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Abstract

Tibbo, M. 2006. Productivity and health of indigeisosheep breeds and crossbreds in the
central Ethiopian highlands. Doctoral dissertation.
ISSN 1652-6880, ISBN 91-576-7100-1

This thesis is based on seven related studies biodan indigenous Horro and Menz

sheep breeds and crossbreds of Menz with exotedbrio test the general hypothesis that
there exist genetic and environmental dependenati@rs among and within breeds that

could be utilised to improve overall productivithch health of the Ethiopian sheep

population. The specific studies deal with grovethrvival, causes of mortality, risk factors

for major causes of mortality, outbreak investigas, maedi-visna, and economics of
anthelmintic treatment and supplementation.

Results of studies on lamb growth and survival aéee that Horro lambs were heavier
than Menz lambs both at birth and weaning. Birtligiweincreased significantly from the
first to third parity; was higher for lambs born siagles than multiples, and for male than
female lambs. Lambs born in the wet season hadcehiginth weight, pre-weaning average
daily weight gain and weaning weight than theirteomporaries born in the dry season. Pre-
and post-weaning mortalities were 33.1% and 54.6f4He Horro and 19.2% and 25.9%
for the Menz sheep. Cumulative mortality up to lisgrwas more than twice as high for
Horro than for Menz lambs (69.6 vs. 30.2%). Motyalias higher for lambs born in the dry
season compared to those born in the wet seasomuitiple-born lambs than singles, and
for male lambs than females. There was a positiagionship within breed between birth
weight and survival at all ages. Causes of moytaliere similar in Horro and Menz,
pneumonia accounting for more than half of all Heatfollowed by digestive and
gastrointestinal problems, endoparasitism, staymatiismothering-exposure complex and
septicaemia. Within breed, sires were a significantrce of variation for lamb growth and
survival.

A retrospective case-control study conducted on863Heep of the Horro and Menz
breeds on risk factors for mortality associatechwispiratory diseases revealed that 54.4%
of total mortality was due to respiratory diseasAsnual mortality associated with
respiratory diseases ranged from 6.3 to 19.0%,bmedd, sex and month of the year were
significant sources of variation. Mortality assaeth with respiratory diseases was higher
for the Horro than for the Menz breed (16.5% vs4%2), and between October and March
than between April and September. There was afigignt relationship between monthly
mortality associated with respiratory diseases andnthly average minimum air
temperatures and with the average monthly dailyiadiew between maximum and
minimum air temperatures.

Estimation of genetic and environmental parametersgrowth traits showed that the
maternal genetic component was important for bikkight, weaning weight and pre-
weaning average daily gain. The contribution ofgeemanent environmental component in
the models was also substantial but less impottert the common (litter) environmental
component. Total heritability estimates for Mend &orro were generally low to moderate
at 0.22 vs. 0.26 for birth weight, 0.15 vs. 0.12vi@aning weight, 0.21 vs. 0.04 for yearling
weight, 0.14 vs. 0.11 for pre-weaning average dgdéyn, and 0.11 vs. 0.11 for post-
weaning average daily gain.

Estimates of genetic parameters on lamb survivahfthe mixed Linear Model and
Survival Analysis were compared. For the mixed kinklodel, survival defined as a binary
trait measured at different pre-determined timed &r the Survival Analysis, survival
defined as time to respective periods for lamb ising (censored records) and time to
death (uncensored records) was used. The mategnatig effect was important for lamb
survival at all survival periods. The heritabilgiérom Survival Analysis (0.3% to 18.5%)
were higher than those obtained with the mixed &in®lodel (0.5% to 5.6%). The



accuracies of predicted breeding values were algbeh for the traits analysed with
Survival Analysis. Some limitations of Survival Aysis are discussed.

An investigation into a respiratory diseases owhkren Menz and Awassi x Menz
crossbred sheep revealed that multi-factorial cause involved. These inclugeste des
petits ruminants(72.3%, serologically confirmed), lungworms, maeidna, bacterial
bronchopneumonia, enzootic pneumonia and fungacfitns. A follow-up serological
study revealed that 74% were positive for maediaiantibodies in sheep of two ranches,
but antibodies for maedi-visna were not detectedhiaep and goats from elsewhere in
Ethiopia. The maedi-visna was detected in the imtgis Menz and imported pure Awassi
and crosshreds of Menz with Awassi, Hampshire, @odtiedale with a significant breed
difference in prevalence. This result suggested tha maedi-visna might have been
introduced into Ethiopia through sheep importations

The profitability of anthelmintic treatment and plgmentation was evaluated in 823
factorial experiment under natural sub-clinicalrhieithosis challenge using partial budget
analysis. Supplemented sheep had significantlydnigharginal profit per sheep than non-
supplemented sheep. Likewise, the anthelminticddteaheep performed significantly better
than their non-treated contemporaries. The indigedenz and 50% AwassiMenz were
significantly more profitable during the experimanperiod than the 75% AwassiMenz
crosses, but ranking of genotypes changed with age.

Timely health and management interventions on ifledt key factors and utilising
genetic variation through selection would improeenb survival and growth. Life-time
assessment of economic returns helps to draw ehatysions in sheep improvement
programmes. Sheep breeding objectives are discusserd context of reducing risks of
genetic loss in low-input systems and improving doictivity of indigenous breeds.
Breeding programmes are proposed to be based on-ramteus flocks utilizing
government ranches at the top of a three tier sysfeflocks. Such schemes could be used
for conservation and improvement of indigenous tiseses well as for crossbreeding.

Keywords growth, lamb mortality, risk factors, epidemiojoggenetic analysis, Linear
Models, lamb survival, Survival Analysis, respimgtaliseases, maedi-visna, helminthosis
control, genetic resistance, economics, breediiagesfies, sheep, Ethiopia
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Introduction

In Ethiopia, sheep are reared mainly by smallholidemers and are grazed in
small flocks on communal open natural pasturesiopift's sheep population
estimated at 23.6 million (CSA, 2004), is the tHmdgest in Africa (FAO, 2004)
with more than 18 breeds or populations (DAGRISQ4)0 This diverse sheep
genetic resource is distributed from the cool apatimate of the mountainous
highlands to the arid pastoral areas of the lowdand

The annual off-take rate for sheep is estimate838 (EPA, 2002) with an
average carcass weight of about 10 kg, which issémnd lowest amongst sub-
Saharan African countries (FAO, 2004). Neverthelesseep contribute a
substantial amount to the farm household as incomé&pn and non-food products
(manure, skins and coarse wool). They are a safrdsk mitigation during crop
failures, of property security and of monetary sgvand investment in addition to
many of other socio-economic and cultural functidtewever, sheep productivity
is constrained by scarcity of feed, diseases, paake utilisation of indigenous
sheep breeds, lack of infrastructure and marketimdtion, and trained personnel.

In sheep industry, fast growing and early maturihgep are more profitable
compared to slow growing and late maturing onesesithe ultimate product is
mutton. A slow growth rate, resulting in a low metrkveight of indigenous sheep,
as an important limiting factor on profitability sheep, has been documented in
the Ethiopian highlands (Mukasa-Mugerwet al, 1994). Early growth is
influenced by several factors such as the gendbkeofndividual for growth, the
environment provided by the dam, sex of lamb, rlifeze and season of birth
(Lewis & Beatson, 1999; van Wyt al, 2003; Abegazt al, 2005). Genetic
improvement could be one way to improve growtthim indigenous sheep breeds.

Compared with sheep in temperate regions, the ptivity of sheep in Ethiopia
is presently low due to high lamb losses. Mortalittes of lambs ranging from 8 to
50% were reported in literature (e.g. Dalttral, 1980; Peterson & Danell, 1985;
Yapi et al, 1990). Lamb mortality may vary due to locatibirth type, year and
season of birth, between and within breeds (Dadtoal., 1980; Traore & Wilson,
1988) and among sire progeny groups (Knigthal, 1979). However, information
is scarce on the variability in lamb survival amaig progeny groups, causes and
risk factors of lamb mortality in Ethiopia.

To improve lamb survival, selective breeding andssbreeding could be a
possibility (Haughey, 1993; Freking & Leymaster, 02D However, low
heritability of survival traits (e.g. Safaet al, 2005) constrained genetic progress
through selection. Improving the estimation methwady partly solve this problem.
The most commonly used Linear Model (LM), where tality is defined as a
binary variable for survival to an arbitrary or getermined time point, ignores the
continuous nature of the trait (Yazét al, 2002). This results in a loss of
information due to failure to account for censoramgl covariate interactions that
varies with time (Allison, 1997; Mandonnet al, 2003). Survival Analysis (SA),
which is based on failure-time (Ducrocq, 1987; L4692), would take into
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account of censoring and covariate interactiong tley with time, and this
eventually improves the accuracy of breeding val¢€arlén et al, 2005).
However, no study was known to-date that used SalrvAnalysis in lamb
survival.

The breeds studied in this thesis are largely ttigenous Menz and Horro
sheep breeds of Ethiopia. The experimental floclerewmaintained by the
International Livestock Research Institute (ILR®) &ssess genetic resistance to
endoparasites among and within the two breeds Regeet al, 2002). The two
breeds were chosen for their perceived phenotyifference (e.g. coat colour,
body size), large population size and represemtatiithin the country and
similarity of their production system in the hightts of Ethiopia. This thesis
reports growth, survival and causes of mortalityhaf indigenous Horro and Menz
breeds (Papers I, I, 11l and 1V). Other genotyptsglied were 75% Awassi25%
Menz and 50% Awassi Menz crossbreds (Papers V, VI & VII), and Corrieda
Menz and Hampshire-Menz crossbreds (Papers VI)s& beossbreds were largely
maintained by two governmental ranches to improvewth and wool of
indigenous breeds through crossbreeding and disimdp 75% exotic rams to
smallholder farmers.

The high number of animals in relation to grazirrgas, unreliable rainfall,
increasing human population, small landholding ,sizad decreasing land
productivity are major threats to livestock prodaict(Dibissa, 2000). Therefore,
there is an urgent need to maximise production yset of input. The overall
purpose of this thesis was to investigate proditgtiand health constraints of
indigenous Menz and Horro sheep breeds and crakslaned indicate possible
improvement alternatives.

Background

Overview of Ethiopian agriculture

Ethiopia's economy is based on agriculture, acéogirfor 55% of the national
GDP in addition to the raw material it provides fmmestic small-scale industries,
60-85% of exports and 80% of total employment (Wkl2002; CIA-The World
Fact Book, 2005). Agriculture will continue to pide food for the ever-increasing
human population, estimated in June 2005 at 77ldbmivith annual population
growth rate of 2.4 (UNFPA, 2005). Unfortunatelye thgricultural sector suffers
low productivity per unit of input and high risk elito predominantly rain-fed
agriculture, the rainfall of which has two seasoh&rratic intensity and duration
and great year to-year variability (Segele and Lag@05). Smallholder farmers
deal with these uncertainties by growing differenbps and keeping multiple
species of livestock depending on the availablerahtresource base in different
agro-ecological zones. Major agricultural produate cereals, pulses, coffee,
oilseed, sugarcane, potatoes, ddiaf or chad), hides and skins, cattle, sheep, and
goats. Recently, floriculture has emerged as anoitapt sector targeting the
export trade.
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Contribution of livestock to livelihoods

Ethiopia is known as the leading African countryjiiestock population and ranks
9" in the world (FAO, 2005). The livestock sub-seaocounts for about 40% of
the agricultural GDP and 20% of the total GDP (Akl2002) without considering

the contribution of livestock in terms of draughtwer, manure and transport
services. The livestock population (in millions) @stimated at 44.3 cattle, 23.6
sheep, 23.3 goats, 2.3 camels, 6.1 equines (dankeyses and mules) and 42.9
chickens (CSA, 2004). Excluding exports of live mals and other products,

leather and leather products alone contribute 18%he total export earnings

(EPA, 2002). Smallholder farmers raise livestockrfolk, meat, blood, hides and

skins, manure and draught power. In addition, #ueya source of risk mitigation

in case of crop failures, of property security aofl monetary saving and

investment. Among various social functions, livekt@serve as a measure of the
wealth status of the rural poor. Major constratatdivestock production include

inadequate nutrition, disease, lack of supportisesv(e.g. efficient extension

services), insufficient data to plan for improveéngces, and inadequate
information (livestock recording is lacking) to igs appropriate animal breeding
strategies, marketing, and processing.

Small ruminants production

As compared to large ruminants, sheep and goatsreesmall investments, have
shorter production cycles, faster growth rates agmater environmental
adaptability, and hence have a unique niche inlbolder agriculture. They are
important protein sources in the diets of the paruat help to provide extra income
and support survival for many farmers in the tremad sub-tropics. It is projected
that by the year 2025 sheep and goats will acciouritalf the red meat production
in sub-Saharan Africa (Winrock International, 199P)e recently released poverty
map by ILRI (Thorntoret al, 2002) indicate that livestock types are keyadathrs
of where families sit on the poverty scale, shesg goats being considered poor-
man’s species.

In Ethiopia, sheep and goats provide 25% of the eftim meat consumption
with production surplus, which is exported maintyli@e animals. The two species
also provide almost 50% of the domestic wool rezgmients, about 40% of fresh
skins and hides production and 92% of the valusedfi-processed skins and hides
export trade (ILCA, 1993; Kebede, 1995). The annmakton and goat meat
production of the country is estimated at 78 andtié®usand metric tonnes,
respectively (FAO, 2004). About three-quarters loé tsheep inhabit the cool
highland regions of Ethiopia (Mukasa-Mugerwa & laiKassi, 1995) though a
recent report (Akliluet al, 2005) claims that the distribution has recentignged
to about an even distribution between highlands laadands. The highlands of
Ethiopia constitute 36 percent of the total langaaand support 88 percent of the
human and 70 percent of the livestock populatio®f\11995).

In the mixed crop-livestock system, sheep reprasiess than 10% of the farm
capital invested in livestock, yet contributes ascmas 22-63% to the net cash
income and 19-23% to the food subsistence valuévetkrfrom livestock
production (Gryseels, 1988; Zelalem & Fletcher, 399n addition to mutton,
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sheep provides skins, manure and coarse wool @idyr Estimates by the
Ethiopian Ministry of Agriculture for the year 20@fdicated that the skin removal
rate is 33 percent, which translates into an outpfuB.3 million sheepskins

(Industry Canada, 2005). On average, Ethiopia lasapacity to supply 16 to 18
million pieces of hides and skins to local tannerieor example, out of the 12
million annual total skins supplied to tanneriemillion were sheepskins (LMA,

2001).

Figure 1 Wool carding, Ethiopian highlands
Copyright: Peter Williams/WCC (availableatvw.wcc-coe.orj

Sheep production systems

In Ethiopia there are two main categories of sheegluction systems. The first
and the most common system is the traditional $rolaler management system.
The second, which is limited in scope and arearemes is the private commercial
and parastatal production system.

In thetraditional subsistence smallholder managementesystheep are kept as
an adjunct to other agricultural activities alonghvother livestock species. There
is no specialised system with defined breeding ahjes. The common trend,
however, is that the majority of people in the taglls keep small flocks and
practice mixed crop-livestock agriculture, wherdlasse in the sub-moist, cold,
very high altitude areas and in arid lowlands kdeme flocks in pastoral
production system. When closely examined, threfermifit production systems can
be identified:

1) Sheep-barley or sheep production sysgmevails in high altitude areas
(above 3000 m.a.s.l.) where sheep are the maircesmfrcash income,
meat, manure, skins and coarse wool for traditimuage industry to
produce blankets, rugs and mattresses by the lhacalcrafts (Figure 1).
In extreme altitudes, precipitous terrain, recurredroughts, cold
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temperature and windy climate limit crop productionsheep-barley or
just sheep production. Sheep breeds of this sydt@maxample, the Menz
breed) are perceived to be the hardiest sheep gymdged under stressful
environments. The sheep breeds thrive well witlwsgpowth rate but
considerably high annual reproduction rate undstrgantestinal parasite
infestations, recurrent drought and grazing scaftiémma, 2002).

2) Mixed crop-livestock systemwhich covers areas in altitudes between
1500 and 3000 m in which sheep are kept in smatki as a source of
cash income, meat, manure, skins and in some fmeasarse wool. The
sheep flocks are kept along with other livestookcsgs (cattle, goats and
equines) in rather reduced communal grazing areaspitable for
cropping, or fallows, waterlogged land and steepes$ (Mengistu, 2000).

3) Pastoral production systeis located in arid and semi arid lowland areas
below 1500 m.a.s.l. in which livestock rearinghig tmainstay of people.
Livestock and livestock products provide subsisteraither directly as
milk, milk products, meat and blood, or indirectly the form of
purchased cereals through sales of animals. Sheemiged mainly for
cash income (mainly through export) and meat, exgejsolated areas
where they also keep them for milk (for example Aflar and parts of
Tigray regions). Other important species in thistem include cattle,
goats and camels. Constant or partial herd molidlitystrategy to achieve
feed and water. Pastoralists have no permanent laomehence move
with their herds within their traditional territo{i¥lengistu, 2000).

The other type of production system, tharastatal and commercial production
systenrepresent a very small proportion of sheep prodactiystems in Ethiopia.
Sheep in these systems are managed either intgnsive semi-intensively.
Privately owned ranches, farms or governmentalsheeeding and multiplication
centres constitute this type of production systeénuately owned ranches not only
breed sheep for market but also purchase grown feons nearby farmers, and
fatten and sell them during festive occasions. Sanehes, however, export sheep
to the Middle East either as live animals or astomutEstablished by government
(parastatal), two ranches (namely, Debre Berhan Aaméd Guya) have been
crossbreeding and distributing crossbred rams nmefes on cost-recovery basis
until banned in 2001 when maedi-visna disease wafirmed in crossbreds and
associated sheep flocks.

Constraints to sheep production

Sheep production in Ethiopia is based on indigertmegds except for less than
1% exotic sheep group of mainly Awassi-Menz crosdbr The indigenous sheep
are year round breeders and mating is not controtiewever, the current off-take
rate is very low. Increasing the current level oddquctivity is essential to provide
meat to the ever-increasing human population, tvemse export earnings and
household income thereby improving the living semddof smallholders. There
are, however, a number of constraints to sheepuptmth and the major ones are
summarised as follows.
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Lamb mortalityis the single most important constraint limitingoguctivity.
Studies indicate that up to 50% of the lambs b@m die mainly due to diseases
and other causes such as adaptation failure, dgstoold stress, starvation and
mismothering (Hinclet al, 1986). Information is required on pattern andses of
mortality to improve survival.

Feed scarcity Sheep in the tropics primarily graze natural peest or utilise
crop residues and their by-products, whose suppdycmality fluctuate seasonally.
In the highlands of Ethiopia, the communal graziagd is diminishing due to
encroachment by cropping land because of increésed demand due to the
human population growth (Dibissa, 2000). The laxdegraded (Sundquist, 2003)
due to high and increasing human and livestock ladipn worsened by poor land
use policy resulting in low productivity of the &gm. Overgrazing, nutrient
depletion due to limited recycling of dung and crepidues in the soil, low use of
chemical fertilisers, declining fallow periods, Isand organic matter burning, soil
erosion and deforestation are all major concerresi@et al, 2000). Inadequate
access to feed influences the severity of sevefattions, particularly in young
animals (MacRea, 1993; Van Houtett al, 1995). Isolated efforts to solve this
problem may alleviate only part of the problem.téasl, integrated efforts should
involve combined efforts of improving land tenurelipies to promote natural
resource management, livestock productivity througlucing stressors (e.g.
diseases) by herd/flock health management, gematans (e.g. within and
between breed selection, crossbreeding), and inqggeroductivity per unit of
input than keeping large number of mediocre anintalsthermore, efforts should
be made in family planning to limit human populatigrowth rate and exercise
human mobility through re-settlement alternativasléss degraded and under-
utilised but productive areas within the country.

Inadequate utilisation of indigenous sheep breddksspite the fact that huge
sheep genetic diversity does exist in the coumoycomprehensive analysis into
the variation of growth potential of the indigendarseds has been undertaken. For
example, almost none of the sheep breeds from thedan highlands are
exported due to darkening of the meat after slarghtich is less liked by
importers (Aklilu et al, 2005). But this ‘defect’ has not been investgatThe
indigenous sheep breeds of Ethiopia, though ofemmltonsidered low-producers
without careful analysis of their output per urfiirput, are highly adapted to low-
input systems or are naturally selected for sutwivaer sub-optimal and disease-
ridden environments. They thrive and produce ongmaft and often uncultivable
lands. These breeds need to be well charactergmzymented, improved and
conserved through proper utilisation.

Transport and infrastructural problemsclude lack of road transport system.
Sheep are often transported on-foot and trek lastguace without water and feed.
In some cases, they are transported in unsuitaleles or lying on top of public
transport (bus) by immobilising them with a ropere@oading frequently occurs as
well as driving for long hours without rest, waterd feed. This predisposes them
to infections, injuries, and stresses, the lat@niosisly affecting meat quality.
Market yards do not have required facilities anérage without water and feed,
shades, partitions, scales, crushes, loading ramg<oilets (Akliluet al, 2005).
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Most abattoirs have no holding grounds and henémads cannot be rested and
treated.

Paucity of market informatiomt all levels is a limiting factor. For example,
about the export market, information flow on gradmsd standards for all
stakeholders in the marketing channel is neededveMer, there is no up to date
media coverage on livestock market information.

Lack of trained personnel and absence of recordidgspite the contribution of
the livestock sector to the household and natiesahomy, trained manpower is
very limited. Specialisation in sheep is missingl @mained personnel in one
species may be on call to contribute in every seas necessary. Recording in
general is hardly practiced in any livestock spgclacomplete records available
for ruminants are mainly in research stations andeghment owned ranches.
Farmers mix different livestock species as a gfsat® meet the family food
demand — cattle are kept mainly for traction antk,nsheep and goats for income
and meat, equines for transport and chickens foorme, egg and meat. This
together with illiteracy at smallholders’ levelclaof co-ordination and facilitation
at the extension level, and inadequate knowledgeséill on genetic evaluations
even in personnel of research stations, are athnigpediments.

Growth and survival in sheep

Growth in animals can be measured by the increabee weight. Early growth in
lambs is influenced by breed, sex of lamb, litiee sseason of birth as a reflection
of seasonal fluctuation in feed availability andcamilk yield of the dam (e.g.
Rastogiet al, 1993). Due to seasonal fluctuation of forageilaldity in the
tropics, animals lose weight during the dry seaand gain weight during feed
abundance in the wet season, deposit fat duringattter season and mobilise
during unfavourable periods to meet energy demasis® coping mechanism
(Negussieet al, 2000; Ermia®t al, 2002). However, a slow growth rate has been
limiting profitability of the indigenous sheep bo=e (Mukasa-Mugerwaet al,
1994). There is paucity of information on genetiariability for growth in
indigenous sheep breeds of Ethiopia.

Lamb survival is of major economic importance teesh producers world-wide
since most lambs are sold primarily for mutton.etdture reviews show that
geographical variation in lamb mortality is consaide (e.g. Daltoret al, 1980;
Peterson & Danell, 1985; Yapt al, 1990). In South Africa, management inputs
even with intensive care failed to reduce ‘core/eleof lamb losses below 15%
(Brandet al, 1985). It is generally accepted that during fitet few days of life
the majority of weak lambs will die and the motialdeclines as survivors grew
older. Why are these ‘weakly’ lambs born to dietli® question to address.
Information is scarce on genetic factors as a soofwariation for lamb survival.

Causes of sheep mortality

Identifying all causes of mortality in lambs is geally difficult. Studies show,
however, that important causes of lamb mortalitydtéo be similar in most
countries studied (e.g. Bekedt al, 1992a, b; Green & Morgan, 1993; Bingis
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al., 2002). In general, during the perinatal peritebg than 1 week after birth)
lambs die from adaptation failure, hypothermia,tdg®, starvation-mismothering-
exposure (SME) complex and septicaemia consequoemt imadequate colostrums
intake (e.g. Woolliamset al, 1983; Gamaet al, 1991; Hinchet al, 1986).
Between 1 and 3 weeks of age, deaths can result frauma, abscesses and
meningitis secondary to ompholophlebitis (“navit)i (e.g. Green & Morgan,
1993). Older lambs commonly die of various infeeticausing pneumonia, gastro-
intestinal diseases (e.g. enteritis or diarrhoea andoparasitism along with
malnutrition and predation (Weinet al, 1983; Yapiet al, 1990; Nastet al,
1997; Bakeret al, 2003). In the Ethiopian highlands, pneumoniaoaoted for the
majority of lamb deaths (Bekeét al, 1992a, b; Roger, 1996; Ayeletal, 2001).

The causes of mortality due to respiratory dise@selse highlands of Ethiopia
are multi-factorial. Hence, the term respiratorgedise complex (RDC) is used for
the condition conventionally known as bronchopnenianolt is locally identified
as Engib, ‘WozuwuNotwut, and ‘Gifaw. The causative agents could be
bacterial, mycoplasmal, viral, and parasitic lungrmvs (Njauet al, 1988a; Bekele
et al, 1992a, b; Ayeleet al, 2004). The control of respiratory diseases has
continued to be difficult. The reasons behind anawareness of smallholder
farmers of the importance to bring sick animalsdterinary clinics at early stages
of pneumonia; single dosing of animals with antilc® due to negligence of the
farmers to bring back the animals for subsequenéciions resulting in
development of drug resistance by the pneumonissimgumicro-organisms.
Furthermore, irregular and incomplete vaccinatioogpammes for diseases such
as pasteurellosis and PPR, and incompleteness eofatfailable vaccine for
pasteurellosis which does not include all specied serotypes foPasteurella
haemolytica(Ayelet et al, 2004) were important problems. Moreover, lack of
practising strategic mass drenching against pasasihd the emergence of non-
treatable maedi-visna virus as an important agentRDC were all major
impediments.

It has been argued that reductions in lamb moytalitn be achieved only by
identifying and targeting the specific causes oftalitly on a given farm (Kirk &
Anderson, 1982). However, because specific caubdanth deaths are similar
under many different systems it might be more alimgdo identify underlying
factors associated with mortality from multiple sas and change general farm and
lambing management practices accordingly (Rowlah@l, 1992; Binnset al,
2002). For example, environmental and/or manageahefactors can act as
stressors and hamper the immune response (Kimberl®88) and these,
combined with increased exposure to pathogens,leza/to respiratory infection
(Rooket al, 1990). An alternative to costly treatments foepmonia is prevention
through adjusting the management routines to redime risk of disease
development. Although losses due to pneumonia baea reported to be high in
Ethiopian highland sheep (Nj&a al, 1988a; Bekelet al, 1992 a, b; Ayelett al,
2001), risk factors predisposing sheep to pneumbaige not been systematically
studied.
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Characterisation and improvement of sheep genetic resources

Over long periods, indigenous sheep breeds havenie@dapted to various
stressors such as heat, cold, humidity, water ggaseasonal fluctuations in feed
availability in terms of quality and quantity, amdrious diseases. They thrive on
marginal and marshy lands unsuitable for cultivatiand on road-sides (Figure 2);
also convert left-over and by-products into aniptein, manure, wool and skin.
Unfortunately, a large number of these geneticuess have been lost and many
more are threatened due to uncontrolled crosshrgextid replacement with exotic
breeds. Despite large sheep genetic resourcesveratd, so far efforts have been
limited to identify and characterise the genotypesgisting in Ethiopia.
Furthermore, programmes for genetic improvemenstlidacking.

Results from fragmented studies indicate that themee 18 indigenous sheep
populations in Ethiopia. The diverse groups of ghgepulations in the central and
western highlands (above 2000 m.a.s.l.) includeMe@az, Legagora, Tucur (also
called Lasta), Arsi-Bale, and Dangila (also cal\thshera, Agew). These are
collectively referred by Epstein (1971) and Wilgd®91) as Abyssinian sheep or
Ethiopian Highland sheep.

Figure 2.Indigenous Menz sheep grazing on road-side at Digbriean

Another categories are the thin-tailed Horro sheefhe western humid mid-
highlands (1400-2000 m.a.s.l.), the fat-tailed Afteep (also called Danakil,
Adal) found in the north-east lowlands of the dRidt Valley and the fat-rumped
Blackhead Somali sheep (also known as Blackheadl€édgaBerbera Blackhead)
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found in the eastern lowland plains up to 1100 srl.aGalal, 1983). Many other
localized types are not yet explored. Local nanmesgeneral areas of distribution
for few of the sheep types of Ethiopia have beemtioeed by various authors
(e.g. Epstein, 1971; Wilson; 1991) in their effatat categorize and describe
African sheep types. Lemma (2002) made the firshmehensive phenotypic
characterisation of sheep in the Amhara RegioratieSif Ethiopia and classified
sheep groups of the state into four major groupmety Central Highland sheep,
North-western Highland sheep, North-western Lowlatedep, and Rift Valley
sheep types. Some characterisation efforts inchiaidies on Wello sheep (ILCA,
1989), Dangila (Washera or Agew) sheep (Chipmaf320Bonga sheep (Tibbo
& Tefera, 2004), and Abergelle sheep (Desta, 2084xountry-wide doctoral

study by Solomon Gizaw covering morphological analeoular characterisation
of Ethiopian sheep breeds is hoped to shed lighthenoverall sheep genetic
diversity status, including genetic distances betwine breeds.

On-station characterisation of some sheep breeds started in 1977 when
Horro, Adal, and Blackhead Somali were charactdriby the Institute of
Agricultural Research (IAR) (now EIAR) of Ethiopi@he International Livestock
Centre for Africa (ILCA) (now ILRI) evaluated thadigenous Menz and Horro at
Debre Berhan for genetic resistance to gastrotinedsnematode parasites. The
Sheno Agricultural Research Centre (now Debre BerAgricultural Research
Centre) characterised performance of indigenous zZMand its crosses with
imported Awassi. An in-depth characterisation om plerformance of Horro sheep
has been done at Bako Research Centre. None @f stetsons, however, applied
selection for economically important traits duestoall flock size kept in different
stations leading to small selection differentidib€gaz & Duguma, 2004).

CrossbreedingSheep importations to Ethiopia for crossbreediit the aim to
improve growth and wool of indigenous sheep, west faunched in 1944 when
the Merino breed was introduced from Italy. The Merbreed has been crossed
with the indigenous Arsi sheep in the Agarfa ratinithe former Bale province in
Ethiopia), but the detection of maedi-visna in floeek prompted stamping-out in
1988-89 with a complete closure of that ranch (B@Q8QO0). In late 1960s, sheep
breeds imported were Bleu du Maine from France, IRaitlet from Spain,
Romney and Corriedale from Kenya, and Hampshiren fték (Brannanget al,
1987; Beyene, 1989) and were mainly crossbred thieh indigenous Menz at
Debre Berhan ranch, which is located 135 km noat-@f Addis Ababa at an
altitude of 2790 m.a.s.l. Farmers in the highlaofi&thiopia, however, declined to
accept the crossbreds due to their phenotypic emdigs to the indigenous sheep.
Consequently, due to assumed phenotypic similtoityre local sheep the Awassi
breed (Figure 3) was imported in 1980, 1984 and418®m Israel, and was
crossed with the indigenous Menz (Rummieal, 2005). These crosses of Awassi-
Menz have been well accepted by farmers of Ethiopighlands. Subsequently,
producing of crosses has been boosted by estatgisiniother ranch at Amed Guya
300 km north-east of Addis Ababa at an altitud@200 m.a.s.|.
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Figure 3 Imported Awassi ewes (left) and rams (right)hat Debre Berhan ranch

A follow up milestone was the establishment ofsesgch centre (the then Sheno
Agricultural Research Centre) for improvement & thdigenous Menz sheep. The
research centre also produced Awassi-Menz crosgksised them for on-station
and on-farm research. According to records fronibbre Berhan ranch, between
the years 1994 and 2000, a total of 2503 crossbaets were distributed to
smallholder farmers on a cost-recovery basis. Thesbred rams were distributed
all over the country (except in the former Afar dsda and lllubabor provinces)
with the majority distributed in the former Shoayince of Ethiopia. The records,
however, had limited breed level information. Fraemailable information, it was
found out that three-quarters of the 1055 crossbaeats dispatched for breeding
were 75% Awassi x 25% Menz and the remaining oratquwere 50% Awassi x
50% Menz crosses for fattening. Major problemshef ¢rossbreeding programme
were lack of clear vision where to bring an impé&ihce the crossbreds were
distributed all over the country) and lack of rating at all levels, especially at
smallholder farms.

Research undertaken on performance of the Awasesidbin Ethiopia indicated
that the crosses of Awassi-Menz could fit into @@ol Ethiopian highlands.
Lemmaet al (1989) reported an increase in mean weight ah,biveaning, and
annual greasy wool weights with increasing levdlsAwassi blood. However,
Hasseret al (2002) found that the performance of 37.5% AwaséR.5% Menz
was no better than the indigenous Menz sheep iowairput system under
smallholder management in the cool highlands ofidpia. The superiority of
37.5% Awassi x 62.5% Menz in birth weight was naimtained at weaning due to
inability of the indigenous dam breed to supporpmyvide milk to higher growth
rate in the lamb. Limited natural pasture availggbiworsened by lack of
supplementary feeding practice in the mixed crgpdiock production system
limited the impact of 75% Awassi-Menz rams distténlito smallholder farmers
for crossbreeding. In addition, relative suscefitjbiof the crossbred rams to
helminthosis, particularly téasciola hepaticavas reported (Tibbet al, 2004a).
Despite their higher marketing weights under otiestamanagement, age at first
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lambing delayed greatly and fertility was low inrpuAwassi and its crosses as
compared to the indigenous Menz sheep (Runatnel, 2005).

Genetic analysis of growth and survival in sheep

Growth rate of the indigenous sheep could be imgadoyy way of genetic means
provided that the required information is obtainéu.young animals, the milk
supply of the dam and the maternal care she previagely contribute to their
growth (Lewis & Beatson, 1999). Maternal effecte anore important in sheep
than in cattle because of the greater relativeatiari in litter size in sheep and the
competition between lambs for their mother's milkpgly. Maternal effect
incorporates both similarities between litter mgsmmon environmental effects)
and similarities between lambs born to the sameievdifferent litters or parities
(permanent environmental effects) (e.g. Abeglaal, 2005). Thus, to decide upon
a viable selection strategy for growth traits, raaties of genetic and environmental
parameters and correlations between direct andrnadtadditive genetic effects
are needed. Previous report by Regal (2002) working on the same breeds did
not consider the common environmental effects atonghen combined with other
genetic and permanent environmental componentstardfore, these have to be
estimated.

For improving lamb survival, selective breeding Idobe used (Haughey, 1993),
but low heritability of survival traits limited getic progress (Safadt al, 2005).
One reason for low heritability estimates of lamirvéval could be that an
improper estimation method has been used. The caostmonly used method for
estimating genetic parameters is the Linear Moldgl)( where mortality is defined
as a binary variable for survival to an arbitrarypoedetermined time point (e.qg.,
Lancelotet al, 2002; Bakeret al, 2003). This method ignores the underlying
continuous nature of the trait (Yazeti al, 2002) resulting in a loss of information
due to an arbitrary choice of period, failure te@mt for censoring (animals that
leave the study before the event has occurred)falutle to account for covariate
interactions with time or covariates that vary withe (Allison, 1997; Southegt
al., 2003; Mandonnetet al, 2003). A better option might be to use Survival
Analysis (SA), which is based on failure-time. S& a statistical method for
studying the occurrence and timing of specific ¢évewhere the analyzed response
time equals the time elapsed from a starting paiti the occurrence of the event
of interest (Ducrocq, 1987; Lee, 1992). SA has hessd in animal genetics for
the study of longevity (e.g., Ducrocq, 1994; Yaetlal, 2002), health (e.g. Carlén
et al, 2005) and reproduction (e.g. Alloe¢ al, 2001; Schneideet al, 2005) in
dairy cattle. Recently Pereisd al (2006) used SA for the analysis of age at first
conception, Foraboscet al (2006) compared LM and SA for the analysis of
longevity traits in beef cattle, and Mandoneétal (2003) used SA to estimate
genetic parameters for survival traits in goatsweler, no study is known to the
author, which used SA for estimating genetic patarsdor survival in sheep.
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Aims of the thesis

The overall aim of this thesis was to investigatedpctivity and health constraints
of indigenous Menz and Horro sheep breeds and lmeds. More specifically,
the aims were to:

1) assess between and within breed variation in lamlwty and survival,
while identifying major causes of mortality

2) identify and quantify risk factors for mortalitysasciated with respiratory
diseases

3) estimate genetic and environmental parametersafithrusing different
models

4) estimate genetic parameters of survival using lriddadels and Survival
Analysis

5) investigate causes of respiratory diseases outbiaaknches

6) evaluate cost-effectiveness of anthelmintic treatramd supplementation
in indigenous Menz and Awassi-Menz crossbreds

7) discuss a framework for sheep breeding in Ethiop@nsidering
productivity and health

Overall hypothesis

The general hypothesis is that there exist gerait environmental dependent
variation in growth and survival among and withimdigenous sheep breeds and
crossbreds that could be utilised to improve oVgnadductivity and health of the
Ethiopian sheep population.

Overview of the investigations

In this section, summary of materials, methods anaih findings are presented
briefly. Most of these studies (Papers -1V and)Wiere undertaken at the ILRI
Debre Berhan Research Station except for two exatis (Papers V & VI) which

were undertaken in Amed Guya and Debre Berhan govemtal sheep ranches.
Detailed descriptions of each experiment are faanglach paper in the Appendix
(I=VIIy.

Materials and methods

Experimental sites

ThelLRI Debre Berhan statiors located in the Ethiopian highlands 120 km north
east of Addis Ababa at latitude 9°3§, longitude 39°38E and altitude of 2780
m.a.s.l. (Figure 4.).
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Figure 4 Approximate breed distribution map for the indigas Menz and Horro sheep
breeds in Ethiopia and experimental site (Debrén&ey

Figure 5 The Horro (left) and the Menz (right) rams indiges to Ethiopia

The climate is characterised by a long rainy sea§hme to September)
accounting for 75% of the annual rainfall, a shramy season (February/March to
April/May) and a dry season (October to January)nsel rainfall recorded at the
station averaged 920 mm over the study period. akerage monthly minimum
temperature ranged from 2°C in November to 8°C ugust, while the average
monthly maximum temperature ranged from 18°C int&aper to 23°C in June.
The mean relative humidity was 60%. The naturakyvaesat the Debre Berhan
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station, where the lambs were raised, is domindtgdAndropogon grasses
(Andropogon longipgswith a variable proportion of legumeErifolium spp).

The Amed Guya sheep ranetas established in 1979 by the Baptist Mission of
Ethiopia in the epicentre of distribution of the hebreed (Figure 4), 300 km
northeast of Addis Ababa at 2900 m.a.s.|. Debre Berhan sheep rang¢kigure
4) was established in 1967 and is located neall.fReDebre Berhan station (only
15 km away) at 135 km north of Addis Ababa and lttude of 2790 m.a.s.l. Both
ranches have large areas of land which is largegduor grazing. The annual
rainfall of the Amed Guya ranges from 900 to 110@,rabout 70% coming in the
wet season from July to September. A long dry sef®on October to January is
followed by the short rains from February to Apiilhe average daily minimum
temperature was 1.3-9.4°C and average daily maxinemperature was 18.6—
23.4°C.

Study animals and management

The studies in Papers |, II, Il & IV compared thlenz and Horro sheep breeds,
which are both indigenous to Ethiopia. An approsxenreed distribution map is
given in Figure 4. The Menz sheep (Figure 5) adégenous to the study area and
a flock was already established at the Debre Bestetion at the beginning of the
study. Menz sheep are concentrated in the cenigaldmds between 2500 and
3000 m above sea level. It is a fat-tailed breeckmtively small size (mature ewes
range from 25 to 35 kg). Age at puberty at 11.2 tin®i§Toeet al, 2000), fertility
rate at 76% and litter size at 1.13 was reported/fienz breed from the same flock
(Mukasa-Mugerweet al, 2002). Coat colours of Menz breed are princyphlack
(22%), plain white (16%), plain brown (11%), ligltown (10%), and a mixture of
black and brown (6%), white and brown (6%), whited ablack (5%) or a
combination of all three colours (Tibket al, 2004b). White spots on the neck,
head and legs are frequent and with an open fleeesisting of coarse hair and a
woolly undercoat (Galal, 1983; Tiblat al, 2004b).

The Horro sheep (Figure 5) are found in westeriolpta at an altitude of 1400—
2000 m.a.s.l. with a dependable annual rainfalfayieg 1000-1400 mm. It is a
fat-tailed hair breed. Coat colours are mostly emifly brown or light brown
(83%); few of the sheep (10%) have white with broptain white (3%) or plain
black (2%) colours (Tibbe@t al, 2004b). They are larger sheep than the Menz,
with mature ewes ranging from 35 to 45 kg (Gal&@i83). Age at puberty at 10.3
months (Toeet al, 2000), fertility rate at 67% and litter sizelal4 was reported
for Horro breed from the same flock (Mukasa-Mugesawal., 2002). Results from
a station closer to Horro’s habitat revealed tledility rate of 77%, twinning rate
of 34% and mortality rate of 34% up to a yearligg #§Abegazt al, 2002b). The
Horro ewes and rams required to initiate the expent were purchased from their
traditional habitat in western Ethiopia and werearmmtined for 2—3 months at
Debre Berhan station before joining the experim@ulditional Menz and Horro
rams were purchased as and when required ovetuthe geriod.
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Experimental design and data recorded

The Menz and Horro ewes were mated after synchedni@strus to deliver their
lambs either in June at the beginning of the wetwseason (long rains from July
to September) or in October/November just befoeediset of the dry cold season
(November to January) (Tembedt al, 1998). Ewes were mated in single-sire
groups of 20-25 ewes to a ram of the same breedleSsire mating occurred in
night pens for 30 days on average (range 25-42) dayb ewes were allowed to
graze together during the day. When they are bawk fjrazing, ewes are sorted
by sire groups within breed at every evenings. Rasi® subjected to a breeding
soundness examination prior to each mating se&amrh ram was used to produce
progeny in one wet and one dry season and therospmately three quarters of
the rams of each breed were replaced with new r@ersrams of each breed were
used at each mating season and a total of ten gfiatitbing seasons took place
between May 1992 and January 1997 (Table 1). A aft2393 Menz and 1968
Horro lambs were born in the study and these waeeptogeny of 43 rams and
2017 ewes for the Menz and 41 rams and 1670 ewdbddHorro. The ewes had
the opportunity to produce lambs in different yemmd seasons of the study so that
over the entire study 856 Menz ewes and 784 Hamesavere used.

Table 1 Mating and lambing schedules for the ten lamb ceopsthe number of Menz and
Horro lambs born

Group  Mating period Lambing period Season No. nfda born
Menz Horro
1 May 1992 Oct / Nov 1992 Dry 153 136
2 Jan. 1993 June/July 1993 Wet 232 115
3 May 1993 Oct / Nov 1993 Dry 202 141
4 Jan. 1994 June/July 1994 Wet 247 228
5 May 1994 Oct/ Nov 1994 Dry 196 172
6 Jan. 1995 June/July 1995 Wet 282 234
7 May 1995 Oct / Nov 1995 Dry 233 196
8 Jan. 1996 June/July 1996 Wet 312 283
9 May 1996 Oct / Nov 1996 Dry 265 245
10 Jan. 1997 June/July 1997 Wet 271 218
Total 2393 1968
Data structure
No. of sires 43 41
No. of dams 854 785
No. of dams with own records 330 153
No. of grand-sires with progeny records 33 30
No. of grand-dams with progeny records 250 130
Total lambs/dam 2.80 251
Litter size at birth 1.13 1.14
Mean lambs/sire 55.7 48.0

Birth weight, birth date, sex, and litter size weesorded at lambing. Lambs
were ear-tagged at birth and parentage informatémorded. Live weight was
recorded when the lambs were 1, 2, 3 and 12 maftlagie together with other
measurements for a large experiment on genetistagsie of the sheep breeds to
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gastro-intestinal parasitism (Tembeady al, 1998; Mukasa-Mugerwat al, 2002;
Regeet al, 2002).

Ewes and lambs grazed together (Figure 6) duriegddy and were housed at
night in covered pens with free access to grasswater and mineral lick blocks.
Ewes and lambs were allowed to graze on 169 haasfupe divided into eight
paddocks which were grazed in a rotation at 3—4kviervals or when needed to
maximize forage production.

Figure 6 Experimental Menz (left) and Horro (right) ewesldambs grazing at the ILRI
Debre Berhan station in Ethiopia (dry season lagjbin

Ewes received 200 g/head per day of a concentratiine comprising 33%
noug cake Guizotia abyssinicg 65.5% wheat bran, 1.0% limestone and 0.5% salt.
Supplementation was increased to 400 g/head peduaéyg the third trimester of
pregnancy and during the peak of the dry seasombkahad no access to feed
other than that fed to their dams before weanirfterAveaning at 3 months of age,
however, they were supplemented with 50-150 g/heed day of the same
concentrate until they were able to graze activEpmale lambs were separated
from the male lambs after weaning, but exposeti¢ossame grazing paddocks in a
rotational grazing system until they completed éxperiment at the age of 12
months.

Due to the topography of the ILRI Debre Berhanistaand flooding during the
wet season, and in order to minimize liver flukkeations, all sheep on the station
were denied access to grazing in paddocks in thedyimg land during, and just
after, the wet season (July to December). Ewesvete00 g/head per day of a
concentrate mixture comprising 33% noug cal&igotia abyssinica 65.5%
wheat bran, 1.0% limestone and 0.5% salt. The allme was increased to 400
g/head per day during the third trimester of preggaand during the peak of the
dry season (from November to January). Lambs hadceess to feed other than
that fed to their dams before weaning.

Animals were drenched for liver flukes with trickridazole (Fasinex 10%, Ciba
Geigy, Switzerland, 12 mg/kg body weight) in NovembDecember and January
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of each year and oxyclozanide (Zanil, Coopers Ahikhaalth, 15 mg/kg body
weight) in August. In addition they were all vaaied against sheep pox,
pasteurellosis and clostridial infections twiceemry At the sampling at 2 months
of age, individual lambs with a faecal egg coun000 epg or more were treated
with either fenbendazole (Panacur, Hoechst, Germbiyng/kg body weight) or
levamisole hydrochloride (Nilverm Super, Coopersimal Health, UK, 7.5 mg/kg
body weight). However, over the entire study peramdy three Menz and five
Horro lambs had an epg count of 2000 or great® mibnths of age. All lambs
were drenched at weaning. Sick animals were attetwland the date and cause of
sickness recorded. This permitted the number oédira lamb fell sick (health
category) to be calculated. Data were also colieote mortality of sheep over the
whole study period by performing post-mortem exations on dead animals and
recording of pathological findings and causes aitde

A retrospective case-control study (paper Il) wanducted on 6718 sheep of
two breeds (2772 Horro and 3946 Menz) on risk fecfor mortality associated
with respiratory disease (MARD), based on dataectdld between October 1993
and December 1997. The number of animals in thidysis higher than in Table 1
due to the inclusion of the whole station flocle (ithe main experimental flock and
the multiplication flock). The multiplication flockeceived anthelmintics on a
regular pre-planned strategic de-worming schedsl®@mposed to animals in the
study examining genetic resistance to nematodespesan the two breeds, which
were treated based on worm eggs per gram (EPGlc(Regeet al, 2002).

For a study on profitability of anthelmintic tream and supplementation (Paper
VII), a total of 109 yearling lambs of indigenoueM (=40), 50% Awassi-Menz
(n=38), and 75% Awassi-Menzn£31) were purchased from the Debre Berhan
ranch. The experiment was completely randomisech wit 2 2" 3 factorial,
involving two nutrition levels (supplemented and nrsupplemented), two
anthelmintic treatment groups (treated and nortétBaand three genotypes
(indigenous Menz, 50% AwassiMenz, and 75% Awass$i 25% Menz crosses).
The allocation of sheep to the 12 treatment contioina was made by blocking by
initial weight within genotype. The experiment itwed natural infection and a
fairly strict monitoring regime. Data were collettduring the experimental period
for ten months from about one year of age. Feaakén{concentrate and hay), live
weight, eggs per gram (EPG) of faeces, packed/akline (PCV), wool weight, and
adult worm burden were recorded. Data were colieote actual market input and
output prices.

Respiratory disease outbreak investigations (P¥p&nd VI) were made in the
Amed Guya and Debre Berhan sheep breeding ranthesnitial study (Paper V)
investigated causes of an outbreak of respiratmgade complex (RDC) in Amed
Guya sheep ranch. The outbreak of RDC occurredhénAmed Guya ranch in
October 1998. All genotypes including the indigentenz, Awassi-Menz crosses
and pure Awassi were affected and they were madter than 2 years. The
affected sheep were isolated in a separate bailrthay had been examined, so as
to avoid dissemination. The outbreak was investigjasystematically through
clinical, serological, microbiological, post-mortenand histopathological
examinations. The health and basic record bookkeofanch were examined and
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analysed for the occurrence of the disease, mdybidhiortality and culling rates.
Serum was collected from 137 randomly selectedsha®d submitted to CIRAD-
EMVT (France), a reference laboratory of Officeemmational des Epizooties
(OIE) and to the National Animal Health Researcit@e(NAHRC) in Ethiopia.
The serum samples were analysed using a PPR corgetinzyme-linked
immunosorbent assay (ELISA) for antibody detect{bibeau et al, 1995). In
addition, the collected whole blood was culturedryptose agar and incubated at
37°C overnight for bacteriological investigatiorm&ars from the colonies were
stained with Gram’s stain and examined under oiharsion. ldentification of
bacteria was done by the method described by Maté&®acker (1983). Samples
of pneumonic lungs were collected during necrogiyed in buffered 10%
formalin, embedded in paraffin, sectioned at 4-5, uamd stained with
haematoxylin-eosin and Masson'’s trichrome techriqiibe stained tissue sections
were examined under a microscope for histopathcddgthanges. Vaccination
with a homologous PPR vaccine (National Veterinasgitute, Ethiopia) as means
of control was applied by vaccinating three quart@r = 2409) of sheep and
leaving a quartem(= 764) of them as unvaccinated control but bothugsowere
drenched with levamizole-HCI and oxyclozanide (Lfega Norbrook Laboratories
Ltd, Kenya) against internal parasites.

A follow-up study (Paper VI) investigated the pmse of antibody against
maedi-visna (MV) virus in Amed Guya and Debre Berbheep ranches. Antibody
against MV virus was assessed by collecting seramptes from 105 of the 200
sheep examined in the sick bay. Samples were alsected from 48 indigenous
sheep from Debre Zeit (45 km south-east of Addisl#d) and 70 goats from
Adami-Tulu (165 km south of Addis Ababa) to checkether the disease is
introduced or endemic to Ethiopia. The serum sasnpiere analysed by the Agar-
Gel Immuno-Diffusion (AGID Test Kit, VMRD, Veterimg Medical Research and
Development, Inc. Pullman WA, USA). Effects of lilesex, age, and location
(seroprevalence of MV in the central highlands twso other regions) were
assessed. In addition association of MV with chhimastitis was also investigated.

Data analyses

The fixed effects, random effects, and covariatedysed in different studies are
summarised in Table 2. For the study in papeth#, RISK, coded as 1 (death due
MARD) and O (for live or dead due to other cause®s defined as the risk of
MARD in any one month. For the Linear Model (LM)afger 1V), lamb survival
was defined as a binary trait measured at wearingre-weaning (SURV1), at
yearling for post-weaning (SURV2), birth to yeagigSURVT), and from birth
until the animal left the station for survival fromaspiratory diseases (SURVRD).
For the Survival Analysis (SA), the trait was definas time (days) to respective
periods (mentioned above for LM) for lamb survivifrght censored) and time to
death (uncensored). Data analysis procedures dpptie software used for various
studies are presented in Table 3.
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Table 2 Summary of fixed effects, random effects and dates fitted in the models
applied in the various papers

Paper  Traits Fixed effects RandomLinear
effects covariates

| BWT, WWT, ADG1, Breed, parity, season, Sire Birth date (for
Pre- and post- year, lamb sex & litter within BWT); Age
weaning mortalities, size (BWT class, breed (for WWT)
causes health category)*
Il RISK from MARD Breed, sex, age,
month
11 BWT, WWT, YWT, Breed, parity, season, Sire Age
ADG1 & ADG2 year, lamb sex, litter  within
size breed
\Y SURV1, SURV?2, Breed, parity, season, Sire
SURVT, SURVRD, year, lamb sex, litter  within
BWT, WWT & YWT size breed
V, VI  Epidemiological Breed, sex, age, health
rates category and location
VI Feed intake, faecal  Genotype, Animal Age

output, weight gain, anthelmintic

wool yield, marginal treatments,

cost, marginal supplementation, sex

revenue, marginal

profit
ADG1 = pre-weaning average daily weight gain; AD&2Zpost-weaning average daily
weight gain; BWT = Birth weight; WWT = weaning waig YWT = yearling weight;
SURV1 = pre-weaning survival; SURV2 = post-weansugvival; SURVT = survival from
birth to yearling; SURVRD = survival from respirayaliseases
* BWT class and health category as fixed effectengsed only when pre- and post-weaning
mortality rates are analysed as response variables.

Table 3 Summary of software and procedures used for nstatistical, genetic and
economic analyses

Paper  Data analyses / procedures Software used

I, 1l PROC MIXED, quasi-log Linear Models, PROC SAS
LOGISTIC, PROC REG

1l PROC GLM, Genetic analysis (Univariate & SAS, DfREML
Multivariate)

\ LIFETEST (Kaplan-Meier), Genetic analysis (comgéh  SAS, FREML
Linear Mixed Models & Survival Analysis) Version 3.0,

Survival Kit V3.12
V,Vl  PROC MEANS, PROC FREQ (CHISQ option) SAS
Vi PROC MIXED (Partial budget analysis) SAS
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For the study in paper Ill, 12 models formed wititlision or omission of
maternal genetic, permanent environmental and cam(iter) environmental
variance components and the covariance betweedirtbet and maternal additive
effect on the basic additive genetic model, weredusDetails of statistical
assumptions and analysis can be found in the régegapers (Papers I-VII).

Main Findings

Growth

Effects of breed, lamb sex, season of birth, yé&irth, litter size, and dam parity
on weights at birth (BWT), weaning (WWT) and yeagli(YWT), and pre- and
post-weaning average daily gains (ADG1, ADG2) wengied (Papers | & IlI).
Horro lambs were heavier than Menz lambs at bRtAQ vs. 2.06 kg), at weaning
(9.48 vs. 8.64 kg) and at yearling (19.0 vs. 1'g) &d therefore had faster pre-
weaning (78.0 vs. 72.6 g per day) and post-weaf®ig0 vs. 29.1 g per day)
growth. BWT increased significantly?€0.001) from the first to third parity (2.0,
2.3 and 2.5 kg, respectively), was higher for lanffmsn as singles than as
multiples (2.6 vs. 2.0 kd?<0.001) and was heavier for male than for femaiebka
(2.3 vs. 2.2 kgP<0.001). BWT was higher for lambs born in the wetrt in the
dry season (2.5 vs. 2.1 Kgs0.05).

Factors that significantly influenced BWT were afeond to affect ADG1 and
WWT. In particular, lambs born in the wet seasomwgrfaster than their
contemporaries born in the dry period (74 vs. egday,P<0.001) and they also
had heavier WWT (9.4 vs. 7.9 kd<0.001). There was a bre€d season
interaction for ADG1 and WWT R<0.001), the ADG1 differences for Horro
lambs born in the wet compared to the dry intebsihg greater (80 vs. 54 g per
day) than for the Menz (68 vs. 54 g per day) bre&idilarly, the difference in
WWT for Horro lambs born in the wet relative to tthey season was about twice
as large (10.7 vs. 8.1 kg) as that observed forA\&keep (9.1 vs. 7.7 kQg).

Within breed, sires were a significant source afateon for BWT (<0.001),
WWT and ADG1 P<0.01) in both breeds, YWTPE0.001) in Menz and ADG2
(P<0.05) in the Horro breed (Figure 7). For examplegenies of best and worst
sired (upper and lower Quartile) Horro lambs hatfi2is. 2.29 kg BWT, 10.31 vs.
9.69 kg WWT and 83.3 vs. 76.5 g/day ADG1. The cgpomding figures for best
and worst sired Menz lambs had 2.14 vs. 1.99 kg B@/%1 vs. 8.81 kg WWT
and 76.7 vs. 69.9 g/day ADG1.

At the beginning of the study (Paper VII) on prafitity of anthelmintics
treatment and supplementation, the 75% Awassi x zZMemere significantly
(P<0.0001) heavier by at least 31% than the 50% Awaddenz and indigenous
Menz sheep. During the experimental period, howether 50% Awassi x Menz
had higher weight gainPE0.07) than the indigenous Menz and 75% Awassi x
Menz genotypes.
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Figure 7. Sires within breed distribution (percent) for eage progeny weight at birth
(BWT), weaning (WWT) and yearling (YWT) in the Horand Menz breeds
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Overall, response to feed supplementation as teflein weight gain was
significantly (P<0.001) variable and largest in the crossbred gpest
Anthelmintic treated lambs (Paper VII) gained masight (°P<0.0001) compared
to their non-treated contemporaries.

Genetic parameters of lamb growth

Results of univariate genetic analyses in the Hamd Menz breeds compared
twelve models (Paper lll). These were formed witiclusion or omission of
maternal genetic, permanent environmental and camfiter) environmental
variance components and the covariance betweedirtbet and maternal additive
effects on the basic additive genetic model. Theemal genetic components were
important for BWT, WWT and ADG1. The contributionf ¢the permanent
environmental component in the model was also anliat but less important than
the common (litter) environmental component. Tdtaritability estimates for
Menz and Horro were generally moderate or on thedme at 0.22 vs. 0.26 for
BWT, 0.15 vs. 0.12 for WWT, 0.21 vs. 0.04 for YWT.14 vs. 0.11 for ADGL1,
and 0.11 vs. 0.11 for ADG2.

Results from multivariate analyses revealed thagotligenetic correlations were
moderate to high and positive among most growilstia the Menz breed ranging
from 0.48 to 0.99 except among BWT & ADG1, BWT & &2, and WWT &
ADG2 due to large standard errors. The estimate$foro breed suffered high
standard errors and were largely non significanatdvhal genetic correlations
were moderate to high and positive among all grotriits in the Menz breed
ranging from 0.32 to 0.96. The maternal geneticetations among growth traits
for Horro breed were also significant and high gas 0.87 to 0.99) although they
in some traits had high standard errors and herce mon-significant.

Lamb survival

Results of preliminary analysis on lamb survivadger 1) indicated that the overall
flock pre- and post-weaning mortality averaged 26 34%, respectively, leading
to a flock mortality rate of 44% (including 1.6%illsirths) up to 1 year of age.
Mortality rate was influenced by many factors whasportance varied with lamb
age. The pre- and post-weaning death rates (P3peere 25.3 and 34.2%,
respectively, for Horro in contrast to 8.8 and 28.3or Menz sheep. As a
consequence, mortality up to 1 year of age wastaidce as high for Horro than
Menz lambs (59 vs. 28%, respectively).

In the final analysis when all lambs were includethe analyses (Paper 1V), the
pre- and post-weaning mortalities were 33.1% an8%4for the Horro and 19.2%
and 25.9% for the Menz sheep. Consequently, moyrtati to yearling (Figure 8)
was more than twice as high for Horro than for Miambs (69.6 vs. 30.2%). The
trend of proportional hazard (Paper IV) revealed tovitical age periods for
mortality (especially for the Horro lambs), thesfiB to 4 weeks and the other 4 to
7 months of age, the latter hazard follows weaaingbout 3 months.
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Figure 8 Survivor curves from birth to yearling (SURVT)rfthe Horro (solid line) and
Menz (dotted line) — survival is plotted againstdi(days)

The effect of sex was significant for SURVT and SIRD; females survived
better than males in both cas®xQ.001) particularly during the perinatal period
and after the age of 6 months. As expected, landys ko first parity ewes
(maiden) had significantly lower SURVT than lamlzsrbto higher parities in both
breeds. Single-born lambs had consistently highernval at all stages than lambs
born as multiples. In both breeds, lambs that veer@ during the dry seasons had
lower SURV1 and SURVRD than those lambs born dutirgwet seasons. For
SURVT, the Horro lambs that were born during drgsem had significantly lower
survival than those born during the wet seasonre@sethere was no significant
season difference for SURVT in the Menz lambs. €helas a tendency of
increasing risk over the years studied.

Relationship between BWT category and SURVT is gmtsd by breed in
Figure 9. There was a positive relationship betwBAAT and lamb survival within
breed at all age$2€0.001). Survival for lambs born light (<2 kg BWgas lower
at least by 13% in Horro and 17% in Menz lambs tthense with medium BWT
(2-3 kg BWT). Likewise, survival in lambs with meadi BWT was lower by 10-
20% in the Horro and 10% in the Menz lambs tharnviiéambs at birth (3 kg
BWT or more).

Genetic parameters of lamb survival

Sires were a significant source of variation (Pdpéor lamb mortality at 6, 9 and
12 months P<0.05-0.001) but not earlieP$0.05). The best and worst Horro ram
sired progeny groups had mortality rates up to aryaf age of 22 vs. 80%,
respectively. The corresponding estimates in Manz sired progeny groups were
11 and 48%, respectively.
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Figure 9 Survivor curves for SURVT by BWT class for Hol@ and Menz (bgolid line
is for BWT class 1 (i.e. <2kg or lightjtotted line with circlds for BWT class 2, (i.e. 2-3
kg or medium); andotted line with trianglas for BWT class 3 (i.e. >3kg or heavy).

Heritability estimates from the univariate analysdslinear Model (LM) for
lamb survival ranged from 0.5 to 5.6% (Paper IV)oddl comparisons among
animal models with and without maternal genetice@ffin a univariate LM
revealed that the maternal genetic component iitapt for lamb survival and
ignoring it can inflate the direct heritability esttes. Estimates of the direct
heritability for SURV1 with bivariate analyses raagfrom 3 to 4% in both breeds.
The heritability estimates from the bivariate asalywere closer to those from the
Survival Analysis (with the exception of the hightimate for SURV2 in Horro
from Survival Analysis). Maternal heritabilitiesofn the bivariate analyses for
survival traits ranged from 2 to 7%, the higheruesl (6-7%) for SURV1 for both
breeds.
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The heritability estimates from Survival AnalysiSA) ranged from 0.3 to
18.5%. Comparison of the LM and SA methods revedlet accuracies of
breeding values were higher for the traits analysigll SA (0.19 to 0.80) than with
LM (0.28 to 0.60). The differences between estimdtem the two methods were
greater for survival in older ages.

Genetic correlation estimates (Paper 1V) had lstgdard errors, and only
some of maternal correlations were significantl§fedent from zero. Maternal
genetic correlations among survival and growthdnaere significant ranging from
0.38 between SURV1 and BWT to 0.72 between SURMINAWVT for the Menz
breed. Likewise, the maternal genetic correlatamm®ng survival and growth traits
for Horro breed ranged from 0.49 between SURV1 BRMT to 0.77 between
SURVT and WWT. Phenotypic correlations were alggisicant for the Menz
breed: those lambs that were heavy at birth alsbhigher SURV1 and SURVT
(phenotypic correlations were 0.23 and 0.19, respdyg). The phenotypic
correlation was 0.19 between SURV1 and BWT and ®@&f@veen SURVT and
WWT for the Horro breed.

Causes of mortality

In the preliminary analysis based on post-mortenamérations (Paper |I),
pneumonia was the most widespread cause of mgrtdibre than half of the
deaths in Horro and Menz lambs were attributedrteumonia (53.4 vs. 54.2%,
respectively). Other causes of mortality for Hoenod Menz were digestive and
gastro-intestinal problems (14.4 vs. 11.5%), endmgiasm (8.7 vs. 13.1%), the
SME complex (9.7 vs. 7.3%), septicaemia (3.4 8%, stillbirths (2.5 vs. 5.6%)
and undetermined causes (6.6 vs. 5.1%). Endoparadéctions as a cause of
mortality were of limited importance in both breedsl were primarily confined to
infections from tapewormdaMoniezia spp in very young lambs, and liver flukes
(Fasciola hepatica and verminous pneumonidittyocaulus filarig in older
lambs.

Risk factors for major causes of mortality

Odds ratios (Paper 1) indicated that Horro lambs dareater risk of dying of any
cause than Menz lambs. Birth weight was also a mi&gh factor for pre-weaning

mortality (Figure 9). In comparison to heavy weitdrnbs, lambs born light had a
bigger risk of dying from SME/malnutrition, endopaitism or septicaemia. This
was in agreement with the observation that lambe baultiple and/or lambs born
lighter were also more likely to die of any caubart single-born lambs except
those suffering from septicaemia. Likewise, lamlosnbin the dry season were
more likely to die from the SME complex, endopdiasi and septicaemia than
contemporaries born in the wet period. In additiorales had a bigger risk of
succumbing to the SME complex, respiratory and padasitic ailments than

females.

In the final analysis for pneumonia (Paper II), MBRccounted for 54.4% of
total deaths. Annual MARD rate was 14.4 rangingveen 6.3 and 19.0%. MARD
(%) was high between October and March whereasivela low between April
and September with a pattern of U-shape, high $ewethe early part of the year, a
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substantial reduction between the months of Apnidl &eptember followed by
another steep increase in the last third of the.yEae Horro breed had higher
overall annual MARD than the Menz breed (16.5%1%54%). Similarly they had
higher monthly MARD than the Menz sheep. Males lhigther annual MARD than
females (15.1% vs. 13.8%). Age was also an impbntsk factor for MARD:
there was a strong polynomial relationship betw&RD and age; the risk was
high if a sheep was young. Air temperature wasrgroitant factor for MARD and
a negative correlation (r = —0.5B<0.01) between average monthly MARD and
monthly average minimum air temperature with a cubiationship, the quadratic
component having a negative slope. In additiontrang positive exponential
relationship between average monthly MARD and migrakierage daily deviation
of minimum temperature from maximum temperaturehwét strong positive
correlation (r = 0.69°<0.001).

Causes of respiratory disease outbreak

Estimated rates for RDC outbreak (Paper V) weret@ 8.0% for incidence, 17%
for prevalence, and 18% for case fatality rateitieshe culling of pneumonic
sheep. In addition, 49% of the morbidity and 36%thef mortality in the study
period was due to RDC and affected animals weretlynaslults (older than 2
years). Menz sheep were more susceptible to RD€ttieaAwassi-Menz crosses.
Age was also a significant source of variation oriality. Adult and weaner Menz
had higher morbidity and mortality than the crossdsle the lambs of the crosses
had a higher mortality than the Menz lambs in thee age group. Causes of
mortality in this young group were poorly documehé the ranch. Major clinical
sighs of RDC were dyspnoea, polypnoea, fever, dnyghing and progressive
emaciation. Grossly lungs were greatly enlargetiched to the parietal pleura,
and firm to very firm in consistency with greyiskiged foci of gland-like
consolidation with hepatisation (red-and grey). Mstinal and peri-bronchial
lymph nodes were also enlarged. Microscopic lesi@vealed maedi-visna like
lesions, with or without a verminous- or bronchapmonia complex. Serological
examinations revealed that 72.3% of the examinddhas were positive for
antibody against the PPR virus. Bacteriological neixations revealed
Streptococcal spmndStaphylococcal spand fungi to have played some role.

A follow-up study (Paper VI) on affected sheep loé tAmed Guya and Debre
Berhan ranches indicated that 74% (148/200) ofstteep examined had signs of
respiratory embarrassment and serological analfmismaedi-visna antibody
revealed that 74% (78/105) of sheep tested for masth were positive. Maedi-
visna prevalence varied from 48% in Awassi sheep2% in Menz sheep with a
significant genotype differencd®€0.001). There was no significant difference in
infection-prevalence between sheep from Amed-GUA@24) and Debre-Berhan
(76%) sheep ranches. None of the 48 sheep exartoradDebre-Zeit, and the 70
goats from the Rift Valley was positive for thedafion.

Profitability of anthelmintic treatment and supplementation

Profitability of anthelmintic treatment and supplmtation using partial budgeting
in the indigenous Menz and Awassi-Menz crossbreglgenotypes was studied
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in Paper VII. The supplemented lambs had highegmar profit (MP) per sheep
than the non-supplemented sheep (ETB = 32.86 48, #<0.0001). Likewise,
anthelmintic treated sheep performed significafitbtter than their non-treated
contemporaries (MP = ETB 29.34 vs. 8.0%%0.01). The indigenous Menz and
50% Awassi x Menz crosses were significanf«@.01) more profitable during
the experimental period than the 75% Awassi x Memsses. This was due to
higher weight gain per unit of input of the indigeis Menz and 50% Awassi X
Menz crosses than the 75% Awassi x Menz crossésgdilnis period. Ranking of
genotypes changed with age due to high initial tedaf the 75% Awassi x Menz
crosses, and whether skin value was accounted fasto

General discussion

Materials and methods used

One flock — many experiments

In sub-Saharan Africa livestock data recording @&ey making livestock
improvement difficult. In the present study it wasssible to maximise the use of
information generated from the Menz and Horro bsetbdt were maintained at the
ILRI Debre Berhan Research Station. The major eémpmt, which looked into
genetic resistance to gastro-intestinal nematodasjtas among and within the two
breeds, was part of a Pan-African research progeimrsheep and goats (Baletr
al., 1998; Regeet al, 2002). Age at puberty for ram and ewe lambs éReal,
2000; Toeet al, 2000) and adult ewe reproductive performancee séudied
from the same flock (Mukasa-Mugengtal, 2002). When ram lambs attained one
year, they exited the major study and were used fétideposition studies
(Awgichew, 2000; Ermia®t al, 2002; 2006; Ermias and Rege, 2003). At ILRI
Debre Berhan Research Station, recording was extellThe pedigree was
particularly deep for the Menz breed which had bemintained on station for a
long period prior to the initiation of the main prot in 1992. The data used in this
thesis from this flock (Papers I-IV) was therefguerfectly suitable for the
analysed traits.

Mixed linear models for growth and economic analyses

The mixed linear models (PROC MIXED of SAS) thattfie fixed and random
effects had an advantage over the generalised Imedels (GLM) as it accounts
for random effects in addition to fixed effects (§A1996). In mixed models
repeated measurements, which refer to data setsmuittiple measurements of a
response variable on the same experimental unit, also be included. The
MIXED procedure of SAS provides a number of covaceatypes from which to
select. The covariance structure selected in thesemt analyses was
“unstructured”. That is, no mathematical patterrsvimposed on the covariance
matrix. The decision process in choosing the cavae structure can be assisted
by using two model-fit criteria computed by PROCX#D, Akaike’s Information
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Criterion (AIC) and Schwarz’ Bayesian Criterion (SB These are essentially log-
likelihood values penalised for the number of patars estimated (SAS, 1996).
The covariance structure with values of the ciatetosest to zero was considered
most desirable.

Partial budget analysis (Paper VII) is the methogbleyed to analyse gains and
losses due to a relatively minor change (margimafarming technology (Ehui and
Rey, 1992). That means, partial budgets considlrtbnse items of income and
expenses that change. Anthelmintic treatment, suopghtation as well as
crossbreeding were considered as changes in tegnolCrossbreeding was
included since it had substantial and negative anpa skin value. Partial budgets
should measure change in income and returns tdelimiesources, provide a
limited assessment of risk and suggest a rangerioé pr costs at which a
technology is profitable. The advantage of the metis that less data is required
than whole-farm budgeting since fixed costs areded¢rmined, which allows early
conclusions about the adaptability of a new teabgyl However, this method has
limitations due to the risk associated with negtecfarmers’ limited resources and
knowledge about resource base may be lacking. én present experiment,
however, these pit-falls have largely been consdlerAnalysis was made on
individual animal basis using the mixed Linear Mobgeocedures (SAS, 1996).
One limitation in the present study was lack af-lifme growth and health data to
arrive at final conclusion on genotype choice.

Models for genetic analysis of growth traits

Among the 12 models used, best model was choseedbais results of log-

likelihood ratio tests (Swalve 1993; Meyer 1997)talndom effect was considered
significant when its inclusion in the model causesignificant increase in the log-
likelihood as ascertained by chi-square test=a.05 and one degree of freedom.

Several studies (e.g. Cloe¢¢ al, 2001; Maniatis & Pollott, 2002) confirmed
that the including of maternal genetic variancepmment environmental variance
and direct-maternal genetic covariance would imprihe fit of models for growth
performance in sheep. However, due to low twinmaugs in many sheep breeds
and analytical problems that might arise when mmatergenetic, permanent
environmental and common environmental (litterpef are fitted simultaneously,
there are few reports that have considered the ri@poe of the litter variance in
model choice. Improved fit of analytical models te inclusion of a common
environmental (litter) component (fitted with oth@ymponents) has been reported
recently for Horro sheep from Ethiopia (Abegdazl, 2005) and elsewhere (Saatci
et al, 1999; Van Wylet al, 2003). The twinning rate of sheep from thoselist
was greater than 30% and it was recommended tianoa environmental (litter)
effect could be significant for incidence of twingirate as low as slightly above
30% (Abegazt al, 2005). In the present study, however, much lawering rate
(Mukasa-Mugerwaet al, 2002) was found to be significant for the common
environmental (litter) effect in the Menz and Hobeeds, which is an important
finding.
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Mixed Linear Models versus Survival Analysis of lamb survival

Survival in livestock has often been analysed aaryitrait (0/1 for alive or dead)
at arbitrarily de ned time points. It is also geally accepted that the overall
mortality to specic time points could reliably kenalysed using Linear Models
(Nguti, 2003). Notwithstanding, an important fingiof the present study is that
Survival Analysis proved to be superior to Lineabdéls even in cases where
survival is analysed at arbitrarily defined timeirmgoimproving accuracy of

breeding values. This was because censored anchsoree observations are
combined in a single analysis, which allowed inidosof the actual failure time.

Yazdi et al (2002) found loss of information when failure ¢imvas analysed

through a logistic rather than a Survival Analysipproach. Another major
advantage of the Survival Analysis approach ovet tf Linear Model is the

ability to incorporate covariates that vary wittné such as body weight. In fact, it
was possible to clearly see within breed variationsurvival among different

birth-weight classes.

Parameter estimates from two-trait survival anthbiveight analyses are rare in
the literature. The analytical problem notwithstagd the analysis of survival with
birth weight is likely to benefit in terms of impred accuracy, even when both
were analyzed using linear method for observed. ddtanirez-Valverdeet al
(2001) showed that a higher increase in accuragyediction can be obtained in
multiple trait models with respect to single traibdels than with threshold over
Linear Models. Additionally Varonat al (1999) suggested that predictive ability
for a categorical trait could be improved by a b analysis with a continuous
trait.

Limitations of Survival Analysis are difficulty dfandling continuous traits (e.g.
production traits) in a multiple trait analysis foorrelations (e.g. with the survival
traits) and difficulty of including maternal effectin the analysis. The Linear
Models allow inclusion of animal in both the unide and bivariate analyses.
Indeed, the estimates with the bivariate analysisireear Model for survival trait
were close to the estimates with the Survival Asialyln an attempt to overcome
this problem of Survival Analysis, Damgaard (2008naged to show that it is
possible to analyse a normally distributed contirsutyait or a threshold trait using
a Bayesian approach and applying Gibbs sampling.ldtge scale applications,
approximations have been proposed (Taetés., 2006).

Variation in lamb growth and possibilities for improvement

Genetic factors

Live weight and growth rate are economically caltiteatures, requiring particular
attention in any breeding programme intended torawe overall productivity
since lambs are mainly raised for mutton. The higheights and growth rates of
the Horro at all ages compared to the Menz breecbissistent with previous
reports from Debre Berhan (Gautsch, 1992) and o#serits from the same station
(Regeet al, 2002). The Horro sheep were able to express gneivth potential
regardless of their ill-adaptation to the climatiressors and health challenges (e.g.

40



cold, pneumonia) of the experimental area for whioh Menz breed is native.
Compared to its performance at ILRI Debre Berhatist, the Horro breed
performed well on a research station near its maighomeland (Abegaet al.,
2002a). This suggests a possible genotype x emagnhinteraction. In this study,
however, we did not investigate this since différexperimental design is needed
in which offsprings of the same sires in the twealiions should be evaluated.

Compared to growth rates of indigenous Adal andciBiaad Ogaden sheep
(Galal, 1983) of Ethiopia, the two indigenous Hoemod Menz breeds from this
location had relatively slow growth rate. This abylartly be due to their genetic
make up, high disease challenge (e.g. pneumosi&| bf nutrition both in quality
and quantity, and other factors. Notwithstandifgg present study has revealed
that there is untapped genetic potential among wititin the Horro and Menz
indigenous breeds for growth (Papers | & Ill). Radrly, sires within breed were
a significant source of variation for growth trafiSgure 7). This is an important
finding because it revealed the possibilities fmpiovement of growth through
selection within breed.

In the study on profitability in Paper VII, diffenegrowth patterns between the
genotypes were observed and ranking of genotypegeight gain changed with
age. At the start of the experiment, the indigendesz sheep were inferior to the
75% Awassi-Menz in live body weight (16.6 vs. 2&d). During the 10 months
experiment, however, the indigenous Menz had attmusame (or slightly higher)
growth rate as the 75% Awassi-Menz. But both ggreyhad lower growth rate
than the 50% Awassi-Menz. This variation is impottéor economic reasons
because the 75% Awassi-Menz had already attairecthéitketing weight of Menz
sheep at the start of the experiment. That couldmtbat keeping 75% Awassi-
Menz longer than a year can be costly comparedthiier enotypes, reducing
profit. Instead this cross could have been marketadh earlier than indigenous
Menz. Information on costs of production from bitthone year, including figures
on possible differences between the genotypes ritilitfe and mortality rate,
however, is needed to draw clear conclusions orfittz value of the different
genotypes.

Genetic analyses (Paper Ill) revealed that totaltdtslities for growth traits in
the Horro and Menz breeds are in close agreemettt weighted mean
heritabilities in literature (Safaret al, 2005). The direct-maternal genetic
correlations (0.25 to 0.99) for the Menz breed weederate to very high and
positive. This is in agreement with the findings$sfariet al (2005) who reported
positive direct-maternal genetic correlations &70for WWT and 0.74 for adult
weight in wool sheep breeds. This indicates thesrad®s of genetic antagonism
either using sire-line or maternal-line selectionthese growth traits. The negative
direct-maternal genetic correlation of BWT (-0.28)d positive direct-maternal
genetic correlation of WWT (0.27) for Horro areals agreement with literature
(Abegazet al, 2002a; Safaet al, 2005).

Maternal genetic effects were significant for grovitaits which indicate the
need to consider it in genetic evaluations. Sulistamflation of the direct
heritabilities was seen in growth traits in modtiat ignored maternal additive
genetic, permanent and common environmental conmiendhis is consistent
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with literature reports (e.g. Torshigt al. 1996; Nasholm & Danell 1996; Maniatis
& Pollott 2002). The carry-over effect of the maigr genetic effect for growth
traits up to one year of age (particularly for Mdmzed) observed in the present
study is in agreement with previous literature €hizi et al, 1996; Safaret al,
2005; Abegazt al, 2005).

Permanent environmental effects were also sigmfi¢ar growth, which is in
agreement with Matikaet al (2003) who reported the persistent permanent
environmental effects up to the age of 12 montlesvit & Beatson (1999) also
reported the same effect as important between 8 l@hdnonths of age. The
proportion of common (litter) environmental variento the total variance for
BWT and WWT from the present study is within thega of 0.04 to 0.44 in
literature reports (Lewis & Beatson, 1999; Saattial, 1999). This effect of
common environmental variance was more importardan ththe permanent
environmental effect.

The observed moderately high (0.48) to very higtsitpe (0.99) genetic
correlations among growth traits for the Menz breeel consistent with literature
reports (Torshiziet al, 1996; Abegazt al, 2002a, 2005). The strong positive
genetic correlations among growth traits in the kbreed indicate that selection
for BWT should result in correlated improvement WWT and YWT. The
absence of genetic antagonisms among these titshé Menz breed also
suggests that none of the traits should be affeatharsely through correlated
responses. The estimates for Horro, however, sdféarge standard errors and
were non-significant. Estimation of maternal effecind associated genetic
parameters is inherently problematic and, due & dbnfounding of direct and
maternal effects, subject to large sampling er®fisyer 1997). Estimation of
cross-correlations between the direct effect oh#t &nd maternal effect of another
trait, which was not done in the present study,ld¢oaiso help in making
appropriate decisions on genetic improvement.

Non-genetic factors

The higher growth rates at all ages of male lamlmparison to female lambs is
consistent with other reports in Ethiopia (OlssonB&yene, 1990; Reget al,
2002) and elsewhere in Africa (Yapi-Gna@€al, 1997). This could be due to
hormonal differences in their endocrinological gysiological functions (Ebangi
et al, 1996).

Single-born lambs were heavier at all ages and di@ster compared to
multiples, which concurs with previous findingsgieYapi-Gnaoréet al, 1997;
Gbangbocheet al, 2006). This could be due to the inability of ewe provide
sufficient nourishment for the development of faetsi and extra milk for lambs
(Rajabet al, 1992) or competition for resources (reduced rmitkke in smaller
lambs, particularly litters with low birth weight the cases of multiples) (Christley
et al, 2003). Singletons are the sole users of theinsdamilk and their higher
weight advantage they had at birth favours theimgn in subsequent periods.

That ewe parity affects BWT and subsequent groatasr of lambs with higher
lamb weights with increasing parities also conawith literature (Yapi-Gnaorét
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al., 1997; Gbangbochet al, 2006). Indeed, maiden ewes are still growing,
therefore the competition between foetal growth aradernal growth could be an
explanation for this phenomenon (London & WenigE®996). In addition, the
reproductive organs of first parity ewes are atstsldeveloped to bear large foetus
in which case the physiology adjusts the foeta.siz

The higher growth rate for lambs born in the wetssa than in the dry seasons
could be due to seasonal variation in feed avditalioth in quality and quantity
since the lambs largely depend on natural pas&imilar observations were also
made from the same station (Mukasa-Mugeetval, 1994; Reget al, 2002) and
elsewhere in Ethiopia (Hasseh al, 2002; Abegazt al, 2000). Different to the
present results in West Africa, where humidity thge with ambient temperature
favours the development and survival of infectaerde of nematodes, a decreased
growth rate of lambs during the wet season wasrtepo(Gbangbochet al,
2006). Nematodes challenge in the highlands ofopthiwas not so severe on the
experimental station (Tembesét al, 1998), and the infective larvae are available
on pasture for only eight weeks (Tembely, 1997 usltseasonal lambing could be
used to better utilise the wet season births todwpthe overall productivity.

The yearly variation in growth traits could parblg associated with the rainfall
amount and distribution pattern which affects ferayailability and quality. For
example, year 1995 was the worst year hit by droaghopposed to 1992 and
1996, which are the best years at least for bigfght. Year 1992 was the best in
all growth traits. Year 1996 was the wettest yeaB0 years (Segele and Lamb,
2005) and resulting in better pasture availability.

That supplementation improved growth and profiigbi(Paper VII) was in
agreement with the findings by Shap&bal (1994) who also studied Ethiopian
highland sheep. Anthelmintic treatment also impdvgrowth rate and
profitability, but did not agree with results byagliroet al (1994) who concluded
that anthelmintic treatment did not improve weigfains, but added production
costs, thus reducing profits. This could be dulweer levels of parasite challenge
in the study by Shapiret al. (1994) as opposed to the sub-clinical helminthosi
challenge in present study.

Variation in lamb survival and possibilities for improvement

The first month of life was very critical for langurvival (Paper | & 1V) in both
Menz and Horro breeds (Figure 8), which is in agret with several studies (e.g.
Yapi et al, 1992; Mukasa-Mugerwat al, 1994; Malik et al, 1998). Lamb
mortality up to 7 days accounted for 36% of theyweaning mortality and 17% of
the annual losses in the Menz and Horro breedserdtet & Danell (1985)
reported perinatal death of lambs to account foto120% of all deaths in Swedish
sheep breeds. The finding that the risk of dyingreél@sed with time (age) in the
present study also concurs with literature (e.gei@son & Danell, 1985). The
second critical period for lamb survival was betawdeand 7 months which follow
a weaning stress that predisposes lambs to infetishen the immune system of
the young animal is developing (e.g. Neettial, 2003).
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Lamb birth weight was the single greatest factdtuemcing lamb survival
(Figure 9). Lambs born light had low lamb survieas compared to lambs born
with medium or higher birth weights. Several authée.g. Daltoret al, 1980;
Scaleset al, 1986; Ahmadet al, 2000) have also demonstrated that increasing
birth weight result in a decrease in mortalities kith an inverted U-shaped
distribution of birth weight with survival. In thpresent study, however, birth
weights on the higher end of the range are notrdeiital to survival. Birth weight
is influenced by ewe prenatal nutrition, litter esizplacental size and foetal
genotype (Haughey, 1993). Factors which contriboteow birth weight also tend
to reduce foetal lipid reserves, limit neonatalovig impair colostrum production
and restrict ewe milk production (Mellor & Murrag985a, b). Data on birth
weight consistent with optimal lamb survival in fgical breeds are scarce.
However, this information is vital to the design strategies that are more
appropriate for farmers who have a chronic shortdgeipplementary feeds. These
farmers need to know, for example, that indiscraténsupplementary feeding of
ewes (the non-pregnant, the single- and twin-bgaewes) is wasteful because
they have varying needs.

Genetic factors

The Horro breed had invariably lower survival ththe Menz breed at all ages.
Similar observations were reported earlier (Gaytd®92; Regeet al, 2002).
However, Abegaz (2002) reported 80% SURV1 for therrbl breed at Bako
Research Centre, which is located in Ethiopia cltsehe centre of habitat of the
breed. This supports the contention that introdycire breed to a higher altitude
could be part of the reason for the observed bidrence in survival. This
suggests a possible genotype x environment interacBreed variation when
survival is considered as a trait of the lamb (&gmaet al, 1991; Matoset al,
2000) and response to selection in rearing ahbilitgwes (Haughey, 1983; Cloete
& Scholtz, 1998) has been reported.

An important finding of the present study was sabsal within breed variation
in lamb survival due to sires (Paper I). This ig ffirst report showing such
variation for sheep from tropical regions. The tesssuggested that lamb survival
could be enhanced if this parameter was adequatedgsed in sheep genetic
improvement programmes. Knigét al (1979) recorded 8 and 17% improvements
in lamb survival rate for single- and twin-born lsnsired by high survival versus
low survival Romney rams.

Breed differences in susceptibility to respiratamections was documented in
this study. The Horro sheep were more susceptibleneumonia than the Menz
sheep (Paper IlI). They were also more susceptibldlycoplasma mycoides
subspeciesnycoidesLC (large colony) than the Menz breed (Roger, 1996ie
short hair coat of Horro sheep as compared to eoaxsol in the Menz is a
disadvantage in a relatively cold climate of thgheir altitude of the study area,
and this might have predisposed them to pneumdltaetheless, the Menz sheep
had higher infection rate for maedi-visna than tiesses or exotic Awassi
genotypes (Paper V, VII). It appears that Menz phamstitute a naive population
with respect to MV infection though this needs Hiert investigation. Some breeds
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may be more susceptible to MV infection than arbemt (De la Concha-
Bermejillo, 1997). Breed differences for mortaliassociated with respiratory
diseases have also been reported in studies elseyég. Naslet al, 1997).

The heritability estimates ranging from 1.2% to%.for lamb survival estimated
with Linear Models are within the range of 0 to 1&%&imates in literature (e.g.
Lopez-Villalobos & Garrick, 1999; Morriet al, 2000; Abegaz, 2002). The
present estimates are much closer to the weighesth raverage heritability of 3%
from 16 published studies (Safati al, 2005). The heritability estimates of 0.3%
to 18.5% for lamb survival with Survival Analysiere higher than estimates with
Linear Models. Survival Analysis improved accuragl breeding values, on
average, by 17% though the method was no better thaear Model for pre-
weaning survival owing to low number of uncensoredords. Based on the
increased accuracies, a gain in genetic progressdwae expected by analysing
lamb survival with Survival Analysis instead of kar Models for post-weaning
survivals. To the knowledge of the author, so faré has been no study where
Survival Analysis has been used to estimate thiéabdity of lamb survival. Nguti
et al (2003) reported greater variability when using $evival Analysis but could
not estimate heritability due to computational ¢oaists.

The maternal genetic component was important fotblaurvival. Indeed, the
maternal heritability for lamb survival was as kargs or larger than the direct
heritability. Safariet al (2005) analysing published literature, have regubr
similar observations. This indicated the need wuele maternal components in
genetic analysis of lamb survival.

Estimates of additive genetic correlations amongigal and growth traits were
all non-significant due to large standard errors; genetic antagonism was
encountered though. Abegaz & van Wyk (2002) repbhigh genetic correlation
(0.64) between pre-weaning survival and birth wei§election can be applied for
traits which have a higher heritability and at #zene time have a high correlation
with the traits of interest as a means to overctowmeheritability constraint of the
other. Birth weight was found to have a strongtreteship with survival, though
both low and high extremes of birth weight are régmbto reduce survival (Knight
et al, 1988; Christleyet al, 2003). In the Menz and Horro sheep, it appears,
however, that birth weights on the higher end efriéinge were not detrimental to
survival (Figure 9). Similar observations were mdneAbegaz (2002) for the
Horro breed. Therefore, selection for increasedhbiveight should result in a
correlated increase in lamb survival in these bseed

Other means for improving survival could be usindiriect selection on ewes’
multiple-rearing ability (Cloete & Scholtz, 1998 the present study, we found
that mothers that gave high birth weight in thaimbs also had higher survival of
lambs indicating that selection using a materme Gould be a possibility since the
maternal effects on weights of lambs at birth am@nring were also significantly
positively related to maternal effects on SURVT.
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Non-genetic factors

Sex differences in lamb survival observed in thespnt study concur with
literature (Mukasa-Mugerwat al, 1994; Maliket al, 1998). Lower survival in
male lambs than in females could be associatedypaith hormone effects on
immune function. This was demonstrated by Schuurd/&huel (1990) that
castrated males had similar risk with females awbdr risk compared to non-
castrated males. Differences among sexes couldbaldmehavioural if ewe lambs
had increased access to colostrums or attentian ftam, giving ram lambs a
disadvantage when exposed to pathogens (MNashl, 1997). Norwak (1990)
reported, in twin-born lambs, that dam recognitadility of female lambs was
superior to their male counterparts after separafisvyer (2003) found out that
male lambs were slower to stand and suck than &etaahbs in Suffolk sheep
breed, but not in Blackface breed. Therefore, stawel of preferential treatment
in favour of male lambs may be necessary to imprnoeenatal survival. That
males were more susceptible to pneumonia than ésm@R = 1.09 to 1.32) is
consistent with findings by Nagt al. (1997) who reported higher OR at 1.9 for
male vs. female.

Higher survival in single-born lambs compared toltiples observed in the
present study is in agreement with previous findifgapiet al, 1992; Mukasa-
Mugerwa et al, 1994; Malik et al, 1998). Multiple-born lambs had reduced
viability compared to singletons in many studiesr@sewed by Dawyer (2003).
Multiple-born lambs were more susceptible to pnenimdhan single-born lambs
(OR = 1.48). Therefore, improving nutritional cotnoiis of the pregnant ewe and
thereby increasing birth weight could be an effextnheans to improve survival of
multiple born lambs in difficult tropical environmis.

Dam parity is also another important non-genetitdiafor lamb survival (Paper
I & IV). In the present study lambs born to maidames had significantly lower
survival than lambs from higher dam parities. Simibbservations were reported
in literature (Daltoret al, 1980; Morriset al, 2000; Dawyer, 2003). Fostering this
vulnerable group during the first few days of lifiy improve survival.

Season of birth (Paper IV) was an important faaffecting pre-weaning
survival and survival from respiratory diseases lfioth breeds) and overall
survival (in Horro breed). Lambs born during thet weasons had higher survival
compared to those born during dry seasons, whiatoisistent with literature
(Wilson et al, 1985; Njauet al, 1988a). During dry season, grazing is depleted
and pregnant ewes may not get enough nutrientshwegulted in reduced weight
of lambs at birth. Reduced availability of foragen@lso have effect on colostrums
and milk yield by the dam after delivery reduciramb viability and survival.
Supplementing ewes during dry season could incrdas® survival which
eventually mean that less number of ewes may beirsgtjto produce the same
number or higher number of marketed lambs. Theigapbn of this on land use
and natural resource management would be enormous.

Dry season is also characterised by low ambienpéeature and had significant
association with mortality associated with respinat diseases (MARD).
Particularly, MARD was higher between October andrdh owing to the high
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number of cases of pneumonia in the dry seasore(RBpIn particular, the high
MARD in the two months of the short rainy seasoabffaary and March) mirrors
the high number of cases in late dry season, whkidisequently died in these
months after protracted clinical course of pneurmoh addition, the beginning of
the short rainy season (February/March) coincidéh wadequacy of grazing,
which may predispose animals to infections. Lamlesewnot supplemented until
weaning except that they shared what was providedhkir dams. This, plus the
fact that supplementation regime of dams was mitdtlgt linked to quantitative
assessment of nutrition available from pasture, e inadvertently subjected
lambs to undernutrition, thus predisposing thempt®umonia. Strategic feed
supplementation and improving housing (e.g. praygjdbeddings) may reduce
lamb mortality in dry cold months.

The effect of year on mortality was also noted his tstudy and there was a
tendency of increasing risk over the study peridds could be partly due to build-
up of respiratory diseases (the single most importause of mortality) in the
station flock (Paper Il). Another reason could be annual variations in climatic
conditions and the availability of feeds in diffeteyears. For example, rainfall
amount and distribution among years can seriou$§ctaquality and quantity of
pasture available to the lambs. Bumgeal (1993) also reported year of lambing as
an important source variation for lamb survival.

Causes of mortality

Respiratory diseases have been the single mosttiampacause of mortality in all
sheep breeds studied (Papers |, 11, V, VI). Théohmgies involved as observed in
this study (Papers V & VI) and other reports (8gkeleet al, 1992a, b; Roger,
1996; Ayeletet al, 2004) were multi-factorial. These are bacte(Rasteurella
multocidg P. hepatica Streptococcus aureus Staphylococcus  spp
Corynebacterium pyoge)yiamycoplasmal Nlycoplasma mycoidesubspmycoides
LC, Mycoplasma ovipneumoniablycoplasma agalactiae, Mycoplasma argifini
viral (Peste des Petits RuminartPR, Parainfluenza-3 virus, Maedi-visna (MV)
virus; Border-disease virus, Adenovirus) and pémagDictyocaulus filaria
Mullerius capillaries and Protostrongylus rufesceps PPR virus has been
demonstrated in pneumopathies without classicalesgion of PPR (Paper V) and
serving as a predisposing factor (principally fommuno-suppressive effect). The
role of MV in the outbreak of RDC was considerabiycoplasma agalactiae
could also play a role in causing contagious aggleeducing milk production by
ewes. Several relapses were noted indicating tiséeexe of pathogens resistant to
antibiotics. MV virus causes multi-systemic diseage sheep, and to a lesser
extent, in goats (Paper VI). Economic losses dudVYoresult from death or culled
sheep, increased replacement rates due to increafied) rates to replace ewes
with poor body condition, indurated udders, whosenlls grew poorly, and
depressed pre-weaning growth of lambs due to rzadtit the ewes. MV
predisposes to secondary infections and loss détthue to export restrictions of
breeding sheep from an MV virus infected countrige isease has entered into
several sheep producing countries including Etlidpiough importation of exotic
sheep breeds. In Ethiopia, MV prevalence rangeu fta1% in smallholder flocks
to 74% in on-station flocks from the two ranchebeTaverage seroprevalence in
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smallholders flocks have recently reached to 6.6B& annual cost of MV disease
for Ethiopia is estimated at US $ 25.47 millioni{po, 2006). MV has become a
bottleneck for intensification and crossbreedinggoammes in the Ethiopian
highlands.

Combined efforts which include planning of matiny fambing to occur in
March/April, flock health and nutrition managememautines, and improving
housing are important to alleviate the problemsespiratory diseases.

Gastro-enteritiswas a common ailment, particularly in lambs (PaPerThe
extent to which this is attributable to bacteriahiswever, difficult to ascertain.
This is because enteritis is also commonly assettiatith helminthosis and
dietetic diarrhoea. In this study no attempt waslento identify the aetiologies
involved. Investigation into specific pathogensadlved in gastro-enteritis in lambs
should help the control of this disease complexctvtéventually improves lamb
survival.

Abomasal impactiormostly occurred during dry season when young lambs
which could not get sufficient milk from their ddams, nibbled the dry, fibrous
grass, leading to the formation of phytobezoargs€hbezoars then became mixed
and compacted with milk. Death occurred when thbseoars lodge at the
abomaso-duodenal sphincter and block the passadgedta from abomasum to
intestines resulting in abomasal impaction andloatb Similar observations were
made by Njatet al (1988b) and Bekelet al. (1992a). Supplementing lambs born
during dry seasons with concentrate may partlywelte this problem.

Gastro-intestinal nematode parasitetentified at ILRI Debre Berhan Station
were predominateljLongistrongylus elongatand Trichostrongylus sppwith a
small proportion oHaemonchus contorty3embely, 1997; Tembelgt al, 1998).
However, these nematodes as a cause of mortalityitnited significance in the
present study. Similar observations were made hgratuthors (Njaet al, 1988a;
Bekele et al, 1992a, b). Studies on genetic resistance torajasestinal
nematodes of Horro and Menz breeds revealed ndasuilas breed difference (e.g.
Regeet al, 2002) though the Menz breed has been genetibather adapted to
survive in the higher altitude (where this expermteas undertaken). This was
explained by the fact that they had higher PCV esland higher survival rates
during both pre- and post-weaning periods thanHbeo breedFasciolosishas
been a very important trematode parasite in theldimgls of Ethiopia. Since it was
controlled by strategic deworming in the presentigtits real effect was not seen.
However, among endoparasites it was the most mevahuse of mortality even
with strategic interventions at ILRI station. Fadosis can be prevented by
strategic use of anthelmintics, grazing managemeatd nutritional
supplementation. In the present studiyonesiasishas been another important
cestode infection in lambs at about 2 months of 8genetimes lambs experienced
heavy worm-load even before this age at about 1ttmand 3 weeks warranting
close monitoring particularly when large numberslashbs are grazed together.
Though the importance of this tape worm is stilinatter of debate in western
countries (e.g. van Schalkwt al, 2005), the cestode has been responsible for a
number of deaths in lambs in the present studyating lambs for moneziasis with
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niclosamide at about 2 months of age and availieggr nutrition could minimise
losses.

Starvation-mismothering-exposure (SME) comiRaper ) involves starvation,
mismothering-exposure, hypothermia, aberrant paofspring behaviour, and
inadequate milk supply. In this study, some darastiqularly primipara, failed to
suckle their young and sometimes neglected therer®tdid not have enough
milk to suckle, dependent on their body conditiSBome lambs were weak, could
not suck and were unable to survive hypothermiaacBionised lambing may
aggravate the occurrence of SME complex due to highber of lambs born at a
time. In comparison to heavy lambs, lambs borntlighre at a greater risk of
dying from SME. Selection for maternal rearing ipitogether with nutritional
management of twin-bearing ewes and other managameautines could
minimise losses from SME complex.

Profitability of anthelmintic treatment and supplementation in
different genotypes

Cost-effectiveness is an important issue in diseasatrol and breeding
programmes, especially where integrating availapienal genetic resources into
existing production systems is an absolute negedsitlow-input systems where
input supply such as feed and anthelmintics is mhianiting factor, investigating
both biological and economical factors affectinge$itock productivity and
profitability is important. The present study (Pap¥ll) has shown that
anthelmintic treatment against sub-clinical helimasis in the Ethiopian highlands
is biologically practical and economically benediciLikewise, we demonstrated
that supplementation is economically feasible ewvbare sub-clinical helminthosis
prevails. Etteet al (2000) documented that increased level of digksprotein in
sheep has improved resistance against nematodes.

One of the alternatives to alleviate the problenisclhemotherapeutics is
breeding of sheep for resistance to nematodes. aklildy of sheep to resist
helminth parasites varies substantially among aitkirwbreeds and is controlled
by several genes (Amarargeal, 2004; Bakeket al, 2004). The indigenous Menz
breed was superior in helminth resistance compgrdéde 50% Awassi-Menz and
75% Awassi-Menz genotypes (Tibled al, 2004a). Reget al (2002) found out
that the Menz sheep was superior to the Horro bmeedaintaining PCV, and
controlling EPG and worm burden. In the presentl\stinere was a tendency for
marginal profit from anthelmintic treatment to bigher for the crossbred sheep
indicating greater benefits of anthelmintic intertiens for relatively less adapted
genotypes.

Due to the genotype difference in growth rate befinis experiment, the 75%
Awassi-Menz were superior by Ethiopian Birr (ETB) # crude revenue to the
indigenous Menz sheep at the start of the expetirtitaper VII). During the
experimental period, however, the indigenous Memzewsuperior to the 75%
Awassi-Menz by ETB 32 including the skin value. kaaf information on costs
from birth to one year, including figures on possildifferences between the
genotypes in fertility and mortality rate throughttue whole period does not allow
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drawing clear conclusion on the final total valuk tbe different genotypes.

Considering the variable growth patterns and marggedge (at about 20 months)
in Ethiopia, the present tradition seems to fitlwdgth the growth pattern of the

indigenous Menz, but that a much earlier age forketang of the crossbreds, and
especially the 75% crosses, could be recommendeitl daes not pay off to keep
these lambs for such old age. One practical issre s that producing 75%
Awassi-Menz crosses at farmers’ level is probleensitice the breeding policy was
distributing 75% Awassi-Menz rams. Unless thereame other mechanism, it is
not easy for farmers to get 75% Awassi-Menz as rmpedducing flock at farmers’

level. Nonetheless, in intensive production systéms75% Awassi-Menz crosses
should be considered since they reach marketinghvehany months earlier than
the indigenous Menz sheep.

The value of skin has caused profit in favour of thdigenous Menz. The
indigenous Menz sheep were just as good, eventlglithough not significantly)
better than the 50% Awassi-Menz crosses. The mapkiee of skin of the
indigenous Menz sheep was 3 to 4 times higher thatnof the crosses. This was
because of lack of demand for skin of crossbredstamneries in Ethiopia.
Ethiopian highland sheepskins have internatior@litagion particularly for making
gloves. Skin quality has not been previously takén account when designing
crossbreeding programmes in Ethiopia. This is degpe fact that skins and hides
have been the second most important export iteen efiffee for Ethiopia for many
years. Results of this study emphasize the needjesigning crossbreeding
programmes, to critically look at the market densafat the various animal traits
and products that might be affected by the plagpredramme.

A framework for sheep breeding in Ethiopia

Introduction

Sheep breeding in Ethiopia is at its infantile staghe sheep population is huge,
nearly 24 million, but off-take very low, with awverage lamb carcass weight of 10
kg. The initial breeding attempt (which startedlB60s) focused on crossbreeding
of the indigenous breeds with exotic breeds to awprgrowth and wool yield.
This programme suffered from poor planning; itddilto involve livestock owners
and stakeholders in decision making and ownershifhe initiatives, and it had
also a low regard to the potential of indigenousebs. Had they been successful,
those initiatives would have to a large extent stuied the adapted indigenous
breeds with exotic breeds and crosses. In the tifjfgilures and successes (if any)
of those initiatives, and key factors that impactbeeeding programme, a
framework for sheep breeding in Ethiopia is setipnseded.

Various factors would impact a proposition for anfiework of sheep breeding.
These are (1) sheep genetic diversity and distabyi(2) productivity levels of
indigenous breeds and inspected crossbreds; (3pspeoduction (farming)
systems in relation to land use; (4) market opputies (access) and/or demand for
various sheep products; (5) lessons from past teffq6) community-based
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knowledge and practices; and (7) available capaweitgrms of infrastructure and
trained human resources.

Ethiopia has sizeable sheep genetic diversity (DES;R004). The indigenous
sheep breeds are highly adapted to low-input systamare naturally selected for
survival under sub-optimal and disease ridden enwmients. Yet mortality rates
are found variable but often unacceptably high.ephare found in all agro-
ecological zones in Ethiopia and are mostly kemenmrsmallholder subsistence
production system where input supplies are low.yTpheoduce on marginal,
marshy and often uncultivable lands. The low ofetaer ewe is partly a result of
keeping too many unproductive animals thereby ingitfeed supply and
contributing to land degradation.

Between breed variatioDue to slow growth rate of indigenous sheep lsdbd
desired marketing weight of 35—-40 kg at one yeagef for export market is easier
said than done in the short-term. The current yeafveight of most indigenous
breeds is between 20-25 kg although some breegisHetro) can weigh up to 34
kg under on-station management (Table 4). Adultrblonales (full mouth) could
attain as high as 80 kg when well-fed on an expamial station closer to its
original habitat (Abegaz, personal communicatid®blished reports reveal that
some indigenous breeds have great potential favtgrfTable 4).

Table 4 Growth performances of some indigenous sheepdbrerder variable on-station
climate and management levels

Breed BWT (kg) ADGg WWT YWT Reference
(g/day)  (kg) (kg)
Horro 2.9 134.4 15.0 34 Gojaet al (1998)
2.6 100.4 12.0 24 Abegaz (2002)
(1.0-4.5) (21-230) (5-23) (11-45)
2.8 92.6 11.0 19 Paper Il
(0.9-4.8) (28-164) (6-15) (8-35)
BHO 2.7 127.8 14.2 25 Galal (1983)
Adal 25 116.7 13.0 26 Galal (1983)
Arsi-Bale 2.8 135 Brannareg al (1987)
Menz 1.9-2.7 134 23 Mukasa-Mugeretaal (1994),
Wilson (1991)
24 84.9 10.1 17 Paper Il

(0.9-4.0) (30-192) (6-15)  (7-31)

ADG = average daily weight gain; BHO = Blackheada@en; BWT = birth weight;
WWT = weaning weight; YWT = yearling weight
Within trait figures in parenthesis are ranges.

Breed variation for growth is high as can be seerdaily gains, weaning and
yearling weights. Abegaz (2005) found pre-weaniagydgain as high as 230 g,
weaning weight up to 23 and yearling weight up ® kg for Horro breed.
Nonetheless, it is obvious from Table 4 that tremeesmall breeds with low growth
rate. On top of within breed selection, upgraditgotigh crossbreeding or
synthetic breed development should be consideredhese breeds (e.g. Menz,
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Tukur). However, such crossbreeding or breed sulisth must consider the needs
for these breeds to be adapted to tropical climatter low-input systems and to
many stressors.

Based on their performance and unique attribuibesindigenous sheep breeds of
Ethiopia could be clustered into five main groups:

(i) Large breeds (e.g. Horro, Bonga, Dangila/WashemMgadapted to
per-humid to sub-humid and moist agro-ecologicalezo

(i) Medium-sized breeds (e.g. Wello, Arsi-Bale) adaptethoist and sub-
moist high altitude regions

(i) Small breeds (e.g. Tukur, Menz) adapted to moist anb-moist
precipitous high altitude regions where feed (grgkis scarce

(iv) Unique breeds (e.g. Abergelle, Afar, Blackhead @gé&8omali,
Gumez, Rutana, Sekota-Agew) adapted to semi-aricri harsh
climate (water and feed scarce areas) with lowigh growth potential

(v) Others for which information is limited (Akale GuzBarka, Farta)

Market accessSheep of Ethiopia are mainly sold live, both in @stic markets
and for export. A sizable amount is exported to Mieldle-East countries as
chilled mutton. Sheepskins from Ethiopian highlarads highly valued in the
world market (ELICO, 2006). Due to the geographjalximity of Ethiopia to the
Middle East and the emergence of large supermarketse Gulf States and the
Middle East, market opportunities for mutton parigely in processed form are
enormous. However, substantial intra-annual prloetdations for sheep in the
Ethiopian highlands have been reported by Andagac&eBrokken (1993).
Furthermore, according to Aklilat al (2005), sheep and mutton from Ethiopian
highlands, however, are said to be less “demandigdéxporters compared to
those from the Ethiopian lowlands for alleged dankg of meat after slaughter.
This ‘defect’, however, is recognised neither bgegh owners nor by consumers in
Ethiopia.

There are emerging initiatives to promote exportlieéstock and livestock
products from Ethiopia (Aklilet al, 2005). The FAO’s EXCELEX programme
(the FAO’s Support to Livestock Exports from the rhloof Africa) has been
monitoring and certifying livestock moving into émhational markets.
Furthermore, the Save the Children (USA) and CARBoperative for American
Remittances to Europe) have organised pastoraligiaratives to assist marketing
of livestock to abattoirs in the Southern Tier zntEhe PARIMA (Pastoral Risk
Management) has been addressing alternative ingmerating activities with a
focus on small ruminants. The USAID has been suppplivestock price surveys
to be broadcasted to the public. The single mogtomant limiting factor for
livestock export from Ethiopia, however, has beeedtock diseases. A number of
diseases are identified, whose control is commitatue to porous borders among
East African countries. In view of this, recentlthidpia has received substantial
funding through the USAID for a project titledEthiopia Sanitary and
Phytosanitary Standards (SPS) and Livestock andt NMsaketing (SPS-LMM)
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Programme (Fitzhugh & Eugster, unpublished). The objectiwefghe project are
to increase the competitiveness of Ethiopia’s liwels and meat subsectors by
improving the country’'s SPS/food safety system atebngthening regional,
national and international market interventionspider to increase the sales and
exports of livestock and meat products, therebseraiiral household incomes and
food security.

Breeding strategies Strategies for genetic improvement could follotwee
pathways: (i) selection between breeds (or stra{iig)selection within breeds (or
strains), and (iii) crossbreeding or synthetic drdevelopment. A framework for
sheep breeding in Ethiopia should start with betwaed within breed selection
even to meet the needs for crossbreeding seleadégenous breeds with improver
exotic breeds. Since crosshreeding with breeds femperate regions failed due
to incompatibility of the genotypes with low-inppitoduction systems of Ethiopia,
crossbreeding or synthetic breed development shoeildsed with limited scope
where farmers’ resources and market allow. Furtbeem molecular and
reproductive techniques such as identifying matkarsficial insemination (Al),
multiple-ovulation-embryo-transfer (MOET) angh vitro ova collection and
maturation techniques could at first only be attesdgn experimental stations for
selection and dissemination of improved stock mydted areas when the basic
framework for selection and distribution of ramgaamers is in place.

National sheep productivity improvement pathways

The overall national sheep production to consumpgioal for Ethiopia should aim
at improving production per sheep instead of kegfpinge number of mediocre
animals contributing to land degradation and fezddty. Eight alternative (ALT)
hypothetical scenarios in comparison to the curséieep production situation are
illustrated in Table 5. These alternatives revaiveund reducing lamb mortality,
improving ewe fertility and lamb growth, reducingarketing age and reducing
number of ewes kept. This could be achieved thragggtetic means and modifying
the environment (re-allocating feed resources twstbewes and lambs by e.qg.
culling mediocre animals, shift to more favourabl@mbing season, and
anthelmintic control management). This in turn vebimprove ewe weight at
mating and lamb weight at birth, thus improvingwal in subsequent periods
(Papers 1, lll & 1V) and allowing more and heaviambs in the flocks and being
marketed much earlier in life time. The hypothdtialiernatives in Table 5 are
briefly described as follows:

The first alternative (ALT 1) focuses on reductimfithe current mortality by
10%. That allows keeping fewer ewes by 1.25 milfionthe present level of
total lamb carcass produced per year. This wotddlrén an improvement of
production per ewe by 14% and allows a reductionthaf total sheep
population kept by about 3 million.

The second alternative (ALT 2) is based on imprg\iertility to 1.2 lambs
per ewe per year. This will allow keeping fewer evioy 3.29 million for the
present level of total lamb carcass productionsThasult in an improvement
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of ouput per ewe by 26.7%, allowing a reductionhef total number of sheep
kept by about 5 million.

The third alternative (ALT 3) is based on reducimgrketing age by 6
months (i.e. lambs are marketed at 12 months oj, ayed reducing of
mortality by 10%. This allows keeping fewer ewes b5 million and a
reduction of the total sheep population kept bynash as 7 million.

The fourth alternative (ALT 4) was based on redgainarketing age by 6
months, mortality by 10%, and improving fertility 1.2 lambs per ewe/year.
This allows keeping fewer ewes by 3.29 million andeduction of the total
sheep population kept by as much as 9 million.

The fifth alternative (ALT 5) is based on improvintarketed live weight by
10 kg per lamb (by improving lamb growth) and redgamortality by 15%.
This eventually allows keeping fewer ewes by 1.2lian. In this alternative,
more than 30 million kg of lamb carcass would bedpiced even with
animals fewer by 3 million head compared to curegtoiation.

The sixth alternative (ALT 6) is based on improvingrketed live weight by
10 kg per lamb (by improving lamb growth), improviedtility to 1.2 lambs
per ewelyear, and reducing mortality by 15%. Thisn¢ually allows keeping
fewer ewes by 3.29 million. Compared to the currprdaduction, in this
alternative an increase of more than 30 millionokgamb carcass would be
produced with a decrease in total number of anifmals million.

The seventh alternative (ALT 7) is based on reducirarketing age by 6
months, improving marketed live weight by 5 kg pemb (by improving
lamb growth), improving fertility to 1.2 lambs pewel/year, and reducing
mortality by 20%. This allows keeping fewer ewes By61 million.
Compared to the current production, in this altBwea more than a 30
million kg of lamb carcass increase would be preduwith animals fewer by
7.54 million.

The last alternative (ALT 8) combines all four ma&s, i.e., reducing
marketing age by 6 months, improving marketed \ieéght by 5 kg per lamb
(by improving lamb growth), improving fertility t@.2 lambs per ewelyear,
and reducing mortality by 20%. This alternativeuasss equal number of
sheep as ALT 1. Compared to the current productionincrease of more
than 58 million kg of lamb carcass would be prodiegth animals fewer by
3 million, but an almost unchanged total numbereafes (less by 0.53
million).



Table 5 Different hypothetical scenarios or alternatiy®sT) for sheep improvement in Ethiopia

Current  ALT1 ALT 2 ALT 3 ALT 4 ALTS ALT 6 ALT 7 ALT 8

Marketing age (months) 18 18 18 12 12 18 18 12 12
Marketing live weight (kg) 25 25 25 25 25 35 35 30 30
Number of lambs born per ewe/year* 0.92 0.92 1.20 .920 1.20 0.92 1.20 1.20 1.20
Lamb survival at marketing age 0.70 0.80 0.80 0.80 0.80 0.85 0.85 0.90 0.90
Number of ewes (million)** 10.00 8.75 6.71 8.75 5.7 875 6.71 7.39 9.47
Kg of lamb carcass weight/ewe/year** 6.44 7.36 ®.6 7.36 9.60 10.95 14.28 12.96 12.96
Total kg of lamb carcass per year (million) 64.40 4.48 64.40 64.40 64.40 95.80 95.80 95.80 122.73
Number of growing lambs (million) 13.80 12.08 12.08 8.05 8.05 12.08 12.08 8.87 11.36
Ewes and lambs (million) 23.80 20.83 18.78 16.80 .764 20.83 18.78 16.26 20.83
Output per sheep (%) 100.00 114.29 126.71 141.67 1.266 170.00 188.48 217.71 217.71

*Number of lambs born per ewe per year = litteesiz 1.15 x fertility rate of 0.8 = 0.92; or litteize of 1.50 x fertility rate of 0.8 = 1.20.
* Current number of ewes represented 42.4% otadlted population of 23.6 million, which is extraptéd using a study by Mekogaal (2000).

** Lamb carcass weight per ewe per year = Markgtine weight x dressing percentage of 40% x nunabéembs born per ewe/year x lamb survival

ALT 1 = reduced mortality by 10%

ALT 2 =reduced mortality by 10%, improved fertjlito 1.2 lambs/ewe/year

ALT 3 =reduced mortality by 10%, reduced marketigg by 6 months

ALT 4 = reduced mortality by 10%, improved fertilito 1.2 lambs/ewe/year, reduced marketing age inpiths

ALT 5 = reduced mortality by 15%, improved markelied weight by 10 kg per lamb

ALT 6 = reduced mortality by 15%, improved fertilito 1.2 lambs/ewe/year, improved marketing welghi.0 kg per lamb

ALT 7 = reduced mortality by 20%, improved ferglito 1.2 lambs/ewe/year, improved marketing welghb kg per lamb, reduced marketing age by 6 months
ALT 8 = reduced mortality by 20%, improved ferlito 1.2 lambs/ewe/year, improved marketing welghb kg per lamb, reduced marketing age by 6 months
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Although the scenarios and their assumptions anglsied, the results point at
important areas for improvement as is shown in thésis. Reduction of lamb
mortality and increased growth rate by re-locatibmesources favouring pregnant
and suckling ewes should lead to earlier markedipg of lambs. A doubled market
output per sheep kept in the population is cleadhievable. As traditions are
strong and the animals are kept for social secarity other reasons an acceptable
alternative might be based on an unchanged nunilewves but a higher turn-over
rate of the lambs, allowing more resources to heal der priority groups of ewes
and lambs. Both genetic and environmental intefgaatwould be needed and
supported by further research and extension sexvice

Within breed improvement

Within breed selection should involve measuring aetecting on productivity
such as growth, survival and litter size. In thaepics, however, small flock size,
single-sire flocks, lack of animal identificatiolack of performance and pedigree
recording, low level of literacy and organisatiomogcomings (Kosgeet al,
2006) have been major problems. In a pastoral ptaztusystem, flock mobility is
an additional problem to the aforementioned onemmg@dnents of within breed
improvement include defining the overall developmmebjectives, characterising
the production system, identifying breeds to bedused improved by selection,
identifying a list of breeding goal traits and d@rg goal values for each of the
breeding goal traits.

Breeding goal traits must have the following chgegstics: (i) reasonably large
genetic variability; (ii) easily and cheaply meashle; (iii) if not easily and cheaply
measurable then, must have a high genetic cooalatith a trait (indicator trait)
that is easily measurable, has a higher heritglglitcan be measured earlier in life
than the goal trait it represents; and (iv) des&radconomic value, either as a
marketable commodity or as a means of reducingymtozh costs. The overall
breeding goal for sheep production in Ethiopia dobk improving growth to
achieve a yearling weight of 35-40 kg, and survafaB5—-90% at yearling. Since
the stated yearling weight is demanded by importédérsheep and mutton from
Ethiopia, stakeholders which include exportershafep as live or mutton, should
be involved at all phases. If a lamb could attahigh weight at 12 months of age,
subsequent fattening for 3 months after castratmgd fetch high market prices
even in domestic markets. Measuring breeding gaaistwith components of
production and reproduction (e.g. number and wedfhoffspring per year) in
smallholder farms, however, is not easy. The difficto measure and value the
intangible benefits (Kosgewt al, 2006) derived from sheep presents more
complications. Therefore, systems of utilizing goweent ranches and research
flocks as nucleus breeding units, where properstoek recording could be
anticipated, should be looked for.

Open-nucleus breeding scheme

Application of open-nucleus breeding schemes (ONB#yht be a feasible
strategy for genetic improvement of sheep in Etlaigs is schematically laid out
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in Figure 10 (Philipssomrt al, 2006). ONBS could be utilised for conservatién o
genetic resources (including breeds, desirable gyegenotypes, etc) through
improvement and proper utilisation (Yapi-GnoaréQ@QPhilipssoret al, 2006).

Village flocks (pure breed)
/ Nucleus Flock \ - Screening for “best” indigenous
females to enter nucleus flock

Purebreeding —0] ]

indigenous breed \T/El
AN

TS TommeTm T Purebred indigenous|
Selected males Crossbreeding to males for limited use

of exotic breed Q produce males / in village flocks

Crossbred males for
Distribution to village flocks

§ 1 31
DODooOoo

“Upgrading” of local population

Figure 1Q Open-nucleus breeding scheme for improvement cimdervation involving
purebreeding and crossbreeding (adapted from Bhdiget al, 2006)

This scheme allows an in-flow of high potential doieng animals for
crossbreeding as well as from village flocks forgiueeding to nucleus flocks in
the ranches (Figure 10). Thus, ONBS can serve fith lpurebreeding and
crossbreeding, and dissemination of improved genetiaterials allowing
conservation and improvement of the indigenous sh@eeds. Crossbred rams,
however, should be distributed to targeted villdgeks with maximum care not to
mix indigenous rams with crossbred rams. Based meding values for the
breeding goal traits, ewes born to superior ramglavbe selected and bought for
transfer to nucleus flock. Nucleus flocks can béugein the governmental
breeding ranches or similar settings (e.g. reseatations). Subsequent genetic
evaluations and selection for superior rams wow@duhdertaken in the nucleus
flocks where animals from different sources ardwatad in the same environment.
Dissemination of superior rams could be made tdigiaating farmers on cost-
recovery basis.

An example of a structure for a possible open-ruglereeding scheme for the
Horro breed of Ethiopia which consists of 2 milliewes is illustrated in Figure
11. It is based on a three-tier systemcleus sub-nucleusndvillage flocks. It is
assumed that there will be 10 nucleus flocks amth @acleus flock will consist of
4 000 breeding ewes and 160 fertile breeding rdrhas, each ram will annually
be used for 25 breeding ewes. Nucleus flocks cbelglaced within governmental
ranches, research centres or any suitable settiagiever, it should be situated
closer to animals’ habitat and evaluation shouldnbne environment where they
are going to be used. Litter size of 1.34 for Hdoreed was obtained from the
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study by Abegaz (2002). Survival of lambs at yearlivas set to be 90% as a
breeding goal and fertility rate of 85% allows eaete to produce 1.03 lambs per
year in well managed nucleus flocks. About 4% bragts each year should be
selected at nucleus flocks for own use. From tlmeameing rams in the nucleus
flocks, 30% of the second best rams should be tsedver the need of rams for
the sub-nucleus flocks.

The sub-nucleus flocks are those owned by firstllparticipating sheep owners.
Sheep owners in this tier could be selected base@ase of access to farm,
availability of enough grazing and water, size d&dck, ability to follow
prophylactic programmes, supplement their animalsngd critical periods, and
willingness to use controlled breeding (use setbctens from nucleus flocks and
castrate mediocre unselected rams of their faringhese tier flocks, a litter size
of 1.2, survival rate of 85% at one year of agal fertility of 80% would mean
that a 0.82 lamb is produced per ewel/year. Abot bést rams each year will be
selected at sub-nucleus flocks to be distributexddjsto village flocks. Village
flocks here are flocks owned by people who areljaccessed for monitoring and
detailed evaluations. At this level evaluation rogihto select best animals should
be kept very simple. Best ewes would move upwards fsub-nucleus flocks to
nucleus flocks, as it may be possible to keep soasic records on pedigrees and
production at the sub-nucleus level.

At litter size of 1.34, survival

rate of 90% and fertility rate
of 85% result in 1.03 lambs
per ewe per year; hence, from
40 000 ewes, 20 500 and

20 500 are produced. Best
4% selected each year for
own use in the nucleus flock:
(i.e. 800 new rams/year). Th
remaining 30% second best
category (i.e. 6 000 new

rams for replacement per

year) will be used in the sub-
nucleus flocks.

Nucleus

flocks (10)
40 000

* 1600 for2yrs \

est  Sub-nucleug®s

Flocks

450 000
18 000 used for 3 years

Village flocks

1510 000
60 400 used for 3 years

At litter size of 1.2, survivh
rate of 85%, and fertility rate
of 80% result in 0.82 lamb
per ewe per year; hence, fror
450 000 ewes, 184 500and
184 500 are produced.
Best 11% selected each
year (i.e. 20 000 new rams
per year) to be used at villagg

flocks. /

Figure 11 Example of a possible open-nucleus breeding seHenthe Horro sheep breed

consisting of 2 million ewes
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General organisational set-up

Briefly, an organogram with important links amongiim actors in Ethiopia is
presented in Figure 12. There is a need for est@bl a national Animal Genetic
Resources Institute (AnGRI), and enact a bylaw irgatthe roles and
responsibilities of all stakeholders for all adi®$ related to AnGR management,
improvement and utilisation. AnGRI is suggestedbéoresponsible for developing
the breeding programme and estimation of breedatgeg and economic weights
for indexes to be used. Furthermore, it could ceerthe monitoring of the
breeding programme (including quantifying extent gdnetic progress) and
electronic data processing. AnGRI also designsstesy of mating and exchange
of breeding animals between locations and flocksliti¢rent tiers, and delivers
breeding advice, training of staff to work in theeé&ding programme, and ensures
participation and co-operation through extensioth @tiucation. The institute could
be placed under the Animal Science and FisheriegrBmme of the Ministry of
Agriculture and Rural Development and could be mgadaby a board of
stakeholder representatives and assisted by a itethadvisory panel from
different research and public institutions (e.gAEI& ILRI). At regional level
(within the country), the department of AnGR cobklestablished in the Regional
Bureau of Agriculture, which should have a viabigk lwith the national AnGRI.
The department of AnGR could be responsible foredfional AnGR activities.
The department of Animal Science and Fisheriesistict/\Woreda may have an
AnGR section, which should coordinate and executeeding programmes,
training of sheep owners, and collect data, ended carry out preliminary
analyses. This section should work with governmeraches and be backed up
by nearby research centres.

H H Regional Bureau of
et T Agriculture
~ D 1 ~’ Department of AnGR -
J s Woreda of Agriculture
h R (Oversges Apim. Sci. &
L . Research Centres ’ \‘\‘. —

’ Anim. Sci. & Fisheries
(Oversees Dept. AnGR)

ANnGR section

Natiofial AnGR Institute = (Data entry, cleaning &
preliminary analysis

Governmental sheep ranches
(Nucleus flock)

ILRI EIAR, IBCR, _
(Research, ~-_.~ Universities Community-based AnGR node
train, advise)'” "~ *{(Research, train, or sub-nucleus flock
assist and advise) (Performance recording)

Figure 12 Organisational structure for community-based tirege programme
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At village level, community-based AnGR nodes areposed to be established
through community participation (using ParticipgtdRural Appraisal tools). At
this level,the development agent could coordinate a numbeudh nodes in at
least three peasant associations. Each node shaulkl a reliable community-
based elected leader, elected by the communitys Teader should coordinate
AnGR activities including ensuring collection ofleeant records on the sheep
flocks of the area. The node could be at commuradigg land level or any other
suitable grouping e.got (Amharic) or watershed approach.

Implementation

Initially sheep breeding could be first launchedviery strategic and realistic
places. The governmental breeding ranches are iftgaltheir comparative
advantage as nucleus flocks. Selection of farm@arggtablishment of sub-nucleus
flocks of the initial breeding programmes may bsdshon the factors previously
mentioned for this tier of flocks. These farmerewdt agree to practice controlled
breeding. Their capacity should, however, be ratbedugh community trainings
to increase their understanding of the programnteearabling them in recording
allowing them to make informed decisions. Animatfpenance data and pedigree
recording could be done at this level with majoroivement and facilitation by
extension services. At this level, recording sholdd kept simple. More
sophisticated recording and genetic evaluationslghze done at nucleus flocks in
the ranches. Data entry, cleaning and preliminarglyais could be done at
district/Woreda level with assistance from nearbgearch or training institutions
as appropriate. Final data analysis may be doneatdnal level (Figure 12).
BLUP animal models and Survival Analysis can beduse estimate breeding
values. However, training at all levels is vitaldarry out these activities.

Participating farmers need to share the cost aodldlagree to a minimum level
of management not only to realise the benefitsenfegic improvement, but also to
make genetic evaluation possible. Financial assistéhrough subsidy is important
at the start but should be kept to the minimumrisuee sustainability. A Trust
Fund in any suitable form could be established.i®bairganisations (e.gzkuly
Edir) are viable means to lay ground for such initiegivParticipating farmers need
to pay for the services they receive (e.g. cost ipgroved ram distributed).
Otherwise, the project cannot be sustainable, é&dpewhen external assistance
pulls out. Such issues should be clearly discussefdre the project initiation
phase. Participatory Rural Appraisal (PRA) tools ba used here. Donors may be
approached for restricted funding as a means ofpatipg sustainable
development instead of focusing only on food-aidrduemergency crisis.

Possible constraints and risk assumptions

The success of the programme is dependent on tamefitoring, i.e. measuring
the performance of the progeny of distributed rarBstension staffs at
district/Woreda level are responsible for this morning. Failure of the project
would have far-reaching effects. Lack of grazingaamight also be a problem due
to possible conflict among participating and nortipgoating farmers for common
resources. Related to this, a problem may arisausecnon-participating farmers
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leave their inferior uncastrated rams in the comathgmazing land which unduly
affects the programme. If there are members umgilto castrate their rams, the
programme should ensure physical separation onpeoirad rams are introduced
by relocating them to either their distant relagiv@ close friends. With regard to
land tenure, there is no clear policy that protgcézing areas and the land belongs
to the government and individual farmers have ghtrio apply any progressive
farming methods resulting in land degradation. Agstions are that the quality of
the sheep produced would lend itself to effectivarkating; resources (land, water,
genetics and general infrastructure) will be adegua effect change; extension
staff can be sufficiently trained in the procesmré will not be a major disaster
(e.g. severe drought, disease outbreak); commanakfs will accept some drastic
changes to their current way of producing animelg.(using identification tags for
their animals).

Crossbreeding or synthetic breed development

Crossbreeding between highly productive, geneticalivergent and adapted
breeds may result in superior overall performaiée choice of breeds to be used
in crossbreeding should match the level of inputlsich can vary substantially
both within and amongst target areas and producimtems (Philipssoat al,
2006). Therefore, this method should be adaptdid tite potential to the different
target production system. For example, market-tegnprivate farms and
financially well-off farmers may afford to utilisthese methods depending on
market opportunities. Nonetheless, the incremestats of crossbreeding need to
be justified by added benefits that accrue to ffstesn. In any case, ONBS should
be central to these breeding programmes. Gover@aetiteep ranches and
research centres have important roles to playasstireeding and synthetic breed
development. This is particularly because of thast experience in such activities
and availability of human and infrastructural cdpes. The AnGRI in
collaboration with national and regional researpktiiutions are proposed to
oversee the overall activities.

The results presented in this thesis and also ottmrlts (e.g. Beyene, 1989;
Hasseret al, 2002) indicate the existence of significant aaoins in growth within
and among different crossbred sheep genotypeshiofta. Hassert al (2002)
reported that insufficient milk of indigenous dameéd was a reason for slow
growth in crossbred lambs (37.5% crossbreds). &imobservations were made at
the Arsi sheep ranch (Beyene, 1989). These reisulisate that there is a need to
seriously think about dam-breed along with suppleary feeding when
crossbreeding is to be used to improve productity example, 50% crossbred
dams could be used as a dam-breed for faster griomthossbred lambs. With
regard to exotic breed or genotype to be usedAtressi breed has been the only
breed with promising results in the Ethiopian higlds. Due to disease
introduction risk (e.g. maedi-visna), however, eutly this breed is under ban
from use. Indigenous breeds should also be coregidésr crossbreeding. For
example, substantial improvement through seleatithin breed for small breeds
may take several decades. Crossbreeding and elrgntsynthetic breed
development may be used as a means to improve giatiuusing such breeds.
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Within breed selection may be combined with croseting with other larger
breeds at some stage to speed up genetic progtessver, information on level
of genetic diversity within and among populatiossiinportant for any sound
breeding plans. An on-going ILRI project on geneti@racterisation of Ethiopian
indigenous sheep is hoped to provide importantimétion for such plans.

The advantage of developing and using a synthegecdbis that it is easier to
handle than systematic crossbreeding under practioaditions. Secondly,
response to selection when using synthetic breedseiater than that on parental
breeds because of the increased genetic variatidncoeased additive genetic
merit in the synthetics. Developing a syntheticelrehowever, is a long-term
process that needs more resources, a large nurhlb@inaals, detailed recording
and analytical facilities. Therefore, developmeffitsgnthetic breeds should be
carried out on-station in a nucleus flock, paréelyl in research stations where
recording, feeding and management is likely to héeun better control than in the
field.

Conclusions

Comprehensive genetic and production charactesisatudies as demonstrated in
the series of studies in this thesis reveal thmérelous potential of indigenous
Ethiopian sheep breeds for improved productivitd arealth considering the

following conclusions.

Within and between breed variations for growth andvival was significant

Sires within breed were an important source ofatam for lamb growth and
survival

Heritability estimates for growth traits were low moderate, and indicate
that genetic improvement is feasible

Heritability estimates for survival were low buillstould be used in selection
since there was no genetic antagonism between lgawd survival traits

Maternal genetic effects were important for groadid survival traits

Lamb sex, birth type, dam parity, season and yEbirth were all significant
for both growth and survival traits

Birth weight within breed was the single most intpat source of variation
for lamb survival

Permanent environmental and common (litter) envitemtal components
were important for growth traits

Lamb mortality was a limiting factor for productiyj particularly in the
Horro breed at high altitudes compared to the Mamzep and may have a
link to genotype-environment interaction
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Respiratory diseases were the most important calusgortality accounting
for more than half of the overall mortality

Risk factors for pneumonia were, breed, sex, liyfe, age, birth weight
category, month of the year, and ambient air teatpes

Maedi-visna virus as a cause for ovine progregsneimonia has emerged as
an important bottleneck for crossbreeding; itsadtrction into Ethiopia is
believed to be connected to breed importations

Compared to mixed Linear Models, Survival Analy$is lamb survival
improved accuracy of breeding values by 17% but $ame important
limitations

Anthelmintic treatment and supplementation agasastclinical helminthosis
in indigenous Menz and crossbred sheep were eceatiyprofitable

The indigenous Menz were superior to the 75% Awllksiz crosses in
profit margin when skin value was considered duangexperimental period
of 10 months after yearling age, and the valuekof saused profit shift in
favour of the indigenous Menz. Yearling weight d6% Awassi-Menz
crosses indicated that they can be marketed atal2hs of age instead of 10
months later for purebred Menz sheep.

Ethiopia’s vision in sheep breeding shall be imjmgwproduction per animal
and re-locate resources (e.g. feed & water) toctsdeewes that produce
more and better growing lambs through combined risffon planning,
management and selection with careful consideraifobreed (genotype)
environment interaction.

Different scenarios for sheep production in Ethéoghow that the output per
sheep kept could be doubled by environmental anétgeinterventions that
reduce mortality and increase fertility, growth ayehrling weight so that
lambs could be marketed at an earlier age.

Breeding programmes are proposed to be based om mpeleus flocks
utilizing government ranches at the top of a thireesystem of flocks. Such
schemes could be used for conservation and imprenemf indigenous
breeds as well as for crossbreeding

Recommendations

Good farm routines need to be introduced that wanddease birth weight,
reduce climatic stress, limit malnutrition, stafeatand exposure, promote
maximum ewe-lamb contact during the first few dafter birth; vaccinate
ewes against clostridial infections to help thensspaolostral immunity to
their lambs

The wide within breed variability in growth and gwal could be exploited
more permanently through ram progeny tests. Contyibaised within breed
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improvement using open-nucleus breeding schemdshmsiteding goal traits
of weight at weaning (17 kg) and yearling (30 kg asurvival at yearling

(85-90%), need to be initiated first in pilot lesmm sites (e.g. ranches) with
full participation of sheep owners and stakeholders

Mortality from respiratory diseases could be migied by timing of mating
to ensure that lambing occurs in the late shortyraeason (March/April) so
that lambs are weaned at the beginning of the ramgson (June/July).
Improving flock health and nutritional managemeafd housing (e.g.
providing bedding); close monitoring for, and propeentification of,
pneumonia are important.

Maedi-visna virus could be prevented through a-destslaughter policy of
reactors, raising lambs on heat-treated colostrunoro cow milk (when
possible), isolating with follow-up of clinical sig, and cull mediocre,
progressively emaciated sheep which do not seeracmver in areas where
definitive diagnosis is difficult

Sheep flocks have to be vaccinated against pafitmisewith multivalent
vaccine which includes all predominaPasteurella sppand serotypes;
against PPR with PPR homologous vaccine; againsgwarms with
anthelmintics drench strategically (Tembetyal., 1998)

Importation of exotic sheep breeds should be asdesarefully for disease
freedom according to international regulations sinduld be quarantined and
assessed by subject-matter-specialists

An open nucleus flock structure of three tiers todoice improved rams for
village use utilizing government ranches and redednerds are proposed.
Such a system may be used for purebreeding asaseibr crossbreeding
when found relevant. An organizational structurensure the different steps
of the breeding programme is suggested.

Future research

To improve productivity and health of indigenousah breeds and crossbreds,
there are still some more research questions, wWiagk not been dealt with during
the time frame and scope of this study.

On-station evaluation of growth and survival vailigb in other
promising indigenous sheep breeds (could be linteedpen-nucleus
breeding scheme)

Investigating productivity and economics of low s&s high litter size in
difficult agro-ecosystems of tropical environments

Investigating the use of satellite imagery and niodgeto predict risks of
respiratory diseases by making use of informatienegated from area-
specific climatic and health data
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Investigating the role of genotype environment interaction for lamb
survival, and resistance to infections (pneumorfasciolosis and
lungworms)

Possibilities for improvement in the Survival Ansity methodology to
incorporate multiple traits and maternal genetifie@$ when analysing
survival data

Alternative selection strategies for open-nucledscks and their
achievements at village level

Life-time assessment of profitability of indigenoasd crossbred sheep
breeds

Suitability of open-nucleus breeding schemes itiqrakflocks

Post-harvest ‘defect’ of meat from highland shesgetls or darkening of
the meat after slaughter which is ‘less liked’ tnporters
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