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INTRODUCTION 
Growth rate and improved body composition (high lean tissue yields and low abdominal fat) 
have been important selection criterion in the modern commercial broiler. Annual gains for 
commercially important traits have been in the region of 2.5 % in bodyweight, 0.25 % in 
carcass yield and 0.15 % in breast muscle yield. Coincident with the improvements in broiler 
performance has been a marked increase in the incidence of several metabolic (Schlosberg et 
al., 1996 ; Hunton, 1997) and skeletal (Hunton, 1997) disorders associated with the increases 
in weight gain and carcass yield. The development of some of the metabolic disorders in 
question, such as ascites (or pulmonary hypertension syndrome, PHS) and sudden death 
syndrome (SDS), has been in part attributed to changes in support organ form and function 
(Rauw et al., 1998). Natural selection, it has been argued, would always seek to maintain the 
balance between these components of the birds’ physiology (Weibel et al., 1991). However, 
selective breeding may have resulted in an imbalance developing between the demand tissues 
(lean tissue and fat mass) and the mass, form and function of the support tissues (including the 
heart, lungs, liver, spleen and pancreas ; plus the components of the gastrointestinal tract 
(GIT)).  
 
Quantifying the relationship between support and demand tissues offers the opportunity to 
understand, and potentially anticipate and prevent, undesirable side effects of the selection 
process. Two studies were undertaken to establish how selection has impacted on the 
morphology of the support organs. Firstly, to determine the changes in the directly selected 
characteristics (demand tissues) and the unselected characteristics (support tissues) and 
secondly, to estimate the genetic correlations between the support and demand tissues. 
 
MATERIALS AND METHODS 
Animals. Two populations of broiler chickens were used both of which were derived from the 
same commercial male broiler breeder line ; a selected line (SB) and a control line (CB). The 
SB have undergone intense selection for carcass yield while maintaining feed conversion ratio 
(FCR) and uncompromised reproductive capacity. The CB have been maintained since 1972 
by random selection and have remained relatively unchanged in terms of FCR. All birds were 
fed standard commercial diets ad libitum and kept under a standard 23 hours light : 1 hour dark 
commercial lighting programme until time to slaughter. All birds were recorded progeny. 
 
Birds used for comparative morphology : The SB (n = 99) were grown on five commercial 
farms with similar management practices until 42 days of age. The CB were initially reared on 
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a single commercial farm to 36 days of age, thereafter, they were moved to the poultry 
research facilities at SAC Ayr and grown to two different ages. One group (n = 99) was grown 
to 42 days (same age as SB) and the second group (n = 99) was grown to 56 days (similar BM 
as SB).  
 
Birds used for genetic parameter estimation : Data were collected on a further 483 SB 
recorded progeny of 48 sires and 214 dams. At the end of the experimental period (day 42 or 
56), birds were sacrificed by electrical stunning and exsanguination at the Carcass Evaluation 
Unit (SAC). 
 
Morphological data. Immediately post mortem, body mass (BM) was taken and the viscera 
were manually removed and frozen for later morphological analysis. Eviscerated body mass 
(EVBM) and abdominal fat pads (AFP) were then measured and, after a 24 hour chill period, 
the mass of breast (BRST) and leg parts (LEG) were recorded. The frozen viscera were thawed 
and the mass of the key support organs : the heart (HRT), liver (LIV), pancreas (PANC) and 
spleen (SPLN) were recorded.  
 
Statistical Methods. Comparative morphology data were analysed by ANOVA in GENSTAT 
using the fixed effects of sex and farm and the covariate of BM for all tissues, with the 
exception of LEG and BRST where the covariate of corrected body mass (cBM = BM minus 
the mass of the tissue under analyses) were fitted (where appropriate). Heritabilities and 
genetic correlations between carcass traits and support organs were estimated by REML with 
an individual animal model using the algorithm of Groeneveld (1998) in VCE REML (version 
4.1 package). Two analyses were performed to estimate both the absolute genetic parameters 
and those relative to BM or cBM. The model for each trait included the fixed effects of sex and 
farm where appropriate and a random effect of animal.  
 
RESULTS AND DISCUSSION 
Body mass at 42 days was significantly higher in the SB (2167 g) compared to the CB (1258 
g) (table 1). This reflects the considerable increase in absolute EVBM of approximately 87 % 
which can be attributed to an increase in BRST (both absolute and relative) in the SB 
compared to the 42 dCB and 56 dCB, and a minor change in the LEG relative to BM. The 
absolute mass of HRT, PANC and LIV increased significantly in the SB compared to both 
groups of CB. Relative to BM, the mass of HRT and SPLN are significantly lower in the SB 
compared to CB. 
The genetic parameters estimated for the demand tissues are similar to those previously 
estimated, with heritabilities ranging between h2 = 0.47 for LEG and h2 = 0.59 for BRST (table 
2). With the exception of LIV, the heritability estimates for support organs were all 
significantly different from zero and ranged between h2 = 0.30 for HRT to h2 = 0.51 for SPLN. 
The support organ heritabilities are sufficiently high to be successfully employed in a selection 
index if they were deemed valuable, either in an economic or health context. Moderate positive 
genetic correlations were observed between HRT and all lean tissue carcass components 
ranging from rg = 0.55 with BRST to rg = 0.64 with EVBM. The relative genetic parameter 
data (analysis of support organs relative to BM ; data not shown) resulted in moderate to high 
genetic correlations between the HRT and carcass components (rg = 0.45 with BRST to rg = 
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0.63 with EVBM). The relative genetic correlations between demand tissues and the support 
tissues of LIV, SPLN and PANC appeared to be largely dependant upon BM. 
 
Table 1. The absolute and relative mass (g) of carcass components and support tissues in 
selected broilers (SB) compared to two groups of unselected broilers (CB). The CB was 
grown to the same age (42d CB) and the same body mass (56d CB) as the SB 
 
 BRST LEG EVBM BM AFP HRT LIV SPLN PANC 
Absolute          
SB 417.4 a 156.9 a 1502 a 2167 a 25.6 a 8.26 a 1.60 a 0.253 a 3.29 a 
42d CB 127.3 b 277.3 b 805 b 1258 b 30.1 b 6.25 b 1.45 b 0.315 b 2.82 b 
56d CB 207.3 c 404.1 c 1182 c 1802 c 50.9 c 7.86 c 1.51 c 0.375 c 2.86 b 

Relative          
SB 379.4a 361.1a 1383.6a  20.4a 6.71a 1.534a 0.1863 a 2.79a 
42d CB 178.7b 382.5b 978.1b  36.0b 8.07b 1.528a 0.3895b 3.40b 
56d CB 193.0c 395.1b 1126.3c  50.4c 7.61c 1.496b 0.3638b 2.80a 
Means within columns (within the absolute and relative groups) without a common superscript letter differ 
significantly (P ≤ 0.05) 
 
Table 2. Estimates of heritabilities (in bold on the diagonal) and genetic (above the 
diagonal) and phenotypic (below the diagonal) correlations between carcass trait data 
and support tissues 
 
Trait BRST LEG EVBM BM AFP HRT LIV SPLN PANC 

BRST 0.59±0.08 0.65±0.07 0.87±0.03 0.92±0.02 0.27±0.11 0.55±0.12 0.24±0.21 * 0.25±0.12 0.47±0.15 

LEG 0.77 a 0.47±0.08 0.86±0.03 0.88±0.03 0.38±0.11 0.59±0.13 0.35±0.21 * 0.07±0.14 * 0.48±0.16 
EVBM 0.90 0.94 0.52±0.08 0.96±0.01 0.47±0.10 0.64±0.13 0.28±0.22 * 0.15±0.13 * 0.54±0.15 

BM 0.86 0.91 0.97 0.57±0.08 0.43±0.10 0.61±0.13 0.32±0.20 * 0.16±0.14 * 0.52±0.14 

AFP 0.14 0.08 0.16 0.16 0.57±0.07 0.35±0.15 0.42±0.26 * -0.28±0.13 0.21±0.18 * 
HRT 0.48  0.57 0.55 0.52 0.07 0.30±0.08 0.19±0.26 * 0.05±0.17 * -0.19±0.23 

* 
LIV 0.46 0.47 0.49 0.49 0.12 0.59 0.08±0.06 * 0.06±0.22 * 0.36±0.27 * 

SPLN 0.20 0.19 0.20 0.25 -0.04 0.20 0.38 0.51±0.09 -0.05±0.18 
* 

PANC 0.35 0.35 0.39 0.39 0.15 0.35 0.44 0.19 0.36±0.12 

* Estimates not significantly different from zero, when assuming a normal distribution of the estimate ; a All 
phenotypic correlations greater than or equal to 0.09 are significantly different from zero 
 
For example, the significant correlation between absolute LIV and BRST was completely 
eroded by the inclusion of BM covariate in the model (rg = 0.06 ± 0.14). This finding would 
suggest that the genetic correlations between HRT and the production traits were independent 
of BM, whereas, BM influenced correlations between the remaining support organs and the 
production traits.  
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Relevance to metabolic disorders. The poultry industry has been very successful at 
exploiting the use of genetic improvement to increase productivity. However, with increasing 
productivity there has been a coincidental increase in the rate of mortality (5 – 6 % in 
commercial broiler flocks in the UK). This increase in mortality was linked to metabolic 
disorders such as ascites and SDS (Scheele et al., 1991 ; Julian, 2000). It has been 
hypothesised that the incidence of metabolic disorders has been as a direct result of the 
targeted selection for increased productivity. Shlosberg et al. (1996) showed that selection 
against ascites was possible using traits that are genetically correlated to the incidence of 
ascites. De Greef et al. (2001) developed an aggregate trait describing ascites using principle 
component analysis. The aggregate ascites trait was then related to phenotypic measurements 
on a large population of animals and indicated heart mass to be the best first predictor followed 
by liver mass. De Greef et al. (2001) stressed that the usefulness of any selection candidates 
was dependant on the ease with which they can be measured, their heritability and their genetic 
correlation with measures of productivity. The results of the present study would suggest that 
selection for absolute heart mass would be possible with h2 = 0.30, however, liver mass 
heritability was low. Our data also indicated favourable genetic and phenotypic correlations 
between absolute heart mass and carcass lean tissue traits ranging between rg = 0.55 to 0.64 
and rp = 0.48 to 0.57. The moderate genetic correlation would suggest heart mass might 
increase in line with BM as a result of a correlated response. However, the comparative 
morphology data indicated a minor increase in absolute heart mass in SB compared to CB, 
whereas, relative to BM, the mass of the heart at the same age was 20 % lower in SB and at the 
same BM 12 % lower in SB. The observed reduction in relative HRT as a result of selection 
without a coincident dramatic increase in the incidence of metabolic disorders would suggest 
there is a high level of plasticity or spare capacity in the functionality of the heart. However, it 
is conceivable that a continued reduction in relative heart mass will ultimately further impair 
the physiological integrity of the bird and bring about an increase in the incidence of metabolic 
disorders such as ascites.  
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