P S -V Ie -2
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In those branches of agriculture devoted to meat production, total food
requirements of the industry are divided among two components: the growth and
maintenance of the actual slaughter animals (steers, lambs, broilers), and
the growth and maintenance of the reproductive population (cows, ewes,
hatchery flocks). Selection for increased growth-rate of slaughter animals
reduces food requirements by allowing a given market weight to be reached at
an earlier age (reducing maintenance requirements), or by allowing a greater
market weight to be reached at a given market age (reducing reproductive costs
per unit product). Genetically, however, growth rate is tightly correlated
with mature body weight (Kinney, 1969). As a result, selection for increased
growth rate is generally accompanied by an increase in mature body weight.

This increases total food requirements of the reproductive population and
cancels part of the reduction in food requirements achieved by increased
growth-rate.
Body weight and sexual maturity
One solution to this tension in breeding goals is to restrict food
intake of the reproductive animals, so as to keep their body weights below that
of animals fed ad_ libitum. This approach has been applied with conspicuous
success in the broiler industry. By appropriate feeding schedules, broiler
males and females can be kept to about 2/3 of the mature body weight reached
on ad libitum feeding, saving a corresponding amount of food. Studies in our
laboratory, however, show that there is a clear lower limit for body weight
below which broiler hens fail to enter sexual maturity and lay. Table 1
summarizes reproductive performance from two experiments of White Rock hens
raised and kept under various degrees of food restriction and reaching
different body weight levels. The outstanding feature of Table 1 is the
absence of sexual maturity in birds severely restricted throughout, and the
uniform appearance of sexual maturity in severely-restricted birds changed
to feeding ad libitum. Similar data,showing the absence of lay in birds
kept at low body weights, and the uniform appearance of lay when the birds
were changed to feeding ad libitum and body weight increased, were reported
by Lister et al. (1966) . Such results suggest that the onset of lay in poultry
may require that the birds first reach some minimum body size. That food
intake level is not the determining factor is shown by the severely restricted
birds of experiment 1 and the moderately restricted (90 gms/day) birds of
experiment 2. In both of these cases, some of the restricted birds eventually
came into lay, even though they were maintained on low and constant food
intakes.
Table 1 allows a preliminary estimate of the minimum body weight required
for sexual maturity in this White Rock strain. In experiment 2 severely
restricted birds terminated the experiment at a mean body weight of 2224 g,
none of the birds we r e in lay. In experiment 1, severely restricted birds
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Table 1. Body weight and laying status in W h i t e Rock broiler hens
subjected to various feeding regimes, and in ad libitum
fed Leghorn layers.

Body weight
at end of E x p .

Laying status
Non-layers
Layers
(No.)
(No.)

White Rock
Severe restriction
(0-45 wk) , Exp. 2

2224

10

0

Severe restriction
(0-62 wk) , Exp. 1

2378

5

6

Moderate restriction
(0-22 w k ) ,■90 gm/day
(22-45 wk) , E x p . 2

2573

2

8

Moderate restriction
(0-22 wk) , 150 gm/day
(22-45 wk) , Exp. 2

3030

0

10

Ad libitum (0-45 wk) ,
Exp. 2

4482

0

24

Severe restriction
(0-35 wk) , ad libitum
(35-62 wk) , E x p . 1

not
recorded

0

11

3330

0

15

1460

0

24

Severe restriction
(0-22 w k ) , ad libitum
(22-45 wk) , E x p . 2
Leghorn
Ad libitum (0-45 w k ) .
Exp. 2

terminated the experiment at a mean body weight of 2374 g, six birds w ere in
lay while five, despite similar body weights were not in lay.
In experiment
2, moderately restricted birds (90 g/day) terminated the experiment at a mean
body weight of 2573 g.
Five of the birds were in lay, three had come into
lay and then ceased, and two had never come into lay. Here too, there was
only a small and non-significant weight difference between layers and n o n 
layers.
Finally, mea n bod y weight of moderately restricted birds (150 g/day)
at the onset of lay was 2652 g, and at the end of the experiment 3030 g.
All of these birds entered and remained in lay. Thus m inimum body weight for
the onset of sexual maturity in this White Rock strain probably lies between
2300 and 2700 g, wit h some intrinsic variability depending on the individuality
of the bird.
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Dependence of sexual maturity on the attainment of some minimal body
weight is by no means limited to poultry. Numerous studies have shown that
under conditions of under-nutrition, sexual maturity in females is delayed
until the same mean weight is reached as attained by a comparable group of
w ell fed individuals. This is true for cattle (.see review by Joubert,
1963; Crichton et a l . . 1959) , pigs (Dickerson et^ a l . . 1964) , rats (Kennedy
and M itra, 1963; Widdowson et a l . , 1964; Wilen and Naftolin, 1978; Glass
et al. . 1976), m i c e (Monteiro and Falconer, 1960), and humans (Frisch, 1972).
These observations suggest that sexual maturity is generally initiated by
some function of body development, rather than by age per se.
Body composition and sexual maturity
I n order to examine the relation of body composition to the onset of
lay, weight of abdominal fat pad as a proportion of body weight was compared
in layers and non-layers either at the onset of lay and at the end of the
experiments.
The data are shown in Table 2.
Relative fat-pad weight was

T a b l e 2.

Relative abdominal fat pad weight in layers and non-layers

Period

Abdominal fat pad
(g/kg body weight)_____

Layers
______________ (no.) (g/kg)

Non-lhyers
(no.) (g/kg)

White Rock
Severe restriction,
Exp. 1

End of exp.

6

19

5

13

Moderate (90g/day),
Exp. 2

End of exp.

5

19

2

11

Moderate (150 g/day),
Exp. 2

Onset of lay

7

21

5

22

Ad libitum, Exp. 2

Onset of lay

5

42

5

55*

Severe, changed to
ad libitum (Exp. 2)

Onset of lay

4

35

2

41

Onset of lay

5

24

5

14*

Leghorn
Ad libitum, Exp. 2

*Significantly different, P<0.05.

higher in layers than in non-layers in those treatment groups in which
relative fat pad weight was low, although the difference was statistically
significant for Leghorn birds only.
In treatment groups w i t h high relative
fat-pad weights, however, there was no tendency for relative fat-pad
weight to b e higher in layers than in non-layers.
These results suggest that
in poultry a minimum body fat content might b e a n e c e s s a r y ,but is certainly not
a sufficient condition for the onset of lay. In another experiment,at 11 weeks
age,relative fat pad weight of ad libitum fed White R o c k broiler females was

of
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higher than that of the severely restricted, moderately restricted (90 g/day)
and Leghorn layers of Table 2, but the birds showed no signs of sexual
maturity. Similarly, obese girls (otherwise normal and all under 8.0 years
of age) did not enter menarche at a time when they had already attained a
body composition characteristic of normals at menarche (Crawford and Osier,
1975). Again, body fat content alone was not a sufficient condition for the
onset of sexual maturity.
In order to examine this question in more detail, White Rock broiler
females were raised under severe restriction to a body weight of 1338 g at
20 weeks of age. The birds were then divided into two groups, one received
a high protein ration (25% protein, 2800 cal ME/g), the other a low protein
ration (13.8% protein, 3230 cal ME/g). The two groups of birds received
increased quantities of food from 20 weeks of age, allowing them to gain
about 150 g per week. The birds were sacrificed at first egg. Table 3 shows
body weight, breast weight, shank length and abdominal fat pad weight at
first egg.
Table 3. Age, body weight, breast weight, shank length and abdominal
fat pad weight in White Rock broiler females raised on
high protein and Low protein rations.
Treatment

Age (days)

Low
protein
193.7

High
protein
189.2

Body weight (g)

3120

2891*

Trait

Breast weight (g)
Shank length (cm)
Abdominal fat pad (g)

496.3
10.70
223.9

512.2
10.66
119.6**

"Significantly different, *P<0.05, **P<0.01

The birds receiving the low protein diet reached a considerably greater
degree of fatness (as indicated by abdominal fat pad weight), than the birds
receiving the high protein diet. To the extent that a minimum amount or %
of fat is sufficient in itself to initiate sexual maturity, the low protein
diet birds would have reached this point sooner, causing them to enter lay
before the birds on the high protein diet. This was not found. The two
groups of birds entered lay at more or less the same age (27 weeks). Although
the low protein diet groups had a higher body weight at first egg, the two
groups were almost identical in breast weight (a measure of lean body develop
ment) and shank length (a measure of skeletal development). These results
suggest that it is lean body development that determines the onset of lay
in these birds. It is possible that some minimum amount of fatness is also
required,but fat % alone would not be sufficient to initiate sexual maturity
and lay.
Stunting and minimum weight for sexual maturity
Severe food restriction during the growth period (0-20 weeks) has a
stunting effect on mature body weight (Brody et al., 1980). In order to
determine whether stunting affects minimum body weight at sexual maturity
as well, White Rock broiler chicks were raised under three levels of food
restriction: moderate, severe, and very severe (target weights 1900, 1300
and 700 g, respectively, at 20 weeks). All three groups were brought to a
weight of 2200 g at 28 weeks by differential feeding, and then allowed to
increase in body weight at a rate of 100 g/week,
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The birds were sacrificed at first egg, and body weight, breast weight,
abdominal fat pad weight and shank, length measured. Results are given in
Table A.
Table A.

Age, body weight, breast weight, shank length and abdominal
fat pad weight in White Rock broiler females raised under
different levels of food restriction from hatch to 20 weeks
of age.l

Trait
Moderate
Age (days)
Body weight (g)
Breast weight (g)

192.6a
27A2a
523.3

Shank length (cm)

10.A6a

Abdominal fat pad (g)

99. la

Restriction level
Severe
193.7a
2808a
A98.5
10.35a
121.9b

Very severe
212.3b
307 6b
53A.5
10.95b
150.7C

5-Row values differing significantly from one another indicated by
different superscripts.
The three groups differed in mean age, body weight and abdominal fat pad
weight at first egg, but were very similar in breast weight and shank length.
These results indicate that severe restriction during growth does riot affect
minimum body weight at sexual maturity.
Growth rate and minimal body weight for sexual maturity
Examination of Table 1 shows that body weight for ad libitum fed
Leghorn layers at the end of lay, was well below the minimal body weight of
the White Rock broiler birds, although egg size was comparable (data not
shown). This suggests that it ought to be possible, anatomically at least,
to develop broiler strains having good reproductive performance at weights
under restriction considerably below those obtaining at present. This also
suggests, however, that one or more of the factors associated with the rapid
growth rate of broilers as compared to the layers may be involved in determin
ing minimal body weight for sexual maturity. Table 5 shows 9 week weight
Cad libitum) and minimum weight at sexual maturity in a White Rock broiler
strain, in a layer strain cross (Leghorn x Rhode Island R ed), and in the F5
generation of a cross between White Rock broiler and layer Leghorn. Minimum
weight at sexual maturity was estimated by the weight at first egg when the
birds were allowed to gain weight slowly from a restricted state. The ratio
of 9 week ad^ libitum weight to minimal weight at sexual maturity is also
shown, and is remarkably constant. This suggests a tight relationship between
early growth rate and minimal weight for sexual maturity at a population level.
Phenotypic correlations: early growth rate and minimum body weight at sexual
maturity
The phenotypic correlations between early ad libitum growth rate and
minimal weight for sexual maturity in a number of populations are shown in
Table 6. In purebred White Rock and in Leghorn x Rhode Island Red strain
cross there was a small, but consistently positive correlation between early
growth rate and minimum weight at sexual maturity. This is in marked contrast
to the high values generally reported in the literature between early growth
rate and mature body weight. In the FA-F6 generations of a White Rock x
Leghorn cross, the correlations are larger, as can be expected. These data
suggest the presence of a genetic correlation between early growth rate and
minimal weight for sexual maturity, but one that is not particularly high in
purebred White Rock birds.
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Table 5. M e a n body weight at 9 weeks on ad libitum feeding, and
mean body weight at first egg in a White Rock, broiler
strain, a Leghorn x New Hampshire layer strain cross,
and in the F5 generation of a White Rock, x Leghorn cross,
when the birds were allowed to gain weight slowly from a
restricted state.

White Rock
broiler

Trait

Ho. of birds

Genetic stock
F5 segregating
generation
White Rock x Leghorn

27

Leghorn x

49

45

M ean body
weight (g) at
9 weeks

1941

1219

759

at first egg

3160

1958

1251

Ratio, 9 week:
first egg

0.614

0.623

0.607

Table 6. Phenotypic correlations between early growth rate under
ad libitum feeding (0 to 6 weeks) and minimal body weight
at sexual maturity.

Source

Number of
birds

Correlation
0.12

White Rock

27

White Rock

72

0.10

Leghorn x Rode Island Red

49

0.10

White Rock x Leghorn
F4

45

0.35*

F5

78

0.38**

F6

81

0.46**

*P<.05, **P<.01
A question of interest is whether minimal weight at sexual maturity is
more closely related to early growth rate or to mature (ad libitum) body
weight.
Some evidence on this comes from data on body weight at first egg
under ad libitum feeding in normal and dwarf ,high and low growth-rate selection
lines (P.B. Siegel, personal communication). These lines differ in the shape
of their ad libitum growth curves. The ratio of weight at first egg to 24
week weight varied widely between lines (1.09 to 1.48) , while the ratio of
weight at first egg to 38 week weight varied within a much smaller range
between lines (0.88-0.95). This suggests that weight, at sexual maturity is
controlled by factors related more to final mature body weight than to early
growth rate. A m ore definitive conclusion will come through studies on
minimal weight at first egg in these lines.
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Family studies. minimum bod? weight at sexual maturity
A series of family studies were carried out to investigate correlations
between early growth rate in one relative and minimal weight for sexual matur
ity in the other. Results are shown in Table 7. Reritabilities of minimal
weight at sexual maturity, and its phenotypic standard deviation and coeffi
cient of variation are also shown. The data suggest that the genetic correla
tion between early growth-rate and minimal weight at sexual maturity within
Table 7. Heritabilities, standard deviations (S.D.) and coefficients
of variation CC.V.) of minimum body weight at sexual maturity
(WTSXM) in a series of experiments, and its familial correla
tion with early (0-6 weeks) growth rate under ad_ libitum
feeding (WT1) .

Source
White Rock sire
families
Sons (WT1)
Daughters (WTSXM)
White Rock dam
families

Number of
families
and birds

Correlation Heritability
WT1 and
WTSXM
WTSXM
-0.05

C.V.
WTSXM

0.40**2

317.6

0.103

0.354 (NS)

277.9

0.080

0.74*3

243.81
277.8

0.142
0.168

48 families
302 sons
297 daughters

20 families
50 sons
50 daughters

0.16

F5 mothers (WT1)
F6 daughters (WTSXM)

40 mothers
84 daughters

0.29

F5 mothers (WTSXM)
F6 daughters (WT1)

40 mothers
84 daughters

0.31

F5 sires (WT1)
F6 daughters (WTSXM)

14 sires
84 daughters

0.38

Sons (WT1)
Daughters (WTSXM)

S.D.
WTSXM

White Rock x Leghorn

F6 daughter families
by dams
by sires

43 families
16 families
84 daughters

0.87**
1.27**

lBased on 78 F5 females
^Estimated as 4x the intra-class correlation.
^Estimated as 2x the dam-daughter correlation.
^Estimated as 2x the intra-class correlation.
*P<.05, **P<0.01. Significance levels refer to between family ANOVA, or
dam-daughter correlation.
the White Rock breed may be small, while heritabilities and standard deviations
are relatively large. This suggests that it might be possible to reduce
minimal weight at sexual maturity, and with it perhaps, the minimum weight
required for good reproductive performance in broiler females, without an
appreciable negative effect on early growth rate. In the segregating gener
ation of the White Rock x Leghorn cross, correlations between relatives are
higher and the genetic correlation between early growth rate and minimum body
weight at sexual maturity must be close to 1.0.
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Growth rate components and minimum body weight for sexual maturity
A priori, selection for growth rate can be expected to
maintenance requirements and lean:fat partition coefficient.
In a preliminary attempt to differentiate between these factors in their
effect on minimum weight at sexual maturity, phenotypic correlations were
calculated between minimum weight at sexual maturity and weight gain when
all birds were fed a uniform amount of food. This was achieved by feeding
them a restricted amount of food, below the appetite level. Gains under
restriction were corrected for body weight at the start of the restriction
period. In this case gain will be a function of maintenance requirements and
of the lean;fat partition coefficient, but not of appetite. In the same
experiments, minimal weight at sexual maturity was also correlated with food
intake and gains during a period of ad libitum feeding. Results are given in
Table 8.
Table 8. Phenotypic and familial correlations between minimal weight
at sexual maturity and corrected gain under restricted
feeding, and with food intake and gain under ad libitum
feeding.

Source
Phenotvoic correlations
White Rock
Segregating generation
F5
F6
Familial correlations^F5 mothers
F6 daughters (WTSXM)

Number
of
birds

Correlations of minimal weight
at sexual maturitv with
Corrected gain
Food intake Gain
ad libitum
under restriction ad libitum

72

0.06

78
81

0.15

0.20

-0.04

0.47**

0.63**

-0.04

0.36**

0.54**

0.20

0.40*

0.02

0.20

0.13

0.46

0.38

-0.20

0.34*

0.01

F6 daughters
F5 mothers (WTSXM)
F5 sires
F6 daughters
White Rock dam families
brothers
sisters

White Rock sire families
sons
daughters
lNumber of daughters, sons and families as in Table 7.
*P<.05, **P<.01.

-0.13

-0.03

-0.13

Correlations with food intake are the same or higher than correlations
with gain under ad libitum feeding. Corelations with corrected gains under
restriction are low, and seem to be varying about 0. These results suggest
that minimal weight for sexual maturity varies with appetite rather than
with maintenance requirements or leantfat partition coefficients. A more
definitive resolution of this question will come from comparisons of correlated
responses in minimal weight for sexual maturity in lines selected for appetite,
food efficiency, growth rate, gains under food restriction, or fat composition.
The suggested relationship between appetite and minimum weight for sexual
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maturity can b e rationalized on the basis of ideas put forth by Kennedy and
Mitra C1963) . These authors point out that both, appetite and the onset of
puberty are determined by the state of somatic development of the body.
Selection affecting appetite could thus be acting on physiological parameters
(e.g., core temperature) that are related to the onset of puberty as well.
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