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Executive highlights

The Borana Plateau of southern Ethiopia: Synthesis
of pastoral research, development and change,
1980-91 summarises results from work conducted
in the southem Ethiopian rangelands between 1980
and 1991. The global objectives of this
inter-disciplinary project were to describe the
evolving production system of the Borana
pastoralists and prescribe best-bet component
interventions and policies that might promote
growth in the livestock sector, alleviate poverty
among pastoral producers and encourage
ecologically sustainable patterns of resource use. A
large effort was also devoted to contrasting our
research results with other findings in the pastoral
literature, largely from eastern and southemn Africa.
This comprehensive system study is intended to
serve two main audiences: (1) professionals within
Ethiopia who deal with range research and
development, who need detailed interpretation of
local data but who also have poor access to the
interational literature and (2) an intemnational
audience concerned with more general implications
of the work for pastoral research and development
in sub-Saharan Africa.

Borana society is in crisis today, mostly due to
human over-population. Scholars of pastoral
development will recognise many aspects of system
change that have been observed elsewhere in
Africa. Despite daunting challenges, we believe that
a combination of policies, procedures and technical
options could help manage the system to reverse
the downward trend in human welfare. Such efforts,
however, will require a high degree of creativity and
commitment on the part of the Borana people, the
Ethiopian Government and development agencies.
Problems need to be addressed in new ways if
major impact is to be achieved.

These highlights are structured as responses to
13 major questions that decision makers are likely
to have.

1. Why focus on the Borana pastoral
system?

The original reason for focusing on the Borana
pastoral systems was that the semi-arid southem
rangelands are valuable to Ethiopia as a source of
livestock for use by smallholders in the highlands
and for export to generate foreign exchange. The
region also had the highest ecological potential
among major range-development areas and the
semi-sedentary Boran were regarded as relatively
easy to study and work with. Development of

infrastructure in the south started in the 1960s and
it was thought that this would facilitate the impact of
research results on development.

2. Does Ethiopia still have a stake in
the rangelands?

Yes. Although the highlands are justifiably the major
focus of agricultural development efforts in Ethiopia,
the rangelands cannot be ignored in a
comprehensive national strategy. High rates of
population growth throughout the country dictate
that commerce should be allowed to flow freely and
thus permit comparative production advantages of
different agro-ecological zones to be expressed.
The rangelands will increasingly serve as an
important source of animals for highland small-
holders and for export. The Boran are now in dire
need of grain from the highlands, at favourable
terms of trade, to reduce risks of famine and lessen
the need to expand cereal cultivation onto fragile
upland range soils in the rangelands. A loop of
mutual assistance can now be completed, achieving
the vision set for Ethiopia by planners over 20 years
ago. What is required are integrated policies and
improved access to inputs that allow producers and
traders to create mutually beneficial networks
themselves.

3. The Boran have persisted for a
long time. Why bother to develop
the southern rangelands now?

Unless efforts are now made to improve human
welfare among the Boran, future commercial
linkages with the rest of the nation and the social
welfare of urban centres in the rangelands will be in
jeopardy. Increased risk of famine, increasing
poverty and the undermining of traditional cultural
values may all erode the traditional social order of
the Borana production system. If the traditional
social order is not maintained, there are acute
dangers of increased regional insecurity and less
efficient operation of the deep wells. Requiring large
amounts of coordinated labour, the deep wells are
virtually the only supply of water in dry seasons and
their efficient operation underpins the viability of the
entire livestock production system. Ecological
sustainability, on the other hand, is threatened by
the spectre of increased cereal cultivation on upland
soils and by woody encroachment and soil erosion,
which can be attributed to heavy cattle grazing.
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4. What is the outcome of
development in the southern
rangelands thus far?

Starting mostly in the 1970s, there have been
considerable efforts to develop infrastructure and
provide veterinary services to the Boran. The intent
was to stimulate livestock commercialisation. This
involved the typical, but often erroneous,
assumptions of pastoral behaviour that have
characterised African pastoral development in
general.

It was prominently assumed, for example, that if
the Boran were given access to markets they would
readily sell cattle and improve their lives by
increasing their cash income. Sales of immature
cattle were to form the basis of a stratified livestock
industry. Today, however, instead of happy,
prosperous pastoralists we find a situation in which
200 000 people are on food relief and half of the
region’s cattle died during the 1990-91 drought.
Rates of cattle offtake remain low. Without
economic development, food relief is likely to
become a permanent fixture, regardless of drought.
Woody vegetation has encroached on 40% of the
land area and 19% of the area has suffered
significant soil erosion. What went wrong?

First, we contend that interventions to boost
livestock production actually worked. New ponds
increased access to underutilised productive lands
and veterinary campaigns lessened risks to animal
production. Herd size likely grew, but then so did the
human population. Improvements in animal
production were probably largely absorbed by a
growing subsistence population, rather than being
marketed. The traditional Boran probably had little
desire to routinely enter the market-place because
they did not need to. They produced most of their
own food as milk, traded for a bit of grain and used
cash sparingly to buy discretionary items such as
coffee, shoes or sugar. Their cattle had greater
perceived utility as accumulated assets than as a
cash crop. People with larger herds have fewer
economic risks, are socially influential in the
community and even have landmarks and
encampments named after them. This is what
people aspire to here.

Itis also likely that a traditional Boran household
waited until it had an acute need for cash before
selling an animal. The main season for selling cattle
was thus the warm dry season, when milk supply is
lowest and the people needed to buy food. The
terms of trade would often be unfavourable to the
Boran during this season, but this was of only
marginal relevance because the people commonly
hoped to avoid the sale all together. They thus
behaved more like optimistic gamblers, hoping that

good rains or some other favourable circumstance
would help them obtain the food they needed to
carry them over to the next rainy period and allow
them to avoid the sale. The people could endure
considerable misery in waiting out a dry season.

If a household were forced to sell cattle, it would
tend to sell an older, mature male rather than
younger animals. This is because the higher gross
proceeds from the sale of a large animal would be
enough to buy both the commodities needed and
replacement calves. It would thus meet both the
immediate need for cash and promote herd growth.
Net proceeds are not very relevant where costs of
production are almost nil and concem over how fast
the animal grew would not have been prominent
compared with efforts just to keep it alive. A poor
household would typically have to sell more animals
than would a wealthy household to buy food
throughout the year. This is because poor
households have more people per milk cow than do
wealthy households and hence have too little milk
to support them. Fewer cattle also implies less
diversity in age and sex classes. Thus, a poor
household would tend to sell an immature animal
more commonly than would a wealthier household
because of lack of choice. Selling an immature
animal to buy food also offers less likelihood of
money being left over to buy replacement stock and
thus less opportunity for herd-building and a greater
likelihood of continued poverty.

Some views in this scenario above may be
controversial but together they help explain (1) the
traditional economic rationale; (2) why range
development projects have commonly failed to meet
expectations; (3) why droughts can decimate cattle
herds and (4) why pastoralists are commonly
victimised by poorer seasonal terms of trade of
livestock for grain.

In sum, the traditional Borana household did not
need much money but aspired to having a large
cattle herd. It preferred to sell older animals rather
than immatures and probably was concerned only
with low-input means to keep animals alive. In
addition to the problem that the goals of livestock
commercialisation conflicted with the traditional
production rationale, livestock prices within Ethiopia
were regulated and kept low until 1991 and there
were chronic difficulties in coordinating external
market linkages from the southem rangelands. Little
wonder, then, that development expectations were
not fulfilled. This is not a society that would respond
to widespread marketing initiatives or want to sell
immatures as part of a stratified cattle production
industry. This also suggests that efforts to provide
early warning of droughts to encourage destocking
may not work very well. What appears to be
commonly misunderstood is the role of cattle as a
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primary asset, not as a cash crop, and what this
implies for human economic behaviour.

Lack of development impact has not been due
to scarcity of technology or inappropriate behaviour
on the part of the Boran. Expectations were
unrealistic because Westem-trained planners had
an inadequate understanding of social values and
a production rationale that differed from their own.

This is not to say that development efforts have
been fruitless but thatimpact has been more indirect
than direct. Roads and markets, less used in the
past, will soon become the critical lifeline for the
Boran because they can no longer feed themselves
using traditional methods. The small towns that
have grown up as a result of improvements in
infrastructure provide crucial market outlets and
have led to widespread dissemination of new ideas
among the pastoral population. We thus postulate
that the response of the pastoral population to
infrastructure is highly dependent on timing. The
willingness of the Boran to receive innovations is
dictated by population pressure; change occurs
when the people have little choice. The stage is now
set to accommodate a major economic shift in
Borana society.

5. Is the traditional system
changing?

Yes, and very quickly. If cattle prices are competitive
with those offered on the Kenyan black market and
trade links within Ethiopia are made more efficient,
the good news for planners is that rates of cattle
offtake for Ethiopian markets should increase
dramatically. More immature cattle will be sold. The
original vision for increased marketing by
pastoralists can be fulfilled. The bad news, however,
is that this increased involvement in the market
economy will largely result from the increasing
poverty and risk of famine that is undermining
Borana society. A larger segment of the society is
becoming poor and acting in accordance with the
schema of behaviour of the poor as reported above.
Today, 51% of the households may be considered
poor; these households control about 10% of the
regional cattle herd. Around 18% may be wealthy
and control 65% of the regional cattle herd.
Traditionally, the poor would petition the wealthy to
redistribute cattle at dozens of annual clan
meetings. Such meetings are still held but needs are
beginning to dwarf possibilities for redistribution.
The long-term trend that drives increased
commercialisation among the Boran is the declining
ratio of cattle to people. The human population is
increasing at a net rate of 2.5% per year, with a 50%
increase in population possible within 14 years.
Apparently, relatively few people are killed by

drought; even births are reported during drought. In
contrast, land availability imposes a ceiling on cattle
numbers and large numbers of cattle die during
droughts. The net result is a downward “ratchet’
effect: the steady decline in the ratio of cattle to
people is periodically exacerbated by drought. More
people are thus becoming poorer in cattle assets.

A decline in the number of cows per person
reduces per capita milk production and forces
people to buy grain or grow crops. A decline in the
number of male cattle per person limits, among
other things, the ability of the people to rebuild their
herds after drought by exchanging males for cows.
More households are likely to be squeezed out of
the system during droughtbecause of the intensified
competition of more people for a finite base of
resources. Furthermore, this base is becoming even
smaller due to ecological degradation and loss of
traditional grazing reserves to encroachment by the
growing population.

People squeezed out of the system will
increasingly become destitute farmers or peri-urban
sellers of milk, chickens and firewood. Peri-urban
dairy marketing results, in part, from these
processes. For example, there are women living
near towns who must sell a cup of milk from their
single cow every day to buy a survival ration of grain
for the family; this would not be possible except for
the favourable terms of trade (both on a cash and
per unit energy-yield basis).

Most Boran will be unable to fully compensate
for increasing poverty by becoming agro-
pastoralists. This is not because of lack of rainfall
but because less than 12% of the land (i.e. valley
bottoms and swales) may be cultivated sustainably.
It is postulated that the people seek to grow grain
and diversify herds to include more small ruminants
to avoid selling cattle at a rate that would deplete
their assets. Small ruminants are more of a cash
crop than are cattle and would be a substitute sale
item.

The declining economic status of the Boran may
result in famine if markets do not offer grain at
favourable terms of trade. It may also result in
expansion of cultivation onto shallow upland soils,
increased felling of trees to sell as firewood and
charcoal and possible dilution of the Boran cattle
breed. The last results from the Boran trading male
Boran cattle for reportedly inferior cows from the
southern highlands in an attempt to replace the
large number of Boran cows killed during drought.

These negative trends may have emerged
because the pastoral sector has been too
successful in terms of human reproduction. Now the
Boran need links to the rest of Ethiopia to enable
them to work their way out of crisis. The free flow of
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commerce is no longer a luxury for the Boran: it is
now a necessity.

6. What can be done to alleviate this
situation?

Overview: Despite the daunting nature of the task,
the major premise of this research is that the entire
system can be managed to (1) promote growth in
the livestock sector; (2) alleviate poverty and (3)
reduce risks to the environment. This requires an
integrated set of policy measures, procedures,
participatory development tactics and selective use
of technology and management innovations. A
focus on technological impact alone is not very
useful. Even if there were, for example, a “magic
forage,” planting it would do little to change the
fundamental causes of instability and poverty in the
system. Development impact is also increasingly
dependent on linkages from the rangelands to the
outside world, including markets, fuel, veterinary
inputs, school teachers and accessible banking for
pastoralists. If such dependence is viewed as
inappropriate, we must dramatically lower our
expectations for impact and let the Boran fend for
themselves.

Attacking the problems requires a systems
approach that recognises that livestock
development has social, economic, biological and
ecological dimensions. The time when one agency
or a few technologies could improve the lot of the
Boran is over. Agencies and government ministries
must achieve a common vision of the problem at
hand and collaborate on policy refinements.
Technical innovations should first be extended with
a priority for the peri-urban sector, which is
compatible with the modest logistical capabilities of
extension and would better meet the needs of a very
poor, and growing, segment of pastoral society.

The rate of human population growth is not
excessive and is consistent with that of other
semi-settled pastoral groups. We suggest, however,
that the root cause of system problems is that too
few Boran are able or willing to emigrate from the
system to balance the net reproduction rate. This
suggests that more must be done to educate the
Boran in order to make inroads on their cultural
isolation and give them a choice of life-style. If
attempts to develop human potential over the past
20 years had been similar to those directed towards
stimulating cattle offtake, the need for crisis
management today might have been lessened.
Lack of emigration also suggests that economic
underdevelopment of the urban sector is an
important constraint with ramifications for the
stability and sustainability of rural production
systems in general.

Over the short to medium term, efforts need to
focus sequentially on (1) improving food security;
(2) reducing risks to animal production and asset
accumulation; (3) enhancing livestock production
and herd turnover and (4) reducing risks to the
environment. Assuming that the first goal can be
achieved, attainment of the second goal is the key
to everything else. Attempts to reduce risks for the
environment will not be fruitful unless human
welfare has been improved.

Policies, procedures and technology for food
security: Food security is ultimately tied to the
human population density. For example, one way
to improve the situation in the study area would be
to reduce the human population by 50% (i.e. by
39 000) and then provide jobs outside the pastoral
sector for the 2000 people reaching working age
each year. Since the low level of economic
development will permit this approach, food security
must be dealt with in a step-wise manner. Over the
short to medium term, relief organisations must be
prepared to stay in Borana. Inter-regional
commerce must be allowed to open up to facilitate
trade of range livestock for surplus maize from the
southern highlands. This involves complex national
issues such as increasing cereal production in the
highlands and solving regional transport and
security problems. Markets for small ruminants
should be expanded, since the Boran view sheep
as more of a cash crop than are cattle and hence
sheep offer better opportunities for increasing
incomes rapidly. In the longer term the Government
should promote the economic growth of urban
centres in the rangelands to provide more local
market demand for animal products and future
employment opportunities for pastoralists. The
future of the Boran is closely linked to the future of
such towns as Yabelo, Negele, Moyale and Mega.

Using information provided in the Borana
System Study, land-use planners can designate
agro-ecological zones and sites within zones
suitable for sustainable cereal cultivation in the
rangelands. Extension could promote technical and
management measures to increase maize yields in
these locations and reduce the need of pastoralists
to cultivate on more fragile sites elsewhere. Suitable
locations include valley bottoms in higher rainfall
areas but these may comprise a relatively small
percentage of the region.

This is not an endorsement of widespread
cultivation in the rangelands, since cultivation may
cause soil erosion on upland soils under a variable
rainfall regime. Rather, it is a call to increase cereal
production selectively to reduce some local risks of
famine, particularly for people with poor market
access. The only way to control the spread of
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cultivation over the short term is to forge a regulatory
partnership between development agencies and
the Boran. Increased maize production on
appropriate sites is recommended only as an
emergency food-production measure over the short
to medium term. We believe that widespread
emergence of agropastoralism would be
detrimental to the long-term ecological sustainability
of the system. Cultivation can ultimately be
discouraged through favourable marketing
interventions, increasing options for investment
other than in cattle and spurring human emigration
in an ecosystem management approach.

Interventions to increase milk production from
cows should focus on health measures, in particular
the use of acaricides to reduce tick damage to cow
udders. The problem, however, is that acaricides
must be imported. Lack of acaricide use points to
the fact that the absence of sustained extension of
existing technology is a greater problem than
generation of new technology. Despite the
rangelands having been viewed as an important
source of foreign exchange for the nation, range
development programmes are commonly unable to
extend technologies because of a lack of access to
foreign exchange, because extension is poorly
funded or because intemnational procurement is
excessively bureaucratic. As with other inter-
ventions, the Boran should pay for technological
inputs and extension using local currency generated
from livestock sales. This will provide a good test of
the people’s priorities.

Primary attention to topics such as terms of trade
of livestock for grain and selected improvement of
cultivation is in recognition that the biggest problem
in the system over the short term is securing more
food energy for people. It is clear that plants
extended merely as forages will not be high on the
Boran’s list of priorities. The best way to introduce
new forages is through sustainable cropping
systems using dual-purpose legumes, such as
cowpea, which produce both food for people and
feed for livestock.

Policies, procedures and technology for risk
management: There are about six drought-grazing
reserves that have been traditionally used as
fall-back areas for cattle herds during the early
stages of drought. These are now reportedly being
routinely encroached upon by people and animals.
This is occurring because of over-population and
probably contributes markedly to the apparently
increased instability of the cattle population in
response to drought. These fall-back areas need to
be re-established by relocating any residents and
their carrying capacity increased through water
distribution and forage improvements.

Management plans specific to grazing territories
(madda) under resource stress should also be

~ implemented. Madda are highly variable in resource

endowments, which requires site-specific re-
source-use strategies. Reclamation might include
bush control, prescribed buming and site restoration
using local methods and native forage species.
Practices such as regulated charcoal making can
generate funds from site reclamation: a profit of
about US$ 3200.00 per hectare could be realised
from making charcoal from dense stands of
otherwise useless Acacia drepanolobium. The
difficulty in implementing such projects lies,
however, in regulation and the fear that charcoal
production would spread uncontrolled. While this is
a valid concem, it has been found elsewhere in
Ethiopia that pastoralists in fixed territories can
effectively regulate harvest of wood products in
some situations. It might thus be worthwhile
conducting pilot projects to see if the Boran can
regulate some profitable aspects of resource use
themselves. Development agencies might serve as
marketing conduits in this process. The Boran have
ample knowledge of which plants are useful for the
production system and which are not.

Specific grazing territories that would benefit
from improvements in carrying capacity should be
identified according to their importance to the
resource diversity and stability of the community at
large. This could be assessed in consultation with
local leaders.

Given that the system is over-populated, we
believe that the crucial risk management
intervention is one that allows the Boran to hold
some of their cattle assets in a non-livestock form.
The ability to manipulate the asset function of cattle
is vital to efforts to adjust stocking rates and relocate
households from sensitive areas. This activity
embodies “efficient opportunism” and involves
storing a portion of the value of male cattle as simple
savings accounts in local banks. There is evidence
that some Boran may be doing this already.

During the high-density phase of the cattle
population, when about 300 000 head of cattle
occupy the study area, roughly 25% of the herd is
comprised of mature males. About 67% and 25% of
these males may be held by wealthy and
middle-class Boran, respectively. Mature males
serve a valuable traditional economic role but at
high stocking rates they also compete with milk
cows and other productive stock for limited forage
and water. This leads to social stress in the
community. The males probably also contribute to
sudden system crashes during drought in which
many households lose all their cattle. Relieving
pressure on the system by banking part of the male
component each year as cash achieves many
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system-management goals simultaneously. The
tendency, regardless, will be for the Boran to
gradually increase the percentage of milk cows in
their herds to cope with declining per capita milk
production. This will come at the expense of
traditional investment potential. Banking livestock
capital is offered as a means to help them achieve
traditional goals, possibly at a lower risk, despite
population pressure.

Constraints to implementing the banking
innovation are numerous but are probably less
formidable than those involved in extending
technical interventions described thus far.
Constraints include possible distrust and lack of
knowledge of banking among the Boran, cultural
mores which work against selling cattle, difficulties
of illiterate people gaining access to the banking
system and aspects of national currency
management such as inflation which might erode
wealth stored in non-livestock forms. Local
constraints of banking access could be overcome
but this would require creativity and incentives. We
envision a portfolio-management approach that
recognises the maximum benefit from a mix of
assets held as livestock or cash in sequences of
years in which production risks vary according to
stocking rate and rainfall. Banking livestock capital
is proposed as the keystone intervention for
managing the system out of famine, poverty and
increasing risk of environmental degradation.

Policies, procedures and technology for im-
proved animal production: The notion that animal
production is uniformly poor in rangeland systems
is not supported here. Indeed, under near-average
rainfall and low stocking rates, cattle productivity
can be extremely high. At high stocking rates, how-
ever, risk of forage competition becomes paramount
and animals are more likely to be in poor condition,
give lower milk yields and die.

Because the stocking rate of cattle changes
somewhat cyclically in response to drought (see
below), cattle productivity also varies in a cyclic
fashion in an inter-drought sequence of five to 10
years. This may be relatively predictable. Using
various risk-mitigation measures described above,
particularly banking livestock capital, would provide
a major stimulus to cattle production per head as a
result of destocking during years of the high-density
phase of the cattle population when stocking rates
exceed on the order of 20 head/km?. This is because
livestock production and mortality are density
dependent, with stocking rate mediating effects of
annual rainfall on the population. Any measures that
increase animal sales to improve human welfare are
also valuable; this includes sales of animals to fund
water-development activities and construction of

grain stores. These activities also build on traditional
values of the community.

Calf mortality in near-average rainfall years is
the main production factor that requires technical
attention. High calf mortality is attributable mainly to
poor calf nutrition due to milk restriction in poorer
households and to high incidence of diseases
resulting from lower management inputs per calf in
wealthier households. Shortage of water is also a
problem, one that could be addressed by building
cement cistens in certain situations. Attempts to
reduce calf mortality fit the cultural rationale of the
people, are more consistent with effective use of
small quantities of local resources and need an
intervention that the Boran can extend among
themselves.

The main intervention to reduce calf mortality is
making hay from native grasses to improve
dry-season calf feeding. The Boran do not
traditionally make hay but pilot trials suggest they
can make large quantities of hay of suitable quality
after the long rains. Feeding hay rather than the
traditional cut-and-carry grass could increase the
crude-protein content of calf diets by 60% and the
digestibility of the diet by 45% during the dry
seasons, both on a dry-matter basis. Grass hay can
be supplemented with high-protein native legumes
such as acacia fruits and leaves and with cowpea
(Vigna unguiculata) hay where this crop is grown.

Performance of calves and small ruminants
might also be improved by providing better
veterinary services at the “farm gate.” Veterinary
services have, however, been very difficult to
sustain. New efforts to extend health services and
calf feeding packages should initially be focused on
peri-urban areas, with the Boran paying for services
where possible.

In addition to reducing mortality rates, improved
calf feeding could increase milk production by
prolonging lactations and might also allow
peri-urban households to take more milk from the
calf and sell it. Improvements in cattle recruitment
would only be sustainable over the longer term if
offtake is accelerated through commercial links or
banking livestock capital. Policy and technical
issues are thus inter-linked.

implications for poverty alleviation and ecologi-
cal sustainability: In conjunction with attempts to
spur human emigration, the policy and technical
interventions described thus far should act in
tandem to reduce chronic insecurities that now exist
in the system. Banking livestock capital is the key
to poverty alleviation and facilitating range man-
agement over the short to medium term. Opening
markets, increasing milk production, encouraging
pockets of sustainable cereal production and
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facilitating human emigration should all act to
reduce the threats of widespread cultivation to the
environment, but cumulative impacts of different
innovations would be felt over different time frames.

7. Why is banking livestock capital
proposed as the keystone
intervention?

Banking livestock capital is the only intervention that
would have large and simultaneous effects
throughout the system. It would improve food
security and risk management, alleviate poverty and
reduce threats of environmental degradation. It
would also help reduce the danger of genetic
dilution of the Boran cattle breed by helping stabilise
the cattle population, thus reducing the need for
pastoralists to trade for highland cows during
drought recovery. Banking livestock capital could be
a nutritional intervention for cows, an ecological
intervention for the plant community and an
economic intervention for people. ltis thus a classic
“system intervention” because it requires an
inter-disciplinary knowledge of system function to
know when to implement it and why. While pilot
projects might attempt to extend this intervention
concept soon, additional social and economic
research is required to thoroughly assess its
implications.

Banking livestock capital may not have been a
viable innovation as recently as 10 years ago.
However, we believe that it is now viable because
of the increased risks to households of holding all
of their assets as livestock. This is because of a
declining resource base and implications this has
for increased system instability.

8. Could banking livestock capital
even assist small towns?

Yes. The Boran and the small towns in the range-
lands are increasingly interdependent. To the extent
that economic development of small towns is
constrained by lending capital, banked livestock
wealth may have important implications for
development of small-scale industries in the urban
sector. Conservative calculations suggest that if
every wealthy and middle-class household in the
study area banked from one to three male cattle
each year this would generate about US$ 1.7 million
annually from the sale of 14 500 head. This
represents only a modest percentage of the total
male inventory. Animals would, however, have to be
traded out of the system for the initiative to help
stabilise cattle population dynamics and contribute
to creating a sustainable yield scenario.

9. How should interventions be
implemented?

Interventions should be primarily directed to deal
with two population phenomena: (1) the long-term
trend (see above) and (2) inter-drought cycles,
usually lasting 10 years or less, which consist of a
drought-recovery phase followed by a phase of high
stocking density. Changes in cattle stocking rates
affect many ecological, agricultural, social and
economic dynamics in the system. The high-density
phase, with more than 20 head of cattle per square
kilometre, is essentially a different system, with
different constraints, than that in the drought-
recovery phase.

The long-term trend: In 1990, the long-term trend
may have been an average system state in which
the ratio of cattle to people was about 4.5:1. In 1959
the average ratio is thought to have been near 7.4:1.
In 2006, barring a large change in net human
population growth, the ratio should be 3.3:1.

The negative effects of this long-term trend in
cattle-to-people ratio could be lessened using
policies and procedures that increase commerce
and allow more Boran to emigrate. For an example
involving technical perspectives, the long-term
trend militates against such interventions as
improved dairy technology to process milk sur-
pluses and aspects of system extensification. The
long-term trend is better confronted by focusing on
the likes of facilitation of dairy marketing and
intensification of some aspects of range man-
agement.

The inter-drought cycle, drought-recovery phase
and high-density phase: In 1993 we are in the
second year of the drought-recovery phase
following the 1991 drought. There is a 75%
probability, based on rainfall records, that the
high-density phase will be reached by 1997,
allowing for the effects of one dry year or less on the
growth of the cattle herd. Once the high-density
phase is reached, however, there is a 50% chance
of a population crash during the first three years due
to the combined effects of the high stocking rate and
the risk of one or more years of below-average
rainfall. It is thus suggested that the impact of
drought on the cattle population is now as much a
function of high stocking rates as it is of below-
average rainfall. Without adequate drought-grazing
reserves, a modest dip in rainfall will now kill far
more cattle than it would have 30 years ago.

The drought-recovery phase should be
characterised by more maize cultivation, peri-urban
sales of milk and small ruminants, opportunistic
production values of the Boran, high rates of cattle
production and the honouring of reciprocal rights of
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grazing among communities. The high-density
phase will be more a time of risk management,
negative density-dependent effects on livestock
production, grazing-induced bush establishment,
increased rates of cattle sales and conservative
production values of the Boran.

In the drought-recovery phase of 1992-96,
innovations should be employed that complement
immediate food-procurement strategies of the
Boran (e.g. obtaining maize or selling sheep and
dairy products) or that are dependent on low
stocking rates for their success (e.g. site
reclamation). During the high-density phase, with its
high stocking rates and higher risks of asset losses,
efforts should encourage banking of livestock
capital, sales of cattle to fund water development
and promotion of improved calf feeding and grazing
management.

In sum, the development strategy has to be
opportunistic. There is, however, a reasonable
degree of predictability of system dynamics that
could guide planning for system management.
Another important implication of this schema is that
windows of development opportunity are not static;
they may be gradually opening, gradually closing or
opening and closing cyclically. At one extreme,
some innovations would be adopted, dropped and
re-adopted in a cyclic pattern.

10. What are the constraints on
system transformation?

In past decades it has been common to blame
pastoralists, or harsh rangeland environments, in
Africa for the apparent failure of range development
projects. However, this research indicates that the
main constraints actually lie outside the pastoral
sector. Planners and researchers commonly do not
understand how the pastoral way of life differs from
Western concepts such asranching. They have also
lacked appreciation of the complexity of pastoral
strategies and how constraints change over time in
response to internal and external pressures.
Bottom-up approaches to development have been
discounted in favour of exotic technologies and
Western ideas. Extension is under-funded and
personnel is limited and poorly trained. Access to
existing technology is limited. The ability of agencies
to monitor and regulate resource use is poor and
this leads to blanket prohibition of certain practices
that might be useful in some situations. True
partnerships among pastoralists and development
agencies are not traditional and may be difficult to
create. Underdevelopment of the nation contributes
to major uncertainties in urban employment,
commerce and extension. Bureaucratic decision-
making is inimical to the opportunistic nature of

range ecosystem management. Lack of coordi-
nation among government and development
agencies obstructs coordinated policy and technical
implementation.

The Boran are open minded and can produce
animals very well; they just need some stronger
links to the outside world. In contrast to many other
African producers, the Boran can create large
amounts of capital quickly if it can be better
harnessed in a rapidly changing world. In one
sense, this is all good news. This is because it
discounts the notion that this pastoral system is
resistant to constructive change from within.

11. What is the source of this
systems approach? Does it have
wider applicability?

The dynamic view of system interactions requires a
different way of thinking. It has been inspired by
knowledge of (1) population ecology and (2)
predictable relationships among people, animals
and the land. A large dose of participatory Farming
Systems Research was also mixed in. Clues from
producers and traders gave important insights as to
how the system changes from year to year and
decade to decade. The approach has no strong
roots in traditional agricultural investigation.

This philosophy recognises that the Borana
system is at a particular point of change along a
general continuum. This point has been passed by
other African pastoral groups decades or even
generations ago. The Borana system may be
unusual in that the linkages between the pastoral
and non-pastoral sectors are still restricted. This
must change if the system is to avoid internal
collapse. There are probably other pastoral groups
in remote areas of Africa that have yet to reach this
stage of change. Systems at different points along
a continuum of change require different intervention
concepts. The systems perspective is thus
applicable beyond the southern rangelands.

When commodity and systems perspectives are
run in parallel, the combined answers help tell you
what to do, when to do it and why. Neither
perspective alone can do as much. Although it has
its own scientific merit in terms of inter-disciplinary
integration, the systems perspective has an added
advantage in that it assists formulation of local
strategies that will have an impact on people. We
contend that this framework can be easily modified
to suit a variety of animal-production circumstances,
including smallholders.
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12. This all looks expensive. How
can this approach be employed
elsewhere at low cost?

The systems approach is expensive but systems
studies do not need to be repeated often. The key
is that researchers and development people learn
to think in terms of interacting system components
while designing projects. This may require more
inter-disciplinary training. Ideally, research should
focus on extracting more systems principles from
existing work and testing hypotheses concerning
specific interactions. Using a systems approach to
assess intervention strategies to be used by devel-
opment people requires more attention to con-
ceptualisation of the system of interest and perhaps
examination of important system interactions using
producer-participatory approaches along the lines
of Rapid Rural Appraisal.

In sum, it is important to know where a system
is at any point in time and what the future trends
might be, based on probabilities. The practical
outcome concerns how population pressures or
outside influences might help or hinder uptake and
impact of innovations.

13. What are some other research
and development implications?

. Future research priorities involve sociology,
economics and ecology in the context of risk
management. Routine system monitoring is
needed to test hypotheses embedded in the
theory of local system dynamics, survey felt
needs of the pastoralists, observe shifts in
resource use and performance of markets and
examine the fate of emigrants. Monitoring
could be quantitative or qualitative, depending
on research budgets. The theory of local
system dynamics also has large implications
for monitoring range trends. Given near-
average rainfall, herbaceous dynamics may
tend to be cyclic in response to cattle stocking
rates rather than linear. Establishment of
woody seedlings may also be more episodic
than continuous, with eruptions of woody
seedlings occurring more during high rainfall
years in the high-density phase of the cattle
population.

*  The cattle population tends to exhibit equilibrial
characteristics. This is not to say that the
system does not change from year to year: it
is very dynamic within certain limits. It tends
towards equilibrial features because cattie
stocking rates reach levels that negatively
affect the population. Relatively high rainfall
and a dominance of perennial vegetation

increase the likelihood of periodically intense
plant-herbivore interactions. Stocking rate is a
crucial filter that affects the response of the
population to variation in rainfall. Both
equilibrial and non-equilibrial systems may
exist in East Africa, with non-equilibrial ones
occurring more when systems are less
bounded by resource limitations and/or are
subject to very low and erratic levels of rainfall.
The equilibrial tendencies of the Borana
system periodically generate pressure in the
system and motivates producers to consider
new ways of doing things. Equilibrial dynamics
have probably been promoted in the southern
rangelands by infrastructure development and
population growth.

The cattle population appears to have
substantially modified the environment,
causing grazing-induced woody encroach-
ment and soil erosion. However, the extent of
impactin relation to a pristine original condition
of the study area has not been quantified.
Many impacts observable today may have
occurred in previous generations. The
relatively high rainfall suggests that the region
could naturally support a high density of woody
plants and thus may have been densely
wooded prior to the arrival of man hundreds of
years ago. We may therefore now be
witnessing the disappearance of a mixed
savannah that has been traditionally
maintained by people. Woody encroachment
has probably been exacerbated recently by
human population growth, which encourages
sedentarisation, and by a Government policy
that prohibited range burning from 1974 to
1991. Although the ultimate effects of
encroachment by woody plants are probably
detrimental to cattle grazing, intermediate
stages may have a variety of positive, neutral
and negative effects. We believe that, under
proper management, many areas encroached
by woody plants could be reclaimed. Cereal
cultivation on upland soils may, however, pose
a greater future threat to the environment than
cattle grazing.

Transfer of nutrients by cattle from grazing
areas to encampments has been implicated in
some aspects of environmental change here.
It has also been hypothesised that leaf fall from
woody vegetation is an important contributor
to the replenishment of soil nutrients on
overgrazed sites. These questions require
further investigation.

Preliminary information on native plants and
wildlife gathered by during the System Study
provides a baseline from which to begin to
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address biodiversity issues. Biodiversity
research is, however, a low priority until the
human crisis can be alleviated.

Borana leaders are aware of problems
associated with the high human population
and high cattle stocking rates and of links
between heavy grazing and environmental
degradation. They make political
proclamations intended to protect their natural
resources. The extent to which the traditional
leadership can effectively control resource use
today is, however, unclear.

The critical measure of system sustainability is
per capita production of milk and male animals
as assets. Trends in both now appear to be in
precipitous decline because the human
population continues to grow while the cattle
population is increasingly limited by land
availability. Until this situation is dealt with,
other aspects of improving social or ecological
sustainability must be a lower priority for
development.

Human population dynamics and their effects
on the system are poorly understood. The
observedincrease in the net population growth
rate may be due to increased availability of
relief grain and health inputs. It may be due
also to less adherence to traditional social
norms that have regulated reproductive
behaviour in the past and/or to a temporary
decline in the effectiveness of reproduction
rules that are dictated in the Gada generation
system. For example, fewer people may be
affected by certain Gada rules today than in
the past because of recent shifts in the age
composition of the society.

As with other pastoral systems, the Borana
system is more efficient than commercial
ranching in terms of food-energy yield per
person and per unit area. This is largely be-
cause of the high stocking rates and inclusion
of milk as an output. The high stocking rates of
pastoral systems can, however, pose greater
risks for the environment and for system
stability than does ranching. As elsewhere, the
ranching concept has failed in Borana. Ranch
lands are in the process of being transferred
back to the Boran. There are several reasons
for this failure here, but the key factor is that
commercial ranching is fundamentally inimical
to the Borana production rationale.

It is hypothesised that rapid growth in the
regional cattle herd (i.e. from less than 10 to
over 25 head/km? during just a few years in the
drought-recovery phase) leads to a sequence
of nutritional constraints on cattle in
successive years (i.e. from minerals to crude

protein to energy). This would undermine the
general rule of thumb that shortage of crude
protein in dry periods is the most common
nutritional constraint in the semi-arid zone at
all times. Mineral and protein supplements
may be more effective at lower stocking rates
than at high stocking rates. At higher stocking
rates, when competition for forage among
cattle limits energy intake, the best intervention
is destocking that is compensated along the
lines of banking livestock capital.

Boran cattle show considerable compensatory
growth in recovering from early restriction of
milk intake as calves. Under experimental
conditions, reducing the amount of milk
consumed by calves by 170 litres had no
long-term effect of the productivity of the
animals. Under ranch conditions, adult cattle
also are able to compensate for weight lost
because of restricted water intake during dry
seasons. However, high stocking rates
probably periodically hinder compensatory
growth in calves and adults. Feeding calves
forages to compensate for milk deprivation and
to accelerate growth over the long term is not
useful because weight advantages can be
easily lost and are thus risky. Feeding to
reduce calf mortality is much more viable.
Ideally, small- scale water development should
accompany improved feeding systems for
calves, because seasonal lack of water limits
dry-matter intake. Studies of the allocation of
extra water available from the use of cement
cisterns suggest that the major impact of
increased availability of water for households
is on the calves, not people.

Besides a primary focus on dual-purpose
legumes to provide food for people, forage
improvements should focus on the best native
grasses and woody species. Some of East
Africa’s best native forages are found in the
southern rangelands. The pre-occupation of
past development efforts with exotic forages is
unwarranted and resulted from ignorance of
the possibilities of using native plants. Trials
with herbaceous exotics also have been
disappointing; it appears that low rainfall
and/or cool temperatures are major constraints
to establishment and growth of Stylosanthes
hamata cv Verano in particular. Despite their
often low and variable productivity, native
species are valuable because of their proven
persistence in an often difficult environment
and because valuable species are already
recognised as such by the Boran.

The dynamics of the Borana system can be
most comprehensively described in the
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context of three states: (1) drought, (2) the
drought-recovery phase and (3) the high-
density phase. From 1980 to 1991 there were
roughly four years of drought, four years of
drought recovery and three years of the high-
density phase.

The 198384 drought contributed to the death
of 45% of the milk cows, 90% of the calves and
22% of the mature male cattle in five encamp-
ments. This testifies to the risk-mitigation role
of hardy, mobile males during drought. More-
productive cows may also be more vulnerable
to starvation than are poorly productive cows.
Drought may thus undermine attempts to up-
grade the genetic base of the regional herd.
The main value of camels to peri-urban house-
holds during drought appeared to be their
ability to maintain long lactations. This allowed
households to sell milk to buy grain at favour-
able terms of trade. Cow milk was also sold but
in smaller quantities. Dairy products were in
very limited supply during the drought and
were the only livestock product for which terms
of trade for grain did not decline precipitously.
In the near future, management of drought
effects will still rely largely on provision of relief
grain. It is envisioned that proper system
management would reduce the negative
effects of drought that result from high stocking
rates and human over-population. Important
measures over the short to medium-term
could, however, include strategic restoration of
drought-grazing reserves, provision of
public-works jobs during drought, opening of
market linkages between the highlands and
lowlands and creation of grain stores both on
a household and a regional basis. Banking
livestock capital would also be expected to
improve the commonly poor terms of trade
between livestock and grain during drought.
Considering recent patterns of prices and
annual terms of trade, if the value of animals
were banked during the inter-drought cycle
and cash were withdrawn to buy grain during
drought, households would on average
liquidate only one-third of the animal assets
otherwise needed to purchase grain to endure
a two- or three-year drought.

Male camels are important for hauling grain,
construction materials and other goods from
the market to distant encampments. Given
their browsing habits, camels and goats are
ecologically more compatible with cattle than
are sheep, since both cattle and sheep are
grazing animals and would compete for the
same feed supplies. There is no evidence to
link woody encroachment with camels or

goats. Diversification of herds to include more
camels and small ruminants is probably most
dependent on improving access to camel
markets and on veterinary extension; these
interventions could be pursued.

These observations suggest that agro-
pastoralism, herd diversification and peri-
urban dairy marketing have evolved in East
Africa because of extreme pressure on the
traditional livestock system as a result of
human population growth. They do not, there-
fore, necessarily represent improvements in
human welfare or an enhanced system state.
Rather, they represent indigenous mechan-
isms for avoiding starvation and/or asset de-
pletion. The development goal for the Borana
system should be sustainable, extensive pas-
toralism, not agropastoralism.

Borana society is economically diverse and
clearly stratified into wealthy, middle-class and
poor components. There is also a rural sector
and a peri-urban sector (i.e. within 30 km of
towns) which are believed to behave differently
from each other in social and economic terms.
The concept of an overall average household
thus has little meaning and does not offer much
utility as a research tool.

Two independent surveys showed that 20 to
25% of household heads were women,
particularly in the poor and middle-class strata.
It is hypothesised that a higher percentage of
households heads are women in the
peri-urban sector. There is no information on
whether a larger percentage of households are
now headed by women than in the past or if
the roles of women in the society are changing.

Women reported that they worked long hours
all year but direct observation suggested that
about 30% of their time in the warm dry season
consists of activities associated with “leisure.”
An extension trial indicated that women
apparently had enough “free” time at the end
of the long rains to make up to 300 kg of grass
hay. Whether or not production innovations are
adopted probably depends largely on social
values and whether the women are willing to
give up some of their leisure time.

The perverse supply hypothesis might be valid
here for poorer households who are forced to
sell cattle. Thatis to say that the Boran will seek
to sell livestock in markets with higher prices
but that the primary reason they do so is to
minimise the number of animals sold. This
hypothesis needs to be tested at the
household level.

Although all households will be forced to sell
more cattle, informants report that true
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livestock commercialisation in the southern
rangelands will emerge from a new class of
individuals who have some education, wealth
and ties to the traditional sector. Some of these
people may have leamed the livestock trade
while working as government agents.
Increased competition and possible conflict
between commercial and subsistence herds
may occur. One irony is that, in the attempt to
gradually guide the traditional pastoral system
towards enhanced productivity, sustainability
and social welfare, the Government may have
to intervene to protect the subsistence
population from intense competition with
commercial producers.

The Boran are innovative and have pioneered
some of their own resource management
concepts such as planned grazing allocations
and fodder banks (kalo). Persistence of
traditional leadership structures should
facilitate introduction of appropriate
interventions in this system.

In the southern rangelands, bottom-up
approaches to development of innovations

have been more effective than top-down
approaches. This is because the producer’s
behaviour, values and daily life are more
complex than, or counter-intuitive to, that
imagined by researchers. Top-down concepts
such as the pond scoop, the improved butter
churn, pasture improvements using exotic
forages, speeding-up calf growth through
supplementary feeding or drought fodder
banks based on Atriplex and Opuntia spp will
not have an impact here for various reasons.
Bottom-up concepts such as hay-making,
using native legumes, intensified aspects of
range management, cement cisterns, banking
livestock capital and reducing calf mortality are
far more likely to have an impact.

In this project, the interaction between
researchers and development agents proved
very fruitful in helping design research that had
an impact on development. Development
agents provided grass-roots links with the
community that provided a better bridge to
researchers. This permitted a true systems-
research process to evolve.
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Chapter 1

Review of rangelands and rangeland

development in Ethiopia

Summary

The Ethiopian lowlands occur below 1500-m
elevation and comprise 61% of the national land
area. Climate in the lowlands includes arid (64%),
semi-arid (21%) and subhumid (15%) zones largely
defined by four rainfall and temperature regimes.
These zones vary markedly in terms of number of
plant growing days per year, forage production,
common plant associations, livestock and human
carrying capacities and incidence of important
livestock diseases.

Ethiopia today has about 42 million people and
over 70 million head of livestock. The lowlands are
home to 12% of the human population (or five million
people) and 26% of the livestock (or 21 million
head). Land use by the 29 ethnic groups of the
lowlands is dominated by various forms of
pastoralism and agropastoralism. Livestock depend
upon rangelands consisting of native vegetation,
with crop residues increasing in importance as
livestock feed as annual rainfall increases.
Calculated for the lowlands overall, roughly six
people/km? are dependent on 11 Tropical Livestock
Units (TLUs), which are composed of cattle (49%),
goats (16%), equines (16%), camels (12%) and
sheep (7%). In contrast, the highlands support 72
people/km? dependent on 44 TLUs/km? which are
dominated by cattle (76%), equines (14%), sheep
(8%) and goats (2%). Thus, although the lowlands
comprise over 50% more land area than the
highlands, the lowlands have only 40% as many
TLUs at one-quarter the density.

Although the lowlands have a lower abundance
of animals than the highlands, the lowlands still play
a crucial role in the national livestock economy.
Livestock production is an important component of
the national economy; in the mid-1980s livestock
production comprised 33% of the gross value of
annual agricultural output and 15% of gross
domestic product. Besides supporting rural and
urban lowlanders with milk, meat, employment and
investment opportunities, lowland breeds of cattle
and sheep made up over 90% of legal exports of
live animals. In the mid-1980s, export revenues for
live animals came in a distant second after coffee
and comprised 12% of gross annual export revenue
overall. However, about 450 000 head of lowland
livestock may be traded on the international black
market each year and official statistics often do not

reflect this volume. This situation resulted from
black market prices being 150% higher than
regulated, domestic livestock prices during the
1980s. Lowland cattle may also provide around 20%
of the draft animals for the highlands, particularly to
the east, and smaller numbers are supplied for
finishing on crop residues and cross-breeding in
smallholder dairy programmes. The lowlands are
thus an important source of livestock supply to the
nation. This situation results, in part, because there
are three times as many TLUs per person in the
lowlands than in the highlands. This per capita
“surplus”in the lowlands, however, may be declining
because of rapid growth in the human population
(i.e. 2.1% per annum, with a doubling time of 26
years) and environmental limits on growth in
livestock populations.

Although some development projects were
targeted for lowland livestock systems in the 1950s,
large-scale development efforts did not occur
regularly until after 1965. These projects were
generally intended to foster greater integration
among lowland and highland production systems.
The Third Livestock Development Project (TLDP),
originally budgeted at US$ 44 million, has been the
dominant force in development of the pastoral
livestock sector since 1975. The TLDP has provided
infrastructural improvements (roads, markets,
water) and support services (veterinary and
facilitation of inter-regional trade) to around one
million pastoralists residing in 27% of the lowlands
to the north, south and east of the country. The
primary goal was to stimulate livestock com-
mercialisation. These regions were targeted
because of proximity to national markets and
infrastructure, the quality of indigenous livestock
breeds and their higher ecological potential
compared to other lowland areas. Despite chronic
problems with regional security and the national
economy, the TLDP has made a notable
contribution, particularly in terms of infrastructure.
As one of three sub-projects of TLDP, the Southern
Rangelands Development Unit (SORDU) has been
most successful in implementing programmes in the
Borana pastoral system. In large measure this has
been due to the enhanced security situation in the
south during the 1980s compared with lowland
development regions in the north and east.

More recent development initiatives have
included the Pilot Project at SORDU in conjunction
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with the Fourth Livestock Development Project
(FLDP) which was initiated in 1988 and the
Southeast Rangelands Project (SERP) in the
Ogaden, initiated in 1990. These projects were
designed to incorporate participatory approaches to
pastoral development in addition to provision of
infrastructure and support services. Despite
advances in pastoral-development concepts since
1975, impact of pastoral-development activities has
been routinely constrained by shortages of
operating funds and trained manpower and periods
of insecurity.

Research and development organisations
collaborated in the lowlands during 1982-90 to
better understand the pastoral systems and design
appropriate production interventions. These efforts
included TLDP, ILCA, CARE-Ethiopia, the Institute
of Agricultural Research and the Relief and
Rehabilitation Commission (RRC) working in the
SORDU sub-project area since 1985. Ultimately, the
most effective approach involved research following
the lead of insightful development agents who
implemented a more participatory approach for
identifying felt needs and production problems as
perceived by the pastoralists. This evolved process
appears to be a departure from traditional models
of farming systems research and extension in which
researchers take sole responsibility for problem
identification.

1.1 Introduction

The Ethiopian lowlands support a great diversity of
livestock production systems. These systems are
fundamentally defined by interactions of rainfall and
topography. This chapter reviews the Ethiopian
lowlands in a national and regional context,
including abiotic features, vegetation, populations
of people and livestock and contributions of
lowlands livestock to the national economy.

Commercialisation of the livestock sector has
been a prominent development strategy for
Ethiopia. A series of livestock development projects
that date from 1965 are highlighted in terms of their
history, objectives, successes and problems. In
aggregate, these projects have attempted to foster
more integration among highland and lowland
production systems as elements of livestock
demand and supply, respectively. Special attention
is given to the Southern Rangelands Development
Unit (SORDU), which has been the primary
development agent in the Borana pastoral system.
Finally, a synopsis is presented that outlines
experiences resulting from collaboration of research
and development organisations in SORDU during
1985-90.

1.2 The lowlands and
pastoralism in a national
perspective

Calculated across 39 countries of tropical Africa,
Ethiopia has 17% of the ruminant Tropical Livestock
Units (TLUs, where 1 TLU = 250 kg live weight
(Jahnke, 1982)) and about 60% of the equines
(Jahnke, 1982: pp 13-14). Ethiopia thus has the
largest national totals of these animals in tropical
Africa. This is related to Ethiopia’s large area (1 224
000 km?), high ecological diversity, large human
population and historical and cultural factors.

Ethiopia can be divided into highlands (39%) and
lowlands (61%) using 1500-m elevation as a crude
threshold. While the highlands typically have higher
annual rainfall than the lowlands, this is not always
the case. The highlands are characterised by
relatively low mean temperatures during growing
periods (Jahnke, 1982: p 16). The highlands have
climates that vary from semi-arid to humid (i.e.
sufficient moisture for 90 to over 270 growing days
per year) and contain nearly all of the important
areas for cereal cultivation and mixed crop—
livestock enterprise (Westphal, 1975). The
lowlands, in contrast, are dominated by arid to semi-
arid climates (i.e. up to 180 growing days and 700
mm of precipitation per year). The lowlands are
home to a diverse array of pastoral people who
depend to a high degree on livestock for their
sustenance. These livestock, in turn, depend nearly
exclusively on native vegetation for forage, and net
primary production is highly variable over time and
space. The lowland regions that support wildlife and
extensive livestock operations on native vegetation
can also be referred to as rangelands (Pratt and
Gwynne, 1977:p 1).

The uncertainties of rainfall and primary
production in the rangelands have promoted
animal-based life-styles that enable people to be
mobile and opportunistic. Pastoralists typically rely
on milk for food and also use animals to store and
generate wealth. Animals are consequently
important in social value systems. Pastoral social
systems also commonly emphasise decentralised
leadership that promotes flexibility in resource use
(Jahnke, 1982; Coppock et al, 1985). Ethiopia’s
lowlanders are derived from 29 Nilotic and Cushitic
ethnic groups. It has been estimated that 93% of
these people are pastoralists or agropastoralists,
with the remainder being hunter-gatherers or pure
cultivators (UNDP/RRC, 1984).

It was recently reported (FLDP, nd: p 22) that
Ethiopia had about 29 miillion cattle, 24 million sheep
and 18 million goats in 1987-88. Jahnke (1982: p
14) estimated 6.8 million equines from FAO data for
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Ethiopia in 1979. Distribution of animals differs
sharply with elevation. The highlands have 80% of
the cattle and 75% of the sheep but only 27% of the
goats (FLDP, nd: p 22). Assuming two-thirds of the
equines occur in the highlands (with a TLU
equivalent of 0.6 each), this translates into a total of
44 TLUs/km? in the highlands with 76% cattle, 14%
equines, 8% sheep, and 2% goats. For the lowlands
about one million camels need to be figured in
(Jahnke, 1982: p 13), which brings the lowland total
to 11 TLUs/km? with 49% cattle, 16% goats, 16%
equines, 12% camels and 7% sheep. Thus, despite
being over 50% larger in area than the highlands,
the lowlands have only about 40% as many TLUs
at one-quarter the density. Lowland livestock,
however, are more diverse in terms of species
composition.

The subsistence character of the livestock
contribution to rural economies of Ethiopia is
illustrated by ratios of animals to people.
Considering that the human population is currently
42 million, with 12% in the lowlands and 95% in rural
areas (EMA, 1988), the rural highlands support
some 72 people’km? on average, with 1.6
people/TLU. In contrast, the lowlands support about
six people’km? with 1.8 TLU/person. Other
estimates have ranged from 1 TLU/person in the
highlands to 5 TLU/person in the lowlands (FLDP,
nd: p 22). These ratios differ markedly from those of
developed commercial systems. For example,
successful commercial beef operations in Kenya
may require a herd size of 70 head/person
employed (Pratt and Gwynne, 1977: p 201). Even
pastoral systems may require atleast 5 TLU/person
for subsistence (Pratt and Gwynne, 1977: p 38),
which challenges the commonly held view that the
lowlands have a large, marketable surplus of
animals (FLDP, nd: p 22).

Despite the low level of commercialisation,
livestock production in Ethiopia overall contributed
about 33% of the gross value of annual agricultural
output and 15% of gross domestic product during
the mid-1980s (IBRD, 1987). The per capita
consumption of animal protein is relatively high for
Africa and averages up to 13 kg/person annually,
with 51% consisting of beef (IBRD, 1987). Improved
livestock marketing is viewed as an important
national development strategy to increase both rural
incomes and foreign exchange. A rising domestic
demand is expected to compete more in the future
with demand for live animal exports (FLDP, nd: pp
1, 10). During the mid-1980s coffee contributed
about 60% of gross annual export revenue for
Ethiopia, followed by hides and skins (12%).
Revenue from live animals was far behind at 1%
(IBRD, 1987). The recent volatility in coffee markets
has probably increased the relative importance of

livestock products in Ethiopia’s exports, but room for
improvement exists in absolute terms. It is
anticipated, for example, that expansion of live
animal and carcass exports to Yemen, Saudi Arabia
and the United Arab Emirates now offers one of the
best opportunities for increased trade; the major
competitor in this market has traditionally been
Somalia (FLDP, nd: pp 2-4). Australia has also
recently become a competitor (Solomon Desta,
TLDP economist, personal communication).

Although the lowlands have fewer animals than
the highlands, the lowlands still play an important
role in the national livestock economy. Overall, the
Ethiopian highlands are considered as livestock-
deficit areas with the lowlands as the major source
of supply (FLDP, nd: p 29). Twenty per cent of the
highland draught cattle are thought to come from
the lowlands (Girma Bisrat, PADEP Coordinator,
personal communication). Lowland breeds of cattle
(e.g. unimproved Boran; Plate 1.1) and sheep (e.g.
Somali blackheaded) are often regarded as superior
to indigenous highland breeds in terms of size,
durability, productivity and/or consumer prefer-
ences in the Middle East (Alberro, 1986; Girma
Bisrat, PADEP Coordinator, personal communi-
cation; Solomon Desta, TLDP Economist, personal
communication). As a consequence, lowland stock
may comprise over 90% of export animals (Girma
Bisrat, PADEP Coordinator, citing unpublished data
from the Ethiopian Livestock Marketing and
Development Corporation). Boran cattle have also
played an important role in cross-breeding pro-
grammes with Friesians to provide dairy cattle for
smallholders in the Rift Valley and highlands
(Kiwuwa et al, 1983). Finally, lowland animals
contribute to a very large flow of income from illegal
exports, since all of Ethiopia’s international borders
occur in lowland areas. This trade may involve on
the order of 150 000 cattle and 300 000 small
ruminants per annum, and is encouraged by
external prices averaging up to 150% higher than
those within Ethiopia in recent years (FLDP, nd:
p 33).

Livestock in the lowlands provide subsistence
employment and investment opportunities for
around five million people and a source of meat, milk
and fibre for residents of some two dozen major
towns and cities within and adjacent to lowland
areas (Girma Bisrat, PADEP Coordinator, personal
communication). It has been estimated that the
human population in the lowlands will grow at an
average of 2.1% per year with a doubling time of 26
years (EMA, 1988). Although this is lower than the
3 to 4% growth rates of the highlands (EMA, 1988),
it will still produce marked pressure on the less-
productive resource base. As will be discussed,
economic interaction between the highlands and
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Plate 1.1. Indigenous Boran cattle of the southem rangelands.

lowlands will probably have to be intensified in
response to population pressure. One objective for
national development should be to strengthen
interregional linkages to help buffer populations
from local droughts and other perturbations. The
lowlands can thus be expected to play a larger role
in the national economy in the future. As elsewhere
in Africa, however, livestock development in the
lowlands will often occur in situations where human
populations are rapidly increasing, prime grazing
lands are being lost to cultivation, traditional
leadership and cultural value systems are being
diminished and where land in general may be
increasingly under threat of degradation (Swift,
1977; RRC, 1985; Moris, 1988).

1.3 Climate and zonation of
the lowlands

The lowlands of Ethiopia form a wide apron
surrounding the highland massif. Part of the
lowlands is the Great Rift Valley, which divides the
west-central highlands from the north-eastern,
eastern and southemn lowlands. A map depicting
highlands and lowlands and climate regimes is
provided in Figure 1.1. The Great Rift Valley is
demarcated in this map by territories of the southern
Afar, Issa and Kereyou to the north-east and Bodi

Photograph: JEPSS

to the south-west. The climate regimes are defined
in terms of interactions between temperature and
precipitation that largely define plant growing
periods and variation in human exploitation
patterns. This review closely follows Westphal
(1975: pp 18-27), Workineh Degefu (1987) and
EMA (1988).

The main factor influencing air temperature in
Ethiopia is elevation. As elevation increases air
temperature falls. The lowlands below 1500-m
elevation are thus the warmest parts of the country,
with annual mean temperatures ranging from 20 to
25°C. Because the highland massif occupies such
a large and central position in Ethiopia, gradients in
altitude and air temperature can be visualised as a
series of concentric belts radiating outwards from
the geometric midpoint of the highlands. The
warmest lowlands occur to the “outside” of the 25°C
isotherm (EMA, 1988). In the north this isotherm
travels in a south-easterly direction parallel to, and
about 100 km inland from the Red Sea. It then
descends into the Danakil Plain, cuts briefly north,
and proceeds east parallel to the Gulf of Aden. Next
it sweeps south, bisecting the Ogaden region, curls
through the south-east portions of the Bale and
Borana Administrative Regions, approximately
coincident with 1000-m elevation. The 25°C
isotherm occurs much closer to the highland
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Figure 1.1. National agro-ecological zones and ethnic and agricultural regions of the lowlands in Ethiopia.
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escarpment in the west than in the east (EMA,
1988). In contrast, the 20°C isotherm is coincident
with 1500-m elevation all along the perimeter of the
highland escarpment.

Superimposed over this crude temperature
pattern is a more diverse assortment of rainfall
regimes. Westphal (1975: pp 22-23) lists six for the
country overall. Detailed rainfall maps can be found
in Workineh Degefu (1987) and EMA (1988). For the
lowlands the basic dichotomy involves unimodal
and bimodal systems. Four dominant systems are
briefly described below.

In terms of extent of land affected, the most
important unimodal system is to the extreme north
and north-east (Afar territory in Figure 1.1), where
the maximum (70 to 80%) of the annual precipitation
of 200 to 600 mm occurs in December through
February. This rainfall is partly cyclonic and partly
orthographic in origin. Rainfall increases to the
south towards the highland escarpment.

Another unimodal system, referred to as the
“Sudan” type, has most of the annual delivery of 800
to 1200 mm occurring during June through August.
This occurs in the lowlands along the border with

The Borana Plateau of Southern Ethiopia

21



D. Layne Coppock

Sudan (Nuer and Topotha territories in Figure 1.1).
This system also varies in terms of a latitudinal
rainfall gradient with heavier and more reliable
rainfall in the south.

The most prominent bimodal system occurs in
the Ogaden and Borana regions (Figure 1.1) and
dominates much of the Horn of Africa. The total
annual rainfall under this regime ranges from 250
(Ogaden) to 700 mm (northern Borana Plateau),
with 50 to 60% occurring in March through May and
25 to 35% in September through November. The
rainy periods coincide with equinoxes when low
pressure over southern Sudan attracts moist winds
from the Indian Ocean. A cool, foggy period, a result
of the gradual warming of air as it passes inland,
may occur from June through August. Rainfall is
lowest in the central Ogaden and increases towards
the west (Bale), south and south-east (Borana
Plateau).

Another bimodal regime occurs in the extreme
south-west (Hamer and Bodi territories in Figure
1.1). This has lower and more variable annual
rainfall (300600 mm) than the Borana Plateau.
Most (55-65%) of the rainfall occurs from March to
May and from December to February. This system
is influenced by the climate of the Lake Turkana
basin in Kenya.

The regional variation in temperature and rainfall
in the lowlands provides a basis for understanding
climatic variability. This, in turn, yields important
differences in vegetation and primary production
that influence human ecology and agricultural
development potential. For example, very arid
climates tend to occur under unimodal rainfall and
warmer temperatures, while the semi-arid climates
occur under bimodal rainfall and cooler tempera-
tures closer to the highland massif. Westphal (1975:
pp 25-27) describes in detail eight climate types for
all of Ethiopia. Here a simpler categorisation (Pratt
Gwynne, 1977; Jahnke, 1982) is used to partition
the lowlands into three agro-ecological zones.

1.3.1 Arid zone

The arid zone has up to 90 growing days per year.
It includes the lowest areas such as Dalol in Afar
territory near Djibouti, which has the lowest
elevation in the country at 100 m below sea level.
The arid zone makes up nearly 64% of the lowlands,
including territories of the Beni Amer, Afar and Issa
to the north and north-east and the Somali in the
eastern half of the Ogaden. The arid zone is
composed of the warmest regions (including the
25°C isotherm) in combination with either lower
annual rainfall (mostly unimodal, but some bimodal
systems up to 400 mm/year) and often thin, weakly
developed Xerosols and poorly differentiated sandy

substrates or volcanics that contribute edaphic
sources of moisture stress. Range plant
communities have low production potential. Total
dry-matter (DM) production is commonly <1 t
DM/alyear. On undegraded sites the carrying
capacity can range from 4 to 16 TLU/km?, given the
wide variability in annual rainfall (Pratt and Gwynne,
1977: p 112) (The validity of the carrying-capacity
concept is discussed further in Chapter 8: Synthesis
and conclusions). Vegetation types include dwarf
shrub grassland, shrub grassland and dry thorn
bushland. Plant species include herbaceous peren-
nials and annuals (Aristida, Eragrostis, Cenchrus
and Chrysopogon spp) and small to medium-sized
woody plants (Indigofera, Sericocomopsis, Acacia
and Commiphora spp). Livestock composition is
diverse but tends to emphasise browsing species
(camels and goats) that forage from woody vege-
tation. Human lifestyles are nomadic, involving
frequent movements of households as well as
animals. Social systems tend to be decentralised in
terms of traditional leadership (Donaldson, 1982).
Cultivation is very risky and often confined to early
maturing drought-tolerant grain crops (e.g. sorghum
or millet) planted in depressions or flood plains.

1.3.2 Semi-arid zone

The semi-arid zone has from 90 to 180 growing days
per year. This zone clings to the periphery of the
highland massif below 1500 m elevation, except in
the west where it occurs below 1000 m. It also
includes higher elevations in the Rift Valley (near the
Kereyou territory in Figure 1.1), the Nuer region to
the north-west, the Guijji and Borana territories to the
south and the western portion of the Ogaden. The
semi-arid zone makes up about 21% of the
lowlands. Annual temperatures tend to be cooler
than in the arid zone (more representative of the
20°C isotherm) and rainfall (400 to 700 mm/year) is
bimodal except in the Nuer region, which is under a
unimodal regime. Soils include Xerosols and
volcanics. Range plant communities have much
higher potential productivity than those of the arid
zone, with total DM production of 1 to 3t DM/ha/year
(Cossins and Upton, 1988a). Carrying capacities
are higher and less variable than in the arid zone.
Means range from 14 to 28 TLU/km?, with variation
ranging from 11 to 33 TLU/Km? overall (Pratt and
Gwynne, 1977: p 112). Plant communities com-
monly consist of perennial savannahs and dry
woodlands with grasses such as Themeda, Cen-
chrus, Chloris and Chrysopogon spp. Overstories
are typically dominated by Acacia and Commiphora
spp, with Brachystegia and Combretum spp when
conditions are more moist. Under higher rainfall the
tendency is for woody plants to increase at the
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expense of grasses, but this can often be slowed by
regular use of fire. Management can thus have an
important role in shifting vegetation composition
between conditions of woody and herbaceous
dominance. The greater stability and productivity of
the grass layer relative to the arid zone promotes
more grazing cattle and sheep, although browsing
goats and camels can thrive in wooded or bushed
areas. People here tend to be semi-nomadic, with
households sedentary in most years and livestock
being mobile if necessary. Compared with the arid
zone, livestock diseases appear to be a more
serious production problem in general (Sileshi
Zewdie, SORDU veterinarian, personal
communication). Agropastoralism may also emerge
on favourable water-collecting land- scapes and
maize is an important food staple.

1.3.3 Subhumid zone

The subhumid zone has from 180 to 270 growing
days per year. This zone occurs near 1500-m
elevation (particularly to the west) and has a longer
growing season than the drier zones due to higher
annual rainfall (800 to 1300 mm) and lower
temperatures. Subhumid regions also extend into
pockets of the highland massif and in total may
comprise 15% of the lowlands. Native vegetation
types commonly consist of moist perennial
savannahs and woodlands. Taller grasses such as
Hyparrhenia spp are more frequent than in drier
zones, with an overstory dominated by Brachy-
stegia, Terminalia and Combretumn spp with some
Acacia spp. Cultivation of cereals (especially maize)
is important and tends to be limited more by soil
fertility than by moisture (Jahnke, 1982). Sedentary,
mixed crop-livestock operations are more the norm.
Land availability is usually not a major limiting factor
(Jahnke, 1982). Biomass yield of forage is on the
order of 6 t DM/ha/year and livestock nutrition tends
to be limited by forage quality rather than forage
quantity. Carrying capacities average around 66
TLU/km? with low annual variation because of the
greater predictability of rainfall. Livestock, however,
tend to be relatively less important in the rural
economy than in the drier zones, largely because of
diseases such as trypanosomiasis. Common
livestock are cattle, sheep and goats. Camels are
not typically kept where annual rainfall is over 900
mm (Wilson, 1984).

For in-depth reviews of climate, vegetation and
land-use practices in the lowlands of Ethiopia and
East Africa the reader is referred to Lind and
Morrison (1974), Westphal (1975), Pratt and
Gwynne (1977), Jahnke (1982), Workineh Degefu
(1987) and EMA (1988).

1.4 Rangeland development

1.4.1 Overview of livestock
development projects

Ethiopia has long collaborated with the World Bank,
African Development Bank (ADB), African Develop-
ment Fund (ADF), Intemational Development
Association (IDA) and other lending institutions in
economic development programmes. This has
included assistance with a series of livestock
development projects that continues today. Lenders
have commonly provided over two-thirds of the
operating funds for any given project, with the
remainder contributed by the Ethiopian Govern-
ment. In most instances projects have been
intended to improve economic linkages between
highland and lowland systems. Historical back-
ground on poorly documented projects was solicited
from Solomon Desta (TLDP (Third Livestock Devel-
opment Project) economist, personal communi-
cation).

The First Livestock Development Project (1958—
63) was narrowly focused and created the Dairy
Development Agency (DDA) in the highlands. The
Second Livestock Development Project (SLDP)
was initiated by the Livestock and Meat Board
(LMB) and budgeted at 14.7 million Ethiopian Birr
(EB). The SLDP ran from 1973-81. The SLDP was
only loosely affiliated with the Ministry of Agriculture
(MoA). It was directed by the LMB because the
project emphasised development of a marketing
and infrastructure network to promote sales and
processing of livestock. This was supposed to
initiate commercial links between the lowlands and
highlands. Only half of the original budget was
eventually used because of administrative problems
and Ethiopia’s conflict with Somalia, which inter-
rupted projects. The SLDP did succeed, however,
in building a number of primary and terminal
markets and slaughterhouses and 600 km of roads.

After the SLDP was initiated the LMB funded
studies of several pastoral areas that were thought
to offer potential for supplying animals for the newly
created infrastructure. The consultancy firm
AGROTEC/CRG/SEDES Associates (see
AGROTEC/CRG/SEDES Associates, 1974a-l) was
chosen to study the southem Borana rangelands
because this was considered the most important
region. Other consulting firms and experts supplied
by the United States Agency for International
Development (USAID) conducted surveys in two
other rangelands to the east (LMB, 1974a) and
north-east (LMB, 1974b). These studies included
surveys of population demography, vegetation,
water resources, pastoral socio-economics and
animal husbandry. The final reports were used to
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generate proposals to finance a range project called
the Third Livestock Development Project (TLDP),
headquartered in Addis Ababa. Budgeted at EB 88
million, the TLDP was initiated in 1975 with the
primary objective of developing infrastructure and
natural resources to support livestock production
and marketing. The three target regions totalled 203
000 km?. Details of the TLDP are reported in Section
1.4.2: History of lowlands development and the
TLDP.

The TLDP has traditionally operated as a
semi-autonomous entity outside of the MoA. The
general manager of TLDP has reported directly to
the Vice Minister for Animal and Fisheries
Resources Development Main Department
(AFRDMD), who in tum has been charged with
overseeing all aspects of livestock development as
one of four vice ministers in the MoA. The TLDP
received a couple of extensions to enable full use
of the original funds, allowing it to operate through
1987. The TLDP continues to function at the time of
writing this, however, with the Ethiopian Govern-
ment funding much of the core administrative
activity. Additional funds have also come into TLDP
from the Fourth Livestock Development Project
(FLDP), operational since 1988. The FLDP is very
diverse and has focused on forage development,
livestock epidemiology and livestock marketing in
mixed farming systems of the highlands (FLDP,
1987). Asmall portion of FLDP funds, however, were
allocated to the Pilot Project, which operates with
TLDP staff. The Pilot Project has been based in the
southern rangelands since 1988 and has focused
on institution building and development of extension
and monitoring capabilities for better outreach to the
Borana pastoral community (Hogg, 1990a).

It was originally intended that the TLDP would
gradually be phased out by the mid-1980s, but as
of 1992 the TLDP remains as the only corps of
national range professionals in Ethiopia. It has
subsequently become the management entity for
the South-east Rangelands Project (SERP),
initiated in fiscal 1990-91 with funding from ADF.
SERP will operate in what have been the Eastern
Hararghe Administrative Region and Ogaden
Autonomous Region. It is intended to be a hybrid of
previous range development projects, combining
the infrastructural development emphasis of TLDP
with the outreach approaches of the Pilot Project
(ADF, 1989).

When the TLDP is phased out there will be no
permanent organisation to represent rangeland
interests within the MoA. It is possible that either a
new range department would be created within the
MoA, or that range development would fall under
another semi-autonomous authority (Solomon
Desta, TLDP economist, personal communication).

The problems of merging rangeland development
interests within the farming-oriented MoA lies in
important distinctions between lowland and
highland projects in terms of staff skills, staff
management and implementation of development
activities (Tafesse Mesfin, TLDP General Manager,
personal communication).

A number of other rural development projects
are currently operating in Ethiopia. These include
smallholder dairying in the highlands and highland
reclamation. A concise review of these and other
projects is provided in FLDP (nd: pp 20-21).

1.4.2 History of lowlands
development and the TLDP

Interactions among highlanders and lowlanders in
Ethiopia historically have been characterised by a
mix of trade and warfare (Luther, 1961; Kaplan et
al, 1971; Wilding, 1985a). The establishment of
contemporary trade routes between the highlands
and lowlands is commonly attributed to Emperor
Menelik. Following his victory over Italian forces at
Adowa in 1896, he sent his armies to consolidate a
grip over the lowlands by 1908. Modem roads
followed such military routes in many cases
(Ethiopian Road Transport Authority, unpublished
data). Gravel roads were constructed by Italian
companies during 1943-53 for five arteries from
Addis Ababa to the lowlands. During 1960—70 some
of these roads were rehabilitated and asphalted by
the Ethiopian Transport Construction Authority.
These included roads from Addis Ababa to Negele,
Moyale, Jijiga and Assab.

One of the first attempts at infrastructural
development for livestock production in the
lowlands was initiated in 1965 by the Ethiopian
Government and USAID. Tilaye Bekele (1987: p 16)
mentions, however, that some stock ponds were
built in the southern rangelands by the Ethiopian
Government in the 1950s. The joint Ethiopian-
USAID project was referred to as the Pilot
Rangeland Development Project (PRDP) and the
Ethiopian side of the project was conducted through
what was then the Range Development Unit in the
Livestock Department of the MoA. The intervention
concept focused on development of large ponds to
improve access of livestock to some 1600 km? of
Themeda and Acacia spp savannah within 50 km of
the town of Yabelo on the Borana Plateau, about
570 km south of Addis Ababa. Traditionally Borana
pastoralists and their cattle had relied on
ephemeral, rain-fed ponds in wet seasons and deep
wells in dry seasons (see Section 2.4.1.7: Water
resources). Pond development in the PRDP was
intended to relieve pressure on wet-season grazing
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and improve efficiency of range use overall. About
20 large ponds were constructed using heavy
machinery that removed some 200 000 m? of soil.
Some of these ponds became perennial rather than
ephemeral, however, and resulted in a large exodus
of people and stock from the central Borana Plateau
that had become degraded over several hundred
years of use (Billé and Assefa Eshete, 1983b). Over
the next 25 years, pastoralists settled and became
permanent residents in several areas that had been
opened up. The implications of this for the local
ecology and pastoral development are reviewed,
respectively, in Section 3.3.2: Long-term vegetation
change and Section 7.1.3: Review of dynamics and
past interventions.

The preliminary results of the PRDP were
considered encouraging and led the MoA to
formulate a more comprehensive strategy on
pastoral development. This, in conjunction with
activities of the LMB reported in Section 1.4.1
(Overview of livestock development projects), led to
the selection of the Southemm Rangelands
Development Unit (SORDU), North-east Rangeland
Development Unit (NERDU) and the Jijiga
Rangeland Development Unit (JIRDU) as the basis
of the proposal for the TLDP in 1974. These target
areas were considered superior because of their
proximity to highland markets, their generally higher
stocking potential and because they possessed the
highest quality animal breeds in the largest
numbers. They also offered good proximity to export
markets and meat packing plants. The NERDU area
was close to the port of Assab; the JIRDU area had
rail access to Djibouti and the SORDU area was
bisected by a tarmac road conceived as part of a
transcontinental highway system. NERDU was
close to the Kombolcha meat packing plant near
Dessie; JIRDU was near a plant in Dire Dawa and
SORDU was about 200 km south of the Melge—
Wondo plant near Shashamene.

Despite the excellent grazing potential of the
lowlands to the west and south-west, these could
not be considered for the TLDP because of
remoteness and prevalence of trypanosomiasis
(UNDP/RRC, 1984). The three TLDP sub-projects
thus incorporated 27% of the lowlands in total, home
to nearly one million pastoralists herding some three
million TLUs in 1974. The overall purpose of each
sub-project was to develop infrastructure (roads,
market facilities, veterinary clinics) and natural
resources (water and forage) to stimulate animal
production and offtake and to increase incomes and
welfare of pastoral producers (UNDP/RRC, 1984).
The sub-projects are described below.

1.4.2.1 JIRDU

Headquartered in Jijiga, this sub-project has been
responsible for about 33 000 km? of semi-arid (60%)
and arid (40%) land in the eastern half of Ethiopia
(Figure 1.2). In 1974 the human population was
estimated at about 500 000, with the majority being
semi-nomadic Somali-speaking pastoralists. The
livestock population was estimated at 600 000 cattle
(57% of TLU), 1.3 million small ruminants (12%) and
200 000 camels (31%) for a total of over one miillion
TLU (LMB, 1974a). This represented an average of
32 TLU/m? in wet seasons and a ratio of TLU to
humans of 2.1:1. Livestock numbers change
dramatically depending on season, however. During
the rainy season the population may be almost twice
that in the dry season. Rainfall and forage
production tend to decrease to the south and
south-east but local forage conditions are greatly
influenced by landscape. Of particular importance
are the large valleys that extend west into the
highlands near Harar. These collect soil moisture
and offer higher forage production than the rest of
the JIRDU area. These valleys have been
traditionally used as dry-season grazing reserves
for livestock which spend the rest of the year on the
dry tablelands. The cattle population is dominated
by a short-homed Bos indicus breed regarded as a
good dual-purpose animal well adapted to difficult
conditions. It also has a commendable export value
to the Middle East (Girma Bisrat, PADEP
Coordinator, personal communication). The cattle
are concentrated more to the north in the large
valleys, while the smalistock and camels are more
abundant to the south and south-east. Except for
areas traditionally prioritised for cattle, access to
sub-surface water using traditional means is very
difficult. Market access to Jijiga and Harar is fair, but
it is thought that the vast majority of animal offtake
is illegally sold to Somalia (Girma Bisrat, PADEP
Coordinator, personal communication).

1.4.2.2 NERDU

Headquartered in Weldia, this sub-project has been
responsible for about 75 000 km? of arid (85%) and
semi-arid (15%) land in north-central Ethiopia
(Figure 1.2). In 1974 the human population was
estimated at 225 000, the majority of whom were
nomadic Afar pastoralists. The livestock population
was estimated at 734 000 cattle (62% of TLU), 1.2
million small ruminants (10%) and 206 000 camels
(28%) for a total of over 1.18 million TLU (LMB,
1974b). This was equivalent to 16 TLU/Kkm? and a
ratio of TLU to humans of 5.3:1. Severe drought in
1973-74 probably had reduced livestock numbers
substantially compared to previous years (LMB,
1974b). The less-predictable nature of rainfall and
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Figure 1.2. Lowland typology and development regions in Ethiopia.
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forage production mitigate against reliable animal
production and offtake in NERDU, despite good
access to large markets in the region (UNDP/RRC,
1984). Herbaceous forage production and
dominance of cattle typically increase with greater
proximity to the highland escarpment. Sites in the
Teru Depression and basins of the Awash and Mille
rivers have traditionally been dry-season retreats for
livestock. The main development objectives for
NERDU were similar to those for the other
sub-projects except for a great emphasis on
rehabilitation of drought-stricken pastoralists. This

rehabilitation was intended to include irrigation
schemes as an alternative life-style for those who
had lost access to dry-season grazing because of
irrigated cultivation of cash crops along the Awash
river (LMB, 1974b).

1.4.2.3 SORDU

Headquartered in Yabelo, this sub-project has been
responsible for about 95 000 km? of semi-arid (70%)
and arid (30%) land in southern Ethiopia (Figure
1.2). In 1974 the human population was estimated
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at 500 000, dominated by the Boran (to the west)
and Somali (to the east) whose life-styles vary from
semi-nomadic to semi-settied. The livestock
population was estimated at 1.3 million cattle (74%
of TLUs), three million small ruminants (17%) and
94 000 camels (9%) for a total of over 1.75 million
TLU (AGROTEC/CRG/SEDES Associates, 1974f,
g). This equated to 11 TLU/km? and a ratio of TLUs
to humans of 3.5:1. SORDU was considered to have
the highest ecological potential for livestock
production of the three sub-project areas because
of higher rainfall and lower temperatures (Billé,
1983). The more productive environment and
reliance on wells for dry-season water also
influenced the Borana people to be more sedentary
and socially organised, which was expected to
improve prospects for animal offtake. In addition,
the Boran breed of cattle was considered of high
value for domestic use and export (Alberro, 1986;
Girma Bisrat, PADEP Coordinator, personal
communication).

At its height in the early 1980s, the TLDP
supported a permanent staff of over 1000 and a
temporary staff of about 4000 (Girma Bisrat, PADEP
Coordinator, personal communication). SORDU
had the largest staff due to concentration of
activities in the south and the absence of civil unrest
there. Thus, SORDU used 44% of the TLDP budget
(Girma Bisrat, PADEP Coordinator, personal
communication). Until the change of government in
June 1991, the region around NERDU had been a
focal point of armed conflict. Administrative and
natural resources at JIRDU have been strained in
the last few years because of 250 000 refugees who
have fled Somalia (A. Moussa, UNHCR Senior
Programme Officer, personal communication).

1.4.2.4 Infrastructural improvements

Although JIRDU, NERDU and SORDU shared
common development goals, local variation in
resource constraints required that different
strategies be emphasised. Table 1.1 illustrates
some of the achievements of the three sub-projects
from 1976 to 1986 and a few details are presented
below.

Water

The SORDU area in particular was assessed to
have problems regarding access to surface water
by livestock. Aithough the NERDU area is more arid,
animals there can drink from perennial rivers
originating in the highlands. This helps explain, for
example, why 78% of the 122 ponds constructed
were in the SORDU area, followed by JIRDU (15%)
and NERDU (7%). In the JIRDU area the presence
of accessible sub-surface water in the foothills near

Harar led to promotion of shallow wells in addition
to ponds. The pond programme in JIRDU was
constrained by soils that had high rates of seepage
(Menwyelet Atsedu, Colorado State University,
personal communication). Until 1986, additional
efforts to develop water in the JIRDU area focused
on promotion of cisterns (birka) to collect run-off
water. Other water development in the SORDU area
has involved maintenance and re-excavation of the
traditional deep wells on the western half of the
Borana Plateau (see Section 2.4.1.7: Water
resources and Section 7.3.1.1: Water development
activities).

Forage

The NERDU area had the greatest constraints in
forage supply, and it was intended to take
advantage of the river system and landscape to
promote water spreading (irrigation) to increase
forage production (Girma Bisrat, PADEP
Coordinator, personal communication). JIRDU also
faced significant forage constraints. Most of the key
forage supplies occurred in the large valleys, but this
was under threat from encroachment by farmers,
especially in the Fafen Valley north of Jijiga. In
contrast, SORDU was not perceived to have a major
problem with forage supply.

Livestock disease control

Out of 23 million vaccinations over 10 years, only
8% were given by NERDU (Table 1.1), primarily
because NERDU had fewer problems with livestock
diseases than the other areas; and the lowest
density of easily accessible cattle (Girma Bisrat,
PADEP Coordinator, personal communication).
Cattle was the species targeted most often in
vaccination campaigns.

Roads

More attention was paid to road construction in
SORDU thanin the other areas because ithad fewer
roads. Of 3952 km constructed, 75% were in
SORDU area followed by JIRDU (15%) and NERDU
(10%).

Cattle marketing networks

In recognition of the more productive forage base in
the southern rangelands, three ranches were
established under the administration of SORDU. It
was intended that cattle would be purchased in a
lean condition from the pastoralists in the warm dry
season (December through March), fattened during
the ensuing long rains (April to May) and sold at a
profitin June or July to highlands organisations. Part
of the profit was to be shared with the pastoralists
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Table 1.1. Infrastructure develot)ment and service statistics for the JIJRDU, NERDU and SORDU sub-project sites

of the Third Livestock Development Project from 1976—1986.
Sub-project

Development component JIRDU NERDU SORDU
Water development

- ponds (number) 18 9 95

~ cistems (number) 2 3 —

— shallow wells (number) 95 — —

— deep wells (number) 1 — 5
Forage development

- water spreading (ha) _ 800 —_

— drought fodder reserves? (ha) — —_ —_
Veterinary service®

— vaccination total (millions) 9.2 1.9 12.0
Road development*

— trade roads (km) 105 55 1137

— access track (km) 515 31 1829
Holding ranches

— established (number) — — 3

- marketed cattle (number) —_ —_ 3706
Smallholder fattening programme

— purchased cattle (number) 5197 — 3804

— distributed cattle (number) 4956 — 3706
Training®

— veterinary scouts (number) 134 20 164

- range wardens (number) 50 20 76

— dip/crush attendants (number) - 20 —_
Trials and studies
Meteorology stations (number) 1 8 10

1 Where JIRDU = Jijiga Rangelands Development Unit; NERDU = North-east Rangelands Development Unit; and SORDU =
Southern Rangelands Development Unit.

2 Drought-resistant genera such as Atriplex spineless Opuntia and various Acacias have been examined in joint trials with FAO
and the Ethiopian Ministry of Agriculture (MoA). These have not been implemented through extension, however. Other forage
screening trials involving Leuceana spp have been conducted in joint trials with the MoA at SORDU and JIRDU. Leuceana is
envisioned as an intervention for years of average rainfall on water-collecting landscapes. See Section 7.3.1.3: Forage
improvements.

3 Vaccination totals are largely dominated by cattie. See text.

4 Where trade roads are 6 m wide and covered with transported materials when local materials were unsuitable and includes
drainage structures. Access track is 4 m wide with passing bays every 300 m; these have no drainage structures and only local
surfacing materials were employed.

5 Veterinary scouts are males selected from the pastoral community and trained up to 45 days in topics such as identification of
major disease symptoms. They are also responsible for organizing the local people to participate in vaccination campaigns.
Range wardens were men selected from the community and trained up to 21 days, mainly to guard newly constructed ponds.

Source: Girma Bisrat et al (TLDP, unpublished data).
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in a cooperative venture (GRM, nd). In addition, a
smallholder fattening programme was intended to
supply animals directly to highland cooperatives for
finishing in a stratified marketing structure. The
JIRDU area has been the largest supplier of cattle
(57%) for the smallholder fattening programme, with
SORDU supplying the remainder of the 8662 head
distributed (Table 1.1).

Human resources

Atotal of 484 individuals were trained to provide field
support for veterinary service (66%) and range
management (30%). SORDU has led these efforts
with 49% of trainees, followed by JIRDU (39%) and
NERDU (12%). Staff established an average of nine
weather stations in each region as part of the
national meteorological network with assistance
from ILCA (Table 1.1). The National Metereological
Agency trained field staff to collect weather data.

Only SORDU has achieved or exceeded targets
for most aspects of its development programme.
Civil disturbances in the JIRDU and NERDU areas
have undermined development efforts. Some of the
project components listed in Table 1.1 have been
sustainable but others have not. This is discussed
further in Section 1.4.5: Development of the
southem rangelands as coordinated by SORDU
and Chapter 8: Synthesis and conclusions.

1.4.3 The SERP and the Pilot
Project

The SERP (introduced in Section 1.4.1: Overview
of livestock development projects) will almost
double the lowlands area under development in
Ethiopia (Figure 1.2). In the new organisational
format JIRDU was brought under the auspices of
the SERP in 1991. SORDU and NERDU will
continue much as before, except that SORDU
should include the Pilot Project at least through
1992 (Solomon Desta, TLDP economist, personal
communication). The TLDP staff may administer all
of these components until 1996-97 when the first
phase of the SERP expires.

Although a small component of FLDP in terms
of funding, the Pilot Project at SORDU is an
important addition in terms of philosophy and
strategy of pastoral development. Material reviewed
here is only a brief synopsis, largely drawn from
Hogg (1990a; 1990b; 1990c).

The Pilot Project was initiated in 1988 to
establish viable and sustainable service
cooperatives (SCs) among Borana pastoralists. It
was intended to continue until 1992 but extension
to 1995 may be needed to give enough time for
adequate impact and evaluation (Hogg, 1990c). The

Pilot Project is attempting to work in about one-third
of the SORDU area (or 34 000 km?), with a human
population of 150 000. The target area is largely
around the town of Yabelo and south to the village
of Dubluk, with a large portion to the far west near
the Kenya border (see Figure 2.10). The Pilot
Project involves a fundamental change for SORDU.
The administration at SORDU used to plan and
conduct infrastructural improvements and
veterinary campaigns largely in isolation from the
pastoralists. In the Pilot Project, however, SORDU
is to become more of an enabling institution that
facilitates implementation of community projects
that the pastoralists have prioritised for themselves.
The Boran are also expected to pay for much of the
cost of the new activities on a contractual basis. This
is intended to make the interaction more sustainable
by reducing dependency on external funding and
should provide better indicators of whether projects
are really desired by the community (Hogg, 1990c).
It is important to note that formation of SCs in the
lowlands has traditionally been the domain of the
MoA, while SORDU was in charge of the develop-
ment of pastoral and range resources (see below).
Defining precisely the duties of these agencies has
emerged as a more critical problem as development
issues become more complex and interconnected
(see Chapter 8: Synthesis and conclusions).

The SC concept that has evolved in the Pilot
Project is a modified version of SCs that were
implemented throughout rural Ethiopia during
1975-90 (Hogg, 1989; Hogg, 1990c). The original
SCs were based on socialist agrarian strategies.
The rural organisational structure during 1975-90
consisted of a system of Peasant/Pastoral
Associations (PAs) which served administrative
functions. Some of these functions were unpopular
and included tax collection, filing govemment
quotas for crops and livestock at below market
prices, raising funds for building schools or clinics
and recruiting young men for the army. Service
cooperatives also served to inculcate political or
administrative indoctrination. Membership in PAs
was mandatory. Despite the pervasive influence of
PAs in daily life, they did not exert much influence
over traditional legal and social mechanisms for
problem solving among the Boran (Hogg, 1990c;
Takele Tilahun, TLDP/ILCA post-graduate re-
searcher, unpublished data). However, the PAs may
have had some positive aspects with regard to
augmenting traditional influence over resource
allocation in the face of rising population pressure
(see Section: 7.3.1.4: Site reclamation).

The PAs formed the foundation upon which
cooperatives were created. Unlike PAs,
cooperatives were intended to provide economic
services and membership was more optional.
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Cooperatives were to be formed from one or more
PAs, depending on population density and
resources, and were to use contributed labour and
capital to create regional and national networks for
the production and distribution of basic com-
modities. There were two main kinds of
cooperatives: (1) SCs that focused more on the
organisation needed to procure basic goods for the
inhabitants of often remote locations; and (2)
producer cooperatives (PCs) that focused more on
organising the production of a single commodity or
a group of related commodities.

The cooperatives were designed and im-
plemented using a top-down approach. The core
activity of the SCs was to obtain basic goods from
government warehouse networks at subsidised
prices. Theoretically, only cooperatives could gain
access to these subsidised goods. The members of
the SC would also constitute a legally recognised
entity that could apply to the national banking
system for low-interest group loans for local
development projects. One problem in the lowlands
was that pastoralists were not considered able to
form the permanent residential groups upon which
SCs were to be based. Thus pastoral SCs would not
be legally recognised and could not apply for loans.
In sum, SCs and PCs were considered to be
somewhat complementary and were supposed to
be important conduits that avoided problems of
corrupt middlemen and deficiencies in free markets.
Such deficiencies theoretically included inability to
efficiently network producers and consumers in
remote areas.

The PAs, PCs and SCs throughout the country
largely began to collapse with the demise of central
authority in 1990. Government bureaucracy, poor
local management and shortages of desired goods
effectively suffocated cooperatives in the highlands
and it has been asserted that cooperatives never
really emerged to a significant degree in the
lowlands (Hogg, 1990c). Good examples of how
unresponsive the cooperative system really was in
meeting modest demands for grain and hand tools
in the southern rangelands are reported in Hodgson
(1990: pp 83-117).

The Boran were organised into PAs in the
1975-76 Zemecha or Students’ Campaign.
Membership in a PA was based on residence in a
particular madda, which is a watering and grazing
entity in the traditional Borana system (see Section
2.4.1.7: Water resources). One problem that
emerged was that herdowners were expected to
pay taxes to the original PA in which they were
registered even though they may have moved
elsewhere in their search for better grazing or water
(Hogg, 1990c). The first SC in the southern lowlands
was formed from several PAs and was established

by the local branch of the MoA near Teltele in
1977-78. By 1987 there were 112 PAs and 17 SCs
in the southern rangelands, with average member-
ships of 336 and 534 household heads, respectively
(Hogg, 1990c). The average number of PAs per SC
was 3.6. While PAs provided blanket regional
coverage, the few SCs were concentrated near
urban areas in wetter upper semi-arid and subhumid
regions, where membership was skewed towards
farmers and agropastoralists. This was largely
because the local MoA had insufficient resources to
extend very far from their branch offices and
because of the natural bias of the MoA to work in
farming systems (Hogg, 1990c).

One objective of the Pilot Project is to retain and
modify the SC concept as a development tool for
the southern rangelands. Despite problems in the
past, the SC is still seen as a viable marketing aid
in remote areas where commercial traders have not
established. Fortunately, previous experience with
cooperatives in the lowlands has been minimal but
still some of the negative experiences with the PAs
will probably be a constraint in getting the people to
overcome their suspicions of new development
organisations (Hodgson, 1990; Hogg, 1990c). The
reason for continuing to use SCs for pastoral
development is based on the proposition that
improved market access is essential in stimulating
monetisation and more commercial use of livestock,
which should facilitate economic diversification and
relieve some pressure on the grazing environment
(see Section 3.4.2: Environmental change).

The proposed SCs are quite unlike the old SCs.
In an effort to make SCs more meaningful to the
people, the Pilot Project has focused on im-
plementing them with attention to the following
details (Hogg, 1990c): (1) they are being structured
to reflect traditional organisation and leadership; (2)
they are being organised to help provide members
with goods they really want and not those that used
to be forced upon them; and (3) they are being
designed to operate in a free-market setting,
planned and implemented from the bottom up and
are thus less encumbered by bureaucracy. The
management and placement of SCs is being
carefully rationalised in a pastoral (not farming)
context, including a review of those that have
existed for some time. Hogg (1990c) emphasised
that there is no standard menu for success, as each
SC must respond to the local situation in terms of
management constraints, the demand for com-
modities and the costs of meeting demand. This
process of institution building is arduous and will
take many years. Constraints of an uneducated and
skeptical pool of pastoralists are dominant. This
strategy should also not be viewed as a “quick fix”;
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only four new SCs were established in two years
(Hogg, 1990c).

For more details of the Pilot Project the reader
is referred to Hogg (1990a; 1990c) and FLDP
(1987). Various sections in Chapter 7 (Development
intervention concepts) review examples of pastoral
organisation as they pertain to specific development
concepts in animal marketing, grain storage and
water and land management.

1.4.4 Has national range
development been
successful?

Considering the atmosphere of regional insecurity,
political change and administrative problems that
has prevailed for the TLDP during the last 18 years,
itis remarkable that TLDP has had as much success
as it has. It is important to recognise, however, that
the enumeration of total vaccinations or lengths of
roads put in does not reveal whether the overall
strategy has been effective, i.e. whether animal
offtake has increased or the welfare of pastoralists
has improved. Unfortunately, these questions
cannot be rigorously addressed because hard data
are lacking and many factors beyond TLDP
performance influence outcomes. Monitoring of
project impacts should improve evaluation but this
has only recently been added to the TLDP under the
Pilot Project (FLDP, 1987).

The impact of TLDP interventions in the SORDU
area was assessed by ILCA using detailed
interviews of pastoral leaders in 1990. Although this
information is based on subjective perceptions, it is
argued (see Section 7.1.3: Review of dynamics and
past interventions) that improvements of infra-
structure and veterinary service in the southern
rangelands since the 1960s have had fundamental
effects on Borana society. These effects are
important and widespread, but also often subtle and
hard to detect in a superficial manner. Many of the
effects may be positive, but more in the sense of
providing a cushion for population growth, delaying
the onset 6f poverty for a portion of a rapidly growing
population and acting as a catalyst for future social
and economic change.

In addition, whether project objectives are
viewed as having been met is complicated by
assumptions used in the project preparation stage.
For example, suppose that animal offtake is
increasing (see Section 7.2: A theory of local system
dynamics). This may indeed raise cash incomes,
but it does not mean that the people are better off if
essential goods to be purchased are too expensive
or in short supply. A similar paradox arises in
connection with the types of animals sold. Higher

offtake rates of cattle less than two years old may
be interpreted to mean that the system is becoming
more “modernised” in terms of incorporating
Western production ideals. Alternatively, it can
suggest that older male cattle are in shorter supply
and the human population is becoming poorer and
more vulnerable to droughts. The Boran traditionally
preferred to sell older and larger male animals
because the producer can buy goods they want plus
a young replacement animal (Coppock, 1992a; see
Section 4.3.4.7: Marketing attitudes). Older males
have the lowest risk of death during drought of any
class of cattle, which makes them an important
reserve of wealth during times of stress (see Section
6.3.11: Livestock dispersal and herd composition).
Such inferences seem radical compared with
developed production systems, but this reflects
fundamental differences between developed versus
traditional African livestock operations (Behnke,
1984; Coppock et al, 1985; Coppock, 1992a). Both
are logical when viewed within their own economic
context.

A common perception among TLDP senior staff
has been that the roads, markets and veterinary
campaigns have not stimulated animal offtake per
se and that veterinary campaigns in particular have
contributed to a greater inventory of animals now in
a better position to over-utilise the land (Sileshi
Zewdie, SORDU veterinarian, and Solomon
Dessalegn, former NERDU Manager, personal
communication). These opinions are in agreement
with mainstream views generated from rangeland
development projects elsewhere in sub-Saharan
Africa (see Introduction of Ellis and Swift, 1988; de
Haan, 1990).

It is concluded in Chapter 8: Synthesis and
conclusions that while the TLDP has made some
important contributions in SORDU that should
catalyse future opportunities for pastoral devel-
opment, this development is highly dependent on
other social and economic processes that operate
at national scales beyond the domain of the TLDP.
Economic development and improved human
welfare for the Boran are defined in Section 7.1.2:
Development philosophy for the Boran and can be
condensed as trends toward: (1) a sustainable level
of per capita milk production and per capita asset
accumulation largely in the form of livestock; (2)
improved food security during times of environ-
mental perturbation; and (3) fewer risks of
producers being squeezed out of the pastoral
system. All of these trends should occur within a
framework that also conserves valued aspects of
the traditional culture. Given this scenario, it is
hypothesised, based on several indicators, that
economic development is not occurring in the
southern rangelands (see Section 7.2: A theory of
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local system dynamics). The Boran appear to be
gradually altering some of their attitudes towards
cultural and economic changes, but this is not being
effectively tapped in a comprehensive development
process. An apparently high rate of human
population growth, in conjunction with environ-
mental limits on cattle production, suggest that food
security, per capita production and other aspects of
human welfare will decline. The system is thus
overpopulated and education and urban job
opportunities are needed to help release pressure
and allow remaining residents to have a chance of
improving their living standards. Also needed are
other investment opportunities that give retuns
comparable with those from livestock production.
Policies are needed to help open regional markets
in order to promote efficient interregional trade and
reduce the likelihood of local food shortages and
famine.

In sum, this is not to say that some technologies
or management strategies within the domain of the
TLDP are not important but that they make up only
a very small part of a multifaceted, long-term
development strategy. While all of the lowland areas
have unique constraints to economic development
and are probably at various points along a
continuum of induced change (Kidane Wolde
Yohannes, TLDP range scientist, personal com-
munication) it is likely that the development
problems observed in SORDU are relevant to the
Ethiopian lowlands as a whole.

1.4.5 Development of the southern
rangelands as coordinated by
SORDU

The focal point of this report is SORDU and the
Borana pastoral community that it serves (Plate 1.2
a, b). Besides the sub-project headquarters in
Yabelo, SORDU also has sub-offices at Negele to
the east in the Borana Administrative Region and
Awassa to the north in the Sidama Administrative
Region. The base in Awassa helps coordinate
linkages in animal marketing between the highlands
and lowlands. This section briefly outlines SORDU
activities in relation to eight original project
components as outlined by Girma Bisrat (1988).
Material here also includes comments on objectives
and observations on recent achievements.

1.4.5.1 Range management

The objective of this component was to develop a
management plan that would promote a sustainable
level of resource use. It was hoped to describe
various range areas in terms of vegetation
composition, net primary production and stocking

rates for livestock that would promote an optimal
level of productivity in relation to maintenance of a
“desirable” vegetation cover. It was also intended to
prohibit “undesirable” land-use practices such as
indiscriminate buming of range vegetation, wood
cutting and cereal cultivation.

There have been two major constraints to
implementing of this activity, namely lack of
land-use plans for the lowlands and shortages of
trained manpower. Land-use plans are primarily
needed to identify sustainable farming areas near
and within the rangelands. This would permit
evolution of pockets of agropastoralism within the
Borana system and provide a legal basis for
rationalising user conflicts between farmers and
pastoralists in contested areas on the periphery of
the southemn rangelands (see Chapter 8: Synthesis
and conclusions). SORDU has not been able to
deploy enough trained manpower in range
management over the past 18 years. Hacker
(1988a; 1988b) devised monitoring methods for
range trends. There is concern, however, that even
if levels of optimal use and cattle density could be
identified, there is insufficient means to enforce
land-use regulations, especially under increasing
population pressure and the short-term need of the
people for maximum cattle production (see Chapter
8: Synthesis and conclusions). Whether the local
administration or SORDU can control even the
recent spread of maize cultivation is debatable
(Kidane Wolde Yohannes, TLDP range scientist,
personal communication).

1.4.5.2 Water development strategy

The traditional pastoral system was based on
wet-season grazing with cattle watering at
ephemeral ponds and dry-season grazing close to
deep wells (see Section 2.4.1.7: Water resources).
The longer animals could stay on wet-season range
the better, because this would help conserve
dry-season forage and delay use of the wells. This
in tum would conserve ground water and postpone
a high commitment of labour (see Section 4.3.2: The
encampment and the role of cooperative labour).

Studies showed that some vegetation far from
wells was not evenly utilised and that new
ephemeral ponds could improve access to this
forage in wet seasons. Thus, during most of the first
decade of SORDU, great emphasis was put on
building ephemeral ponds that could theoretically
double the length of grazing in “wet-season areas”
from two to five months in average rainfall years
(Girma Bisrat, PADEP Coordinator, personal
communication).

About 95 ponds were constructed in under-
utilised sites throughout the region using heavy
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Plate 1.2 (a, b). Borana men and a Borana woman of southern Ethiopia.

Photograph: JEPSS

machinery, paid for in full by SORDU. The ponds
ranged in size from 10 000 to 60 000 m3, While some
ponds functioned as intended and led to a more
balanced and diverse pattem of resource use
(Hodgson, 1990: p 52; see Section 7.3.1.2: Grazing
management), others suffered from high infiltration
rates or high rates of siltation (Tilaye Bekele, 1987).
Consultants prescribed a variety of improved
management and siting methods but many of these
were difficult to implement. Despite problems, the
water development programme remains as one of
the most popular activities with the Boran.

Today SORDU focuses more on trying to help
the people maintain existing ponds and wells, since
opportunities to expand the area under grazing are
now very limited. For several years development
agents tried to promote animal-drawn scoops
(Abiye Astatke et al, 1986) so the people could desilt
ponds themselves and conserve fuel and spare
parts for heavy machinery. However, the Boran
much prefer to collect money and pay for use of
heavy machinery rather than use their draft animals
to pull scraps (see Section 7.3.1.1: Water develop-
ment activities). Selling stock to pay for maintenance
of water points is emerging as a major form of
monetisation and participation of beneficiaries in the
development of the southern rangelands.
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1.4.5.3 Livestock health

The livestock health programme started strongly but
has had recent problems sustaining activities. One
central and eight satellite clinics were established in
towns during the late 1970s to provide health
treatments for animals that could be walked in.
Cattie were periodically reached in the field through
large-scale vaccination campaigns against rinder-
pest and anthrax carried out up to twice a year.
Cattle dips for tick control were established in
several locations and field clinics were conducted
for small ruminants and camels (Hill, 1982).
However, activities have declined markedly since
the early 1980s, mostly due to factors beyond the
control of TLDP.

By 1990 there were chronic shortages of
imported drugs, reportedly because of procurement
problems within the MoA. When TLDP was
financially independent (until 1987), it handled its
own procurement and drugs were imported more
reliably. Now with other elements in the MoA
controlling procurement for TLDP, it is felt that the
animal health service in the lowlands has been
compromised. This has been due to bureaucratic
problems and attempts to save money by ordering
inferior drugs (Sileshi Zewdie, SORDU veterinarian,
personal communication). The greatest demand for
veterinary drugs in the southem rangelands is
reportedly for acaricides and antihelminthics, but
these must be imported from Europe (Sileshi
Zewdie, SORDU veterinarian, personal communi-
cation). Vaccines for rinderpest, blackleg and
anthrax are produced at Debre Zeit in the Ethiopian
highlands but supplies have been reduced in recent
years. Contagious caprine pleuropneumonia (CCP)
is a major constraint to goat production in the
southemn rangelands (Section 5.3.7.1: Sheep and
goats) and it is planned to produce this vaccine in
Debre Zeit in the near future (Sileshi Zewdie,
SORDU veterinarian, personal communication).
Locally made antibiotics have also been available
for human ailments through the Ministry of Health
but it has been reported that Borana pastoralists
obtain these from clinics and use them for livestock
(Coppock, ILCA, personal observation). Acaricides
and vaccines have also been reportedly smuggled
from Kenya.

Today, there are severe shortages of vaccines,
manpower and transport. SORDU staff are unable
to engage in preventative measures, responding
only to disease outbreaks and this is when the
shortages are felt most acutely (Sileshi Zewdie,
SORDU veterinarian, personal communication). It
is now envisioned to have the Boran pay for all
health services, including vaccination campaigns.
This would reduce the frequency of false alarms of

disease outbreaks and improve the financial basis
of the service (Sileshi Zewdie, SORDU veterinarian,
personal communication).

1.4.5.4 Roads

By 1987, nearly 2800 km of trade and access roads
had been constructed throughout the SORDU area,
with about 30% built by hand labour and the
remainder using heavy machinery. Ongoing
activities focus on maintenance. This has probably
had major impacts on growth of small towns in the
region, provided jobs and facilitated grain
distribution during drought. This remains as an
outstanding achievement that will help catalyse
future change (see Section 7.1.3: Review of
dynamics and past interventions).

1.4.5.5 Ranch development

Early on in the SORDU sub-project, land was set
aside in three regions for use as holding and fatten-
ing areas for cattie to be sold to highland operations.
The ranches were named Sarite (17 000 ha),
Dembel Wachu (12 000 ha) and Wollenso (25 000
ha). Animals were bought from local producers and
typically sold to the Ministry of State Farms which
used them for domestic purposes or export. One
justification for SORDU assuming control over these
particular ranch sites was that they had inadequate
water supplies in the dry season. It was anticipated
that, using SORDU'’s resources, water supplies
could be developed on the ranches. However,
difficulties were experienced at Dembel Wachu
(Billé and Assefa Eshete, 1983a) and Wollenso
(Girma Bisrat, 1988) in particular. The five ponds
established at Dembel Wachu had seepage
problems, while attempts to drill boreholes at
Wollenso were constrained by a very deep water
table.

The intent was to manage the ranches jointly
through a collaboration of local PA members and
SORDU staff and introduce concepts of ranch and
range management to the Boran. Through a
profit-sharing scheme, the project was supposed to
provide money from livestock sales to the local
community for development projects. It was also
intended to eventually turn over the ranches to the
local people after a demonstration period of several
years.

SORDU directed ranch management, with
Sarite having its first intake of cattle in 1979-80,
followed by Dembel Wachu in 1980-81 and
Wollenso in 1985 (GRM, nd). It was anticipated that
the ranches would handle a total throughput of 36
000 head between 1981 and 1987 (6000
head/annum), but the actual number was only about
25% of this (Girma Bisrat, 1988). Low throughput
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and associated management and marketing
problems led to a net loss of over EB 300 000 by
June 1988 (GRM, nd). This lack of profitability, as
well as a low popularity with the Boran (GRM, nd),
led to the ranch concept being abandoned. It was
then decided to return the land to pastoral
management. Hogg (1988) proposed that Sarite be
tumed over to the new local SC developed in the
Pilot Project (see Section 1.4.3: The SERP and the
Pilot Projecf). He suggested that the ranch size
should be halved and an SC committee would
decide whether the ranch could be used in a
different way to produce animals in more of a
free-market setting.

In sum, the outcome of the ranch experiment at
SORDU has been the same as elsewhere in
pastoral Africa, i.e. the Western ranching concept
has failed to transform traditional pastoralism (de
Haan, 1990). It was also pointed out by GRM (nd)
that the ranch strategy in SORDU ran counter to the
survival tactics of the Boran, which included a low
priority for selling younger stock (Coppock, 1992a;
see Section 4.3.4.7: Marketing attitudes).

1.4.5.6 Smallholder fattening programme

Links among cooperatives in the highlands and
lowlands were expected to form the basis of
reciprocal help in the exchange of lowland livestock
for highland grain. Young bulls from the rangelands
were to be purchased on credit and distributed to
highland farmers, who would finish them on grazing
and crop residues and sell them for slaughter or use
them as draught animals. The primary beneficiaries
of this programme were thus highland smallholders
(Menwyelet Atsedu, Colorado State University,
personal communication). Cash could, however, be
used by the Boran to buy grain directly from highland
cooperatives, thereby avoiding expensive middle-
men and saving the Boran money.

By 1988 the programme involved 21 PAs and 74
cooperatives overall and nearly 5000 cattle were
sold to the southern highlands (Girma Bisrat, 1988).
Manpower constraints limited the success of the
programme, however. More staff were needed to
follow up on collection of loan repayments. Lack of
sustained effort led to many smallholders defaulting
on their loans and many cases ended up in court
(Menwyelet Atsedu, Colorado State University,
personal communication).

Another major constraint to the programme was
shortage of transport. It was intended that cattle
trucks from the rangelands would return from the
highlands with grain (Girma Bisrat, 1988). The TLDP
purchased its own fleet of trucks in the late 1980s.
Privatisation of this activity today is hampered by
inefficient remnants of government trucking

monopolies, which remain a major constraint to
interregional trade (Tafesse Mesfin, TLDP General
Manager, personal communication). The Pilot
Project envisions that trade between the highlands
and the lowlands needs to be stimulated by the
establishment of large grain stores at SCs on the
Borana Plateau (Hogg, 1990c).

1.4.5.7 Training

Project staff have been educated at home and
abroad and pastoralists have been trained to
provide field support to animai health activities
(Table 1.1). One novel approach was to take over
100 Boran on trips to other pastoral and urban areas
so they could get a better feel for the diversity of the
nation (Girma Bisrat, 1988). Difficulties in training
have occurred, however, indicating problems in
sustaining field veterinary programmes and the low
return rate (about 20% to date) of senior personnel
sent overseas for further education since 1987.
Those who have retumed have also typically
become administrators rather than scientists or
resource managers (Coppock, ILCA, personal
observation).

1.4.5.8 Trials and studies

The programme of trials and studies was, intended
to help SORDU collect data to monitor and guide
development projects, has always been constrained
by a lack of trained manpower. This was one reason
why ILCAwas broughtin to collaborate with SORDU
on research in the early 1980s and to help train
post-graduates in 1987-90 (see below). It is also
why TLDP has spent considerable amounts on
consultants. Recent activities of the Trials and
Studies Section of SORDU have included collection
of weather data, preliminary establishment of a
range trend monitoring network, initial trials on bush
control with prescribed fire and hand-clearing
methods, roadside sowing trials with Stylosanthes
spp, observation of a few field plots of fodder trees
(i.e. Leuceana leucocephala cv Cunningham and cv
Peruvian established at Dembel Wachu ranch in
1982) with the MoA, and establishment of
drought-hardy forages (Prosopis, Opuntia and
Atriplex spp established at Dembel Wachu and
other sites in 1987) in collaboration with FAO. All of
this work is constrained by shortages of fuel,
vehicles and operating funds (Tamene Yigezu,
SORDU Manager, personal communication).
Details of forage work at SORDU are reviewed in
Section 7.3.1.3: Forage improvements.

In sum, the success achieved by various project
components varies. For some it is still too early to
judge impact. TLDP management has routinely
evaluated Project activities and dropped even
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high-profile activities (such as the ranches) that
have not been successful (Coppock, ILCA, personal
observation). Shortages of educated manpower
constrain management and research capability and
problems with support services and operating funds
commonly impede programme implementation.

1.4.6 Collaboration among research
and development institutions
in the southern rangelands

The TLDP and ILCA have conducted various joint
activities since 1976, when an intensive land-use
survey in the Jijiga rangelands was started but
abruptly curtailed because of the Somali invasion.
This was followed by a joint ecological survey of the
north-east rangelands a few years later. Under the
umbrella of the general memorandum of agreement
between the Government of Ethiopia and ILCA that
was signed on 15 May 1975, the first formal
Memorandum of Understanding (MoU) between
TLDP and ILCA covered the Cooperative Monitoring
Project for Ethiopia (CMPE), in effect from 1980-82.
This agreement was replaced by the MoU for the
Joint Ethiopian Pastoral Systems Study (JEPSS)
from 1982-85.

The JEPSS was intended to provide a
framework for research and debate on lowland
development strategies. It was to focus initially on
the Afar and Borana pastoral systems. Field
research for the JEPSS in NERDU and JIRDU was
abandoned in the early 1980s because of security
problems. Some of this early work at NERDU is
found in ILCA (1980), Donaldson (1982), Cossins
(1983a), Billé (1983) and Negussie Tilahun (1983a;
1983b). Reports concerning JIRDU include Cossins
et al (1984a-d) and Cossins and Billé (1984). The
JEPSS continued to work in SORDU until 1985.

After the JEPSS ended in 1985, CARE-Ethiopia
(a non-governmental development and relief
organization) became a major partner in the
SORDU area through establishment of the
Southem Sidamo Rangelands Project (SSRP). This
project was based on a MoU among the MoA/TLDP,
the Relief and Rehabilitation Commission (RRC) of
the Ethiopian Government, CARE-Ethiopia and
ILCA from 1985 to 1988. CARE and ILCA combined
staff and resources in field work, while the
MoA/TLDP and RRC participated in liaison and
strategy. The objectives of the SSRP were to
provide tests of research hypotheses generated in
the JEPSS for production interventions in the
Borana system. For those interventions that
appeared promising, preliminary modes of
extension were also developed. ILCA focused on
research while CARE worked more on extension

and development. The main activities initially dealt
with improved strategies for calf management,
including water and forage intervention. This was
later broadened to include many more development
activities (Hodgson, 1990).

The SSRP ended in late 1988. While close
administrative collaboration also ended between
CARE-Ethiopia and ILCA at this time, informal ties
between research and extension remained strong.
CARE-Ethiopia then joined in another MoU with
MoA/TLDP and the RRC starting in 1989 and the
main development activities were collated under
what was termed the Borana Rangelands Project.
In this phase CARE'’s extension work still had a
strong influence on helping shape ILCA’s rangeland
research (see below). CARE-Ethiopia also
participated in institution building with SORDU to
help establish a new SC in Dubluk madda as part
of the Pilot Project (see Section 1.4.3: The SERP
and the Pilot Project).

After 1988 ILCA staff designed research to
complement the grass-roots activities of CARE and
helped train postgraduates in a new MoU with
FLDP/TLDP and the Institute of Agricultural
Research (AR of the Ethiopian Government) from
1987-90. This MoU formed the basis for the
Cooperative Rangelands Pilot Research Training
Programme (CRPRTP), intended to address
problems of TLDP in training staff capable of
conducting research. Master's-level candidates
from TLDP were integrated into the field research,
with course work performed at universities abroad.
This project was funded by FLDP and ended in 1991
with six students completing degrees. Much of this
research is documented in this volume.

1.4.7 Interaction between research
and development and project
impact

In theory, the SSRP was to follow a standard
formula: (1) research providing the understanding
of the pastoral community using a farming systems
research (FSR) approach and (2) developers
following with extension (see Harwood, 1979).
Research was supposed to have defined
interventions for the production system and their
entry points.

By 1987, however, the nature of the SSRP
began to change as work evolved into a more
reciprocal partnership. Extension agents began to
have a critical role in reshaping the research
agenda. While research had successfully identified
some key issues prior to 1985, it tumed out that
intervention was far more complex than anticipated.
This complexity was revealed by the in-depth
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interaction of extension agents with the community.
It is fair to say in retrospect that the researchers
never implemented a true FSR approach on their
own. The extension agents completed the circle by
forming a more effective feedback loop with the
Boran. Research was then redesigned on the basis
of this improved information (Coppock, 1990a).
Extension agents ended up being more important
than researchers in implementing the FSR process.
Research then followed up by putting some
development issues into a more dynamic systems
context (see Section 7.2: A theory of local system
dynamics). Research also has had a key role in
dissemination of project information.

In sum, the model that evolved from the original
SSRP tumed out to be rather unlike that envisioned
for FSR in Harwood (1979). It became more like the
situation in the United States where extension is
supposed to be the “eyes and ears” for research by
providing timely feedback and new ideas (G.A.
Rasmussen, Extension Specialist, Utah State
University, personal communication). Our
experience documents the crucial importance of
clever extension agents as well as researchers who
recognise that technical expertise must be shaped
by development values if impact is to be rapidly
achieved (see Chapter 8: Synthesis and
conclusions).
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Chapter 2

Introduction to the Borana Plateau: Natural
resources and pastoral society

Summary

This chapter reviews secondary information on
geology and sociology, as well as original
information on climate, soils, wildlife, plant ecology
and water resources for the central Borana Plateau.
A 15 475 km? study area was selected because it
represented an important region for the national
livestock economy. Geology of the study area is
dominated by quatemary deposits (40%),
basement-complex formations (38%) and volcanics
(20%). Except for a central mountain range and
scattered volcanic cones and craters, the landscape
is gently undulating across an elevation of 1000 to
1600 m. Vertisols occur more in valley bottoms while
upland soils occur elsewhere. Valley bottoms are
relatively scarce on the landscape and occupy
about 12% of the study area. Vertisols are higher in
nutrient content and water storage capacity than
upland soils.

The region is dominated by a semi-arid climate.
Annual mean temperatures vary from 19 to 24°C
with little seasonal variation and these decrease 1°C
with each 200-m increase in elevation. Average
annual rainfall for 10 sites during 1980-89 varied
from 440 to 1100 mm (with an overall average of
700 mm) and this increased by 64 mm with each
100-m increase in elevation. The average of 700
mm is probably biased on the high side because
climate stations tend to be located at higher
elevations. Rainfall delivery is bimodal: 59% of
annual precipitation occurred from March to May
and 27% from September to November. A “dry” year
is defined as one in which annual rainfall is <75% of
average and these may occur one year in five. The
probability that two consecutive years will have
average or above-average rainfall, one dry year, or
two dry years is thus 0.64, 0.32 and 0.04,
respectively.

At least two consecutive dry years constitute a
drought. In an average-rainfall year the number of
plant growing days ranges from 100 to 140 in the
west and north of the study area, respectively. This
corresponds to 1.5 to 2.0 t DM/a/year of her-
baceous forage production. For the study area,
conservative calculations suggest that annual mean
carrying capacity in an average-rainfall year is on
the order of 14 Tropical Livestock Units (TLU)/km?,
or 217 000 head of cattle but this can decrease to
10 TLU/Km? (<155 000 head of cattle) in a dry year.

Stocking rates for the near-average rainfall years of
1982 to 1983 and 1988 to 1990 suggest that mean
animal density is commonly around 16 TLU/km?, or
250 000 head.

The region is dominated by savannah vegetation
containing mixtures of perennial herbaceous and
woody vegetation. Several native species of
grasses and woody plants provide excellent forage.
Forage nutritive value increases in rainy seasons
compared to dry seasons and browse often retains
higher nitrogen content in dry seasons compared to
grasses. Elevation, with concomitant effects on
temperature, precipitation and associated with
shifts in soil parent materials, is the most important
factor governing distribution of key plant species. In
terms of fauna, the study area is home to atleast 26
species of large, wild mammals and 45 species of
commonly observed birds.

The Borana Plateau is characterised by a
general scarcity of surface water. There are over
540 hand-dug wells and these occur in some 40
clusters largely to the west. These wells provide
over 95% of the permanent water points and about
84% of the total accessible water in a typical dry
season. The wells also provide about half of the
annual water requirements for people and livestock,
with the remainder provided by ephemeral and
permanent ponds. Wells require large inputs of
labour and are thus important in the social and
economic life of Borana pastoralists. They also form
the basis for traditional units of resource allocation
termed madda. There are about 35 madda with an
average area of 500 km?. Each madda, on average,
may contain several well clusters serving some 100
encampments, 4000 people and 10 000 cattle.

The Borana Plateau represents part of the
remaining core area or cradleland of the southem
highlands and rangelands from which the original
Oromo culture expanded and conquered half of
present-day Ethiopia during the 1500s. The core
rangeland area contains historical Oromo shrines
still worshipped by the population. The Borana
territory has been reportedly shrinking since the
early 1900s, largely because of induced habitat
change and Somali encroachment from the east.
The Borana social structure includes two moieties,
five sub-moieties, 20 clans and some 60 lineages
based primarily on patterns of male descent. Clans
are widely distributed among the madda and are the
primary mechanism for wealth redistribution. Some
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100 clan meetings are held each year whereby the
poor petition the wealthy for cattle.

The Boran achieve concensus on important
community issues through open, participatory
assembly. Concensus and enforcement of social
norms is achieved under the umbrella of the “Peace
of the Boran”, which refers to traditional values and
laws. Two peer-group structures for males, the
age-set system (Hariya) and a generation system
(Gada) figure in the distribution of social rights and
responsibilities and/or regulation of human
reproduction. These two systems share many
similar attributes and ultimately are complementary
in function. All males have a position in each. Hariya
consists of 10, eight-year blocks of similarly aged
individuals between the ages of 12 and 91 who
share a collective identity that evolves with
ascension into subsequent age sets. The Gada, in
contrast, consists of seven grades and an
increasing number of generation classes that are
created every eight years. Gada grades can contain
males of vastly differing ages. Among other
attributes, the Gada grades confer political and
ceremonial duties and subject members to different
rules regarding sexual behaviour.

It has been hypothesised that the Gada was
created during the 1600s to help the society cope
with a population explosion. Computer models have
suggested that Gada rules on reproduction served
to reduce the population 50% by the mid-1800s, and
the population may have slowly grown since. The
human population in the study area might have been
onthe order of seven persons/km? (108 000) in 1982
and may be growing at a rate of 2.5% per year.
Hypotheses to explain this apparent surge in growth
include: (1) improved food supply and medical
services from outside agencies; (2) declining
adherence of the population to traditional Gada
norms; (3) external interference with the Gada
system from national politicai interests; and (4)
cyclic, functional aberrations in the effects of Gada
rules due to demographic shifts.

The Gumi Gayu (Assembly of the Multitudes) is
chaired by the leadership and occurs once every
eight years in the southern rangelands. It is a
foundation of Borana life attracting pilgrims from
Ethiopia and Kenya. Assemblies of 1966 and 1988
ended with key cultural and political proclamations.
The 1988 proclamations indicate a society under
resource pressure. These included decrees to
better maintain water points, restrict cultivation,
establish calf-fodder reserves, protect valuable
indigenous trees, reclaim grazing reserves for cattle
and prohibit water sales and alcohol abuse.

2.1 Introduction

To understand the sustainable development
potential of a pastoral system it is necessary to
understand the natural resources upon which it is
based. It is also important to understand some
sociai, organisational and demographic aspects of
pastoral society whose features are shaped by
interactions between people and their natural
resources.

The Borana Plateau is probably one of the most
studied regions in Africa with many detailed
accounts of its geology, hydrology, vegetation and
sociology (see AGROTEC/CRG/SEDES Associ-
ates, 1974a-i). This chapter will not attempt to
summarise all that has been done prior to 1980.
Instead, this material highlights key information from
the literature and introduces recent findings from
research and other empirical observations.

2.2 Study area selection and
system delineation

As mentioned in Chapter 1, the southern rangelands
were selected for long-term research primarily
because the region is important as a source of
animals for domestic consumption and export. The
infrastructure and high level of security have also
facilitated continuity of research and development,
at least until 1991 (see Chapter 8: Synthesis and
conclusions). Much of the study area remains as the
development focus of the ongoing Pilot Project (see
Section 1.4.3: The SERP and the Pilot Project).
Although the Borana Plateau comprises most
of the 95 000 km? of SORDU, the study area de-
marcated by the JEPSS programme in the early
1980s was 15 475 km? of the west-central portion
(Figure 2.1). The “H” shape of the study area
resulted from mountain ranges which cut into
pastoral lowlands from the north and south. There
were several reasons for selecting this study area,
the most important being that it circumscribed the
heartland of the Borana pastoral system. The Boran
dominate the west-central region because they
depend on deep wells associated with the geomor-
phology of the western Borana Plateau (see Section
2.4.1.7: Water resources). The area was also
selected because it had a reasonable road network
and contained government administrative centres.
Ground and aerial surveys of human and
livestock populations and extensive vegetation
studies were conducted from 1982 to 1986
throughout the 15 475 km? study area (Billé et al,
1983; Milligan, 1983; Cossins and Upton, 1985;
Assefa Eshete et al, 1987). Most household
surveys, however, were performed more commonly
in the eastern half of the study area because of
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Figure 2.1.
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Source: Cossins and Upton (1985).

easier logistics (Figure 2.1; see Section 4.3.1:
General household structure and economy in
average rainfall years). Thus, research results from
work conducted at the population or landscape level
of resolution are more applicable to a sample
area of 16% of the entire Borana Plateau while
household-level results are applicable to about 1%
of the area. As will be shown, the Borana Plateau is
extremely diverse in terms of natural resources,
ecology and pastoral inhabitants. Because of this
diversity, some of the development concepts
forwarded later in this report (see Chapter 7:
Development-intervention concepts) may not be
applicable to the Borana Plateau overall.
Reference will be made throughout the rest of
this volume to the Borana pastoral system. This will

Delineation of the SORDU sub-project region and the ILCA study area in southem Ethiopia.
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be loosely defined as the people, animals,
vegetation and supporting resources that occur
within the 15 475 km? study area.

2.3 Methods

This section highlights some of the technical
methods used for collection of original data for soils,
climate, plant ecology, forage chemical analysis and
social surveys reported in this chapter. Methods
used to collect secondary information reviewed here
can be found in the cited literature.

Eight pits were dug on soils representative of
dominant upland and lowland substrates largely in
the eastern half of the study area. Pits were
analysed to a 2-m depth in 1986 to 1987. Standard
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methods for the physical and chemical analyses of
soils can be found in Kamara and Haque (1987: pp
12-14; 1988: pp 7, 14-15). These include use of
Munsell charts for soil colour, analysis of soil pH
using a 1:1 water to soil ratio, organic carbon by the
Walkley-Black method, nitrogen by micro-kjeldahl,
available phosphorus by the Bray Il method, bulk
density by the core method and soil moisture by
pressure plate and pressure membrane techniques.

Air temperature and rainfall data were collected
by SORDU staff on a daily basis from a network of
seven and 10 monitoring stations, respectively, set
up during 1979 as part of the national meteoro-
logical network with assistance from ILCA. Stations
were set up in towns and field sites throughout the
central plateau where data collectors could reside
and equipment could be supervised. Because
towns tend to be in wetter environments at higher
elevations, the data are probably biased on the high
side for rainfall and on the low side for temperature
for the region as a whole. A map of the monitoring

sites and a preliminary synthesis of data collected
from 1980 to 1982 for SORDU (as well as JIRDU
and NERDU) can be found in Billé (1983). The
location of some of the major towns having key
climate stations is shown in Figure 2.2. Linear
regressions were used to relate annual mean
rainfall or temperatures with elevation. Climate
diagrams (Michel Corra, ILCA, unpublished data)
were based on analytical assumptions of Walter et
al (1975) in which plant growing periods were
assumed to be those times when monthly rainfall
(mm) was twice the ambient temperature ("C)—
these being times when soil moisture storage was
most likely. Lengths of growing periods (LGPS)
based on climate data were estimated in Cossins
and Upton (1988a: pp 118-119) using a water-
balance model of FAO (1978). Monthly rainfall data
for five sites were used to calculate LGPs based on
the assumption that plant growth occurs only when
monthly rainfall exceeds a threshold of half the
potential evapotranspiration. Length of growing

Figure 2.2. Primary geological features of the central Borana Plateau.
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period was also assumed to be normally distributed
with a coefficient of variation of 30%. Dry-matter
(DM) production of forage was assumed to be
directly related to LGP on the basis of 17 kg
DM/ha/day of growth (Cossins and Upton, 1988a).
How environmental variables influenced
distributions of native plant species was analysed
by Corra (1986) using 134 one-hectare sites
throughout the study area. Field procedures
followed Goudron et al (1968): Each site was
characterised in terms of: (1) dominant plant
species (presence/absence); (2) vegetative
physiognomy (i.e. bushland, grassland, woodland
etc) scored into one of five categories as in Pratt and
Gwynne (1977); (3) colour of the top soil into one of
four groups (Munsell Color, 1975); (4) soil reactivity
(positive or negative) to 4.0-M hydrochloric acid to
assess acidity; (5) slope scored into one of four
categories; (6) eievation measured with an altimeter
and scored into one of six classes; (7) per cent tree
crown cover, shrub crown cover, herbaceous (grass
and forb) cover, bare soil and exposed bedrock; and
(6) presence or absence of gulley or sheet erosion.
These data were analysed in two ways: (1)
frequency distributions of plant species across all
categories of each environmental variable for
tabular display; and (2) an integrative method using
detrended, canonical correspondence analysis
(CANOCO), a form of ordination (ter Braak, 1988).
This was intended to quantify interactions among
environmental variables in terms of their effects on
piant species distribution. The ordination exercise
was depicted as a graph which integrates all
variables in explaining their effects on the
occurrence of each plant species. Plant species
occur as points on the graph and the environmental
variables are shown as vector arrows or points,
depending on whether the variables are continuous
or discrete. Plant species nomenclature in this
volume follows Pratt and Gwynne (1977) and
AGROTEC/CRG/SEDES Associates (1974d).
Chemical analyses of forage materials followed
standard methods for organic matter, nitrogen, fibre
and in vitro digestibility (Goering and Van Soest,
1970; AOAC, 1980; Van Soest and Robertson,
1980). Tannins in browse forage are reported from
Woodward (1988) and her analytical methods
followed Reed et al (1985) and Reed (1986).
Information on social aspects of resource
management and water production from wells was
obtained through survey and/or systematic
observation (Cossins, 1983c; Donaldson, 1983;
Cossins and Upton, 1987). Methodological details
will be reported in the discussion as warranted.

2.4 Results and discussion

2.4.1 Natural resources of the
central Borana Plateau

2.4.1.1 Geology

Four basic geological formations comprise the
central Borana Plateau as defined in Figure 2.2 and
reported in EWWCA (1987: pp 55-59). Other
descriptions of these formations are in Pratt and
Gwynne (1977: pp 3—-13). The formations include:

Pre-Cambrian basement complex

This comprises about 38% of Figure 2.2, and
consists of granites, gneisses and migmatites. This
is part of the Mozambican Belt of East Africa and is
between 600 and 950 million years old. These
formations are the result of warping, folding and
up-lifting of substrates from the earth’s crust. Rocks
are varied in colour and often have a banded
appearance due to separation of mineral
components under high temperature. Basement-
complex parent materials underlie areas having
mountainous, undulating or flat relief. Basement-
complex parent materials tend to dominate soil
formation at higher elevations on the Borana
Plateau and this has implications for soil chemistry
and plant associations (see Section 2.4.1.5: Native
vegetation). Fractured depths of the basement-
complex formaton make up many of the
discontinuous aquifers that supply the deep wells
(see Section 2.4.1.7: Water resources).

Sedimentary deposits

These were deposited during the Jurassic Period
some 180 miillion years ago. They comprise about
2% of Figure 2.2 to the north-east, and are
composed of shales, sandstones and limestones.
These materials largely resulted from oceanic
activity.

Volcanics

These comprise about 20% of the area in Figure 2.2
and were deposited during the Tertiary to
Quaternary Periods (i.e. from 70 to 3 million years
ago). This was associated with massive tectonic
disturbances that created the Rift Valley. Volcanics
consist of a Trap Series component to the west
(Figure 2.2) which occurred during the Oligocene
and Miocene subdivisions (i.e. 25 to 40 million years
ago), fissural basalts to the south-west and
quaternary basalts to the south deposited three
million years ago. All of these overlay basement-
complex formations up to a thickness of 500 m. The
group of craters evident around the town of Mega
(Figure 2.2) represents a chain thatends at Marsabit
in Kenya (EWWCA, 1987). Volcanics also
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contribute mountains and hills and underlie areas
with undulating and flat relief. Volcanics tend to
occur more, however, at lower elevations of the
study area, which has implications for soil chemistry
and plant associations (see Section 2.4.1.5: Native
vegetation). The few crater lakes in the study area
are known for their salty water. Recovering salt from
these lakes is a source of employment near Mega
(D. L. Coppock, ILCA, personal observation). Salty
water is reportedly also an important feed intake for
camels at Dilo Goraye to the south-west (D. L.
Coppock, ILCA, personal observation). Some crater
bottoms also harbour deep water wells (see Section
2.4.1.7: Water resources).

Quaternary deposits

These comprise about 40% of the area in Figure 2.2
and were deposited at least three million years ago.
They have resulted from alluvial (river, lake or
swamp deposition) or eluvial (in situ weathering of
rock) processes.

In sum, the central Borana Plateau is diverse in
terms of the types and ages of parent materials for
soil formation. These factors influence soil fertility
which, in turn, influences vegetation characteristics.

2.4.1.2 Landscape

The terrain of the central Borana Plateau includes
a central mountain range, scattered volcanic cones
and craters and gently undulating and flat plains.
The basement-complex mountains largely run from
north-west to south-east from Yabelo to Moyale and
north from Arero (Figure 2.2); some peaks attain
2000 m in height. These peaks are often distinctive
because they contain massive, protruding blocks of
resistant rocks that have separated from the more
readily erodible materials.

It is important to note that the undulations of the
plains are too gentle and irregular to be described
as a catena which is a common landform elsewhere
in East Africa (Pratt and Gwynne, 1977). There are
distinctions, however, in soil and vegetation among
lowland sites in valleys and depressions compared
to upland sites and these have important
implications for land use (see Section 2.4.1.3: Soils
and Section 4.3.6: Cultivation). Except along the
Dawa River (Figure 2.2), which was excluded from
most of ILCA's research, there are no seasonally
flooded areas or catchments which could support
riverine vegetation or gallery forests. The study area
is thus distinctive because it lacks reliable surface
water during most of the year (see Section 2.4.1.7:
Water resources). These points are made because
patches or corridors of seasonal or permanent
wetlands have been increasingly recognised as

crucial pastoral resources (Coppock et al, 1986a;
Ellis et al, 1986; Scoones, 1991).

Landscape units or land systems have been
defined as “areas in which there is a recurring
pattem of topography, soils and vegetation”
(Christian and Stewart, 1953 cited in Pratt and
Gwynne, 1977: p 9). Landscape classification
systems thus attempt to incorporate climatic,
topographic and edaphic criteria. Some 104
landscape facets have been proposed for the
central Borana Plateau by Assefa Eshete et al
(1986). This classification, integrating aspects of
climate, soils, vegetation and land use, will be
introduced in Chapter 3: Vegetation dynamics and
land use and Annex C: Ecological map of
southwestern Borana.

Detailed technical descriptions of the geology
of the southern rangelands are reported in
AGROTEC/CRG/ SEDES Associates (1974i) and
EWWCA (1987). Geological maps at a national
scale can be found in Kazmin (1973). A physio-
graphic map of the study area can be found in
EWWCA (1987: p 54). This map divides the region
into four large drainages or watersheds: (1) Dawa
Wenz to the north-east; (2) Laga Sure to the south-
east; (3) Laga Ririba to the north-west; and (4) Laga
Walde to the south-west. (The general introduction
to East African geology and landscapes in Pratt and
Gwynne (1977) is also recommended reading).

2.4.1.3 Soils

Soil develops over time from interactions of parent
material, weathering and accumulation of organic
matter. Overall, rangeland soils of East Africa are
regarded as having low fertility. This is principally
attributed to the very old age of common parent
materials (Pratt and Gwynne, 1977: p 9). Range
soils may vary substantially in fertility, however. In
general, soils with more clay that are derived from
lava or other materials low in quartz are often
regarded as having higher fertility than lighter,
sandier soils derived from granites and sandstones
higher in quartz. This can be extrapolated to
landscapes: Bottomlands of valleys and other sites
with impeded drainage may be expected to have
greater fertility than soils on slopes or hilltops.
Despite their low fertility compared with soils in
wetter zones, common range soils have a reduced
risk of accelerated nutrient loss from leaching
because of the lower rainfall. Precipitation regimes
ranging from 500 to 900 mm/annum have been
proposed as thresholds over which leaching can
interfere with maintenance of soil fertility (Pratt and
Gwynne, 1977: p 13). The low rainfall of rangeland
areas may also depress response of range soils to
mineral fertilisers. This is because water is assumed
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to be the major limiting factor to plant growth in many
rangeland systems (Noy-Meir, 1973; Pratt and
Gwynne, 1977). Ludwig (1987) disputes this,
however, and notes that nutrient limitations can be
important constraints in run-on areas or patches in
dry-land systems where water availability is less of
a constraint.

Soil structure and fertility

This section reports on soil surveys for ILCA
research sites in Ethiopia conducted by Kamara and
Haque (1987; 1988). Sites analysed in the southern
rangelands were near Mega, Sarite ranch, Dembel
Wachu, Melbana, Yabelo, Medecho and Dubluk
(see Figures 2.2 and 3.1 for map locations). The
other sites included Debre Birhan, Debre Zeit,
Gudder, Deneba, ILCA headquarters, Wogele,
Woreta and Were llu distributed among the northern
and north-central highlands, Soddo in the southern
highlands and Zwai in the Rift Valley. The surveys
were intended to provide baseline information from
representative sites that could be used in designing
agronomic trials. Sites were thus not selected
randomly and data were not intended for statistical
analysis. The survey does, however, provide some
useful background for understanding variation in
Ethiopian soils and edaphic constraints found in the
southern rangelands.

Vertisols near Mega and at Sarite ranch on the
Borana Plateau were described by Kamara and
Haque (1987: pp 11, 26, 64—67, 81 and 84). Upland
soils at Dembel Wachu, Medecho, Dubluk, Melbana
and near Yabelo were described by Kamara and
Haque (1988: pp 5, 7, 16—18, 24, 26, 30, 46, 62-73,
81 and 83). The following material will only briefly
review some general results. Kamara and Haque
(1987; 1988) should be consulted for details and a
standard soils text for clarification of technical
parameters or methods employed.

Vertisols are brown or grey soils that are often
poorly drained, are high in organic matter and have
a clay content of over 60% (Kamara and Haque,
1987). In the rangelands Vertisols have a restricted
distribution in valley bottoms, low-lying plains and
on flat surfaces in the central mountain range.

Compared to the surface soil (i.e. the top 20 cm)
of 15 other Vertisol sites studied throughout the
Ethiopian highlands and lowlands, the rangeland
Vertisols were typically average in most respects
(Kamara and Haque, 1987). For example: (1)
available phosphorus (P) ranged from 0.3 to 39.4
ppm across all 17 sites with a mean of 7.8 ppm, and
the average for the rangeland sites was 10.9 ppm;
(2) per cent total nitrogen (N) ranged from 0.02 to
0.29% across all sites with a mean of 0.13% and the
average for the rangeland sites was 0.10%; (3) per
cent organic matter (OM) ranged from 1.5 to 5.7%

across all sites with a mean of 3% and the average
for the rangeland sites was 2.9%; (4) pH ranged
from 4.98to 7.52 across all sites with a mean of 6.02
and the average of the rangeland sites appeared
more alkaline at 7.62; (5) bulk density (throughout
the profiles) ranged from 0.83 to 1.48 g/cm? across
all sites with a mean of 1.18 g/cm? and the average
of the rangeland sites was 1.04 g/cm3; (6) total
porosity (throughout the profiles) ranged from 54 to
84% across all sites with a mean of 65% and the
average of the rangeland sites was 71%.

Available water capacity (AWC) ranged from 1.4
to 4 mm/cm over the 17 sites with a mean of 2.4
mm/cm. The average for the rangeland sites was at
the low end with 1.52 mm/cm. The picture changes
somewhat for total AWC, which reflects variation
throughout the profiles. Total AWC ranged from 362
to 686 mm over 17 sites with a mean of 515 mm.
The average for the two rangeland sites was 573
mm. Soil depths were only evaluated either to a
maximum depth of 2 m or until bedrock was
reached. Only four out of the 17 sites had soil depths
<2 m, and one of two in the rangelands was in this
category (i.e. 180-cm depth). Nearly all of the
Vertisol sites (including the rangeland sites) were
judged to have an erosion risk of none to slight
(Kamara and Haque, 1987: p 32).

In contrast to Vertisols, the upland soils in
Ethiopia vary from yellow, brown, grey or red in
colour. They are better drained and usually have
more equitable proportions of sand, silt and clay
(Kamara and Haque, 1988). The clay allows for
greater ability to store moisture and nutrients while
sand has the least ability in these respects. In the
rangelands, upland soils are widespread and occur
on mountains, ridges, upland swales and hilly and
level plains. The six rangeland sites averaged 53%
sand, 17% silt and 30% clay. The eight sites
elsewhere in Ethiopia had an average composition
of 40% sand, 23% siltand 37% clay. Based on these
patterns it could be stipulated that the upland soils
of the rangelands have a lower ability to retain water
and nutrients than upland soils elsewhere.

Upland soils in the rangelands appeared similar
to those found elsewhere in Ethiopia in most other
respects (Kamara and Haque, 1988). For example:
(1) for the non-rangeland sites available P averaged
3.25 ppm (range: 0.63 to 14.5 ppm) while the
rangeland sites averaged 2.8 ppm (range: 1.19 to
5.29 ppm; three sites having values >44 ppm were
excluded because this was thought to be related to
past fertiliser use); (2) per cent total N for the
non-rangeland sites averaged 0.11% (range: 0.01
to 0.16%) while the rangeland sites averaged 0.09%
(range: 0.04 to 0.14%); (3) per cent organic matter
(OM) for the non-rangeland sites averaged 2.8%
(range: 1.6 to 4.8%) while the rangeland sites
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averaged 2.4% (range: 0.9 to 4.3%); (4) pH for the
non-rangeland sites averaged 6.7 (range: 5.1t08.1)
while the rangeland sites averaged 7.1 (range: 6.4
to 7.8); (5) bulk density for six non-rangeland sites
averaged 1.22 g/cm?® (range: 0.99 to 1.35 g/cmd)
while the rangeland sites averaged 1.41 g/cm?
(range: 1.19 to 1.63 g/cm?); (6) total porosity (five
sites) ranged from 49 to 61% across all sites with a
mean of 54% and the one rangeland site had a value
of 49%.

In terms of AWC the non-rangeland sites
averaged 1.54 mm/cm (range: 0.80 to 2.08 mm/cm)
while the rangeland sites averaged 1.33 mm/cm
(range: 0.32 to 2.66 mm/cm). For total AWC the
non-rangelands sites averaged 312 mm (range: 176
to 405 mm) while the rangeland sites averaged 43%
less at 179 mm (range: 35 to 409 mm). Three of
eight non-rangeland sites had soil depths <2 m and
these averaged 165 cm (range: 160 to 170 cm). All
of the rangeland sites had soils <2 m deep (average:
144 cm; range: 125 to 170 cm). Three of eight
non-rangeland sites were scored as having at least
a slight-to-severe risk of erosion. Five of six sites
were scored at the same level for the rangelands.

The above material provides some basis for
proposing hypotheses regarding regional variation
within the major soil classes, but the data are
notable for their lack of variability in most respects.
For example, Kamara and Haque (1987; 1988)
concluded that all of the soils studied were markedly
deficient in N and P content for sustained and
intensified  cultivation  without fertilisation.
Conceming site variation, it is reasonable to
hypothesise, at least for the upland soils, that the
rangeland sites are sandier and shallower. This
suggests that the upland soils in the rangelands are
less capable to store nutrients and moisture than
sites elsewhere. This could be a major production
constraint given that availability of nutrients and
moisture are lower in the rangelands (see Section
2.4.4.1: Rainfall).

Differences between Vertisols and upland soils
appear to be greater than the regional variation
within either group. Itis reasonable to postulate that
compared to the upland soils, the Vertisols have a
higher content of N, P and OM and a higher AWC
conferred by their higher proportion of clay and silt
and greater depth. The Vertisols are probably also
far less vulnerable to erosion. In sum, these
postulated differences are in agreement with the
contention that Vertisols offer a more reliable
substrate for sustainable cultivation than upland
soils (Kamara and Haque, 1987).

Given these differences between soil groups, it
is also evident that it is the relative proportion of
each at the landscape level that would largely define
the major contribution of soil to the character of

agricultural enterprise in any given region. For
example, it has been estimated that <10% of the
southem rangelands is suitable for sustainable
cultivation. This is largely related to the low
proportion of Vertisols (and deep upland swales)
that occur on the Borana Plateau. In contrast, the
northern Ethiopian highlands are regions of intense
cultivation, probably because of the dominance of
deep Vertisols (Westphal, 1975). Conversely, the
very high proportion of shallow upland soils in the
southern rangelands probably makes for a greater
vulnerability of the system to opportunistic
cultivation and/or heavy grazing pressure (see
Section 3.3.1: Ecological map and land use).

This simple dichotomy supports the views of
Pratt and Gwynne (1977: p 9) who contend that
categorising soils with regards to erodibility is really
all that is needed for a fundamental understanding
of how soil contributes to the stability and resilience
of rangeland systems, and that agronomic studies
of soil nutrient features in rangelands are less
necessary. This also may support the idea that
rangeland systems are more often regulated by
moisture availability (Noy-Meir, 1973). A more
recent view, however, is that one must take a
site-specific approach to judge whether water or soil
nutrients are the most limiting factor to plant
production in a rangeland system (Ludwig, 1987).
This may fit well in the southern rangelands where
Vertisols and upland soils provide a testable
dichotomy. It is perhaps most relevant to
hypothesise: (1) That plant production on the upland
soils of the southern rangelands is more likely to be
regulated by available water rather than soil
nutrients during most of the year; and (2) that plant
production on Vertisols or deep upland swales is
more likely to be regulated by nutrient availability
since soil moisture is relatively more plentiful.

Recognition of this dichotomy is probably
fundamental to understanding prospects for the
long-term sustainability of the pastoral system in
light of increasing pressure from cultivation and
cattle grazing (see Sections 4.4.1.1: Pastoralism
and cultivation and 7.2: A theory of local system
dynamics).

2.4.1.4 Climate, primary production and
carrying capacity

Climate is principally defined by interactions of
rainfall and air temperature that determine
seasonality and the breadth of ecological niches for
plant and animal species. Although AGROTEC/
CRG/SEDES Associates (1974d; 1974i; and 1974j)
dealt with aspects of climate in the southem
rangelands, it was from a more limited data base
than exists today.
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Rainfaii

Monthly and annual rainfall statistics for 10 years
over the period 1980 to 1989 can be found in Table
A1, Annex A. The following is a preliminary analysis
and conclusions are not definitive because a
minimum of 50 to 60 years may be required to
establish accurate rainfall patterns in semi-arid
areas (Billé, 1983). For example, the 1980-89 data
include the 1983-84 drought and some annual
means are probably biased downwards. This is
because multi-year droughts are thought to occur at
a lower frequency than once every 10 years (see
below).

Complete data were obtained for seven of 10
sites. Rainfall varied substantially with location.
Annual mean rainfall in the seven sites varied from
about 440 mm at Wachile to 1100 mm at Moyale on
the Kenya border, with an overall average of 700
mm (Table A1, Annex A). Variability was uniformly
high and ranged from 38 to 57% of annual means.
Annual rainfall varied significantly with elevation in
a simple linear regression for six sites (N=6;
r2=0.94; P=0.001; see Figure 2.3). This indicates
that over the range of 1000 to 1700-m elevation,
annual rainfall increased by 64 mm for each 100 m.

The final regression deleted stations at Moyale,
Yabelo, Did Hara and Dubluk. Moyale was dropped
because its position on the escarpment with the
northern Kenyan desert subjects it to a higher
rainfall, and Yabelo and Did Hara were dropped

Figure 2.3. Linearregression analysis of mean annual
rainfall as a function of altitude for six sites
in the southern rangelands.
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because they oceur in a rain shadow of the central
mountain range (Billé, 1983). Dubluk was dropped
because of a lower confidence in the data quality
(D. L. Coppock, ILCA, personal observation). A
rainfall map of the study area in which five moisture
zones are depicted is shown in Figure 2.4.

Mean annual totals for rainfall alone do not
indicate effectiveness of rainfall for plant production.
Effectiveness is strongly influenced by seasonal
concentration of moisture and reliability of receiving
threshold amounts within certain time intervals
(Pratt and Gwynne, 1977: p 13). Data in Table A1,
Annex A, indicate pronounced concentrations of
rainfall in a bimodal pattem. As a first example, each
rainy period is defined as being three months in
length to illustrate seasonality. In this case 59% of
the annual rainfall occurred during March, April and
May at all seven sites while another 27% fell during
September, October and November. In sum, 86% of
the rain occurred during six months. Over twice as
much rain fell from March through May as in
September through November. Now considering a
two-month duration for each rainy period, 48% of
the annual rainfall occurred during April and May,
with 20% falling during October and November.
Sixty-eight per cent occurred during four months.
Over 2.3 times as much rain fell in April and May as
in October and November.

Billé (1983) considered that a monthly rainfall of
60 mm was the minimum required to stimulate
green-up of herbaceous vegetation in the southern
rangelands. He therefore calculated probabilities of
rainfall exceeding 60 mm for six sites in each month
based on data from 1957 to 1981. All of the sites
were at higher elevations and could be considered
representative of the study area as a whole (i.e. half
occur on the periphery of the study area). The
general perspective is useful, however, and the
analysis is shown in Table A2, Annex A. Averaged
across all sites, the probability of receiving 60 mm
ranged from about 0.20 or less from June through
August and December through February. The driest
month was January with an average probability of
0.09. Probabilities ranged from 0.48 in March to 0.93
(April) and 0.78 (May) during the heavier rainfall
period. For the lighter rainfall period probabilities
ranged from 0.35 (September) to 0.78 (October)
and 0.58 (November). Throughout the rest of this
report the period March through May will be referred
to as the long rains, while September through
October will be referred to as the short rains (see
also Billé, 1983; Cossins and Upton, 1988a).

Numbers of rainy days for the long and short
rains on a decade (10-day) basis are displayed in
Tables A3 and A4, Annex A. These data illustrate
some of the short-term, temporal variation in rainfall
delivery that can have a bearing on plant growth (G.
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Figure 2.4. Rainfall zones on the Borana Plateau.

37°30'

Source: EWWCA (1987) as adapted from Billé (1983).

King, University of New South Wales, personal
communication). Using drier Wachile and wetter
Moyale as extremes, it can be seen from Table A3,
Annex A, that the peak rainy month of April is
characterised by a fairly even distribution of
precipitation throughout the three decades. Wachile
averaged 3.4 rainy days out of 10 while Moyale
averaged 5.9. March and June were similar in the
numbers of rainy days for Wachile (average of 1.6
out of 10) or Moyale (average of 2.4 out of 10) and
the increasing and decreasing trends in decade
rainfall are apparent (Table A3, Annex A). For the
peak rainy month of October during the short rains,
Wachile averaged 2.1 rainy days out of 10 while
Moyale averaged 3.4 (Table A4, Annex A). Sep-
tember and November were similar for Wachile with
an average of 1.3 rainy days out of 10, but Moyale
showed 1.5 for September and 3.5 for November.

39945

Air temperature

Compared to rainfall, air temperatures vary
much less throughout the year in most of
sub-Saharan Africa. Temperature thus plays a more
minor role in defining seasonality in Africa than in
temperate environments. The key issue in warmer
climates is how temperature modifies effectiveness
of rainfall by influencing evaporation. This in tum
affects plant production and the distribution of plant
species. Temperature also imposes limitations on
whether introduced exotic plants can become
established (Skerman, 1977).

The seasonal homogeneity of airtemperature on
the Borana Plateau is illustrated in Table A5, Annex
A. At Sarite ranch (the warmest site) and Yabelo (the
coolest site), day-time maxima varied by only 4 to
5°C all year, while night-time minima varied by <2°C.
Simple linear regressions relating maximum, mean
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and minimum temperatures with elevation across
seven sites are shownin Figure 2.5. All relationships
were significant (N=6; r2=0.52; P<0.05) and indi-
cated that temperatures decreased on the order of
1°C with each 200-m increase in elevation.

Figure 2.5. Linear regression analysis of annual air
temperatures as a function of altitude for
seven sites in the southern rangelands.
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Seasonality, forage production and carrying
capacity in an average rainfall year

Plant growing seasons for a selection of sites are
depicted in Figure 2.6 (a-d). These diagrams were
produced under assumptions for soil water balance
(see Section 2.3: Methods). Moyale (Figure 2.6b) is
merely shown for reference given the higher rainfall
there. Others, however, illustrate, that compared to
higher and wetter sites (i.e. Negele and Arero), sites
at lower and drier elevations (such as Sarite) have
a shorter growing period during the long rains and
only a nominal growing period during the short rains.
Sites such as Sarite could thus have more of a
unimodal rainfall pattern which could yield regional
variation in net primary production (NPP) and plant
species composition. To be most accurate, water-
balance models should incorporate estimates of
potential evapotranspiration (PET), but there are

insufficient field data from the Borana Plateau to
make these calculations. The reader is referred to
FAO (1984) and EWWCA (1987: p 63) for some
estimates of PET for other regions in southern
Ethiopia.

Results from the LGP model used in Cossins
and Upton (1988a) are shown in Table 2.1. There
was a range of 65 to 95 growing days for the long
rains and 46 to 67 growing days for the short rains
during average rainfall years. The total annual
growing period ranged from about 3.8 to0 5.0 months.
These estimates may be conservative because the
authors assumed that there was a carry over of zero
soil-moisture storage and rainfall alone contributed
the moisture for plant growth at any given time
(Cossins and Upton, 1988a: p 121).

Figure 2.7 depicts regional patterns of numbers
of plant growing days and NPP in an average rainfall
year from Cossins and Upton (1988a). This analysis
indicates that because the northem zone has from
27 to 47% more growing days than other zones,
annual forage production in the northern zone is 12
to 25% higher. In the northern zone around 2.7 t of
dry matter (DM)/ha/year may be produced as a
result of 140 growing days. In the other zones this
ranges from: (1) 1.5 t DM/ha/year from 102 growing
days (west); (2) 2.0 t DM/ha/year from 125 growing
days (central); and (3) 1.9 t DM/ha/year from 110
growing days (east).

Cossins and Upton (1987: p 202) reported
stocking rates of livestock in the four zones
throughout the study area in the “average” rainfall
year of 1982 to 1983 (see Figure 2.7). In the wet
season cattle stocking rates varied from about 13 to
23 head/km? in the western and eastern zones,
respectively, with an overall density of about 20
head/km?. For small ruminants, figures ranged from
7 to 17 head/km? in the western and central zones,
respectively. The overall density for small ruminants
was about 8 head/km2. For the 15 475 km? study
area this translates to 309 000 cattle and 124 000
small ruminants or a combined total of 17 Tropical
Livestock Units (i.e. 250-kg equivalents/km?). In the
dry season the overall mean for cattle decreased by
20% to 16 head/km? and thus 248 000 head for the
study area overall. The total density of TLUs for the
dry season was around 14 TLU/Km? while the
weighted average density for the year was about 16
TLU/Km?.

Pratt and Gwynne (1977: p 112) estimated that
the “safe” carrying capacity for 600, 500 and 400
mm of annual rainfall in East Africa was 6, 7 and 11
ha/TLU/year, respectively. These are densities at
which livestock productivity/head is not compro-
mised and vegetation is not appreciably altered by
grazing. Conservatively assuming an average of
500 mm of annual rainfall for the study area overall,
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Figure 2.6 (a—d). Climate diagrams for four sites.
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Source: Michel Corra (ILCA, unpublished data).

the “safe” carrying capacity is 14 TLU/km2. This
suggests that for the central plateau overall, the
livestock population was stocked at or near carrying
capacity in 1982 to 1983. The livestock population
was probably at this level again by 1988 following
the decimating effects of the 1983 to 1984 drought
(Solomon Desta, nd; see also Chapter 6: Effacts of
drought and traditional tactics for drought mitigation,
and Section 7.2: A theory of local system dynamics).
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Dry and drought years and their effects on net
primary production and carrying capacity

In the LGP analysis of Cossins and Upton (1988a),
a dry year and a drought (or very dry) year were
defined as years in which the LGP is less than 75%
or 50% of the long-term mean, respectively. Given
their assumptions about annual rainfall distribution
(see Section 2.3: Methods), they concluded that a
dry year occurs once in five years and a drought

Table 2.1. Estimated mean lengths of growing period (LGP) at five sites in the SORDU sub-project area'.

Number Long Coefficient Short Coefficient Coefficient
of years rains of variation rains of variation Total of variation
Site recorded (days) (%) (days) (%) (days) (%)
Negele 29 84 25 67 26 151 19
Yabelo 6 95 26 51 66 146 33
Mega 3 87 31 52 19 139 25
Moyale 5 65 40 49 69 114 50
Did Hara 5 70 47 46 83 116 59
1 See text for methodological details.

Source: Cossins and Upton (1988a).
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Figure 2.7. Regional variation in annual growing periods and zonal categorisation on the Borana Plateau.
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year once in 20. It was noted that this proposed
frequency agreed with estimates for northern Kenya
from the historical record as analysed by Hogg
(1980).

Cossins and Upton (1988a: pp 121-122)
calculated how NPP could change in dry and
drought years as a result of variation in LGP. Given
the assumption that LGP and NPP are directly
correlated, they estimated that for the study area
overall, NPP would drop by 25 to 50% in dry and
drought years, respectively. The relative effect may
vary somewhat among zones, however, with the
north affected less because of its more favourable
position in the higher rainfall belts of the southermn
highlands (see Section 1.3: Climate and zonation of
the lowlands). Many cattle were reportedly moved
to the north of the study area from other zones
during the 1983-84 drought (see Section 6.3.1.1:
Livestock dispersal and herd composition).

It thus may be anticipated that the carrying
capacity for livestock would similarly decline by 25
to 50% in dry and very dry years to 10 and 7

TLU/Km?, respectively. There is evidence to support
such dramatic declines in carrying capacity from the
1983 to 1984 drought (see Section 6.2.1: Effects of
drought in the lower semi-arid zone). While the utility
of the carrying capacity concept has been recently
challenged (Ellis and Swift, 1988; de Leeuw and
Tothill, 1990; Bartels et al, 1990), observations here
indicate that carrying capacity is a relevant concept
for interpreting system dynamics (see Section 7.2:
A theory of local system dynamics, and Chapter 8:
Synthesis and conclusions).

It is important to note that the designation of
drought as a one-year event is inconsistent with
other analyses (e.g. Donaldson, 1986) which
describe droughts on the Borana Plateau as
multiple-year phenomena (see Section 6.1:
Introduction). Although a 25 to 50% reduction in
NPP is a substantial shock to the system in any
given year, the vast majority of cattle mortalities and
risk of human famine usually occurs in the second
of consecutive dry years. Thus, the definition of
drought used henceforth in this report is when two
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or more consecutive dry years occur in which the
LGP is less than 75% of the mean.

A dry year is primarily indicated to the
pastoralists by a substantial failure of the long rains.
Two consecutive failures of the long rains mean a
serious drought situation (see Section 6.1:
Introduction). From the rainfall analysis of Cossins
and Upton (1988a), it can be calculated that the
probability of any two consecutive years having near
or above-average rainfall is 0.64. The probability of
two consecutive years being a combination of an
average and a dry year is 0.32. The probability of a
two-year drought is 0.04.

Dry years and drought obviously have major
implications for animal production and human
welfare (see Chapter 6: Effects of drought and
traditional tactics for drought mitigation). Cossins
and Upton (1988a) defined dry years and drought
solely on the basis of metereological phenomena.
In Section 7.2 (A theory of local system dynamics)
it is argued that higher populations of cattle and
people today have increased the vulnerability of the
production system to what could otherwise be
inconsequential fluctuations in rainfall. This
perspective considers that both rainfall deficiency
and population density interact to exacerbate the
negative effects on the production system.

2.4.1.5 Native vegetation

Plant iife histories and savannah ecology

Plant communities on the flat and hilly plains of the
central Borana Plateau consist of diverse mixtures
of woody and herbaceous vegetation. The dominant
community type may thus be characterised as
tropical savannah (Plate 2.1); Pratt and Gwynne,
1977). Savannah systems are known for variation
in their proportion of woody and herbaceous
material as well as the marked shifts in composition
that occur in response to heavy grazing, browsing,
buming and drought, either alone or in various
combinations (Norton-Griffiths, 1979; Walker and
Noy-Meir, 1982). In some cases grazing shifts the
community toward more trees while browsing and
fire favour grass. Much attention has been oriented
towards studying the equilibrium behaviour of
savannahs; i.e. understanding to what extent
savannahs can be altered or degraded beyond
recovery to a previous condition (Walker and
Noy-Meir, 1982).

Perennial woody plants contribute from 5 to 75%
of total plant cover on the central Borana Plateau
depending on location. Their recent dominance in
many plant communities has been hypothesised to
be related to heavy cattle grazing and/or the
absence of buming (see Section 3.4.2: Environ-
mental change). Woody plants can have either

positive, negative or no effect on the livestock
system. It has been observed, for example, that
some woody plants are important as sources of
forage, cover, fuel and other uses for the pastoral
household economy. It has also been hypothesised
that woody plants contribute nutrients to soils of
overgrazed sites from their annual leaf fall. Some of
the negative attributes may include limiting access
to herbaceous forage by cattle and reducing growth
of herbaceous vegetation in the understorey
through competition for light and moisture. These
issues are reviewed in Sections 3.3.5.2: Household
use of plants and pastoral perceptions of range
trend and 3.4.2: Environmental change.

Importantly, the dominant herbaceous plants in
the southemn rangelands are perennial, rather than
annual, grasses. The persistence of perennials is
favoured here because of the relatively high rainfall
and its bimodal delivery. Pratt and Gwynne (1977)
contend that perennial grasses are more likely to
occur in East African rangelands when annual
rainfall exceeds 250 mm.

Some of the important features of perennial
grasses for African livestock systems have been
reviewed by Ukkerman (1991). He contends thatthe

Plate 2.1. Perennial savannah commuynities in the
southern rangelands vary from open
grasslands to bush-encroached areas.

Photograph: Shewangizaw Bekele
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productivity of perennials is usually considerably
higher than that of annuals, but that some of this
advantage is offset because a larger portion of the
biomass of perennials is lower in nutritive value than
annuals. The importance of perennials for livestock
is that they are always ready to green up and grow
in response to even small quantities of rainfall.
Annuals require more rain over certain periods than
perennials because soil moisture has to be high
enough for annuals to germinate and successfully
complete their life cycles (Harper, 1977). Perennials
are thus a more reliable source of green forage at
critical times of the year. These include the
beginning and end of wet seasons and after brief
showers in dry seasons (Ukkerman, 1991).

Perennials are thus an important source of
forage stability. Besides their quick greening up, this
stability is conferred also by the internal circulation
of nutrients within the plant, which allows smaller
losses of nutrients in leaves from fire, weathering
and grazing compared to annuals (Ukkerman,
1991). The permanent rooting system of perennials
also better protects soil against erosion (Ukkerman,
1991).

Perennials are preferred by livestock and are
often sensitive to heavy grazing. This is because
frequent grazing elicits regrowth which can exhaust
root stores of nitrogen and carbon. Grazing also
tims off above-ground growing points (see
Ukkerman, 1991).

Annuals are more tolerant of heavy grazing, but
also risky and unstable. This is again because the
production of annuals depends on receiving a
certain threshold of moisture before any growth
occurs. Annuals, in theory, could only be eliminated
by grazing if the pressure is high enough to defoliate
plants each year before they set seed and replenish
the seed bank. Given that annual grasses may set
seed within a month after the first rains (Coppock,
1985), it is unlikely that this degree of grazing
pressure could be maintained over a large region.
A discussion of the role of perennial and annual
grasses in conferring varying degrees of population
stability in African pastoral systems is presented in
Section 6.4.5:. Equilibrial versus non-equilibrial
population dynamics. A hypothesis for episodic
overgrazing of the perennial grasses of the southern
rangelands, with implications for range manage-
ment and monitoring, is presented in Section 7.2: A
theory of local system dynamics.

Seasonality and forage nutritive values

For mature cattle to achieve a sustaining level of
energy intake, dietary crude protein (CP; i.e. per
cent nitrogen x 6.25) concentration of about 7% (on
a dry-matter basis) is considered the minimum for a
positive nitrogen balance (ARC, 1980). This

threshold can increase for small ruminants, growing
cattle and lactating cows, but 7% CP still serves as
a useful guideline. Similarly, a suitable minimum
digestibility of dry matter is commonly assumed to
be on the order of 50% (Coppock et al, 1986b).

The seasonal rainfall patterns in African
rangelands are well known for bringing about
fluctuations in forage CP content and digestibility
(Pratt and Gwynne, 1977; Coppock et al, 1987a).
Wet seasons are often characterised by dramatic
increases in CP content and digestibility from new
growth of forage; CP content can often rise to two
to three times maintenance requirements. During
dry seasons CP content and digestibility may
decline to levels below maintenance. Livestock thus
store protein and energy in wet periods and then
may lose both in dry periods. Whether or not cattle
survive a dry season is also related to the length of
time they are on nutritionally deficient diets. Their
endurance is related to the amounts of protein and
energy they were able to store during the previous
wet season.

In a perennial grass system like the southemn
rangelands, the concentration dynamics of forage
nutrients are due to seasonal movements of
nitrogen in the plant as well as differences in the
degree of construction of cell wall (Coppock et al,
1987a; Ukkerman, 1991). During wet periods when
grasses are actively growing, nitrogen is
translocated to actively photosynthesising tissues
which have lower ratios of carbon to nitrogen. New
cell wall is also at a state of reduced lignification.
The reverse occurs in dry periods when nutrients
are translocated to the roots for storage and cell wall
lignifies to a higher degree. Browse forage, in
contrast to grass, tends to maintain higher nitrogen
contents in leaves and stem apices longer into the
dry season (Coppock et al, 1987a). In part, this is
because the growing season is longer for many
woody plants because their roots provide access to
moisture in deeper soil layers (Coppock et al,
1987a). This is not to say, however, that all green
browse is suitable forage in dry periods. Some
perennially leafy browse species have leathery
leaves adapted to minimise water loss and are poor
in nutritive value (Coppock, 1985). Getting nitrogen
from other types of leaves can also be hindered by
tannins which reduce forage palatability and
nitrogen retention (Woodward, 1988; Coppock and
Reed, 1992).

Grab samples of seven common perennial
grasses were collected during five different seasons
in the southem rangelands during 1982 to 1983,
which was an average rainfall year (ILCA Nutrition
Unit, unpublished data). Species included Cenchrus
ciliaris, Chloris mycrostachya, Chrysopogon plumu-
losus, Cynodon dactylon, Panicum maximum,
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Pennisetum stramineum, and Themeda triandra
with an average of four samples/species/season.
Some overall seasonal means (N=27) are reported
here because grab samples are only useful for
showing general trends over time. Grab samples do
not necessarily reflect material actually selected by
livestock and the proportions of these species in
cattle diets were also unknown. Average seasonal
values ranged from 10% CP during the long rains in
April 1982 to 5% CP at the end of the warm dry
season in March 1983. From June 1982 through
February 1983 values remained relatively steady
between 6 and 7% CP on average.

In a study of comparative benefits of hay making
using local grasses (reported in Section 7.3.1.3:
Forage improvements), Mulugeta Assefa (1990)
estimated values for CP and in vitro digestible dry
matter (IVDDM) for grab samples of standing
grasses collected during the warm dry season of
1988 to 1989. He reported a mean of 4% CP and
30% IVDDM for these samples. The IVDDM value
is exceptionally low for East African range forage.
Similar values, however, were found for other grass
material collected in the 1989 to 1990 dry season
(Coppock, 1993a).

While the results above have some utility, they
probably underestimate the quality of the diverse
diets selected by animals. Menwyelet Atsedu (1990)
conducted a study in which the composition and
quality of calf diets were estimated through direct
observation of grazing calves during the dry season
of 1988 to 1989. Diet profiles were calculated based
on the dry-weight contribution observed in bite
counts. Forage samples were hand-plucked in an
attempt to mimic the calf grazing and chemically
analysed to characterise nutritive value. He
reported an average of 11.8% CP and 51% IVDDM
on a dry-matter basis for 40 grazing trials
(Menwyelet Atsedu, 1990: p 47).

Woodward (1988) studied the nutritional
dynamics of browse forages selected by goats,
camels and sheep in the Beke Pond region near
Yabelo during 1985-86. Data for 23 important
species are provided in Woodward (1988: pp
166—-172), and they illustrate the wide variation in
chemical content across species and plant parts as
well as some influence of season. Compared to
browse stems, browse leaves were typically higher
in nitrogen (N) content and lower in neutral
detergent fibre (NDF) within a given species
regardless of sampling period. Browse provided a
relatively stable source of protein to browsing
livestock throughout the year when evaluated with
respect to the minimum dietary guideline of 7% CP.
Averaged over all samples of leaves and stems,
mean values for browse ranged from 18.7% CP
during the long rains (N=19) to 10.0% CP during the

cool dry season (N=21), 13.8% CP in the short rains
(N=19) and 13.1% CP in the warm dry season
(N=20). Standard errors were less than 12% of the
means in all cases. The high levels of CP in browse
forages over different seasons is a common
phenomenon that has been reported elsewhere in
East Africa (Pratt and Gwynne, 1977; Coppock et
al, 1987a). Interpretation of the feed value of the CP
is made complicated, however, by the presence of
tannins and proanthocyanidins in many forages
(Woodward, 1988). These compounds have a
variety of effects on nutrition, including reducing
forage palatibility and the proportion of dietary N
assimilated by the animal. The presence of tannins,
however, does not always imply that negative
effects on nitrogen balance will occur (Coppock and
Reed, 1992; see Section 7.3.1.3: Forage improve-
ments).

In sum, while the nutritional studies based
on grab samples or feeding observations were
variously limited in design and scope, they do
support the idea that forage nutritive value markedly
fluctuates with season and that browse forages
probably retain a higher CP content than grasses
during dry periods. It is also likely that selective
feeding at least that of calves, achieves higher
quality diets than that estimated by grab samples. It
is important to note that these studies can illuminate
only a very small part of the picture of the nutritional
ecology of livestock here. Since green forage
probably provides more than enough CP con-
centration for compensatory growth and production
of cattle in any given wet season (see Sections
5.3.2: Calf growth and milk offtake and 7.3.3.4: The
calf: Prospects for growth acceleration), the main
issue of interest becomes the role of rainfall and
stocking rate in regulating the amount of time
animals have in wet periods to achieve the body
condition needed to reproduce and survive the
following dry season. Of considerable importance,
then, is whether animals are limited in the quantity
of forage they consume during wet seasons and
whether such limitations are due to wastage of
forage and/or competition among livestock.
Evidence will be presented (Section 7.2: A theory of
local system dynamics) that the simple model of CP
limitation for livestock in dry seasons of average
rainfall years (Mosi et al, 1976; Coppock et al,
1986b) needs to be significantly altered to include
dynamics of livestock population cycles, if key
constraints of nutrition on cattle production are to be
understood. It is likely that this simple CP model
holds in the southem rangelands only for a few
years after a drought has ended when cattle density
is low. Once the herd has recovered its numbers,
chronic deficits of energy may become the prime
limiting nutritional factors for cattle production and
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this is postulated to be due to competition for forage
within the cattle population throughout the year, not
justin dry seasons (see Section 7.2: A theory of local
system dynamics).

Flora

The flora of the southern rangelands has been
previously described. For a comprehensive species
list the reader is referred to AGROTEC/CRG/
SEDES Associates (1974d) which has documented
scientific names and authorities of some 300
species. Other species list are provided in Corra
(1986), Woodward (1988) and Tamene Yigezu
(1990). Jenkins et al (1974) lists important forages
from the southern rangelands. Nomenclature
reported below does not include authorities.
Authorities follow those provided in AGROTEC/
CRG/SEDES Associates (1974d) and Pratt and
Gwynne (1977).

The more common woody genera include
Acacia, Commiphora, Combretum, Cordia, Termi-
nalia, Aspilia, Albizia, Juniperus, Rhus, Boscia,
Boswellia, Cadaba, Balanites, Salvadora, Dobera,
Pappea, Grewia, Delonix and Boswellia spp.
Common herbaceous genera include Cenchrus,
Cynodon, Themeda, Pennisetum, Enteropogon,
Bothriochloa, Brachiaria, Sporobolus, Panicum,
Chiloris, Aristida, Dactyloctenium, Dichrostachys,
Leptothrium, Heteropogon and Hyparrhenia.

A number of plant species common to the
southemn rangelands are recognised as valuable
livestock forages (Pratt and Gwynne, 1977: pp
240-264). These primarily include dry, dehiscent
fruits of Acacia tortilis and leaves of A. brevispica,
Grewia and Cadaba spp. Some of the following are
regarded as nutritious all year and at all growth
stages (e.g. Cenchrus ciliaris, Themeda triandra,
and Chloris roxburghiana) while others are of
greatest value only during rapid growth phases (e.g.
Pennisetum, Cynodon, Dactyloctenium, Enteropo-
gon and Leptothrium spp.

Plant species distributions in relation to
environmental variables

Tables A6 to A10, Annex A, were derived from Corra
(1986) and depict the distribution of 55 key plant
species according to elevation, soil colour, slope,
vegetation type and soil acidity. Species towards the
middle of the list in each table tend to be broadly
distributed over a given environmental factor while
those listed at the top or bottom are more restricted
in occurrence. These data can be used to construct
crude niches for species that could be useful as
guidelines for range rehabilitation and/or further
research (see Section 7.3.1: Range management
and improvements). For example:

1) Acacia tortilis, an important forage tree, has a
wide range over all factors investigated;

2) A. horrida, an invading woody species in the
vicinity of Sarite ranch, tends to be found more
on flat terrain at elevations less than 1550 m in
bush grassland or bush thicket community
types;

3) Juniperus procera, an important timber-producer
for urban construction, tends to be found in
woodlands on reddish soils derived from
basement-complex substrates, on steep slopes
and at elevations above 1600 m;

4) Cynodon dactylon and Cenchrus ciliaris,
important herbaceous forages, have wide
ranges over all factors investigated; and

5) Themeda triandra, another important herbaceous
forage, tends to occur over 1200 m on a wide
range of basement-complex soils and slopes in
woodland and grassland formations.

The interaction of environmental features on
plant species distribution was clarified by the
ordination exercise for 75 species using CANOCO
(Figure 2.8). The diagram includes: (1) two main
horizontal and vertical axes; (2) seven vectors
(arrows) that represent increasing value for continu-
ous environmental variables; (3) discrete (presence/
absence) environmental variables whose geometric
means are represented in the graph space by
triangles only (not by vector arrows); and (4) 75
“average location points” on the graph for each
species.

The diagram is interpreted by understanding
that: (1) the most influential continuous variables
(i.e. vector arrows) on plant species distribution are
those arrows which are: (i) closest to running
parallel to the horizontal or vertical axes; and (i) also
happen to be greater in length; and (2) species
points are located relative to the arrows andisolated
triangles that represent discontinuous variables.
Another point of clarification concerns how to
visualise trend in the diagram. For example: (1)
higher altitudes are to the right of the figure and
lower altitudes are to the left; (2) slopes become
steeper towards the top of the figure and flatter
towards the bottom; (3) soil colour changes on a
continuum from browns and greys to the left of the
figure to reds on the right. If discrete variables
(represented by triangles) end up near the
intersection of the two main axes, their explanatory
value in terms of influencing plant species
distributions was interpreted as lower in the
analysis. For example, VEGSTRU1 indicates the
epicenter of the woodland type, and GULLEY
indicates the epicenter of the gully erosion sites. The
results are interpreted as follows:
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Figure 2.8. Diagram of the canonical correspondence analysis depicting the occurrence of 75 plant species as
affected by 10 environmental factors in the southem rangelands.
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Where continuous variables include: (1) ALTITUDE = elevation in metres, with higher values occurring to the right side of the figure
and lower values to the left; (2) BEDROCK, TREECOV, SHRUBCOV, GRASSCOV, TOTALCOV and BARESOIL represent per
cent cover for exposed rock, trees, shrubs, herbaceous plants, total vegetation and bareground, respectively. Cover values increase
in the direction of the associated vector arrow; (3) SLOPE = slope in degrees from a horizontal plane. Slope also increases in the
direction of its vector arrow; (4) SOILCOLR = hue of top soil ranging from browns and greys to the left of the figure to reds on the
right. Discrete variables include: (1) presence or absence of SHEET or GULLY erosion and (2) vegetative physiognomic class,
where VEGSTRU1 = woodland, VEGSTRU2 = bush-thicket, VEGSTRUS = grassland, VEGSTRUS6 = bushland, and VEGSTRU7 =
bush-grassland. Species include Aca bre = Acacia brevispica; Aca bus = A. bussei; Aca dre = A. drepanolobium; Aca etb = A.
etbaica; Aca fis = A. seyal v. fistula; Aca hor = A. horrida; Aca mel = A. mellifera; Aca nil = A. nilotica; Aca nub = A. nubica; Aca pao
= A. paodllii; Aca ref = A. reficiens; Aca sen = A. senegal; Aca sey = A. seyal v. seyal, Aca tor = A. tortilis, Ade obe = Adineum
obesum; Alb ama = Albizzia amare; Ari ado = Aristida adscensionis, Asp mos = Aspilia mossambicensis; Bal aeg = Balanites
aegyptica; Bos ang = Boscia angustifolia, Bos min = B. minimifolia; Bos hil = Boswelia hildebrandftii, Cad far = Cadaba farinosa;
Cad gla = C. glandulosa; Cad rot = C. rotundifolia; Cen cil = Cenchrus ciliaris, Chl gay = Chloris gayana; Chl rox = C. roxburghiana;
Com acu = Combretum aculeatum; Com mol = C. molle; Com afr = Commiphora africana; Cor sin = Cordia sinensis, Cyn dac =
Cynodon dactylon; Dac oeg = Dactyloctenium aegyptium; Del ela = Delonix elata; Dic cin = Dicrostachys cinerea; Dob gla = Dobera
glabra; Dod vis = Dodonia viscosa; Ent mac = Enteropogon macrostachyus, Euc ach = Euclea sp; Eup can = Euphorbia candelabrum,
Eup tir = E. tirucalli, Gre bic = Grewia bicolor, Gre tem = G. tembensis; Har ach = Harpachne sp; Het con = Heteropogon contortus,
Jun pro = Juniperus procera; Kle lon = Klenia longiflora; Lep aen = Leptothrium senegalense; Lin nut = Lintonia nutans;, Mic kun =
Microchloa kuntii; Orm tra = Ormocarpum trachycarpum; Ozo ins = Ozoroa insegnis; Pap cap = Pappea capensis, Pen mez =
Pennisetum mezianum; Ric com = Ricothamnus sp; Sal per = Salvadora persica; Sch ner = Schoenefeldia sp; Sch tra =
Schoenefeldia transiens, See riv = Sesamothamnus rivae; Ser fal = Sericocomopsis pallida; Sol inc = Solanum incanum; Sph uka
= Sphaeralcea sp; Spo pyr = Sporobolus pyramidalis, Ste rhy = Sterculia rhynchocarfa; Sve lae = Svensonia laeta; Tar cim =
Tarcothamnus cinerea; Ter bro = Terminalia brownii, Tet cen = Tetrapogon cenchroides; The tri = Themeda triandra; Tri ter =
Tribulus terrestris, Ver sin = Vernonia cinerascens;, and Xim ame = Ximenia americana. Species were selected because they
illustrated variability in response to environmental factors.

Source: Michel Corra (ILCA, unpublished data).

1) because their vectors were closest to the explanatory variables for plant species
horizontal and vertical axes, altitude and distributions overall. Together, altitude and per
percentage of exposed bedrock were the main cent exposed bedrock explained 82% of the total
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variation with about 60% explained by altitude

alone (note that this is also indicated by the

greater length of the altitude arrow);

2) bedrock exposure, however, was also related to
several other factors. As per cent bedrock
exposure increased, so did slope and per cent
tree and shrub cover (Figure 2.8). These
conditions are all consistent with ascending a
mountain, for example. Similarly, as per cent
bedrock decreased per cent grass cover
increased, consistent with lowland sites. The
vector for soil colour ran opposite that for
altitude, indicating that as altitude decreased
sites were dominated by more brown and grey
soils. Soil colour, however, had relatively little
influence in the analysis overall as indicated by
the angle and short length of its vector arrow;
and

3) overall, the distribution of species points is
perhaps most notable because of the relative
lack of distinct clustering. This suggests that
over the range of environmental variables
examined, most species appeared to be
widespread in distribution. However, some key
indicator species emerged and these help in
interpreting the diagram: (1) J. procera appears
in the upper right-hand comer with Aristida
adscensionis, and this suggests an association
of these species at high altitudes, on steep
slopes and in concert with other associated
factors previously described; (2) T. triandra (in
the lower right quadrant) occurs at a somewhat
lower elevation and flatter slopes on redder soils;
and (3) A. horrida (near the top of the lower left
quadrant) occurs on flatter slopes on brown/grey
soils at lower elevations.

In sum, the main point is that altitude (and the
corresponding factors of rainfall and temperature) is
strongly related to other variables including
exposure of bedrock, type of plant cover, soil colour
and soil reactivity as the main explanatory factor
overall for plant species distributions. The majority
of plant species were notable, however, for their
wide distribution in the study area. Because of this
it was decided not to define specific plant
communities or associations from the CANOCO
analysis (Michel Corra, ILCA, personal com-
munication).

2.4.1.6 Native fauna

To date there have not been any comprehensive
studies of wildlife in the southern rangelands.
Including wildlife issues into a comprehensive
development and management strategy is
desirable, however, and that is why wildlife
resources are briefly reviewed here.

The only systematic wildlife data collected by
ILCA on the Borana Plateau are a few tabulations
of ostriches (Struthio camelus) and large
herbivorous mammals from aerial surveys in 1983
to 1985 (Assefa Eshete et al, 1987). Other efforts to
inventory wildife or regulate its exploitation in the
study area have been limited, being conducted out
of a small government office in Yabelo.

Wildlife interests are represented at higher
levels on interdepartmental committees within the
Ministry of Agriculture when key policy issues
regarding local resource management come under
review. One example is the re-introduction of
prescribed fire in the southemn rangelands to help
control bush encroachment, a proposed policy
change reviewed in 1990-1991 (see Section
7.3.1.4: Site reclamation). There has been a recent
andincreasing interestin conducting formal surveys
and studies to quantify wildlife resources in the
southern rangelands as well as to better understand
interactions among wildlife, livestock and
pastoralists. Such work has been proposed to help
form the basis for establishing a controlled system
of nature preserves and would be a collaborative
effort between Ethiopian and foreign institutions (C.
Hillman et al, Ethiopian Wildlife Conservation
Organisation, personal communication).

The large mammalian and avian species in the
study area are generally those which thrive under
conditions of restricted availability of drinking water.
Most of the species are thus common elsewhere in
arid and semi-arid East Africa. Some key species
reported here were observed by ILCA staff in the
study area during 1985-1990, usually from
sightings of live animals or examination of road
mortalities. What follows is not intended as a
comprehensive listing. Common and Latin names
given here follow Haltenorth and Diller (1977) and
Williams and Arlott (1980):

1) predatory and/or scavenging mammals include:
lion (Panthera leo), cheetah (Acinonyx jubatus),
caracal (Caracal caracal), serval (Leptailurus
serval), spotted hyena (Crocuta crocuta), striped
hyena (Hyaena hyaena), aardwolf (Proteles
cristatus), black-backed jackal (Canis meso-
melas), bat-eared fox (Otocyon megalotis), civet
(Viverra civetta) and Egyptian mongoose
(Herpestes ichneumon). Black colour phases for
the serval, and possibly for caracal, have also
been observed. Lions and spotted hyenas
constitute the main predatory threat to livestock;

2) herbivorous mammals include: warthog (Phaco-
choerus aethiopicus), North African crested
porcupine (Hystrix cnistata), Grevy's zebra
(Hippotigris grevyi), Burchell's zebra (H.
quagga), gerenuk (Litocranius walleri), gazelle
(Gazella spp), oryx (Oryx gazella), lesser kudu
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3)

4)

5)

(Tragelaphus imberbis), bushbuck (T. scriptus),
Gunther’s dik-dik (Madoqua guentheri), giraffe
(Giraffa camelopardalis) and Cape hare (Lepus
capensis). Swayne’s hartebeest (Alcelaphus
buselaphus Swaynei), considered a threatened
subspecies in Ethiopia, was never seen by ILCA
staff but a small number reportedly occur to the
north near Yabelo (Haltenorth and Diller, 1977:
p 83; C. Hillman, Ethiopian Wildlife Conservation
Organisation, personal communication). The
large herbivores have only been observed as
individuals orin small groups. There are no large
herds per sethat could conflict with pastoral land
use today. Except for occasional feeding on cul-
tivated legume plots by kudu (Hodgson, 1990)
or raids by warthogs on maize fields (D. L.
Coppock, ILCA, personal observation), it can be
said that the large herbivores pose no constraint
to the livelihood of the pastoralists. This is unlike
situations for the pastoral Maasai where wildlife
can be a major competitive factor for forage and
habitat (Pratt and Gwynne, 1977);

primates include the olive baboon (Papio
cynocephalus) and vervet monkey (Cercopi-
thecus aethiops). Baboons, as elsewhere in
Africa, are a threat to maize fields;

predatory and/or scavenging birds include:
Secretary bird (Sagittarius serpentarius), white-
headed wvulture (Trigonoceps occipitalis),
hooded vulture (Necrosyrtes monachus),
Egyptian wvulture (Neophron percnopterus),
bateleur ( Terathopius ecaudatus), pale chanting
goshawk (Melierax poliopterus), tawny eagle
(Aquila rapax), black kite (Milvus migrans) and
black-shouldered kite (Elanus caeruleus);

other birds include: ostrich (Stwthio camelus),
crested francolin (Francolinus sephaena), yellow-
necked spurfowl (F. leucoscepus), helmeted and
vulturine guinea fowl (Numida meleagris and
Acryllium vulturinum, respectively), kori bustard
(Ardeotis kori), white- and black-bellied bustards
(Eupodotis senegalensis and E. melanogaster,
respectively), crowned plover (Vanellus corona-
tus), ring-necked dove (Streptopelia capicola),
namagqua dove (Oena capensis), orange-bellied
parrot (Poicephalus rufiventris), white-bellied
go-away-bird  (Corythaixoides  personata),
nightjars (Caprimulgus sp), Abyssinian roller
(Coracias abyssinica), African hoopoe (Upupa
epops africana), red and yellow-billed hornbills
(Tockus erythrorhynchus and T. flavirostris), Von
Der Decken’s hombill (7. deckeni), D’Arnaud’s
barbet (Trachyphonus damaudii), rosy-patched
shrike (Rhodophoneus cruentus), honeyguides
(Indicator sp), taita fiscal (Lanius dorsalis), grey
wren warbler (Camaroptera simplex), grey tit
(Parus afer), golden-breasted bunting (Embe-

6)

7)

riza flaviventris), paradise whydah (Steganura
paradisaea), Speke's weaver (Ploceus spekei),
red-billed buffalo weaver (Bubalomis niger),
white-headed buffalo weaver (Dinemellia
dinemelli), grey-headed social weaver (Pseudo-
nigrita amaudi), black-capped social weaver
(P. cabanisi), white-crowned starling (Spreo
albicapillus), superb starling (S. superbus),
golden-breasted starling (Cosmopsarus regius),
red-billed oxpecker (Buphagus erythorhyn-
chus), black-headed oriole (Oriolus larvatus),
dwarfraven (Corvus edithae) and the Abyssinian
bush crow (Zavattariomis stresemanni). The last
species is the only one endemic to the study area
(Williams and Arlott, 1980: p 399);

common reptiles include a variety of non-
venomous and venomous [cobras (Naja spp),
black mamba (Dendroaspis angusticeps), puff
adder (Bitis arietans)] snakes. Some of the
poisonous snakes are responsible for a few
livestock mortalities (Donaldson, 1986: p 40).
Other reptiles include lizards (Agama sp) and
leopard tortoises (Geochelone spp); and
termites (unknown spp) are widespread on both
red and grey soils. They are mentioned here
because they reportedly play important roles in
nutrient processing and cycling in African
savannahs (Morris et al, 1982). Termites are also
an important constraint to several development
activities such as grain storage and hay making
among Borana pastoralists (Hodgson, 1990; see
Section 7.3.1.3: Forage improvements). Bruchid
beetles (Callosobruchus spp) are important
parasites on acacia seeds (Tamene Yigezu,
1990; Menwyelet Atsedu, 1990). They probably
have a role in the population regulation of trees
(see Section 3.3.4: Population ecology of woody
species) and their infestation of A. tortilis fruits
constrains storage of these materials for use as
protein supplements for livestock in dry periods
(see Section 7.3.1.3: Forage improvements).
Tick species are numerous (Hill, 1982;
Nicholson, 1985) and constitute major threats to
animal health and milk production (see Section
5.4.3: Cattle mortality and health). Tsetse flies
(Glossina spp) occur in woody habitats along the
Dawa River (Figure 2.2) and are known<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>