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Selection for increased growth-rate generally results in increased 
fatness as well. This has been found in mice (Biondini et al.. 1976; Eisen 
et al.. 1977; Fowler, 1958; McPhee and Neill, 1976) and in chickens 
(Proudman et al.. 1970), This increased fatness is a nuisance agriculturally, 
since the additional fat reduces carcass quality and is energetically expensive 
to produce. It is also biologically surprising. Fatty tissue is only 20% 
water as compared to 80% water for lean. Thus, although deposition of a gram 
of fat has the same energetic cost as deposition of a gram of protein (Webster, 
1980) , the energetic cost for deposition of a gram of fattŷ  tissue is Ax that 
for a gram of lean tissue (Pym and Farrell, 1977). Consequently, selection for 
increased growth rate should discriminate against animals that deposit fat as 
opposed to lean, and should lead to decreased rather than increased fatness!

There is considerable evidence in the literature showing that selection 
for growth-rate has increased appetite (Eisen, 1974; Eisen et al.. 1977;
Masic et al.. 1974; Savory, 1975; Siegel and Wisman, 1966; Sutherland et al.. 
1970, 1974; Timon and Eisen, 1970) and decreased activity and maintenance 
requirements (Kennedy and Mitra, 1963a; Kuenzel and Kuenzel, 1977; Masic 
et al■. 1974; Owens et al. . 1971; Proudman et al., 1970; Savory, 1975). The 
net result is a greater excess of caloric intake over maintenance requirements 
in rapid as compared to slow growth lines. In poultry, fat deposition during 
the growth period apparently stands in direct relation to the excess of caloric 
intake over maintenance: Limiting food intake during the growth period reduces 
fat deposition as compared to ad libitum fed animals of the same body weight, 
while force fed or hyperphagic animals show increased fat deposition, as com
pared to ad libitum controls (Nir et al. . 1974; Kennedy and Mitra, 1963b).
On this basis Soller (to be published) proposed that the effect of selection 
for growth-rate on fat deposition is two-fold: A direct effect in favor of 
decreased fat deposition and an indirect internal physiological effect, 
mediated by way of the greater excess of intake over maintenance, tending to 
increase fat deposition. It is the latter effect that predominates in deter
mining the net effect of selection for growth-rate on fat deposition. Support 
for this model is found in the fact that selection for appetite alone in mice 
(Sutherland jet al., 1970) and in chickens (Pym and Solvyns, 1979) , results in 
a greater degree of fat deposition than selection for growth-rate, while 
selection for greater food efficiency in poultry resulted in decreased fat 
deposition as compared to growth-rate selection (Pym and Solvyns, 1979). The 
situation in mice is apparently more complex (Soller, to be published).

From the point of view of breeding practice, this model suggests that 
direct selection against fat deposition under ad libitum feeding, would act
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to decrease appetite, gains vand overall feed efficiency. The model also 
suggests, however, that selection for gain under restricted food intake, as 
suggested by Kielenowski (1969) might act directly on the fat: lean deposition 
ratio without affecting appetite. In this paradigm, all animals on test are 
individually fed an equal quantity of food, below the ad libitum intake levels. 
In this way all animals consume an equal quantity of food, so that appetite 
differences do hot contribute to differences in weight gain during the test 
period. In this paper, we present initial results on some biometrical rela
tionships of body weight gain under conditions of uniform restricted food 
intake, in poultry.

MATERIALS AND METHODS

Four experiments were carried out. Two involved White Rock (WR) broiler 
stocks, two involved advanced segregating generations (F5 and F6) of a White 
Rock broiler x Leghorn layer cross (henceforth: WR x LN cross). Some of the 
experiments included both males and females. These were analyzed separately, 
so that there were 6 separate data sets in all.

In all experiments birds were raised in brooder batteries and fed ad 
libitum until 6 weeks of age. They were then transferred to individual cages 
and fed individually. The birds then underwent a period in which they were 
fed an equal quantity of food, below ad libitum intake, so that intake of all 
birds was the same (Restriction Period 1, Rl) . This was followed by a period 
of ad libitum feeding (Ad libitum Feeding Period, AL) , and followed in turn by 
a second period of uniform restricted feeding (Restriction Period 2, R2). Not 
all feeding treatments were applied in all experiments. Table 1 shows number 
and type of bird in each experiment, family structure if present, and feeding 
treatments, for the various data sets.

Liveweights were taken at the end of the initial ad libitum period, and 
after each subsequent feeding period. Individual food intake was measured 
during the AL period. Food efficiencies for the AL period were calculated as 
Food Intake/Weight Gain. In the first experiment (White Rock, sire families, 
data set no. 1) the birds were slaughtered at the end of the AL period, and 
abdominal fat pad removed and weighed. Gains during Rl and R2 showed 
moderately high correlations with body weight at the beginning of their 
respective restriction periods. This is expected, since the heavier the bird 
the beginning of the restriction period, has greater maintenance require
ments, and will gain less weight during the restriction period. For 
this reason, biometrical analyses of gains during restriction were carried 
out on the actual gains themselves, and on the gains corrected for initial 
body weight by linear regression techniques.
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Table 1. Number and type of bird, family structure and experimental 
treatments for the various experiments and data sets.

Experimental treatments
Breed and
family
structure

Number of 
birds and 
families

Restriction 1 Ad libitum 2 Restriction 2
set
no. Duration

(d)

Food
allot
ment
(g/d)

Duration

(d)

Duration

(d)

Food
allot
ment
(g/d)

White Rock.
i Sire families 

(half-sibs, 
males)

48 families 
302 birds

14 65 8 -

Dam families 
(full-sibs)

2 Males 26 families 
70 birds

14 80 8 - -

3 Females 30 families 
73 chicks

14 80 8 77 65

WR x LN cross
4 F3 males 36 chicks 26 55 17 69 70
5 F5 females 78 chicks 21 40 16 45 60
6 F6 females 85 chicks - - 26 45 50
6a By sires 17 half-sib 

families
6b By dams 46 full-sib 

families

RESULTS AND DISCUSSION

Table 2 shows means, standard deviations and coefficient of variation for 
gains during the restriction and ad libitum periods for the various data sets. 
When gains were small, coefficients of variation were very large. This is 
clearly an artifact of the experimental situation. Gains per day and standard 
deviations of gains during restriction periods were about 1/2 to 1/3 of those 
found in the ad libitum period. Thus on a relative basis, variation in gains 
under restriction is comparable to that for ad libitum feeding. When plotted 
as histograms (data not shown), both gains under restriction and gains under 
ad libitum gave unimodal, symmetrical and apparently normal distributions.

Table 3 shows heritabilities as calculated from the between family vari
ance components for gains and corrected gains under restriction, and for ad 
libitum gains. The significance of the between family differences as tested by 
analyses of variance is also shown. For gains under ad libitum feeding or re
stricted feeding, family differences were generally present (F-values greater 
than 1.0), and as often as not, were statistically significant. Heritabilities 
were moderate. Between family differences were present and moderate heritabil
ities were obtained for corrected gains during Rl, but not for R2. This may be 
due to the fact that Rl involved birds in the linear growth period, while R2 
involved birds approaching a growth plateau. These results suggest that gains 
or corrected gains under restriction, during linear growth period at least, 
should respond to selection.
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Table 2. Means, standard deviations (S.D.) and coefficient of variation 
(C.V;) for gains under restriction and ad libitum feeding.

Breed, sex 
and Data set

Number of 
birdsi Mean

Gains per day
S.D. C.V.

1 (WR males) 250 Restriction 1 14.1 4.36 0.30
Ad libitum 61.1 14.4 0.24

2 (WR males) 70 Restriction 1 24.7 2.4 0.10
Ad libitum 52.0 6.4 0.12

3 (WR females) 73 Restriction 1 25.2 2.3 0.90
Ad libitum 68.1 6.7 0.10
Restriction 2 1.8 1.3 0.69

4 (F5 males) 36 Restriction 1 9.4 2.2 0.25
Ad libitum 37.5 5.4 0.14
Restriction 2 1.9 1.9 1.94

5 (F5 females) 78 Restriction 1 8.8 2.7 0.31
Ad libitum 30.7 6,1 0.20
Restriction 2 3.2 1.8 0.56

6 (F6 females) 85 Restriction 1 4.2 2.0 0.49
Ad libitum 21.7 3.3 0.15

Table 3. Family differences (F-values) and heritabillties of gains and
corrected gains (C-gains) under restriction, and of gains
under ad libitum feeding.

Restriction 1 Ad libitum Restriction 2
Breed sex Gains C-gains Gains C-gains

h2 F ~ h r — r h2 V h2 F h2 ' F
1 (WR males) 0.32 1.57 0,22 1.38 0.14 1.26 - -
2 (WR males) 0.29 1.41 0.42 1.67 0.44 1.68 - -
3 (WR females) 0.55 2.01* 0.57 2.00* 0.24 1.34 0.00 0.74 0.00 0.76
6a (F6 females - - 0.52 1.65* 0.52 1.65* 0.00 0.97

by dams)
6b (F6 females - - 2.84 2.67* 0.45 1.53 0.00 1.03

bv sires)
*P<0.05

Table 4 shows phenotypic correlations between gains under restriction 
and gains, food intakes and feed efficiencies during the ad libitum growth 
period. In all cases gains under restriction were negatively correlated with 
gains and food intakes during the ad libitum growth period, and generally 
showed positive correlations with feed efficiency (i.e., birds with better 
gains under restriction had poorer feed efficiencies under ad libitum feeding). 
This pattern is consistent with the notion that the birds that gained best 
under restriction had a slower intrinsic growth rate than those that gained 
less. They therefore entered the restriction period at a lower body weight, 
had lower maintenance requirements, and therefore gained more during the re
striction period than the birds with faster growth potential. The latter 
birds would weigh more at the start of the restriction periods, and hence 
would have greater maintenance requirements and would be expected to gain less 
during the restriction period. In fact the correlations between restriction
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Table 4. Phenotypic correlations between gains and corrected gains 
und&r restriction, and gains, food intakes and feed 
efficiencies during the ad libitum test period.

Ad libitum trait Data set
Restriction trait

Gains Corrected gains
R1 R2 R1 R2

Gains 1 (WR males) -0.13 -0.07
2 (WR males) -0.07 -0.02
3 (WR females) -0.20 -0.24 -0.37 -0.13

HR x  Ul cross
4 (F5 males) -0.39 -0.44 0.06 -0.10
5 (F5 females) -0.13 -0.61 0.03 -0.06
6 (F6 females) -0.62 -0.09

Food intake 1 (WR males) -0.10 -0.25
2 (WR males) -0.14 -0.08
3 (WR females) -0.53 -0.21 -0.37 -0.19
4 (F5 males) -0.35 -0.15 0.06 0.11
5 (F5 females) -0.03 -0.41 0.12 0.03
6 (F6 females) -0.57 -0.14

Feed efficiency 1 (WR males) 0.09 0.13
2 (WR males) -0.03 -0.03
3 (WR females) -0.12 0.11 0.11 0.01
4 (F5 males) 0.20 0.48 -0.08 0.23
5 (F5 females) 0.13 0.56 0.03 0.16
6 (F6 females) 0.19 -0.04

period gains corrected for initial weight and ad libitum gains, food intake 
and food efficiencies, were small, and showed mixed signs. They suggest that 
the correlations between corrected gains under restriction, and gains, intake 
or feed efficiency under ad libitum feeding are close to zero.

In data set 1 (White Rock sire families) the correlations between sire 
family means for abdominal fat pad weight and both gains and corrected gains 
under restriction were negative (r - -0.35 in both cases), while the correla
tion between abdominal fat pad weight and gains under ad libitum feeding were 
positive (r-0.48). These results suggest lean birds gain more under restric
tion, but birds that gain better under ad libitum show increased fat deposi
tion. These results are in good accord with the basic model of this study, 
and encourage us to continue to explore the quantitative genetics and breeding 
prospects of the "Kielenowski paradigm”.
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S u m m a ft y

Seleccion para ritmo de crecimiento acelerado lleva generalmente, 

tambien a la acumulacion de grasas. Esto tiene consecuencias comerciales 

negativas en polios productores de came. Se sugirio que una seleccion para 

ritmo de crecimiento acelerado bajo regimen alimenticio restrictivo podia 

evitar este problems. En este estudio, se determino la variacion fenotipica 

y genetica de aumento de peso bajo regimen restrictivo (equivalente a eficiencia 

alimenticia bajo restriccon) y su covariacion con otras variables relecionadas 

con crecimiento en polios White Rock y las generaciones F5 y F6 de una cruza 

entre White Rock y Layen Leghorn. Bajo el regimen restrictivo todas los 

aves recibieron una cantidad igual y constante de comida. El aumento de peso 

bajo restriccion fue corregido por medio de regresion linear para tomar en 

cuenta el peso del cuerpo al conenzar el periodo restriccivo.

En algunos experimentos el aumento de peso bajo restriccion entre 

families dio diferencias significantivas, en otros no. El aumento de peso 

(corregido) bajo restriccon fue correlacionado con peso al final del periodo 

restriccion, pero no con crecimiento bajo regimen rrestricto desde la salida 

del huevo hasta 6 semanas o con aumento de peso o eficiencia alimenticia durante 

un periodo subsiguriente de alimentacion ^d libitum. En algunos experimentos 

sin embargo, el aumento de peso (corregido) durante el periodo restrictivo 

mostro una correlacidn negativa con la contidad de comida .consumida en un 

periodo posterior de alimentacion ad libitum y con peso de grasa abdominal 

al final de dicho periodo. Las aplicaciones de estos resultados para le 

cruza de aves son considerados.
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