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The genetic parameters associated with se lection  fo r  increased body weight 
in the domestic fowl are well documented (Kinney, 1969). Siegel (1962) summa
rized 176 published h e r it a b il it y  estimates of body weight obtained fo r  chickens 
6 to 12 weeks of age and found a median h e r it a b il it y  of .41 fo r these estimates. 
Although changes in body weights that accompany se lection  fo r growth are known 
and to some degree predictable, the mechanisms involved in  these changes are 
le ss well estab lished.

Evidence of major physio log ica l changes accompanying se lection  fo r 
increased body weight is  lacking. Farrington and Mellen (1967) reported that 
d ifferences in endocrine gland s ize , thyroid a c t iv it y ,  and oxygen consumption 
fa iled  to explain growth patterns of d ivergently selected fa s t -  and slow-growing 
s tra in s  of chickens. Proudman et al_. (1975) found only one of 6 l iv e r  enzymes 
to be s ig n if ic a n t ly  higher in high-weight line  than in  low-weight line  chickens. 
Fowler e_t al_. (1980) reported s im ila r  DNA, RNA and protein concentrations and 
RNA/DNA and protein/DNA ra t io s  fo r selected and nonselected Japanese quail line s 
follow ing long-term se lection  fo r high 4-week body weight. Data are cumulating 
however, that stro ng ly  ind icate  a very defin ite  re la t ion sh ip  between feed intake 
and genetic d ifferences in  growth. Estimates of h e r it a b il it y  fo r both gain and 
feed consumption in  a New Hampshire b ro ile r  stra in  were observed to be high and 
of s im ila r  magnitude (Thomas et aj_., 1958). Fowler (1962) reported differences 
in food consumption as a primary influence in mice selected fo r large and small 
body s ize . Lepore (1965) observed appetite differences related to growth rate 
in  b ro ile r  type lin e s  of chickens. Siegel and Wisman (1966) showed that 
se lection fo r  body weight is  p o s it ive ly  associated with appetite and a lso  with 
e ffic iency  of feed u t il iz a t io n .  N ir et a l . (1978) reported that light-breed 
chicks (p rev iou sly  unselected fo r growthpiad a tremendous potential fo r in 
creased feed intake above ac[ Vto leve ls when force-fed, while comparable heavy- 
breed chicks were able to consume only a small amount o f additional feed when 
force-fed. A rea lized  genetic corre la tion  of .71+.06 between feed consumption 
and body weight gain in chickens was observed by Pym and Nichols (1979).
Studies at our laboratory have been conducted to investiga te  feed intake, water 
intake and growth patterns of b ro ile r  stocks with d iffe ren t genetic potentia ls 
fo r growth. P a rt icu la r attention has been devoted to comparisons immediately 
fo llow ing hatching and during early  phases of growth.

MATERIALS AND METHODS

The Athens-Canadian (AC) and Athens Randombred (ARB) populations (Hess,
1962) were used to e stab lish  re la t ive  growth rates of nonselected b ro ile r  stocks. 
The s im ila r it ie s  of re la t ive  growth rates of these two randombred control 
populations, whose combined backgrounds are a composite of 20 d iffe rent stocks, 
suggest that the growth of nonselected b ro ile r  stocks follow  a common pattern.

*U. S. Department of Ag ricu ltu re , Agricu ltu ra l Research Service , Southern Regional 
Poultry Breeding Project, c/o UGA, 107 L ivestock-Pou ltry  B ldg., Athens, GA 
30602.
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TABLE 1. Mean feed efficiencies1 and standard errors 
by trial, line and week

Trial Line
Week

0-4 4-8 0-8

1 Selected .643a±.002 .440a±.010 .499a±.007

Nonselected .598b±.005 .430a±.009 .477a±.007

2 Selected .622a±.002 .442a±.011 .498a±.007

Nonselected .552b±.011 .441a±.003 .477a±.005

^eed efficiency = gain/feed intake. 
a ’“Means within trial with different superscript are 

significantly different at P 5 .01 level.

FIG. 1 Weekly relative growth rate of selected and nonselected lines by trial.
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TABLE 2. Feed intake and feed conversion of males by lin e  
to 14 days of age

Feed e ff ic ie n cy
Age Feed intake (g/bird/day) (qain/feed)
(days) Selected Monselected Selected Nonselected
0-2 10 . 75a± .53 7 . 54bi .08 1.27a±.08 0 .,90b± .02

2-4 11 . 82a± .22 7,. 64b± .57 0.85at .08 0 . 81ai .02
4-6 20.. 97a± l ,.43 13..46b±l .16 0.81a±.05 0 . 67b t .06
6-8 27..14a±2..03 16.. 28b± .88 0.69a±.07 0 . 62a±.02
8-10 31..25a±3..94 18. 10b±l .02 0 .74a± .02 0 . 61b± .04
10-12 37..01a±2..19 19. 74b±l .41 0 .76a± .02 0 . 68b± .04
12-14 44. 70a±2.66 22. 71 b± 1.05 0.72a± .02 0 . 66b± .01

a,bMeans w ith in  rows and parameters with d iffe ren t super
sc r ip t s  s ig n if ic a n t ly  d iffe ren t (P i  .01).

FIG. 2 Percentage deviation in body weight and feed intake of the selected 
line from the nonselected line by week.
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I t  was concluded therefore, that the AC population should be suitable as a base 
from which to measure growth deviations of selected stocks.

Two stocks with vastly different genetic potentials for early growth were 
utilized: One, a fast-growing commercial b ro ile r (selected), and the second,
the AC randombred population (nonselected) discussed in the previous paragraph. 
The AC population has been maintained for 22 generations by random mating with 
essentia lly  no change in 8-week body weight (Marks and S iegel, 1971).

All t r ia ls  involved male chicks (selected and nonselected) fed a diet 
containing 23% protein with 3120 kcal/kg metabolizable energy. Diet/line 
treatments were replicated three or four times within t r ia l with s ix  to eight 
birds per subclass. Chicks were reared in e le c tr ica lly  heated battery brooders 
from 0 to 4 weeks of age. In t r ia ls  of longer duration, birds were moved to 
rearing batteries at 4 weeks. Body weight, feed intake, and water intake were 
recorded on a daily  or weekly basis for each diet/line/replication subclass 
depending on the objectives of the particular experiment.

Because mortality created unequal subclass numbers, data in all trials 
were analyzed by the GLM procedure (Barr et al_-> 1979) in which the Principle 
of least squares is used to fit a fixed effects linear model.

Experiment 1 was designed to investigate the re lative  growth rate and feed 
intake of selected and nonselected bro iler lines from 0 to 8 weeks of age. 
Although only small differences were observed in body weight at hatching, a two
fold difference was observed (2200 g vs. 1100 g) in 8-week body weight. Feed 
intake was greater in the selected line than in the nonselected line during a ll 
weeks and generally corresponded to differences in body weights. Although the 
selected line  had superior feed efficiencies from 0 to 4 weeks compared to the 
nonselected line , differences between lines from 4 to 8 weeks were not 
s ign ifican t (Table 1).

Gain as a percentage of body weight (re lative  growth rate) was calculated 
and plotted by weeks (Fig. 1). This measurement (W2- is  the same as

x 100

the conventional (M inot's) growth rate equation (Brody, 1945). Although this 
measurement does not provide the best description of the absolute growth 
function (Brody, 1927), i t  can be used without bias for comparisons. The per
centage gain of the selected line was approximately twice that of the nonselect
ed line  during week 1, whereas by week 4 and thereafter, the relative growth 
rates of the selected and nonselected lines were sim ilar (Fig. 1).

Experiment 2 was designed to investigate feed intake and growth patterns 
immediately post-hatching. The experimental design allowed for s im ilar one- 
day body weights for selected and nonselected line  chicks. Selected line  chicks 
consumed s ign if ican tly  (P < .01) more feed than nonselected line chicks the 
f ir s t  day on feed and in each subsequent two-day period through 14 days 
(Table 2). A unique feature of measuring differences in feed intake at 1 day 
of age is  that body size and maintenance requirements of lines with different 
genetic potential for growth do not confound the measurement. The difference 
in feed intake at 1-day of age clearly indicate the d irect relationship 
between appetite and body weight in explaining genetic manipulation of growth. 
Siegel and Wisman (1966) and Proudman et aJL (1970) also observed feed intake 
differences between genetically diverse line s; however, the ir observations were 
not obtained until after birds were 1 week of age. Feed intake comparisons
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FIG. 3 Ratio of water/feed of broilers by line thru 28 days of age.
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between selected and nonselected lines after divergence in body weight does 
not allow for a satisfactory answer to the question of whether large birds 
might not consume more feed to sa t is fy  maintenance requirement of a larger body 
size. Greater feed intake of selected line  birds the f i r s t  day on feed, 
indicate that genetic manipulation of growth involve stimulation of neurological 
or other physiological mechanisms to cause selected line  birds to increase the 
frequency or size  of meals. Barbato et al_. (1980) reported that increased feed 
consumption of growth selected lines appeared to be related to meal number 
rather than meal size.

Feed efficiency (gain/feed) ratios show that the selected line  had 
s ign if ica n tly  (P s .01) higher efficiency than the nonselected line the f i r s t  
day on feed (Table 2). The greater percentage of feed used fo r body maintenance 
with increasing body weight is  evidenced by changes in feed efficiency ratios 
with age (Table 2).

The percentage deviation between lines in body weight increased steadily 
from 3.5% at hatching to approximately 95 to 98% at 4 to 5 weeks (Fig. 2). The 
difference between the deviations in feed intake and body weight was greatest 
at 1 week of age, and th is difference gradually declined until birds were 3 to 
4 weeks of age (Fig. 2). These responses support a hypothesis that only 4 
weeks are required for the selected line  to reach it s  maximum superiority in 
body weight to the nonselected line and that the appearance of maximum deviation 
in feed intake between selected and nonselected lines may precede by 
approximately 1 week the maximum deviation in body weight between lines.

Experiment 3 was designed to investigate water intake patterns accompanying 
changes in feed intake resulting from selection for growth rate, and to deter
mine i f  water/feed ratios of selected line birds d iffe r from water/feed ratios 
of nonselected line  birds. In order to achieve these objectives water intake 
was measured under both ad libitum and restricted feeding regimes. The study 
involved 3 treatment groups (a) a fast growing selected line  fed ad lib itum ,
(b) the nonselected line  fed ad libitum , and (c) the selected line restricted 
to the same feed intake as the nonselected line. Daily feed intake of the 
selected line  receiving a restricted amount of feed (hereafter referred to as 
"selected-feed restricted") for the f i r s t  4 weeks post-hatching was based on 
the feed intake of the nonselected line  during the previous 24-hour period.

Water intake of the selected line  was greater than that of the nonselected 
line for a ll observation periods. Selected-feed restricted line  birds tended 
to more close ly  follow the water intake of the selected line  than the non
selected line , especially during weeks 1 and 2.

Selected line  birds had higher water/feed ratio s than nonselected line 
birds through 28 days of age (Fig. 3). This difference was present the f i r s t  
day on feed and water. The water/feed ratios for the selected-feed restricted 
line were considerably higher than for both the selected and nonselected lines. 
The increases in a ll ratios in t r ia l 1 with age were due to increased ambient 
temperatures.

Carcass composition of selected and nonselected line birds were sim ilar 
with regard to moisture and ash. Carcasses of selected line s tended to have 
less protein and more total lip id  than carcasses of the nonselected line.
Carcass moisture content of selected-feed restricted birds was s ign if ica n tly  
(P < .01) greater than that of selected and nonselected line s, and was offset 
by a s ig n if ica n tly  (P i .01) smaller amount of total lip id .
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FIG. 4 Feed and water intake by treatment group during weeks 2 and 4.
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FIG. 5 Percentage deviation in body weight, feed intake, and water intake 
of the selected line from the nonselected line.



The significantly higher water intake of selected-feed restricted birds 
than of nonselected birds, although feed intake levels between treatments were 
similar, indicates a possible genetic alteration in water intake patterns 
accompanying selection for early growth rate.

Experiment 4 was designed to investigate the influence of restricting water 
consumption of a fast growing selected line to the same level as that of the 
nonselected line and to investigate the relationship between water/feed ratios 
and efficiency of feed utilization. The following treatment groups were involved 
(a) the nonselected line fed ad libitum (AL); (b) selected line fed AL; (c) 
selected line (selected-FR) restricted to the same feed intake as that of the 
nonselected-AL line; (d) selected line (selected-WR) restricted to the same water 
intake as that of the nonselected-AL line.

Feed efficiencies of the selected-AL and selected-FR line birds were similar 
during week 1. Selected-AL line birds consumed significantly (P < .01) more feed 
than those in the other treatment groups. Feed intake (g feed/bird/day) of the 
selected-FR treatment was similar to that of the nonselected-AL line by design. 
Restricting water intake in the selected-WR treatment to the same volume as that 
in the nonselected-AL line resulted in birds that consumed the same amount of 
feed as nonselected-AL birds, even though birds in the selected-WR treatment 
were provided an ad libitum (feed) situation (Figure 4). Water intake (g water/ 
bird/day) of the selected-AL and selected-FR birds was similar through two weeks 
and significantly greater than that of the other groups (Fig. 4). Apparently, 
when feed is restricted in selected line birds, the water intake continues at 
a level similar to that observed in selected-AL line birds. However, when water 
intake is restricted in selected line birds (selected-WR) feed intake remains 
essentially the same as that of nonselected-AL line birds (Fig. 4).

The deviation of water intake of the selected-AL from the nonselected-AL 
line was greater than that of both feed intake and body weight (Fig. 5). The 
deviation between lines in water intake reached an asymptote before the 
deviation in feed intake, which in turn reached an asymptote before the 
deviation in body weight. These data support an hypothesis of a dual control 
center for control of feed and water intake and establish a direct relationship 
between feed intake and genetic differences in growth.

SUMMARY
Relative growth rates, feed intake, and water intake patterns of selected 

and nonselected broiler lines were investigated under ad libitum and restricted 
feeding regimes. Relative growth rates of selected line birds were twice the 
rates of nonselected line birds during week 1, whereas, by week 4, relative 
growth rates between lines were similar. The percentage deviation between 
lines in feed intake was higher than the percentage deviation in body weights 
for week 1. Selected line birds consumed more feed and water than nonselected 
line birds at equal body weights the first day following hatching. Water/feed 
ratios were higher for selected than for nonselected line birds. Water intake 
of selected line birds on feed restriction was similar to that of selected 
line birds not on feed restriction from 1 to 14 days. However, restriction 
of water in selected line birds resulted in reduced feed intake to a level 
similar to that of nonselected line birds.

RESUMEN
Utilizando sistemas de alimentacidn restringida y ad libitum se han 

investigado en dos lineas de broilers, seleccionados y no seleccionados, el 
fndice de crecimiento y el consumo de alimento y agua. Durante la primera 
semana de edad la velocidad del crecimiento de la linea seleccionada era el
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doble que la no seleccionada, sin embargo, a las cuatro semanas el crecimiento 
quedo completamente igualado. La diferencia entre lineas, respecto a consumo 
de alimento, era mayor que la diferencia en el peso corporal en la primera 
semana. El primer dfa de vida, a igual peso corporal, las aves seleccionadas 
tern'an un mayor consumo de alimento y agua que la linea no seleccionada. La 
relacion agua/alimento era mayor para la linea seleccionada que para las aves 
no seleccionadas. El consumo de agua, en el periodo de 1-14 dias, de las aves 
seleccionadas sometidas a alimentacion restringida era igual que el de las aves 
con alimentacion ad libitum. Sin embargo, la restriccion de agua en la linea 
de aves seleccionadas produjo una reduccion en el consumo de alimento similar 
al obtenido en la linea de aves no-seleccionada.
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