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Iniradection!

Few range management projects in dry Africa have had a discernible, positive,
and permanent impact on the way communal rangeland i5 vsed. Most have
failed to enlist the active cooperation of the pastoral communities they were
supposed to serve. These failures reflect a variable combination of social,
institutional and techrical deficiencies in project and programme design, This
paper examines one aspect of this complex problem: the limited appropriateness
and validity of conventional range manzgement theory in the African sitvation.

The third edition of Smﬁdart, Emith and Box's standacd textbook Range
Maragement opens with the chservation that:

In the mere than 30 years since the appearance of the first edition
of Range Management, there have been many changes... .
Nevertheless, no new conceptual framewaork differenliates the field
of range management now from then (19735:1x).

© While this statement may have been tree in 1975, 1t no longer holds, What were
once anomalous individual {reld cases are now increasingly linked inio an
internally consistent, alternative theory of the functioning of savanna rangelands
(Frost er al. 1986). In' many instances this work calls into question conventional
range management techniques and the theoretical assumptions which underpin
these technigues.

The policy implications of the pew ceolopical theeries for Africa’s
predominately communal rangelands, managed by pastoralists, have been raised
bot enly i{entatively expleored (Ellis and Swift 1988). Likewise, the basic
biological research which should inform pelicy making often is not readily
accessible to the other parties interested in applied rangeland management,
including administratnes, social geientiste and coeonamsts. The papers examined
in this report therefore review cecent biolagical rescarch on African rangelands
and highlight its management implications for futnre donor and national
goverament policy.

T Ackngwledgements: The anthors would Like 1o thank Wolfgang Bayer, Hank Breman, Layae
Coppock, Folin Engilsh, Petes Frost, James Gambiza, Cees de Haan, Dennis Herlocker, Brian Kerr,
Pen MNorten, Gregory Pecrler, Stephen Sendford, Martin Upton and Richard White for a close and
eritical reading of previous deafts of this report. We would sspecially like ta thank Carof Kerven who
egmmented wpon the manascript at every ttage in it preparation. The vicws expressed here ste thase
of the authors alone, as will be immediately apparent 9 2 nomber of oue commentators who raised
substantial issues which we were not able to addresz within the ¢pofines of this teport.
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The precrainent management problem on communal African rangeland has been
perceived for some considerable time, both by the public at jarge and by many
rangeland professionals, as the control of rangeland degradation through the
control of excessive livestock numbers. The scienlific basis for (hig ¢oncern has
beenn fhe concept of rangeland carrying capacity, defined and mcasured
according to assumptions about the impact of herbiveres on plant succession,
This concept has provided the standard against which African rangelands are
judged to be overstocked, inefficiently used, and uliimately de.gradﬁl {Sandfard
1983).

The papers revicwed here pose a number of difficult guestions regarding the
pracision with which carrying capacity can be estimated, current definitions of
the concept and its relevance to certain dry African cnvironments, They also
critically examine the concept of rangeland degradation and propose technigues
for its more appropriate assessment. Finally, these papers contribute empiticalty
to the debate by providing new data on the present condition of rangelands and
livestock in a number of African countries.

In =um, it is argued here (hat the mainstream view of ranpe science is
fondamentally flawed in its application to ecrtain rangeland ecologies and farms
of pastoral production, if range management 18 to be of any use in these
.settiugs conventional theories and recommended management practices regquire
ot minGt adjusiment 'vat & thotough re-examinaion. The papers reviewsd ‘nara
provide an opportumty for just such a reassessment.

Carrying Capacity and Succession Theory: the Mainstream Approach

The conventional notion of carrying capacity in range managemeantt rests on
theores of pleol succession, defined as the orderly and directional process
whereby one asscciation or community of plant specics replaces another
{Stoddart et af. 1975:156). Sueccession theory was inftially developed at the tarn
of the cenfury o explain varfation in vegelation types in North America
{Cowles 1899, Clements 1916). Research in range science from the {9205 to the
1940z transformed this theory inte a practical, applied technigue for the
managament of natural forage and grazing animals, that is, range management
{Sampson 1923).

‘Eoth succession theory and ranpe management practice assumed that a single,
persistent apd characteristic vepetation, the chimax, would dominate a particular
site, depending on the soil and climate of that site. If this climax vegetation was



disturbed, the wepetation could nonetheless retum thoough a successional
sequence to climax. An obvions example of disturbance aod subsequent
succession back to climax is provided by the cleacing of a forest area for
agricalture, the abandonment of the area, and the evéntual reestablishment of
forest through a predictable sequence of intermediate vegetations] stages.

Range management adapted these ideas (o prazing systems. It was assumed that
the effects on vegetation of grazing paralleled, in a less dramatic way, the
.effects of clearing fields for crop agriculfure. That 15, grazing pushed the
successional sequence back to some form of sub-¢limax, The lagk for the range
manapger was to balance grazing pressure against the natural regenerative power
of the plantz, thereby mainlaining & stable sub-climax which yielded a steady
and profitable fIow of animal products. The concept of carryving capacity was
impariant because I niarked the sfocking density a wihich tius balance confd be
achiewed.

Pushed beyond the threshold of carryving capacity, the balance hetween grazing
pressuts and the inherent regenerative powers of the ranpe was destroyed, and
the condition of the range progressively deteriorated. This deterioration was
reflecied in 2 process of regression back through the successional sequence. The
theoretical relatiom betwesn poor range conditien and an garly stage in a
successional sequence 1s diagrammatically expressed in Figure |,

In practical terms, experienced ranpe managers found chat they were often able
to estimate range condition by reference to plant species which were particularly
sensitive to the effects of grazing, These indicator species either inereased,
decreased or invaded a range depending on the intensity of grazing pressure,
and thereby provided a convenient measure of the extent to which grazing had
altered and was continring o alter the ¢limax vegelation. This botanical
approach to the assesgment of range deterieraticn was defended on the grounds
that vegetadon change preceded buth reduced Hyestock production and increased
levels of soil loss, and therefore secved as a valuable ‘early warning' of declines
in cther paris of the rangeland system {Stoddant ot & 1975:287).

Carrying Capacity: Ecelogical or Economic

A different approach to the definition of carrying capacity has been developed
by wildlife population biclogists, in response to the practical problems of
managing parks, their vegetation and their wild herbivore populations. Range
ecelogists have much to leam from these allied professions in developing 2
definifion of ecarryiog capacity which is appropriate to the management of



Figure 1: Relationship between Range Condition and Degree of
Retrogression from Climax Cenditions
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communal rangelands wsed by African pastoralists. If estended fo include the
study of pastoral production on communal ranges, this approach to carrying
capacity also demands a fundamental reassessment of the cxtent 16 which heavy
stocking rates in pastoral areas constitute overgrazing,

Figure 2, originally presented by Caughley (1979 and elaborated by Bell
{1083), provides a schematic overview of the relationship bebwszen plant and
wild hertivore populations at alternative stocking densities. The top curve in
Figure 2, called the zero isocline of vegetation, marks all technically feasible
combingtions of plant and xnimal densities in a hypothetical grazing system. At
the far right end of the horizontal axis, the curve depicts the situation which
prevails when there is 2 small animal population and a lerge standing crop of
planis, Ag the znimal population increases, the edible plant biomass declines.
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Figure 2: The Relationship between Plant and Animal Populations in
a Grazing System
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In ap undisturbed prazing system, the ipcrease in animal mumbers will
aventually be checked by the declining availabifity of natural forage. This will
occcur when the productien of forage cquals the rate of its consumption by
animals, and the livestock populatton ceases o grow because lmited feed
supplies produce death rales equal i0 Dirth rates. At fhis point there is no
surplus prodoction either of individuals or bicmass. This point of equilibrium,
routinely designated K in the ecolpgical literature, is termed ecologieal
carrying capacity tn Figure 2. At geological carrying capacity, livestork may -
be plentiful but they will not be in particularly good condition; neither will the
vegetation be as dense nor will the plant communities necessanily be composed
of the same species as they would be in the absence of animals {Canghley 1975,
Bell 1985).



If managers want denser vegetation or healthier animals, then they must
maintain fewer animals, This can ba done either by hunting, in the case of wild
herbivores, or by culling, in the case of domestic stock. The offtake curve in
Figure 2 indicaies the different offtake levels managers must mainiain in order
te support combinations of plant and animal densities other than those oceurring
at ecalogical carrying capacity, Initially the offiake curve rises from zero at
very low stocking rates and increases wilk the increasing size of the herbivore
populaticn. The sustainable pfftake rate—determined by multiplying the total
animal population by the excess of the bitth ¢ver the death rate—is highest at
‘the stocking density at which the animsal population is growing most rapidly. |
This point of maximum sustained vield nsually lies ar about half to two thicds
of the stocking density at ecological carrying capacity, 3 stocking density which
Caughley has termed ‘cconomic careving capacity™ (J979), As the animal
population grows beyond ceonomie carrying capacity the offiake raie beging to
fall and ultimately returas 6o zero as increasingly high rates of mortality and
falling birthrares obvizate both the need and opporfunity for offtake to maintain
stable animal populations.

Depending on the cconomic and aesthetic environment in which they ars
operaiing, wildlife managers have been called upon to maintain many of the
different combinations of plant and apimal densitics iilustrated in Figure 2.
Through their control over hunting guotas, they {requently have had the
capacity to do 50. ;

Asg an illustradion of the management options open to wildlife ceologists, let us
consider a park which it financially sustzined by a tourist industry based on
game viewing., In this case the manager will require a relatively dense
population of animals which will increass the probability that the individual
tourist will actually conlront the animals he has come to see. In this instance the
park mapager may desire a high animal popalation well azbove economic
carrying capacity, a density which might be termed ‘camera carrying capacity’.
An unavoidable, but potentially zttractive, by-product of these high stocking
rates might be a thinning of the vegetative cover which could interfere with the
sighiing of game. On the ather hand, a park might be operated to produce
rmaxinum kilograms of game meat for sale. In this instance the manager will
require that density of animals which provides the maximum sustained vield in
terms of meat output, or economic carrying capacity as defined by Canghley.
An unaveoidable Dy-product of this management system will be fewer animals
and more vegetstion, relative 10 a park managed for game viewing. Still other
animal-plant population balances might be required in parks manaped to



prodoce trophy specimens, or to preserve particular plant communities sensitive
[0 prazing pressure.

And which of these three park management systems i the correct one? All are
techniczlly feasible and all are economicaily profitable, uonder certain
conditions. And cach 1% associated with a distinctive density of animals. From
the vantage point of wildlife management all (fwee management systems are
ecologically and scientifically defensible, although their relative financial and
aesthetic merits might be hotly contesied. Implied in thiz position s the
conctusion that there is oo sinple biologically optimal carrying capacity which
can be defined independently of the different management objectives associsted
with different forms of anfmal exploitation,

We conclude, thercfore, that the only embracing -defimition of
carcying capacity is: "That density of animals and plants that allows
the manager to get what he wanig gut of the system’. Thus, any
specific definition of carrying capacity must be cxpressed In
relation to 2 particular objeciive, and it must be defined very
precisely since there are no ‘ralural’ stability points in such
interactive systems that act as foci for self-defining concepts (Bell
iF83:153).

Given this perspective, it makes little sense (o speak about overgrazing or
undersiocking unless managers also specify the kKind of management system they
wish to institste and frame their assessment in ferms of the appropriate stockiog
density for that systemn. Contrary to the presumptions of mainstream range
sclence, thers exist for wildlife managers no “objective’ bislogical ¢riterza which
will permit the specification of carrying capacity withoot prior reference m the
goals and ohjectives of managers.

And if carrying capacity must De defined reiative to economic objectives for
wildlife: management, why should the concept be treated any diflerently when
applied to aiternative forms of domestic livestock prodection on nawral forage?
In the pastoral as in the wildlife setting, there would appear to be different
stocking densities associated widh and appropriate to different forms of pastoral
production, For example, if there exists consrmer demand for high-grade meat,
some ranchers may find it profitable o gell relatively few animals in excellent
condition raised on a relatively abundant forage supply. These ranchers will
need to hold their stocking densities well below economis carrying capacily as
defingd by Caughley, and will have to accept slaughter offtake rates below
maximurn sustainable yield expressed in terms of kiloprams of harvested meat.
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Alternatively, ranchers may be producing for a2 market in which meat i1z sold
ungraded by weight, as is presently the ¢case in Kenya. Ranchers operating in
thiz marketing environmant will, like their counterparts producing game meat
sodd by weight, seck to maintain stocking densities close to Caughley's
eCOROMIc catrying capacity™,

Finally, there is the case of subsistence-oriented pastoralism as well as other
forms of livesrock husbandry (comeercial dairy and fibee production). which
seek to harvest animal output in the forin of Hve-animal products such as milk,
bload, traction poewer and transport. Offtake for these producers does ant
requeire animal slavglhter and they can, thewefore, profitably exploit 2 Jarge
standing crop of animals (Pavne 19903, At some cost in terms nf the ovmot
health and viability of individual animails, these producers may be capable of
maintainmg high levels of agorepate output ak stocking densitics approaching
scological carrying capacity. Matural mortality in such heavily stocked systems
may he hizh, but for the pastoralist it is not the samitigated disaster it would
be for eommercial ranchers since animals can be slaughtered in anticipation of
death and, in some cases, a certain percentage of carcasses may be retrigved
and consumed ailer death,

The relationships depicted In Figure 2 are simplified and cannot predict real
plant and amimal interactions in most grazing systems. Subseouent sections of
this report claborate on many of the additional factors which must be considered
in evaluating the effects of grazing pressure on rangeland resources in differeng
sibeationg, What Figore 2 does provide iz a legical stracture for distinguishing
between the ccological and economic aspects of rangeland asscssment.

Mainstream range managenient has sgught to develop the bielogical science of
rangeland use in order to address the pragtical needs of producers. Due to the
historical asspciation of range management with preducers on beei ranches,
many of the sEandard botanieal indicators used to assess ‘carrying capacity’
(increasers, decreasers, perennial:annyal raties, bush “encroachment’ ete) have
gctually been implicitly derfved in order to assess economic carrying capacity
levels for beef ranching systems. Here we have one explanation of how
livestock numbers in some parts of Africa have continued to grow, in some
instances for foor or five decades, beyond the purported limits of “carrying

* Decause thert ATe Significant watiable costs associated with holding domesticated stock,
eeonpmically optimal stocking densities for commeccial ranchers will always lie holow the stocking

densicy which prodoees maximum sustainably yield per hectare fWorkman 1986, Wilsan and Maclegd
1991, Tarvis (984, Carew 1976.)



capacify'. What was being estimaled by the techniques of range management,
it would appear, were not ecological but economic carrying capacity Jevels, and
MOoreover, economic carrying capacity levels for kinds of production systems
which did pot exist in the areas being agsessed. In Zimbabwe, for example,
oflicial recommended stocking rates refate to ‘economic’ carTying capacily for
commercial beef production, and are a half to a third of estimated ecological
carrying capacity and well below long-term stocking densities (Scoones 19906).

Grazing Systems Notb at Equilibrium

The erratic and variable rainfall in many pastoral areas of Africa poses a further
fundamental challenge to standacd conceptions of carrying capacity, Any notion
of carrying capaciby—he it ecological or economic—is predicated on the notion
that kerbivore numbers are controlled throupgh the avaiability of Torage and that
the availability of forage is controfled by animal numbers, a pattern of nogative
feedback which eventually produces a stable egnilibrium befween animal and
plant populalions.

This pattern of interaction between plants and herbivores presumes, in turn, that
conditivns for plant growth are relatively constant. If physical faciors such as
rainfall and temperamre flectuate widely, it is [ikely that these oon-biclogical
variables will have a greater impact on plant growth than marginal changes in
grazing pressuce cauged by different stockiog densities, Morcowver, unavailabilily
of forage in bad years may depress hivestock populatiens o the point where the
impact of their grazing on the vegetation is minimal in most years. Thus, in
these fluctuating climates, rainfall, not forage availability, may ultimately be the
variable which limits herbivors popalation growth.

If disturbances are intermitient, it may be useful (0 analyze a grazing system as
if it were at equilibrium, and to treat outside perturbations as ‘noise' whick
confuses and obscures an underlying equilibrium pattetn. On the other hand, if
disturbance 1= frequent, mandom ‘nokse’ so dominates events that it 15 more
useiul to think of the ‘noisc” nself as the system. Woisy or event-driven grazing
systems require a different approach to and enderstanding of carrying eapacity,
which we nust now examine.

Figure 3, based on Ellis and Swift (1988), illusirates plant-livestock interactions
under the influence of fraguent drought perturbations in a flucoating
climate—that of Turkana, Kenya. The axis labels in Figure 3 are identical to
those in Figure 2, What has changed is the presumed level of stability in the



Figure 3:  Turkana Plant-Livestock Interactions under the Influence
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grazing system. As a resolt, the inverse relationship bebween plant and animal
poputation: which characterized Figure 2 has been replaced by a more
~ complicated pattemn.

The points on the far right of Figure 3 chart a process of both plant and animal
population expansion wader favourable rainfafl conditions for that particular
environment. The ponts 1o the left of the fi igure represent the contraction of
both populations uader drought conditfons of varying degrees of severity. Single
year droughts constitoie 8 minor and very temporary setback for the animal
population, and a somewhat greater but nonetheless temporary setback for the
plants, while rmuifi-year droughls precipitate population crashes of hoth plants
and animals. In this system, livestock populations may decline becanse of a lack
of fodder, but fodder is gearce because there is too little rain rather than too
many animals. Morcover, major droughts aré frequent cnough aond herd
recovery is slow enocugh that livestock oumbers are never given an opportunity
to approach ecological cartying capacity. In sum, the condition of this graziog
system at any particular time is determined more by the chance oceurrence of -
nom-biological events than by interaction between the bm]ngmal components ¢f
the system itself (Ellis and Swift 1788).
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Why this should be so is ilhestrated in Figure 4, which sommarizes the
diflerences and underlying similarities between equilibrivm and non-equilibrivzm
. prazing systems. In contrast to Figure 2 {the equilibrium situation), Figure 4 1z
based on 3 series of alternative vegetation isoclines corresponding to different
annual rainfall levels, rather than one such level. The plant and animal
populations which could theoretically be supported during an extended period
of mean rainfall are presented in the middle corve. On either side of the mean
isocline are additional curves depicting potential plant and animal populations
in peritids of above or below average rainfall. These additional curves reflect
lhe diminished importance of mean rainfall and mean production values for an

Figure 4: Schematic Represeniation of Plant-Livestock Interactions
poder the ¥aflzence of Frequent Drovght Perturbations
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usnderstanding of & system dominated by vaniability. For illustrative simplicity,
coly four additional curves are given, corresponding to a percent deviation from
mean mainfall of -50%, -25%, +25% or +30%. In reality, variable amounts
and timing of rainfall generate an almost lmitless number of such additionzl
TOTVES,

Supenmposed upon this series of isoclines are seven data points which, in much
simplified form, depict the pattern of livestock and plant population respomse
to variable rainfall in Turkana. As iz Eiliz and Swift's initial diagram (Figure
3, movement along the pathway 5—7—1 represents the onset of a major multi-
year drought; pathway | —2—3—4—3 represents cecovery from such a drought;
and the gircuit 5—7—6—5 depicts the impact of and recovery from a zingle
year drought, These aliernative “pathways' (or sequential combinations ¢f plant
and anirmal popuolations) are not conhned to movement along one isocling, ag
they would be in the equifibriom sitwation. They instead reflect movement
across a number of hypothetical isoclines, as plant and animal populations
respond differently to short or long periods of deviation from mean rainfall
levels, and respond at different rates.

Figures 2, 3 and 4 summarire quite different approaches to the understanding
of rangeland ecology. In equilibrium grazing systems of the kind depicted n
Figure 2, the physical ¢onditions supporting plant growth are relativaly
unvarying, consumpiion by herbiveres cootrols plant biomass, and the
availability of feed ulimately regulates the growth of the herbivere population,
In Figurez 3 and 4 depicting non-equilibrium grazing systems, the physical
conditions supposting plant growth vary widely and consumpticn by herbivores
dosg not control plant biomass because the animal! population is itself beld in
check by the same physical factors which conwrel the vegettion. Orazing -
pressure may cause changes in vepstation, but the effects are complex and
intermittent, as is discussed below,

Vegertation Change in an Episodic Environmen:

Thus far the discussion has focused on the relationship between plant and
animal biomass in a grazing system. But range managers are not interested
solely in the guantity of forage available for livestock, but in its quality and,
hence, in the specics composition of that forage. (Grazing sysiems not at
equilibrinm present peculiar problems for the analysis and management of
compositional changes in rangeland vepgetation.
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Ereversible, sudden or unpredictable changes in vegetation are difficult o
reconeile with conventional notions of range succession as an incrementa)
responge to grazing pressure (Bartolome 1984). Citing extensive evidenes of
such anomalies, Westoby ef ol. have z2rpued that standard successional raodels
cannot account for observed patterns of vegetation change in rangelands not at
equibbriuom, and hawve offered an alternative ‘state-and-transition® model to
account for these chanpes.

In this model, no allempt is made to array various wvepcetation stztes along a
single successional pathway. Instead, the vegetation in a particular ares is
deseribed 'by means of catslogues of alternative states and catalogues of
poagible trangitions between states' (Westoby e af. 1989:266). A range may
move (rom one state into a number of different states, or refurn to its original
state zlong a transitional pathway, and due 1o factors different from these which
caused the initial change.

Different combinations of factors, of which grazing pressure is but cue element,
may be required to cause an alternticn in state, and the effecis of a particular
‘stocking density will be unpredictable unless all these faclors are known.
Because other factors vary widely, effectively managing arid ranpelands is not
a matter of adhering 10 a single, conservative stocking rate which will zpply in
all circumstances. Rangeland management 1=, instead, a game of calenlating
probabilities ‘the object of which is to seive opportunities and to evade hazards,
so far as possible’, what Westoby o ol {1982:266} call ‘opportunistic
managewment’,

The implications of opportunistic management for formal livestock development
policy in dry Africa will be discussed in the eloging section of this report.
Opportunism is not, however, new to Africa’s pastomlists; it provides the -
rationgle behind one of the most chacacteristie of their husbandry
techniques—migratory stock keeping. '

The Eralogical Determninants of Livestock Movements

Livestock movement is likely 1o play a very different role in equilibrinm and
non-equilibrium grazing systems. If a berd is confined to one place, Hvestock
numbers, viability and productivity are limited by the scarcest resouree ia the
scarcest season in that place, These limits to settled livestock hushandry will
- apply, both in'an equilibrivm grazing system of the kind depicted in Figure 2
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or in a non-equilibrium system of the sort depicted in Figures 3 and 4, But the
costs of imimobility will be slight in equilibrium systems where conditicns are
constant, amd ligh i npe-cguilibriven  systems where one pariicolarly
enfavourable period can limit production irrespective of the abundance of
respuress in other periods.

Bainstream range management techniques are ideally suited to addressing the
nesds of settled forms of animal husbandry operating under eguilibrivm
conditions (exemplified by feaced ranches in temperate climates), Essentially,
these techpigues attempt to dampen seasonal amed inter-gnnual resource
flucmations within & delimited rangeland area. Conservative stocking rates, for
example, ave desierned to provide a prudent rancher with a ‘buffer' of surpius
forage in unusually poor years; fencing or the placement of water points is usad
to promote uniform patterns of grazing and efficient forage consumption, while
cultivated paswres are intended to offset insofficient forage production on
natural pastures in cesrtain seasens, etc. These techniques are osefu! In
eqoilibrium grazring systems in which range prodoctivity is hoth reliable and
snscephible ta some degree of management control.

Nen-equilibrium grazing systems present a different kind of rnasagement
problem, The costs of 2 sedentary production sirategy are likely 1o be much
higher I non-cquilibrium settings because of the wide, unpredictable, and
Iargely uncontrollable swings in productivity which characterize these
environments. Here effective management is more a process of responding
flexibly io stress rather than preventing it, and movement provides a means of
circumventing stress under ceriain ecolopical conditions.

The advantages of herd mobility are illustrated schematically in Table 1 which
depicts & mixed settled and migratoty Erazing system congisting of three
eealogical zones used over fhree seasons, The values in the table represent the
potzatial aumber of livestock which conld be sustzined in each zone by season,
assuming wide seasopal variation i zomal earrying capacities. In  this
hypothetical systern, the nuraber of sedentary hvestock which can be maintained
permanently in any ecological zone is 100, the carrying capacity of each of the
zones during their seasonal period of most restricted resource availability. The
total sedentary livestock population which can b supported within the region
is 300, the sum of the lowest carrying capacities of the three ecological zones. .

Moaobile livestock production would increase the total regional livestock carrving
capacity to 1,006 Permuintions of eight different migratory regimes could be
employed by individual herders to sustain this increase (moving sequentizlly
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TFeabis 13 Seitled and Migratory Stock Levels il:l..a Sepconally Varlahle

Eovironment
Rerional Sessons . Settled
erclpgical stock
ZOES Y¥'et Transitional Dy numbers
A EL I 1040 A W0 1040

s
B 2{]{]51,@ 27 100 160
c 100 ";ﬂzﬂu%m T

Totals 1,G00" 0P

' Total regional livestoek pepulation including migraiory aad settled stock
*Total regional sedontary livestock population

through the wet, transitional and dry seasons, these regimes are ABC, ACB,
ABA, ACC, BCA, BEA, BEBC, BECC). A simple migratory pattemn combining
two such regimes is illustrated in the table, Assuming 1{0 permanently settled
animals in each zone, 600 additional migrant amimals could be sustained on the
migratory cycle A (wet) = B (fransitional) - C {dry) = A (wet), indicated by
the solid arrow, A further 108 miprant animals could be sustained by a B {wel)
= C (ranshional) — D (@&ry) - B {wet) pavern of movernent, mdicated by e
broken arrow. These increases are possible because migratory stock nuwmbers
are determined by the searcest resource period in the region as a whole (the dry
season i gwr hypothetical example), rather than the sym of each such period
for individual ecelogical zones.

Although not iatended to Hlustrate any conerste sitration, Table 1 susgests a
transhumant pattern of cyclical herd movement based on predictble
environmental flucmations, Although rigidly simplified for illustrative purposes,
this case involves eight distinet migratory regimes which could be vaciausty
recombined depending on the nomber of animals following each regime. Fisld
shudies of pastoral ranshumant eyeles confirm the potential complexity of thess
systems (Fry and MeCabe 19386, Dysoo-Hudson 1972, Behnke and Kerven
1984). :
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This complexity is magnified by the effect of fortuitnus anwmnmenta!
Aluctuations,

analyzed by Sandford (1933:33-36). The logic of Sandford's analysis is similar
to that in Table i, but is based on annual rather than seasonal carrying capacity
figures for grazing areas within a repion. A simplified version of Sandford's
analysis is recalculated in Table 2. '

In Table 2, area A iz 2 relatively high prodoecstion zone, B 15 medium, and C is
a refatively unproducetive zone, measured in terms of each area’s threc-year
mean and single-year maxinanm and minimum carrying capacity, What matiers
in thizs case, however, are not the permanent ecolapical differences among the
areas, but transicnt differences in forepe produection resuliing from the erratic
distribution of rainfafl in particular years.

I livestock populations must be held in each area separately, the total
sustainable regional liveslock population over the three-year period is 700 head,
the som of the carrying capacities for all areas in their worst yvear. On the other
hand, if we preseme that animals can move fresly between areas in response to
exceptionally high or Iow rainfall, a total regional Hvestock population of 1,300
can be maintained, Thiz higher value roflect: the combined total carrving
capacity of all three areas in the worst rainfail year for the region as a whole,

year two,

Table 2 and Samdford’s more defatled calculations illusteate the benehits of
opportunistic stock movement in response to uppredictable minfall fluctuations
which are spatially and temporally random, and are suggestive of contemporary
patterns of herd movement in the communal areas of Botswana and Zimbabwe,
ar Kenyan Maasailand. In these cases long-distance [ivestock movement is
predomicantly a contingent response to unpredictable but localized raintall
deficits, disease outbreaks, borehole hreakdowns or range fires, In conlrast io
pasioralists engaged in seagomal transhamant movement, herders in these areas
o not Tollow regular migratory routes. They instead maintain secess rights to
safe havens or faifback areas which wWill carry their herds through temporary
crises in their home area.

Whether movement 15 regular and seasonal, contingent, or a combination of
contingency and repularigy, the prodecer’s strategy within oon-eqoilibrivm
systems is o move livestoek sequentially across a series of environments each
of which reaches peak carrying capacity in a different time peried. Mobile
herds can then move from zone to zone, region to region, avoiding resource-
scarce periods and exploiting optimal periods in each area they use, In this way
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Table 2: Seitled and Migeatory Stock Levels in an Unpredictahly
Varizble Environinent

‘Regional Three year Years Settled
ecolomical mean stock
ZONEs cCarr¥ing capacity 1 2 3 numbers
A 633 LK A 500 400
B 433 206 200 300 200
C 333 160 T} 200 100
Tatals 14007 1,300° 700°

' Regional mean carrying capacity
2 Total regional livestock populatioa including migratery and scitled stock
? Totat regional sedentary livestock population

mobile livestocl: producers can maintain within 3 wide geographic region a total
livestock population and tevels of productivity in excess of that which could be
Eustained, all else- being equal, by several separate herds confined to their
individual areas. The prevalence of herd mobility as a hushandrey steategy is
symptomatic of the general approach to livestock rmoanagement in noa-
equilibrium environments. Herd raanagement must 2im at responding to
alternate periods of high and low productivity, with an emphasis on exploiting

___rather__than__attempting {0 manipulate the
cavironment to maximize stability and uniformity. The closing sections of this
document will discuss the implications of this ‘opporfunistic’ style of herd
management for the design of formal livestock development projects and
PIOZrammes,

Responses to Spatizl and Temporal Variation: Three Cases from, Pastoral
Africa :

Three papers presented at the 1990 Technical Mesting—which deseribed
pastoral systems in Kenya, Ethiopia and Zimbabwe—explored the distinetion
bebween equilibrium and non-equilibrium grazing systems. Each of these papers
also emphasized the role of opporunistic movement—on 3 chaily, seasonal,
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yearly and generational scale—in the maintenance of these grazing systems.
Frobably the most exhaustively sndied non-equilibricm or ‘event-driven’
grazing system in pastoral Africa is that of the Tuorkana of northwestern Kenya,
described by J Ellis 2nd his co-workers {reference to this work can be found in
Coughenour er af. 1985, Coppock et al. 1986, Ellis &f af. 1987, and Ellis and
Swift 1990). Bllis and his colleagues found that in central Turkana, rainfall
Ievels affected all aspects of the production system, and wers highly erratic.
Droaght had cccurred about 13 times in the last 50 years, and serious malti-year
deought had oceourred four times over this time period (Ellis ef af. 1987).
Livestock losses due to drought could cut herd sizes in half, but there was lintle
evidence that rates of loss were closely related to stocking rates. Basically,
animals begin to starve, or 2t best hold their ewe, during the dry season. I the
dry season was prolonged by drought, termiles and the loss of vegetation to
wind, sun and decomposition remeoved dry forage even if it was not consumed
by livestock. With the exception of cerlain localities which sustained very high
stocking densitics, how many animals made it through a drought was
determined more by the length of the dry perigd than ];:.:,.r the mumber of animals
which existed before the dry period began.

Ellis and Swift (1990} broaden the scope of this analysis to inclede ardd grazing
systerns outside Turkana, They examine long-term rainfall patterns from a
number of arid regions in Africa and argue that many of these eovironments
experience massive and unpredictable fluctuations in rainfazll similar to those in
Turkana. Given these climatic patierns, non-equilibrium, event-driven prazing
systems may prevail on oany -of the most arid rangelands of the continent,

‘These conclusions are qualified in Coppock’s study of the Borana rangelands
of southern Bthiopia {19%0). Rainfall is higher and more reliable in Borana than
in Turkana, and severe drouphts occor at _lass frequent, Z0-year intervals.
Coppock argues that in this more stable envirpmment, pastocalists and their
livestock are important agents of vegetation change, Periodic drouphts may
make interpretation of the situation more -diffienlt, but the fundamental pattern
iz one of equilibrivm, and &thhrmm CONCEpLE such 45 CAITYINgE capaelt;,.r are
therefore analj.rh-:aliy useful in the context of these environmenis.

In Borana, however, the pattern of grazing-induced vegetation change is
complex both spariaily and over the long-term. Elzborating on the work of J C
Billg and others, Coppock hypothesizes & process of bush encroachmeant noder
heavy grazing pressure which depletes soil nutrients and Increases the
competitive advantage of shrebg over perennial grasses. The replacement of
grasses by woody shrubz ig followed by the abandooment of the site by
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pastoralists. In the absence of heavy grazing pressure, few oew shrubg are
established, while those which already exist grow to maturify, Soil nutrients are
slowly replenished by leaf Liler, and grasses are gradually recstablished as fires
thin out the trees. In a cycle that can take from 60 o [00 years to complete, the
pastoralists recelonize the site which once apain has a fertile s0ll and supports
2 mixed grass and iree savanna,

Althovgh the composition of the vegetation at any parficular site is unstzble, the
overall grazing system in Borana may be remarkably persistent, as pactoralists
cycle through a number of different sites. This pattern of land use raises both
theoretical questions regarding the nature of degradation and practical quesiions
regarding the appropriateness of messuits o comtrol W in Borama, Widio
mainstream rangeland management, bush encroachment, the loss of soil and soil
nutrients, and Jeclining livesioek productivity indicated by the abandonment of
gites by pastoralists would qualify unequivaeally as rangeland degradation, But
as deseribed for the Borana case, bush encroachment 15 part of a potentially
sustainzble pattern of rangeland use built arcund spatial flexibility by pastoral
producers. Bfforts to control bush encroachment and stabilize productivity at a
particular site would forestzll the very processes-whick evenfeally rejuvensie
site productivity and provide the basis for continued rangeland productivity on
a regional scale. What 15 critical to the maintenance of the larger system are
human and livestock populations which are low enough to peemit sufficient
‘fallowing® between the recccupation of individual sites,

Like Coppock, Scoones (1990b} is concerned with disentangling the rclafive
importance of equilibrivm and non-equilibrinm factors in shaping a grazing
system, in this caze a communal area in Zimbabwe. Unlike Coppock, Scoones
focuses his apalysis on the dynamics of the livestock populations rather than the
state of the yegetation. He does this by asking what controls the growth of the
livestock populatinon—particular historical and episodic evenus such as droughrs,
or continuous, systemic factors such as the size of the eattle herd Hself.

Using sixty years of livestock. pepulation data from southern Zimbabwe,
Sconnes concledes that in a run of relabively good rainfall years caitle
pepulations do approach a ceiling set¢ by ecological cacrying capacity. As
stocking densities increase, birth rates decline and death rates cise, but the two
raies never attain equilibrium and thus the cawle population never reaches the
limite of s grovah. The maxinum ocking densitiea determined by ecologieal
carrying capacity ave never attained btecsuse of the random imtervention of
exceplionally stressfel years. At these times cartle die in vrusual numbers and
o 50 at rates which cannot be predicted on the basis of stocking density. In the
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long run, therefore, non-eguilibrivm facters tend to be the major influence on
eattle population numbers, resulting in populations below potential “equilibrium’
density. However, eguilibrium processes are significant during intervening years
when czttle populations are high and may be important in the regulation of the
cattfe population. Over a fong time perspective, the semi-arid conditionsz of
southern Zimbabwe apparently result in E:n:l-th non-equilibrium and equilibriom
conditions ac different tiines.

As in both Turkana and Borana, the maiotenance of livesiock in Zimbabwe is
comtingent upon their mebility and their capacity to exploit variations in the
envitonment. Although not nocmally characterized as a migmatory system of
production, cattle in Zimbakwe's communal areas routinely exploit the “patchy’
nature of local vegelation winch changes 1h response to 5018 differences ajong
drainage systems. In additton (o regular, seasenal movements, herds may also
eagape in long-distance mlg,ratmn out of (heir home arcas in years of
exceplional siress.

The common pattern which emerges from the Kenyan, EBErthioplan aad
Zimbabwean cass studies is heterogenaity—spatial and temporal variabihity and
is expleitation by pastoral herds and their owners. Discussion thus far has
focused on the impertance of varialality for our understanding of the concept
of carrying capacity. We now turmn (0 an examinalion of the practical problems
which thig variability poses for the measurement of carrying capacity in the
field.

Short-Term Livestock Feed Sopply and Demand

It many instances, attempts to determine ¢arrying capacity are essentizlly
aftempts t0 estimate the Jevels of livestock oulpat which eould be expected from
different production systems at different stocking densities. These ‘carcying
capacity’ caleulations may he more precisely labelled 'caleulations of short-term
livestock feed supply and demand’, since the focus of analytical interest 18 not
on long term degradation but on the capaciiy of the system 0 mect immediatc
production goals at alternative stocking densities.

In practice, these caleulations mvolve estimating the total edible vegetation
produced znnweally from a specified area and comparing thiz estimate to the
forage consumption requirements of the resident lHvestock. Two alternative
methods for assessing feed supply-demand levels are roatinely employed (and
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a comprehensive reviaw of these methods is pmvided-by de Leeuw and Tathiil
1990).

The simplest of these methods iz based on estimates of the total edible plant
biomass which is produced annually in a rangeland area, routinely expressed in
tonnes of dey makter per hectare. Total production is then adjusted by a *proper
use’ factor—which routinely varics from about 30% to 45 % —representing that
proportion of the vegetation which is avallable for consumption and which the
analysts presume can safely be consomed without cansing rangeland
deterioration in subsequent years. {(The issue of how range deterforation is
delined and maasured 18 addressed in the next section.) The adjusted production
figure is then divided by the feed requirements of an individuoal animal, and the
resulft expressed in terms of the number of animals which can be sustained per
unit of rangeland, an approach employed by de Leeuw e af. (1990),

Calentations of livestock suestainability based on wanes of dry matter produced
per hectare ignore the variable guality of forage as animal feed, a shovicoming
which can be redressed by assessing vegerative produchon in lerms of fodder
gquality rather than quantity. This elaboration of the more standard methods of
caleulation is applied 10 Sahelian rangeland productivity in the paper hy de
Ridder and Bremen (i990). This paper forcefully emphasizes the depth of
research and the wnderstanding of underiving biclopical processes that must
underpin these apparently straightforward allempis al estimation.

Both the precision and uotility of evaluating feed supply-demand are, however,
open to doubi. With respect to the precision with Wwhich estimates can be
derived, there is oppormaity for significant error at almost every step in the
calculation:

= The ‘proper use factor’ iz little more than an edueated puess, since little
is known about the carryover effects of grazing between years; estimated
carrying capacities are, maoreovet, extremely sensitive to alteranons in
these estimated rates of use. As Bartels ef al. note (1930, the decision
to apply a use factor of 45% rather than 3% can increase esiimated
carrying capacity by haif.

. Rainfall-based estimates of biomass production rarely take into account
landscape haterogensity and vartability in productiviry, For instance, the
regression estimator developed by Le Houérow and Hoste (1977 for the
Sahel failed to include data poiats representing the low Iying ‘bas foods'
areas, wihere hfgh prass produciion is foond.
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b Carrying capacity assessments assume fixed boundaries, but mobility of
stock means that these assessments are ertificial; on the other haod, it is
in practice very dilfficult to assess ‘carrying capacity”™ in systems where
spatizlly disparate resources are uscd at different stages of 2 flexibie
transhurnant cycle.

. Estimation of the amount and kind of forage needed by 2n animal is not
strzightforward, especially when several berd species with different
feeding habitz use the same ranpelands, when herd owners pursue
different economic objectives, or when livestock feed requirements are
derived from research stztion animals which may not be physiologically
or pgenetically adapted to nutritional stress (Payne 1965, Western and
Finch 1986,

- Compensatory regrowth of gmzad and browsed piands, resulting in higher
quality and, cccasionally, in higher predoction, is frequently ignored.

These difficuities have occasionally Ied to estimates which are so obviously
wrong as o be embarrassing. Bartels ef @l {19900 cite the exampie of carrying
capacity estimates from Somalia which estimate that certain mangelands are
chronically overstocked at rates & times in excess of their capacily, a situation
which is biologically impossible.

Conceptual ambiguity, arguc Barels e of. (1990), is compounded by
measurement error to the point where carrying capacity estimates do not serve
as a relisble too] for planning purposes:

We have concluded that the OC fcarrying capacity) concept is of
questionable validity m Ivestock production systems in Africa, that
it 15 virtually impossible to acenrately sstimate ©C, and that the
concept can oot be meaningfully applied in pastoral systems. The
enormous expense devoted to estimating OC in Sub-Sabaran Africa
has contributed [ittle to livestock developrent and bas diverted
resources from other prigrities. Letus admit the problems with the
CC concept, and stop trying to apply it.

And finally, there is the issue of how feed supply-demand estimabes might be
used. The papers by de Leeuw ef ol 1990 and de Ridder and Bremen (1990)
clearly demonstrate the analytical importance of these estimates in attempts 1o
understand the functioning of Sahelian grazing systems. These estimates aiso
colour our percepiion of Afcican pastoralism, its current condition and
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development potential, Recent advances in fleld techriques may diminish the
degree of error in these caleulations and enhance their zcouracy (see especially
Bremen and de Ridder 19913, But analysis is one thing and enforcement is
anocther. As Bartels er af, (1990} note,

Though there have been numerous attempts, we kaow of no case
in which a government has successfully persnaded pastoral
houscholds, ‘or a pastoral group, in Africa to voluntarily Hmit
livestock numbers to an estimaled CC.

Untii adiministrators devise some mechanism for implementing recommended
stocking  densities, these estimates may provide the backprownd for
administrative decision making, but they do not constitute réalislie management
ahjectives.

. The Defnitlon and Measurement of Rangeland Degradation

Range degradation, like fhe more popular but allied term “desertification’, has
been defined in a multitnde of contradictory ways (as discussed in ODI 1977,
Sandford 1983, and Warren and Agnew 1988). Clear definition ig tmportaal,
both because the issue of ranpcland degradation is emotionally charged, and
hecause the meaning which is ascribed to the term largely determines the choice
of the diagnostic criteria which are usad to measure ifs occurrence.

In this repovt we equate rangeland depradation with the long-lasting or
permanent loss of an economic good, in this case an irreversible decline in
livestock production. A formal definition of rangeland degradation consistent
with this point of view has been provided by Abel and Blaikie (1989:113), as
follows:

Range degradation is an effectively permanent decline in the rate at which
land wields livestock products under a given system of managerment.
"“Effectively’ means that natural processes will not rehabilitate the land
within a bmescale relevant 1o humans, and that capital or labour invested
n rehatalitation are not justified,., . This definition excludes reversible
vegetation changes even if these lead to temporary declines in secandary

productivity, It includes effectively irreversible changes in both seils and
vegetation.

The phrase "under a given system of management’ merits some elaberation.
Different Jand use systems utilize different components of the natural
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environoent and must maintain those components if (hey are to be sustzinable.
To take an obwvieus example, conservationists will be concerned to maiotain the
diversity of species present in an area, while commercial wildlife operators may
Tequire not species diversity but a plentiful supply of the Jarge game animals
upon which they are financially dependent, Pegradation assessment, as defined
here, does oot attemnpt to determine which of these land use systems is *best’.
It does atempt to assess the capacity of 4 given management system Lo maintain
those features of the nawral environment which are essential for ite comtinned:
wellbeing.

Poteniial biological and physical indicators of range depradation have been
proposed, including changes in goil, vegetation and Hvestock condition and
cutput ($ee Table 3). What must now be examined is the extent to which these
indicators cen identify permanent losses in livestock output which are of
geneing concern to pastoral prodiecers. Conventional range management has
relied on vegelation indicators to assess range degradation. Whether these

Table 3: Biophysical Indicators of Degradation

Soil changes

Decreaged Fertility .

Decreased water holding capacity

Decreaced infiltration

Soil loss significanty in excess of soil Tormation

Vegetahun changes
* Changes in vegelation productivity over time, uncelated to rainfali
patterns
Changes in vegetation cover
Changes of plant species composition of use to animals
* Shifis between vepetation transition staies that result in decreased
fodder {eg. severe bush encroachment)

Livestock production :
* Condition scoring -of animals
& Calving rates and death rates (population models)
* Milk yiclds

Source: Workshop discissions
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relied on vegetation indicators to assess range degradation. Whether these
indicators are also reliable measures of permanent declines in economic output
from Africa’s rangefands is, however, cpen to doub.

The initial problem is to decide what we want to measure: declining
productivity or vegetation change. Given the essentially economic definition of
degradation employed here, vegetation change is of no intrinsic interest unless
it also provides reliable evidence of changes in livestock productivity. The high
stocking rates which arc maintained by seme pastoralists will, almost certainiy,
aller ‘pristine’ or ‘climax’ vegetation, in equilibrium grazing systems or in areas
of stock concentration around water points or sewtlements (Coppock 1990, de
Leeuw of sf. 1990, Grouzis 1990). These ranges will tend 1o be in poor
condition, if range condition is suceessionally defined, but, as Wilsor and
Tupper have chserved, ‘agriculiure in generzl is based on the modification or
replacement of nawral vegetation, and rangeland, although oaly pactially
modified, must be assesscd on the same basis® (1982:08%9) Very fow
agricniturzlists would coneiude thae an English shecp paddock or 2 Javanese rica
paddy were ‘degraded’ solely because, several centuries previously, they had
replaced a temperate or a tropical forest. A more important gaestion is whether
any of these agricoliural systems, including pastoral systems of range
exploitation and the man-made environments they have created, are sustaisable
in the long run.

Direct examination of rangeland vegetation does oot provide a simple answer
to this question. Large fluctuations in speciegs composition, plant biomnass and
cover are characteristic of arid and semi-arid angelands subjected to erratic
rainfall. Becaese the vegelation in these areas is continucusly disturbed, it has
adapted to disturbance and possesses an enhanced capacity to recover from
disturbance {Walker ¢ af. 19811, The productivity and compaosition of suech
ranpelands may be unstable in the short run, but resilient over the long term
* (Holling 1973), '

In such an environment, degradation could be said to occur caly when the
vegetation had crossed, or was at risk of crossing, critical thresholds which
prevent or severely inhibit its subseqoent retuen to a more prodoctive state. In
practice, the problem i5 0 distinguish between drought induccd fluctnarions and
permatient changes in vegetation states (Grouzis 19900, Current knowledge of
the dynamics of savanna ecosystems frequently does not perinit this distinction
t be made with confidence, although future research may evenmally clarify the
1ssue {Friede] 1991, Laycock 19913, As a resule, it has, thus far, proved very
difficult to differentiate betwesn permanent buman-induced ‘degradation’, as
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opposed to temporary rainfall-indeced vegetation change (Alchrona 1939,
Warren and Agnew 1989, Tucker ef aof. 19915,

Rales of s0il loss and other deletericus changes in soil chemistry and physical
properties may prove (o be more reliable than vegetation change as an indicator
of irreversible ranpeland degradabion, The challenge, in this case, i2 to develop
techniques for measuring and modelling soil loss (Biot 19%0), and to relate these
measures (o economically sipnificant changes in livesteck cutput (Abel 19900,

Riot {1990) preseats a soil loss model for a portion of the hard veld rangelands
of eastern Bolzwana, In this eroding landscape, as in much of arid and semi-
arid Africa, rates of enil loge ara graater than rates of enil formation, even with
zero use. While human use might accelerzle Ongcing processes, stopping
environmental changes is not an option. Biot uses the concept of ‘soil life’ or
‘residual soil suitability’ o express the length of time a given level of outpuot
from the land can be maintained under different intensitics of grazing, His
estimation techniques provide an unexpectedly optimiglic pichere of 20il logs an
Botswana'™s comumunal rangelands. At the stocking densities prevailing at the
time of his study, he estimates the residual seil life in his study area {o be over
400 vears. Environmental change is certainly taking place iIn Botswana, but not
at the catastrophic rates routinely depicted (Cook 1983).

Biot's results are not generalizable; they pertain to onily one landscape and ons
management system, What may be generalizable afe his modelling techniques.
In his paper he explores the potential of these techniqgues by cormparing rates of
s0il loss for hypothetical rangeland systeras in the semi-arid, wet and dry
tropics. As might be eapected, this comparison demonstrates that landscapes
respond very differently to prazing pressure depending on factors such as
rainfall, slope, soil texture, and vegetaiive cover. While Biot's conclusions are
at this stage only indicative, they suppest that additional field work may make
it possible to quantify boik the risk and rate of go1l Joss from rangelands under
ditferent environmental and management conditions.

Abgl (1%90) builds on Biot's analysis of ergsion n eastern Botswana in an
attempt to further specify what might be an ‘cconomically acceptable’ rate of
degradation. Abel compares the economic costs (o Botswanpa herd owners of
maitaining current levels of soil loss versus reducing those levels. He bases kis
comparison on a model which predicts the immediate and long-term effects of
two different stocking rates, the ¢ecrent stocking rate in the communal areas of
eastern Botswana versus the lower, government-recommended stocking rate for
these areas.




Baged on earlier estimations of herd productivity at these two stocking densities,
Ahel concludes (hat the lower, recommended density would significantly reduce
the aggregate productivity of the communal herd and de so at considerable
collective cast to herd owners. He also shows thal the current Chigh) and
recommended Jow) stocking densities produced virtually identical levels of soil
loss hetween 1978 and 1988, piven the pattern of rainfall in that peood. Put
simply, the immediate costs to producers of destocking would be heavy, while
the long-term gains in reduced range degradation would be slight. In caslern
Botswana, destocking is not waorth it.

In a topographically complex landscape, soil lost from eroding areas, such as
slopes, may be transported and subscquently redeposited elsewhere within the
landscape, resulling in a reloeation rather than an absolute decline in soil
resources, plant growth and grazing activity. Abcl and Biot's models are
restricted to an estimation of slope crosion. Net soil loss from the hacdweld
landscape i eastern Batswanz is a fraction, possibly only 20% to 25%, of the
slope erosion estimated by Biot (Abel and Stocking 1987, Biot 19900,

Stafford Smith and Pickup (1990} present techniques for the analysis of such
processes of soil and productivity relocation. Their material is drawn from
ranching areas of arid Australia, areas which experience climatie fucluations
similar to arid Africa and where ranches are large enough replicate some of the
Iand uge patterns characteristic of Africa's open rangelands.

They berin with the stmple ¢bservation that soil is not only eroded, but alsp
transported and deposited. Soil loss in one site may mean s¢1] accumulation in
another, and degradation assessments that are insensitive to the inter-dependence
between poiots on fhe landscape may provide little insight.

I grazing pressure increases, ground a water point for example, the removal
of vegetative cover may aiter both rates and patterns of soil movement in the
vicimlly of the water point. How these localized changes affect the total
landscape will depend not only an the extent of grazing pressure but on spatial
variables such as the position of the water point relative to preexisting draimage
antl erosional systems. Complex spatial patterns may, therefore, confound
attempts (0 detect environmental change.

Stafford Smith and Pickup provide techniques for incorporating spaiial variables

into rangeland assessment. Given the mobilify of both human and 2nimal
populations in Africa, and the capacity of mobile populations (o exploit spatial
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heterogeneity, these technigues would seem to be essential for an understanding
of both environment change and the response of African pastoralists to change.

A Classification of Rangeland T}Fpes:. Immplications for Management

The distinetion bebween equilibrivm and non-equilibrium prazing systems calls
for a rethinking of rangcland classification. In practice, range managers need
to be able to distingnish between thozse types of mngeland in which non-
equilibrium models are appropriate and those in which eonventional
successional interpretations, and concepis like carrying capacity, are shll
relevant.

Many different classifications have been used to distinpuish African savanna
types. Grassland ecologists have differentiated savannas according to species
compoesition LAcocks 1953, Rattray 1957, Pratt and Gwynne 1977); others have
clagsified savannas in relation to topographical variations in the landscape
(Milne 1947, Morison et af. 194%). Only receatly have more analytical
classifications, based on models of savanna functioning, emerged (Frost et af.
1986, Solbrig 1991). These medels ascribe oversiding importance to soil
fertility and moisture in the gencsis of different forms of savanpa vegetation,

In general, primary production and animal density in a savanma are positively
correlated with mean annyal rainfall (Coe ef gl. 1976, Le Houérou and Hpste
1977, Rutherford 1978, Deshmukh [984), The simple relationship batween high
anirmal density, high levels of primary prodocton apd high raiofall is
complicated, however, by z third variable—soil type as influenced by. base
geology. Bell has provided empirical evidence that, at coraparable rainfall
levels, savannas with nutrient-rich or poor seils support different types of
vegetation, and variable densities and kinds of herbivores (Bell 1982, 1984},

Implicit in Bell’s analysiz 1z a functional classification of savanns ypes based
on various permutations of available soll moisture and soil nutrients (Frost e
ef, 1980). This classification is prezented in Figure 3. Soil nutrient availability,
the horizontal axis in Figure 5, is infleenced by parent geology, and by nutrient
transport from weathering and water movement. The availability of moistore for
plant growih, the vectical axis, s determined by total cainfall levels and
distribution, soil physical properties {patticularly infiltration rates) and
topography. Varigus combinations in plant available moistore and nutrients
create the major vepetation types noted 1o Figonre 5.
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The foillowing section discusses the implications of this savanna classification
for the management of African pastoral areas. We ask what the classification
sysiem tells us about the likelihood of equilibrium or non-equilibriam dynamics,
expected patterns of degradation for Jdifferent rangeland types and the
implications for feed resource management.

Begradation in Equilibrium and Non-Equilibriimm Environments

As rainfall becomes low and erratic (vertical axis on Figure 5}, both primary
productivity and livestock poprlations will fluctuate widely and non-equilibrium
dynamics will predominate (Ellis and Swift 1990). Conversely, celatively wet
savanni arcag with stable rainfall regimes may be able to sustain livestock
denstties whichk have a significact impact on plant biowmass and species
compesition, the classic equilibriom simation (Coppeck 1990%. In areas where

Figure 5 Hypmhéﬁml Distribution of Savanna Types in Relation to
the Main Determinants of Savannas
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both wet and dry periods cccur, there may be a shift between equilibrium an-cl
non-gquilibrictn dynamids aver time (Scoones 1900b). .

The -instability ipherent in certain climatic regimes may,  however, be
exacerbated, or dampened, according 1o soil type (horizontal axis on Figure 5).

On fertile clay soils, levels of primary production are closely correlated with,
and as variable as, apnual rainfall levels. This instability resolts from a
combination of adequate soil fectility, which induces high levels of plant grawih
when watet is sufficient, combined with the poor water infiliration and retention
capacity of clay, which severely limits plant growth when water is insufficient.
Coarse but nuirient deficient soils show the opposite pattern—relatively stable
plant growth constrained, during periods of good rainfall, by the availabality of
nutrients, but maintained, at low rainfall levels, by the capacity of the soil 1o
sdmit and hold water (Dye and Spear 1982).

Soil physical and chemical properties may afso influence the way in whick
different range [ypes respond to grazing pressure. Grazing pressurs oo heavy
textured s0ils hag a significant effect on infiltration through soil capping,
compacting of s0il struchure, removing of litter, and decreasing the density of
perennial grass tufts {ep. Kelly and Walker 1976, Q'Comnor 1985). Under
h&av:.r grazing pregssure, increased run-off and decreased infiltration can result
in undesirablc changes in vegetation states leading Lo the ecreation of poor
quality open prassland or encroached weodland {Walker ef ol 1981, Grouzis
1990%, By contrast, sandy nutrient-poor savanna soils, and the vegetalion they
support, appear to be more resilient 1o herbivore impact (see Barnes 1965 foc
Fiobabwe), A2 a2 cesult of higher infiltration in sandy seil, the grass layer lends
to be insufficient to out-compete the woody componeat, and, with the exception
of extremcly low rainfzll areas, a woody-Erass vegetation is relatively stabile.

Firally, the positive correlation between soil feeility and plant palatability may
also influence the srability of the grazing system. Bxeept in very low rainfall
arzas (as in the northern Sahel), peor soils support a vepetation characterized
by woodland and prassland of [ow nutritional value from grazing animals.
Relatively low depsitics of herbivores are able wo survive in this environmoent
and their graziog may have only a marginal impact on plant biomass and the
redative balance of woeedy spd herbaceons species. By ronfrast, savannas with
higher quality soils support a higher density {and a greater diversiny of wild
herbivare species) because of the better qualiny feed resource, Under these
conditions, stocking densities may be sufficientiy high to suppress the standing

30



crop of herbaceous material andfor suppress woodland and encourage grassland
{Bell 1932, 1984),

In sum, climatic Iinstability, manifested in low annual rainfall levels and high
coefficients of rainfall variation (Caughley ef of. 1987), iz the probably the most
reliable single indicator of the shift from equilibrium to non-equilibriom grazing
systems. Soii factors may nonetheless suppress or exaggerate the effects of an
erratic chimate. Sandy, nutrient-poor soils produce vegetation which is relatively
stable in ifs preductivity, unpalatable, and resistant to berbivere grazing
pressure. Range type: on these soils may be relatively less exposed 1o
degradation, when low and erratic rainfall suppresses livestock numbers (the
low/low quadrant in Figure 3) or when high rainlall [evels produce unpalatable
vegetation and low stock densities relative to biomass production (the lew/high
quadrant I Figure 5). Savanna types on fertile clay soils exhibit the opposite
characteristics; instability in biomass prodoction (under fluctuating rainfall),
high feed palatability and high but potentially variable stock densities. Because
the soils are prone fo competition, bath soils and associated vegetation may be
susceptible to degradation if rainfall is reliable enough to sustain high stock
densities (the high/high quadrant in Figure 5).

' Feed Resource Management

Fodder lia]atahiIity {quality} and biomass (quantity) both vary with changes in
available plant moistere and nuieients. ‘With respect to grasses, there is
pencrally an inverse relationship between biomass production and palatability.
Palatability tends to increase with improved soll fertility andfor eeduced swil
moistuze, Under very dry conditions, annuals are deminant, The production of
fodder biomass shows an opposite trand, with higher biomass production found
in, wetter rangeland areas where perennial grasses dominate.

The valative balance of irees and grasees also depends on sofl propenies, and
the abmndance of water, In heavy soils, the upper soil Iayer may retain a
significant proportion of incoming water, allowing the growth of a vigourous
grass layer which can inhibit the regeneration of trees. Al similar rainfall levels
but on lighter soils, most water genetrates to the sub-soil and the vegetation
may be dominated by trees, which have roots which are deep enough to utilize
thit source of water (Walter 1971, Walker e af. 1931, Knoop and Walker
1985, Coppock 15990).

Feed resotrce management will vary according to fodder quality and quantity
m different range types. For instance, the use of the tree layer as a fodder
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resource will reflect the availability and quality of alternative feed sources. In
nutrient poot grasslands, browse resgurees may be important in supplying high
quality feed to Hvestock at particular times of the year, Alternalively, in nutrient
rich arid areas, grass biomass preduction may be highly variable and feed
quantity may be an important seasonal constraint. In these siluations browse
may provide bulk feed when grass biomass is insufficient,

The nature of the fodder resource algp aflects the way apimals are managed
within and moved between different range types. African ranpelands ars
ecologically heterogencus at a variety of different spatial seales. Loecal
variability i important because it ocours over distances which livestock can
waik. It would appear ar animal mMoveneniy-—scasonal, aal 4wl dally, 1wl
and long-distance, by both wild and domestic herbivores—systematically exploit
the envirgnmenial discontinuities summarized in Figure 5 {Scoones 1989,
Breman and de Wit 1983, McNanghton 1985, MeMaughton and Georgiadis
1986). Different parts of the Iandscape may be critical in offsetting particolar
congtraints, In the Sahel, for example, livestock are mowved from low guality,
high biomass range ypes in the dry season, to high guality, low biomass range
types in the wet season (Broman and de Wi 12823, In Turkana a heteropeneous
rangeland resourge iz partttioned among a number of differcnt domestie herd
sprcies, which follow distinctive seasonal patterns of movement and resource
utilization (Coppock ef af 1986). In semi-arid Zimbabwe, movement to
refatively small but critical areas of high prodoction, along rivers, streams or
drainmage lines, can be eritical in sustaining livestock populations in the dry
season, while lop lands are prared following the rains (Scoones 1989).

In all these cases, a vital step in understanding and possibly improving
rangeland management strategies is the identification of key resources arcas
which redress critical constraints for livestock production for & particular range
type. Analysis of constraints aceording to the interactions outlined in Figure 3,
will assist in identifying key resources for dilferent range types.

Opportonistic Management

International developmnent ageneies and African governments have devoted
considerable effort to the suppression of pastoral techniques of land and
livestock management. These programmes were undertaken on the presumption
that pastoralism was inherently vaprodoctive snd ecologically destructive and,
hence, required radical reform, Carrent empirical research supports nope of
these presumptions,
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With regpect to herd productivity, comparative gtudies of ranch and pastoral
herd cubput in West Africa (Breman and de Wit 1983), Southern Africa (de
Ridder and Wapenzar 1986, Abel 19900 and East Africa {Cossins 1985,
Western 1982) demonstrate that pastoralism cither equals or exceeds the
productivity per unit land area of commercial ranching in comparable ecological
environments. Any atterpt to improve on the productvity of Afriean.
pasforalism can, at best, aim to marginally increase already h:gh levels of
output.

The work reviewed here makes much the same poinl with respect to pastoral
methods of range management. This report documents a convergence between
pastoral technigues of range exploitation and recent developments in scientific
range ecology. This convergenee does nat constipafe a blanket endorsement of
the positive peological impact of African pastoralism. It is now clear, however,
that pastoral Yand wse practices are ap effective response 10 the exipencies of a
difficult natural environment, and that the development of livestoek production
in dry Africa requires the refinement and adjustment of these practices to
thanging circumstances, not their cuiright elimination,

Not confmed to an arbitrarily demarcated ranch and with limiled access to
industrial inputs, African pastoralists have had hittle capacity or imperative to
contrgl [ocalized fluctuations in rangeland prodoctivity. They have, instead,
adapted K instability. This attempt to exploit environmenial instability and
contingent events may be characterized as ‘opportunistic management'
(Sandford 1933, Westoby et gf. 1989). High but fluctuating stocking rates and
migratory patterns of forage exploitation are recurrent features of pastorai
apperiunism. Any systematic ausmpt to build upon pasteral buasbandry practices
and incorporate them into formal development programmes must examine the
vtility, and the limitations, of these management technigues.

With respect to specific management and policy issues in particuiar Iocal
settings, the papers presented at the workshop offered several suggestions, The
discossion of rangeland classification in this report has specified the kinds of
maferal environments which are suited e conventionzl or cpportunistic
mianzgsment approaches, A revised assessment of the ments of oppostunism
will, however, affeet almost all aspeets of pastoral development policy in dry
Africa. In this closing section, we briefly explore some of the wider
implications of opportunistic rangeland management for the redesign of these
policies.
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Sandford’s analysis of the relative advantages of conservative or opportenistic
stocking strategies provides a useful point of departure. Eriefly, Sandford
" distinguishes between a conservalive stocking skeategy in which a ‘conslant
mpmber of livestock graze an area through good and bad years alike’ versis an
oppeortunistic strategy ‘In which the number of livestock prazing is continuously
adiusted according to the current avaitzbility of forapge’ {1983:38).

Because the intention i3 to hold animal numbers consiant, conservative stockiog
rates are determined by the number of animalz which can be maintained during
periods of low forage availability. Conservatism is a matter of depree, bui a
conservative stocking rate always carries a cost—the forage which cannot be
consumed o4 the livestock production which is thereby foregone in good years
because livestock numbers are insufficient to consume all available fesd. As
Sandford has shown, this gost increases as the variability of raicfall increases
and o (he exient that managers adopt safer, more conservative stocking rates.

Opporhrnistic or variable stocking rates reduce the probdem of dneonsumed, and
thereby surplus, forage in good years, but present potential problems of surplus
stock in poor years. Livestock development programmes based on opportunjsm
would oot attempt fo suppress these fluctuations in livestock numbers, bul to
explojb them by developing mechanizms to promptly and profitably remaove
stork when it does not rain, what Sandford (1983) hag characterized as efficfent
opportunism. In this framework, livestock development policy would not be
judged by its success in preventing periedic crashes in hivestock numbers, which
are inevitable, but by the appropriatensss of 118 response to these crashes, At
least three aspects of pastoral development palicy would require revision in Ught
of this changed obhjective.

Livestock Markering Livestock sales are one obviong means to achieve rapid
destocking, and fivestock marketing wonl play an imporant role in oan
opportunistic  policy towards rangeland managoment, a2 it has done in
conventional livestock development programmes. However, the futile attempt
to maintain constant levels of stock sales in order to prevent herd growth would
be de-emphasized, and attention would shift instead to the design of marketing
systems which can accommeodate massive and unpredictable shifis in fevels of
throughput. A detailed examination of how this kind of marketing system might
operate lies well bevond the scope of the present discussion, but it is ¢lear that
the organization, infrastructural requirements, performance criteria and
financing of these systems would depart considerably from past attempis to
improve livestock marketing.
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Herd Movement and Land Terure Livestock movement is a second means Lo
adjust Iocal imbalances in stock pumbers and forage availability. Opportunistic
managament would seek to maintain mobility as a production steategy and o
adapt thig characteristic feature of pastoral nomadism to changing economic and
institutional conditions. A new approach to pastoral land teours would need to
be a critical component of this effort,

Frevipus attempts to reform pastoral tenure righis have concentrated on
delimiting bounded areas and restricting Iivestock to those areas. Since it was
assumed Lhat pastoralists would eventually settle on something like a ranch,
little official effort was devoted to the question of maintaining pastoral tenure
rights to key land resources which wers intermittently used and not continzously
occapied. To the extent that they are based on the use of forge, customary
pastoral techniques for maintaining these rights are incompatible with civil
administration. The result has been the widespread deterioration of pastoral
rights to scattered but highly productive categories of rangeland throvghoot dry
Adfrica.

Any official attcmpt to foster opportunism by maintaining Hvestock mobility
would require the development of legal formats capable of providing security
o termre white perinitting fwxibiiity of use patterns. This will e no easy ek,
Models for this kind of tenure systemn are not readily available from pastoral
areas of industrialized countries, which have themselves had a chequered record
with respect to the promulgation of appropriate pastoral tenure legislation.

Pastoral Administrationt Finally, there is the question of who manages an
opportunistic management system. Conventional range management in dry
Africa has been highly interventionist. It hag penerated much bursaucracy, but
little effective action. The ron-equilibrium view of range ecology suggests an
alternative management model which relies on limited but focused interventions
coinciding with key evenis, interspersed with long peciods of mimimal
administrative interference, This sugeests less rather than more centralized
regulation, the develution of control over local resources to producers and
producer growps, and a shift in emphasis from eoforcement 0 monitoring
critical developments and servicing local needs (Swift 1990),

By definition, there can be n¢ set blueprint for opporminism. Any attempt to
systematically develop opportunism would require development programmes
specifically tailored to particular settings. Pastoral communities are uniguely
qualified to undertake these local adjustmentz znd refinements; scientific
recoghition of the competance of these communitias ag lam:l man4dgers is a first
step in thiz direction.
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