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INTRODUCTION 
The amount of fat and muscle present in hill ewes at different stages of the annual production 
cycle can affect reproductive traits, such as ovulation rate, embryo mortality (Gunn and Doney, 
1975) and milk production (Gibb and Treacher, 1980 ; Peart, 1968). These traits will in turn 
affect litter size and lamb growth. Relationships have been reported for ewe condition at 
parturition with traits such as daily growth rate and overall live-weight gains of lambs (Gibb 
and Treacher, 1980) and for ultrasonic fat and muscle depths at pre-mating with lamb weights 
at mid-lactation (Conington and Hernando, 2000). 
However, little is known about which tissues and depots in the ewe are more important for 
lamb production. Fat and muscle levels and the mobilisation of these tissues during the 
production cycle can be studied using X-ray computed tomography (CT). This study reports on 
the relationships between such traits, assessed using CT scanning, and lamb production traits. 
 
MATERIAL AND METHODS 
The data comprised production information from the primiparous lambing of 427 two-year-old 
Scottish Blackface ewes from three cohorts : 1997 (n = 133), 1998 (n = 145) and 1999 (n = 
149). Of these ewes 199 also had CT data (107 first mated in 1997, 49 in 1998 and 43 in 1999). 
One complete year’s CT data was included from a maximum of five scanning events : pre-
mating in the first year ewes were mated (pre-mating 1) ; pre-lambing ; mid-lactation ; 
weaning; pre-mating the following year (pre-mating 2). For each animal at each event, cross-
sectional CT scans were taken at five anatomical sites – ischium, hip, 5th lumbar vertebra, 2nd 
lumbar vertebra and 8th thoracic vertebra. Image analysis was performed on these CT images to 
yield areas of different tissues. Equations to predict total weights of carcass fat (CFWT), 
internal fat (IFWT) and carcass muscle (MWT) from these tissue areas were derived, using 
data from a separate calibration trial (n = 30 ewes ; R2 = 98.7 %, 76.7 % and 81.2 % 
respectively). Total tissue weights were estimated for each ewe with CT measurements at each 
scanning event using these equations.  
 
Multivariate phenotypic analyses (adjusted for year and number of lambs born) were 
performed between predicted tissue weights at each scanning event, within tissue, to obtain 
least square means for CFWT, IFWT and MWT. Heritabilities and genetic variances were 
estimated for total tissue weights at each event and for total tissue weight loss (pre-mating 1 to 
mid-lactation) and weight gain (mid-lactation to pre-mating 2), for each tissue. Multivariate 
genetic analysis between all five events failed to converge due to the limited size of the data set 
and pedigree structure, so univariate analyses were performed with the Variance Component 
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Estimation package (VCE v.4.2, Groeneveld, 1993) using the models below. Year and animal 
were fitted as random effects. The covariate ‘days from lambing’ was the number of days 
between the ewe lambing and the mid-lactation CT scan, which had a significant effect on 
tissue weight changes (with the exception of internal fat changes). 
 
Tissue wt. pre-mating 1 =  year + animal 
Tissue wt. pre-lambing = year + number of lambs born + animal 
Tissue wt. mid-lactation = year + number of lambs at mid-lactation + animal 
Tissue wt. weaning = year + number of lambs weaned + animal 
Tissue wt. pre-mating 2 = year + number of lambs weaned + animal 
Tissue wt. loss / gain = year + number of lambs born + days from lambing + animal 
 
Bivariate analyses were performed between : predicted total tissue weights at pre-mating 1 and 
number of lambs born (NoB) ; predicted total tissue weights at each of the five events and total 
weight of lambs weaned by the ewe (WWT) ; total tissue loss (pre-mating 1 to mid-lactation) 
and total weight of lambs at mid-lactation (MLWT) or weaning (WWT). Phenotypic and 
genetic correlations were estimated using the Variance Component Estimation package (VCE 
v.4.2, Groeneveld, 1993). Simple models, including only year and animal (both as random 
effects), were fitted for each trait. 
 
RESULTS AND DISCUSSION 
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Figure 1. Least square means for predicted tissue weights at each scanning event 
 
Figure 1 shows least square means for each event within tissue. Each tissue is depleted through 
pregnancy and early lactation, then deposited through late lactation and the dry period. 
 
Heritability estimates were low to moderate for CFWT and MWT and moderate to high for 
IFWT at each scanning event (table 1). Genetic variances ranged from 0.10 (pre-lambing) to 
0.44 (pre-mating 2) for CFWT, 0.24 (pre-mating 2) to 0.45 (pre-mating 1) for IFWT, and 0.06 
(pre-mating 1) to 0.48 (mid-lactation) for MWT.  
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Table 1. Heritabilities of total tissue weights at each event 
 

 CFWT IFWT MWT 
Pre-mating 1 0.14 (0.15) 0.57 (0.25) 0.09 (0.13) 
Pre-lambing 0.08 (0.11) --- 0.18 (0.11) 
Mid-lactation 0.12 (0.08) 0.57 (0.15) 0.38 (0.17) 
Weaning 0.20 (0.14) 0.46 (0.17) 0.21 (0.13) 
Pre-mating 1 0.22 (0.13) 0.24 (0.15) 0.29 (0.15) 

--- = estimate unreliable (outside parameter space) 
 
Heritabilities and genetic variances were greater for IFWT loss (h2 = 0.42 ± 0.19, Vg = 0.37 ± 
0.17) and MWT loss (h2 = 0.65 ± 0.23, Vg = 0.57 ± 0.22), than for other tissue weight changes 
(N.B. no reliable parameters were estimated for MWT gain). CFWT loss showed little genetic 
variation (h2 = 0.05 ± 0.11, Vg = 0.06 ± 0.14).  
 
Pre-mating MWT was positively correlated with NoB, both genetically (rg = 0.81 ± 0.45) and 
phenotypically (rp = 0.25 ± 0.10). Correlations between NoB and fat weight pre-mating were 
smaller, both for carcass fat (rg = -0.13 ± 0.35, rp = 0.04 ± 0.08) and internal fat (rg = 0.24 ± 
0.20, rp = 0.06 ± 0.12). 
 
Table 2. Phenotypic and genetic correlations (and S.E.) between predicted total tissue 
weights and total weight of lambs weaned 
 

  Pre-mating 1 Pre-lambing Mid-lactation Weaning Pre-mating 2 
rp 
 

CFWT 
IFWT 
MWT 

0.13 (0.14) 
0.13 (0.15) 
0.38 (0.09) 

-0.01 (0.12) 
0.001 (0.07) 
0.07 (0.11) 

0.12 (0.12) 
0.17 (0.13) 
0.31 (0.12) 

0.05 (0.14) 
-0.03 (0.13) 
0.12 (0.12) 

0.004 (0.12) 
0.03 (0.15) 
0.19 (0.13) 

rg 
 

CFWT 
IFWT 
MWT 

-0.14 (0.45)A 
0.28 (0.24) 

--- 

-0.23 (0.41) 
--- 

0.34 (0.35) 

-0.48 (0.41) 
-0.19 (0.25) 
0.13 (0.27) 

-0.81 (0.50) 
-0.64 (0.31) A 
0.68 (0.34) 

-0.68 (0.13) 
-0.94 (0.82) 
0.55 (0.28) 

A = did not converge, best estimate   --- = estimate unreliable (outside parameter space)  
 
At each event phenotypic correlations between MWT and WWT were larger than between 
CFWT or IFWT and WWT (table 2). Genetic correlations were positive throughout the 
production cycle between MWT and WWT, but were negative between CT fat weights and 
WWT (except IFWT at pre-mating 1) (table 2). Standard errors were large for these estimates. 
 
Very small phenotypic correlations, but moderate to large positive genetic correlations, were 
estimated between weight loss from the three tissues and total weight of lambs reared (table 3). 
Genetic correlations with mid-lactation lamb weights were higher than with weaning lamb 
weights for each tissue, as lambs became less dependent on the ewe over time. 
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Table 3. Phenotypic and genetic correlations (and S.E.) between total tissue weight loss 
and total live weights of lambs produced 
 
 MLWT WWT 
  rp rg rp rg 
CFWT loss 0.077 (0.11) 0.395 (0.38) 0.052 (0.06) 0.377 (0.13) 
IFWT loss -0.014 (0.14) 0.628 (0.22) 0.007 (0.14) 0.496 (0.24) 
MWT loss -0.031 (0.19) 0.597 (0.22) -0.068 (0.17) 0.391 (0.24) 
 
Results suggest that large muscle reserves, small fat reserves and a propensity for depletion of 
muscle and fat in times of energy deficit, are all positively genetically correlated with the 
ability to produce more and heavier lambs. However, it is unclear whether sheep with a genetic 
propensity to lose tissue wean a heavier weight of lambs, or whether ewes with a genetic 
propensity to rear more and heavier lambs suffer greater tissue loss as a consequence. Genetic 
propensity to wean a high total weight of lambs will lead to a decrease in ewe carcass and 
internal fat weights, but not muscle weight, the following autumn and winter.  
Genetically, internal fat appears to be more important than carcass fat for lamb production. 
Loss of internal fat weight had a much higher heritability than loss of carcass fat weight, and 
higher genetic correlations with weights of lambs reared. 
Relationships between CT and production traits may not be linear as assumed here. There may 
be optimal levels of tissue weights or tissue weight changes, out-with the range found in the 
sheep studied, beyond which production is hindered. Further studies on ewes of different ages 
and on different hill management regimes would be of interest. 
 
CONCLUSION  
These preliminary results show that increased internal fat mobilisation during pregnancy and 
lactation, and high levels of muscle throughout the production season, are positively 
genetically correlated with total weight of lambs reared. It may be that genetic ability to 
mobilise fat increases the maternal ability of the ewe. Alternatively, genetic ability to increase 
total weight of lambs reared may cause ewes to suffer increased tissue weight loss. Collection 
of further CT data will produce more reliable parameter estimates to test these hypotheses.  
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