include taking 
advantage of good years to meet the problems of poor years. 
The particular aspects that relate to rainflall-deficient years 
should therefore fit into and be an integral part of the overall 
range-development plan. However, during severe droughts that 
may extend beyond the rangelands, mobilization at top levels 
for coordination of international assistance would be essential. 

Climate and Drought 
Within each climatic region, an estimate should be made of the 
probability with which droughts of various intensities might be 
expected to occur and what the associated consequences would 
be within the various ecological regions of the country. Identi­
fication of zones of distinct rainfall patterns and their different 
susceptibilities to drought is essential. Tlrough this information 
the more critical zones will be known and comtlenlentary rela­
tionshi)s can be identified. Some of the approacles that would 
have relevance are described in the World Meteorological Or­
ganization (WMO) technical note (1975), and in the Proceedings 
of the Symposium on Drought in Botswana (1978). The agrocli­
matological studies carried out by l'AO and WMO in'the Near 
East, West Africa, and East Africa are also helpful. 

Predicting Drought 
Although much effort has gone into studies to try to learn how 
to predict droughts, no satisfhctory method has been found. 
Atmospheric circulation patterns associated with drought are 
understood, but they cannot as yet be anticipated. Some 
progress, however, has been made in making Forecasts up to 
30 days, and these have some limited utility. 
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Early Warning 
The advent of drought requires immediate action to reduce thedemand for animal feed (by moving or reducing animalnumbers) and to find other sources of feed. An early responsepermits a more gradual transition and reduces the level of thecrisis compared to that which occurs when action is delayed
until (he full trce of the drought is it. 

The possibility of early warning rests on the fact that rainfalland forage growth follow somewhat regular patterns. Anymarked departure during the early part of the pattern makes itmore likely that the pattern as a whole will be altected. Forexample, suppose that in a given area rainfall normally occursduring May,.june, andl July with average amounts of 150 mam,200 nm, and 90 n1n, respectively. If in a paricular year rainfallin June amounts to only 50 mim, tile likelihood of achieving the440-mm norm is significantly reduced. If by the midlle of Juneonly 50 mm more fiall, the likelihood of a significant shortfall isFurther increased. When combined with observations on theavailable forage, the validity of' tlhis approach is further in­creased. Ifthe deficiency in rainfall was widespread, a sub­stantial seasonal sllorag, could be anticipated. 

If the data required for the early warning were used only to:mticipate drought, galhering it might be too expensive relativeto the benefits. Hoeover, knowing tile state of range produc­tiot is essential fo iiianl agemen t during all years, good or bad.In fac, the best possibilities of improving tine range and opti­
inizing lprocllion may occur only during the more favorable years. Therefore the goodl years shoulcl also be anticipated asearly as possible in order to take maximum advantage of them. 

An early-warning system requires an adequate network for data 
,gathering and sufficiem lotg-term observations so that estimates el vartability can be obtained. The network may poseproblems of cost where there is a high rainfall variability be­cause the greater the variability the more observation pointsare necessary. Nevertheless, such a system provides a rationalapproach to both grazing nmanagement and coping with
drought. For furtler discussion of infbrmation gathering
and use, reir to the papers by L.ee (1978) and Wily (1978).
 

Remote-sensing data from satellites can show raint '1l distribu­tion and vegetative cover. If correlated properly with ground
data, this method could vastly increase the area sampled andwoukl be much cheaper than full ground sampling. Indeed, this 
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is a case where the most advanced technology is the one that 
can do the job properly. 

Irrespective of methodoiogy, appropriate action, based onresults from an early-warning system, must be taken promptly.
One of the first steps would e to inform pastoralists,
governments, and others concerned. As drought intensifies,both the movements of animals and fieed, and the need formarketing and slaughter increase. As conditions worsen, furthernutritional surveillance of the afectcd i man population
would be desirable in order to use the food available in tilemost effective ma nner, e.g., to help the most vulnerable part ofthe population (Kreysler, 1978). 

The importance of contingency planning for severe droughts is a clear but often unfulfilled need (Wily, 1978). Wily reviewsin some detail the efforts that have been made in Botswana todevelop an appropriate organization to cope with the drought
problem. 

Balancing Animal Requirements

and Forage Supplies
 
Finding a balance between forage and animals that will achieve
production goals and e economically feasible is a complex

endeavor, com plicated by enormous spatial, seasonal, and
 
annual variations in forage l,-oduction.
 

Variations in resource availability from one place to another
 may be the easiest to cope widh. A good assessmenl of the basic
 
resources will show the important variations in cover, com­position, susceptibility to drought, water distribution, etc.,
throughout the year. Having infbrmation on the cover will
make it possible to classify' and group similar ecological types 
and to estimate forage podluctivitv from year to year. Addi­tionally, this infbrmaiion is neede(i for determining andmanaging the most suitable combination of animal species
(Child et al., 1984). Very few critical studies of diverse animalspecies have been done to develop criteria fbr deciding on tiebest combination. Nor is the importance of, diversity of' plantspecies in the diet fully understood or appreciated. 

The key to dealing with seasonal variation in forage availability
is to have enough leed to get through the dry season. Amongpastoralists, the most common solution is migration or trans­humance to find fresh grazing. Where moving the animals is 

163
 



not possible, controlling grazing during the rainy season to 
carry forage into. the dry season is recommended. This practice 
also helps to prevent overgrazing during the growing season. 

Browse species are grazed mostly during the dry season. A 
good seasonal balance can be achieved if these species are 
properly managed. Browse is also extremely useful during 
droughts, as are other species that are not acceptable to the 
animals except when they are under stress. 

Migratory and transhumant movement may have prevented 
excessive stress on the animals because there were smaller 
numbers of animals and more range area. It has become more 
important, even in subsistence systems, to reduce animal 
requirements before the dry season. Where rangelands are 
used year-round, animal requirements are commonly reduced 
by allowing lactating females to go dry (e.g., weaning), rationing 
feed according to critical needs, and culling and selling surplus 
animals. A principle often applied by commercial ranchers is to 
structure the herd so as to permit a shar) reduction in feed 
demand even during the growing season, and to keep animals 
that can endure for a considerable period on rations at or 
below maintenance requirements. This is essentially what 
cow-calf operations do in the western United States (but they 
can do it only because there is a market fOr weaned calves). 

Many times the stocking rate is simply too high - excessive 
weight losses occur during the dry season and poor repro­
duction is the rule during normal years. Under these conditions 
even droughts that would otherwise be considered mild may 
have disastrous results. Remember, coping with drought mainly 
involves developing a system of management that includes 
drought as a variable. 

Planning to achieve a balance between livestock requirements 
cannot be done without adequate information, such as: 

I. 	A good description of climate and weather variations. To 
the extent possible, data and maps should be related to the 
ecologic assessment in point 2. 

2. 	 Distribution of the principle types of vegetation with a good 
description of their composition - especially as to edible 
shrubs and grasses; information on soils relative to rainfall­
infiltration characteristics and fertility would also be val­
uable. This would help in determining the drought suscepti­
bility of areas, their suitability For various species, and 
possibilities for intensive improvements (such as seeding of 
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browse or improved grass species for haymaking, etc.). In 
some places, areas for making hay of native species might 
be found. 

3. 	 Distribution and numbers of animal species - domestic and 
wild - related to the vegetation type as much as possible.
This is essential to estimate how appropriate the composi­
tion of animal species is to the environment (particularly in 
regard to nutrition).

4. 	 A description of seasonal forage use - specifically an in­
ventory of the amount and kind of forage available at the 
end of the growing season. Monitoring of forage use should 
be an ongoing process and be combined with the monitor­
ing recommended for early warning of drought. In each 
case, the monitoring units should report information based 
on the principal vegetation types.

5. 	 An assessment of the production systems to identify those 
characteristics that respond in a positive or negative way
relative to drought. This should include types of' produc­
tion, seliinjr practices, movement of' herds, etc. This kind of 
information is crucial bectUse it identifies where 
adjustments should be made. 

6. 	 Identification of the most feasible ways of reducing the 
amount of forage required to support the herd before the' 
dry season and as SOOfl Is drought appears probable. Orly if 
regular and appropriat,: reductions are made in relation to 
the dry season can ther,' be real prospects of getting action 
to meet drought threais. SAes, culling, weaning, and cessa­
tion of milking are some of the alternat-ves. 

7. 	 Identification of ways and means to increase feed supply
during dry seasons and during drought. A broad, diversi­
fied approach is needed here. No single solution is going to 
meet the needs. Some of the possibilities that should be 
considered are creating grazing reserves; planting shrubs, 
or other plants suitable during the dry period; establishing
small irrigation schemes, water-spreading areas, etc., within 
the range area specifically to provide reserves as in the 
form of hay; and integrating livestock with crop farming to 
encourage the sale of young stock to farmers for growing to 
market size. 

8. 	 Assessment of the adequacy of the marketing system and 
the infr'astructure to fhcilitate the action required.
Adequacy of slaughterhouses and storage is particularly
important where large numbers of animals are coming to 
market in a short time. 

9. 	 Identification of the practices of pastoralists that help to 
reduce drought risks for the community as a whole and 
where practical, incorporation of them into the plan. 
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10. 	 Assessment of tile existing government policies and 
institutions fiom tile standpoint of their capacity to 
effectively carry out a range program that can cope with the 
normal dry season and drought of various intensities. 

1I. 	 Determination of what alditional policy, stru:titlre, 
Coordinltion, ec., are needed to reduce losses of animals 
and people and to use initena(ioal or other aidl most 
effectively during severe droughts. Existing policies that 
lead toward tile attainnient of long-term goals should not be 
albandone(l in the urgelcy of a sC'CrC drought. This is 
Perhaps iore of pPolitical than teitechnical Iask, iut it 
should not lbe overlooked. 

12. 	 Caution when deliberately expanding liveslock numbers
 
and cultivation in years of abliundalln railillll - natural
 
increases will likely occur anyway.
 

Drought is part of li environment. Its effrcts oil the ilnge 
resources caillol be realistically separated i'roni other consid­
erations that involve mnilageineiit of' those rangelanlds. Nor can 
rallge tanagenient or rallge deveh)l)ment have miuch signifi­
cance unliless coping wih drought is anl integral oniiolenl, 
Planning to lessen drought elc'ts mnust be done within tihe 
context of overall range developineit. Any olhelr approach will 
aSStiL'e tile I) e lll)ii oftiM the caltrslol))es wit nessed during 
recent eri1s 
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In developing countries there are few institutional organ­
izations responsible for meeting the needs of rangeland devel­
opment and management. This is in large part due to the 
complexity of rangelands, lack of appreciation of their 
importance, and lack of staff trained in range management. As 
a result, there are still gross inadequacies in the institutional 
framework in most countries - programs have been developed 
in a piecemeal manner, often focusing on individual parts 
rather than the whole rangeland system. In order to improve 
programs and make them more coherent, much more attention 
must be given to creating the essential institutional framework. 

On the positive side, the problems and needs of rangelands and 
their peoples, along with national needs, are now understood 
much better. Furthermore, an increasing number of trained 
staff are becoming available. 

The first step is to formulate an appropriate government 
policy. This may at first be primarily a statement of objectives 
and guiding principles in relation to rangelands. Most especially 
there is the simple need to recognize the imlortance of range­
lands and express the intention to develop programs. With the 
accumulation of experience, the policy issue may become 
progressively more specific. At whatever stage, policy needs to 
be formulated with great care. 

Policy cannot be implemented without the authority and defini­
tion of responsibility provided by legal regulations. On the face 
of it, setting up such regulations might seem relatively simple. 
However, complications arise because of the way and the order 
in which agrarian institutions have developed. Overlapping 
responsibilities and divided authority are common. Effective 
range organization may require modifying existing regulations 
as well as creating new ones. Also, responsibilities shared 
among institutions will need to be carefully defined. 

Issues 
Rangeland policy, regulations, and institutions set program 
direction and establish authority and responsibility for 
formulating and executing programs and projects. Together 
these elements constitute the framework for rangeland 
conservation and development. 

Too often the institutional framework does not provide 
authority and scope appropriate to the problems to be coped 
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with. An example of' the interrelationships that must beaddressed: A policy of grazing control is useless unless it can beenforced; it cannot be enforced unless the pastoralists support
and participate in the cilnfrcement; that is not likely to happenunless they know very well the advantages of such control; and
this would depend on a technical staff' to do research, training,and denonstration. Such interconnections are so common thatit is probably fair to say that few institutions have to deal with as wide a range of' issues as do range institutions. Further,
these issues depend strongly on the active cooperation of thepeople, so that fiw of' them can e resolved neatly in a labora­
tory or through edict. Some of those issues are described in this 
section. 

In developing countries, the population is growing at a high

rate - particularly in Africa south of the Sahara, where it
exceeds 3%. Gno%;r
i in urban communities is even more
extreme ­ 5% and more in many places. Rapid changes must
be made in production if' it is to support this exponential
 
population growth.
 

On rangelands the need to get more from the land causes an
increase in the numl er of aiinials and a shift toward crop
cultivation. On these lands heavy stocking leads to a reduction

in forage and browse plants, and in time proluces a lessdiesirable cover. Th efflective use off ainfill is also impaired
and sensitivity to drought is inc'eased. Crop cultivation on the
better range areas puts ulirthc pressure on the remaining

range. Where the land being cuthivated is too marginal for
cotntious (lopping, the el'fect is even more negative. 

In view of the inherem limitations of' ranigelands and the

existing stresses, the key questiun becomes: 
 How can they
contribute more ­ or in a more efTfcive manner? Clearly, this
 may involve substantial changes in the existing )roduction

systems, much 
more integration and stratification of' produc­tion, better marketing, research information, etc. Because there
is no time to lose, strong range policies and effective institu­
tions are needed. 

Another issue that needs institutional support and systematicattention is research. Research would allow planners to know
with some precision what is happening to rangelands now.Despite clear evidence that range rioductivity has sharply
decreased and composition of' the cover changed through
overgrazing in many parts of' the world, questions remain aboutwhat happens in other places. For example, serious doubts have
been raised about whethcr or not significant reductions in 
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range productivity and conditions have occurred in some parts 
of Africa after years of heavy grazing. As long as the question is 
unresolved, control of grazing will be difficult tojustify, and 
policy dealing with control will waver. 

Similarly, it is frequently said that subsistence production is as 
efficient as and can support as many or more people as can 
modern production systems. If this is true, wily is it? Is it due to 
the greater use of milk, the combination of animal species, or 
what? This is a complex and critically important problem that 
may strongly influence development directions and therefore 
needs serious study in) the near future. 

The feeling that pastoralists are excellent stockmen, while no 
doubt largely true, may have inhibited critical studies to find 
out how well their systems actually work in the current situation 
and how they could be improved. Clearly, many issues can only 
be resolved by an adequate research organization, oriented to 
the solution of' critical probleis that have strong policy 
implications. 

Products available from rangelands have generally been 
thought of its solely domestic livestock products. The 
importance of' other "products" such as warer, wildlife, 
recreation, and forestry have often been ignored. Also the 
concept of range its a system and the advantages of muUltiple use 
have been largely ignored. This has been reflected in insti­
tutional structures - which have given undue weight to such 
ancillary activities as animal health, Water development, 
marketing, etc. This orientation has delayed development of 
a more appropriawe organization. Moving toward a more 
system-oriented organization may require policy changes and 
reorientation of' existing institutions. 

All semiarid and arid regions are plagued by periodic droughts. 
Not infrequently they occur several years in a row. In addition 
to causing livestock losses and human deaths, droughts increase 
poverty, force migrations, create refugees, and generally dis­
organize the life of' families and communities. By causing 
a temporary reduction of stock on range areas, dIought may 
provide some opportunity for range recovery, but at a frightful 
cost. Drought cannot be foreseen or avoided. Its impact, how­
ever, can be reduced substantially if appropriale measures (as 
outlined in module 11) are taken. 

Pastoral people in many developing countries have within the 
last few decades been subjected to it lot of' changes over which 
they have had little or no control. Among those changes: 
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reduction in the range area available to them, increasing size ofthe human and animal population, water developments, re­duced primary productivity, fixed prices, and occasional tech­nical assistance. They cannot cope well with these types ofchange, either individually or through their traditionalorganizations. Governments would like pastoralists to contribute more to the common welfare, and want to bring them intoactive participation in the socioeconomic aspect of national life.At the same time, there has been a reluctance to involve pas­toralists much in decisions that affect themn. 

It is apparent that clear policy decisions must be made and
institutions built so that pastoralists can 
be prepared to dealbetter with their own problems through training, participationin planning, etc., and to make modifications in their production
for the common good. 

Program and Project Development
Planning 
The issues identified in the previous section relate to thefunctions of range institutions, as well as to the responsibilitiesthey must assume. The functions are briefly set out below. 

Represent the needs of rangelands and the people dependenton them. This function is important to the general public aswell as to the government as a whole. Too often rangelands andtheir people are ignored even though they are important to the 
country. 

Defime a national strategy for rangeland development. Thevalue of individual projects is severely limited unless they fit
into an overall strategy. This is not to minimize the importance
of individual projects especially as- means for developing

methods that work. But a strategy should fit the individual
efforts into a larger picture, and help to establish priorities.
This is especially true of range development because of thehuge areas involved and the complex interrelationships. 

Provide for the participation of pastoral people in the planningand implementation of pastoral development at all levels. Evenif governments had the resources, they could not do what needsto be done without participation by the pastoral people in­volved. This participation should include training pastoralists
and designing range programs that blend in with traditional 
land-management practices. 
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Provide the continuity essential in range development, through 
long-term programs and projects and monitoring, to identify 
changes needed. Lack of continuity is no doubt one of the main 
reasons for poor results from range projects. 

Establish the standards and coordination needed for an 
effective national range management program. Isolated and 
disconnected efforts are costly and not very effective. This 
applies especially to resource assessment, education and 
training, research and extension, and the formulation and 
execution of all projects. 

Identify management units for development activities. This 
must take into account such diverse considerations as natural 
affinities among the peoples involved, migratory routes, land 
area, ecology, water, infrastructure, and socioeconomic factors. 

To carry out the above functions a clear desigtration of 
responsibility for rangeland management is needed. Such 
responsibility cannot be diffused over several agencies. 
Cooperative arrangements may be acceptable and necessary, 
but one agency should clearly have major responsibility and 
authority. This is consistent witl the view that rangelands must 
be conceived of as total ecosystems with diverse interacting 
components, which need to be managed as a whole. Most of 
these components are withii particular ecosystems (such as 
vegetation, livestock, etc.) while others (such as marketing) may 
be partly or entirely external. 

By ensuring that an institution assumes the responsibilities 
outlined above, it should be possible to put an end to divisions 
of authority and piecemeal approaches. Such activities as water 
development, animal health, animal breeding, infrastructure 
development, and marketing all relate closely to management 
of the rangelands and the welfare of its users and as such 
should be closely integrated with institutions responsible for 
range management. 

In order to outline in some detail the kinds of activities that will 
need to be undertaken by the range institutions and to assign 
priorities, certain types of information must be compiled. The 
methods are briefly discussed here. 

Describe and assess the general features and importance of the 
range area. Include size, diversity, environmental conditions, 
types of vegetation, animal and human populations, and trends. 
The contribution to the national economy and to aesthetic 
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values should also be assessed to the extent possible, as shouldthe economic structure (monetary and nonmonetary) and
marketing-system demands. 

In Somalia, rangeland constitutes nearly two-thirds of the land area, with rainfall varying significantly from north to south.Nomads coniprise 60% of the population and own about 90%of the livestock. Sale of their livestock is by far the major sourceof export earnings. These figures, cited by way of example,clearly justify the effort the Somali government has made indeveloping appro)riate range policies and institutions. 

Describe and assess the common pastoral production systems.Is the land owned or controlled by tile stale, by the pastoralists,
or by some combination? Who owns and controls the livestock?What are the types of production practiced nomadic, semi­-
nomadic, transhumant, settled, subsistence, commercial, mixed,etc.? How aire these distributed geographically? The answers tothese questions will, to a large extent, determine orientationand broad priorities. The answers might also influence whetherthe institutions created are centralized or decentralized. Forexample, nomadic pastoralisis are more difficult to reach than
sedentary or iranshumiant pa;storalists. A more decentralized
 
type of institution concentrating on 
regions might therefore bebetter suited for nomads than for oiher types of'pastoralists. 

Assess production potential. Indexes of production such asbirth rate, weaning rate, rate of growth, offiake, age at maturityor at time of sale, and carcass weights are not always available,but the collection of' (lata along these lines relating to game
animals should be considered. These types of data are valuable
because they indicate the margin for improvement.
 

Assess the condition of the rangeland. A prime objective inrange management is to maintain or improve the condition of
the range resources. An titiderstanding of the condition of
specific areas is essential in the development of management

plans that meet long-term needs.
 

Identify the main technical linkages of the range institution.Many interdependencies and complementary relationships exist among specialized institutions. In the case of range institutions,some of the closely related activities for which other institutions
mip~ht be responsible are Forage crops, animal feeding, cropproduction (important For residues and by-products), and ruralsettlements. These relationships should, as much as possible, beidentified early on to facilitate collaboration. 
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Assess and evaluate principle economic factors influencing
demand (e.g., internal and export requirements, degree of 
commercialization, monetary influences, subsidies, price 
controls). 

Rangeland Institutions 
Since the function of an institution is to carry out a program,
the program should be designed before the institution is 
created. In other words, successful institution-building requires
knowledge of what needs to be done and what has priority. 
Priority is determined by the importance of an activity and its 
feasibility at that time. Feasibility may be influenced by avail­
ability of staff, the order in which things best follow each other, 
etc. For example, an extensive assessnent of range condition 
would likely be necessary before concentrated research is done. 
Monitoring a result from a finished project may deserve higher 
priority than starting a new priject if both things cannot be 
done. 

Central to program development is a problem analysis to bring
into focus the problemis of range production and conservaion 
characteristic of the country. This analysis should include 
considerations of climate, vegetation, people, practices, and 
their important variations - a sort of status report. It should 
also include econonic aspects such as measures of productivity, 
export earnings, and employment. Social aspects may be 
significant in problem assessment - especially social organiza­
tion, income distribution, health and other services, and laimily 
organization. 

Descriptions of production )ictices are especially important
because this is the area in which a range program can make its 
major impact. These descriptions should include, besides 
a description of the productiol system, such details as grazing 
practices, animal mnanagement, water distribution, etc. What are 
the effects of the practices on the resource and oin prdluctivity?
Are they sustainable? How are other range activities carried out 
(e.g., forestry, gai e production, and recreation)? 

Another common l)roblein is the lack of critical information. 
Identifying information gaps tiay be most important in 
planning the first phases of range programs. Gaps are 
commonly found in statistical data, inventory data, and 
production indexes. 
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The problem analysis for institution building must also include 
an analysis of existing government services. Aspects that should 
be covered in this analysis include a description of all agencies
that have responsibilities in the rangeland area, their organiza­
tion and overlap, efficiency in using resources, and major defi­
ciencies from the standpoint of rangeland development. 

Closely linked to the above is an assessment of local experts in
range-related areas in government, universities, other insti­
tutions, and private endeavors. While the inventory of human 
resources is intended to identify people who might contribute 
to a new range program, it will also uncover areas where ex­
pertise and training are lacking. This is an important problem,
and work on it should begin rather quickly. Even though insti­
tution-building should proceed from conceptions of problems
to programs to be executed, this does not mean that no action 
can be taken until all the desired infbrmation is analyzed. Some 
immediate needs can be ascertained, especially in the problem
analysis. For example, often the number of people with range
management training is obviously insufficient. In other cases, it 
may be evident that knowledge of the resources is inadequate. 

Once a rangeland-development program has been fbrmulated,
it is possible to decide the scope to be covered by the institu­
ton, its primary functians, and indeed its maijor areas of work. 
The outline given here contains some of the institutional re­
sponsibilities and functions that might be defined. 

1. Scope 
a. 	 Area 
b. 	 Components to be managed (grazing land, forest, 

wildlife, etc.) 
c. 	 Interrelationships with other land users 

2. Primary functions and lines of work 
a. 	 Planning range strategy and development at national 

and regional levels 
b. 	 Establishing policy and regulations 
c. 	 Formulating programs
d. 	 Providing a voice for pastoralists 
e. 	 Formulating requests and coordinating foreign 

technical assistance
 
. Coordinating with other agencies
 

g. 	 Formulating, coordinating, and executing projects
h. 	 Providing information and education for the public

and pastoralists 
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i. 	 Developing technical expertise through on-the-job 
training 

j. 	 Carrying out resource assessment 
k 	 Monitoring effects of activities and other influences, 

such as weather 
I. 	 Researching key problems 
m. 	Training - formal and informal 
n. 	 Organizing pastoralists 
o. 	 Promoting controlled grazing 
p. 	 Setting up demonstration centers 
q. 	 Developing drought defense 
r. 	 Communicating with pastoralists by radio, or other 

means, to improve management, health, etc. 

In order to better visualize the best way for the institutional 
framework to develop, some priority should be assigned to the 
above. After priorities have been assigned, the type of organi­
zation needed should be defined. 

A word about priorities in institution-building. Most institutions 
start out small and relatively weak. One of the worst mistakes is 
to spread the limited resources too thin. Effort should be di­
rected where it will count in terms of concrete accomplishments. 
An important priority is the effective use of technical assistance 
from donor agencies. Another is building up technical compe­
tence (including competence in planning) and establishing effec­
tive two-way communication with pastoralists. 
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Module 13
 

Training and Education 



The term "range management" is new to many peoples of the 
world and is difficult to translate into some languages. Not 
surprisingly then, there is neither provision for range manage­
ment in the curricula of univeisities in most developing 
countries, nor any place to train instructors in range manage­
ment for the local universities. Often people with backgrounds 
in veterinary medicine or agronomy occupy decision-making 
positions and fail to recognize the role that range management 
plays in livestock production. 

Since range technicians are scarce in developing countries. 
training has often included range management projects. Such 
training is necessary for the benefits of the project to continue 
after the project ends. A cadre of trained personnel must be in 
place when the project terminates if long-range goals are to be 
met. In many cases, selection of participants for the training 
phase needs to begin before actual project implementation so 
that the trainees have time after they are trained to work on 
the project with their counterparts. This will enable them to 
perform their duties when the project ends. 

The record of establishing range management schools and 
departments in universities in developing countries is spotty. In 
some cases the programs were established with the assistance of 
range educators from the United States. Potential instructors 
were educated in the United States with the understanding that 
they would return to teach in the fledgling range management 
program at their university. The university would, in turn, train 
technicians for a variety of positions in thwir country. Even­
tually, it was hoped, some of these universities might develop 
graduate programs to train and educate instructors to teach at 
the universities. Thus, the need for training in the United 
States would be greatly reduced. However, many of these goals 
have not been realized. In some cases econonic incentives are 
not sufficient to attract and keep qualified personnel in the 
universities. They have been attracted to other positions and 
often to other countries. For example, there are many well­
trained range graduates in Nigeria with M.S. and Ph.D. degrees 
from U.S. universities. Yet it is difficult to attract these to teach 
range management at the Livestock Training School in Kaduna 
(a branch of Ahmadu Bello University at Zaria). 

Issues 
Education and training are the key ingredients for the con­
tinuation of project objectives beyond the life of tIe project 
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In some developing countries training is needed at all levels
(doctoral, masters, bachelors, and associate) to accomplish range
management goals. Shortcourse training is also needed for
administrators of range science programs who are not trained 
range managers or scientists. For example, surveys indicate thatby 1988 there will be a need for 188 certificate-holders, 53 with
diplomas, 80 with B.S. degrees, and 12 with M.S. degrees in theMinistry of Agriculture in Kenya. For the Ministry of Agri­
culture, other ministries, and commercial concerns, the total
requirements would be for 279 persons. This represents an

increase of 159 over those in these positions in 1977.
 

In other countries demand For range-trained personnel is not 
so great because no range management agency exists in thegovernment. Even so, range training is still useful for other 
government positions that are responsible for arid and semiarid 
rangelands. 

Initial attempts to improve range management practices in
developing countries have repeatedly met with difficulties. This was due in large part to the shortage of qualified range
management personnel and the problems that available
specialists have had in involving pastoralists in decision-making 
processes. 

Range-development projects should not be attempted withoutsubstantial host-country participation. Outside advisers are not
likely to understand the inner workings of another society to

the extent that it is understood by local technicians. The
objective is to provide these technicians with the best training

possible, allowing them to make technical adjustments to fit

cultural needs. This will help developing countries to become

self-sufficient in their range-improvenient effbrts.
 

Students coming to the United States often receive some
orientation to enable them to adtjust to the U.S. educationsystem and to understanl some of the social customs, etc. Often
it is advisable for students to take a somewhat reduced load
during the first quarter or semester to allow them to become
comfortable with the U.S. university system. Many U.S. rangeschools have a rather large contingent of international students.
It is easier for other international students to become adjustedin these situations than in those where there are few other 
international students. 

There is, however, no orientation for students returning to
their home countries after university training in the United
States. In some cases this transition may create a greater stress 
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on the students than that imposed when they came to the 
United States. Some students attempt to remain in the United 
States or postpone their return home. Perhaps the projects 
could provide some orientation and incentives for the students 
to return home and to the project. 

On-the-job training whereby the foreign "expert" works with his 
counterpart in the field may be useful in many cases. It pro­
vides for close contact and personal supervision and is probably 
best suited for people with specific tasks like laboratory or field 
technicians. On-the-job training is not suited For the develop­
ment of a broad background in range management. However, 
it can be used as an adjunct fbir other types of training: On-the­
job training can be successful and highly productive if it is care­
fully planned and carried out. 

Guidelines for Broad Program­
development Planning 
The level of training for a specific project may range from 
courses lasting less than a year to multiyear, advanced graduate 
degrees. Training programs may be in-country or out-of­
country. The advantages of' in-country training are 1)more 
relevant examples are close by and 2) the training is more cost 
effective. It is usually less expensive to bring in experts from 
other countries than to transport many trainees to another 
country. However, the Foreign e:xpert will not be as familiar 
with the country and will likely require local guidance for field 
trips, etc. But until local experts assume ffull training respon­
sibilities this may be the best method. 

Another difficulty with in-country training is the lack of train­
ing sites and facilities. Suitable production-system-demon­
stration sites or research stations and well-managed ranches are 
seldom available within a few days' travel time. There are few 
continuing programs in riange management in developing 
countries. Instructors will probably need to be brought in for 
shortcourses or training programs. The problem here is that 
potential teachers often have insufficient language skills, and 
the use of interpreters lessens the effectiveness of the 
presentation. 

There are few shortcourses in the United States tailored 
specifically for international students and trainees in range 
management. USAID sponsors several courses each summer 
related to a number of natural resource and agricultural areas. 
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The only one specifically dealing with range management
is conducted jointly between New Mexico State University
(6 weeks) and the University of Arizona (3 weeks). These 
courses are offered in English and some carry university credit. 
Most of the participants are already in the United States on 
study programs. However, these courses are also offered to
trainees coming directly from their home country. In most 
instances these courses are designed to give a general
background and are not designed for a specific topic. 

Guidelines for Program/Project

Development and Design
 
Identify qualified, available personnel in the country. The key
word here is available. A few countries may have trained 
personnel, but they may be locked into some other project 
or ministry. 

Select trainees carefully. It is important that the trainees have 
the necessary background and interest in the type of work
projected. Range work is often in remote areas where modern
facilities are limited. Often training in the United States or 
arnother developed country may e highly desirable, but the
routine work on the job is less attractive. There are many
examples where trainees, after rcceiving expensive training, did 
not prove effective on the project because of lack of interest,
motivation, etc. Often a degree from a U.S. university is used to
gain political advantage for the recipient, but not to benefit the 
project. 

Select a level of training appropriate to the project. Some 
projects may need intensive training in specific skills, while 
others may require a broad, general background. There is little 
need for degree training for someone working in certain types
of extension programs. 

University Training 
Most university programs are offered at U.S. universities. How­
ever, there are now a few universities in other countries that 
offer a B.S. degree. Examples of these: 

0 University of Nairobi, Nairobi, Kenya 

188 



0 Hassan II Institute of Agronomy and Veterinary Medicine, 
Rabat, Morocco 

* University of Ceara, Fortelaza, Brazil 
* University of Queensland, Brisbane, Australia 
* University of Adelaide, Adelaide, Australia 
* University of Chihuahua, Chihuahua, Mexico 
* Monterrey Technological institute, Monterrey, Mexico 
* Antonio Norro University, Saltillo, Mexico 

In the United States, range management curricula are in 
English. The following list (current as of July 19, 1984) gives the 
mailing addresses of universities in the United States that have 
range programs and are active in the Range Science Education 
Council. However, only a few offer an accredited degree in 
range science. 

Arizona 

Division of Agriculture 

Arizona State University 

Tempe, AZ 85287
 

School of Forestry 

Northern Arizona University 

Flagstaff, AZ 86001 


School of Renewable Natural 
Resources 

University of Arizona 
Tucson, AZ 85721 

California 

Department of Animal Science 
California State Polytechnic 

College 
San Luis Obispo, CA 93401 

Department of Plant Sciences 
California State University 
Chico, CA 95926 

College of Natural Resources 
Humboldt State University 
Arcata, CA 95521 
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College of Forestry and Resource 
Management 

University of California 
Berkeley, CA 94720 

Department of Agronomy and 
Range Science 

University of California 
Davis, CA 95616 

Colorado 

Department of Range Science 
Colorado State University 
Fort Collins, CO 80521 

Florida 

School of Forest Resources and 
Conservation 

305 Rolfs Hall 
University of Florida 
Gainesville, FL 32611 

Idaho 

Department of Biology 
Idaho State University 
Pocatello, ID 83209 



College of Forestry 
Wildlife and Range Resources 
University of Idaho 
Moscow, ID 83843 

Iowa 

Department of Forestry

Iowa State University 

Ames, IA 50010
 

Kansas 

Division of Natural Resources 
and Mathematics 

Fort Hays Kansas State College
Hays, KS 67601 

Department of Agronomy 

Kansas State University 

Manhattan, KS 66502 


Missouri 

Department of Agriculture and 

Natural Resources 


Box 21 
Lincoln University 
Jefferson, MO 65101 
Montana 

Department of Animal and 
Range Science 

Montana State University 

School of Forestry
University of Montana 
Missoula, MT 59801 

Nebraska 

Department of Agronomy
University of Nebraska 
Lincoln, NB 68503 
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Nevada 

Knudsen Renewable Resources 
Center
 

University of Nevada
 
1000 Valley Road
 
Reno, NV 89557
 

New Mexico 

Department of Animal and
 
Range Science
 

Box 31
 
New Mexico State University 
Las Cruces, NM 88003 

North Dakota 

Department of Botany 
North Dakota State University 
Fargo, ND 58105 

Oklahoma 

Department of Agronomy
 
Oklahoma State University
 
Stillwater, OK 74078
 

Oregon 

Department of Rangeland 
Resources
 

Oregon State University
 
Corvallis, OR 97331
 
S Dakota 

Department of Animal Science 
South Dakota State University 
Brookings, SD 57007 

Texas 

Department of Range and 
Animal Science 

Sul Ross State University
Alpine, TX 79380 



College of Agriculture 
Texas A&M University 
Kingsville, TX 78363 

Department of Range Science 
Texas A&M University 
College Station, TX 77843 

Department of Range and 
Wildlife Management 

Texas Tech University 
Lubbock, TX 79409 

Utah 

Department of Botany and 
Range Science 

Brigham Young University 
Provo, UT 84601 

Department of Range Science 
Utah State University 
Logan, UT 84321 

Washington 

College of Forest Resources 
University of Washington 
Seattle, WA 98105 

Department of' Forestry and 
Range Management 

Washington State University 
Pullman, WA 99163 

Wyoming 

Range Management Department 
College of Agriculture 
University of Wyoming 
Laramie, WY 82071 

Canada
 

Department of Plant Science 
University of Alberta 
Edmonton 7, Alberta 
Canada
 

Faculty of Forestry 
University of British Columbia 
Vancouver, British Columbia 
Canada
 

Mexico 

Escuela de Zootecnia 
Universidad de Chihuahua 
Apartado Postal F-28 
Chichuahua, Chihuahua 
Mexico 

International Programs 
Institution Technologico de 

Estudios Superiores de 
Monterrey 

Sousal de Correos "J" 
Monterrey, Nuevo Leon 
Mexico 

Universidad Autonoma Agraria 
"Antonio Narro" 
Buena Vista 
Saltillo, Coah. 
Mexico 



Guidelines for the Level of
Education or Training Required
" Post-secondary school. Suitable for a specific job or task. Maybe satisfied by a shortcourse, workshop, etc. Would probably

require less than 1 year to complete.
* Pre-B.S. (certificate or diploma). Suitable for positions withrelatively broad duties, e.g., extension positions. Several

African universities offer 2- or 3-year certificate or diploma 
courses in range management.

* B.S. Suitable for management positions, production-system
demonstrations, or simple applied research projects. Few
universities available in developing countries.

" M.S. Suitable for administrative positions and teaching and
research at a relatively unsophisticated level.

" Ph.D. Suitable for research and teaching positions at researchstations and universities offering B.S. and graduate degrees.Probably available only at universities in developed countries. 

Where graduate training is necessary as a part of the project,
there are compelling arguments to provide opportunities forthesis research in the home country instead of in the United
States. Dwyer (1983b) 
 listed three major advantages for in­
country thesis or dissertation research.
 

1. The student has an opportunity to learn how to conduct
fruitful research under the conditions of his/her home 
country.

2. The home country benefits from the research that can be
 
applied directly.


3. The results of the graduate students' research contribute to
the broader objectives of the project. 

Such arrangements should provide for travel to the country forthe students' adviser, and for a research coordinator in the host
country to provide continuity and advice for the students. 

If it is not possible for the students to conduct research in theircountries, the research project and techniques used should be
relevant to the host country. 

Selecting an appropriate U.S. university for graduate training isimportant in meeting project objectives. Some criteria to 
consider: 
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* faculty qualifications - experience and interest in 
international activities 

* support facilities 
* similar environment - students interested in tropical pastures 

should not be sent to universities in arid areas 
* favorable academic environment 
9 past record 

In many cases English training is necessary and must be 
factored into the schedule. The course presented at 
Georgetown University by USAID appears to provide the 
students with an adequate background to compete successfully 
with U.S. students. Some universities also have English training 
available. For example, New Mexico State University has 
a special program for Spanish-speaking students. They take 
intensive English and two statistics courses taught in Spanish the 
first year. During the second year, the students take reguiar 
courses taught in English. With these prograins, it is important 
that students be assigned an adviser and integrated into 
a department early in the program. 

Most universities in the United States do not tailor courses 
specifically for foreign students. .A few have developed special 
courses for international students and some have incorporated 
relevant examples into existing courses. 
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Module 14
 

. .OW
 

Research 



All areas of rapid development have been fueled by active and 
imaginative research efforts. The development of high-speed 
computers ws possible only after years and years of research 
and development. The so-called "green revolution" in agri­
culture was possible because of research in genetics, plant 
physiology and pathology, agricultural engineering, etc. 

Much research conducted on plants, animals, soils, etc., applies 
to rangelands. However, rangelands are unique ecosystems ­
understanding how each ecosystem's components are related 
and how each component responds to variations or changes in 
other components requires research. 

Range research in the United States is relatively new. In 1984 
the National Research Council of the National Academy of 
Sciences published a 2,000-page book, Developing Strategies for 
Rangeland Management. Most of this material was based on 
research conducted in the United States in the last 50 years. 

Range research in the United States is conducted largely by
universities and federal agencies. University funding comes 
from both state and federal sources. Federal range research has 
been conducted by the research branch of the U.S. Forest 
Service and by the Agriculture Research Service. The research 
is usually conducted on research stations where the land and 
livestock are under the control of the reseau hers. 

Unfortunately, range research for developing countries is spotty
and incomplete. In many cases research results are not pub­
lished in scientific journals and are difficult to find in interim 
or end-ofproject reports. In hict, few developing countries 
have any type of agriculture or range research organization.
Most research is conducted by range workers from other coun­
tries, supported by outside funding sources such as USAID, the 
World Bank, etc. The development of a viable range research 
organization in most developing countries seems beyond grasp 
for the present. 

Issues 
Setting range research priorities for developing countries is 
difficult because little site-specific information is available. 
However, since research is expensive and funding in devel­
oping countries is limited, research must produce maximum 
benefits and be aimed at specific problems. There is seldom 
justification for "basic research," which will not be applied For 
some time. 
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Therefore the critical step is identifying problems relevant to 
development that can be solved through research. The research 
should be local or regional in nature and should be designed to
produce results that are widely and immediately useful. Involve 
the users of the research - those in the agency (assuming that 
there is an agency handling range management activities) and 
the local herders - in setting the priorities. 

Long-term Versus Short-term Projects 
Range researchers tend to establish long-term research projects
to build a database for management decisions. Such studies are 
necessary because of seasonal and yearly variation in climatic 
variables and because successional changes in arid and semiarid 
lands occur slowly (in part because of the low rainfill). Recom­
mendations made after a fairly short-term project may not
 
apply under a diffircnt set of environmental conditions.
 

Unfortunately, however, most development projects are 
relatively short term and not designed to provide long-term

databases. This limits the type of research activities that are
 
feasible in development projects.
 

Basic Versus Applied Research 
Basic and applied rcsealw h are often discussed as two separate
types of research, but they are really part of a continuum. 
Jacobs (personal communication, 1984) distinguished among 
four types of research: 

1. basic research (academic, scholarly); focuses on understand­
ing relationships and advancing the frontiers of knowledge
generally, without particular (or practical) applications neces­
sarily in mind 

2. 	 applied research; directed at understanding relationships for 
the purpose of solving an identified problem, usually under 
controlled (on-station) circumstances, which may have 
immediate practical application and benefits for 
development

3. 	 adaptive research; evaluates applied research results 
off-station under real-world conditions to determine if 
results ; tAnold and(or) how they should be modified to be 
both practical and adoptable by producers

4. 	demonstration research (implementation or extension); to 
further test and refine already verified adaptive results over 
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a still wider diversity of user conditions; an opportunity for 
potential users to observe on-site applied research and 
results 

Figure 17 illustrates the relationship among these types of 
research. In some cases basic research may be used right away. 
For instance, a seeding study to compare different types of 
seedbed preparation may be applied directly to a large-scale 
seeding operation. In that case, research that was initially basic 
can also be considered applied. A study to determine the 
relative influence of environmental factors on the distribution 
of rangeland vegetation may be considered basic. However, 
studies of spatial and temporal variation in vegetation, while 
fairly basic, might be useful in making decisions concerning 
livestock grazing. 

Pure 	 Theoretical 

(Academic)
Basic 

Applied 

Adaptive 	 (Developmental) 

Demonstration 

Practical 	 Currently
appropriate 

Mgure 17. 	 Schematic relationship of different types of research in 
developing countries (adapted from Jacobs, personal 
communication, 1984). 
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In most cases research components in development projectstend toward adaptive or demonstration research. These projectscan then be concluded in a fairly short time. In addition, theyare more likely to yield something tangible. Governments oftenwish to have some visible product to show for the moneyexpended. Identify practical problems and direct research
toward their solution. 

Development of Research Stations 
Sometimes it is desirable to develop research stations for
carrying out long-term studies. These stations can, with
adequate staff, perform many important functions such as
developing and testing management practices that areappropriate to the intended socioeconomic environment. Thedevelopment of a research station is a major undertaking. It isoften a complete project in itself, and not simply an objective

within a larger project.
 

Two research stations that were complete projects were the
Kiboko Research Station in Kenya and the Kadugli station in
Sudan. Experiences at Kiboko underscore the difficultiesinvolved in establishing a research station. It was originally
established as a part of an FAO project. However, when the
project terminated there was insufficient impetus to keep the
station1 functioning its
a research station. So that this effort
would not go to waste, USAID awarded a project grant to
Winrock International specifically to revitalize the station. Itis
being run 
by Kenyan staff with graduate degrees that wereobtained at U.S. universities (mainly Texas A&M University).An.interdisciplinary staff supports and advises this staff whiletraining is being conpleted. Initial problems with housing andidentification of qualified Kenvan studcnts delayed devel­opment of the station. Most of the Kenyan students haveconducted their thesis or dissertation research at the station(see module on training and educatiun For discussion ofadvantages of in-country research fbr graduate sludents). Staff
associated with the project are optimistic but it still remainsto be seen if the station will continue to function withoutoutside funding after the termination of the USAID project inJuly 1986. 
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Guidelines for Broad Program/ 
Development Planning 
Not all development projects require research. However, in 
some cases a research component is necessary to answer key 
questions related to the overall objectives of the project. 
Inventory information about the natural resource base is often 
needed for project planning and implementation. Research into 
site delineation and vegetation classification, description, and 
condition may be coupled with inventory efforts. 

Often there is a direct link between research needs and demon­
stration plots useful in extension programs. Research and 
demonstration activities can often be merged to the benefit 
of all participants. 

Guidelines for Program/Project 
Development and Design 
Since research iscostly, carefully evaluate its usefulness before 
including it in project designs. Research into management 
practices should ascertain whether such practices will be 
appropriate in the socioeconomic environment where they will 
be applied. Several questions could be asked to guide selection 
of research projects: 

* For whom is the research problem or constraint being
 
investigated - producers, policyinakers, or simply other
 
researchers? Who decides the value of particular research
 
projects, and why or by what criteria? Research projects
 
should be planned with people not for people.
 

* To how man)' people is the problem or constraint considered 
to be important? Are the goals local, regional, or national? Do 
they meet USAID regulations for sponsored development 
research and implementation? 

* Who will be the users or recipients of the results of the 
research?
 

* How much benefit will the users or recipients receive if the 
problem is solved? Quantifiable benefits aid in deciding which 
problems to tackle first. 

• 	What is the likelihood that the research will contribute to 
a solution to the problem? 'his may be evaluated on the basis 
of short-term or long-term results, capital-intensive or labor­
intensive requirements, and low-cost or high-cost inputs, etc. 
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" Are research tools and personnel to solve the problem readilyavailable? (Problems that can be solved with local resources are likely to have the most lasting impact.)" What are the expected costs in time and money of solving the
problem?

* Why is the proposed research problem or constraint beingconsidered more important than some alternative that mightbe undertaken with the same resources?* What is the expected cost of implementing the results if theresearch is successful? This is an important measure of 
appropriateness.

* When will benefits begin to be realized by the directbeneficiaries of the research, and who will benefit? In toomany projects, the targeted beneficiaries are forgotten in theenthusiasm of implementing the research, and it is mainly theresearchers or project implementers who benefit. 

A few examples may illustrate the importance of asking thesequestions. Research to determine optimum stocking forproduction of meat, milk, wool, or other goods needed bypastoralists may be interesting and potentially useful infor­mation. However, if there are no nechanisms for adjusting
stocking rate, or inte'rest by the pastoralists or the local gov­ernment in doing so, then such information may not be very
useful. In some cases extension activities to sell the people
involved in a particular practice may e necessary before aspecific production system is developed, thus creating a catch-22situation: The local peuple (or government) will not adopta certain pract ­until it has been demonstrated, but thegovernment may not approve of the research or.demonstration
until it has been proved effective. 

A general guideline is to keep the research components fairlysimple and straightforward. It is probably not essential tooutline a complete research design for a project; however, itis essential to have explicit objectives that can be met within theoverall framework of the project. 

Consideration of the following questions may assist in thedevelopment of effective range research components. 

" Are adequately trained personnel available or will they need
to be trained as part of the project?" Can the research objectives be realized during the life of theproject or will provision need to be made for extension of thework by local researchers or consultancies by Foreign advisers?" Are suitable research areas available with adequate livestock 
control? 
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" Is the socioeconomic structure such that the results of the 
research can be used? 

* Were the pastoralists and potential in-country counterparts 
involved in planning the research? 

" Has an assessment of relevant researchable range problems 
been made? 
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Module 15
 

Extension 



Extension activities are normally considered the link between 
research results and the producers who use them. These activi­
ties involve communicating knowledge or information. 

The land-grant university system in the United States has been 
used as the ideal model fbr agricultural development by some. 
In this system agricultural research is conducted by the agri­
cultural experiment stations; the research results are inter­
preted and dispensed by extension agents to farmers and ranch­
ers. Other government agencies are also involved in extension 
activities by providing technical assistance to agricultural 
producers. 

The success of American agriculture is often credited to the 
development of the Cooperative Extension Service. In most 
states there is an extension office in each county with an 
agricultural agent, and often a home agent and 4-1H leader. 
The staff of these offices respondl bo needs and questions of 
producers in their counties and sponsor training sessions and 
workshops to providle information on the latest techniqLes.
There is also a staff of specialists, many with Ph.D. degrees, at 
each land-grant university. These specialists furnish specific
information to the county agents and also coordinate training 
programs. 

In developing countries, however, the situation is vastly dif­
ferent. There may be a ministry of agriculture with perhaps 
a livestock bureau, but almost certainly no agency for range 
management activities. In most of these countries there is only 
a limited extension service (which dfoes not address range man­
agement). Consequently, range-development projec:ts may need 
to establish an agency to coordinate extension activities. 

Pastoralists and herders need information not only about 
methods and techniques for improving the efficiency of their 
operations, but also about government policies. Sanclfrd (1983)
contrasted the difficulties in extension work between pastoral­
ists and sedentary agriculturists. Face-to-lice contact is much 
more difficult with pastoralists because of the scattered clistri­
bution of people and nomadic or transliumant grazing patterns.
Thus extension range activities For developing countries rep­
resent a considerable challenge. Traclitional types of comniu­
nication in developed countries such as newspapers, radio, 
telephone, and television are often lacking. However, in some 
cases development of a two-way-radio network is possible. Some 
programs, like the Integrated Program For Arid Lands (IPAL) in 
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northern Kenya, distributed battery-operated radios to nomadic 
pastoralists. Broadcasts of educational programs on range man­
agement practices and market news were quite successful. 

Issues 
Extension activities might be included in range-development 
projects because they contribute to: 

* interpreting and disseminating the results of research
 
components of projects and other relevant knowledge


* assisting in tile development of an agency for planning and
 
coordinating range activities in a developing country (would

entail a large training component to provide extension
 
workers)


" assisting in the development of demonstration projects or
 
extending existing technology to local levels (example:

developing and training pastoralists in techniques for the
 
establishment of forage reserves throughout one project

zone) 

* involving pastoralists in the planning process 

The extension component in thc development project will be 
influenced by extension programs within the country. If an 
extension service already exists, it may only be necessary to 
augment it or to provide additional training or links with other 
agencies. 

Extension activities in developing countries should include 
more than disseminating technical information. Pastoralists also 
need to understand government policies regarding grazing,
land tenure, control of water, and emergency feed. 

Moris (1981) outlined an "information-delivery model" of 
extension for developing countries. It involves a two-way
communication system that becomes an increasingly complex
network between the individual family or tribal unit and the
national extension office. Information is supposed to funnel 
down from the top through the network to each family or unit. 
Feedback on farmer or pastoralist needs Amd suggestions should 
flow in the opposite direction. Moris wa: -.-' that such a system
seldom operates in the perceived manner, aad admitted that we 
do not have much data on the effectiveness of such systems. 

Establishing an extension network in an area of sedentary,
mixed crop-livestock farmers and livestock raisers is much 
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easier than it is for nomadic and transhumant pastoralists. Any
extensionist who works with pastoralists will probably need to 
move with the herders who form his/her client group. Such 
hardships make it difficult to recruit extension workers. 

Another approach for improving communications with herders 
is to encourage the development of social groupings among the 
pastoralists (Sandford, 1983). These associations can be used as 
centers for dissemination of information and various types of 
management activities (grazing patterns, distribution of vac­
cines, control of water). 

Sandford (1983) listed three major types of herder groups. 

* Camping communities. These tend to be small, with only 10 
to 50 subgroups. There may be a single spokesperson for 
each camping group, who aids communication in both 
directions. Such an individual may want a nominal fee for his 
services. 

• Watering communities. These may be larger than camping 
communities. They consist of all the fhmilies who normally 
use a common watering point or group of watering points.
However, watering communities may not persist during 
nomadic movement in the dry season. In addition, interests 
of members of the vatering community may be more diverse 
than those of the camping communities. 

• Kinship groups. If groups larger than watering communities 
are desired, kinship groups or clans may e the only
 
alternative.
 

Cooperatives and associations are a foLurth possibility. They are 
more formal organizations, and in some cases their develop­
ment is preferred by governments. In these groups the chief or 
elder may act as spokesman. Various types of cooperatives ­
such as livestock and marketing - might benefit the pastoralists 
to a greater extent than if each family unit operated 
independently. 

Organizing such groups for extension activities has been a part
of many development projects. Often social scientists provide
guidance for the formation of such groups. However, groups
organized by teams that include range and animal specialists 
will probably be more useful. 

Communications theory has developed several approaches for 
rural development and extension (Moris, 1981). The various 
approaches might have relevance in the United States, but need 
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to be considered carefully in the environment of the developing
country. It is likely that such individuals as "the change agent,"
"innovator," and "early adopter" have relevance to some so­
cieties in developing countries, but certainly not to all.
 

'rhus extension workers need to have some technical back­ground at the level necessary to interact with the herders. In
addition, they need enough sociological training so that theyunderstand the social-economic-political structure of the people
with which they are dealing. 

Language differences can also be a problem for extension

workers. Provide language training if the extension worker

does not speak the language of the tribes in his district.
 

Guidelines 
* Evaluate the overall goals and objectives of the project withrespect to extension components. Can the project objectives

be reached without extension components? Can the project
objectives be enhanced with tile addition of extension
 
coulpollellts?


* Evaluate existing agencies and ministries in terms of their
suitability to administer extension programs. Such programs
will be more likely to have a long-lasting impact if they are
integrated with an existing agency.

• Identify in-country particilpants early enough to be trained
and spend time on the project. Many people are not suited to
extension activities. Ai eftfrctive extension worker is patient,
tactful, outgoing, and ipersuasive. 

Extension methods must be modilied to deail with changing

situations, so strict guidelines cannot be formulated. The
following are general guidelines to assist in project design

(Child et al., 1984).
 

" The project orientation and objectives must be considered 
important by the clients for whom they were designed.

" The extension effort should also be aimed at discovering
problems and needs of the clients through individual contacts, 
group eetings, etc., and not be aimed only at dealing with 
one perceived problem. The individtal )roblems and needs 
can be related to overall goals audi objectives through problem
analysis, resource surveys, government policy, etc.

" Extension programs need to be very flexible because range
conditions vary greatly due to drought, disease, etc. 

210
 



* It is extremely important to involve the local people in any
extension activity. Even if it appears at first that the relevant 
problem is not being handled, with early local involvement it 
is likely that efforts can eventually be shifted to leal with it. 
Programs have the potential to interest all minelbers of the 
group if they include other facets of concern such as family
relations, health, education, care of' young animals, etc. 

* Formal meetings generally are less effective than informal 
approaches that allow for more participation and fecdback. 
A two-way discussion is usually more effective thati a lecture. 
Use field seminars, tours, and demonstrations. 

* It is the responsibility of the ext,ision agent to create 
rapport, trust, and contfilence with client groups. Some 
techniques and approaches can be learned through training,
but some people just have a special talent for extensiotn work. 
It may be more useful to select trainees based on these skills 
than on other criteria such as level of education. Knowledge
of' tile local language or dialect and cultural setting is of'
 
obvious importance.
 

•The best kind of letnonstration results from concentrating on 
a few objectives to provide concrete and obvious impact. If 
extension workers are spread too thin over many projects, 
none will likely be perceived as successful. WIien more staff 
becomes available, other problens may be includecl. 

* Continuity is critical to a successful extension program
because it allows the program to grow an(l levelop as
 
experience accumulates. )evelop personnel policies and
 
incentives to keep good workers ol thejob.
 

Guidelines for Implementation 
" Provide adequate transllortation for extension agents.

Surfaced roads are limited in most developing countries and 
other roads may be impassable during certain seasons of the 
year. Knowledge of local conditions can be helpful in 
negotiating back-country roads. In situations where it is 
necessary for the agent to travel with herders, it may be 
necessary to lrovide hardship pay fOr incentive. 

* Train potential project participants. Sone background in U.S. 
"communications theory" may be uscul, but it should not 
make up the bulk of de lraining. Considerable training inthe 
social sciences should also be included, as well as language
training when necessary. In order to cain the confidence and 
trust of the local people, trainees should have a broad back­
ground in their livestock operations and possess sonic basic 
skills. Can they assist an animal in birth? Can they milk the 

211
 



animal? Can they butcher an animal? 
* Provide incentiyes (salary, housing, etc.) to keep satisfactory

extension workers on the job. Make provisions for protecting
extension workers from being transferred to some other posi­
don within the ministry or relevant agency.

* Formulate extension objectives that have a reasonable
 
probability of being achieved.
 

* Use appropriate techniques for improved conmunication in 
the project area. Radios, mobile units, and radio networks 
have been used extensively in Botswana and Kenya in early 
program development. Residential training courses have been 
useful for reaching scattered nomadic and seminomadic 
tribes. Demonstration ranches have effectively promoted 
specific practices to livestock producers and herders. Two-way
radios are uscful, but local restrictions and regulations should 
be checked before attempting to establish such a network. 
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Module 16
 

Infrastructure Development 



A characteristic of a modern society is an interdependence 
among its components. One of the more obvious inter­
dependencies is between urban and rural areas. City dwellers 
depend oil farmers and ranchers for food and other products 
from the land; For the fhrmers and ranchers, city dwellers 
constitute the principal market. In order for this system to 
function, it is necessary to have roads, markets, storage facil­
ities, communications for advice on markets and prices, and 
supply depots. 

The framework that allows the system to operate efficiently is 
known as the infrastructure. Obviously, the more complex tile 
system and its functions, the more intricate tile infrastructure 
will need to be. Infrastructutre may be defined as the under­
lying foundation or basic framework (e.g., roads, telephones, 
radio, etc.) that provides the links among and within commu­
nities. Besides the infrastructure that serves the nation, partic­
ular regions, or uther large units, there is the infrastructure of' 
the pastoral unit - whether it be nomadic or settled. 

Self-sufficient societies, such as subsistence pastoral societies, 
require a mininmum of infrastructure. But the lack of' infra­
structure also tends to perpettuate this level of' existence 
whether it is desired or not. Therefore, it can be said that the 
type of development that is based upon an interchange of' 
goods, services, and information among different parts of the 
national community (ependis on an adequate infrastructure. It 
isfair to conclude, then, that development of rangeland as well 
as that of agriculture in general is closely dependent on, or 
is limited by, tile inlfastructure. Often, infrastructure 
development must precede or accompany production-systen 
developments. 

The techniques for infrastructure development are well known. 
The main (uestions are how best to fit the infrastructure to the 
local needs and how best to use it. When planning infra­
structure developmlent, every effort should be made to consider 
the various functions the inf''astructure should serve. Coir­
promises will be necessary to accomodate the needs of' range­
land development, but should never be made simply because of' 
immediate convenience, low cost, political pull, and the like. 

Issues 
Infrastructure historically has been developed to fill needs
 
(building a road between urban and rural communities). To
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a lesser degree, infrastructure has also been used to encourage
development (building roads to certain areas to encourage
settlement). The question here is how can infrastructure beused to firther rational range development? In this section, 
some aspects of this question will be examined. 

On extensive rangelands the inf'astructure within a community
may be no less important than that connecting it with other
communities. The infrastructure includes roads, wells, tele­phones, and other features that affect the movement of live­stock, goods, services, and informnation (communications). 

One of the important influences of infrastructure is its effect 
on production systems. Subsistence production results if what isproduced must be used because little exchange is possible.
Under subsistence conditions, simply ensuring a lood Supplythroughout the year becomes a primary objective. (Storage of
food is difficult lue to long-established traditions, lack of
electricity and appliances, anl the migratory nature of some
pastoralists.) The subsistence production system is not well
suited to the annual fluctuations of' feast and ftimine. This
 
system is even less suited to meeting the needs of urban

populations or export. Such traditional pastoral systems,

however, have provided security if enough animals were

available per fbmily, but this may increasingly not e the case

because of' 1)population increases (ilie to iml)roved medical
 
care and 2) decreases in available grazing lands.
 

On the other hand, when there is good access to markets andopportunity to buy grains, prolucers sell animals andl the
 
production system gradually becomes a part of a market
economy. However, the system that evolves is likely not to be
for specialized beef or dairy prodiction. That is because

infrastructure is but one of the ingredients necessary For highly

specialized systenis that depend heavily on 
market adequacies,
credit, and other services that give some assurance of security,
especially during drought. 

Specialized milk production is difficult and very costly without 
a good road network (assuring rapid delivery) connected to
urban centers. Unless refrigerated trucks and storage facilities 
are available, prodtuction centers need to be near the market.Furthermore, an adequate and regular prograin for providing
veterinary care, artificial insemination, etc., may be necessary.
The need for veterinary care is particularly acute if a daily
supply of milk is required. This Further emphasizes that infra­structure doesn't make things happen, rather it flcilitates their 
happening. 
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Nomadic movement occurs because the animals must be taken 
to the feed. If roads were available, feeds could be transported. 
In some cases this would result in less movement, which would 
allow intensified production. However, fuel and trucking costs 
for transporting livestock feeds may be prohibitive in most 
developing countries. 

One of the important considerations in livestock management is 
the movement of livestock between grazing resources and to 
market. Also important, particularly in drought, is the transport 
of feed, water, and even animals. Transporting animals to 
market could substantially reduce weight losses but may not be 
economically feasible. If trekking routes are available or are to 
be developed, then the establishment of keeding and watering 
places along the way becomes an important consideration. 
Integration of livestock production with crop prxluction is 
facilitated by adequate transpolrt;tion. 

Broad Program and Project 
Development Planning 
InfrastrucLItIuc, Is We havI seen in the preceding section, is an 
important variable. It is therefiore necessary to evaluate the 
current infrastructure and its limits belbre lau'1ching range 
programs. Such knowledge is useful for avoiding impossible 
tasks and For identifying important infrastructure detficiencies. 

On rangelands, roads are almot invariably the most important 
infrastructural element. They sI)ukl not only link population 
centers, but shouid be distributed so as to reach the primary 
grazing regions. Additionally, they should permit ready 
movement within each major grazing region. The same is true 
for telephone communication. 

Several categories of information should be included in 
an assessment of the existing infrastructure.' 

" roads - distribution, quality, and passability year-round; 
obstacles 

"population centers and facilities - meeting halls, hotels, 
electricity, fuel, markets, and other f'eatures important in 
range programs 

* safe water and food for human consumption 
* telecommunications - distribution and reliability; difficulties 
* radio - location of stations and coverage 
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* electricity - source and coverage
* other sources of energy - type, location, and coverage* important water sources - oases, rivers, lakes* major trekking routes - location and stations for feed and 

water 
* places available for meetings, training, etc. - locations and

facilities available 
* medical facilities nearby 

In order to determine additional infrastructure needs, identifyareas and populations that are not being served adequately.
Priorities can be set after a detailed analysis of lopulation,number of animals, potential productivity, and likely economic
and social benefits has been mace. 

In the development of a national program, the selection ofspecific project areas isof prime importance. Thiese projectareas generally constitute a geographic.al region with a numberofaffinities such as a similar climate, common migratory routeswithin the region, ethnic and(or) language similarities amongthe people, and the possibility of meeting essential common
needs within die region thlrough complcmcntary land 
use. 

A good example of such ,iarea is that of the torthern regionof Somalia served by ihe Norhern Rangeland DevelopmentProject. The area is big enough to include the migratory move­iflent of most of the pastoralists in the region. Although the
climate is generally dry there are some areas 
where rainfall ishigh enough so that stp)plemientary feeds can be grow, During
cionization the people weie exposed to a British admninistra­(ion and a nnber of piractices (including grazing reserves)were introluced. A substantial parl of' the re-gion has goodroals and marketing facilitics. The most practical means fircommunication throughott the region is by radio. 

Infrastructure development nust I)e carefully integrated withthe development project plan. Some of the niore common
infrastructural developments are discussedl below. 

Water Development 
Special attentioni must be given to water development. It isaround watering placL., that people and animals gather undermost grazing systems. It is the place where disease-controi
nieasureb can be most easily implenicnted. It is also a goodplace to give out infloimation, check onl problems,and assess 
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animal conditions, herd structure, and composition. (Besides 
these positive aspects, wells are also a fiature contributing to 
overgrazing, as discussed in module 2.) These wells and other 
watering places need to be maintained. Becaus'_ they are a 
strategic part of the pastoral infrastructure they should be easily 
accessible by roads. just as water resources should be located to 
facilitate control of animal distribution in grazing-management 
schemes, it may also be pi,..,:,ible to lay out the roads in such a 
way that they mark boundaries of' grazing areas. 

Activities Requiring Central Gathering Points 
Activities that require gathering points include meetings, tech­
nical assistance (including veterinary services), dlipping, and 
marketing, all of which require means for relatively easy access. 
Particular attention should be given to ensure easy marketing 
as a way of augmenting the income of the pastoralists and con­
trolling animal ntmnbers. During the projcct-planning process, 
deficiencies of the current marketing system should be identi­
fied and changes recommended to facilitate the process (see 
module 17). 

Migration and Trekking Routes 
Migration and trekking routes are generally well established. 
They should be studied for possible improvement - especially 
for reducing animal deaths and weight losses. Trekking to 
market may require the provision of water supplies and reserve 
areas for grazing. Again adequate access is essential. 

Assessment of Forage Conditions 
Collecting information on Forage conditions is an activity that 
should be a regular part of any range program. A network for 
measuring rainfall could be useful. Such continuing assessment 
requires a road network adequate to permit the sampling, and 
could also be facilitated by telephone or radio communication. 

Integration of Livestock and Crop Agriculture 
In most countries there are some areas, which cfle to more 
rainfall or irrigation, are suitable For cultivated forages or 
crops. The cultivated forages may be used For hay or as 
pasture, and crops could produce residues of considerable 
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value as animal feed. If pautyre and crops could be integrated
with the range grazing-lands, productivity and security could be 
substantially increased. Grazing pressure on rangeland might
also be decreased, and, with a more balanced source of animal 
feed, livestock would be ready fbr market at an earlier age. 

Drought 
The calamity of severe drought cannot be avoided. However,
much can be done to mitigate less extreme droughts. Two pos­
sibilities are especial!y important - transporting feed to the 
starving herds, or transporting selected animals to places where 
grazing is available. Roads are critical to either operation. 

Technology Selection 
The technoiog'y employed for infrastructure development
should advance the range management objectives and the 
welfare of rangeland peoples. There are a number of 
considerations. 

Simplicity 
Complex equipment and structures are difficult to maintain 
and repair. Regular wells that require manual work may
be preferable to engine-operated pumps. Windmills may be 
preferable to gas or electric engines. Roads should be built for 
easy maintenance. In genera-l, simle things that can be fixed 
easily and immediately are best. 

Low Cost 
This relates closely to simplicity, but it also means that over­
investments in arid and semiarid rangelands should be avoided. 
There are too many risks. Returns per unit of land are gener­
ally low for arid and semiarid lands. Cost/benefit ratios seldom 
favor improvements with a high cAst per unit of land in devel­
oping countries, even when amnmortized over long periods 
(30 years). 
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Durability 
Though costs need to be low, durability is also critical. This 
does not mean, however, that roads need to be covered with 
asphalt. Shale or gravel can also create a durable surface. All 
infrastructural improvements should be such that they require 
as little maintenance and future investment as possible. 

Use of Local Labor 
Involving people in infrastructure development is preferable to 
bringing in machines to do the job. It is a learning experience 
for the workers and may help to create an interest in main­
taining what has been built. And, of course, the income that 
they earn may be important to them. Using Irge machines is 
no doubt faster, but it doesn't provide experience that may be 
helpful in the future. 

Use of Local Resources 
Too many projects use manufactured goods - even manu­
factured goods that have to be. imported. This leads to excessive 
costs and great difficulties in maintaining the installations. 
Therefore, the rule should be that any technology employed 
must be based on the use of local resources wherever possible. 
If this cannot be done, maybe the technology should be 
changed. Still, there are some things that often cannot be found 
or made locally - for example, how many developing countries 
manufacture telephones, telephone wires, and radios? 

Acceptability of a Technology 
to Local People 
Acceptability is critically important. This is one of the reasons 
why local people should be participants in the planning and 
execution of' projects. For example, in one African country the 
government and a foreign donor made a series of' installations 
for water. The pastoralists, however, did not like what these 
installations did to their grazing patterns and asked the govern­
ment to close them. A lot of money could have been spent for 
a better purpose. 

221
 



Module 17
 

I MarketingRangelandProducts 

Marketing Rangeland Products 



Many think that the only products of rangelands are those 
derived from domestic animals - meat, milk, hides, and wool. 
These are the main products, but not tile only ones. Wild 
ungulates (hoofed mammals) in many places, especially in 
Africa, do provide meat and hides, but are also an enormous 
asset to recreation and tourism whether for hunting or simply 
for viewing and photographing. Rangelands also produce 
timber, firewood, resins (like gum arabic), medicinal plants, 
honey, minerals, and water. In many places water may be the 
most valuable product (although the land owner or leaseholder 
does not often get the benefit). Recreational fishing is good in 
some rangeland streams. 

This module addresses marketing of animal products because it 
directly affects the welfare of the range people and of people 
in general, and indirectly affects the use of range resources. 
Game cropping is discussed in another module. 

Although much is known about marketing in developed coun­
tries, little of it is useful where traditional self-sufficient systems 
prevail. Western experience cannot he generalized to devel­
oping countries, especially in Africa. It is therefore essential 
to know the local situation before launching marketing-develop­
ment programs. The importance of this is emphasized by the 
fact that even with substantial investments and care in execu­
tion, livestock-marketing projects by the World Bank and others 
in Africa have not met expectations. 

Issues 
The issue of marketing range livestock becomes increasingly 
important as the human population grows. Growth of the urban 
population in particular impels governments to seek to increase 

oduction on rangelands through better marketing. This can 
a most difficult task clue to traditionally inadequate market­

ing of animals in regional or national markets, inadequate 
infrastructure, etc. 

Attempts at improving livestock marketing are generally con­
cerned with getting more livestock products to the market, 
reducing costs, and improving quality. In addition these at­
tempts often involve processing, e.g., sausage making or 
freezing. It is important to note that these kinds of objectives 
have practically nothing to do with the land resource, except to 
the extent that they might help to remove more animals from 
the range. Generally not even supplementary pastures or herd 
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structure are improved through marketing. Hence, the benefitswould be limited to more money in the pockets of the producerand savings for the consumer. 

Marketing is not simply a selling process; it is a process forexchanging goods or services for mutual benefits. If thepotential seller has no desire for or need of certain goods(which may be represented by money), he has no incentive tosell. Also, if he is offered too little For what he has to sell, hewill be reluctant to p)art with his product. Selling a product, ofcourse, also means that the owner loses the use of that product.Since many traditional African pastoralists have few externalneeds, they may have little interest in selling animals that mightotherwise be considered ready fbr the market. If they do nothave a surplus they will be even more reluctant, unless they feelthey could live better by exchanging some animals for otherfbod staples such as grains. Similarly, if inflation rates are high,animals will be retained longer than normal. 

The decision to sell is ilhrther comlplicated by other fhctors.
Perhaps the most important is that the number of livestock
reflects the owner's status or prestige. And fioni a practical
viewpoint the owners sometimes feel that numbers by them­selves constitute security against (rouighl. 
 Besides that, theanimals facilitate complex lending arralngeineints, pay for brides,etc., all of which contribute to security, status, anid power. Forthese and other reasons, marketing arrangements do not neces­sarily balance prodluction with demand as is widely assumed. 
Successful marketing may demand ftlndamental alterations inthe production system, such as changing the time of marketing,
and age and condition of the marketed animals; the practice of
milking lactating females: and even what species is grown. For
example, shifts toward more emphasis on production have insome places accompanied a transition to a market economy.Whatever these changes ill the production system are, they mayor may not ble sustainable, ftivor improved condition and trendof the range vegetation, or increase the stability and security ofthe range people. Understanding these relations is vital and isan area where more research is needed. 

That is, marketing strategies where "production" is for themarket affect the management of arid and semiarid rangelandsand theref'ore influence their condition and trend. And becauseimproved management and range conservation are basic tolong-term production, marketing systems should contribute tothat aim, ,y at least not add further to the range problems. 
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Marketing systems should not upset practices and arrangements
that provide security during drought. Moris (1981), fbr 
example, mentions the disillusionment of' Maasai pastoralists
with marketing systems after they shifted fiom mixed-species
herds to predominately beef production in response to earlier 
market conditions. They discovered that the market could not 
absorb their excess sales of cattle during drought; many of their 
cattle died. The emphasis on cattle rauier than a combination 
of animals with diflerent capacities to survive in drought
increased their vulnerability to drought. Unless counter­
measures stuch as forage conservation are taken, dependence 
on one type of livestock will continue to be a problem when the 
market cannot absorb surplus animals, particularly during 
drought. 

Program and Project
Development Planning 
It is essential to first try to understand the human needs and 
trends in relation to local marketing conditions. Economic 
assessment based mereh, on the more obvious economic criteria 
is not likely to be satisfactory. A good starting point is to find 
out what, if'anything, is wrong with the existing marketing 
system, and what might bring changes. 

Demand
 

In some countries, demand is substantially greater than supply.
This elevated demand may result from local needs or exports.
Not infiequcntly, the demand is artificially high due to govern­
ment intervention to keep prices low to favor tile consumer. 
Producers generally react to low prices by re ucing supplies.
'herefore it is necessary to know approximately what the ac­

tual demand is for each kind of iroduct, and for what quality
and where, etc. In making the estimates, try to anticipate
changes in demand. 

Supply 
Price is the most obvious of*the ftctors influencing supply.
Certainly if the price is too low, production will not increase. 
However, as we have seen, many other aspects are involved,
especially the interest that livestock people may have in selling. 
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Since the precise causes for low supplies will vary, it is 

important to identify the multiple influences. 

Some of the questions that ought to be considered: 

* Is the prevailing price, whether set by the market or by 
government, at a low level? If the price is held down by the 
government, how is this influencing activities at the producer 
level? 

* What are the ways in which animal products are brought to
 
the consumer? What are the costs in the various steps,

including weight loss through trekking?


* Is access to markets (through whatever means) adequate? If
 
not, where are the deficiencies?
 

* Are traders doing a good job in finding and bringing animals 
to market? Are their costs or profits excessive? If costs are 
high, could they be reduced significantly by better roads? Are 
producers at a disadvantage in price determination? 

* Are the local people on a monetary economy? 

It is easy to conclude that significant deficiencies exist in the 
marketing system after making only a cursory examination. 
However, only a thorough investigation can tell whether or not 
these conclusions are valid. 

In order to better identify and understand deficiencies that 
may be linked to production, answer this question: What are 
the dressing weights (carcass) and ages of the various species
brought to market? The data should includC inlformation on the 
median, mean, and range, or even better yet, the fiequency
distribution of different weight classes. From an analysis of this 
type, much can be determined dhout the c(onditions Under 
which these animals have been raised. This could lead to 
probing the causes of the results observed. For example, if most 
animals are marketed at an age exceeding that which could 
reasonably he expected, an expllanation should be sought in the 
field, and consideration given to correcting the problen. 

In developing the overall picture of land use and productivity, 
seek answers to the following questions. 

* Is movement to market concentrated in certain parts of the 
year or distributed evenly? Are these movements associated 
with rainfall or forage growth? Is selection of animals for sale 
based on weight, age, degree of fattening, sex, or what? Are 
there more animals available that could be sold to an advan­
tage? Is building up herds as insurance against total loss 
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in case of drought an important factor limiting animals
 
marketed?
 

" Are animals bought directly off the range to be taken to
 
market or are they first sold to intermediaries for further
 
growth or fattening? If so, with what results? If this is not
 
done, why isn't it? If it is done, at what weight and age?


* What is the potential for animal products other than meat? 

The answers to the above and other related questions should 
give some clues as to how well the commercial objectives
complement the production systems and to what extent, if any,
marketing is contributing to production. 

Questions intended to explore traditions or other motivations
 
that may influence readiness to sell include the following:
 

* Flow important are animal numbers to position (status) in the 
community? Does this apply to all animal species? How 
common are practices designed to give "security" to the 
individual tmily such as "lending livestock"? Are livestock 
important as bride price or for other festive occasions? How 
may drought-security )rovisions influence selling behavior? 

* How is selling, or not selling, influenced by needs or demands 
of pastoralisis for other goods (food staples and health, for 
example)? What goods are in lemand: foods, clothes, etc.? Is 
the demand regular or irregular? How do diet and sources of 
the food available influence attitudes toward selling? How 
many kinds of animals and how many of each are required to 
meet the food and other purchase needs of the pastoralists 
per year? Is there any variation in sales in relation to size of 
holdings or to species kept? If'so, how do size and 
composition of herds vary? 

Assessment of the situation along these lines should give an 
idea of the problems that might need to be resolved in order to 
actually improve the services that marketing can provide. It 
should then be evident that a marketing problem requires 
a collaborative effort among range managers, consumer spe­
cialists, anthropologis.,, economists, and others for research or 
other activities that may be necessary. Also, it is to be hoped
that the information would lead to caution about seemingly 
easy solutions such as introducing auction sales that have 
weighing scales. At this stage it is critical to find out what the 
pastoralists think the marketing problems are and what should 
be done about them. 
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Criteria for project selection include importance of problems,
similarity or representativeness of problems, interest of people, 
interest of government, possibility of cooperation among 
agencies involvel, likelihood of success, etc. The observations 
and questions relating to program development are equally
applicable to project development. In project formulation, 
however, it is essential to identify with more precision what is 
to be clone, how it can best e clone, and what it takes to do it. 

The analysis preparatory to project formulation should 
therefbre clarify exactly where the deficiencies lie. Some things 
to identify: 

" deficiencies in infrastructure (roads, telephone communica­
tions, etc.) and the presumed effects of these deficiencies on 
the functioning of market systems 

* inadequate demand due to low income, poor distribution of
 
consumer market, etc.
 

" inadequate market structure (purchasing, distribution, sales
 
mechanisms) and their effects on costs
 

" fluctuations in production (ard supply) and causes
 
* conditions influencing incenlives fbr selling (price; high

weight losses; factors that discriminate against iproduction; 
need for security, staltus, etc.) 

* inadequacies of production systems (orientation toward milk 
)roduction, lack of stratification, lack of culling, lack of


supplemenlary feeds, poor grazing control, etc.)
 
* effects of drought on supply, quality, and price
* consumer preferences and how they can emet 
* kind of animal husbandry that complements range and 

forages 
* range and forage grazing systems 

Determine what ac'ual benefits could be achieved by the actions 
proposed, and what the priorities should be. Ifincreases in 
production or changes in quality are anticipated, make sure
that the consumer demand for the additional products is there. 
Changes in marketing strategy at tile level of local markets 
might be required. For example, some years ago ill Benin meat 
qluality was improved throtigh better graiing management. It
then lecame necessary to build a ,nor,.attractive and sanitary 
meat market to aplpeal to the clientele who were interested in 
better beef. '1The principle this illustrates is that marketing is 
a chain. Strengthening one link may not be enough because 
usually there is more than one weak link. A new chain is likely 
to be much too costly and inefficient in the early development 
stages. For this and other reasons, marketing projects on live­
stock need to be long term, cost effective, and carefully 
plannled.
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Keeping costs down is imperative. For an illustration see Moris' 
(1981) account of the Maasai range project - and the folly of 
markets that are not economically sound. 

ThK usefulness of integrating marketing within other project 
activities cannot be overemphasized and is again illustrated by
Moris (1981). In other words, besides asking, "How can the 
overall efficiency of the marketing system be improved?" also 
ask, "How can marketing contribute to the lesired change in 
the production system?" 

Identify the potential links between a proposed marketing 
system and other agencies or institutions early and make sure 
that these groups will cooperate. Marketing is dependent on 
both demand and production, so include both producer and 
consumer groups. 

Technology Selection 
The technology for improving marketing should: 

* Be simple and easily understood. Generally this means that 
the new technology will not be vastly different from what 
exists. 

* Stimulate progressive but gradual changes. Investments to 
promote marketing have proved risky. Learning from 
experience can vastly reduce the risks and improve 
performance in the long run. 

• Increase participation of pastoralists while maintaining 
security. No sensible pastoralist (or rancher) is going to risk 
his security for temporary ndil qluestionable) gain.lkanehIap,, 


* Be widely acceptable. Know what the risks are if some 
proposed action goes strongly against special interests or the 
community. 

* Favor more efticicnt )roductioni and increased income. This 
is absolutely essential to any producer accepting a new 
practice. 

* Encourage better land use. [he effective productivity of most 
arid and semi .J rangelands is less than it could be. Unless 
grazing can be better controlled, productivity will only 
decrease. For example, moving young animals to finishing 
areas or supplemental feeding during a feed shortage can 
reduce risks and increase production. 

* Be largely self-sustaining. Governments in developing 
countries too often involve themselves in projects that t:ave 
large sustaining costs. Marketing ought to pretty well pay for 
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itself, as it is a service for just about everyone. Developments
in technology, installation, etc., that preclude a self-sustaining
organization should be avoided. The consumer as well as theproducer should pay his/her fair share. 

S Provide technical advice and incentives. The government's
main responsibility should be to provide the necessary tech­
nical advice and possible incentives to the producer. These
should provide tangible results to both producers and 
consumers. 
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-Module 18 

Agency and Personnel Selection
 
for Development Activities
 



Successful integrated project planning and implementation 
require program continuity. To achieve this, more energy and 
care should go into identifying contractor requirements and 
selecting contractors and personnel that can see the program 
throiigh to completion. Although this may require designing 
long-term projects (10 years or more) the accumulating 
knowledge will strengthen the development process. 

There has been a strong tendency to change consultants, institu­
tions, and even whole planning teams between each step in the 
planning-and-implementation process. Changing personnel and 
institutions during a development program disrupts continuity 
in background thinking and program conceptualization. Some­
times changes and new ideas are required, but the effects are 
frequently disastrous because each new contractor disregards 
what has gone before. 

Agency Selection 
After a project has been designed and approved by the host­
country government, and a donor is willing to fund the project, 
the next step is to select the appropriate agency to implement 
the project. A description of the scope of work in a request for 
proposal (RFP) is critical, as is a carefully considered listing of 
personnel and qualifications required. (This information can 
also be included in the project design paper.) Such attention to 
detail helps to make the selection process successful. 

For range-development projects it is essential that all competing 
agencies and firms be evaluated on the basis of their expertise 
and background in range management. The lowest bidder will 
not necessarily provide the best performance. 

The following guidelines are suggested for the selection of 
contracting agents. 

* Provide continuity in agency and personnel through all 
phases. The practice of offering multiple requests for pro­
posals and accepting the lowest bidder often works against 
continuity. Such procedures often result in bringing in new 
planning teams For project papers and other, for implementa­
tion. Different contractors may have differe,, philosophies 
and different staff strengths. 

" Select the most appropriate agency or firm at the start of the 
project and keep it until the project is completed, even if 
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there are several phases. Changing agencies between phases
disrupts the project and reduces efficiency.

" Use contractors with in-house expertise in the major dis­
ciplines required for a particular project because they are 
more likely to be able to support the project throughout its 
duration. Home-office stal i with both international and pro­
fessional experience can provide the needed flexibility and 
balance to meet unbreseen oplportunities and problems that 
so often arise in development activities. 

* Use host-country contracts if' possible.
* Use private and voluntary organizations (PVOs) when
 

appropriate.
 

Personnel Selection 
Personnel should also be kept on the project as long as possible.
If personnel changes are necessary, a period of*overlap will 
ensure continuity. Host-country governments should also en­
courage continuity by providing counterparts. Specific require­
ments should be written into the project design for selecting
project personnel. The fbllowing guidelines are suggested for
 
the selection of' personnel.
 

" Select staff carefully. Of course, personnel with range training
and experience in developing countries is essential. Often it
works well to combine an older, experienced worker with 
a younger, inexperienced person interested in international 
development. This procedure provides a mechanism f'or a 
younger person to obtain experience while contributing to 
the project. The same principle could be applied to host­
country nationals who have the necessary education, even if' 
a donor must pay Ihem a salary dur'ing the plalning period.

* Includle a rural sociologist or an mnthropologist (according to 
specific needs) in most range-development prijects. Tiisindividual should at least have some appr-eciation lbr range 
management since it is unlikely that he/she will have any
formal training in the discipline. The social scientist should 
work closely with the range management adviser to ensure
 
integrated planning and implementation.


* Include monitoring and assessment in all range-development 
projects. Personnel with background in these aspects shouldbe included in the project team if there is no agency in the 
host country. However, it would be pref'erable to develop

such capabilities in the host countries (see module on
 
assessment and monitoring).
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* Encourage qualified nationals to participate at every oppor­
tunity - even if this involves the expense of paying for a re­
placement to assume their regular duties while they assist 
with the planning job.

" Involve the local pastoralists and livestock owners in the 
planning process, particularly during the area- and project­
specific planning. The best way to achieve this is if the 
planning team early on establishes a rapport with these 
people. 

" Encourage contractors and planners to visit and work with the 
targeted population during the project-development phase.
This should enable planners to have enough contact to 
establish rapport with local pastoralists and agriculturlists 
and to understand the local situation. Only from such rapport 
can these "people of the land" be effectively involved in the 
planning process (White and Tiedeman, 1985, pp. 1-10 and 
78-86). The planner or contractor who is not known by the 
local people cannot hope to elicit their cooperation and 
involvement in project imllementation. Sandford discusses 
this question of involving local people at length and provides 
many guidelines for building a successful relationship 
(Sandford, 1983, pp. 232-241, 247-250, and 275-276). 

References 
Sanford, S. 1983. Management of Pastoral Development in the 

Third World. John Wiley & Sons, New York. 316 pp. 

White, L. D. and J. A. Tiedeman (eds.). 1985. Human and 
Cultural Understanding - Key to Improving Benefits 
from Rangelands. Proc. International Rangelands 
Resources Development Symposium. Washington State 
University, Pullman, U.S.A. 

237
 



SECTION I1
 

GUIDELINES FOR
 
PROGRAM PLANNING AND
 

DOCUMENTATION
 

'NI
 



Module 19
 

Program Planning 



Many people and agencies concerned with the use, develop­
ment, and management of renewable natural resources in the 
Third World are dissatisfied with past projects on the arid and 
semiarid rangelands. Many projects dealing with crop and 
animal production in these fragile environments have been 
counterproductive. They have created more severe and com­
plex problems than they were initially intended to solve: 
Famine repeatedly ravages these regions as though nothing 
constructive had been attempted. 

Many international agencies and organizations have tried to 
suggest ways to increase the effectiveness of development and 
management projects in rangeland areas. The consensus is that 
many of the causes of the problems are rooted in the unantici­
pated interactions between traditional and social factors, and 
the development interventions. Among the frequently 
mentioned observations and recommendations: 

•A critical need exists to improve the way projects are planned
for arid and semiarid areas regardless of whether that 
planning deals specifically with rangeland resources or with 
other development activities within these areas. 

* Successful rangeland projects require a long-term
commitment, 10 years to 25 years.

* The amount of time (number of budget cycles) committed to 
a specific project must ensure building of adequate in-country 
capability and full transition to management by the host 
government. 

" More time and funds niust be provided for planners to 
establish a rapport with and learn from the local people who 
will become the beneficiaries of the projects.

* Project planning nust be based on a good understanding of 
indigenous societies and their traditional resource use and 
management systems. 

* Planners must develop a greater empathy for and under­
standing of the people who are a pact of these systems. 

•The pastoral and agricultural people affected by these 
projects must be participants from the outset. 

* Project conceptualization and design teams should always be 
multidisciplinary and include experts in the humanities and 
social sciences in addition to resource economists and 
biologists. 

* Qualified range management experts are equal!y as impor­
tant as agricultural officers, human-health people, livestock 
officers, and veterinarians on the mission stafts of donor 
agencies and on planning teams in arid, semiarid, and sub­
humid regions. 
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* Project benefits will generally be greater and more lasting if 
realized through training and assisting national experts to do 
their own situation and problem analysis, project design,
implementation, and follow-up.

" Interventions must start from "where the people are" and 
build on traditional management, often in small increments. 

* More attention needs to be given to projects and actions that 
prepare the ground for successful development/nmanagement 
interventions. 

* Program elements must be carefully coordinated by the host 
government for continuity and conpatibility, both within and 
among the activities of various donors. 

* Conception of or desire For a project on the part of the host 
government is not alone sufficient reason for its planning and 
implementation.

* Whether with donors or country participants, carefully
establish accountability; reward those who guide projects to 
the realization of objectives.

* Preparation of staff should always be a prime concern. 
" Consistency of action in resource development is essential and 

highly dependent on adequate documentation, problem
analysis, and well-oriented planning. 

The objectives of this module are to 1) develop an improved
understanding of the planning process among those concerned
with renewable natural resources and human development in 
Third World nations and 2) offer some guidelines for planning
that will increase the lasting benefits from rangeland develop­
ment and management inthese countries. 

Planning Defined 
A plan is "amethod for achieving an end; a detailed formula­
tion of a )rogram of action." The act of planning requires that 
one "devise ... or achievement of" a goal orthe realization 
objective (Conant et al., 1983). The first step toward becoming 
a good planner is to know the dlisciipline in which you are plan­
ning.The second step is to understand what a plan really is and 
the process by which it is devised. The planning process, in 
summary, consists of the following: I) setting goals; 2) analyzing
situations, problems, and needs; 3) creatively thinking through
alternative actions; I) evaluating possible side effects; 5) select­
ing and sequencing the best options; 6) executing the planned 
sequence of options; 7) monitoring progress and side effects to 
ensure attainment of project objectives; and 8) follow-up to 
ensure host-country assimilation of the new procedures. 
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Planning Units 
The words "planning units" can be interpreted two ways - in 
the institutional sense of the government or corporate organi­
zation that handles the function of planning, and in a geo­
graphic sense as the area included within one integrated plan
for development and management. We shall first cover the 
geographic sense. 

The way you define the geographic extent of a planning unit 
directly determines the objectives and the information that is 
feasible to acquire. It also affects whether or not the project 
succeeds.
 

Establishment of Geographic Planning Units 
It may be easier to appreciate the importance of proper loca­
tion of the boundaries of geographic planning units if the 
guidelines are 'itated in terms of the consequences of wrong 
placement. 

• 	If the unit's boundary does not match traditional boundaries 
between established social organizations, it may be difficult to 
implement all plans developed for the unit and local people 
may have little interest in the project. 

* If the unit's boundary does not follow natural watershed 
boundaries, complications in the use or allocation of 
resources may result. 

• 	If the boundary for planning purposes does not match 
political boundaries, jurisdictional disputes can be expected.

* If planning boundaries do not coincide with established uses, 
implementation problems will arise. 

* If all planning is done within small, highly specific areas for 
limited purposes, integrated planning may be impossible and 
serious errors may be made in resource allocation. Adverse 
impacts in other areas of resource use and management may 
result. 

Multinational planning. While multinational planning for large
regions may be feasible to draw nations together in their 
thinking as they deal with common regional problems, these 
efforts are often extremely costly. They may serve to focus 
public and international attention on problems and to attract 
funding for the essential and more detailed project designs and 
implementations. However, the individual Third World nations 
rarely have the number of capable staff and agencies available 
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to handle the responsibility for this level of' planing. In many
respects this level could be considered an unwise drain on 
limited professional nmanpower when viewedl in relation to
 
realizable benefits.
 

On the other hand, sonie internlational rangelidl problems
require multinational attention and agreement. Some examples 
are disease and pest control, hlmine relief, transhumant and 
nonadic livestock nmovement where settlement of Ihese popula­
tions is not the soltiol, water develollent, trailling, and 
inbriation excliage. )rawilig nmltinatioal )lalhiillg groups
together under the (lirectioni of United Nations agencies such 
as the Food and Agrictiltrc ()rganizaiion (FAO) can, ill in­
stances like these, be an 
cltcti\'c Inechaiisni f'or regimial
 
plainning. An exaipile of 
 such is the FAC)I )laliiig of'.a pro­grain for Ihe ecological Iiia ageinieni oftarid mnd senmiiu'icl 
ranges (EMASAR). This Uiiit'iiig prograni is Itow supported b)y 
over 90 tiional aild muiiltinatioial l)jIects ol rangeland 
problcis. Ainlicr very' successfill ilitiltiatiollaI progran is the)esert loc'Ust lrogaiii of, IAO, which has Icel stccessfili in

avliling i ii j(r, dIevastatiiig ot ilrak Ii)ri"l i'l!v olne-quarter
 
olfa ceiltur. 

National-level planning. Sinilarly, natioial-lcvcl jlaimillg can
 
icts
either drail resu ()r CilistllC ihi, t1it ilyar rationally

allocated. (Caiufiil aiid infoimied niitiial-le\vl )lannilig call
 
I) lrollce colnlilic isive, initegrated prograis; 2) establish
 
prioritits; 3) Irovide l Ie basis Ii r 
inltriiniste rial c operation
in devell)litnt: ai d) .1stabilishhelifiamework aid assign

rcspoisibilities ftr Jflanniilg the imlclividtial lrjiects.
 

Area-specific planning. )i'vloph liil ii reSOURce­
nlaliiligC i: ltpi 1c .ets i'e,' lisilill y S)tCific 101a lelillcd area 
within a collnltry. h'lit'iilform'iioll ccdcd fo(r planlning is iilch 
more detailed i(lliprt'h:t'l.lsi', ­ [ie level of' detail is 
normally coniiatil'lc with scales of 1:50.000 to I:30,(0)0)
(occasionally larger). l)eelwndiiig ont il lll'llis to headdressed, inlialioll ,requih.d "Il vegtu-!ioll, Foils, 
landlirnis, )hysical dheveohtillnilts aiidI iIlfniistlructlrC, laud Ise,
social structure, lilogra)h.ics ailndiligraltorv routes, and Olaniimal poptilatitis, iiarkt'tiiig h.tishlidh • pric. aih 
inovt'nellilts. IlII ext iitvlarid ai, lallds in Third World
colltties wherc resoIcviil''allicste low, o r in teas wIhere tile 
gover'lillitl dhcs it() Ihi.vt' orthe capacityv iet' Io wrk witi 
this level of, delail, iltensive assessillnt of lanlscalpes at a scale 
of 1:250,000 or 1:200,000 niav provide all the iifi'rniation 
needed lor au'eal-spccific jplaining for extensive pirohction
sySms. In this connection, it is often helpfll to dedc ahead 
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of project design whether a low, moderate, or high level of 
intervention (inputs of capital, labor, and technology) will be 
feasible in view of the characteristics of the human-animal­
resource ecosystem. 

Planning Institutions 
This section discusses the second definition of a planning unit, 
the administrative organization of planning. Regardless of the 
institution or organization responsible For project plan~ning ill 
developing nations, there is almost unanimous agreement on 
the primary cause of low benefit to dependent peoples from 
many range, agricultural, and animal projects. Itis the failure 
1)to acquire adequate knowledge and to inderstand the tradi­
tional management, social organizations, and values of'the 
indigenous society and 2) to use this infbrmation anod under­
standing in designing developme/tmanagemclt jprojects. Tlo 
avoid these failures, any planning organization or tuit should 
include qualilied staff in anthropology and(or) sociology and 
resource or land economics. 

There are two aspects of the institutional or administrative 
structure for planning: I) the organization and assignment of 
authority and accountability for rangeland resources within the 
country and 2) the organization and responsibility for planning. 
The way in which these questions are resolved affects how do­
nor nations mst interact with the host government in planning 
and the effectiveness with which prograims aid pro ects on 
range development and management can be carricd out. Rarely 
will a country have a single agency, or even a single ininistrw, to 
which tile donor call go to discuss the hill s)e(lrllll of' range­
land problels and needs. lherefore it would be desirable, 
wherever the donor can create the opp)ortunity, to encourage 
the formation of a ministry or a single agency responsible For 
rangeland resources. 

But caution, it has not worked to give this responsi.,: 1 

a department dedicated to another lisci)line, stich as animal 
husbandry or f'orestry. Oi he other hand, there is strong 
precedence for successful rageland-resoUrce (lepartillents 
organized within ministries of agriculture or natural resources. 
Even the foriation of a separate iliinistry in (,,entrieswhere 
rangelands constitute a major part of the resource base wotildl 
not be unreasonable. In aN' case, the existence of a range 
agency centralizes the responsibility for this resource and 
greatly simplifies working with donor governments oi inte­
grated rangeland projects. 
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Similarly, if the planning functions of the host government areperformed by separate agencies or ministries, the work ofrenewable resource development and management is severelycomplicated. Vitally important steps can be overlooked orforgotten in the implementation stage simply because of theseparation of planning from the agencies accountable for themanagement and the condition of the resource. 

The answers to two questions oil institutional organization ofgovernments determine how effective donor nations can be inhelping to develop and manage rangeland resources in ThirdWorld countries. The first question is, "Where does govern­mental responsibility lie for the development and manage­ment of rangeland resources?" and the second is, "How is thegovernment organized to handle the planing functions forthe development and management of renewable natural re­sources?" Regarding the first question, if responsibility is notfixed in a single agency that has rangelad resources as itsprimary responsibility and function, it will be much moredifficult for a donor nation to plan and implement a successfulproject. FUrthermore, the project will probably not survive thewithdrawal of the donor regardless of its initial success. Thisproblem is more thoroughly discussed in the module on policy
and institutional development. 

The answer to the second question, on how the planning
function is handled within the host government, will largely
determine whether or not the philosophies of integration
of planning with implementation can be successfully adopted.
Many emerging governments have copied the idea of a sepa­rate ministry or agency for planning. For a developing nation,
this has some serious drawbacks. TFhe greatest one is the
difficulty of achieving the smooth integration of' planning with
implementation and project llhow-up. The conce)t of evalua­tion and monitoring as an integral, driving force of' planning,
implenentation, and follow-u ) will also be difficult to apply
through a separate planning agency. These disadvantages aresubstantial and difficult, if' not impossible, to successfully dealwith where planning and action functions are iii two sepa­rate agencies. If power plays develop between the agencies, asthey often do, the necessary interagency coordination essentialfor a successful project will require master diplomacy and very
close monitoring to achieve. 

In addition, the organizational separation of' planning andaction almost always results in duplication of professionalexpertise. The reservoir of trained professionals with enoughexperience to handle planning is generally inadequate ioallow 
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this luxury in most developing nations. Rangeland planning 
without professional competence in range science and manage­
ment usually leads to shallow planning, implementation prob­
lems, and unanticipated side effects. TIo avoid these problems in 
a situation where the two are separate, trained professiorals 
have to handle the dual role of planning and management if 
area-specific programs are to succeed. Also, the isolation of 
planning from implementation requires a higher level of effec­
tive communication between the planning and the implement­
ing organizations than commonly occurs even in the industrial 
nations, let alone in an inexperienced, developing nation. 

By establishing the responsibility For planning within each 
ministry, this critical function is generally placed in the hands of 
the most experienced and capable personnel in the country. 
This arrangement also has the advantage of being able to 
involve some of the same peoplc or the same supervisors in the 
implementation of the project - that is, liaison between 
planning and implementation is reasonably assured. The agency 
has to prove the quality of its planning by making it work. 
When expertise frlom muliple disci plines is required to plan 
a project, Form an interdepartmental wrking group within the 
agency or draw on consultants. 

The only time a single national-level planning group would be 
useful is when it is formed expressly to develop a compre­
hensive national plan For the integrated development of natural 
resources. 

Even here, however, the most economical way to achieve this 
goal is through an interdepartmental working group. Members 
of such a group could be drawn together from each ministry or 
agency, returned to their regular work when the national plan 
is accepted, and reformed when the plan needs to be updated. 
With this approach, the high costs of perraanenly maintaining 
a special bureau are avoidled. A side benelit of the approach is 
the greater ministerial and agency supl.port forI the national plan 
because each was a party to its conception and design. 

The Planning Process 
Based on the kinds of direct problens mnd side effects observed 
from past planning efforts, regardless of the donor or planning 
agency, the most important change that could be made in the 
planning/design process is to emphasize the preplanning func­
tions and ensure that a social anthropologist and appropriate 
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natural resources experts familiar with local conditions makeup the planning team. This team should be involved in the na­tional plan and preparation of the initial list of problems,needs, and potential development projects. If the team thenproceeds with area-specific or project planning, maximumefficiencies are obtained. The presence of a social anthropol­ogist on all planning teams, starting with this initial effort,would probably prevent the initiation of unsuitable projects byadding critical tcchnical advice on human needs, project feasi­bility, and potential side effects. It would also help with thesocial and cultural understanding of the environment in whichprojects would ultimately be planned and executed, and wouldprovide this information at the right time. In many instancessuch team participation would result in activities to improve theunderstanding of the in('i,., nots society and its culture andtraditions, or to provide edticalio nal and extension support onwhich an eventual management project could be built. Thisapproach would define and clarify the starting point fromwhich any development or improved management effort mustbegin better than resource-nmanagement experts have tradition­
ally done when working alone. 

Guidelines for Project Planning

in Rangeland Areas
 
Levels of Planning 
The goals and objectives of planning are determined by the
level at which it takes place - the government level or the
 
program level.
 

Government level. At the government (or first) level, manage­ment is involved with fbrmulating national plans (for devel­oping and managing resources or. for' encourIaging economicdevelopment). The major concerns at this level are policy­making, setting nationail goals and objectives, short-terin plan­ning fbr allocation of' resources (financial and human), settingpriorities on development options, orgiinizing fbr accomplish­ment, and reviewing operations to evaluate periforimance. Theoperational aspects of this level niay deal with political,legislative, and executive inanage _ent; with development of'guidelines; and with setting the stage for integratecd planningand management at the a'--a-specitic level. 'his corresponds
essentially to the broad, overiall, or coml)rehensive planningfunction identified by Child et al. (1984, p. 218). It provides 
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a framework within which the next level of planning is done 
and approximates the Country Development Strategy Statement 
(CDSS) used by USAID. Sandford (1983, pp. 47-60, 255-294)
discusses the planning and support functions in the government
management of (levelopment projects (so this is vot repeated
here). 

Program level. At the program and project (or second) level,
planning could nore appropriately be called "design." Here the 
concern is with working out lhe details of a specific operational
plan within the guidelines set forth in the national plan. This 
parallels essentially the area-specific planing of Child et al. 
(1984). 

In the design or arca-specitic planning phase, it is helpful to 
delineate three areas of activity (Child et al., 1984, pp. 176).
The first is preplanning, which covers things that nmst be done 
before beginning tile actual design or development. Examples
of important concerns in the preplanning phase are the setting
of project goals and objectives, assembly and analysis of relevant 
information, preparation of a situation staten 'mt, identification 
of problems and perceived needs, specification of new inior­
mation needs, and identification of the traditional social,
cultural, and economic environment in which projects will be 
carried out. 

The second area is the ac(luisition of the additional inlornia­
tion specified during preplanning, and the third is the actual 
design phase. Here, especially, the repeated application of
problem analysis and decision-making principles leads the 
planner through the design, specilicafion, and sequencing of 
elements for implementation. 'hse ordered elements become 
the resource development or management program/project
which, when successfully carried out, should achieve tile goals
and objectives, solve the problems and fill the perceived needs,
and contribute to goals set in the national plan. 

Putting Plans into Effect 
In implementation the emphasis shifts from thinking, analysis,
and design to the doing or action mode, but the former plan­
ning elements are not totally set aside. This action phase
emphasizes the functions of staff recruitment and organization,
supervision, logistics, fiscal control, quality and performance
control, program or project direction and monitoring, and
usually some fine-tuning or redesigning of the initial plan. 
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Monitoring should involve post-completion assessments to 
ensure that all viable goals and objectives of the project are 
attained, that an effective transition to complete operation by
the host government iseffected, and that unanticipated side 
effects do not go unnoticed. This module will deal only with 
that level of planning called "design" and with implementation. 

Issues 
There are diree central issues with which we are concerned. 
First is integrated planning versus single-purpose, isolated 
planning (Child et al.,1984, pp.209-212). Second is coordinated 
planning that ensures a smooth transition between projects and 
a planned sequencing of projects within a development pro­
gram. Third is a planning procedure that always looks at the 
side effects of and interrelationships among projects that may 
create problenis in other areas. 

Planning lor relatively narrow oi liniked projects that are
"completed" without specific concern for project follow-up or 
for interrelationships with other projects in related areas is not 
compatible with the requirements for sound ecological resource 
development and mnagement. Three examples are 1)a pro­
ject on lixestock that may be comprehensive as regards animal 
health, husbandry, and marketing but only deals ina limited 
way or not at all with grazing-land practices and inter-relation­
ships with agricultural cropland; 2) resource-assessm en t proqjects
terminated withboul communication with the planners through
which follow-on pmijcdI. ill resource developuient anod manage­
ment will be designed; and 3) a borehole program to locate and 
develop water without planning to manage the use of the water 
or the vegetation and soil resources associated with its use. 

This module proposes an lpproach to integrated planning that 
will ensure that adverse side effects that may arise are consid­
ered in advance, and that ameliorative measures are designed. 

Guidelines for Broad,
National-level Planning 
Comprehensive problem analysis and resource planning will 
help to ensure compatiility among projects. Such highly 
generalized planning usually meets the needs for the broad 
administrative/mnagement functions of' government, while still 
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providing an important framework for area-specific resource 
assessment and planning (Child et al., 1984, p. 218). Both levels 
of planning are necessary to achieve the goals of integrated 
resource development and avoid the adverse side effects of 
isolated project planning. 

Staffing for National-level Planning 
The requirements for success in national-level planning are an 
information base generated at scales of 1:200,000 to 1:250,000, 
and a multidisciplinary planning staff. The staff should include 
a qualified social anthropologist, experts in renewable and non­
renewable natural resources, and a resource economist. One of 
their most important tasks is preparing a series of situation 
statements and problem analyses of each major geographic 
planning unit in the country. 

Situation Statement and Analysis 
The situation statement and analysis should summarize the 
traditional systems for resource use and management For each 
subregion of the country. It should particularly focus on how to 
prepare the way fbir the main project thrust. This exercise will 
provide essential background For project conceptualization and, 
for example, show where additional research, inf'ormation 
gathering, or education-extension work should e done prior to 
the design of' specific projects. 

The results of these interventions should he worth the effort 
and cost as long as national planning is looked upon as an 
umbrella widin which area-specific projects will be developed. 
When considering the possibility of national-level planning, 
objectively answer the question, "is the government organized, 
structured, and staffed to participate in developing a coor­
dinated national plan and to carry out such a plan when it is 
developed?" 

Experience has shown that the answer will frequently be 
negative. If this is the case, the deficiencies must be corrected 
before work can proceed. 
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Guidelines for Area-specific

Design and Implementation
 
Project Design and Implementation
 
as a Unified Effort
 
Although projects are designed and implemented by the donor 
agency through separate contracts, this need not necessarily be 
so. In some instances, a conibined design and implementation
project would have many strong advantages. Three important 
reasons for emphasizing the intimate relationship between 
designing a plan and putting it into efkct are: 

" It would have an impact on members of the planning agency
to know that they would have to prove their plan by successful 
itlpleniet.talion.

" Continuity is essential - of philosophy and concepts as well
 
as between program elements. Each phase needs to flow
 
Q':rohlly into the next.
 

* 
 lanning and (lCsign (10 not stol) abrul)tly when intervention 
begins. If managerial or operations monitoring is being
carefully and systematically (lone, redesign will be continuous! 

Development as a Process 
Speaking of area-specilic development plans, Sandford (1983, 
pp. 264-267, 270-272) disctsses an important concept of, 
planning tflat he calls the "process approach" to planning incontrast to [ie widely understood "blueprint or prqject
approach." In the developing-nation situation, tile l!roccss
approach has man' distinct advantages. It draws planning and
implementation together into one cotinuous sequence of* 
events with inumerous adfiustniments along the way. 

... A "process" approach isa managerial orientation
 
which assumes considerable uncertainty and is char­
acterized by flexibility, ;y learning by innovation, and
 
by continued openness to redesign and adaptation to
 
changed circumstances.
 
(Sandford, 1983)
 

What better describes the need and the working environment in 
a developing nation? Most people have no problems with the 
process approach when they are dealing with broad programs. 
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Yet when implementing the separate elements of those pro­
grams, the typical planner insists on setting the plans inflexibly 
in concrete and Following the "bluelrint" as though it guar­
anteed outcome and appropriateness of techmological inter­
ventions. The process approach may even be preflerable in 
North America and other technologically advanced regions of 
the world. Development is aiprocess involving many surprises, 
and imaginative redesigip is necessary throughout the establish­
ment of an intervention and beyond. 

Role of Problem Analysis in Planning 

Careful information gathering and thorough problem analyses 
ensure a look at the situation through the eyes of the people 
affected, and so help to prevent most of*the side effects of 
ill-conceived projects. Unbrtunately, rarely is sitfficient time 
spent on this. Too olen it appears that many projects are 
conceived mainly in response to the desire of a host ministry 
for financial support in a specified area. While it is important 
that the host country approve all projects, a good analysis of 
problems and their causes is also critical For current and future 
orientation. This is underlined by the fact that many well­
planned projects have fallen short of goals that should have 
been attainable even in a developing nation. Such failures also 
indicate a lack of' carefil monitoring (and adjustment of the 
project). However, the more thorough the planning, the fewer 
the adjustments required. 

Problem analysis is not something done once at the initiation of 
planning and laid aside. It i; a tool to be used throughout the 
development phases. Its first use, in preparing the situation 
statement, is in generating a clear and concise characterization 
of problems, perceived needs, and opportunities. As each viable 
project is identified through this process and designed, tie 
principles of' probletn analysis are applied repeatedly. 

When undertaking rangeland resources planning in developing 
nations, three situations may he encountered. 1)The situation 
may be satisfactory by existing evaluation standards; 2) the 
situation may be undesirable (i.e., a deviationtifom standards 
- a problem, deficiency, or need exists); or 3) an opportunity 
may exist to benefit the ecosystem. 

Problem analysis is a systematic way to ensure that decisions will 
be sound and rational - based on carefully analyzed flacts. In 
summary, the process involves identifving situations that need 

255
 



correction or improvement, identifying cause(s) of the devia­
tion, specifying and analyzing of alternative action(s), analyzing
problems that may arise from each alternative action, and fi­
nally, deciding to select those alternatives with the fewest 
adverse side effects. Each such alternative is a building block 
for a sound plan of action (figure 18). 

/Situation 'emDcso 

suemTe f] -°'oo.oIAnalysis "' ithAnalyslisObjectivell I'l~~~~so~~~o, ~ 

y- mtiAlternative 
conditions and " an/aem p olatlons 

AS"nalysis of Cos 

Ida Efectsest Solutfio 

seriosnes - -Select from 

tion (tabe2). Whn unantiipateleernat uingimle 

Figure 18. The role of problem analysis Int elcoof manage­ment alternatives, which become the building blocks ofand~ ~~ateKeeradrgo(18)Ellust 
a sound management plan. 

The procedures of figure 18 are progressively applied at each 

major step through theoutline for planning and implementa­tion (table 2). When unanticipated events occur during imiple­
mentation, the procedu~res are reapplied to devise interventions 
or to fine-tune the pl;;n. This process is thoroughly explained
and illustrated by Kepner and Tregoe (1981). 

It may hel p to Understand the relation of'problem analysis to 
development planning. Ali easy way to achieve this is to com­
pare the bas ic ways people think, how they handle problems 
and how this fits in the planning context. This comparison is 
suimmarized in table 2. 
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Table 2. 	 Comparison of the ways people think and handle 
problems with the four fundamental steps in planning
(adapted from Kepner and Tregoe, 1981). 

The ways people 
think - questions 
that people respond to 

How people 
handle problems 

Steps in developing 
building blocks 
of a plan 

What is happening? Clarify and specify Appraise the situa­
the situation tion, deviations, 

and opportunities; 
separate concerns; 
list and prioritize 

Wily? Determine cause 
and effect 

Analyze problem/ 
opportunity 

What to do about it? Choose best Make rational 
alternative decision, produce a 

building block for 
the plan 

What will the Anticipate/predict Assess results, 
result be? results interrelationships, 

and side effects of 
action; cycle back to 
decision process if 
needed. 

Define and sequence 
acceptable actions, 
or building blocks, 
to produce plan 

Examination of figure 19 may help in understanding the rather 
complex interrelationships among different kinds and levels of 
planning and the processes necessary to design and effect a 
good plan for rangeland resources development and man­
agement. In its broadest outline, the planning process should be 
looked upon as covering the major steps outlined in table 3. 

Planning Systems Compared 
The country-development strategy statement routinely pie­
pared by USAID is somewhat comparable to the things done 
under the first "preplanning" caption in the outline of table 3. 
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Development of USAID's project identification document (PID)
matches the "identify candidate programs/projects" caption
under "analyze national or regional problem" in the initial
preliminary planning. The project paper of USAID is the same 
as the results from the "action program planning" in table 3.
This table shows many parallels with the present USAID ap­
proach to planning but it highlights three major contrasts: 1) Itplaces greater emphasis on the preplanning functions, both at
national and at area-specific levels; 2) it emphasizes the
inseparability of planning and implementation; and 3) it places
much greater emphasis on a follow-up effort that often starts
during implementation, assuring attainment of project goals
and objectives. 

Table 3. The sequential steps in planning and implementing 

rangeland developments. 

Preplanning 

1. 	 Assemble and evaluate existing information 
2. 	 Encourage and advise host government in interventions 

only they can do (Sandford, 1983, p. 271)

" set policy guidelines for rangeland 
areas 
• 	set country goals and objectives for rangeland


development

• 	devise budgeting, procurement, and.accounting

procedures suitable for rangeland areas 
" establish education, extension, and research priorities for 

rangeland areas 
* assess and allocate available technical/professional
 

manpower

• 	project amount of host government finance and capital

expenditure available for rangeland development
3. 	 Describe and analyze situation 

" physical 
* biological
 
" socioanthropological
 
" economic
 
" political


4. 	 Analyze national or regional problem
0 set broad program goals and objectives 
e ideniify candidate programs/projects
 
9 set ptiorities
 
* specify new information needs 
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Table 3. (continued) 

New Information Acquisition and Evaluation 

Action Program Planning (for Candidate Area Defined in 
Preplanning) 

I. 	 Local preplanning
 
incorporate new information
 

* refine situation statement and analysis
* redefine problem statements 
* fine-tune problem definition 
* set area-specific goals and objectives 
* define strategies

2. Project planning 
* analyze problems and decisions 
* identify and design facilitating actions 
* identify and design direct actions 
* sequence and schedule 
* hire staff 
* work out logistics 
* establish budget 

Implementation of Plan 

1. Check and confirm sequence of actions 
2. Arrange logistical support
3. Recruit, assign, and train personnel
4. Arrange cooperation
5. Execute plan (facilitate and direct action elements'),.
6. Monitor project management functions 

* logistical plan 
* cooperation
* performance schedule 
* quality of perfbrmance 
* budget and fiscal plan
* unanticipated side effects 

7. Redesign or adjust plan and modify implemeptatipn 

Foliow-up 

1. Monitor impacts on resources, humans, and animals 
2. Assure goal and objective attainment 
3. Assess effectiveness of project
4. Ensure continuity/transition to next program phase 
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In planning rangeland projects, it is important to treat develop­
ment as a process and not just a project. Planning (design and 
redesign) is a continuing process and one of the greatest assur­
ances that programs will have a lasting beneficial effect on the 
recipient peoples and nations. When this is clone, a huge step is 
made toward use of the "process approach" recommended by 
Sandford (1983) for development projects in the Third World. 

PLANNING 

rNational level (Information) Local eve 
SPlanning 

National 
Development
Plan/Program 

(why) 

Integrated developinont 
planning (what, where, 

Lrojct
Project

Plan 

when, how, by whom) 

IMPLEMENTATION 

Operational 

MONITORINGII 
& FEEDBACKobjeensuresbeuccess 

rl nsIs erimongio f 

semiarid rangelands. 
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Module 20
 

Assessment and Monitoring 



Assessment and monitoring are essential to the integrated 
planning process but have often not received adequate 
attention. For example, resource inventories and ecosystem 
assessments are rarely a continuing part of projects in 
rangeland areas; the assessment of social and anthropological 
factors and the description of traditional management schemes 
are not customarily a part of rangeland resource analysis; and 
ecosystem monitoring is rarely included in plans for project 
implementation in developing countries. 

Planning as a Process 
Ranigeland resource development and management in the 
Third world is a continuous process, not something that can 
be compartmentalized into discrete boxes. Assessment and 
monitoring are essential elements in the process of*planning 
and implementing new interventions. They drive and guide the 
Perlpetual redesign, redirection, and creative im 

until the goals and objectives of the project are achieved. (See 
box for some uselil (lefinitions.) 

Role of Assessment and 
Monitoring 
In the preplalinning phase neither assessment nor monitoring 
are involved - the emphasis is on assembling and evaluating 
the existing information. If more information is needed, 
however, assessment would be planned during this phase. 
Remember that prep)roject planning, properly (lone, could lead 
to the decision not to proceed with the project. 

Assessment should be the first task in the planning or design 
sequence, whether puib are being dOdeloped at regional, 
national, or local area-specific levels. Assessment and planning 
should be very clhsely coordinaled, even though they often take 
place at difl'erent tines. Additional gathering, evaluation, 
or reinterpretation of lata may become necessary as planning 
progresses because not all information nee(s can be 
anticipated. 

Tlraditionally, assessment projects initiated by USAII) have not 
been linked to the planning of specific programs and projects. 
This is probably because an assessment project makes a neat 
package for purposes of advertising a re(luest fo proposal 
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Assessment. Assessment is a complex reiterative processof information acquisition for decision-making. Itis
thoroughly explained in the context of devwlopment
planning and design by Child et al. (1984, pp. 169-204).
Conant et al. (1983) summarize a number of technicalfacts and viewpoints on resource assessment. Theseauthors treat the assessment of soils, plants, and wildlifebut omit any mention of domestic animal assessment andmonitoring. They do, however, cover many important
aspects of the human component of the ecosystem andoffer suggestions on assessment methodology. 
Managerial monitoring. Managerial monitoring is theresponsibility of the project leader and is used to keeptrack, check performant ;. or regulate and control the
activities under a progr,, n/pruject plan. This type of
monitoring is intended to ensure the attainment of
prestated goals and objectives and is as important as
 
ecosystem monitoring in development projects.
 
Ecosystern monitoring. Ecosystem monitoring is

concerned with the biotic and abiotic elements of the
system, particularly with the impact of consumers on the
stability, quantity, and quality of primary production and
the net effect on human and animal life. Child et al. (1984,
pp. 197-198) briefly summarized ecosystem monitoring in
the context of development planning and implementation.
 
Remote sensing. Remote sensing is simply acquiring
information without contact (as from an airplane or
satellite). It isa tool of great potential value, as well as some risk, in both assessment and ecological monitoring;it has some value as an input into the decision-making
process. It is not true that remote sensing involves onlyhighly sophisticated technology. It includes traditional aswell as sophisticated aerial photography, and aerial
imk. 9s created by various electronic sensing systems.The data or imagery processing is by visual as well 
as computer-assisted means. This whole field wascomprehensively summarized in relation to developingcountry applications in Conant et al. (.1983, pp. 34-41,254-261, 348-357, 468, 473). Do not overlook the need forground truthing, which validates remote-sensing results. 
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(RFP); because it is thought that involving multiple contractors 
ensures the lowest project cost; and because few donors in­
volved in resource development realize that planning, inter­
vention, and assessment form a continuum. The tendency has 
been to segment everything into project units because this is 
thought to make them easier to manage. 

Monitoring has largely been limited to intermittent progress 
reviews (generally by an independent team) and post-project 
reviews (usually by consultants retained for the purpose). The 
donor agency should always play a maijor role in these reviews, 
which fall into the category of managerial monitoring. 

Ecosystem monitoring, which has the even more important 
function of charting the impact of the proiect on the resource, 
on the presumed human recipients of the benefits, and on the 
economy of the country, has traditionally been omitted entirely. 
Little awareness is evident of possible adverse side effiects f'rom 
certain kinds of "developmeni" projects. 

Recently there has been almost universal agreement by people 
experielced in international development that the two largest 
factors preventing the attainment of project goals and ob ectives 
are I) planners fir rangeland resource development and man­
agement have not stf'iciently tnderstod and taken into 
account the human, social, and anthropological aspects of' the 
indigenous society; and 2) planners have assumed that tradi­
tional management is bad or nonexistent, or have failed to 
adopt its techniques. 

Guidelines for Assessment 
and Monitoring 
The single most seriius is'uc is getting donor agencies, and 
many natural resource speci;lisis, to accept the "process 
concept" in preference to the customary "discrete pi,",ect 
concept." )evelopment is a process that progresses slowly, often 
not according to expectations. It is a series of steps, with 
frequent loops back to redirect, revise, or try again. This 
looping process requires continual assessment and monitoring 
throughout planning, (esigl, iml)leinentatioil, and Iollow-up. 

Big schemes that seek to leap forward rarely succeed in the 
long run, although in the short term they can absorb huge 
amounts of money an( humian resources and give the impres­
sion of success. Development activities frequently produce 
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unanticipated impacts - economically, socially, and environ­mentally ­ that have extreme and irreversible consequences.
Had.early planners thought more about assessment andmonitoring, these conselueiices might have been avoided ortheir adverse impacts reduced. 

The second issue concerns the importance of 1)startingdevelopment activities that buiIl upon existing managementstrategies, 2) understanding and involving the iniigenous
people who are directly aflected by development, and3) agreeing to move fbrward at a reasonable pace to achievedevelopment and ecoinmic growth. All three of these essentialsdepend on tile quality and timeliness of assessment and

monitoring.
 

The third issue involves Ihe concept of "doing for" versus "help­ing to (1o." Much of the resource assessment and monitoringthat has been done has been compleiely planned and carriedout by outsiders, and then left behind: "Done, here it is!" As aresult there are cotintle" 'csource analysis results that are lost on the shelves. Many are complete in sonie respects (evenoverdone) and critically deficient in others. One 'fAtile best ways to correct this situlal ion is to edticaie and train locals toplan and carry out Issessment Mid monitoring lor themselves. 

These issues can oinl' be addressed if (oiior agencies budgetsu[fficient Funds and tinie for the necessary assessment and
monitoring. Rangeland 
 resource developneut requires a long­term commitment to projects (i1) to 25 years) and a flexible

budgeling and finding sliructure that allows response 1o
unforesecable delvelopnlents along the way.
 

Guidelines for Broad
Development-program Planning 
Resource assessment looks at the vegetation-landbriiic -soiisystems, htum and Ctlural lictors, animal flctors, economicfftctors, political Elactors, and the infrastructure and institutionalframework. I provides information on characteristics, distribu­tion, extent, current condition, interrelationships, and problems.Monitoring focuses on ch::nges, impacts, and results - includ­
ing unanticipated sid,. effects. 

For program planning the analyst or data processor movestoward smalle: map scales and more refined levels of*gen­eralization and for project planning toward more detailed 
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information generally, but not always, at larger map scales. 
Essentially the same categories of information are needed in 
both instances. 

Guidelines for Program/Project
Design and Implementation 
Although presented in the context of area-specific planning, 
many of these guidelines also apply to broad development 
planning. The only difference is that broad planning requires 
less detailed information. 

Some Key Guidelines 
Rely on existing information rather than new inventories and 
assessments. 

The assembly and analysis of existing information is one of the 
most frequently neglected and underbudgeted functions of 
planning and design. The major reasons for this are the diverse 
locations of depositories, lack of indexing, and loss of key items 
known to have existed (Child et al., 1984, pp. 174"175). Funds 
must be budgeted to ana!yze what information is available. 
Merely organizing and updating existing information may be 
adequate, particularly for national-level planning. 

In most developing nations the use of some remote sensing is 
essential because of the great distances, difficulty of travel, and 
shortage of professional manpower. 

Donor nations with inventory, assessment, and monitoring 
needs cannot afford the luxury of' other alternatives. Key 
questions regarding the use of remote sensing are: How will 
remote sensing be used as a tool in inventory, assessment, and 
monitoring? What systems or elements of systems will be used? 
Where, when, and how will imagery be acquired? To what 
extent will electronic data analysis supplement visual interpre­
tation? Will systematic aerial reconnaissance be used for verifi­
cation of image interpretations, human settlement, and animal 
census and distribution? Who will do the remote sensing? Who 
will pay for it? Can you afford the lag time to acquire it? Will 
the military confiscate it for military reasons? 
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Remote sensing is relatively easy ­ don't make it more compli­cated than it is. It does, however, require a high level of knowl­edge as a resource ecologist, soils expert, etc., because tileanalyst must know what to ex)ect in the project area. Eventhen, ground verification is a nust, and the determination of 
accuracy of interpretations and proportions of oliiission andCommission errors is strongly recomnmended. 

In gathering supporting ground dala, some slatistical catitions 
are appropriate. A IfreoIuent error niade in assessing resources
ill developing nations is measuring at unnecessary levels of' accuracy and precision. In many cases a simlple suljective scorewould be adequate. o' help resolve this problem, ask a few
 
questions. What are the colise(luen ces of tile decisions to be
imade froi 
the data? Are they irreversible? Can Ihe course of'action set illiilotiol by the (lecisions be changed or corrected?
Ifso, nuch lower precision levels are tolerable. Will decisionsdeal with large dilfelrences or line ald colliplex inter-relation­
ships? if the frnmer, careltilly scored dakta lnay lbe adequate andmu1ch more cost effeclive. Ii lmany cases pieop'le cannot use
statistically refille 
 data1i, and so its collection is ullnecessary.

The iliiibnler ald kind of l'araiiieters exaiiiied 
are also a ftuc­
tion of tihe SublseinCiildecisiil process id its coIsCqlences.
Be awaire that tile risk of"ov im" ' is grea. 

Long years of traililg vislial-illiage iCIerlirelers shows that,
given all the aJ)parent iuialilications of knowledge, visual acuity,and reasoning ability, only about olne illfive becoilie trily
accolplished, acill-ate iinerlprcters Soliewiere neal' the same
rit0 pl)l)y will Ild whel e1ct ticr-assistecd interpretation

is used becaise this refliitlieitt ll neverl)e divorced success,
fully lioi-i the huimanl ilterprelive skills that are the result of
 
extetnsive grotiid-sanipling experience.
 

Establish an in-country resource-assessment facility with 
a remote-sensing laboratory instead of building a reliance 
on foreign-contract facilities and expatriates. 

Key questions are: What deternmines tile point at which acountry should develop its oli fiicilitx,? IlHow sophisticated
should the flicilitv be? Ilow inighi it linction to the advantage
of' tile colllitlrv' Tliese kinds of faicilities require reliable powversou rces and air coliditinlitg, which iiiaiV developing nat ions 
can nlot piovide. EInllipping staing, an 111iiiaiitainig suchflcilities is expensive and techinically denaidiing. Most of theneeds of developing ntions cati l e imet front visial inter­
ptretation of either satellite iniager, or aerial l)hotography; 
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many service agencies provide state-of-the-art materials at 
reasonable cost. Most countries should plan to use these 
facilities, or regional laboratories where available, in 
preference to setting up their own facilities. 

Small microcomputers are becoming available with software for 
analyzing satellite- and aircraft-scanner data. Given a depend­
able and stable power source, these may replace mainifrtme 
computers, which must be kept in air-conditioned rooms. 

Given quality imagery, in-country personnel who have one of 
the required disciplinary specialties cal be trained to do visual 
interpretation. They should not attempt to add computer-aided 
sophistication until they are skilled at visual interpretation and 
ground verification. The best course of action is to grow into 
eventual sophistication -- one step at a time, with advice and 
guidance fi'om experts. 

The SPOT Image Corporation (France) has made satellite 
imagery with 20-m and i0-in ground resolLtion available. This, 
together with Inicrocopul)lter capabilities, will likely revolu­
tionize resource assessment andIllmonitorinig in the developing 
world. The visual producl is expected to be almost as good as 
small-scale, high-flight aerial photography. This offers great 
advantages to counties where itisdilflicult to obtain aerial 
plotographiy at stifficie itlv frecuenl inlervals or at exactly the 
-ight season for niany vegetation-analysis problems. 

Establish an information base that can be used. 

Key questions are: Will the data Iesumnnarizel and used in 
the conventional ima)p(, talbular, aiid narrative form with map 
overlays as appropriate to iee(? Or will a geographical 
infbrmation system be developed and used for infirmation 
management - storage, retrie'al, reduction, amlysis, and 
suiniariza tio ? Will ifhere be a pertma ieit tattural resoturces 
informnation archive aid library established it-cotmntry to enst1'6 
that informatioi reiains readily available and is not lost? 
Computerized iitf( rinlatioil systemns are excitinig concepts and 
every developing nation wo ild like to have its own, and of 
course the computer S,-sIen1] required to handle it. U nfor­
tutiately, few developing lialiotls canl inainaiii the physical 
environment required to delpenlaly operate such a system. 
Few people have become proflicient CIough at querying such 
a system to consistcitlt obtaiil tht r-eqired inlfiation and get 
it to its ultimate user, even aniong resource management 
agencies in the United States! Yet, evcLryone - with a little 
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training ­ can read maps, well-designed tables of' data, andnarrative explanations; draw their own interpretive overlays;and make inferences and reach decisions based on this
information. 

Paralleling the concept of a computerized infbrmation system isthe critical need for a central library and storage fhcility.Development of such should begin with the preplanning as­sembly of existing information; all new data and maps shouldbe channeled into this archive for safe keeping and ready
access. 

Determine the scope, quantity, and detail of information that isto be provided. 

Key questions are: Is the information for national or regionalplanning or for area-specific planning? Will it e used for manyplanning needs or only for immediate single-purpose needs?There are three common errors in determining the scope andlevel of detail. The first is fifling to assemble all available infbr­mation, particularly that in foreign languages. l'his leads topxx)i quality of work, unnecessary duplication, f'ilure to takeadvantage of' social anthropological inbrmation, and eventuallyto attempts to plan with inadequale knowledge of traditional 
management. 

The second most common error is an information overkill thatresults from not answering the questions, "How much infor­mation is needed, what will be done with it, and who will useit?" The third error is fliiling to plan fir liaison between assess­ment and monitoring teams and planning teams from the outsetof the program. A good assessment job may be done but theinformation will not be in the formiplanners need. This isa serious problem when expatriates (o the assessment/lmonitor.
ing work and are not funded to help potential users of the

information. 

Determine who will do the assessment and monitoring. 
Key questions are: Will it be an expatriate or consulting group,qualified country nationals, or a combination of expatriates andnationals? If the last, where will the authority for leadership lieand what will be the levels of participation by expatriates andcountry personnel? 

Even though it will be a slower route, the ideal situation is fortile assigned nationals to assemble and analyze existing infor­mation and to do the assessment. They should initially have 
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access to the advice and guidance of qualified expatriates.
These expatriates should be advisers and helpers, not the prime
doers! If the nationals do the work, they will understand it,
have confidence in it, and use it - with continuing guidance
and help when needed. 

Ensure communication between assessment/monitoring 
personnel and planning/implementation personnel. 

Key questions are: Will some of the assessment team become 
members of the planning team or will they go on to other 
assessment projects? If the latter, how will liaison with -planning
be assured and how will monitoring be handled? 

The best way to provide liaison between assessment and plan­
ning is to carry key assessment personnel into planning. If' 
assessment and mionitoring are done by a permanent team that 
moves from project. to project, it is essential that a small group
that will be on the planning-and-implementation team be as­
signed to participate on the assessment-and-mioniitoring teams. 
The "counterpart" who briefly drops in once a day to check on 
progress is a waste of funds and manpower. 

Base legends and infon.iation-classification schemes that are 
presented on maps on structural, floristic, and phytoso­
ciological (plant community) criteria. 

Key questions are: What vegetation-classification criteria will 
work best in what parts of which developing countries? What 
landscape features should be mapped for greatest usefulness? 
Should existing or potential vegetation be nappel? 

Interpretations of vegetation should be done on the basis (if
existing vegetation, not on the presumption of' what is the
"climax" or potential vegetation for each site. This makes the 
task ideal for use of remote sensing l)ecause the sensors see 
only what is there, not what someone presumes, or even knows, 
might be there in a few hundred or thousand years. (If a map
of potential vegetation is esscntial, a qualificd phnt sociologist 
can prepare an interpretive overlay once the basic resource 
assessment of existing vegetation, soils, and landforns is done.) 

Learn from the literature and people of the area to prepare for 
the interpretation of assessment data. 

The key question is: What is the best way to do the inter­
pretation work for rangeland assessment? 
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Analysts should learn as much as possible friom the literature,
local people, and ground travel (with remote-sensing imagery inhand), about the plant-conununity types that occur in tile area
and the relationships between these plant commt,nities and the
soil and landforni conditions with which they are normally
associated. Low-elevation aerial flights (with imagery in hand)
can be a fast way to develop initial interpretive skills. 

Systematic aerial reconnaissance can provide information on
human and animal populations. 

Conant et al. (1983, pp. 376-384) and Child et al. (1984, pp.
59-86) have provided excellent guidelines on human and 
animal populhtions. 

The techniques of systematic aerial reconnaissance (Gwynne
and Croze, 1975; Milligan, 1982) are highly developed. This is 
one of the most eflicient ways to quickly and reliably obtain
infbrmation on aninal poptilatiois and human habitation in
the arid and semiarid regions of the world. Data thus obtained 
can be a basis for ground observations and interviews in
developinig demographic and other kinds of essential data. 

Use internationally accepted classification schemes when
mapping soils, landforms, and land use for rangeland resource 
analysis. 

The key question is: Ilow should these Features e treated 
when mapping fbr rangeland resourcc assessment? 

The continental soil maps fiom F(AO, along with local soil and
geological maps where they already exist, provide a good
starting point for soil exanination. Study these maps and 
reports for information oil vegciation-sC)il relationships andIand-use sLitabilitiCs in rgitO us WIcvreiainllfl isstIfticicnt to
suStain dcj)eCiI(l11 )lC ((pI IOtI tiOl1. Soil I piia)j)ing shouIld be
done at a level as (lose as possible to the level of vegetation
mappling, i.e., if lpccific vegetational (;oAintulitiities are mapped
then soils should be inal)ped at tlie soil-series level. If the
project area (foes not have signiicant agricltural potential,
mapping of soils could be reduced to mapping of the geologic
structure (soil-firming materials). This isoften suitable for
nationwide assessments at scales of 1:200,000 and smaller. 

By all means map soils and vegetation at the same time to help
the vegetation analyst and the soil surveyor achieve reasonable
parallels in mapping intensity and to resolve relationships 
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between vegetation and soils during ground verification and 
legend-development studies. If this work is done separately,
disparities between soil and vegetation maps and data result. 

Landftorm mapping should be based on a small number of 
macrorelief classes that reflect elevational relief' complexity of 
drainage patterns, and smoothness or angularity of' slopes
together with handform classes that are ecologically significant
in terms of the microenvironment for vegetation and soil 
formation. The important thing is the landlfbrm and macro­
relief patterns that affect vegetation and soil development and 
management. 

A simple legend should also be devcloped to map those existing
land uses that have changed the vegetation and character of the 
landscape, i.e., agricultural cropping, urban-industrial develop­
ment, mining, and infrastructure where the scale permits. It is 
not the intent of such a legend to reflect potential land uses. 

Use multiple-purpose, rather than single-purpose, surveys and 
assessments where possible. 

The key questions are: Can a thorough ecological assessment 
for multiple-purpose applications be justified? Is it practical to 
attemlpt? 

Historically, resource assessment has tended to be single 
purpose - range-site surveys for rangelands, soil surveys for 
agricultural development, and timber-type and volume surveys
fbr forestry. The problem with this approach is that there is 
little or no complementarity aniong the separate assessments. 
The total cost in areas with mtultiple-use potential is very high.
In addition, this approach usually overlooks lad-use interrela­
tionships and side effects and i;nay fiail to provide essential in­
formation for i)rojecting enviroitinental consequences. On the 
other fi;iid, integrated resource assessments provide inforima­
tion on all major components of the ecosystem. By UCing ad­
vantage of this information, future supplementary studies will 
be conducted with greater efficiency and substantial savings. 
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Module 21
 

Documentation Centers 



Outside consulting firms commonly perform resource assess­
ments for developing nations, usually in separate projects for 
forestry, rangelands, agricultural development, and land-use 
planning. In some cases these foreign experts have local 
counterparts. but the expatriate is nearly always in the lead 
position. However, it is both desirable and cost effective to 
establish a national center that is responsible for natural 
resources evaluation, considering the advantages of integrated 

resource assessment (Child et al., 198,4) and of' the national 
government doing its own integrated resource surveys. Rapid 
technological advances in this area and the requirements of' 
monitoring also favor the centralization that such a center 
would provide. 

In addition, few develo)ping nations have provided a proper 
on naturaldocumentation center or archive fbr information 


resources. 
As a result many valuable items have been lost or 

cannot he found in the time allocated for the literature search 
in project planning and design. Not only is this a tragic loss, but 

contractors are repetitively going through the same expensive 
exercise of locating docunients, or worse yet, dloing without the 

information or developing it all over again. A national docu­
mentation center for natural resources would iiake the essen­

tial information more readily available to all users.
 

With the growth of technology for information acquisition and
 
a decision al)out [lie scope of a doctmentation
management, 

center's activity is important at the outset. Whether to have sep­

arate centers Fbr documentation and evaluation or 4 combined 
center is an iml)ortant issue. 

Issues 
Evaluation Center 

If a country has only a small and occasional volume of re­
source-evaluation work, it would be logical that each ministry
 
or department be responsible for all evaluation in its discipline. 
The work could either be contracted out or done in-house with 

regular professional staff plus temporary or consultant help. 
In this case an evaluation center would be expensive and
 
unnecessary.
 

On the other hand, if' the work load is large and steady, a single 

government center to handle assessment and monitoring is a 

logical and cost-effective choice. 
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Consider the high cost and technical requirements of remotesensing in resource evaluation, and a national or regionalcenter becomes more viable. Although some remote-sensingequipment and technical capability is essential fbr each disci­pline, it would not be economic fbr each delartment or minis­try to have its own full-blown remote-sensing center. When youthink about the normal professional manpower and financialsituation in most developing countries, the case for a centralfacility becomes even stronger. 

rhe importance and potential growth in the use of remote­sensing technology among the developing nations is tre­mendous. They already, lbr example, account for the sale ofbetween 35% to 50% of the Uancsat imagery used in the world. 
Unfortunately, attempts to create a center of this type will likelymeet some bureaucratic resistance simply because separate
facilities 
are traditional. Another argument fbr maintaining
separate fhcilities is that 
 liiing an integrated assessment therewould still be some specialized kind of infbrmation each disci­pline could contribute ihat would not be fbund in a common

evaluation center. 

Some professionals argue that the integrated, ecological
approach will be more expensive and produce too much
information they don't need. Yet when good, new inbrmationis provided in a timely manner, a need and use fbr it often
quickly appears. 

Another issue in the development of an evaluation center
involves the question of' whether it should be national 
orregional. Steps have al'eady been taken, for example, to
establish regional remote-sensing laboratories in Burkina Faso
and Kenya. There is a partially eftctive facility in Nigeria and
a high level of' capability in India and Indonesia. Other fhcilities
exist or are being discussed.
 

Wherever a counIry has access to a regional remote-sensingcenter, the terms of its availability, scope of' services offered,and costs, etc. should be thoroughly investigated. It is better notto develop a national center fbr resource assessment (includingremote sensing) until it is demonstrated 1)that the regionalfacility will not meet the country's needs, 2) that a continuingneed exists, 3) that a center is of' sufficiently high priority tocompete for financial and manpower support, and 4) that thereis a sufficiently large cadh-e of trained resource analysts toprovide a stable staff for the national facility. 
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Documentation Center 
A documentation center is needed immediately in almost every 
developing nation. An important issue is how it will be set up to 
handle the large nMass of' information it will be expected to keep 
readily available to users. Coordination with large libraries, 
such as at universities, needs to be worked out so that there is 
no unnecessary overlap. 

One solution is to establish the documentation center at the 
national university, but this could require some fictions not 
normally handled by libraries. Some accessions in the natt,'al 
resources areas would have to be handled as rare hooks and 
maps, which indeed they are. The options for accessing and 
indexing are the traditional labor-intensive card file or a com­
puterized indexing system. The next step could he a completely 
computerized geographic information system (GIS), a possibil­
ity that is exciting but presents many serious operational 
challenges. 

The United Nations Environment Programme (UNEP) is setting 
up a GIS to handle its Global Environmental Monitoring 
(GEMS) data. It will be operated out of England, which solves 
the problem of maintaining a controlled environment for the 
sensitive computer hardwa.re in a developing country. 

A multinational facility would not meet the needs of any single 
country for a natural-resource-inlformation depository, because 
it is not likely that many countries would entrust highly detailed 
data to an open,' international flcility. The individual Mtions 
will, however, be able to call on this fiicility for some kinds of' 
information important to their work. 

Combined Versus Separate Centers 

The question of whether or not a resour'ce-evaluation center 
should be combined with a documentation center is subject to 
serious debate. There are advantages both ways, but few 
precedents for the combination. 

It follows that the group that generates multipurpose resource 
data and information should be the custodian of' same. Thus, 
combining a resource-evaluation center and a resource­
documentation center into one administrative unit is logical 
and probably cost effective. Centralizing the responsibility lor 
training, operational resource evaluation, and a (ocumentation 
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center into one administrative unit will even out the otherwisesporadic work load that is characteristic of operational
evaluation and monitoring. 

If the documentation center becomes part of a national oruniversity library, it is probably a bad idea to include theevaluation center under the same administration. But if the twocenters are combined, they should be organized within a min­istry concerned with natural resources. 

Guidelines for Development and.
Implementation 
Many of these guidelines apply both to institution-building andtraining and to implementation of resource assessment and
monitoring. (Similarly, guidelines in the section on resource
assessment ­ for example, on remote sensing and the function­ing of a resource-assessment team ­are equally appropriate
to this module.) 

Evaluation Center 
Guideline. Two options exist for training staff fbi the evalua­tion center, regardless of its initial scope. The first option is totrain staff on the job. Trainees would obviously have to meetsome basic educational requirements. Scientific and technolog­ical requirements tfoi this field are very high, including pro­ficiency in one or more natural resource disciplines; somedegree of proficiency in remote sensing is desirable. 

The second option is to send potential staff to a national ora foreign university for formal training in the required

disciplines.
 

A potential third option, of course, would be to combine thetwo. Given prior prolifessional training in one of the renewable­natural-resource areas, option one is most attractive and
functional for resource-evaluation 
 triun ing. The on-the-jobtraining could be preceded by or interspersed with shortcoursesin remote sensing and resource-evaltution techniques. 'hislatter could be a mix of raining methodologies and would nottie up valuable manpower in advanced, fbrmal education whilethe development program moves ahead. 

282
 



Guideline. The evaluation center should emphasize effective 
service. It should perform, or provide leadership For, 

evaluation-and-monitoring projects, provide shortcourse 
training in all service activities, and function as an archive and 

information center. 

The importance of all these items is self-evident. The only one 

that is subject to debate is whether or not the center should 

actually assess and monitor projects, or merely provide training, 

advice, and guidance. 

Aerial photographs, satellite inmages, and data tapes should be 

archived and indexed in the center when they are no longer 

being used on a regular basis by other national agencies. 
Because of the historical value of these items for detecting 
change, they should he retained indlefinitely. Originals should 

not be checked out of the center unless the agency that 

originated them needs them temporarily. If photo negative files 

are maintained and state-of-the-art reproduction facilities are 

available, it would be easy to provide copies of' photos and 

imrages at user expense. 

The facility should have high-quality reproduction facilities for 

both written material and maps. Color-copy capability is 

desirable for maps, some illustrations, and photographic 
materials. Many accessions will be "last and only copy" so they 

should be reproduced for use or made available only in the 
center. 

Since this is a national, not a regional program, it is best for tile 

center to actually conduct evaluations for their clients - the 

natural resources and planning ministries, departments, and 

agencies. This will ensure better quality control on perfor-
It is simply a matter, given adequate funding, of assem­mance. 

bling a quality staff"and then training and fielding evaluation 

crews. As the work load increases, more crews will be put in the 
will be laid off or diverted tofield and as work drops off, crews 

liaison with planning and implementation teams or to other 

work in the ministries. 

Involving staff oil resource-evalhation crews in training 
exercises is a superior way to screen and prepare them for 

greater responsibilities in planning and management. Trhe 

value of this approach has been proven by application among 

resource-managenlent agencies in the United States. After 

about 1 year of' experience, have each crew member prepare 
on which le has donea comprehensive plan for a small area 
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the evaluation work. If the crew is involved as a unit in theseexercises, members will also get valuable training in team
planning. 

Your goal should be to eventually replace the present practiceof contracting out the resource assessment and monitoring toconsulting firms and international agencies. 

Documentation Center 
Guideline. rhe initial function of a documentation centershould be to assemble, index, and make available publications,reports, and maps relating to natural resources within thecountry. 

Ai experienced librarian will be required flnr initial acquisi­tions and organizalion. Technical staff in the various resourcespecialties lutist e involved it document selection. In manycases accessions may have to be created by p~hotocopy, butoriginals shold le acquired wherever possible. The accessionsshould include iplilicalionls, maps, and reports on resourcesand on developilental([ilau.j1ag leIt plans and projects. Iii­tially notiing should be destrvoyed or culled. Current and past1)1n(iect files Mid librarfics arC a good source of accessions. Allmust be colsolidlted ill tile center and if personnel of' any
project need dav-to-day access 
they should be provided copies,the originals, where they exist, shoild go into the center.
A small library suaff 
 must be trained so tIhe collection can bemaintained and kept current. 

Al ideal oplion is to irain staff' or the documentation centeron tle job. The Mali Land Use and Inventory Project carried
out by TAMS and the (;RM stands as a highly successful
example of this training option. A documentation center wasestablished, accessions made and indexed, and a small stafftrained through the periodic on-site guidance of a capable
library-science consultant.
 

A tight security system and check.out and inventory-controlsystem is ess;ential if the fiacility is to survive and provide

needed services.
 

House the facility in a carefully engineered, fire- and water­proof building that can be secured against the ravages of insectsand other destructive vermin. Air conditioning may be desir­able if practical and affordable. 
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Make a serious effort to locate and secure copies of all colonial 
government studies and maps of natural resources; donor­
agency reports and special studies of natural resources; inven­
tory maps and tabular data; and scientific studies ol renewable 
and nonrenewable natural resources - especially on plant 
taxonomy and ecology, geology, soils, and water resources. 
In many cases copies of reports on adjoining countries will 
be equally valuable. For additional sources see Conant et al. 
(1983). 

A Ccimbined Facility 

Guideline. The timing of activities and tile level of sophistica­
tion of facilities and services provided are important to the 
success of a re.,ource assessment, monitoring, and documenta­
tion center. 

The sophistication of the evaluation services and the storage­
and-retrieval technology that is implemented in a documenta­
tion center can make or break development programs in a 
developing nation. 

The options are 1)to do it all in one major step with complete, 
state-of-the-art technology, 2) to start with a modest level of 
technology in both areas, or 3) to start with a documentation 
center that will assemble and catalog existing resource infor­
mation and then grow into the full combined facility. Only 
options 2) and 3) are viable for most de~eloping nations. Of 
these the third would usually be preferred because it is less 
costly in terms of initial outlay and allows time for training the 
staff. This can be effectively done by using ongoing projects to 
train a cadre of resource analysts and (locumentation specialists 
who will eventually staff the facilities. 

Guideline. First, establish a national documentation center. 

The problems surrounding the (ItLest for existing information 
on natural resources in every developing country are so great 
that initially the most beneficial development activity would be 
the permanent funding of a dlocument1ation center. It would be 
ideal For multilateral support because it would be used by all 
donors and all projects. Itshould encompass more than just 
rangeland resources. The cost of the ficility and staff would not 
be so great as to detract from other high-priority projects in the 
relief of human misery. The availability of accessions could be 
made worse if taken from present custodians and put into a 
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central facility that then was abandoned. Many past projects in
library support have started with support that then dried Up.
Lack of adequate support in the case of a documentation 
center would make the resource-development database unavail­
able, and the total project would be a waste of resources. 
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