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General Introduction

The Sabi sheep breed of Zimbabwe faces extinction, especially through crossbreeding,

if something is not done soon. Being indigenous (endemic) to semi-arid parts of

Zimbabwewith its extreme climatic fluctuations, it is in all likelihood better adapted to

these conditions than any exotic genotype with a higher production potential. Since it

has become very costly, and even prohibitive, to improve environments, interest is

growing in the better utilisation of adapted local breeds where these still exist. The

sudden scramble by, albeit a handful of scientists, to characterise, popularise and

genetically improve such breeds is therefore more than warranted. Reasons for

investigatingthe possibility of artificial selection to improve production are obvious but,

ironically,the possibility of genetically improving, and not only maintaining adaptability

also exists, since the indisputably short-term environmental changes by man have not

necessarilyalways as yet been countered by natural selection.

Sabi sheep are the only indigenous sheep breed in Zimbabwe. Estimates of genetic

parameters for this breed are lacking in literature. The reliability of the estimated

genetic merit depends on the judicious choice of the fixed model used to describe

the biological processes and the prediction methodology used among others

(Johnson & Garrick, 1990). In order to institute constructive genetic change in the

Sabi, there is need to know some of the important genetic properties. Genetic

parameters will need to be estimated so as to formulate a breeding strategy.

Selection is likely to be more effective if the genetics of traits conferring adaptation to

harsh environment are better understood, and if the most important of these traits
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are included in the breeding goal. Traits conferring better adaptation may include

physical attributed such as litter size, coat type and the ability to store body fat, some

aspects of behaviour, especially maternal and grazing behaviour, and disease

resistance (Simm et al., 1996). A better understanding of the relationships between

production traits and these adaptation traits will also be critical for the development

of appropriate, sustainable breeding programmes. This reduces the risk of there

being detrimental correlated effects of selection.

Objective selection within breeds or strains is intended to increase the average level

of genetic merit of the population. Simms et al. (1996) proposed the following steps:

(I) deciding what to improve (the 'breeding goal') - obviously there needs to be

genetic variation in the trait or combination of traits if any improvement is to be

made; (ii) deciding what to measure and select (the 'selection criterion') in order to

make improvements in the breeding goal (in some cases the selection criterion may

be the same as the goal; in others some indirect measurement is needed, for

example when the goal trait can only be measured in one sex or after slaughter); (iii)

designing the breeding programme (e.g. numbers of the males and females selected

annually, ages at mating); (iv) implementing the programme; (v) monitoring

progress and redesigning the programme if necessary.

Improvement in. the efficiency of production is achieved by exploiting the genetic

variation in the traits of interest. In the current characterisation study, traits to be

included are amongst others those for growth, carcass, reproductive traits and

resistance to internal parasites. To obtain accurate estimates of the genetic

parameters, it is imperative that the most suitable models are fitted to the data to

account for all 'known' sources of environmentalvariation. Initially,the 'fixed' effects to

be included are to be investigated. In addition appropriate models to determine the

random effects are to be established for each trait and later to be used in multivariate

restricted maximum likelihood analyses (REML) to determine the relationships among

them. However, simultaneous improvement in multiple traits requires that there be no

major genetic antagonisms amongst them. In addition, genetic correlations are

essential in predicting indirect responses to selectionand are needed to determine the

optimum weighting and expected response in selecting to improvemore than one trait.

Methods for parasite control exploiting the host resistance, may not only be cost

effective, reducing the risk of drug resistance ete, but may be the only tool available
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to control gastrointestinal parasites for the resource poor farmers. Finally further

areas of research to improve the Sabi sheep will be discussed.
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2

A description of growth, carcass and reproductive
traits

2.1 Introduction

The indigenous Sabi sheep of Zimbabwe is a fat-tailed hair breed (Ward, 1959) with

similar features to the Red Maasai and Tswana sheep of eastern and southern Africa

(Mason & Maule, 1960). Sabi sheep are mainly found in the medium and low rainfall

regions (less than 600mm per annum) of Zimbabwe. Sheep production in these areas

is suited to hair breeds since they are not affected by sharp, barbed-awned grass

seeds (e.g. Heteropogon contortus, Spear grass) as are woolled sheep (Le Roux,

1970).

In order to make genetic improvement in growth, carcass and reproductive traits, it is

necessary to have accurate estimates of environmental and genetic parameters of

these traits. Adjustments for various environmental effects such as year of birth, sex,

type of rearing and age of dam are essential in prediction of breeding values and in

selection programmes.

Although estimates of genetic and non-genetic parameters abound in the literature,

(reviewed by Fogarty, 1995) none are available for Sabi sheep. Traits relevant to the

multi-purpose role of the Sabi including their ability to survive and reproduce in a harsh

environment need elucidation. Therefore, the purpose of this paper is to describe the

effect of environmental factors in order to characterise growth, carcass and
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reproductive traits for use in the development of suitable models for the accurate

estimation of genetic parameters, prediction of breeding values and formulation of

appropriatebreeding policies for this rare breed of sheep.

2.2 Materialsand Methods

Data were obtained from the Sabi flock maintained on natural rangelands at the

Matopos Research Station, at an altitude of 1340 metres above sea level. The wet

season is from November to April and the mean annual rainfall is 609mm (range

among years 257-1376 mm). The dominant vegetation type is Savannah with various

Acacia species and grass species. Ward et al. (1979) gives a detailed description of

the climateand vegetation types.

The origin and description of the foundation flock, is given by Ward (1959). Until

1985 young ewes were exposed to sires of other breeds (e.g. Mutton Merino,

Wiltshire Horn, Suffolk· and Dorper) for" their first and second lamb crop in a

crossbreedingexperiment. Their retention as replacement ewes in the purebred flock

was dependent on their ability to rear and wean heavier crossbred lambs. Data from

this crossbreeding experiment were not included in the present analyses. From

1986, all ewes (about 400) were mated to 15 Sabi rams per mating cycle, with each

sire mated to between 20 and 30 ewes. Two to three sires were used in more than

one year which resulted in creating ties between years from both the male and

female side.

All animals were grazed during the day (6 to 7 hours) and penned at night. Hand

mating was done once a year over a period of 35 days to lamb from the end of

September to the beginning of December. Supplements (200 g per ewe per day of

75% maize and 25% cottonseed meal) were normally given to ewes exposed to the

ram a month before lambing for 100 days. Ewes were vaccinated for pulpy kidney four

weeks before lambing.

At lambing, both lambs and dams were weighed and the lambs ear-tagged. Tail

docking and castration were carried out within 24 hours of birth using rubber rings.

Initial ram selection was based on birth weights with male singles of over 3 kg and

twins over 2.5 kg birth weight being retained, while the rest of the male lambs were
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castrated. The response to selection was assumed to be minimal since no index or

breeding values were used in the choice of rams or ewe lambs. Weaning was at 140

days of age up to 1990 and at 100 days of age thereafter. Weaning was always at the

end of the rainy season and it was done in one group. This necessitatedthe use of age

as a covariate to account for the different ages within years as this was deemed to be

statistically more appropriate than correcting to a constant age. Lambs were

vaccinated against pulpy kidney at weaning.

Maiden ewes were exposed to the rams at 18 months of age only if they had attained

a minimum live weight of 30 kg and had no apparent deformities. Selection criteria

used subsequently were that: all ewes giving birth to twins and rearing them to

weaning were retained; ewes giving birth to a single and rearing it to weaning and

ewes giving birth to twins and rearing one to weaning were next in line for selection.

If more replacements were required, dry ewes and ewes, which gave birth but did not

wean a lamb, were retained. Once the ewe flock had stabilised at about 450-500

ewes from 1990 onwards, all ewes which failed to lamb for two consecutive

lambings and those not rearing lambs were culled. Animals without complete records

of parentage were eliminated. Culling was also on age and dentition status. The

harsh semi-arid environment causes extreme teeth wear and loss and ewes were

culled heavily on dentition status from 6 years of age and older.

The data set analysed consisted of 4355 lamb and 4299 ewe records collected from

1984 to 1994. Over the 11 years only five ewes gave birth to triplets and these were

discarded from the analyses. Also excluded were lambs whose dams were not

identified at birth and those that did not have date of birth or birthweight recorded.This

reduced the data set from 4399 to 4355 for lamb records.

The growth traits analysed were: birth weight (BW); weaning weight (WW); 12 month

weight (12W); 18 months weight (18W); average daily gain from birth to weaning

(ADG); total litter weight at weaning (the sum of naturally reared individual lamb

weights within a year per ewe lambing and is a trait of the ewe) (LWW). Those for

carcass and reproductive traits were: slaughter weight (SLW); hot carcass weight

(HCW); cold carcass weight after 24 hours at +4 °c (CCW); ewe mating weight (MW);

post partum weight (PPW); ewe weight at weaning of the lamb (EWW); fertility

(whether a ewe lamb or not; 0 or 1); reproductive rate (number of lambs born to a

ewe exposed; 0, 1 or 2); ewe weaning rate (number of lambs weaned to a ewe
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lambing; a, 1 or 2); flock weaning rate (number of lambs weaned to a ewe exposed;

a, 1 or 2); prolificacy (number of lambs born to a ewe that lambed; 1, or 2) and lamb

survival rate (whether a lamb born alive, was dead or alive at weaning; 0 or 1) for

ewe reproductive traits. The Kleiber ratio (KL=ADG to weaninglWW075) has been

suggested as an indirect selection criteria for efficiency of feed conversion under field

conditions (Scholtz & Roux, 1988) and was included as an additional trait.

The least squares model (Harvey, 1990) fitted for the traits included the main effects of

year of birth (1984-1994), sex (female, castrate, ram), birth type (single, twin), type of

rearing (single raised as single, twin raised as a single, twin raised as a twin) and dam

age (2 to 7+ years of age except for ewe trait which had 9 year olds and above). Birth

date (measurement of day of birth within each birth year) was included as a linear

covariate for birth weight. For the other traits, age at measurement was fitted as a

linear covariate and slaughter age (1, 2 or 3 years) for carcass traits. Total litter weight

weaned (LWW) was calculated as follows: lamb records were corrected to 120 day

weight; followed by least-squares corrections for sex of lamb and then summing the

corrected weaning weight of the weaned lambs per ewe lambing in a given season.

The numbers of the data used in the analysis and model specification for the

different traits are presented in Table 2.1.

2.3 Results and Discussion

All main effects fitted were significant (P<0.05) for most growth (except lamb age for 18

months weight), and reproductive traits except for ewe age for carcass traits (P>0.05)

(Table 2.1).

Significant two-way interactions between year of birth and sex for 12W and 18W were

found. Generally rams were heavier than females and castrates except in 1990 when

rams had similar performance to castrates and females at weaning and were later

outperformed for yearling and 18 month weights by the latter. The most probable

explanation for the significant interactions for sex and year of birth may be two-fold: a)

that rams were separated from castrates and females at weaning and raised in a

separate part of the farm; b) that under favourable grazing conditions (feed availability

and management), rams expressed their full growth potential and, under unfavourable
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conditions, they seemed to be more affected in terms of performance than females

and castrates. The significant interaction between sex and type of birth for lamb

survival to weaning could be due to high mortality for castrated male twins (33 per cent

for castrates versus 6 per cent for rams) which is constituted by the remainder of males

from ram selection.

The least squares means and coefficient of variation (CV%) for all traits are

presented in Tables 2.2 and 2.3.

Males were heavier than females at birth. Consistent superiority of male lambs has

been widely reported (Burfening & Carpio, 1993; Snyman et al., 1995a; Mousa et al.,

1999; Mukasa-Mugerwa et al., 2000). Rams were consistently heavier up to 18 months

of age than both castrates and females. Similar trends were reported in literature

(Tawonezvi & Ward, 1987; Inyangala et al., 1990; Buvanendran et al., 1992; Burfening

& Carpio, 1993). This has been attributed to hormonal differences between sexes and

the resultant effects on growth (Bell et al., 1970). The birth weights reported in this

study are low and may predispose the lambs to hypothermia, starvation, respiratory

diseases and many others (AI-Shorepy & Notter, 1998). Females and castrates had

lower KL than rams and singles had the highest KL for birth type similar to that

reported by van Wyk et al. (1993a). Single born lambs were heavier at birth, grew

faster to weaning and had higher weaning weights than twins. After weaning, twins

grew faster than singles but the 18 month weight was heavier for the latter. A study on

Dorpers in Zimbabwe by Buvanendran et al. (1992) reported similar results as those

observed in this study. The effect of type of rearing also persisted up to 18 months

where the difference between those raised as twins and those raised as singles

gradually declined to 6.5 % comparable to 6.9 % found by Snyman et al. (1995a) in

Afrino sheep. Similar effects of rearing status has been well documented elsewhere

(Tawonezi & Ward, 1987; Boujenane & Kerfal, 1990). Total litter weight weaned was

highest for twins surviving to weaning. Ercanbrack & Knight (1998) found that selecting

for total litter weaned can be effective for both growth and reproductive traits including

lamb survival.



Table 2.1 Numbers used and model specification for growth 1
, carcass/ and reproductive traits"

Trait N Year Sex Type of Type Ewe Year x Birth Slaughter Birth Lamb Lamb Lamb
birth of age sex status x age date age(L) age (Q) age (C)

rearin sex
BW 4352 *** *** *** *** ***
WW 3713 *** *** *** *** *** NS NS
12W 2334 *** *** *** *** *** *** * NS
18W 2148 *** *** *** *** *** NS NS NS
ADG 3307 *** *** *** *** *** *** *** **

LWW 3318 *** *** ***
KL 3713 *** *** *** *** *** *** NS
SLW 1710 *** *** *** ** ***
HCW 1710 *** *** *** NS ***
CCW 1710 *** *** *** NS ***
MW 3930 *** ***
PPW 3773 *** ***
EWW 2796 *** *** ***
ELlEE 4299 *** ***
LB/EE 4299 *** ***
LB/EL 3771 *** ***
LW/EE 4299 *** ***
LW/LB 3771 *** **
SURV 4355 *** *** *** ** ** **
1= Birth weight (BW); weaning weight (WW); 12 month weight (12W); 18 month weight (18W); average daily gain to weaning (ADG); total litter weight at weaning
(LWW); Kleiber ratio (KL), weight at mating (MW); post partum weight (PPW), ewe weight at weaning of lamb (EWW); Covariate fitted as linear (L) or quadratic (Q)
or cubic (e).
2= Slaughter weight (SLW); hot carcass weight (HeW); cold carcass weight (eeW)
3= Lambs born (LB); lambs weaned (LW); ewes lambing (EL); ewes exposed (EE); lamb survival to weaning (SURV)
* = P<O.05,** = P<O.01;** = P<O.001;NS = Non-significant
Year = Year of birth/mating



Table 2.2 Least squares means and standard errors (SE)# of growth 1 and carcass" traits

Traits Growth Carcass

BW WW 12W 18W ADG LWW KL SLW HCW CCW

Sex
Female 2.55 16.6 22.5 32.7 117 14.3 29.6 12.3 11.7

Castrate 16.7 22.6 34.5 118 14.2 29.6 13.9 13.5

Ram 2.71 18.5 24.1 37.6 130 14.5 31.8 15.1 14.6

Birthl rearing
Single-single 2.96 19.3 24.6 361 136 18.7 14.7 29.9 14.0 13.5

Twin-single 17.2 23.0 35.1 122 16.3 14.5

Twin-twin 2.29 15.3 21.5 33.6 106 28.9 13.8 28.1 13.1 12.7

Ewe age (years)
2 2.36 16.3 22.4 34.2 115 20.4 14.2 29.0 13.5 13.0

3 2.64 17.7 23.3 35.2 125 21.8 14.5 29.4 13.5 13.0

4 2.74 17.9 23.3 35.4 126 22.1 14.5 30.3 13.8 13.3

5 2.70 17.6 23.6 35.2 124 21.8 14.4 28.9 13.6 13.2

6 2.65 17.1 23.1 35.1 121 21.1 14.2 27.3 13.5 13.1

7+ 2.67 16.8 22.6 34.4 118 20.7 14.1 29.2 13.5 13.0

Slaughter age (years)
1 17.9 8.3 7.9

2 33.0 15.2 14.8

3 36.1 17.2 16.6

Birth date I Age(L) 0.01 0.04 0.03 0.03 -0.72 -0.10
Age (Q) NS 0.00 NS 0.01 0.00
Age (C) 0.00

LS mean 2.63 17.2 23.5 35.7 122 21.3 14.3 29.0 13.6 13.1

R2 0.39 0.41 0.56 0.54 0.43 0.57 0.68 0.34 0.51 0.50

CV{"Io) 15.8 16.6 12.2 10.4 18.8 18.0 8.1 24.2 17.3 17.6
1 = Birth weight (BW); weaning weight (WW); 12 month weight (12W); 18 month weight (18W); average daily gain to weaning (ADG); total litter weight at weaning
(LWW); Kleiber ratio (KL); Covariate fitted as linear (L) or quadratic (Q) or cubic (C).
2 = slaughter weight (SLW); hot carcass weight (HCW); cold carcass weight (CCW); (kg for all growth and carcass traits except for ADG = g/day)
# The ranges of standard errors were: BW (0.01-0.02); WW (0.01-0.22); 12W (0.01-0.27); 18W (0.01-0.36); ADG (0.05-1.88); LWW (0.07-0.26); KL (0.03-0.04); SLW
(0.40-0.98); HCW (0.13-0.31); CCW (0.12-0.31)
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Table 2.3 Least squares means and standard errors (SE)# of reproductive traits 1

Traits Reproductive
MW PPW EWW EUEE LB/EE LB/EL LW/EE LW/LB SURV

Sex
Female 0.84
Castrate 0.76
Ram 0.95

Birth/ rearing
Single-single 35.9 0.90
Twin-single 37.0
Twin-twin 37.2 0.79

Ewe age (years)
2 35.3 32.9 34.7 0.89 0.98 1.11 0.79 0.82 0.81
3 36.9 35.7 36.5 0.90 1.04 1.16 0.88 0.88 0.86
4 38.8 37.0 37.2 0.93 1.09 1.18 0.94 0.88 0.87
5 39.0 36.0 37.5 0.91 1.09 1.20 0.93 0.87 0.97
6 39.3 36.1 37.5 0.87 1.05 1.20 0.87 0.85 0.85
7+ 38.7 35.8 37.0 0.87 1.08 1.24 0.85 0.81 0.82
8 0.80 0.91 1.13 0.74 0.85
9+ 0.71 0.80 1.13 0.66 0.84

Birth date/Iamb 0.002
age
LS mean 38.0 35.6 36.7 0.86 1.01 1.17 0.83 0.85 0.85
R2 0.24 0.30 0.20 0.04 0.07 0.06 0.05 0.02 0.08
CV{%} 10.3 10.9 9.12 36.8 48.4 30.3 63.2 40.0 39.6
1 = Weight at mating (MW); post partum weight (PPW), ewe weight at weaning of lamb (EWW), lambs
born (LB); lambs weaned (LW); ewes lambing (EL); ewes exposed (EE); lamb survival to weaning
(SURV)
# The ranges of standard errors were: MW (0.02-0.03); PPW (0.02-0.03); EWW (0.02-0.03); EUEE
(0.01-0.05); LB/EE (0.02-0.04); LW/EE (0.02-0.08); LB/EL (0.01-0.06); LW/LB (0.01-0.07); SURV
(0.0001-0.01)

Year of birth had a significant effect (P < 0.05) on all traits studied, some being more

profoundly affected than others. No clear trend in lamb performance between years

was found. The differences in performance between years reflect variation in the

physical environment resulting from changes in the weather conditions (especially

rainfall) which directly affect the quantity and quality of herbage available and the

incidence of parasitic diseases in different years. Though birth weight was significantly

affected, it varied less than the other weights. This may be due to the fact that other

weights will fluctuate with environmental factors such as amount of forage and milk, but

birth weight is only indirectly affected through the body condition of the ewe. Similar

variations in performance between years have been reported in literature (Khombe,

1985; Tawonezvi & Ward, 1987; Inyangala et al., 1990).
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Age of dam was a significant source of variation for birth weight to 18-month weight (P

< 0.001). All growth traits increased with age from 2-year-old ewes and peaked at four

years. The fact that young ewes tend to produce smaller lambs has been documented

(Wilson, 1987; Tawonezvi & Ward, 1987). Young ewes are still growing (and need to

meet energy demands for foetal growth and for their own growth) and mothering ability

(especially milk production) increases with age and body weight (Stobart et al., 1986;

Wilson, 1987; Boujenane et al., 1991; Van Wyk et al., 1993a). Highest total weight of

litter weaned was from four year-old ewes. Total weight of litter weaned was lower than

that reported for the Columbia, Suffolk and Targhee breeds (Abdulkhaliq et al., 1989).

Snyman et al. (1997) reported varied total weight weaned across parity in different

environments for three sheep breeds. Kleiber ratio decreased with ewe age from the

youngest unlike that reported by van Wyk et al. (1993a) which increased with age from

two to six year olds then decreased.

Pre-weaning average daily gains reported here are higher than others reported for hair

sheep breeds off range (Wildeus, 1997). Differential growth from weaning to 12

months of age for lambs born to the youngest and the oldest ewes, twins, females and

castrates was observed. Differential growth persisted after 12 months of age for those

disadvantaged by type of rearing but was less so for those lambs born to the young

and the oldest ewes (Table 2.2). Similar results have been reported elsewhere in

literature (Baker et al., 1974; Olson et al., 1976; Tawonezvi & Ward, 1987).

Rams had higher carcass weights than either castrates or females. Singles were

heavier than twins. The heaviest carcass was from lambs born of four year-old ewes.

Similar to those reported by Conington et al. (1995). The economical carcass weight

was from two year-old animals with an extra year adding 3kg on slaughter weight and

about 2kg for dressed carcass. Dressing percentage was about 45%. These are

similar to those reported for Scottish Blackface sheep (Conington et al., 1998).

Sabi ewes are heaviest at mating with the lowest weight at parturition (Table 2.3).

Young ewes had lower live weights at mating, post-partum and at weaning.Ewes were

heaviest for mating weight between five and six years of age, and at four years of age

for post partum weight. Lamb body weight is positively correlated with ewe weight

(Reddy et al., 1984). Selection for growth traits is expected to increase ewe adult

weight (Náshotrn, 1990; Nasholrn & DanelI, 1996).
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Reproductive performance was at its highest between four and five years of age. Sabi

sheep had fertility levels of 0.86, higher than the 0.73-0.74 reported for crosses

between Finnish Landrace and lie de France (van Haandel & Visscher, 1995) and

Border Leicester (Brash et al., 1994b) respectively. However, they were lower than the

0.91 reported for Targhee (Iman & Slyter, 1996) and 0.92 in Dorset, Corriedale, Finn-

Dorset-Targhee ewes (Brash et al., 1994a; Brash et al., 1994c; Iman & Slyter, 1996)

respectively. Sabi sheep in this study were not very prolific (1.17) but were within the

range of that reported by Kominakis et al. (1998). Prolificacy was highest for ewes at

seven years of age but was lower than in other hair breeds (Wildeus, 1997) and other

sheep breeds (Brash et al., 1994a; Brash et aI, 1994b; Hall et al., 1994; Iman & Slyter,

1996). Number of lambs weaned to those ewes exposed to the ram increased with age

and was best between for and five year old ewes. Sabi sheep had fewer lambs weaned

over ewes exposed (0.83) to those reported elsewhere in literature (Brash et al.,

1994a; Iman & Slyter, 1996).

Average lamb survival was 0.85 with castrates having the lowest survival rate (0.76)

and rams having the highest (0.95). Higher survival rates for rams were mainly

because the heaviest lambs at birth were retained as future rams. The remainder of

the males with inferior birth weights were castrated and docked within 24 hours of birth

and this may explain the high losses. Other results in literature found no effects of sex

on survival of lambs to weaning (Tawonezvi & Ward, 1987). Twin born lambs had a

lower survival (0.79) compared to singles (0.90) with is comparable to published results

(Smith, 1977; Khombe, 1985; Tawonezvi & Ward, 1987; Subandriyo & Inounu, 1994;

Mukasa-Mugerwa et al., 2000). Physiological starvation, resulting in small and weak

offspring at birth and less vigour for early nursing and lower ability to compete for a

limited supply of milk was suggested as the major cause of death among twins

(Tawonezvi & Ward, 1987; Subandriyo & Inounu, 1994). Lambs born later in the

season had higher survival rates and that survival increased with increasing birth

weight. Other workers found that birth weight was strongly associated with survival

(Atkins, 1980; Dalton et al., 1980; .: Gama et al., 1991; Burfening & Carpio, 1993;

Mukasa-Mugerwa et al., 2000). Survival increased with dam age, from 2 years of age

and declined after five years of age. Similar results were reported in literature (Warren

& Mysterud, 1995; Mukasa-Mugerwa et al., 2000). Lamb survival is a complex trait

influenced by the lamb's own ability to survive and by its dam's rearing ability

(Burfening, 1993).
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2.4 Conclusions

Sabi sheep have low birth, mature and carcass weights. Ewe weight most likely

influences the economic outcome of a sheep enterprise. We need to study the

interrelationship between ewe weight and other characteristics as maternal ability,

growth of lambs, lamb survival and reproductive performance of the ewe. Slaughter

age off range was optimum around two years of age. Ewe culling is recommended

for ewes over seven years of age. Environmental effects considered in this study are

important and will need to be taken into consideration for the accurate estimation of

genetic parameters and prediction of breeding values. The significant sex x year of

birth interaction for post-weaning growth traits need to be incorporated in the models

for estimation of genetic parameters.
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3

Genetic parameter estimates for reproduction and

survival traits using a threshold model

3.1 Introduction

Reproduction and survival rate are undoubtedly the most important traits in all

systems of sheep production and in all environments. The need to incorporate at

least one of these in the breeding objective for maternal mutton breeds cannot be

overemphasised. Increased reproduction and survival rate should not only lead to

higher income but also increased genetic improvement. The most important measure

of a flock's overall reproductive performance is the number of lambs weaned per ewe

exposed, which is the product of the proportion of ewes lambing (fertility), litter size

at birth (prolificacy) and survival rate of lambs born to weaning (Lee & Atkins, 1994).

Though most recent literature estimates tended to be from REML analyses fitting

linear models, caution must be exercised, since in breeds where multiple births are

the norm, there may be little differences with Threshold models (Matos et al., 1997).

However, in less prolific sheep like the Sabi, rapid genetic progress could be

obtained fitting the appropriate threshold models. The main theoretical reason put

forward for linear models being inappropriate is that breeding values and residuals

are not independent of each other and their marginal distributions are difficult to

specify (Gianola, 1982). To overcome these problems, Gianola & Foulley (1983)

proposed a non-linear approach based on the assumption of ordered observed
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categories on an underlying non-observable normal distribution with fixed thresholds.

The underlying variate is mapped into the observable phenotypic categories

(Gianola, 1982). Procedures and software programmes for predicting breeding

values for categorical traits have been developed (Gianola & Foulley, 1983, Foulley

et al., 1983; Harville & Mee, 1984; Foulley & Gianola, 1984; Konstantinov, 1995).

The objective of this study was to provide estimates of genetic parameters to

characterise Sabi sheep in terms of reproductive performance and lamb survival to

weaning for use in the development of appropriate breeding objectives and

improvement programs. Another, was to encourage conservation of Sabi sheep by

improving profitability which is determined by both reproduction and production traits.

Reproductive performance is usually defined as lamb (weight or/and numbers) per

ewe per annum.

3.2 Materialsand Methods

3.2. 1 Animals

Until 1985 young ewes were exposed to sires of other breeds (e.g. Mutton Merino,

Wiltshire Horn, Suffolk and Dorper) for their first and second lamb crop in a

crossbreeding experiment. Their retention as replacement ewes in the purebred flock

was dependent on their ability to rear and wean heavier crossbred lambs. Data from

this crossbreeding experiment were not included in the present analysis. The

general management is described in Chapter 2.

3.2.2 Statistical analysis

The numbers of records, sires, categories and thresholds for each trait analysed are

presented in Table 3.1. The data consisted of 4304 ewe records collected over the

eleven-year period from 1984 to 1994. Data were edited to include only sires with

more than eight progeny for reproductive traits and five progeny for lamb survival as

per the requirements of the the GFCAT set of programmes developed by

Konstatinov (1995) .. Lambs with known non-genetic causes of death were excluded.
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The ewe reproductive traits were defined as follows: fertility (whether a ewe lamb or

not; 0 or 1); reproductive rate (number of lambs born to a ewe exposed; 0, 1 or 2);

ewe weaning rate (number of lambs weaned to a ewe lambing; 0, 1 or 2); flock

weaning rate (number of lambs weaned to a ewe exposed; 0, 1 or 2); prolificacy

(number of lambs born to a ewe that lambed; 1 or 2) and lamb survival rate (whether

a lamb born alive, was dead or alive at weaning; 0 or 1).

Table 3.1 Description of data set on reproductive traits

TRAIT No. of No. of sires No. of No. of

records categories thresholds

Fertility (EUEE) 3958 90 2 1

Prolificacy (LB/EL) 3462 85 2 1

Reproductive rate (LB/EE) 3958 90 3 2

Ewe weaning rate (LW/EL) 3462 85 3 2

Flock weaning rate 3958 90 3 2

(LW/EE)

Survival (LW/LB) 4041 128 2 1

*EL = ewe lambing; EE = ewe exposed; LB = lambs born; LW = lambsweaned

Least-squares procedures (Harvey, 1990) were used to determine the "fixed" effects

to be included in the model. The "fixed" effects fitted were ewe age and year of

lambing for all reproductive traits and sex and birth status for lamb survival to

weaning. Lambing date was included as a covariate for prolificacy and lamb survival

to weaning.

Genetic parameters were estimated using the GFCAT set of programmes,

developed by Konstantinov (1995), based on the threshold model, with support for

REML-type variance component estimation based on the methods of Gianola &
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Foulley (1983). Under this model the categorical traits occur as a result of an

underlying unobserved phenotype exceeding a given threshold. The unobserved

continuous phenotypes are assumed to follow a normal distribution. For each trait, a

vector.u, of means corresponding to sub-population determined by combinations of

levels of 'fixed' 11and random s factors is modelled as:

jl= XI1 + Zs

where

jl is a vector of underlying means,

11is a vector associated with effects of year of birth and age of dam for ewe

traits and birth status for survival,

s is a vector of sire effects and

X and Z are design matrices.

2
The s effects are assumed to be normally distributed, with E (s) =0 and Var(s)= Aa s'

where A is a numerator relationship matrix. All traits were analysed separately. The

heritability (h2
) was estimated by setting the error variance to unity:

2 2
h2 =(4a s)/( 1+ c s)

Since the underlying scale is unknown, solutions for the thresholds, all the effects

and estimated sire breeding values are expressed in units of residual standard

deviations of the underlying variable.

3.3 Results and Discussion

Solutions for thresholds, age of dam, birth status and sex are presented in Table 3.2.

Estimates of sire variance and heritability are presented in Table 3.3 and published

heritability estimates are summarised in Table 3.4.

For all reproductive traits except prolificacy, the solutions increased with increasing age

up to five years and declined thereafter. This was similar to those reported elsewhere

in literature (Olivier et a/., 1998; Snyman et a/., 1998c). Twins had lower survival rates
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than singles. Entire males had the highest survival rate, followed by females and the

leastwere castrates. This may be ascribed to some management practiceswhichwere

done within 24 hours of birth ie castration and docking.

The heritability estimate for fertility (EUEE) of 0.02 is lower than other reported

estimates using threshold models, but within the range of estimates obtained using

restricted maximum likelihood (REML) procedures (Table 3.4). This low heritability

for fertility may be due to the possibility that over time natural selection favoured only

fertile animals (86 per cent fertile for the Sabi sheep) under this harsh environment

and hence lower additive genetic variance (Tawah et al., 1997). The potential for

genetic improvement of fertility by within flock selection appears limited.

In general, high estimates of h2 of prolificacy (LB/EL) using threshold models have

been reported (Table 3.4) similar to the estimate of 0.26 obtained in this study. The

REML estimate in the present study of 0.08.:t_0.01is in accordance to those

documented in literature using REML procedures (Table 3.4). In a review, Fogarty

(1995) reported an average heritability estimate for litter size of 0.10 and a lower

average animal model REML estimate of 0.07. In another review of 30 studies with

different sheep breeds, Bradford (1985) had an average estimate of heritability for

LB/EL of 0.10 (range -0.15 to 0.35). Therefore, there is the possibility to improve

Sabi sheep genetically for multiple births. However, other factors need to be taken

into consideration. One of the major constraints to raising large litters is

management (De Lange, 1984). Perhaps different objectives need to be specified for

different environments, hence the need to examine the correlation of this trait with

other reproductive and production traits. Ercanbrack & Knight (1998) found that litter

weight was more effective in selection protocols since it is a product of net

reproductive rate and average weaning weight per lamb, with weaning weight

reflecting milk production, mothering ability and lamb growth rate. They define net

reproductive rate as lambs weaned per ewe placed in breeding (product of ewe

viabilty, fertility, prolificacy, fraction born alive and the fraction weaned).
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Table 3.2 Solutions for thresholds, age of dam, birth status and sex

EUEE LB/EL LB/EE LW/EE LW/EL LW/LB

Thresholds

1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

2 2.4147 2.1926 2.5096

Age of dam

2 0.6192 -2.3158 0.4264 0.1164 0.6603 -0.1625

3 0.6731 -2.0710 0.5698 0.3183 0.9123 0.0000

4 0.8417 -1.9604 0.7036 0.4536 1.0119 0.0681

5 0.7357 -1.8706 0.6951 0.4380 1.0441 0.1628

6 0.6274 -1.8696 0.6426 0.3466 0.9707 -0.0036

7+ 0.3915 -1.8066 0.5192 0.1649 0.8729 -0.1792

Birth status

1 0.5817

2 0.0000

Sex

-0.5924

2 -0.8737

3 0.0000

*EL = ewe lambing; EE = ewe exposed; LB = lambs born; LW = lambs weaned
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Table 3.3 Sire variances and heritability estimates on the underlying scale for

reproductive traits

Trait 2 2

cr sire h

Fertility (EUEE) 0.00411 0.016

Prolificacy (LB/EL) 0.07033 0.263

Reproductive rate (LB/EE) 0.01575 0.062

Ewe weaning rate (LW/EL) 0.00927 0.037

Flock weaning rate (LW/EE) 0.00486 0.019

Lamb survival (LB/LW) 0.04360 0.043

*EL = ewe lambing; EE = ewe exposed; LB = lambs born; LW = lambs weaned
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Table 3.4 Summary of published heritability estimates of fertility (EUEE) and

prolificacy (LB/EL) of various sheep breeds.

Heritability Method Breed Reference

Fertility (EUEE)

0.01 PHS Scottish Blackface Atkins (1986)

0.08 TSM Rambouillet, Finnsheep Matos et al. (1997)

0.10 TAM Rambouillet Matos et al. (1997)

0.17 TAM Finnsheep Matos et al. (1997)

0.20 TSM Carnarvon Merino Olivier et al. (1998)

0.07 TSM Grootfontein Merino Olivier et al. (1998)

0.20 TSM Afrino Snyman et al. (1998b)

Prolificacy (LB/EL)

0.07 REML Romanov Maria (1995)

0.08 REML Segurena Analla et al. (1997)

0.45 TSM Rambouiliet Matos et al. (1997)

0.13 TAM Finnsheep Matos et al. (1997)

0.14 TSM Finnsheep Matos et al. (1997)

0.25 TAM Rambouillet Matos et al. (1997)

0.08 TAM Rasa Aragonesa Altarriba et al. (1998)

0.07-0.14 REML Romney,Coopworth, Davis et al. (1998)

Perendale

0.06 REML Boutsico Kominakis et al. (1998)

0.31 TSM Carnarvon Merino Olivier et al. (1998)

0.17 TSM Grontfontein Merino Olivier et al. (1998)

0.42 TSM Afrino Snyman et al. (1998c)

0.01-0.07 REML Hungarian Merino Nagy et al. (1999)

0.01-0.17 REML Rambouiliet Okut et al. (1999)

0.05 REML Rambouillet Lee et al. (2000)

0.11 REML Brown-headed Meat Hagger (2000)

0.12 REML Valais black Nose Hagger (2000)

0.16 REML White Alpine Sheep Hagger (2000)

0.23 REML Black-Brown Mountain Hagger (2000)

0.16 REML Chios Ligda et al. (2000)

0.09 REML Suffolk and Polypay Rao & Notter (2000)

0.11 REML Targhee Rao & Notter (2000)

0.07 REML Columbia Bromley et al. (2001)

0.09-0.10 REML Rambouillet, Targhee Bromley et al. (2001)

0.12 REML Polypay Bromley et al. (2001)
*TSM-Threshold sire model; TAM-threshold animal model; REML Restricted Maximum Likelihood

procedures; PHS-Paternal half-sib; LB-Lambs born; EL-Ewes lambing; EE-Ewes exposed to the ram
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Summary of published heritability estimates of reproductive

rate (LB/EE) and flock weaning rate (LB/EE) and lamb

survival.

Method

TSM

TSM

TSM

REML
TSM

REML

REML
REML
REML

REML

TSM

TSM
REML
TSM

TSM
TSM

TSM
TSM

Heritability Reference* Breed

Reproductive rate
(LB/EE)
0.24
0.13

0.20
0.23

0.27
Ewe weaning rate

(LW/EL)
0.00-0.10

0.02
0.03

0.04

0.05
Flock weaning rate

(LW/EE)
0.18
0.09

0.29
0.19

Lamb survival
0.12

0.00
0.00

0.02

Dormer
Grootfontein Merino

Carnarvon Merino
Afrino

Afrino

Konstantinov et al. (1994)
Olivier et al. (1998)
Olivier et al. (1998)
Snyman et al. (1998a)
Snyman et al. (1998c)

Columbia, Polypay, Rambouillet, Okut et al. (1999)
Targhee

Targhee
Rambouillet

Polypay
Columbia

Bromley et al. (2001)
Bromley et al. (2001)
Bromley et al. (2001)
Bromley et al. (2001)

Carnarvon Merino

Grootfontein Merino
Afrino
Afrino

Olivier et al. (1998)
Olivier et al. (1998)
Snyman et al. (1998a)
Snyman et al. (1998c)

Dormer

Grootfontein Merino
Carnarvon Merino
Afrino

Konstantinov et al. (1994)
Olivier et al. (1998)
Olivier et al. (1998)
Snyman et al. (1998c)

*
TSM-Threshold sire model; TAM-threshold animal model; REML Restricted Maximum Likelihood

procedures; LB-Lambs born; LW-Lambs weaned; EL-Ewes lambing; EE-Ewes exposed to the ram

The heritability estimate for reproduction rate (LB/EE) was 0.06. This estimate was

lower than those reported for a threshold model (Table 3.4). However, the estimate

of h2 is comparable to some reported in literature: 26 heritability estimates reviewed

by Fogarty (1995) ranged from < 0 to 0.54 with a weighted mean of 0.08.
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The estimate for flock weaning rate (LWlEE) of 0.02, was lower than those in

literature (Table 3.4). In a review, Fogarty (1995) reported that the mean heritability

obtained using paternal half-sib, regression of offspring on dam and maximum

likelihood models for lambs weaned (per ewe exposed) was 0.05 whereas the REML

animal model estimates were lower (0.04.). The possibility to make rapid progress

through selection for this trait would be limited.

Some studies have shown that lamb survival can be genetically improved, either by

selecting ewes on their rearing ability (Donnely, 1982; Haughey, 1983) or by

selecting rams based on their progeny survival (Knight et al., 1979). In the present

study the heritability estimate of lamb survival was 0.04. This heritability estimate

was within the range of those reported elsewhere (Table 3.4) except for the estimate

reported by Konstantinov et al. (1994), where survival was defined slightly differently.

Estimates reported in literature were generally low. In reviews, the average

heritability estimate are 0.07 for lamb survival (Cundiff et al., 1982) and lower

estimates were reported by Fogarty (1995) for those obtained using REML

procedures. The low estimates of heritability may be due to several reasons among

which: a) the stringent culling of ewes failing to rear lambs might have reduced the

observed genetic variation; b) severe weather conditions which prevail at the time of

lambing and c) management factors predisposing lambs to low survival. However,

lamb survival is a complex trait influenced by the lamb's own ability to survive and by

its dam's rearing ability (Burfening, 1993). Haughey (1983) reported that selection for

and against rearing ability resulted in significant differences among lines indicating

that lamb survival responded to selection even though the heritability estimate of the

trait is low.

3.4 Conclusions

From the results of this study some conclusions and possible recommendations can

be made: Results firstly indicate that ewes of six years and older have a lower

reproduction than two-year-olds. Therefore, culling of ewes of six years of age and

above is recommended.

Prolificacy was the only reproductive trait of the Sabi sheep where reasonable

genetic progress is possible through selection. However, this should be carefully

considered in view of the low survival rate among twin born lambs. The low
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heritability estimate of lamb survival may indicate that higher survival rates could be

achieved through a better control of the environmental factors. The role of castration

and docking of lambs within 24 hours of birth on stress and lamb survival need

further investigation. Selection for higher birth weight may also improve lamb survival

especially in the case of multiple births.

Though, most of the reproductive parameters considered in this study including lamb

survival had low heritability estimates, sire ranking could be a useful tool to retain

animals with the highest genetic merit. Genetic correlations among reproductive

traits and between production traits need to be examined. Total litter weight weaned

might be a better trait to select for since others have found that it encompasses all

the reproductive traits.
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4

Genetic parameter estimates for growth, carcass and

ewe traits

4.1 Introduction

Genetic characterisation of local breeds is of paramount importance, not only for

conservation purposes but also for the definition of breeding objectives and breeding

programmes. When records are non-existent and breeds are not well defined in the

field, information could be obtained from research station information where pedigree

and performance records could well have been kept.

Growth, carcass and ewe traits are not only influenced by the direct genetic

composition of the individual and environment under which it is raised, but also by the

maternal genetic composition and maternal environment. Maternal ability mainly

represents the dam's milk productionand mothering ability (see reviews: Baker, 1980;

Robison, 1981). The genotype of the dam therefore affects the phenotypeof the young

through a sample of half her direct additive genes for growth as well as through her

genotype for maternal effects (Meyer, 1992). Although maternal effects are expected

to be more substantial for sheep than cattle or pigs (Bradford, 1972), studies on

maternal effects in sheep especially tropical hair breeds, have been very limited.

Genetic and environmental relationships between direct and maternal effects for

growth and most other traits have often been found to be negative (Nasholrn& DanelI,

1994). Several studies have also attributed most variation in lamb weights to maternal



27

effects (Hanrahan, 1976; Burfening & Kress, 1993; Maria et al., 1993; Van Wyk et al.,

1993b; Snyman et al., 1995b). However, there is still much conflicting information

about the direct-maternal genetic correlation (Nasholm & DanelI, 1996). When

matemal genetic effects are of importance, but not accounted for, heritability estimates

should be biased upwards and realised selection efficiency reduced (Nasholm &

DanelI, 1994).

Although estimates of genetic and non-genetic parameters for many livestock breeds

are available in the literature (Fogarty, 1995) very little is available for tropical hair

breeds and none for the Sabi sheep breed of Zimbabwe. The objective of this study

was to estimate genetic parameters on growth, carcass and ewe traits for Sabi

sheep in an effort to make the genetic parameter characterisation of one of the

unique indigenous breeds in Africa as comprehensive as possible.

4.2 MaterialsandMethods

Data on Sabi sheep at Matopos Research Station near Bulawayo, Zimbabwe,

collected from 1984 to 1994 were used in this study. A detailed description of the

management procedures followed is given in Chapter 2. Traits analysed were: birth

weight within 24 hours of birth (BW); 30 day weight (30W); 60 day weight (60W);

weaning weight (WW) at 120 days; Kleiber ratio (KL); 12 month weight (12W); 18

month weight (18W), total weight of litter weaned (LWW) (the sum of naturally reared

individual lamb weights within a year per ewe lambing and is a trait of the ewe); pre-

weaning average daily gain (ADG); slaughter weight (SLW); hot carcass weight

(HCW); cold carcass weight (CCW); ewe weight at mating (MW), post partum (PPW)

and at weaning of lamb (EWW). Lamb age was fitted as a linear or quadratic effect

for all growth traits to 18 months of age. The Kleiber ratio (KL=ADG to

weaning/WVtJ.75) has been suggested as an indirect selection criteria for efficiency of

feed conversion under field conditions (Scholtz & Roux, 1988) and was included as an

additional trait.

The fixed effects included in the model were year of birth (1984-1994), sex (males,

castrates, females), type of birth (singles and twins) or type of rearing, age of dam (2

to 7 years and older) and birth date (measurement on day of birth nested within birth

year) or lamb age as a covariate (Linear or quadraic). Year of birth and sex were
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combine into a class to account for the interaction after weaning due to animals of

different sexes being raised on separate farms. The model specification for each trait

is presented in Table 4.1.



Table 4.1 Model specification for fixed effects of growth, carcass and ewe traits"

Traits

Fixed effects BW 30W 60W WW KL ADG 12W 18W SLW HCW CCW LWW MW PPW EWW

Year of birth X X X X X X X X X X X X X

Sex X X X X X X X X X

Type of birth X X X X

Type of rearing X X X X X X X X X

Age afdam X X X X X X X X X X X X X X X

Age of slaughter X X X

Year of birth x sex X X

class

Day of birth nested X

within year

Lamb age (L) X X X X X X X

Lamb age (Q) X X X X X

#Traits: birth weight (BW); 30 day weight (30W); 60 day weight (60W); weaning weight (WW); Kleiber ratio (KL); average daily gain from

birth to weaning (ADG); 12 month weight (12W); 18 month weight (18W); slaughter weight (SLW); hot carcass weight (HCW); cold

carcass weight (CCM); total litter weight weaned (LWW); ewe weight at mating (MW); postpartum weight (PPW); ewe weight at weaning

of lamb (EWW).
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Estimates of (co)variance components were obtained using the ASREML programme

(Gilmour et al., 1999) fitting univariate animal models. The following six models were

fitted:

y = Xb + Z1a + e (1)

Y = Xb + Z1a + Z3pe + e (2)

y = Xb + Z1a + Z2m + e (3)

with cov(a,m) = 0

y= Xb + Z1a + Z2m + e (4)

with cov (a,m) = Acram

y = Xb + Z1a + Z2m + Z3pe + e (5)

with cov (a,m) = 0

y = Xb + Z1a + Z2m + Z3pe + e (6)

with cov (a,m) = Acram

Where: y is a vector of observations on the specific trait of the animal; b, a, m and

pe are vectors of fixed effects including covariables, direct additive genetic effects,

maternal additive effects and permanent environmental effects due to the dam,

respectively; and X, Z1' Z2' and Z3 are corresponding incidence matrices relating to

the effect of y; e is the vector of residuals and A is the numerator relationship matrix.

A detailed discussion of factors utilised in the fixed part of the model is given in

Chapter 2. Log likelihood ratio tests were conducted to determine the most suitable

model for each growth and carcass trait in univariate analyses. For ewe traits log

likelihood ratio tests were only possible fitting Models 2 and 3 due to limitations of the

data. Analysing mature weights, no differences in parameter estimates were reported

using repeated measures or non-linear growth functions (Kaps et al., 1999). All the

ewe traits were therefore fitted as repeated measures.
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4.3 ResultsandDiscussion

The log likelihood obtained for each trait under six different models of analysis and

the most appropriate model (in bold) from log likelihood ratio tests are given in Table

4.2.

The most appropriate model for birth weight, 60 day weight, Kleiber ratio and

average daily gain to weaning included a maternal genetic as well as permanent

environmental effect (Model 5). The appropriate model for 30 day weight, weaning

weight and 12 months weight had permanent environment effect (Model 2) whilst the

rest (18W, SLW, HCM, CCW) had only the direct additive effect (Model 1). The

model with the permanent environmental effect (Model 2) was the most appropriate

for ewe adult weights and total litter weaned.

Parameter estimates fitting most appropriate models for growth, carcass and ewe

traits are presented in Table 4.4. Published heritabilty estimates for the different

growth traits are summarised in Tables 4.4 - 4.6.

The direct additive contribution to birth weight, 30 day weight, 60 day weight, weaning

weight, 12 months weight, 18 months weight, total litter weight weaned, Kleiber ratio

and pre-weaning average daily gain was 0.25, 0.13, 0.13, 0.16, 0.26, 0.39, 0.12, 0.08

and 0.17 respectively (Table 4.3). Direct heritability was 0.27, 0.18, 0.53, 0.580.67 for

slaughter, hot and cold carcass, post partum, mating and ewe weaning weights

respectively (Table 4.3).

The estimate of direct heritability for BW was higher than most of those reported in

literature (Table 4.4). Similar estimates of heritability for birth weight of 0.16 to 0.33

were reported by Lewer et al. (1994). AI-Shorepy & Notter (1998) noted that birth

weight had received limited consideration in sheep industry breeding programmes but

is a trait of potential economic importance. Other researchers (Smith, 1977; Notter &

Copenhaver, 1980) found lamb survival (Finnish Landrace crosses) was maximised at

birth weights of between 5.2 and 5.5 kg respectively. An intermediate optimum exist,

with excessively large lambs liable to dystocia and extremely small lambs at risk of

death from hypothermia (AI-Shorepy & Notter, 1998). Though birth weight can be

improved through selection in Sabi sheep, this must be carefully considered as the

optimum birth weight may not be as high as those in literature. With an average birth
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weight of 2.8 kg at present, Sabi sheep may benefit from an increase in this trait since

underweight lambs may be a more serious problem than overweight lambs.



Table 4.2 Log likelihoods obtained for growth and carcass traits under six different models with the 'best' model" in bold.

- Traitf

Random effects M BW 30W 60W WW KL ADG 12MW 18W SLW HeW eew

h2a 1 1464.2 -2755.0 -4590.2 -5626.8 -2535.1 10585.2 -3447.3 -3559.1 -3515.8 -2545.4 -2528.0

h2a + PE 2 1517.7 -2729.4 -4569.5 -5603.1 -2518.1 10608.3 -3439.6 -3557.6 -3515.9 -2545.5 -2528.1

h2a + h2m 3 1520.0 -2737.6 -4568.0 -5604.1 -2519.9 10603.5 -3444.6 -3558.9 -3515.9 -2545.5 -2528.1
h2 2 4 1521.0 -2736.9 -4567.9 -5603.3 -2519.2 10603.5 -3444.1 -3558.8 -3513.8* -2543.3* -2526.4*a+ h m + ram

h2a + h2m + PE 5 1524.2 -2728.6 -4565.1 -5599.6 -2515.8 10610.3 -3439.6 -3557.6 -3517.3 -2545.5 -2528.1
h2 2 6 1524.3 -2728.21 -4564.9 -5598.9 -2515.4 10610.3 -3439.6 -3557.2 -3513.8 Ne Nea+hm+ram+PE

h2a direct heritability; h2mmaternal heritability; ramgenetic correlation between animal effects; PE maternal environmental variance as proportion of (7p) phenotypic

variance.

"Tralts: birth weight (BW); 30 day weight (30W); 60 day weight (60W); weaning weight (WW); Kleiber ratio (KL); average daily gain from birth to weaning (ADG); 12

month weight (12W); 18 month weight (18W); slaughter weight (SLW); hot carcass weight (HCW); cold carcass weight (CCM).

NC No convergence; M model number; :I:Poor convergence; # 'Best' model was defined as that model with the largest log likelihood value using the log likelihood

tests. An effect was considered to have a significant effect when minus 2-times the difference between the log likelihoods was greater than the values of the chi-

square distribution with one degree of freedom (3.84).
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Table 4.3 Parameter estimates from 'best' models with appropriate sampling

errors or growth" carcass" and ewe* traits.

ha hm PE 2O"p

BW 0.25 ± 0.04 0.12 ± 0.03 0.08 ± 0.03 0.200 ± 0.00

30W 0.11 ± 0.03 0.03 ± 0.03 0.11 ± 0.03 2.127 ± 0.06

60W 0.13 ± 0.03 0.06 ± 0.02 0.06 ± 0.02 4.297 ± 0.11

WW 0.13 ± 0.04 0.06 ± 0.03 0.07 ± 0.02 9.11 ± 0.24

KL 0.07 ± 0.03 0.04 ± 0.02 0.06 ± 0.02 1.426 ± 0.04

ADG 0.17 ± 0.04 0.04 ± 0.03 0.09 ± 0.03 0.5983 ± 0.02

12W 0.27± 0.05 0.00 ± 0.00 0.09 ± 0.02 8.607 ± 0.30

18W 0.39 ± 0.05 13.230 ± 0.49

SLW 0.27 ± 0.(;)6 27.730 ± 1.02

HCW 0.18±0.06 7.158 ± 0.25

CCW 0.18 ± 0.06 7.012 ± 0.25

LWW 0.09 ± 0.02 0.04 ± 0.02 12.14 ± 0.32

MW 0.58 ± 0.03 0.13±0.03 16.65 ± 0.64

PPW 0.53 ± 0.03 0.11 ± 0.02 16.47 ± 0.61

EWW 0.67 ± 0.03 0.15 ± 0.03 12.60 ± 0.57

h2a direct heritability; h2m maternal heritability; PE maternal environmental variance as proportion of

(Ilp) phenotypic variance .

• Growth traits: BW birth weight; 30W 30 day weight; 60W 60 day weight; WW weaning weight; KL

Kleiber Ratio (ADG to weaningrvvvf 7~;

ADG average daily gain to weaning; 12W 12month weight; 18W 18 month weight

t Carcass traits: SLW slaughter weight; HCW hot carcass weight; CCW cold carcass weight

* Ewe traits: LWW total litter weight weaned; MW ewe weight at mating; PPW post partum weight;

EWW ewe weight at weaning of lambs
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Table 4.4 Summary of published heritability estimates for birth weight (BW), 30

day weight (30W) and 60 day weight (60W).

BREED Age ha2 hm2 ram PE h/ REFERENCE

BW
Afrino BW 0.22 0.09 0.12 0.27 Snyman et al. (1995b)

Swedish finewool BW 0.07 0.30 0.13-0.19 0.24 Nasholm & DanelI (1996)
Baluchi BW 0.17 0.10 0.17 0.08 0.24 Vazdi et al. (1997)

Composite BW 0.23 0.07 0.25 AI-Shorepy & Notter (1998)
Composite BW 0.09 0.17 0.01 0.09 Mousa et al. (1999)

Belgian Texel BW 0.09 0.15 0.00 Janssens et al. (2000)
Dorper BW 0.11 0.10 0.35 0.12 0.21 Neser et al. (2001)
30W
Composite 45 0.24 0.03 0.13 Fossceco & Notter (1995)
Swedish finewool 21 0.07 0.17 0.37 0.22 Nasholrn & DanelI (1996)
Suffolk 30 0.16 0.04 0.19 Notter (1998b)
Polypay 30 0.07 0.17 0.15 Notter (1998b)
Belgian Texel 30 0.06- 0.16- -0.02 to- 0.14- Janssens et al. (2000)

0.08 0.22 0.06 0.15
S.A Mutton 36 0.12 0.49 -1.00 0.09 Neser et al. (2000)

Merino 42 0.28 0.10 -0.63 -0.58 0.17 Neser et al. (2001)

Composite 60 0.23 0.00 0.11 Fossceco & Notter (1995)
Dorset composite 65 0.04- 0.10- 0.11 0.10 AI-Shorepy & Notter (1996)

0.05 0.18
Welsh Mountain 77 0.17 0.09 0.24 0.26 Aslaminejad & Roden (1997)
Targhee 60 0.0- 0.10- 0.08- Notter & Hough (1997)

0.07 0.11 0.09
Welsh Mountain 50 0.03- 0.01- 0.99 to - 0.03 - Saatci et al. (1997)

0.49 0.32 1.00 0.10
Targhee 60 0.06 0.10 0.00 0.10 Notter (1998a)
Suffolk 60 0.14 0.05 0.11 Notter (1998b)
Polypay 60 0.08 0.07 0.15 Notter (1998b)
Composite 50 0.09 0.09 -0.39 0.12 Mousa et al. (1999)
Belgian Texel 70 0.10- 0.13- -0.02to- 0.10 Janssens et al. (2000)

0.11 0.19 0.06
SA Mutton 50 0.28 0.13 -0.77 0.14 Neser et al. (2000)
Merino
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Table 4.5 Summary of published heritability estimates for weaning weight (WW),

12 months weight (12W), 18 month weight (18W) and daily gain from

birth to weaning (ADG).

BREED Age ha2 hm2 ram PE h/ REFERENCE

WW

Dorset composite 90 0.23 0.00 0.07 Fossceco & Natter (1995)

Afrino 120 0.33 0.17 0.41 Snyman et al. (1995b)

Swedish finewool 105 0.12 0.13 0.47 0.28 Nasholrn & DanelI (1996)

Swedish finewool 120 0.15- 0.11 0.44 -0.47 0.28- Nasholrn & DanelI (1996)

0.16 0.31

Targhee 120 0.10 0.05 0.08 Natter & Hough (1997)

Baluchi 98 0.16 0.03 0.52 0.06 0.22 Yazdi et al. (1997)

Targhee 120 0.10 0.06 0.00 0.06 Natter (1998a)

Suffolk 90 0.21 0.00 0.19 Natter (1998b)

Polypay 90 0.07 0.00 0.23 Natter (1998b)

SA Mutton Merino 100 0.19 0.09 -0.55 0.10 Neser et al. (2000)

Dorper 100 0.20 0.10 -0.55 -0.58 0.13 Neser et al. (2001)

12W
Afrino 0.58 0.05 0.61 Snyman et al. (1995b)

Targhee 0.26 0.05 0.05 Natter & Hough (1997)

Baluchi 0.29 0.02 0.12 0.02 0.31 Yazdi et al. (1997)

Belgian Texel 0.25 0.04 -0.04 Janssens et al. (2000)

18WT

Hyfer 0.44 Fogarty et al. (1994)

Australian Merino 0.27- Lewer et al. (1994)

0.50

Grootfontein 0.38 0.01 Olivier et al. (1994)

Merino
Afrino 0.56 0.06 0.60 Snyman et al. (1995b)

Composite 0.26 0.01 1.00 0.02 Mousa et al. (1999)

ADG (birth to)

Black-Brown 30 0.10- 0.02- -0.08-(- 0.06-.10 Hagger (1998)

Mountain 0.16 0.06 0.45)

White Alpine 30 0.08- 0.04- -0.17-(- 0.04- Hagger (1998)

0.14 0.06 0.44) 0.06

Composite 51 0.21 0.01 0.03 Mousa et al. (1999)

Baluchi 98 0.12- 0.03 0.23-0.28 0.04- 0.16- Yazdi et al. (1997)

0.19 0.06 0.24
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Table 4.6 Summary of published heritability for litter weight weaned (LWW) and

Kleiber ratio (KL)

BREED ha:! hm:! ram PE hi REFERENCE

LWW

Various 0.08-0.19 Fogarty (1995)-a review

Afrino 0.06-0.17 Snymanet al. (1997)

Carnarvon Merino 0.09-0.26 Snymanet al. (1997)

Grootfontein Merino 0.05-0.08 Snymanet al. (1997)

Columbia 0.07 Okut et al. (1999)

Polypay 0.06 Okut et al. (1999)

Rambouillet 0.14 Okut et al. (1999)

Targhee 0.17 Okut et al. (1999)

Columbia 0.02 0.10 Bromleyet al. (2001)

Polypay 0.10 0.00 Bromleyet al. (2001)

Rambouiliet 0.11 0.05 Bromleyet al. (2001)

Targhee 0.08 0.07 Bromleyet al. (2001)

KL

Dormer 0.14 0.13 -0.25 0.15 VanWyk et al. (1993b)

Totalweightof litterweaned(LWW)as the sumof naturallyrearedindividuallambweightswithina year
perewelambing; Kleiberratio(KL=ADGtoweaningflNl./lf·7~

Direct heritability for 30 and 60 day weights were intermediate to those published in

literature (Table 4.5) except for the 0.00 found in Western flocks reported by Notter &

Hough (1997) and 0.03 by Saatci et al. (1997) for 60 day weights. However, the

contribution of direct additive effect increased to 18 months of age. Though similar to

those in literature, the direct heritabilty estimates tended to be more on the lower scale

of those reported (Table 4.4 - 4.6). Genetic direct additive estimates for body weights

increased in importance with increasing age as in other studies (Mavrogenis et al.,

1980; Snyman et al., 1995b; Fossceco & Notter, 1995; Nasholm & DanelI, 1996; AI-

Shorepy & Notter, 1996; Notter & Hough, 1997; Mousa et al., 1999). The lower direct

additive estimates in early body weights (30 and 60 day weights) may be due to the

fact that lambs were not creep fed and raised in a generally poor nutritional

environment resulting in lambs not expressing their genetic potential. Notter &. Hough

(1997)' found similar results in a none creep fed environment.
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Direct effects for total litter weight weaned were within the range of those reported in

literature (Table 4.6) with Kleiber ratio lower than the 0.14 reported by Van Wyk et al.

(1993b). Total litter weight weaned per ewe lambing is a trait often used as an overall

measure of range lamb production (Bromley et al., 2001) and has had favourable

genetic and economic responses (Ercanbrack & Knight, 1998). In a review, Fogarty

(1995) reported an average heritability estimate of 0.14 from six studies and Bromley

et al. (2001) an average of less than 0.08 for four breeds which all compare

favourably with 0.12 in the current study. Genetic improvement for litter weight

weaned has been attributed to also affect fertility, prolificacy, lamb growth, lamb

survival to weaning, and ewe viability from mating to weaning (Ercanbrack & Knight,

1998). In an experiment with mice, direct selection for litter weaned was three times

as effective as selection for litter size at birth for increasing litter weight weaned

(Luxford & Beilharz, 1990).

The direct heritabilty estimate of 0.27 for slaughter weight was less than the 0.36

reported for Scottish Blackface lambs (Conington et al., 1998) and 0.31 for Swedish

lambs (Henningsson & Malmfors, 1995) but higher than the 0.22 for Japanese Black

cattle (Kitamura et al.,1999). Heritability estimates for hot and cold carcass weights

were the same. This was similar to 0.17 reported for Swedish lambs (Henningsson &

Malmfors, 1995) and 0.23 for Japanese Black cattle (Kitamura et al. 1999) but

smaller than the 0.39 reported in Scottish Blackface ewes (Conington et al., 1998)

and 0.28-0.35 for Brahman cattle (Crews & Franke, 1998).

Direct heritability estimates for adult ewe weights were high and similar to 0.29-0.63

reported by Nasholm & DanelI (1996) in Swedish finewool sheep, 0.17 to 0.61 for

Mehraban sheep (Saeid Bathaei & Le Roy, 1998), 0.29-0.73 for Herefords and

Wokalups (Meyer, 1998) and 0.44-0.53 for Angus cattle (Kaps et al., 1999). There is

need to understand the influence of ewe weights on the efficiency of sheep breeding.

The interrelationships between ewe weights, lamb growth, reproduction and maternal

capacity need better understanding in order to correctly consider these traits in an

efficient breeding programme. Michels et al. (2000) concluded that since ewe weight

can influence the litter weight components, a clear cut relationship between the litter

weight components and ewe weight can probably not be considered as general but

vary among differentially selected breeds and lines within them.
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Maternal heritability estimates at birth were on the lower scale of those in literature

(Table 4.4). In same studies (Maria et al., 1993; van Wyk et al. 1993b; Tosh & Kemp,

1994; Nasholm & DanelI, 1996), maternal heritability was higher than the direct

additive component whilst in others it was the reverse (Tosh & Kemp, 1994; Snyman

et al., 1995b; AI-Shorepy & Natter, 1998; Neser et al., 2001). Maternal heritability

estimates in the current study declined from birth to weaning, being negligible at 12

months and thereafter (Table 4.3). Estimates of maternal heritability for 60-day

weights are in the middle of those reported in literature (Table 4.4). The most

appropriate model from log likelihood ratios for weaning weight included maternal

effects. The low productivity and the poor environment could partially explain low

maternal effects in the Sabi sheep. Contrary to some carry-over effects exhibited in

other breeds, maternal effects were non existent after weaning (Table 4.5). Other

studies have found evidence of post-weaning body weights with significant carry over

maternal effects for sheep (Swan & Hickson, 1994; Mortimer & Atkins, 1994) and in

beef cattle (Meyer, 1992). The decrease with age for maternal heritability is in

agreement with other studies (Robison, 1981; Tosh & Kemp; 1994, Snyman et al.,

1995b; Nasholm & DanelI, 1996). The maternal heritability for Kleiber ratio was much

lower than reported by Van Wyk et al. (1993b). The pre-weaning maternal effects for

average daily gain between birth and 120 days were lower than those reported by

Van Wyk et al. (1993b) but higher than those reported by Yazdi et al. (1997).

Fitting the most appropriate models for all the traits under consideration indicated

that no genetic correlations exit between the direct and maternal effects. Sabi sheep

have relatively low maternal effects to weaning unlike in breeds with high potential.

Other studies found negative genetic correlation between direct and maternal effects

for growth traits in sheep (Khaldi and Boichard, 1991; Burfening and Kress, 1993;

Van Wyk et al., 1993b). Maria et al. (1993) found that they varied between -0.99 and

0.99 for Romanov sheep. Nasholm & DanelI (1994) reported direct-maternal additive

correlations, which were positive and increased with age (to 90 days). Some authors

concluded that negative direct-maternal additive correlations might be

environmentally induced (Robison, 1972) or amplified by management system

(Meyer, 1992; Swalwe, 1993). Others have discussed the possibility that the negative

environmental covariance between dam and offspring that is not accounted for,

biases the additive genetic direct-maternal genetic correlation downward (Baker,

1980; Meyer, 1992).
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The maternal permanent environmental component due to the dam contributed six

and 13 per cent of the total phenotypic variances at birth and weaning (Table 4.3).

These results are similar to those reported elsewhere (Clarke & Johnson, 1993;

Maria et al., 1993; Snyman et al., 1995b). The permanent environmental effect due

to the dam can be ascribed to uterine environment, the effects of multiple birth and

on milk yield. These decreased in importance as lambs became increasingly

independent of the ewe (Tosh & Kemp, 1994).

4.4 Conclusions

Genetic progress is possible for all growth traits analysed for the Sabi sheep.

However, their inclusion in any selection programme would need to take into account

the maternal and genetic correlations among the growth traits especially for early

(pre-weaning) growth traits and other fitness traits such as reproduction, internal and

external (tick) parasite resistance where possible. Perhaps here could be a need to

have two breeding objectives, one selecting for a dam line adapted to harsh semi-

arid environment and the other concentrating on growth and efficiency of lamb

production.

Since litter weaned is a composite trait, its interrelationship with other traits needs to

be examined for Sabi sheep before it can be used for ewe selection.

An increase in ewe live weights as a correlated response to selection for other

growth and carcass traits may be undesirable for harsh environment and needs

further investigation.

There seems to be an absence of reliable estimates of genetic parameters on the

Sabi on other carcass traits such as muscle depth and fat cover which may be used

in selection criteria and the interrelationships between carcass and fitness traits in

these hardy animals.
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5

Phenotypic and genetic relationships among lamb and

ewe traits

5.1 Introduction

Sabi sheep have hairy coats and fat tails making them uniquely qualified to be

productive under hot and semi-arid conditions similar to other hair breeds (Mason,

1980; Fitzhugh & Bradford, 1983). Sabi sheep under an extensive production system

have low birth and body weights as reported in Chapter 2. Unlike most breeds,

where improvement in birth weight and body weights may cause rather than solve

problems of lamb survival, it has been postulated that selection for birth weight may

be more beneficial for the Sabi sheep on condition that the genetic and phenotypic

correlations are not antagonistic to other traits (Chapter 4).

Breeding programmes designed to improve production efficiency require knowledge

of the genetic parameters for characters of economic importance such as those of

growth (Stobart et al., 1986), total weight of lamb weaned and prolificacy (Bromley et

al., 2001) and reproduction (AI-Shorepy & Natter, 1996, Lee et al., 2000). Butcher et

al. (1964), postulated that although weaning weight is a major factor in determining

the income from farm flocks, with birth weight having no economic value per se,

large positive genetic correlations between them would permit early selection and

culling. This would, in pure flocks allow early selection of rams for replacement or for

sale. Dickerson (1970) concluded that improvements in reproduction were
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particularly likely to increase efficiency of production, after pointing out that the

efficiency of livestock production is controlled by reproduction, female production and

growth of offspring. Therefore, genetic correlations are essential in predicting indirect

responses to selection and are needed to determine the optimum weighting and

expected response in selection to improve more than one trait.

Although estimates of genetic correlations for sheep production traits abound in

literature (Fogarty, 1995; Michels et al., 2000), few are available for hair breeds and

none for the Sabi sheep of Zimbabwe. Simultaneous improvement in growth,

reproduction, carcass and lamb survival requires information on both heritabilities

and genetic correlations. If there are major genetic antagonisms among these traits

then selection indexes need to be developed to accommodate this. Therefore, the

knowledge of the magnitude and the sign of the genetic' correlation between traits

under consideration are a prerequisite if any meaningful genetic progress is to

attained through any selection programme. The aim of the current study was to

estimate heritabilities and genetic and phenotypic correlations for growth, lamb

survival and ewe traits for Sabi sheep reared in a semi-arid environment.

5.2 MaterialsandMethods

Data on Sabi sheep at Matopos Research Station near Bulawayo, Zimbabwe,

collected from 1984 to 1994 were used in this study. A detailed description of the

management procedures followed is given in Chapter 2. Traits analysed were: birth

weight within 24 hours of birth (BW); pre-weaning lamb survival (SURV); weaning

weight (WW) at 120 days; 12 month weight (12W); 18 month weight (18W), total

weight of lamb weaned (LWW) (the sum of naturally reared individual lamb weights

within a year per ewe lambing and is a trait of the ewe); slaughter weight (SLW); hot

carcass weight (HCW); cold carcass weight (CCW); ewe weight at mating (MW), post

partum (PPW) and at weaning of lamb (EWW). Reproductive traits considered were

fertility (FERT) (whether a ewe lamb or not,1 or 0) and prolificacy (PROL) (number of

lambs born to ewes lambing, 1 or 2). A detailed description of the data used for

reproductive parameters is reported in Chapter 3.

The fixed effects included in the model were year of birth (1984-1994), sex (males,

castrates, females), type of birth (singles or twins) or type of rearing, age of dam (2 to
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7 years and older) and birth date (measurement on day of birth nested within birth

year) or lamb age as a covariate. Year of birth and sex were combined into a single

class to account for the interaction after weaning due to animals of different sexes

being raisedon separate farms.

Estimates of (co)variance components were obtained using the ASREML

programme (Gilmour et al., 1999) fitting bivariate animal models except for fertility,

prolificacy and lamb survival. Models fitted for these were those determined from

univariate analysis described in Chapter 4. Reproductive traits and lamb survival

were analysed using logit and probit link functions to link the binomially distributed

data to the normal distribution. A model (Model 2) including direct and permanent

environment due to the animal was fitted for fertility and prolificacy while for lamb

survival only direct additive effects were fitted. The results from logit and probit

analyses were similar as has been reported previously (Lopez-Villalobos & Garrick,

1999; Morris et al., 2000), and therefore only the results from the logit analysis are

presented. Genetic correlations between reproductive traits and lamb survival were

done using Spearman's correlation of breeding values with the other traits. This

should be considered an approximation. Although a genetic correlation is by

definition a correlation between breeding values, the values used are a prediction.

5.3 Results and Discussion

Heritability, phenotypic, environmental and genetic correlation estimates from

bivariate analyses of growth, carcass, reproduction and lamb survival are presented

in Table 5.1. Heritability estimates were in close agreement to those of univariate

analyses reported in Chapter 4, although in some cases slightly higher. This may be

due to the fact that animals with both records were a selected sample and

reproductive traits are measured in the female only. The subset of ewes that did not

lamb is not a random sample of ewes, but a sample that has a lower than average

ovulation rate (Waldron & Thomas, 1992). Direct heritability estimates were: 0.28,

0.17, 0.25, 0.39, 0.59, 0.50, 0.68, 0.12, 0.25, 0.11, 0.12, for birth weight, weaning

weight (120 days), 12 month weight, 18 month weight, ewe mating weight, post

partum weight, total weight of lamb weaned, slaughter weight, hot and cold carcass

weights respectively.



44

Genetic correlations among birth weight and other weights to 18 months were high

(0.75 to 0.85) whilst the relationship among weaning, 12 month and 18 month weight

was close to unity. Fogarty (1995) reviewed lower genetic (0.07-0.32) and

phenotypic correlations between birth weight and later weights. The largest

relationships were found between chronologically adjacent weights similar to other

studies (Fogarty, 1995; Yazdi et al., 1997; El Fadili et al., 2000). This suggests that

the genes responsible for live weight recorded between birth and 18 months of age

may be the same and weights in early life (birth weight, weaning weight) are a

suitable criterion in selecting for growth.

The genetic correlation between birth weight and ewe weights were moderate

(mating, post-partum and dam weight at weaning of lamb: 0.51, 0.40, 0.49

respectively) and were close to unity between 18 month weight and ewe weights

(0.96, 0.92, and 0.84 respectively). The absence of genetic antagonisms among the

various lamb and ewe weights indicates that none of the traits should be affected

adversely through selection. Selecting for either birth weight or weaning weight

without changing ewe weights would be difficult. This is in agreement with findings

from other workers (Nasholm & DanelI, 1996; Yazdi et al., 1997; Mousa et al., 1999).

Total weight of lamb weaned was moderately correlated to birth weight (rg=0.46) but

tended to be highly correlated with 18 month weight (0.92) and ewe weights (0.75-

0.91). In the literature genetic and phenotypic correlations between live weights and

total weight of lamb weaned are scarce and varied. Bromley et al. (2001) reported

genetic correlations between birth weight and total weight of lamb weaned ranging

from -0.22 to 0.28 and residual correlations of -0.02 to 0.00 (Table 5.2). Although

the definition of total weight of lamb weaned was slightly different from that used in

the current study, Snyman et al. (1998a,b) reported high (0.69-0.89) genetic and

moderate (0.13-0.32) phenotypic correlations between total weight of lamb weaned

and various lamb weights (Table 5.2 & 5.3). In his review, Fogarty (1995) only cited

one reference for a genetic correlation between total weight of lamb weaned and

hogget weight of 0.58 and a phenotypic correlation of 0.15. In the same review, the

correlation of total weight of lamb weaned and fertility was 0.82 for genetic and 0.69-

0.77 for phenotypic correlations. Improvement of either 18-month weight or ewe

weights would increase the total weight of lamb weaned. The genetic correlations

between total weight of lamb weaned and fertility, prolificacy and lamb survival were

0.01, -0.05 and 0.13, respectively (with large standard errors) and these estimates
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were lower than those reviewed by Fogarty (1995) and those in other literature

(Table 5.3). Ewes with a high total weight of lamb weaned may not be in good

condition in the subsequent mating season especially where feed availability is

limiting and this may affect ovulation which is highly (0.91) correlated to prolificacy

(Davis et al., 1998).

The genetic correlation between birth weight and slaughter and carcass weight was

moderate and was high at 18 months. This is due to the fact that most of the males

are slaughtered between 18 and 24 months of age. Any selection on other live

weights will improve the weight of carcasses.



Table 5.1 Heritability (on diagonal with SE in parenthesis), phenotypic (above diagonal and environmental correlations in parenthesis) and

genetic correlatlon" (below diagonal with standard errors are in parenthesis) estimates for growth, carcass and ewe traits.

Trail' BW WW W12 W18 MW PPW EWW LWW SLW HeW eew FERT PROL SURV
BW 0.28 0.34 0.34 0.40 0.25 0.13 0.28 0.09(0. 0.26 0.21 0.21

(0.04) (0.25) (0.03) (0.05) (0.01 ) (-0.11) (0.07) 02} (0.14) (0.14) (0.14)
WW 0.81 0.17 0.80 0.66 0.55 0.48 0.50 Ne 0.44 0.40 0.38

(0.07) (0.00) (0.78) (0.61 ) (0.32) (0.19) (0.13) (0.46) (0.42) (0.41 )
W12 0.75 0.97 0.25 0.80 0.78 0.67 0.59 Ne 0.59 0.54 0.53

(0.07) (0.02) (0.01) (0.77) (0.66) (0.44) (0.19) (0.44) (0.45) (0.45)
W18 0.85 0.94 0.94 0.39 0.90 0.81 0.71 0.38 0.77 0.71 0.70

(0.05) (0.033) (0.022) (0.01) (0.74) (0.45) (0.36) (0.07) (0.70) (0.62) (0.61 )
MW 0.51 0.86 0.88 0.96 0.59 0.76 0.77 0.27(0.

(0.07) (0.05) (0.03) (0.02) (0.01) (0.44) (0.20) 13)
PPW 0.40 0.86 0.88 0.92 0.96 0.50 0.74 0.28

(0.08) (0.05) (0.03) (0.03) (0.01 ) (0.01) (D.3D} (0.10)
EWW 0.49 0.86 0.78 0.84 0.99 0.96 0.68 0.20 (-

(0.07) (0.051) (0.040) (0.034) (0.005) (0.010) (0.03) 0.00)
LWW 0.43 Ne Ne 0.85 0.84 0.94 0.79 0.09

(0.16) (0.12) (0.08 (0.07 (0.09) (0.00)
SLW 0.78 0.65 0.94 0.96 0.25

(0.15) (0.18) (0.08) (0.05) (0.01)
Hew 0.76 0.48 0.90 0.93 0.11

(0.21) (0.27) (0.11 ) (0.07) (0.00)
ecw 0.75 0.44 0.84 0.92 0.12

(0.21) (0.27) (0.13) (0.07) (0.00)
FERT 0.06 0.03 0.02 0.04 -0.08 0.01 -0.04 0.01 0.08

(0.02) (0.06) (0.44) (0.18) (0.00) (0.62) (0.18) (0.74) (0.04)
PROL -0.02 0.07 0.12 0.07 0.22 0.13 0.24 -0.05 -0.17 0.22

(0.60) (0.02) (0.00) (0.02) (0.00) (0.00) (0.000) (0.07) (0.055) (0.03)
SURV 0.18 0.26 0.15 0.15 0.05 0.06 0.03 0.13 0.06 0.14 0.01

(D.OD} (D.OD} (O.OO) (D.OD} (0.06) (0.05) (0.25) (O.OO) (0.033) (O.OOO) {0.02}
t Genetic correlation between reproductive traits (fertility and prolificacy), survival and the rest of the traits was through a Spearman's correlation of
breeding values obtained in univariate analyses
# BW birth weight; WW weaning weight; W12 12month weight; W18 18 month weight; SLW slaughter weight; HeW hot carcass weight; ecw cold
carcass weight; LWW total weight of lamb weaned; MW ewe weight at mating; PPW post partum weight; EWW ewe weight at weaning of lambs;
FERT fertility (0 or 1); PROL prolificacy (1 or 2); SURV lamb survival to weaning (0 or 1); Ne no convergence
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The heritability estimates for fertility (0.08), prolificacy (0.22) and lamb survival (0.01)

were from univariate, logit transformed analyses compared to estimates of 0.02, 0.26

and 0.04, respectively reported for the same traits in Chapter 3 using threshold models.

The estimate of heritability for fertility was higher than that from the threshold model, but

still within the reported values (Matos et al., 1997, Olivier et al., 1998) but lower than

0.20 reported by Olivier et al. (1998) and Snyman et al. (1998a). The estimate for

prolificacy was almost the same as that reported in Chapter 3 for the threshold model

using the same data set. However, the estimate of heritability for survival (using logit

transformation) was lower than that reported for the threshold model (Matos et al.,

2000;) but was in close agreement to that reported elsewhere (Olivier et al., 1998;

Snyman et al., 1998a; Lopez-Villalobos & Garrick, 1999).

The genetic correlation between fertility and lamb and ewe weights is low (-0.08 to 0.06)

with some having large standard errors. The implication is that the genes controlling

fertility and live weights are probably different. A larger data set is needed to validate

this result.

The genetic correlation between prolificacy and birth weight was negative and low.

Bromley et al. (2000) concluded that birth weight and prolificacy were only slightly

genetically correlated, with mostly different genes involved in the expression of these

two traits. The genetic correlation between prolificacy and weaning weight, 12 month

weight, 18 month weight, ewe mating, post-partum and ewe weight at weaning were

0.07; 0.12; 0.07; 0.22; 0.13; 0.24 respectively. The weighted average genetic correlation

between ewe weight and prolificacy at various ages was 0.41 (-0.46 to 0.78) (Fogarty,

1995). The relationships among and within breeds between prolificacy and ewe weights

varied and are well reviewed by Michels et al. (2000). It appears that any genetic

improvements especially for ewe weights at mating or weaning will have a low to

moderate response in improving prolificacy. It is of interest to note that the genetic

correlation between fertility and prolificacy is negative (-0.17). Animals bearing twins

may fail to conceive in the subsequent year because they may still be in poor body

condition.
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There is evidence of a small degree of genetic variation for lamb survival to weaning

(Cundiff et al., 1982, Piper et al., 1982; Lopez-Villalobos & Garrick, 1999). Genetic

correlations between lamb survival and birth weight, weaning weight, 12 month weight,

18 month weight and total weight of lamb weaned were 0.18, 0.26, 0.15, 0.15, 0.13

respectively. However, the genetic correlations between ewe weights were low (0.03 to

0.06). Fogarty (1995) reviewed lamb survival as a ewe trait and its genetic correlation

ranged from 0.16,0.11,0.51 to -0.30 for birth weight, weaning, hogget weight and total

weight of lamb weaned, respectively. There were also low phenotypic correlations

varying from -0.18 to 0.04. Selection for live weight in the Sabi flock, will not drastically

improve survival but will have some beneficial effects. Better control of environmental

effects will yield more rapid response to higher lamb survival.

5.4 Conclusions

Live weights are generally low in the Sabi Sheep..From the results of this study it is. .

evident that no important antagonistic relationships exist among traits. Birth weight is

generally considered as a trait having an intermediate optimum with both too low and

too high values causing survival problems. The positive genetic correlation found

between birth weight and survival suggests that the flock studied is below the optimum.

Although speculatively, this could be due to a gradual, long-term deterioration in the

environment. Contrary to what is normally the case in improved livestock where

guarding against high birth weights is generally recommended, a genetic improvement

in birth weight, also because of its high genetic correlation with later weights, should be

considered a priority in the Sabi sheep until an optimum is reached.

Total weight of lamb weaned will also need to be considered in the selection strategy

since it is a composite trait incorporating elements of not only lamb growth and survival

to weaning, but also ewe reproductive performance.



Heritability (h2
), phenotypic (rp), environmental (re) and genetic

correlation (rg) estimates published in literature for birth weight (bw),

weaningweight (ww) and other parameters"

Table 5.2

49

Breed Reference

Birth weight
Swedish finewool
Swedish finewool
Swedish finewool
Baluchi

Segurena
Segurena
Segurena
Composite
Composite
Composite
Moroccan Timahdit
Columbia
Polypay
Rambouillet
Targhee
Columbia
Polypay
Rambouillet
Targhee
Dorper

Trait2

WW
SLW
MATURE
WW

WW
PROL
W3
WW
W19
W31
W3
PROL
PROL
PROL
PROL
LWW
LWW
LWW
LWW
WW

h2
a1

0.06
0.06
0.07
0.14-
0.20
0.43
0.43
0.43
0.09
0.09
0.09
0.18
0.24
0.16
0.21
0.19
0.25
0.16
0.20
0.25
0.11

h2a2

0.15
0.15
0.63
0.13-
0.19
0.31
0.07
0.26
0.09
0.35
0.44
0.50
0.07
0.13
0.09
0.14
0.03
0.09
0.14
0.11
0.20

rpor re

0.39-0.41

0.51
0.00'
0.33'
0.43
0.27
0.39
0.40
0.04'
0.04'
0.00'
0.02'
-0.0z'
0.00
-0.03'
-0.0z'

0.44
0.44
0.36
0.40-0.81

0.59
0.18
0.56
0.45
0.35
-0.01
0.49
-0.01
0.03
0.26
0.11
-0.22
0.28
0.23
0.11
0.27

Nasholm & DanelI, 1996
Násholm & DanelI, 1996
Nasholrn & DanelI, 1996
Yazdi et al., 1997

Analla et al., 1997
Analla et al., 1997
Analla et al., 1997
Mousa et al., 1999
Mousa et al., 1999
Mousa et al., 1999
El Fadili et al., 2000
Bromley et al., 2000
Bromley et al., 2000
Bromley et al., 2000
Bromley et al., 2000
Bromley et al., 2001
Bromley et al., 2001
Bromley et al., 2001
Bromley et al., 2001
Neser et al., 2001

Weaning weight
Composite W3 0.07 0.08 0.86 1.00 AI-Shorepy & Notter, 1996
Composite W4 0.07 0.19 0.62 0.86 AI-Shorepy & Notter, 1996
Swedish finewool SLW 0.14 0.18 0.95 Nasholm & DanelI, 1996
Segurena PROL 0.31 0.07 o.oi' 0.48 Analla et al., 1997
Segurena W3 0.31 0.26 0.69' 0.76 Analla et al., 1997
Baluchi W12 0.19 0.32 0.59-0.60 0.93-0.94 Yazdi et al., 1997
Afrino W9 0.41 0.63 0.80 0.98 Snyman et al., 1998a
Afrino W18 0.41 0.60 0.64 0.92 Snyman et al., 1998a
Afrino LWW 0.41 0.17 0.13 0.75 Snyman et al., 1998a
Afrino NLB 0.41 0.23 0.04 -0.01 Snyman et al., 1998a
Composite W19 0.09 0.35 0.34 0.43 Mousa et al., 1999
Composite W31 0.09 0.44 0.30 0.32 Mousa et al., 1999
Hungarian Merino W12 0.21 0.13 0.54 Nagyetal., 1999
Hungarian Merino W24 0.21 0.11 0.41 Nagyetal., 1999
Targhee PROL 0.16 0.11 0.05 0.48 Rao & Notter, 2000
Suffolk PROL 0.13 0.09 0.08 0.43 Rao & Notter, 2000
Polypay PROL 0.10 0.10 0.02 0.09 Rao & Notter, 2000
# other parameters: W3=90 day weight; W4=120 day weight; W12= 12 months weight;

W14=14 month weight; W18= 18 month weight; W19= 19 month weight; W24= 24 month

weight; W30=30 month weight; W31=31 month weight, LWW=total weight of lamb weaned;

SLW=slaughter weight; PROL = prolificacy; NLB= number of lambs born over ewes exposed

to the ram at mating.
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Table 5.3 Heritability (h2), phenotypic (rp), environmental (re) and genetic

correlation (rg) estimates published in literature for post weaning

weights and other parameters"

Breed Trait1 Trait2 h2a1 h2a2 rp or rg Reference.
re

Prolificacy

Rambouillet PROL W5 0.19 0.35 0.03· 0.22 Waldron & Thomas, 1992
Composite PROL W3 0.05 0.14 0.11 0.33 AI-Shorepy & Natter, 1996
Composite PROL FERT 0.05 0.09 - 0.56 AI-Shorepy & Natter, 1996
Segurena PROL W3 0.07 0.26 0.01· 0.36 Analla et al., 1997
Rambouillet PROL W18 0.05 0.48 0.00· 0.35 Lee et al., 2000
Columbia PROL LWW 0.07 0.02 0.41 0.65 Bromley et al., 2001
Polypay PROL LWW 0.12 0.07 0.33· 0.42 Bromley et al., 2001
Rambouillet PROL LWW 0.09 0.10 0.33· 0.62 Bromley et al., 2001
Targhee PROL LWW 0.10 0.10 0.33· 0.55 Bromley et al., 2001

Total weight of

lamb weaned

Afrino LWW W18 0.17 0.60 0.26 0.89 Snyman et al., 1998a
Tygerhoek Merino LWW W14-15 0.13 0.55 0.15 0.80 Snyman et al., 1998b
Grootfontein Merino LWW W14-16 0.13 0.38 0.20 0.67 Snyman et al., 1998b
Klerefontein Merino LWW W14-16 0.22 0.43 0.32 0.72 Snyman et al., 1998b

Fertility

Composite FERT W3 0.09 0.14 -0.04 -0.31 AI-Shorepy & Notter, 1996

Others

Swedish Finewool MATURE SLW 0.39 0.24 - 0.44 Nasholm & DanelI, 1996
Various W12 W18 0.26 0.36 0.71 0.62 Stobart et al., 1986
Various W12 W30 0.26 0.25 0.55 0.24 Stobart et al., 1986
Various W18 W30 0.36 0.25 0.75 0.73 Stobart et al., 1986
Afrino W18 NLB 0.60 0.23 0.16 0.31 Snyman et al., 1998a
Composite W19 W31 0.35 0.44 0.65 0.97 Mousa et al., 1999
Hungarian Merino W12 W24 0.13 0.11 0.57 Nagy et al., 1999

# Other parameters: W3-90 day weight; W6=180 day weight; W12= 12 month weight;

W14=14 month weight; W15= 16 month weight; W18= 18 month weight; W19= 19 month

weight; W24= 24 month weight; W30=30 month weight; W31=31 month weight, LWW=total

weight of lamb weaned; SLW=slaughter weight; FERT=fertility; PROL=prolificacy;

NLB=number of lambs born.
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6

Resistance of Sabi and Dorper ewes to gastrointestinal
nematode infections in a semi-arid environment

6.1 Introduction

Gastrointestinal nematode parasitism imposes severe economic constraints on

sheep and goat production on rangelands. Haemonchus contortus is regarded as the

most economically important nematode parasite in Zimbabwe (Vassilev, 1995). The

critical periods for dosing small ruminants is not well documented in a semi-arid

environment. Recommendations vary from three dosings a year to more frequent

dosing favoured by some sheep producers e.g. at three week intervals in lambs

(Vassilev, 1995). Past intensive dosing programmes, the threat of drug resistant

strains emerging (Van Wyk et al., 1997) and the ever-increasing cost of drugs has

necessitated that alternative methods to contain and control gastro-intestinal

parasitism is explored. Methods of internal parasite control, which rely on rotational

grazing, are limited in communal grazing systems. An attractive solution is to utilise

the animal's genetic resistance to internal parasites (Baker, 1998). The indigenous

Sabi sheep of Zimbabwe (Ward, 1959) with similar features to the Red Maasai and

Tswana sheep of eastern and southern Africa (Mason & Maule, 1960) have been

shown under controlled artificial challenge to be resistant to internal parasites

(McKenzie, 1987).

Research on resistance to internal parasites with indigenous sheep in Sub-Saharian

Africa under natural pasture worm challenge has been carried out on the Red Maasai

in Kenya (Baker et al., 1999) and the Menz and Horro in Ethiopia (Tembely et al.,

,! <,'

'I -,,./
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in Kenya (Baker et al., 1999) and the Menz and Horro in Ethiopia (Tembely et al.,

1998), but Sabi sheep have not been evaluated for resistance under natural pasture

challenge. Studies in sheep showing resistance to internal parasites have also

indicated that they had reduced peri-parturient rise as compared to the unselected or

susceptible sheep (Zajac et al., 1988;Woolaston; 1992, Morris et al., 1998). The peri-

parturient rise in faecal egg output in ewes is a well documented phenomenon and is

normally attributed to depressed immunity of the lactating ewe (Connan, 1968;

Q'SuIIivan& Donald, 1970; Brunsdon & Vlassoff, 1971). The current study is part of a

Pan-African research project (ILCA, 1991) initiated in 1996 to evaluate resistance to

internal parasites of Sabi and Dorper sheep. The present study also investigates the

occurrence of the peri-parturient rise in nematode egg output during lactation in

breedingSabi and Dorper ewes.

6.2 MaterialsandMethods

Data were obtained from the Sabi flock on natural rangelands at Matopos Research

Station. The average rainfall during the study period was 624 mm (313-851mm).

Distributionwas erratic with 1998 having the last rains in January instead of the normal

end of rainy season in April-May. Sabi rams (17) were purchased from communal

areas in North Gokwe along the Zambezi River and in Gwanda South along the

Botswana border and 17 rams were from the Matopos bred Sabi flock. Dorper rams

(23) and ewes (526) were purchased from the commercial farming sector all over

Zimbabwe.

A study of internal parasite resistance in Sabi and Dorper sheep was started in 1996.

Six Dorper rams, four Sabi rams bred at Matopos and four purchased Sabi rams

were mated for 35 days each year in June to Sabi and Dorper ewes in a diallel

design. All breeding ewes were always grazed together in one group throughout the

year. Most of the rams were used once with two Dorper rams, one Sabi bred at

Matopos and one bred in communal areas used as repeat rams across mating years.

All rams and ewes had blood and faecal samples taken and weighed at the following

periods: at mating; one month pre lambing; one month post lambing, two months

post lambing; weaning of lambs at 3 months post lambing. At weaning faecal

samples were sent to the Veterinary laboratory in Harare for cultures. Dosing was
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February to March) when all ewes were dosed to prepare them for the next mating.

At the other sampling times ewes with egg counts higher than 1500 (initially 2000)

and lor PCV less than 20 per cent were treated. The percentage of sheep with high

faecal egg counts (FEC>1500) was determined. The protocol was similar to that

described by Baker (1998). All ewes were treated with an acaricide weekly during the

wet season and fortnightly during the dry season to control ticks.

Faecal egg counts were analysed using the modified MeMaster method (MAFF,

1977), with a lower limit of detection of 50epg (eggs per gram) of faeces. PCV was

measured by the microhaematocrit method.

6.2. 1 Statistical analysis

The data set analysed consisted of 1888 ewe records collected from 1996 to 2000.

Some ewe records were missing at various sampling periods over the years (Table1).

Data were analysed using least squares analysis of variance (Harvey, 1990). The fixed

effects included in the model were year (1996-2000), age of ewe (2 to 5 years and

older), breed (Sabi or Dorper) and physiological status (dry, pregnant or lactating) and,

in preliminary analyses, all first order interactions. Faecal egg counts were logarithm

transformed (LFEC, log10 (FEC+25)) to normalise the variance and the results back-

transformed by taking anti-logarithms and presented as geometric means (GFEC). All

statistical tests for FEC were applied to the transformed data.
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Table 6.1 Numbers used in the analyses from mating to weaning of lambs for
Sabi and Dorper ewes evaluated from 1996 to 2000

Mating 1 Month pre 1 Month 2 Months Weaning of

lambing post post lambs

lambing lambing

Total 1888 1620 1558 1572 1650
Age of ewe

2 604 530 475 448 543

3 496 421 404 447 435

4 369 310 304 311 313

5+ 419 359 375 366 359
Year

1996 425 342 261 281 345

1997 420 332 338 334 358

1998 381 302 302 307 302

1999 333 329 336 332 329

2000 329 315 321 318 316
Breed

Sabi 1281 1210 1169 1154 1237

Dorper 607 410 389 418 413

Physiological

status

Dry 1888 503 446 501 518

Preg/Lacf 1117 1112 1071 1132
# Pregnantpreand lactatingpostlambing



Table 6.2 Model specification for ewe weights (LWT), logarithm transformed faecal egg counts (LFEC) and packed cell volume

(PCV) for Sabi and Dorper ewes from mating to weaning of lambs

Mating 1 Month pre lambing 1 Month post lambing 2 Months post lambing Weaning of lambs
Fixed effects

LWT PCV LFEC LWT PCV LFEC LWT PCV LFEC LWT PCV LFEC LWT PCV LFEC

Age *** *** NS *** ** *** *** NS NS *** * NS *** *** NS

Year *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

Breed *** *** *** *** *** *** *** ** *** *** *** NS *** NS NS

PSTAT' - - - *** NS * *** *** *** *** *** *** *** *** ***

Year*Breed *** *** *** *** *** *** *** ** *** *** *** * *

Age*Breed *** *** * *** *** * *** *** ** *** **

Breed*PSTAT' - - - * NS NS NS * * NS NS NS NS NS NS

R2 0.43 0.31 0.31 0.44 0.36 0.65 0.37 0.43 0.20 0.39 0.15 0.26 0.51 0.21 0.30

CV(%) 13.7 11.74 22.32 12.6 10.31 17.79 12.90 11.92 18.75 11.7 13.06 19.53 12.6 11.59 17.36

#pSTATPhysiologicalstatus (dry, pregnantor lactating)

= P < 0.05; ** = P < 0.01; *** = P < 0.001; NS = Non significant
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6.3 Results and Discussion

Faecal cultures from lamb and ewes consists mainly of Haemonchus (71-90 %) with other

genera of parasites identified being Cooperia, Trichostrongylus, Strongyloides ,

Oesophagostomum and Trichuris spp.. Worm counts at necropsy identified Haemonchus

contortus, Trichostrongylus colubriformis and Oesophagostomum columbianum.

The model specification for each trait is presented in Table 6.2. Least squares means

for ewe live weight, LFEC, GFEC and PCV at each sampling are presented in Table

6.3.Dorper ewes were consistently and significantly heavier than Sabi across all

sampling periods from mating to weaning of lambs (P < 0.001). The Dorpers had heavier

weights across the years with the interactions reflecting the magnitude of the

differences. The same explanation is true for the interactions for PCV and LFEC with the

Sabi being superior except at weaning probably because of the higher proportion of

Dorpers already treated throughout the year.

The variations in LFEC and PCV over the years were mainly due to the fluctuations in

rainfall. A plot of GFEC for the Sabi and Dorper sheep at two months post sampling for

each year closely resembledthe plot of rainfall at the period of sampling (Fig 6.1). In years

of high rainfall,with a high parasite challenge, the two breeds had similar LFECs. This may

be due to the immune system being overwhelmed by the parasite challenge. The rainfall

quantity and distribution also affect other factors such as nutrition and predominance of

different nematode species. The other factor, which applied to all the years, is that the

management of the flock was sub-optimal, especially from 1996 to 1998, due to several

changes of personnel and managers.
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Table 6.3 Least squares means by breed and physiological status from mating to

weaning of lamb for ewe live weight (LWT, kg), packed cell volume

(PCV,%) logarithm transformed faecal egg counts (LFEC, epg) and the

geometric mean of faecal egg count (GFEC,epg).

Sampling time Trait Breed Physiological status

Sabi Dorper Dry Pregnant I
lactating

Mating LWT 34.3 42.2

PCV 29.7 28.0

LFEC 2.07 2.20

GFEC 118 158

1 Month pre- LWT 33.5 40.0 36.0 37.5
lambing

PCV 28.0 26.6 27.2 27.3

LFEC 2.27 2.50 2.35 2.42

GFEC 187 317 227 261

1 Month post LWT 31.7 38.2 36.0 34.0
lambing

PCV 26.4 25.8 26.7 25.6

LFEC 2.73 2.89 2.73 2.89

GFEC 537 779 542 771

2 Month post LWT 32.8 39.0 37.1 34.7
lambing

PCV 27.6 26.5 27.5 26.7

LFEC 2.76 2.77 2.71 2.83

GFEC 579 583 512 676

Weaning LWT 33.7 41.5 39.3 35.9

PCV 28.1 27.9 28.4 27.6

LFEC 2.67 2.72 2.63 2.76

GFEC 473 520 423 581



58

1-----------------------
I
I

I

-----1
I
I
I

I

2000

'êi 1500
c..
Cl)

(3' 1000
UJ
u,
CD 500

350
300 _
250 E
200 S
150 J!1e
100 "(ij

0:::n 50
---r--~~---'- 0

I.._____.IR;n-1 i

1-"- Sabi II
l * _l?orper II

96 97 98 99 20

Years
Fig 6.1 GFEe means for 2 months post lambing over the

five year period
------ -- ---- ___J

ewes were more resistant to endoparasites than Dorper ewes as evidenced by

significantly (at least P<0.05) lower FEe and higher PCV at most sampling times except

at 2 month post lambing and at weaning for FEe (Table 6.3). These results are similar to

those of McKenzie (1987) which were obtained using artificial (experimental) infections

under controlled conditions in crates. In the Sabi ewes there was a peri-parturient rise in

FEe one month post lambing which persisted to two months post lambing whilst in the

Dorper the peri-parturient rise peaked at one month post lambing (Fig 6.2 & 6.3). Since

a higher proportion of Dorper ewes were treated with an anthelmintic than the Sabi ewes

post lambing (Table 6.4) the differences between the two breeds in FEC are

underestimates. These results are consistent with those in the literature (Tembely et al.,

1998; Baker et al., 1999). The peri-parturient rise has been attributed to depressed

immunity amongst other factors and some workers have demonstrated that there is a

genetic basis to the peri-parturient rise (Courtney et al., 1984; Zajac et al., 1988). The

peri-parturient rise in worm egg counts has been extensively studied in temperate regions

where it has considerable epidemiological importance (Barger, 1993).
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The high LFEC observed in the dry animals may be due to several reasons. More

lactating ewes were treated than the dry ewes between parturition and weaning of

lambs. There was also drug resistance in the flock (ascertained from drug reduction

tests, unpublished) and continuous pasture re-infestations of the dry ewes from the

pregnant ewes since all ewes were grazed together. Another possible reason is that

lambing period coincides with the beginning of the rainy season and a general increase

in parasite incidence. A higher proportion of Dorper ewes were treated than Sabi ewes

(Tables 6.4 & 6.5). Three percent of the ewes (2% of Sabi and 4% of Dorper) had egg

counts greater than 1S00epgand these were dosed at mating. The percentage of ewes

dosed rose to 12 % one month before lambingwhen 18% of the Dorper ewes and five per

cent of the Sabi ewes were dosed.The proportionof dosed ewes more than doubled to 31

% a month after lambing and 28 % at 2 months post lambing (Table 6.4). Other workers

(Baker et al., 1999) reported a higher proportion of Dorper ewes treated with

anthelmintic than the Red Maasai. More Dorper ewes were treated twice and thrice

during the year than the Sabi ewes (Table 6.5). This serves to reinforce the greater

susceptibility of the Dorper to internal parasites as opposed to the Sabi.

The effect of ewes with twins versus those with singles was not significant for any trait at

any measurement time post weaning. This may have been because twins were 6.27%

of all the lambings and 91% of the twins were Sabi. Other studies have shown a

significant litter effect on the peri-parturient rise with higher FEC in multiple births

(Woolaston, 1992; Romjali et al., 1997; Tembely et al., 1998).
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TABLE 6.4 Least squares means by year, breed and physiological status for the

percentage of ewes treated with an anthelmintic at each sampling time

and the total number of treatments per annum

Mating 1month 1month 2 month Weaning Treatments

pre post post of lambs per annum

lambing lambing lambing

Total 0.03 0.12 0.31 0.28 0.19 0.92

Breed

Sabi 0.02 0.05 0.23 0.25 0.16 0.70

Dorper 0.04 0.18 0.39 0.31 0.22 1.13

PSTAr'

Dry 0.13 0.28 0.21 0.16 0.77

Pregilact. 0.10 0.35 0.34 0.22 1.07

Model

Age NS NS * NS NS NS

Year *** *** *** *** *** ***

Breed * ** *** * ** ***

PSTArtt NS ** *** ** ***

Breed*PSTA l' NS NS NS NS NS

#pSTATPhysiologicalstatus (dry0, pregnantor lactating1);Breed1=Sabi,2=Dorper

* = P < 0.05; ** = P < 0.01; *** = P < 0.001; NS = Non significant

Standarderror rangefor percentagetreatment 0.004-0.034
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Table 6.5 Percentage of ewes dosed per annum within breed and physiological

status

Freq of Breed Physiological status Whole flock

dosing (not

dosing) per

year

Sabi Dorper Dry PregILact

N % N % N % N % N %

0 508 52.0 140 39.8 189 50.8 459 48.1 648 48.9

1 212 21.8 92 26.1 96 25.8 208 21.8 308 22.9

2 201 20.6 76 21.6 47 12.6 230 24.1 277 20.9

3 52 5.3 43· 12.2 38 10.2 57 6.0 95 7.2

4 1 0.0 1 0.00 2- 0.0 0 0.0 O. O.O.

Total 974 352 372 954 1326 ..

6.4 Conclusions

Sabi ewes were shown to be significantly more resistant to internal parasites

(predominantly Haemonchus contortus) than Dorper ewes. There is also a peri-parturient

rise in FEe in ewes lambing in both Sabi and Dorper. It is recommended that dosing is

minimised (to both save cost and slow down the development of drench resistant worms).

The only ewes that should be drenched are individual ewes (ie avoid blanket drenching of

the whole flock as much as possible) showing strong symptoms of infection (eg ewes with

very high FEe or very low peV). Ascertaining which ewes to be drenched would be

assisted by a test such as the FAMAeHA chart when the challenge is predominantly

Haemonchus.
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7

General Conclusions and Recommendations

Sabi sheep are common in communal areas (small holder farmers) in flocks where

parentage is uncertain and breeding is uncontrolled. Situations like this will always pose a

challenge to both the animal scientist and the policy makers as to the most cost-effective

way to obtain sustainable improvement in a low input low output farming system. The

flocks in the research station are therefore crucial for determining a way forward but also

act as nucleus flocks for conservation. Any meaningful genetic improvement in flocks in

communal Zimbabwe is non-existent since no records what so ever are kept. Results from

this study will be more applicable or useful in flocks where both pedigree and production

records are kept. A stratified meat production system with room for both pure breeders

and cross breeding is proposed. The most desirable quality about the Sabi is that they

thrive under marginal environment (physical and management). Work on adaptive traits

will therefore play a crucial role in overall breeding objectives and selection criteria for this

breed. This current study has attempted to summarise research findings, which are

directly applicable to the improvement to the Sabi flock under consideration.

From the analysis of the environmental effects, the following points are apparent:

a) Sabi sheep have relatively low birth, mature and carcass weights.

b) Slaughter age off range is optimum at two years of age

c) Ewes of six years and older have a lower reproduction than two-year-olds and culling

of ewes of six years of age and above is therefore recommended.
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d) Lamb survival can be enhanced by better management of lambs at birth to reduce

unnecessary stress. The role of castration and docking of lambs within 24 hours of birth

on stress and lamb survival needs further investigation.

The number of lambs born per ewe lambing was the only reproductive ewe trait in which

moderate genetic progress can be made. However, this should be carefully considered in

view of the low survival rate among twin born lambs. The low heritability estimates of

lamb survival may indicate that higher survival rates could be achieved through better

control of the environmental factors.

Although, genetic progress is possible for all growth traits analysed, both maternal and

permanent environmental factors did not seem to play a major role in most of the traits

studied, unlike in most 'improved' breeds.

An increase in ewe live weights as a correlated response to selection for other growth

and carcass traits may be undesirable for harsh environment and needs further

investigation.

From the results of this study it is evident that no important antagonistic relationships

exist among growth, carcass and reproductive traits. Birth weight is generally considered

as a trait having an intermediate optimum with both too low and too high values causing

survival problems. The positive genetic correlation found between birth weight and

survival suggests that the flock studied is below the optimum. Although speculatively,

this could be due to a gradual, long-term deterioration in the environment. Contrary to

what is normally the case in improved livestock where guarding against high birth

weights is generally recommended due to a possible increase in dystocia, a genetic

improvement in birth weight, also because of its high genetic correlation with later

weights, should be considered a priority in the Sabi sheep until an optimum is reached.

Total weight of lamb weaned is a composite trait that encompasses both direct lamb

traits (survival, growth rate and weaning weight) and ewe trait (fertility, prolificacy) also

need to be considered in the selection strategy.
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Research on internal parasites is still at infancy at Matopos. There is more work on

genetic parameter estimates for both ewes and lambs yet to be done. The relationships

of internal parasite resistance with other production traits form part of the future work.

Current work has demonstrated that opportunities exist for within breed to select for

gastro-internal parasites. Immediate benefits are reduced pasture contamination, less

anthelmintic use reducing both cost and risk of the drug resistance. More research on the

genetic estimates and correlations are needed so that internal parasite resistance can be

incorporated in the breeding objectives of Sabi sheep. This is to be the subject of a future

study. It is hoped that this study will form the foundation of work for the conservation of the

Sabi sheep. More consolidation is needed on adaptive traits which render apparent

benefits to the farmer. In addition internal parasite resistance and tick resistance needs to

be strengthened with more rams from communal systems evaluated.
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ABSTRACT

A total of 4355 lamb and 4299 ewe records, obtained from Sabi sheep at Matopos

Research Station from 1984 to 1994, were analysed to describe growth, carcass and

reproductive traits and to investigatenon-genetic factors influencingtheir expression. Year

of birth, sex, birth/rearing status of lamb, dam age, age of lamb and slaughter age were

significant sources of variation for body weights, average daily gain, carcass and

reproductive traits except for exact age of lamb at 18 months, ewe age for hot and cold

carcass weight. Significant (P<0.001) two-way interactions were found between year of

birth and sex for pre-weaning average daily gain, 12 and 18 month weight and for birth

status and sex for lamb survival. Least-squares means: 2.63 kg for birth weight; 17.2 kg

for weaning weight (recorded at 120 days of age); 23.5 kg for 12 months weight; 35.7kg

for 18 months weight; 124 g/day for average daily gain between birth and weaning; 21.7

kg for total weight of litter weaned and 14.6 for Kleiber ratio. Slaughterweights were low

(29kg) yielding 13.6 and 13.1 kg hot and cold carcass weights respectively. Average

weight of ewe at mating in May/June were 38 kg, and 35.6 kg for post-partum in

October/November and 26.2 kg at weaning of lambs in February. The least squares

means for reproductive traits were: 0.86,1.01,1.17,0.83,0.85 for ewes lambing to those

exposed; lambs born to ewes exposed; lambs born to ewes lambing; lambs weaned to

ewes exposed to the ram and lamb survival to weaning respectively. The model best

describing the data were constructed and used in the subsequent analyses of

(co)varaiancesand heritabilityestimates in univariate models.

Variance components of reproductive traits and lamb survival to weaning were

estimated using a threshold model. The heritabilty estimates were low with 0.02, 0.06,
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0.04, 0.02 and 0.04 for fertility (whether a ewe lamb or not; 0 or 1); reproductive rate

(number of lambs born to a ewe exposed; 0, 1 or 2); ewe weaning rate (number of

lambs weaned to a ewe lambing; 0, 1 or 2); flock weaning rate (number of lambs

weaned to a ewe exposed; 0, 1 or 2); and lamb survival rate (whether a lamb born alive,

was dead or alive at weaning except for prolificacy (number of lambs born to a ewe that

lambed; 1, or 2). Though slow genetic progress is possible with all reproductive and

survival traits, it could be faster to select for prolificacy while guarding against a higher

lamb mortality.

Genetic parameters for growth traits were estimated using ASREML from data

consisting of 4123 lamb records from 130 sires and 1131 dams. The direct additive

contribution to birth weight, 30 day weight, 60 day weight, weaning weight, pre-weaning

average daily gain, 12 months weight, 18 months weight and Kleiber ratio was 0.25,

0.13,0.13,0.16,0.17,0.26,0.39, and 0.08 respectively. The direct heritability was 0.27,

0.18, 0.18, 0.12, 0.58, 0.53 and 0.67 respectively for slaughter, hot 'carcass, cold

carcass, total weight of lamb weaned, mating, post partum and ewe weight at weaning.

Maternal heritabilty declined from 0.12 at birth to 0.06 at 60 days of age and was

negligible thereafter. The maternal permanent environmental component due to the dam

contributed three to fifteen per cent of the total phenotypic variances for all the traits

under consideration. Genetic progress is possible for all the growth, carcass and ewe

traits considered in this study.

Genetic and phenotypic correlations were estimated among lamb and ewe traits. Direct

additive estimates of heritability were: 0.28; 0.17; 0.25; 0.39; 0.59; 0.50; 0.68; 0.12;

0.25; 0.11; 0.12; for birth weight, weaning weight (120 days), 12 month weight, 18

month weight, ewe mating weight, post partum weight, total weight of lamb weaned,

slaughter weight, hot and cold carcass weights respectively. Genetic correlations among

birth weight and other weights to 18 months were high (0.75 to 0.85) whilst the

relationship among weaning, 12 month and 18 month weight was close to unity. The

genetic correlation between birth weight and ewe weights (mating, post-partum and dam

weight at weaning of lamb) were moderate viz 0.51, 0.40, 0.49 respectively and were

close to unity at 18 months of age viz 0.96, 0.92 and 0.84 respectively. Total weight of

lamb weaned was moderately correlated to birth weight (rg=0.46) but tended to be highly
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correlated with 18 month weight (0.92) and ewe weights (0.75-0.91). The genetic

correlation between birth weight and slaughter and carcass weight was moderate and

was high at 18 months. The heritability estimates from a univariate logit transformed

analyses for fertility, prolificacy and lamb survival were 0.08, 0.22 and 0.01 respectively.

The genetic correlation between fertility and lamb weight and ewe weights was low (-

0.08 to 0.06) and some with large standard errors. The genetic correlation between

prolificacy and birth weight was negative and low. The genetic correlation between

prolificacy and weaning weight, 12 month weight, 18 month weight, ewe mating, post-

partum and ewe weight at weaning were 0.07; 0.12; 0.07; 0.22; 0.13; 0.24 respectively,

with that between fertility and prolificacy being negative (-0.17). Genetic correlations

between lamb survival and birth weight, weaning weight, 12 month weight, 18 month

weight and total weight of lamb weaned were 0.18, 0.26, 0.15, 0.15, 0.13 respectively.

Birth weight and total weight of lamb weaned can fruitfully be included in a selection

index for the Sabi flock.

Data from 1996 to 2000 of Sabi and Dorper ewes were used to evaluate within and

between breed differences to internal parasite resistance as measured by packed cell

volume (peV) and faecal egg count (FEe). Dorper ewes were consistently heavier than

Sabi ewes. Sabi ewes had lower FEe and higher pev at all sampling times (mating to

weaning of lambs) than the Dorper ewes. Furthermore, the proportion of Dorper ewes

that was treated with anthelmintic was higher than that of Sabi ewes. There was a peri-

parturient rise in FEe from lambing up to two months post lambing for both breeds. Non

genetic factors influencing internal parasite resistance in both breeds were identified.

Future research need to focus on the interrelationships between 'adaptive traits' such as

internal parasite resistance and both growth and reproductive traits.
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OPSOMMING

Altesaam 4355 lam- en 4299 ooirekords verkry vanaf 1984 tot 1994 van Sabiskape by

die Matopos Navorsingstasie is ontleed om groei-, karkas- en reproduksie-eienskappe

te beskryf en om die nie-genetiese faktore wat hul uitdrukking beïnvloed te ondersoek.

Geboortejaar, geslag, geboorte/grootmaakstatus van lam, moeder- , lam- en

slagouderdom was betekenisvolle bronne van variasie vir liggaamsgewigte, gemiddelde

daaglikse toename, karkas- en reproduksie-eienskappe, behalwe vir lamouderdom op

18 maande en moederouderdom vir warm en koue karkasgewig. Betekenisvolle ( P<

0.001) tweerigting-interaksies is gevind tussen geboortejaar en geslag vir voor-

speense gemiddelde daaglikse toename, 12 en 18 maande gewig en vir geboortestatus

en geslag vir lamoorlewing. Kleinste kwadraatgemiddeldes was: 2.63 kg vir

geboortegewig, 17.2 kg vir speengewig (geneem op 120 dae ouderdom) 23.5 kg vir 12

maande gewig, 35.7 kg vir 18 maande gewig, 124 g/dag vir gemiddelde daaglikse

toename tussen geboorte en speen, 21.7 kg vir totale gewig lammers gespeen en 14.6

vir Kleiberverhouding. Slaggewigte was laag (29 kg) met "n opbrengs van gemiddeld

13.6 kg en 13.1 kg warm en koue karkasgewigte onderskeidelik. Gemiddelde ooigewig

met paring in Mei/Junie was 38 kg en 35.6 kg vir na-geboorte in Oktober/November en

26.2 kg by speen van lammers in Februarie. Die kleinste kwadraatgemiddeldes vir

reproduksie-eienskappe was: 0.86, 1.01, 1.17, 0.83, 0.85 vir ooie gelam teenoor ooie by

ram, lammers gebore teenoor ooie by ram, lammers gebore teenoor ooie gelam,

lammers gespeen teenoor ooie by ram en lamoorlewing tot speen onderskeidelik. Die

model wat die data ten beste beskryf het is opgestel en gebruik in daaropvolgende

ontledings van (ko) variansies en oorerflikheidsberamings in enkel-eienskap modelle.
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Variansie-komponente van reproduksie-eienskappe en lamoorlewing tot speen is bepaal

deur 'n drumpelmodel te gebruik. Die oorerflikheidsberamings was laag, met 0.02,

0.06, 0.04, 0.02 en 0.04 vir vrugbaarheid (of In ooi gelam het of nie: 0 of 1);

reproduksie-tempo (aantal lammers gebore van 'n ooi gepaar: 0, 1 of 2 ); ooi-

speentempo (aantal lammers gespeen van 'n ooi wat gelam het: 0, 1 of 2); kudde-

speentempo (aantal lammers gespeen van 'n ooi wat gepaar is: 0, 1 of 2) en

lamoorlewingtempo (of In lewendgebore lam dood of lewendig was met speen,

fekunditeit uitgesluit: (aantal lammers gebore van 'n ooi wat gelam het: 1 of 2).

Alhoewel stadige genetiese vordering moontlik is met alle reproduksie- en

oorlewingseienskappe, kan dit vinniger geskied deur te selekteer vir fekunditeit maar

terselfdertyd te waak teen hoër lammortaliteit.

Genetiese parameters vir groei-eienskappe is beraam deur ASREML te gebruik met

data bestaande uit 4123 lamrekords van 130 vaars en 1131 moeders. Die direkte

additiewe bydrae tot geboortegewig, 30 dae gewig, 60 dae gewig, speengewig, voor-

speense gemiddelde daaglikse toename, 12 maande gewig , 18 maande gewig en

Kleiber-verhouding was 0.25, 0.13, 0.13, 0.16, 0.17, 0.26, 0.39 and 0.08

onderskeidelik. Die direkte oorerflikheid was 0.27, 0.18, 0.18, 0.12, 0.58, 0.53 en 0.67

onderskeidelik vir slaggewig, warm karkasgewig, koue karkasgewig, totale gewig

lammers gespeen, gewig met paring, na-geboortegewig en ooigewig met speen.

Maternale oorerflikheid het afgeneem van 0.12 met geboorte tot 0.06 op 60 dae

ouderdom en was onbeduidend daarna. Die maternale permanente

omgewingskomponent wat betrekking het op die moeder het drie tot vyftien persent

bygedra tot die totale fenotipiese variasie vir al die eienskappe oorweeg. Genetiese

vordering is moontlik vir al die groei- , karkas- en ooi-eienskappe wat in hierdie studie

ondersoek is.

Genetiese en fenotipiese korrelasies is beraam tussen lam- en ooi-eienskappe. Direkte

additiewe beramings van oorerflikheid was 0.28, 0.17, 0.25, 0.39, 0.59, 0.50, 0.68,

0.12, 0.25, 0.11, 0.12 vir geboortegewig, speengewig (120 dae), 12 maande gewig, 18

maande gewig, paringgewig, na-geboortegewig, totale gewig lammers gespeen,

slaggewig, warm - en koue karkasgewigte onderskeidelik. Genetiese korrelasies tussen

geboortegewig en ander gewigte tot 18 maande was hoog (0.75 - 0.85 ), terwyl die
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verhouding tussen speen, 12 maande - en 18 maande gewig nabyeen was. Die

genetiese korrelasie tussen geboortegewig en ooigewigte (paar-, na-geboorte- en

moedergewigmet speen)was matig, nl. 0.51, 0.40 0.49 onderskeidelik en was nabyeen

op 18 maande ouderdom, nl. 0.96, 0.92 en 0.84 onderskeidelik. Totale gewig lammers

gespeen was matig gekorreleerd met geboortegewig (r = 0.46 ), maar het geneig om

hoogs gekorreleerdte wees met 18maande gewig ( 0.92 ) en ooigewigte (0.75 - 0.91 ).

Die genetiese korrelasie tussen geboortegewig en slag- en karkasgewig was matig en

was hoog op 18 maande. Die oorerflikheidsberamings van enkeleienskap logit

getransformeerde ontledings vir vrugbaarheid, fekunditeit en lamoorlewing was 0.08,

0.22 en 0.01 onderskeidelik. Die genetiese korrelasie tussen vrugbaarheid en lamgewig

en ooigewigwas laag (-0.08 tot 0.06) - sommige met hoë standaardfoute .Die genetiese

korrelasie tussen fekunditeit en geboortegewig was negatief en laag. Die genetiese

korrelasie tussen fekunditeit en speengewig, 12 maande gewig, 18 maande gewig,

paringsgewig, na-geboortegewig en ooigewig met speen was 0.07, 0.12, 0.07, 0.22,

0.13, 0.24 onderskeidelik, met dié tussen vrugbaarheid en fekunditeit negatief (-0.17).

Genetiese korrelasies tussen lamoorlewingen geboortegewig, speengewig, 12 maande

gewig, 18maande gewig en totale gewig lammers gespeenwas 0.18, 0.26, 0.15, 0.15,

0.13 onderskeidelik. Geboortegewig en totale gewig lammers gespeen kan met vrug in 'n

seleksie-indeksvir die Sabi-kudde ingesluitword.

Data vanaf 1996 tot 2000 van Dorper- en Sabi-ooie is gebruik om binne- en tussen-ras

verskille t.o.v. inwendige parasietweerstand te evalueer soos gemeet aan 'packed cell

volume ' (peV ) en miseiertelling (FEe). Dorperooie was konsekwent swaarder as

Sabi-ooie . Sabi-ooie het deurgaans laer FEe en hoër pev getoon as die Dorperooie

tydens monstering (paring tot speen van lammers). Dorperooie het proporsioneelook

meer anti-wurmbehandelingontvang as die Sabi-ooie. 'n Verhoging in pev en FEe is tot

twee maande na lam waargeneem by beide rasse, maar dit was meer opvallend by die

Dorperooie. Nie-genetiese faktore wat inwendige parasietweerstand in albei rasse

beïnvloed is geïdentifiseer. Toekomstige navorsing behoort te fokus op die

interverhoudings tussen aanpassingseienskappe soos inwendige parasietweerstand, en

groei - sowel as reprodusie-eienskappe.
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