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Abstract grazing resources that lowered carrying capacity, increased herd
instability between successive droughts, and undermined rela-
tionships among model parameters. Our local approach was
somewhat clearer in that results indicated cattle losses were sig-
nificantly and consistently associated with rainfall deficits, and
occasionally associated with high stocking rates that varied by
; . X site. We were concerned, however, about respondent bias and
this research were to: (1) Characterize cattle population trends; possible error in these results. We concluded that the strongest
(2) dete_rmine associations of rainfa_ll and stockir!g rate with ;- tormation we had was simply the aggregate pattern of herd
change in cattle numbers; and (3) estimate economic |0Sses fronyy namics. When aligned with empirical rainfall records and aug-
cattle mortality. We predicted that the regional cattle population 1 onted with data from another dramatic cattle crash in 1998-9,

trend would consist of a "ooom and bust” cycle with long periods e make the case that stocking rate indeed appears to influence
of gradual herd growth punctuated by drought-induced 10Sses. g jikelihood that a dry year will reduce cattle numbers. We

We expected that cattle losses would occur when high stocking.qncluded that the Boran live in a dynamic and productive equi-

rates were combined with large rainfall deficits. Such observa- |y a system where land-use change has interacted with rainfall
tions would refute the idea that cattle numbers were erratic and 5 iation to create a vicious cycle of massive cattle losses every °
purely controlled by rainfall variation, as predicted by non-equi- 4 g years. Improving human welfare under such circumstances
librium theory. Cattle dynamics were quantified using herd his-  ¢,01d focus on creating a virtuous cycle based on more timely

tories from interviews of 56 households living in 4 sites. Data jjestock sales, alternative investment of revenues, and sustain-
were aggregated to portray regional cattle population trends and able economic diversification.

quantify economic losses. Regression analysis was employed to
assess associations of rainfall variation and stocking rate with
cattle dynamics using 2 approaches: (1) Regional using aggregate ) o )
herd data, empirical rainfall records, and calculated estimates Key Words: Borana, pastoralism, drought, equilibrial/non-equi-
for stocking rates; and (2) local using site-specific herd data librial systems, risk management

along with recall of rainfall and stocking rate dynamics. Overall,

results confirmed that cattle numbers followed a boom and bust Resumen

cycle. Average cattle holdings dropped from 92 to 58 head/house-

hold between 1980 and 1997, respectively. Droughts in 1983-¢ - s L

and 1991-3 resulted in the deaths of 37 to 42% of all cattle, E conocimiento de las dinamicas de la poblacion del ganado es
respectively, up to 15-times higher than net sales. Over 17 years'mportante para un mejor entgndlmlento de los at.n’butos fuq-
our target population of 7,000 households lost 700,000 cattle with cionales y el desarrollo de sistemas de produccion p_a'storlles_,
a capital asset loss valued at USD 45 million. Statistical results pqtenmales._ Er]focados en el sistema Borana de Ia region semi
were more difficult to interpret. Our regional approach indicated arida de.Eyopla durantg el p.erlo.d,o de 1980_1997’ Ios.prlnu-
neither rainfall nor stocking rate were significantly associated pales objetivos de esta Investigacion fueron: (1) caracterizar las
with cattle mortality. We felt this interpretation was erroneous, tendencias de la poblacion de ganado bovino, (2) determinar las
however, due to a probable—but unmeasured—decline in key

Knowledge of livestock population dynamics is important to
better understand functional attributes and development poten-
tial of pastoral production systems. With a focus on the Borana
system of semi-arid Ethiopia for 1980-97, the main objectives of

asociaciones de la precipitacion y las cargas animal con el cam-
bio en el nimero de ganado y (3) estimar las perdidas economi-
cas debidas a la mortalidad de ganado. Predijimos que la ten-
Financial support for this work was provided by Utah State University (USU), dencia de la poblacion regional de ganado consistiria en un ciclo
the Rockefeller Foundation, the International Livestock Research Institute (ILRI)de aumento y caidas rapidas con largos periodos de crecimientc
and the Small Ruminant/Global Livestock Collaborative Research Supporgradual del hato puntualizado por perdidas inducidas por
Program of the United States Agency for International Development under thsequia. Esperabamos que las perdidas de ganado ocurririan
terms of grant no. DAN-1382-G-00-0046-00 and no. PCE-G-98-00036-00. cuando se combinaban altas cargas animal y grandes déficit de
Susan Du(ham (QSU) and Ato Z_erlhun Tadesse (IL_RI) are ack_nowledgeq fcII ia. Tal b . f ian la i | ,
assistance with statistics and sampling design, respectively. Dr. Simeon Ehui a uvia. Tales o servamones_re utarian a '_dea de que los nimeros
other staff at ILRI are thanked for their guidance and support. Mulugeta Shibnde cabezas de ganado bovino eran erraticos y puramente contro-
Seyoum Tezera, Godana Wario, and Mohammed Ibrahim assisted with field daladas por la variacion de la precipitacion, tal como lo predice la
collection. Comments from anonymous reviewers helped us improve the manuscritteoria de no-equilibrio. Las dindmicas de ganado bovino se cuan-
_This paper is dedicated to the memory of Dr. James E. Ellis and his mantificaron usando los historiales de los hatos de 56 ganaderos
'mf\’ﬂortam C.O”"'b“t'onztfl”,'\le St“gf of African pastoral ecosystems. entrevistados que viven en 4 sitios. Los datos se agregaron parz
anuscript accepte ov- o describir la tendencia regional de la poblacién de ganado y cuan-
tificar Las perdidas econémicas. Se emplearon analisis de regre-
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sion para evaluar las asociaciones de las Two models have been forwarded tanine associations of rainfall and stocking
variaciones de precipitacion y la carga ani- characterize the ecology of pastoral sygate with annual change in cattle numbers
mal con las dinamicas del ganado medi- tem dynamics in East Africa. An “equilib- and (3) estimate economic losses from ca
ante el uso de metodologias: (1) Regional, ja1" model has been proposed wherebyle mortality. This approach would allow
Eesg‘igt?gsl?esmgﬁtigésagéegé?:?psitsgélr?Sy r(1:2tr(_)sherbivores reach population densities ais to better categorize this production sys
gas animal calculadas y (2) local, usando which they exert negat!ve, density-dep_entem as e_quilibrial or nqn-equilibrial _from
los datos especificos del hato por sitio endent feedback on their own productivehe herbivore perspective and provide a
conjunto con la dinamica de registros de Performance and degrade or alter naturampirical test of theory. The third objec-
precipitacion y carga animal. Los resulta- resources (Lamprey 1983). A “non-equitive was part of a risk management asses
dos generales confirman que el nimero de librial” model, in contrast, has been pro-ment. Results were expected to hav
cabezas de ganado bovino siguié un cicloposed whereby climate (i.e., rainfall) vari-important implications for pastoral devel-
de aumento y caida rapida. Entre 1980 y apjlity plays the supreme role in keepingppment strategy and policy.

1998 el tamafio de hato promedio cayo6 de herbivore numbers below a density at

92 a 58 cabezas/propietario respectiva- . . -

mente. Las sequiag dz 1983-1985? y 1991yvh|ch they could negatlvely affect them- Material d Method
1993 resultaron en muertes del 37 al 429 Selves or influence the environment (Ellis aterials an €thods

de todo el ganado respectivamente, hasta@nd Swift 1988). The 2 models fundamen-

15 veces mas que las ventas netas. A |dally differ in the presumed importance ofStudy Area

largo de 17 afios nuestra poblacion objeti- biotic versus abiotic controls over ecosys- The Borana Plateau (95,000 Hnis in
vo de 7,000 propietarios perdié 700,000 tem processes. The models consequentputhern Ethiopia at an elevation of 1,00
cabezas de ganado, con perdidas estimadasvary in the utility of concepts such as ecoto 1,500 m. The northern border of the
en $ 45 millones de délares americanos. |ogical carrying capacity, defined as thelateau is about 600 km south of the cap

Los resultados estadisticos fueron mas difi- : ; : ; . .
opulation density at which there is no n A A
ciles de interpretar. EI método regional bop y ®al city of Addis Ababa. The plateau

indico que ni la precipitacion ni la carga igf;gge in secondary production (CaU9h|eé!xtend_s south to the Kenya border, west t
animal estuvieron asociadas significativa- ). While the concept of ecologicakhe Rift Valley, and east towards the
mente con la mortalidad del ganado. C&rTying capacity is a foundation for manpgaden plains.

Sentimos que esta interpretacion fue aging herbivores and vegetation in equilib- The regional climate is semi-arid and
errénea, sin embargo, debido a una proba- rial systems, it can be viewed as irrelevar§upports a mixed savanna dominated b
ble, pero no cuantificada, disminucion en in non-equilibrial systems (Ellis and Swiftperennial grasse<Cénchrus, Pennisetum,
Ios_ recursos clave_del apacentamien@o que 1988, Ellis et al. 1993, Behnke andChrysopogonspp.) and woody plants
bajaron la capacidad de carga animal, scoones 1993). (Acacia, Commiphorapp.). Annual rain-

inctrementarpn la inestabilidad del Pat_q Coppock (1993) and Dodd (1994) posta|| in the north-central portion of the
enlre sequias sucesivas y una refaclony iateq that both equilibrial and non-equiplateau—where this work was conduct:
indeterminada entre los parametros del

modelo. Nuestra metodologia local fue algo !IPrial systems occur in Africa, with the ed—typically averages 550 to 700 mm
mas clara respecto a que los resultados former predor_mna_tlng in semi-arid zonesyith 60% received during the long rains
indicaron que las perdidas de ganado and the latter in arid zones. A key factor ifrom March to May and 30% during the
fueron significativamente y consistente- whether rainfall variability could control short rains from September to November
mente asociadas con los deéficit de precip- herbivore populations is drought frequena cool dry season occurs from June tc
itacion y ocasionalmente asociados concy, and drought frequency—along withaugust, while a warm dry season occur:
altas cargas animal que variaron por sitio. -annual variability in rainfall—tends to from December to February.

Sin embargo, estuvimos prEOCU.padOS increase with ar|d|ty (E”|S et al. 1993) A The dominant ethnic group is the Boran
respecto a los sesgos de los entrevistados y;gher frequency of drought reduces theyho currently number about 325,000 anc

el posible error en estos resultados. . . ) et
Concluimos que la informacién mas firme chance that herbivore numbers will steadiherd over 1 million head of cattle along

que tuvimos fue simplemente el patron |y 9row and increases the chance that thgith much smaller numbers of sheep
agregado de la dindmica del hato. Cuando forage base will be dominated by UnStabl%oats, and camels (J. Helland, unpubl.; €
uniformizamos los datos empiricos de pre- annuals adapted to aridity—a potentiabesta, unpubl.). The Borana productior
cipitacion y aumentamos los datos con otra problem for the population stability of system has been described in detail b
caida dramatica de ganado en 1998-1999, grazing animals (Coppock 1993). Cossins and Upton (1987) and Coppoc!
concluimos que de hecho la carga animal -~ Coppock (1993, 1994) hypothesized that1994), but a few points concerning
parece influenciar la probabilidad de que ihe Borana pastoral system of semi-arigesource use and system dynamics a

un afio seco reducira el nimero de ganado. s . . P . -
Concluimos que el Boran vive en un sis- Ethiopia is primarily shaped by equilibrialrepeated here. Livestock can range widel

tema en equilibrio dindmico y productivo dYnamics. Observations in the region durin search of forage and water during dr
donde el uso de la tierra ha interactuado Nd the 1980s suggested that cattle produgeriods, but households in general ar
con la variacién de la precipitacién para tion was affected by chronic interactionsncreasingly settled for most of the year
crear un ciclo vicioso de perdidas masivas between stocking rate and annual rainfalljouseholds occur in encampments that a
de ganado cada 5 o 6 afos. El mejoramien- while another consequence of heavy grazommonly located within 30 km of towns
to del bienestar humano bajo tales condi- ing pressure was localized bush encroachnd markets. Cattle are managed as eith
ciones debe enfocarse en crear un ciclo vir- ment and soil erosion (Coppock 1993pome-basedvarra herds dominated by

tuoso basado en ventas de ganado mas;ggg) milch cows and calves, or more far-rang
oportunas, inversiones alternativas y la :

diversificacién econémica sustentable. The main objectives of this researching forra herds dominated by bulls, dry

were to: (1) Characterize cattle populatioRows, and hardy immatures. Resource u:
trends for the period 1980-97; (2) deter-
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in the central portion of the plateau isAfrica when compared to the influences oflso noted concern with the recent prolif-
based on a traditional system where abobighlanders and cultivators. eration of locally controlled forage pre-
30 communitiesriaddg are loosely orga- Based on our observations in Ethiopiagerves and farming plots that effectively
nized with respect to permanent systems aiver the past 15 years, we surmise that thpgivatize land previously used under rules
deep wells and associated grazing areamnain development goals for the Boranaf common access. These types of prok
Human labor required to lift water from Plateau have included: (1) Promotion of &ms are thought to ultimately be due tc
deep wells in dry periods has led to amommercial cattle trade for domestic angressure from a growing human popula
unusually high degree of social cohesioformal export markets; (2) maintenance ofion, which in turn has encouraged heavie
and cooperation in resource use among tlsecurity; and (3) protection of naturalstocking rates and opportunistic cultiva-
Boran compared to many other pastoraksources, especially endangered wildliféion to meet increased demand for milk
societies. Communities located outside aind remnant patches of forest at higheand grain production. Importantly, with
this central portion of the plateau, howevelevations. Large multilateral investmentsespect to the main focus of this paper, t
er, have more heterogeneous forms aofere made in physical infrastructureour knowledge there has never been
social organization and resource use, pr{roads, livestock market facilities, etc.)forced, officially sanctioned, de-stocking
marily because dry-season water in thessnd delivery of livestock health services irof pastoral herds on the Borana Plateau |
locales is supplied more by ephemerahe southern rangelands during the 197Gke name of range management, althoug
streams and shallow wells that do noand 1980s, and this was intended to set tipastoralists have taken the initiative tc
require the same degree of organized labostage for increased livestock sales by pagnplement their own controlled grazing
Productivity of forage and livestock istoralists. While the physical access to maischemes in a fewadda.Projects to reha-
seasonally dynamic, with flushes of priket has increased for the Boran comparduilitate deep wells or create ephemers
mary and secondary production associatdd 30 years ago, there is little other eviponds have been pursued with caution t
with rainy periods. Dry periods, in con-dence that the multilateral investmentseduce the chance for resource degradatic
trast, are times when green forage anldave directly led to marked improvementsssociated with water points. A genera
drinking water become scarce, animal& pastoral livelihoods. ban on range fires has been enforced fc
lose weight, and people reduce food Scant resources in the public sector hawbout 25 years, with an eye towards pro
intake. The traditional diet of the Boran isprecluded any broad-based delivery ofecting natural resources from alleged too
based on milk from livestock, but this isbasic human services (education, healtlirequent burning. This has precluded th
increasingly supplemented with purchasettansportation, etc.) to pastoraliststraditional use of fire by the Boran for
and home-grown cereals (often maize) dsiteracy rates remain low (<10%) andrange management and tick control tha
the human population expands and theumerous human health problems remaioccurred for centuries. Finally, activities
ratio of cattle to people declines. Grazinginchallenged. The Boran therefore stilsuch as charcoal making, unregulated ha
lands are becoming more limited as appear to largely fend for themselves andest of timber for urban home construc-
result of woody encroachment, cultivationmanage their own internal affairs, bution, use of rare trees for rural handicraf
and neighboring ethnic groups crowdinginder a broad umbrella of governmenproduction, or harvest of key wildlife
the landscape. Food insecurity is asupervision. species are illegal or otherwise discour
increasing problem (Desta 1999). Livestock marketing has been a dynamaged. Hunting occurs, however, as firearm
Cattle sales are typically low, reflectingic area for policy intervention. During aremain abundant in the system. Possessi
a modest need for cash income. Althougheriod of socialist rule from 1977 to 1991 of firearms by the Boran has been official-
some animals enter market channels heagevernment interference in livestock andy sanctioned for many years as one mear
ing north to the Ethiopian highlands, thegrain markets was pervasive throughoub encourage a vigilant militia near poten-
vast majority of cattle are sold to Kenyarthe nation. The Boran were compelled taially sensitive international borders.
interests that offer higher prices. Thesell cattle to the state at below-market
cross-border trade has a large black-maprices to supply export quotas and providgadictions and Hypotheses
ket component. and accuratg numbers fdreef for a Iargg rmhtary. Smce 1991 the Although a full assessment of systen
these transactions are lacking (Coppockew regime e_hmmated livestock Sal_e%ynamics should ideally include vegeta:
1994). _ _quotas and price controls, and beef pricgg, as well as herbivores, our focus in this
Aspects of the deve_lopm_ent po_Ilcy_ enw-subseql_JentIy mcreaseql._ Both governmeng?udy was confined to the cattle compo
ronment for pastoralists in Ethiopia arenave tried to control illicit cross-border
reviewed in Coppoqk (1994), Destaﬂows of livestock in the hope of recover- oqaarch objective dealt with risk manage
(1999)3 and .by J. Moris (unpubl.) A fewing more tax revenue, but success ha}ﬁent, and this required assessment of ar
key points will be summanz_ed here. o been limited because the borders are difflz | assets at the household level of resolt
_ Pastoral deve_lopment_ policy in Ethiopiacult to seal o_ff. tion (Desta 1999). Cattle comprise abou
is not easy to discern—it can change when Changes in natural resources and langho, of Jivestock biomass on the centra
_the national or Ioca_ll government change_yse have occurred on the _Borana Plategih ana Plateau and thus were the ide:
|mplementat|on varies by region, and poliin recent years, but these_ issues havg ecies to investigate because of the
cy is rgrely explicit in official documents. yet received much attention from pOI'CYdominance. The environment is also rela
_It is evident, however, that pastora_ll peoplmakers or Iand-use_ planners. Local Off'tively favorable in terms of animal health
in gengral have never been a priority focials and pa_lstorallsts express concerg,q o general lack of livestock rustling.
_the national government. Indeed,_ pas_tora‘about perc_:elved degradation of naturglet sales of animals out of the system ar
ists tend to be politically marginalizedresources in forms §uch as bush encroachyg, quite limited. Cattle herd dynamics.
throughout much of the Greater Horn ofment and soil erosion. Many Boran have

nent. This was primarily because our mail
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therefore, are largely determined by th@on-equilibrial phenomena, an analysis ofmarketable products to generate a steac
interactions of animals with forage sup-the effects of rainfall and stocking rate orincome stream (Coppock 1994). Hence
plies (Coppock 1994). cattle mortality should reveal that rainfallthe Boran tend to postpone cattle sale
We wanted to determine the degree ts most important. In other words, com-during droughts until they have no
which cattle dynamics have been influpared to effects of high stocking rates, lovehoice—initial sales usually coincide with
enced by stocking rate (equilibrial) and/orainfall should cause more mortality. Oura sudden need to buy large amounts c
rainfall (non-equilibrial) events. Both situ- prediction, however, was that cattle morhuman food (grain), and this happens afte
ations offer distinct predictions. tality would be affected by both highthe cows have ceased to lactate. This ce
For a non-equilibrial system, Ellis andstocking rate and low rainfall. In particu-occur 6 months to even a year after a lon
Swift (1988) and Ellis et al. (1993) notedlar, we anticipated that the interactiordrought is underway. This collective
that the pattern of livestock dynamicshetween stocking rate and rainfall wouldbehavior that resists capital asset depletic
should be density independent, “abioticalbe critical in explaining the dramaticunder stress can have disastrous cons
ly driven,” and “volatile” in nature. They crashes in cattle numbers that havquences, because by the time cattle al
did not offer an empirical example of live-occurred in recent years. We felt that thenarketed the body condition is poor anc
stock dynamics from their study region ofregional herd would be most vulnerable tahe numbers are too large to be readil
arid Turkana District, Kenya, but ratherdrought-induced mortality if stocking ratesabsorbed by marketing channels. Cattl
created long-term (65-year) patterns fowere high. prices therefore collapse compared to th
livestock body condition using a simula- We used 2 general analytical approachgse-drought situation, and an accompany
tion model that portrayed animal nutrition-in our research. Both approaches relied dng drop in the terms-of-trade of livestock
al status as a function of forage quantitgattle mortality data collected from inter-for grain contributes to famine risk
and quality dynamics (Ellis et al. 1993).views of pastoral households locateqCoppock 1994).
Body condition was therefore used as across 4 study sites, and this is described
proxy for other production responses suchore fully in the next section. The ZSampIing
as lactation, natality, and mortality (M.approaches were somewhat complimenta- o target population for this researct
Coughenour and J. Ellis, pers. comm.)y because they operated at different spg; o comprised of about 7,000 pastora
This work suggested that in a non-equilibtial scales and posed different analytical,; ,seholds residing within a,35-km radius
rium setting, livestock populations shouldchallenges. of the towns of Arero, Mega, Negelle, anc
be less able to closely track a highly vari- In the first approach we aggregated calypeiio in the north-central region of the
able carrying capacity. tle data across all 56 households to Crea{ﬁateau. These towns tend to occur
For an equilibrial system opposite pata pattern of cattle dynamics for the regionhigher elevations having more rainfall
terns should hold, namely that populatiorl herd. We then assessed annual changg ., ihe surrounding areas. Populatio
dynamics should be dominated by densityin regional cattle numbers as a function of;,as for the towns ranged from 4,10
dependent interactions, appear as limitegional annual rainfall from official Arero) to 5,240 (Mega), 10,300
cycles, and exhibit more stability thanrecords and regional stocking rates that w, abello), and 25,000 (Negelie) based of
volatility. This would provide evidence estimated using various assumptions. Wga:~ in CSA (1996). Distance betweer
that a livestock population is able to atefer to this as the regional approach. Ayns varies from about 50 km (Yabello
least intermittently track carrying capacityregional scale of resolution was justified Arero) to 100 km (Mega to Negelle).
(Ellis and Swift 1988). because, particularly during times of;pan and peri-urban households typicall
For the semi-arid Borana system, oudrought stress, cattle can move among,rsye non-pastoral livelihoods as trader:
expectation was that the overall pattern ahaddain pursuit of forage and water.; rmers, etc., and were not considered pa
cattle dynamics over 17 years wouldSocial relationships among residents of¢ o, target population, however. This
reveal a mix of equilibrial and non-equi-different maddainfluence reciprocal pat- oqited in “doughnut-shaped” sampling
librial controls, but tend to be dominatederns of resource access (Coppock 1994)., < \vith urban and peri-urban popula
by the former. Specifically, we anticipated In the second approach we kept th§ns omitted in the center. The cumulative
that we would confirm a “boom and bust”’analysis at a local level of resolution15,500_krﬁ area that we sampled repre-
pattern of herd growth where relatively(within maddg and analyzed cattle mor-¢qnaq 169% of the Borana Plateau in terrr
long periods of herd expansion would beality across the 4 sites as a function of¢ ¢i;e and contained about 15% of the
punctuated by sharp, drought-inducedhanges in local rainfall and local stockingg ;;ana pastoral population (Desta 1999).
crashes. A boom and bust pattern for pasates as recalled by our Borana respon-tne 4 town-based sampling areas ar
toral livestock dynamics has beerdents. We refer to this as the loca},anceforth referred to here as study site
observed elsewhere in semi-arid Kenyapproach. Study sites varied with respect to rainfall
(Meadows and White 1979, Homewood Finally, we wanted to make general estiz 41 ction systems, and natural resourc
and Lewis 1987) and wetter areas of semimates for the economic consequences anagement (Desta 1999). The Negell
arid Zimbabwe (Scoones 1993). cattle mortality in this system. We expecty 4 arero sites have higher annual rainfa
For our research we relied on empiricaéd that cumulative economic losses OV&lompared to that for Yabello and Mega
methods that focused on the determinatiomany years in a boom and bust cyclgpa vabello and Arero sites have more
of cattle mortality as a function of stock-could be very high—possibly in tens Ofpressure on grazing land from expandin
ing rate and annual rainfall. The selectiomillions of USD. Like other traditionally . tivation. The Mega site has the leas
of cattle mortality as the key responseninded pastoralists, the Boran tend to hold. yiems of the 4 sites concerning poss
variable is justified in the next section.  cattle for household milk production and,, competition between grazing and culti
If the Borana system is dominated byas capital assets rather than as a source o?
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vation because the lower rainfall and thinhouseholds, however, was identified for @ainfall from the previous year could stim-
ner soils at Mega precludes most farmingletailed analysis of cattle herd dynamicslate herd growth, while a major decreas
The Mega site also has the least potentiaéported in this paper. These households current annual rainfall compared to the
problems of the 4 with regards to grazingvere stratified with 15 per site (5 perprevious year could lead to more cattle
disputes with neighboring ethnic groupswealth class per site). The smaller subdeaths and increased sales leading to a r
simply because Mega is located in thsample of 60 was selected because thigduction in herd size. Stocking rate in the
middle of Borana territory. The Boranadetailed interviews would require moreprevious year would be an indicator of

traditional form of grazing control basedtime and effort for each sample unit. potential resource pressure in the currer

on dry-season access to water in perma- year. A higher stocking rate in the previ-

nent deep-wells (thenaddasystem) is p : —_ ous year, for example, could imply that
- : _ ata Collection and Statistics .

most evident in Mega. People in thgpterview Method key resources would be rapidly consume

i - . . _in the current year, ially if for
\TVZ?:J%rg?nd cfégrc_’wséﬁff iciisri;z ae;issonData on cattle pru|§tI0n Qynamlc roduction Wag low Zi%efoaigsuffi?:izgf
P » €p . were collected using interviews that .. fall. We felt thi h |
and permanent ponds. People in thg - ainiall. We felt this was the most resolu-
" btai ¢ cused on recollections of pastoral houquOn these data sets could provide. Wi
Negelle area obtain water more fron,, 45 sych approaches have been ShoWReq a multiole linear-rearession mod
ephemeral wells and seasonal surfa used a mulliplé linear-regression mode

% be effective with African pastoralists - -
i i SAS Institute 1996) that incorporated
flows. Of all sites, grazing control appearyecause these people place a very hig(ﬂain effects of ARF aznd SR as WF()aII as a

most loosely structured at Negelle ;
cultural value on livestock and have well+ i
i interaction term (ARF x SR) on ACAT-
Overall, grazing resources appeared MOgkyejoped mental skills to track animaly ( )

limiting in relation to population density ; ; ; :
inventories (Assefa 1990, Ensminge
for the Yabello and Arero sites, hence th ( 9€bers was calculated based on total head

expansion of cultivation. 9992). A lack of official statistics for cat- cattle averaged across the 56 househol

: .- le populations in this region also requiredor each year. Annual change in rainfal
A sampling frame was created by listindye yse this method. was calculated from empirical data

all households In the 4 study sites, gIveN giy.ix out of the 60 households iden-(above) averaged across the 4 study sit
there was no official census for us to us‘?iﬁed for detailed interviews were successm each year. Stocking rates were estima
Our list was created using interviews ofy,y jocated and agreed to participate. Thed based on the average number of cat
government officials and pastoral leadergyieryiews were held with entire extendeder household per year (our data) and b
who resided in the scores of villages ang, 1 iiies covering 2 to 3 generations andnvoking a series of assumptions tha
encampments that occurred throughout thg oy yp to 2 days to complete for eactallowed us to back-calculate numbers o
study sites. The process of creating thfoysenold. Respondents were not informestal households and hence estimate tot
sampling frame took & months. of our predictions to reduce the chancéead of cattle from the benchmark of

Once the sampling frame was completgey ywould tell us what they thought we1997. These assumptions included tha
ed, key informants were used to help strafyapteq to hear. Families were asked t(1) Households had an average of 6.5 pe
ify households according to wealth clasg, i, consensus and recall herd historiegle throughout the 17 years, as estimate
[i-e., “wealthy,” "middle class” or "p00r" fm 1997 to 1980 in a stepwise fashionfrom data in Assefa (1990), Coppock
based on modal ratios of cattle per persofye 17.year period was needed to captuf@994), and Desta (1999); and (2) huma
of 14:1, 7:1, and 2:1 respectively (Assefd qrqyghts in 1983-5 and 1991-3. Theopulation growth was 2.2% per annur
1990)]. Our sampling design was thugorana traditional calendar (LegesséCSA 1996). This resulted in a time serie:
stratified random, blocked by site.1973) \vas used along with known benchthat began with 4,947 households an
Characterization of the target population, 4 years for droughts and other ecologi2,154 head of cattle in 1980 and ended
revealed that 7% of households were, sqcial political, and cultural phenom-7,007 households and 45,546 head of ca
wealthy, 37% were middle class, and 56%,5 1o help respondents organize theffe in 1997 (D. Coppock, unpubl.). Our
were poor (Desta 1999). The wealthy,,,ghts. Annual estimates of the housebility to make legitimate comparisons of
owned 28% of the cattle, while the middlg, ;|4 herd size, recruitment, mortalitystocking rates over time also required us t
class and poor owned 46 and 26%, respefites  and net sales were obtained@ssume that: (1) The size of the regionz
tively. We sampled wealth classes in equaly, ity was also segregated with respedrazing area stayed roughly the same ov
numbers and not in proportion with theif, maqyre cattle and immature cattle <47 Years; and (2) the ecological attribute
occurrence, however. We felt that samye 5 o1d; as the latter are more vulnerabf Similar stocking rates did not change
pling an equal number of households pef drought, disease, accidents, and pred@ver time. In other words, under similar

wealth class V\(quld improve the accuracyion (coppock 1994). levels of rqinfall, a stocking rate of 20
and comparability of parameter estimates. head/kn? yielded the same degree of
Calculation of overall means for the target. | resource pressure in the early 1980s as
population involved weighting statistics Regional Approach for Cattle did in the mid-1990s. This last assumptiot
according to the relative abundance oPynamics may have been the weakest of all, as su
each wealth class. For the regional approach we wanted teys on pastoral perceptions of productio

A sample of 336 households (or 4.8% ofthalyze the association of change in Cukystem trends indicated that the people fe
the target population) was selected fofeNt annual rainfall (ARF) and previousihat the regional carrying capacity was
interview concerning their perceptions o/ €8S’ stocking rate (SR) with curreniyecjining (Desta 1999; see Study Area)
change in the pastoral system, and thighnual change in cattle numbers (ACATpespite such perceptions, however, w
work is reported elsewhere (Desta 1999)| LE) at a regional scale. The logic wasag no reasonable means to prove that cz
A sub-sample of 60 randomly selecteghat a major increase in current annugling capacity had indeed declined.
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Local Approach for Cattle Mortality The first analysis was based on 176 ttion of a devaluation policy (Desta 1999).
For the local approach we wanted td93 observations per cattle age class p&conomic losses per household and pe

analyze associations of current annuaite and employed a multiple logisticperson were estimated on the basis of

rainfall (RF) and local stocking rate (SR)regression in a doubly repeated-measuréarget population of 7,007 households an

with cattle mortality (M). In contrast to the design. The repeated-measures variabl&s3 people per household for 1997 (Dest

regional approach, however, we based thisere household and year and these wefl€99).

local approach entirely on interview databoth modeled as random effects. The

In the process of reconstructing herd histadependent variable was binary, i.e.,

ries we also asked respondents to recallhether or not cattle mortality occurred Results

annual levels for RF and SR on a 5-poinfor any given household in any given year.

ordinal scale [i.e., very high (5), high (4),A normal-error model is not appropriateRainfall

average (3), low (2), or very low (1)].for binary response, so a generalized Considered over 17 years and across tt

While there was no means to validate regnixed model (Littell et al. 1996) was fit 4 study sites, the mean annual rainfal

ollections for local SR, we could validateysing the GLIMMIX macro in SAS fom the climate monitoring stations was

recollections for RF using empirical rain-Release 6.12 (SAS Institute 1996) that0s mm with a coefficient of variation

fall records. A correlation between empiri-specified binomial errors and a logit link. (CV) of 25%. This mean was probably

cal data and perceived ralnfa!l levels over The second analysis also employed Biased high compared to the condition:

17 years was performed using the nofmytiple logistic regression in a doublyexperienced by most of our target popula

parametric Spearman’s test (SAS Institutgepeated-measures design. In this casgen. This is because the monitoring sta

1996). . . . however, we only used from 41 to 103ions are located in the towns, towns ar
Reliance on mortality as a primary indi-opservations per cattle age class per sifgcated at higher elevations (as previous!

cator of herd dynamics has positive angor o) instances when mortality differedmentioned), and rainfall increases with

negative aspects. The negative aspect is thal, zero. Percent mortality was calculatelevation here (Coppock 1994). We con

mortality is a relatively less sensitive indi-g4 hased on household herd size in anyidered, however, that the general chronc

fna}ﬁ(()r gdztgﬁcokrllngver?tﬁt pﬁﬁsz:ee\t/re]iné;&%wen year, and these figures were weightogical pattern for rainfall—averaged
P ! gntg ! ed by the household herd size for MOrg@cross the 4 sites—to be a reasonab

Lﬂgtrz;igfiaﬁpesir)}(())illt(ljvebéisap?&t),rg(z)vl\;(.eev(ig\,/ Rccurate population estimates. Percerfepiction of the overall situation (Fig. 1).
y J 3rnwortality was successfully transformed to

indicator given our data would be founde ; : ]
on people’s recollections. We therefore eet assumptions of normality and homoEegional Cattle Dynamics

expected mortality dynamics to provide e angular transformation (Afifi and eneral Patterns and Magnitude of
reasonable test of predictions. We confineEt'Iark 1990). A general, linear model WagEconomic Losses
our interview questions to only a fve't usin PR.OCgMIXED, in SAS Release Cattle population dynamics averagec
aspects of cattle dynamics—avoiding othe 12 (S?AS Institute 1996) across the 56 households are shown |
details on yearly aspects of cattle produc= ) igure 2. Two things are apparent, namel
ti : In both analyses data were analyzed sep- e
ion and recruitment, for example—because _ h of the 4 study sited 'ong-term decline in average cattle hold
we did not want respondents to suffer frongrately for each of the 4 study site s per household and a pattern of grac
; ; ; b h differed in terms of resourdeg> P P g
interview fatigue. ecause eac al herd th tuated by sh
. growth punctuated by shary
liminary inspection of the data indi-2ttributes (Desta 1999). Data were als ) . _
Pre y Insp ted with t to whether catt eclines. Cattle holdings fell from an aver
cated that the overall pattern for Cattléee?;er%ztirevgr imrﬁwsa?tﬁ?e ow age of 92 to 58 head/ household in 198
mortality tended to be episodic. Theré" ' and 1997, respectively, a net drop of 379
were extended periods when little or no _ overall. The sharp declines in inventory
mortality occurred, but these were punctuEconomic Value of Cattle Losses were reportedly due to mortality, not sales
ated by high-mortality events. We there- Our secondary objective, namely estipeath losses were typically 10 to 15-time:
fore used a 2-stage analysis to determingnating the economic value of cattle morhigher than net sales (Fig. 2). The net los
(1) The degree to which perceived levelgality losses over the 17 years, was pegf cattle in the mid-1980s was 34
of RF, SR, and the RF x SR interactioformed using mortality data classified byhead/household, or 37%. The averag
were associated with mortality events; andex, age class, and year. We then multiousehold herd then recovered to 85% c
(2) associations of the same factors withlied the numbers of animals that diedhe previous peak size by 1990. The sut
the magnitude of mortality once ittimes the respective cattle prices in locadequent loss of cattle in the early 1990
occurred. It would not be surprising, forcurrency (Ethiopian Birr). Unpublishedwas 33 head/household or a decline
example, if a drop in annual rainfall wasrecords of cattle prices were available29. The plunges in cattle numbers in th
the factor most strongly associated Withrom the Southern Rangelands Developmid-1980s and early 1990s were thus sirr
triggering mortality events, and a highement Unit (SORDU; a local governmentijar in scope and appear to be associate
stocking rate was the factor most stronglygency) and CARE, a non-governmentayith declines in annual precipitation,
associated with magnitude of death |°S§rganization that deals with relief andajthough the decline in precipitation

once a shock was initiated. The 2-staggeyelopment. Official rates of currencygpserved during the mid-1980s was

analysis also helped us circumvent statigsy change were USD 1.00 = 2.07 Birigreater than that during the early 1990
tical problems related to meeting normali

. - 1980-90) or 5.50 Birr (1991-97). The(Figs. 1, 2). Respondents indicated that th

:jyu:sts(;UQﬁ);r(;r;s ;S:nf)t:rt Iitflczaelrgrﬁ]cfgglrify hift in currency value was associated Witiyast majority of cattle deaths were due t
. } a change in government and implement iti i i

values in the full data set. ange in g d implementanalnutrition and starvation, with only a

eneity of variance using the natural log o
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vious years’ stocking rate (SR; P = 0.15), o
the ARF x SR interaction (P = 0.74).

Data used in this analysis, along with
ancillary comments, are shown in Table 1
If we assume the data sets are fundame
tally valid and have been properly aligned
it is difficult to discern why neither change
in rainfall or stocking rate had significant
effects on cattle numbers given the prima
ry sources of mortality given by respon-
dents. One possible explanation, howeve
is that over time the system was changin
in ways that undermined the utility of the
statistical analysis. For example, oul
results could have occurred because of
progressive loss or degradation of drougf
grazing-reserves (key resources) betwee
1985 and 1991 (Table 1). Survey respon

dents have often mentioned that the acce
Fig. 1. Annual rainfall for the north-central Borana Plateau, 1980-97, as averaged across 4sibility and utility of drought grazing-
meterological stations at Arero, Mega, Negelle, and Yabello. Data source: Ethiopian aserves has been compromised by ove

National Meterological Organization (unpubl.). population, bush encroachment, anc

renewed tensions along ethnic border
few due to disease, predation, or other fae,180 for the middle class and poor(Coppock 1994, Desta 1999). We there
tors (Desta 1999). respectively. The average loss per hous¢are speculate that diminished grazing:
Cattle population dynamics for the 3hold and per person was USD 6,523 angkserves have contributed to a greate
wealth classes are shown in Figure 3. TheSD 893, respectively. Overall, this carinstability of the regional cattle herd in
average cattle holdings for wealthy, midbe extrapolated to the target population afesponse to drought perturbation, as ev
dle-class, and poor households declined,007 households, which gives a grandenced by the lagged pattern of cattle los:
from 171, 55, and 40 head in 1980total mortality loss of 710,622 head with as in 1983-5 compared to the abrupt cras
respectively, to 129, 42, and 16 head bgumulative value of USD 45.7 million.  for 1991-3 (Table 1). It is also notable tha
1997. This represented a net drop of the cumulative deviation in annual rainfall,
around 25% for the wealthy and middle-pssociations of Rainfall and Stocking &S compared to the 15-year mean, was -3
class and 60% for the poor. Rate with Change in Cattle Numbers MM in 1983-5, yet only =66 mm in 1991-3
The average, cumulative loss of cattle pagyjts from the multiple regression afTable 1). The system thus appears to ha
due to mortality over 17 years was 327y, regional scale were paradoxical. Thefjeen more buffered in response to a great
107, and 65 head for wealthy, middle;qicated that current annual change ifainfall shock in the first drought compared
class, and poor households, respectively.itje numbers (ACATTLE) was nott0 what transpired in the second drought.
This translated into an average economigxmamed by either the current annual If there has been a significant and pro
loss for wealthier households of USDchange in rainfall (ARF; P = 0.93), thee- gressive loss of grazing reserves, it ha

1200 -

Annual Rainfall (mm)

21,000, followed by USD 6,880 and USD several unfortunate implications for the
validity of the multiple regression. First, it
—w— Mean cattle implies that resource pressure from simila
100 holding/household stocking rates has grown more intens
% | —— Mean mortality/household over time, undermining the analytical util-
5 g0 | o— Net sales ity of our SR variable. Second, a qualita
B 70 tively different response of the cattle pop:
[%] 1 A
2 e ulation to each drought markedly reducet
g 50' the chance for a significant ARF x SR
£ 40' interaction given the relatively short
3 . length of time for which data were collect-
© ] ed given research objectives (S. Durhan
= 20 4 pers. comm.).
Q 10 ]
0] .
- o o© w0 Nwoo oo e oo w0 ~ Local Cattle Mortality
é 3 3 % % % é 3 g % % z 8 é 3 % ¢ Perceptions of Rainfall Levels and

e Stocking Rates
Year (1981-1997) There was a high degree of agreemer
Fig. 2. Cattle population dynamics (average number of head/household) aggregated across Spetween the actual occurrence of drougt
Borana households for the period 1980-97 and broken-out according to total, total mortali- years and the recall of survey respondent
ty, and net sales. Source: Desta (1999).
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For example, 87 and 75% of householc

respectively, independently identified th E :gg | —&—Wealthy
drought periods of 1983-5 and 1991-3 T ,,, | —®-—-Middle
times of low rainfall and hardship. Resuli '@ 120 - —wpoor

from the Spearman’s correlation analysi $

however, indicated that perceived rainfe é 100 4

levels were not significantly correlater 80 1

with actual rainfall (= 0.18, P = 0.49). B 32 1 W
For stogklng rates, survey responder < ] A — .

were fairly consistent within any giver E 20 vl
study site in their recollection of loca © 0

stocking-rate levels. Overall, a tally o
responses showed that stocking-rate lev
were perceived to gradually increase dt
ing the inter-drought periods of 1985-9 Year
and 19937 (S. Desta, unpubl.).

1980-1
1981-2
1982-3
1983-4
1984-5
1985-6
1986-7
1987-8
1988-9

Fig. 3. Cattle population dynamics aggregated for wealthy, middle class, and poor economic
o ] ) classes of Borana households for the period 1980-97. Economic classes corresponded
Associations of Rainfall and Stocking variation in ratios of cattle to people. Source: Desta (1999).

Rate with Cattle Mortality

Results from the statistical analysis otainfall and stocking rate, however, thele at Mega. The interaction was signifi-
factors associated with the occurrence Gfteraction was never significant. cant in 2 of 8 cases, namely mature cattl
cattle mortality over the 17 years are Results from the statistical analysis ofit Negelle and immature cattle at Arero
shown in Table 2. These results indicatgactors associated with the magnitud&@he interactions are depicted in Figure
that mortality events were significantly (percent) of cattle mortality—given mor-4(a,b). These graphs illustrate that thi
and often strongly associated withtality occurred—are shown in Table 3.magnitude of cattle mortality increased a:
decreased rainfall in each site for both agehese results indicate that increased mag- function of increased stocking rates a
classes of cattle. Mortality events wergjtude of mortality was consistently andlower levels of rainfall.
significantly associated with increasedstrongly associated with decreased rain-
stocking rates for all cases except matumyl. Increased stocking rate was associat-
cattle in the Mega and Negelle sitesed with increased magnitude of mortality
Despite the prevalence of main effects foi only 1 of 8 cases, namely immature cat-

Table 1. Current annual change in rainfall, previous years’ stocking rate, and current annual change in cattle numbers for 5@gioral households on
the central Borana Plateau for 1982-97.

Year Current Annual Previous Years’ Current Annual Comrent

Change in Rainfdl Stocking Raté Change in Cattfe

(mm « yrh) (hd * kni?) (hd « household)
1982-3 -50 27 +2
1983-4 -480 28 -2 First drought year; grazing refugia available
1984-5 -130 28 -22 Second drought year; grazing refugia depleted
causing lagged crash

1985-6 +130 22 -5
1986-7 -10 21 +3
1987-8 +20 22 +2
1988-9 +160 23 +4
1989-90 +90 25 +8
1990-1 -60 29 +6
1991-2 -100 32 -18 First drought year; grazing refugia less

available than in 1983-4 and they were rapidly
depleted, causing current-year crash

1992-3 -80 26 -20 Second drought year; grazing refugia now of little
utility, thus crash persists

1993-4 +90 17 +2
1994-5 -80 19 +6
1995-6 +20 22 +4
1996-7 +100 24 +6

“See Figure 1 for a depiction of the precipitation pattern in absolute terms. For this analysis 1980-1 was omitted beestiseneenmed about data outliers, both for rainfall an
cattle losses (Desta 1999). The year 1982-3 was therefore the first year we used to calculate current annual chaner foattrdgtibutes.
2Corresponding annual deviations (mm'-l)/from the 15-year mean (673 mm 3]yrwere +377 (1982-3); -93 (1983-4); -223 (1984-5); -93 (1985-6); -103 (1986-7); -83 (1987
+77 (1988-9); +167 (1989-90); +107 (1990-1); +7 (1991-2); -73 (1992-3); +17 (1993-4); -63 (1994-5); -43 (1995-6); and-+D7 (1996

Calculated based on numbers of households, cattle per household, and growth in the human population. See text for details.

4calculated based on average cattle holdings from interviews of pastoral households.

Official records and expert opinion confirms that multi-year droughts occurred in 1983-5 and 1991-2 (Coppock 1994, DeR&sf688gnts to various surveys have mentione
that a progressive loss of grazing area has occurred due to population growth in recent decades (Coppock 1994, Destdat®8@pmaients are informed speculation that woul
help explain varied cattle dynamics for the drought periods of 1983-5 and 1991-3.
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Regional Cattle Dynamics

Results from our statistical analysis a
the regional scale were indeed paradox
cal—they indicated that neither annua
change in rainfall or the previous years
stocking rate significantly affected current
annual change in cattle numbers. While
we believe the data sets used in the regiol
al analysis are valid, we strongly asser
that the statistical implications are easily
misinterpreted. The problem likely
occurred because we omitted an essenti
third factor from the analysis—a loss of
grazing refugia between 1984 and 1991-—
that reduced carrying capacity anc
increased herd instability in response t
rainfall deficits. This altered the quantita-
tive relationships among rainfall deficits,
stocking rates, and cattle mortality to ar
extent that successive drought events we
not statistical replicates, even though thi
overall magnitude of cattle mortality was
similar for each case. We thus focus th
remainder of this discussion on the basi
pattern of regional herd dynamics along
with annual rainfall data because they
alone are very revealing.

The strongest evidence that cattle nun
bers on the Borana Plateau are primaril
governed by stocking-rate factors is the
overall boom-and-bust pattern for regiona
herd dynamics. We interpret the gradua
growth of the regional herd over 6 year:
from 1985 to 1990, and over 4 years fron
1993 to 1997, as evidence that the popul
tion attempts to track a carrying capacity
Cattle numbers indeed collapse ir

Fig. 4(a,b). Interaction between stocking rate and rainfall for magnitude of mortality for (a ; L
?mm(atuze catt_le at the Arero _site andg(b) mature cattle at thegNegeIIe site for t%/e pe(rigd :esDc_mse. to 3 ][amfaltl dfﬂc'tﬁ bgt the SSIIS:
1980-97. Rainfall and stocking rates were based on recall of respondents from grou gm 'S, primed for catas “’P € Dy popula
interviews and were scaled as: 1 (very low), 2 (low), 3 (average), 4 (high), and 5 (verytion size. If cattle dynamics were non-
high). Immature cattle were those <4 years old while matures were all other cattle. The equilibrial and thus rainfall-driven, we
Negelle site had only 3 stocking rates compared to 5 for Arero. Source: Desta (1999). should have observed a far more erratic ¢

volatile pattern (Ellis and Swift 1988, Ellis

- . t al 1993).
Some of our statistical an_alyses y|elde§ Our time-series data are now augmente
puzzling re_sults, but we believe th_ese CaBy other observations from the late 1990
Overall, our research has provided usd2€ reconciled. We better recognize Why a1 aqq credence to the idea that her
ful information and a valid test of theoryCOMPIEX system dynamics can be poorlyrashes are becoming a more regular—ar
given the complexity of the pastoral Sys_swted for conventional statistical analySishence a more predictable—feature of thi

tem, the lack of ancillary or validation Scoones (1993) also noted the difficultieproduction system. Shibru (unpubl., 2001

data, and limitations of our survey methYWn€n attempting to precisely identify regreported another population crash on th

ods. The core data set for cattle dynamiégatc_)ry factors affeCtlng ‘_‘real_v.vorld" pop' central Borana Plateau dUring 1998-9 the
is reasonably accurate despite being basH{ftions. In the following dlscu53|oq,glaimed 62% of the cattle population. His
on recall. Consistency among responden{gerefore' we concentrate more on the sinfindings were based on 2 distinct survey:
in establishing a calendar of events, thef?leSt des_c_rlp_tlve evidence to bqu_ a casef_89 and 137 pastoral households_. Th
intimate knowledge of cattle inventories,tha,t e.qullllbnal pontrols—emqued byrainfall for 1998-9 was 318 mm (Shibru,
and the relatively few sources of channg”O(,j'C interactions bgtween ra|r?fall an.danubI.), or about half of a 17-year mear
for cattle numbers reduced the scope forlocking rate—predominate in this semiof 637 mm (Desta 1999). The crash o
1998-9 was the culmination of another &

. arid system.
accounting errors. years of herd growth that started in 1993.

Discussion and Conclusions
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Table 2. Associations of annual rainfall (RF), stocking rate (SR), and interaction between rainfall more strongly related to both rainfall
and stocking rate (RF x SR) with occurrence of cattle mortality (i.e. probability of mortality  eficits and high stocking rates. We posi
Pr(M)) during 1980-97 from values reported by 56 Borana households across 4 study sites Nihat the magnitude of each crash is define

southern Ethiopia®. ; ; s .
P by the size of the rainfall deficit in relation
Age Class of Cattfe to the stocking rate in the “trigger year.”
We hypothesize that the higher the stock

Mature Immature . .

Study site RE SR REXSR RF SR RFE X SR ing rate and lower the rainfall, the larger
Yabello * ** NS * * NS the crash. : : :

Mega x NS NS x N NS Perhgps an even more d|rec_t |IIustrat|_01
Arero . ok NS sk * NS of the important role of stocking rate in
Negelle * NS NS ook * NS cattle crashes is the observation that n
b **Significant at 0.05, 0.01, and 0.001 levels, respectively. ) every “dry” year in the 17 covered by our
Based on multiple logistic regression of mortality occurrence in a doubly repeated measures design (Desta 199ggg@arch produced a crash. For examp[
example, the regression equation for Yabello mature cattle is: the years 1986-8, 1992, and 1994 ha

Pr(M) = exp(g(3)/(1+exp(9(})), where g(x = 0.893 - (0.716 « RF) + (0.264 x SR) - (0.093 x RF x SR).

2mmat . W o mat I other eattle. The d  trood ol YrainfaII on the order of 580-600 mm per
mmatures were <4 years old and matures were all other cattle. The degrees of freedom were as follow: P P T
matures (175), Mega matures (173), Arero matures (181), Negelle matures (190), Yabello immatures (175), m_typlca”y as dry or “drier” than
immatures (173), Arero immatures (181), and Negelle immatures (190). most years that produced crashes—bt

cattle mortality was very low at these
y—can occur in response to even fimes. We sgrmise that the reason mortall
ty was low in these years was becaus
tocking rates were low. Stocking rate:s
ere low because herds were at reduce
mbers during periods of herd recoven
ollowing previous crashes.
Recent reconnaissance on the Boran
Plateau provides more information thai

Based on our data and that of Shibrmortalit
(unpubl., 2001), we postulate that theminor dip in annual rainfall. If the hypoth-
interval of 5 to 6 years between crashes msized loss or degradation of key grazin
primarily determined by the time requiredrefugia continues to occur, we would
for the regional cattle herd to grow andexpect the interval between herd crash
reach a density at which grazing resourcde decrease.
become heavily utilized—this is when the While the herd crashes of 1983-5
regional herd becomes vulnerable to sudt991-3, and 1998-9 were initially trig- .
den deficits in forage supply. The rapidgered by years that were drier than thBeIpS Complet_e a picture for cattle dynam
growth potential for cattle numbers ispreceding year, not all of the “trigger'CS at the reg|ona_l scale (S. Desta, per
encouraged by the relatively favorableyears” were equally “dry” when comparedObS')' The long rains appear to be consic
production environment (see Study Area)o long-term averages. We therefor@rably above. average by mid-2001, witf
Although a declining carrying capacity hasypothesize that the occurrence and ma ne result being some of the largest stan
been postulated, and this makes estimatigritude of each crash is differentially g crops of forage in recent memory. The
of critical thresholds problematic, weaffected by rainfall deficit and stockingreg'onal cattle herd St!" appears smaI_I "
would speculate that vulnerability of therate. This is why conventional statisticspumber' however, as it is St!" recovering
regional herd to forage deficits markedlycan be problematic for such an analysid'O™ the crash of 1998-9. Given this sce
increases when cattle numbers exceed r example, our empirical information"'2110: We expect the next regional catls
the order of 20 head/Kinor 310,000 head suggests that the crash of 1991-3 w ash will be most likely to occur by 2005.
for our study region. Once the populatiormore strongly related to high stocking. 1. pastoral ?OPUIatlon thus finds itself ir
has exceeded a critical density, suddefates than a rainfall deficit, while thed Viclous cycle.
feed shortages—and high rates of cattlerashes of 1983-5 and 1998-9 appear

Local Cattle Mortality

Table 3. Associations of annual rainfall (RF), stocking rate (SR), and interaction between rainfall Perceptlons of Rainfall and StOCkmg
and stocking rate (RF x SR) with percent cattle mortality during 1980-97 from values reported Rate
by 56 Borana households across 4 study sites in southern Ethiopia. These analyses examined theThe statistical results for the associa

magnitude of mortality given that mortality occurred; zero mortality values were omitted. tions of stocking rate and rainfall with cat-
tle mortality at the local scale producec

Age Class of Cattfe some results that were equivocal com

Mature Immature pared to our interpretation of factors

Study site RF SR RF X SR RF SR RFxSR  affecting cattle dynamics at a regiona
Yabello e NS NS e NS NS scale. The statistical results suggest th:
Jega - e e o s NS main effects of stocking rate, and interac
Negelle - NS o . NS NS tions between stocking rate and rainfall

— - were relatively minor compared to the
Iv**'***Slgnlflcant at 0.05, 0.01, and 0.001 levels, respectively. . ffect of rainfall. Thi iall
Based on weighted multiple linear regression of the transformed (log-arcsine-square root) percent mortality in a JB\%HQ ertect ot raintall. : IS was especially
repeated measures design (Desta 1999), with total herd sizes as weights. For example, the regression equilie @ase for the magnltude of cattle mor

Yabello immature cattle s: tality, which is the main response variable
Percent mortality= 100% X (sin (exp(h(x))f) where h(x = -0.576 - (0.251 x RF) - (0.0306 x SR) + (0.0106 x RF %of interest when examining possible densi

SR). ; .
2lmmatures were <4 years old and matures were all other cattle. The degrees of freedom were as follow: Yte}é_qupendent Interactions.

matures (100), Mega matures (47), Arero matures (47), Negelle matures (82), Yabello immatures (87), Mega immat¥é@ Mmust be particularly cautious, how-
(38), Arero immatures (44), and Negelle immatures (54). ever, about making detailed interpretation
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of these results. This is primarily becauseence or magnitude of mortality. Thus wehere, we contend that effects of rainfal
we are concerned that selective memoridack an explanation as to how influencesleficits are magnified or mitigated by
of respondents could introduce differentiabf stocking rate could vary by site. Thestocking level.

degrees of accuracy, especially witlsecond issue concerns potential variation Despite having put our foot more firmly
respect to the scaling of rainfall or stockin factors affecting mortality for maturein the equilibrial camp for southern
ing rate. Our correlation analysis indicatedrersus immature cattle. We could expec&thiopia, we have little problem believing
little agreement between perceived versusr example, that compared to mature cathat hot, very arid systems such as that i
actual rainfall, but we concede that locatle, mortality of immatures would be moreSouth Turkana, Kenya, can have livestoc
rainfall may have substantially variedinfluenced by stocking rate. This isdynamics largely driven by climate vari-
from that measured at climate stationbecause immatures are often kept close &bility (Ellis and Swift 1988). Turkana
located at higher elevations, often manjiomesteads in “sacrifice zones” duringattle, in particular, depend on a highly
kilometers away. The people were able tetress periods and thus potentially subjectinstable herbaceous layer dominated b
reliably identify years of drought and cri-ed to acute resource restrictions (Coppocdnnual grasses and forbs. When the lon
sis, and deserve credit for that. Our cont994). The observed pattern for occurrains fail in South Turkana, there can be
cern, however, is more related to our specence of mortality gives some support tao herbaceous cover on the sandy plair
ulation that drought years could behis contention, but this is not the case foor lava hills, regardless of animal num-
remembered in more vivid terms tharmagnitude of mortality. Both issues ofbers. Then animals must trek to grazing
years of higher stocking rates. Althoughmortality variation due to site and ageefugia in steep montane regions or no
we offer no proof, we suspect that stockelass of cattle thus remain muddled. Anan’s lands between ethnic territories
ing rate could be harder to accurately scaomprehensive, site-specific study obften at great peril to herders and stocl
from memory compared to rainfall. Thisresource and management dynamicoppock et al. 1986a).

problem could be compounded by pastoratould be required to clarify hypotheses.  We also realize that the reliance on live:
management practices that attempt to miti- stock numbers as our main response vat
gate high stocking rates through herd diSSynthesis of Cattle Dynamics able was a conservative choice. Had w
persal during periods of crisis. For exam- Tha most cautious. and thus most appr(?-een able to focus on milk production, for
ple, during droughts cattlg can be. rapidl)briate, conclusion fr,om our work is thatexample, a higher degree of qlimate effec
moved from locawarra sites to distant p . equilibrial (stocking rate) and non-could have been observed given the rol

forra locations to reduce stocking rates,qiliprial (rainfall) factors influence cat- that rainfall events play in greening-up
near homesteads and help conserve lo dynamics on the Borana Plateau. odprage, improving livestock nutrition, and
forage and water resources (CoppocK,qlusion echoes to some extent work bPUITINg lactation (Coppock et al. 1986a
1994, Desta 1999). Such herding practiceg.,qnes (1993). He found that cattle poig%b). Mortality in particular was logical
could make it more difficult for respon- ,,ations over a 63-year period in commulior us, however, given our reliance on
dents to accurately gauge stocking rate$, areas of semi-arid Zimbabwe tended tigcall inf_ormation and a focus on house
during stress years. be regulated by density-dependent factof?0ld capital assets. .

If we assume, however, that thes%cting on birth and death rates during ©OUr research at least indirectly points tc
results have a reasonable degree of accur - mal” years, but that numbers wer he importance of key resources in under
cy, and accept the idea that the associatigjj, periodically; limited by density-inde- standing pastoral system dynamics. lllius
of cattle mortality with rainfall deficits is ,oqent factors such as drought. and O’Connor (1999) contended that ani
probably biased to some degree by mor%lt is obvious, as in other pastoral Sys_maI numbers in African pastoral system:
vivid recollections of respondents COM1ems. that Iive’stock numbers and anim#'® regulated in a density-dependent fasl
pared to those concerning stocking rat roductivity vary from year to year on the!O" by limited forage in key resource
several issues merit exploratory commenegorana Plateau. While some may interprél €S- They noted that strong equilibria
First is site variability. Although all any deviation from static conditions adorces thus occur over a limited part of
aspects of cattle mortality were strongly,,ijence of non-equilibrium dynamicspastoral systems, and effects elsewhere a
associated with decreasing rainfall regards;qahmed 1993), the defining process fof1°re heterogeneous. Our experienc
less of site, site variation did occur with, equilibrial system is density-induced,OﬁerS some support for this concept. More
respect to influences on mortality aSSOCia'ﬁegative feedback (Berryman 1989)§tudy of key resources is required, howev
ed with an increasing stocking rate, eitheﬁquilibrium conditions therefore exist ast!» {0 clearly confirm that loss of grazing
in isolation from, or with respect to, inter-|Ong as a population oscillates aroun(ﬂefugia is contributing to system instability
actions with rainfall. This site variation 1o mean, regardless of the amplitudd? southern Ethiopia.
makes sense in light of potential differ'Hence, a highly variable system can still Our results also suggest that when cha
ences in resource endowments and thg, 4, equilibrial system. Indeed, makingﬁderizmg patterns of cattle dynamics, an
degree to which each site is bounded af;5\vance for a likely downward trend in 1ence making inte_rpre_tatipns about equi
flanked by potentially competitive neigh'carrying capacity and inevitable noise ifibrial or non-equilibrial influences on
bors (see Study Area and Sampling)y,o data. the boom-and-bust pattern for'xopulatlon processes, scale of resolutio
Based on such criteria, we could expect e nur,nbers in southern Ethiopia almo atters. For example, at a local scale w

for example, that cattle in the Negelle Sit‘?esembles a limit cycle, indicative of a ave ample evidence that households ce
' vary in the degree that their herds ar

could exhibit the lowest degree of densityy e\ 4jling influence of stocking-rate over . :
dependent interactions compared 10 thogg, g dynamics. Although rainfall deficitsaffectEd by calamity—some may be wipec

in Arero, Mega, and Yabello. No such Paltan indeed trigger calamitous cattle Iosse%t while others suffer relatively little

tern emerged, however, either for occur- esta 1999). Such differences could b
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related to pure luck and/or variability in The best available empirical information There is an important distinction
management skills, access to social recfer the Borana Plateau indicates that bughetween advocating some timely de-stock
procity networks, resource dynamics, locabncroachment and erosion of surface soilag to promote a measure of herd stability
precipitation, etc. Potentially erratic orhas widely occurred over the past fewand economic development, versus th
volatile patterns of local herd dynamicsdecades, particularly at higher elevationime-worn (and usually failed) approach of
could appear to be driven by density-indein upper semi-arid and sub-humid locaefficial coercion to de-stock in the name
pendent factors. At a regional scale, howtions (Bille 1985, Coppock 1993, 1994).0f environmental protection—the latter
ever, we would speculate that a smoothinBroliferation of woody plants has occurrethas been often attempted elsewhere |
effect emerges as a result of aggregatinat both local and regional scales; this disAfrica. We suspect the former approact
many local outcomes. This aggregatetinction is important because regionalwould be far more fruitful with people like
pattern serves to dampen volatility andgcale change can be more attributable the Boran who are increasingly living on
therefore appears to reflect more densitclimate effects, while local-scale changehe margins of social and economic secur
dependent influences. The simplest explaan be more attributable to management @y. They are looking for new options to
nation for effects of scale would be autilization practices (Mortimore 1989; augment their livelihoods (Desta 1999).
“zero-sum” nature of cumulative grazingStafford-Smith and Pickup 1993; Fairhead Cattle mortality represents a significant
interactions. For example, animals that diand Leach 1996). Bush encroachment oficonomic loss to Borana society. The
at one locale can create a potential pockéte Borana Plateau is proposed to occur iverage annual loss of USD 384 pe
of surplus resources accessible to animatesponse to heavy grazing and lack of firtaousehold is nearly 3-times the averag
from elsewhere. Such reciprocity inLack of fire is related to a grazing-relatedhnnual cash income of USD 135 (Coppocl
resource use is inherent in the traditionateduction in herbaceous fuel and policy that994). To illustrate further, if our results
maddasystem (see Study Area). has banned burning since the mid-1970gre extrapolated to the entire Boran:
(see Study Area). The heavy grazing preg|ateau where drought impacts have bee
Comments on Vegetation Change sure s thought to have arisen as a I’QSUH Qfmilar, the loss of livestock wealth could
Vegetation analysis per se was not pa creased sede_ntarlzatlon of pastoralists argceed USD 300 million since 1980. If
of this particular research project, bufN€lr herds. This has resulted from severgastoral systems from northern Kenya ar
some comments are warranted—in th ctors InCIUdmg deV?'OpmenF of permajncluded over the same time frame, com
context of non-equilibrium concepts—"neNt ponds, a steady increase in human apfhed losses for cattle alone could excee
with regards to previous work on Vegetal.lveStOCk pOpU|at|0nS' and the Increasingysp 750 mi”ion, while addlng losses of
tion change that has been conducted on tR&uU'® Of towns and markets. We thereforgmaj| ruminants and camels could mak
Borana Plateau. Both plants and animafe€/ieve that livestock (cattle) are also grang total losses over USD 1 billion (P.
should be considered in a comprehensivéPurce of substantial vegetation change ifitle, pers. comm.). Capturing even a
examination of theory. many parts of the Borana Plateau. Thigaction of such losses could be a useft
In a climate-driven system, vegetatior] €Nforces our contention that we are deakart. The approach could include creatin
dynamics should be primarily driven by!nd With & dynamic and multi-faceted equi virtuous cycle involving improved mar-

factors such as moisture variability rathefiorial system. keting, enhanced rural finance, viable
than herbivory (Ellis and Swift 1988). It alternative investments, and ultimately
has been found that vegetation in aridDevelopment Implications economic diversification (Desta et al.

environments tends to exhibit more non- We contend that pro-active managemeri999).
equilibrial features, while vegetation inhas a much greater role to play in dynamic Efforts to regain some measure of sys
mesic environments is more subject tequilibrial systems compared to that fotem stability in response to drought coulc
equilibrial influences (see review in lllius non-equilibrial systems. If herd crashes—also involve rehabilitation and manage-
and O’Connor 1999, Fernandez-Gimeneand hence massive losses of capitahent of key resources and thus restoratio
and Allan-Diaz 1999). assets—are mediated by stocking ratef traditional mobility patterns. This
The issue of what controls vegetatiorthen stocking rate could serve as a fairlwould help communities to again be able
change is particularly important for pas+eliable early warning tool to promoteto respond to crisis in adaptive, traditiona
toral systems in developing countrieshedging behavior for pastoral risk manways. Community investment that priori-
because erroneous assumptions can leadagement. One idea, given an increasingzes relocation of people who now reside
inappropriate policy and hence, even morkelihood that households will regularlyin former (unoccupied) grazing refugia
problems for people. For example, in auffer from herd depletion, is to promotecould be an important first step in this
non-equilibrial setting, pastoralists couldnore-timely sales of less-productive aniprocess.
inordinately suffer in economic termsmals before crises occur, and direct theseFinally, we urge that more researcher:
from forced de-stocking to reduce damageevenues into sustainable developmerdroaden their attention from detailed
from overgrazing, when in fact climate isschemes that encourage forms of economanalyses of plant and animal populatior
driving negative trend in resource condiic diversification that complement tradi-dynamics to include human populatior
tion (Ellis and Swift 1988, Scoones 1993)tional livelihoods. We remain firm in our dynamics in pastoral systems. This an
The converse, however, is also a problenprediction that another cattle crash is mosjther work conducted in southern Ethiopic
namely, assuming that a negative trend ilikely to occur on the Borana Plateau byoints to human population growth as &
resource condition is attributable to cli-2005. This gives pastoralists and develogeritical variable that explains much of the
mate and thus absolving land users of thement agents a timeline to implement riskchange in resource use and one that c:
responsibilities for stewardship (lllius andmanagement interventions that could beftjuminate new windows of opportunity
O’Connor 1999). ter buffer the local population. for development intervention.
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