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INTRODUCTION 

The efficiency of broiler production has increased 

greatly in recent years and can be attributed to advance­

ments in the areas of breeding, management, nutrition, and 

disease control. No single factor in any one of these 

areas can be said to account for the major share of this 

increased efficiency but rather it is the combination of 

a large number of factors such as breeding techniques, and 

breed improvement, of improved management practices, and of 

advances in nutrition and disease control. 

The optimum combination of conditions or factors for 

broiler production is seldom, if ever, realized. Informa­

tion which might have been considered adequate at the time 

it was obtained may soon become out-dated. To continue to 

increase the efficiency of broiler production, frequent 

re-evaluation of management factors must be made and new 

practices developed. It was with these thoughts in mind 

that the series of experiments herein reported were de­

signed and conducted. 



OBJECTIVES 

Experiments were conducted to evaluate the effects 

of a number of management and nutritional factors on the 

performance of broilers. Factors studied were: 

1. Age of the chicks when first placed under 
brooders. 

2. Floor space per chick to five weeks of age. 

3. Floor space P9 r chick to nine week s of age. 

4. The feeding of a tranquilizer. 

5. The feeding of an estrogenic substance. 

6 .  Debeaking at one day of age. 

7. Intermittent vs. continuous feeding. 

B. Size of feed trough. 



LITERATURE REVIEW 

The most commonly recommended floor space allotment 

for broiler chicks is one sq. ft. per bird. There is a 

wide variation among poultrymen in the amount of space they 

allow each broiler chick, however. The determination of the 

optimal space per chick is made difficult because of the 

many fa ctors involved. On no two broiler farms is it like­

ly that all of these factors would be the same. Among 

these factors are: season of year, disease conditions, 

litter condition, live and dressed quality of the birds, 

housing costs, feed efficiency, feed a nd water space, and 

size of the birds at market a ge. 

The first report of an experiment conducted with 

commercial broilers to determine the influence of t he floor 

space allowed was that by Tomhave a nd Seeger (1945}. Floor 

space allotments were .5, . 6 , . 75, and 1.0 sq. ft. per bird. 

In addition, range space was also provided. They report 

that a s  floor space was increased rate of growth also in­

creased. Feed efficiency was not related to floor space. 

There was a higher incidence of coccidiosis i n  the pens 

where floor space per bird was less. 

Mehrhof and 01Steen (1948} compared the performance 

of broilers when .5, .75 and 1.0 sq. ft. per bird was 

allowed. Range was also provided. The birds receiving 



1. 0 sq. ft. were the heaviest at 12 weeks of age while 

those allowed 0.5 sq. ft. the lightest. Feed efficiency 

was best at 1.0 sq. ft. Litter conditions were poorest 

in the pen allowed only 0.5 sq. ft. per bird. 

In a study on floor space reported by Heishman et 

al. {1952), 0.5, .75, and 1. 0 sq. ft. per chick were com-

pared. Cannibalism, increased mortality, increased number 

of culls, factors generally attributed to crowding, were 

not encountered in this series of trials. Differences in 

the quality of the dressed birds between the crowded and 

uncrowded pens were not si gnificant. Crowding did not 

reduce average body weight. 

2 

In tests conducted during the Summer and Fall Thayer 

et al. (1953) reported no differences in the growth rate of --

broilers provided w ith .75 and 1. 0 sq. ft. per bird. 

Hartung {1955) compared floor space allotments of 

.5, .75, 1 .0, and 1.25 sq. ft. per bird. As the floor 

space increased there was a corresponding increase in body 

weight, an improvement of feed conversion, and an increase 

in the per cent of grade A carcasses. Litter moisture 

decreased rapidly as space increased. 

Brooks et al. (1958) conducted experiments during 

Spring, Summer, and Winter to determine the effect of floor 

space on broilers. The treatments were: .5, 1.0, 1.5, and 

2. 0 sq. ft. per broiler. There was a progressive decrease 
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in body weight as floor space per broiler decreased but 

these differences were relatively small up to the ninth 

week. Feed was utilized most efficiently in the pens where 

the broilers were provided 1.0 and 0.5 sq. ft. of floor 

space each. 

It was found in a study by Siegel and Coles (1958) 

that space allotments of .5, .75, 1. 0, and 1.25 sq. ft. per 

chick had little, if any, effect on body weight or feed 

efficiency at 4, 6, and 9 weeks of age. Litter conditions 

were satisfactory under all conditions. 

Growth rate of broilers decreased as population 

density was increased in a study reported by Hansen and 

Becker (1960). These workers provided .5, .75, 1 . 0 , and 

1.25 sq. ft. floor space per bird. 

The use of tranquilizing agents in poultry produc­

tion is of recent interest. These drugs have been shown 

to be capable of alleviating the effects of various stress 

factors in chickens as well as in other animals. As there 

are many stresses affecting poultry, it is reasonable to 

postulate that certain of the tranquilizing drugs may have 

a practical place in poultry production. 

The laboratory studies of Burger !1 al. (1959), Van 

Matre � !!• (1957), Huston (1959), and Weiss (1959) have 

demonstrated that reserpine protected against acute lethal 

heat stress both from the standpoint of extension of 



survival time and reduced production losses in the broiler 

and laying bird. 

Reports of the effects of tranquilizers upon growth 

rate of chickens are few. Garren and Charles (1957) found 

that Sparine1 and Miltown2 fed to White Leghorns at levels 

of 125 and 250 mg./lb. of feed caused a reduction in body 

weight. Serpasil3 treated White Plymouth Rock males kept 

a t  high environmental temperatures showed a slight but 

higher body weight over non-Serpasil fed males as reported 

by Huston (1959). 

Burger et al. (1959) reported that chlorpromazine 

4 

fed to s. c. White Leghorn chicks at levels from 10-100 mg./ 

kg. of diet caused a slight but significant increase in 

growth by the 24th day of age. This drug depressed growth 

at higher levels. Chlorpromazine fed to New Hampshire 

chicks a t  5-10 mg./kg. of diet did not affect growth. 

Reserpine fed to S. c. White Leghorn chicks at 0.5 mg./kg. 

of diet produced a slight increase in growth rate by the 

lsparine is the trade name of Wyett Laboratories for 
lO(Y-dimethylamino-n-propyl)-phenothiazine hydrochloride. 

2Miltown is the trade name of Wallace Laboratories 
for 2-methyl-2-n-propyl-1, 3-propanediol dicarbarmate. 

3serpasil is the trade name of CIBA Pharmaceutical 
Products, Inc., Summitt, New Jersey, for reserpine. � 



2 5th day of' age but leve l s  of' 5.0-500.0 mg. /kg . of' diet 

depres s ed growth . 

5 

Two estr ogenic compounds, dien e s trol diace tate and 

diethyl st ilbestrol, have been used in poul try production. 

Purported results f'rom administ ering estrogens to chickens 

are !'aster growth, better f'e ed ef'f'iciency, and improved 

carcass qual ity. At the pre sent time i t  is not permi s s i­

ble to us e die thyl stilbestrol in the form of' impl anted pel­

lets in poul try . 

Estrogenic subst an c e s  mixed in the f'e ed in mode ra t e  

dos ages have had no effect, on the average, on �at e  of' gain 

in growing birds. Individual ins tances showing sl ight 

depr e ssi on have jus t about counterbalanced those where 

sl ightly greater ga ins were reported . The gross ef'f'i c i ency 

of f'eed conver s ion is usual ly somewhat reduced in e strogen­

treated birds. Of' the various e strogens , d i enestrol has 

been most e f'f'e c ti ve when given orally. 

Broil er chick s f'ed di ene s trol diace ta te at the rate 

of 10.4 mg. /lb. of' f'e ed ga ined we ight more rapidly to 

f'our we eks of' age than did chicks not re c eiving the estro­

gen in exp e riment s re por ted by Stephens et al. (1961) . 

Feed eff'ic i ency and dress ing percentage were al s o  improved 

by us e of' this compound. 

The f'eeding of diene s trol diacetate to broile rs by 

Ma tterson et al. (1959) from f'ive to eleven weeks of' age 
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gave a slight but positive increase in growth rate over the 

control birds. 

Lorenz and Bachman (1947) reported slight stimula­

tion of total growth in 8 to 12 week old cockerels fed 

dienestrol diacetate at t he rate of 0.01 per cent of the 

ration. Quisenberry and Kruger (1948) also obtained an 

increased rate of gain, as well as greater feed consumption 

and increased net efficiency of feed conversion, by feed� 

ing dienestrol diacetate. 

The debeaking of broiler chicks has become a common 

practice by many producers. 

sons for debeaking broilers: 

There ar� two principle rea­

to control feather picking 

and to control cannibalism. These vices result in greater 

mortality and lowered carcass quality. Growth rate and 

feed efficiency may also be affected. 

To be c onsidered in the debeaking of chickens are 

the factors of age of the birds, the method of removing 

the beak, and the amount of the beak to be removed. Chick­

ens can be  debeaked at any age. The correct age depends 

upon such factors as the occurrence of cannibalism and 

feather picking in the flock, and the amount of labor in­

volved. Cutting of the beak accompanied by cauterization 

is the generally employed method. There are many varia­

tions pertaining to the amount of upper and lower portions 

of the beak to be removed. Debeaking may range from the 
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removal of the tip of the beak to removal of a majority of 

either the maxilla or mandible or of both. These factors 

are all important when evaluating the practice of debeaking 

broilers. 

In field tests involving 30,000 broilers Darrow and 

Stotts (1954) removed approximately one-third to one -half 

of the upper beak at 3 weeks of age. The results indicated 

that debeaking reduced feather picking and that there was 

an improvement in the perc entage of A grade carcasses by 

11.4 per cent. Feed conversion was improved by 0.1 lb. 

per pound of gain. Average weight or mortality was not 

affected. These workers also reported that debeaking at 

one day of age resulted in no adverse effect on growth or 

mortalit y. 

Camp et al. (1955) reported that a block-type debeak­

ing, whereby on e-third to one-half of the upper and lower 

beak of broilers was removed at either one day or five weeks 

of age, resulted in better growth of the males. The use of 

a slanting type of d ebeaking in wh ich approximately two­

thirds of the upper beak and one-third of the lower beak w as 

removed retarded growth rate. 

Approximately 3,000 broiler type chicks were debeaked 

by various methods in a study reported by Huston et al. 

{1956) . Debeaking re sulted in a highly significant improve­

ment in f eather score of broilers fed pellets but did not 
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improve body weight or feed efficiency. These workers stat­

ed that it was found unnecessary to remove more than one­

third of the beak to prevent it growing out to normal length 

by the time the chicks were 10 weeks of age. Tipping of the 

beak reduced feather picking almost as much as did other 

methods. 

In a study on New Hampshire pullet chicks, Morgan 

(1957) found that the removal of one-third or one-half of 

the upper beak at one day of sge had no detrimental effect 

upon growth rate to 8 weeks or 5 months. Mortality was 

slightly less in the debeaked groups as compared to non­

debeaked birds. 

Londale et al. (1957) presented data indicating that 

the removal of one- third maxilla and mandible of day old 

broiler chicks had no significant effect upon body weight 

or feed conversion. Removal of two-thirds maxilla and 

mandible retarded growth. 

The removal of one-third of the upper and lower beak 

at one day of age resulted in no adverse effects from one 

to ten days of age in a study on broiler chicks by Keene 

!! !.!· (1959) . 

In a study reported by Berry and Smyth (1959) using 

2400 day old broiler type chicks to ten weeks of age with 

1 sq. ft. of floor space debeaking at ten days of age was 

recommended over debeaking at one day of age. These workers 
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removed one-third of the maxilla at one day of age, one­

third of the maxilla and tip of the mandible seared at one 

day of age, one-third each of the maxilla and mandible 

removed at one day of age, one-third of the maxilla remov­

ed and tip of the mandible seared at ten days of age and 

one-third of the maxilla removed at ten days of age. The 

non-debeaked birds had the greatest mortality and the birds 

debeaked at ten day's of age had the least. Debeaked birds 

had a lower body weight at marketing but gave a better feed 

efficiency. Feed efficiency was better for the birds de­

beak ed at ten days of age than those debeaked at one day of 

age. 

Reports in the literature of experiments relative to 

the effects of periodic or intermittent feeding of chickens 

upon growth rate and feed efficiency are few in number. 

Burmester and Card (1939) foun d that when laying hens were 

restricted to les s than six hours of eating time per day 

body weight and egg production declined .  Lepkovsky and 

Furuta (1960) reported slower gains in s. c. White Leghorn 

cockerels when they were allowed to eat for only a two hour 

period each day as compared with ad libitum feeding. 

Lepkovsky et a l. (1960) found t hat chickens could be 

ntrained" to increase their feed intake when feeding time 

was restricted. Chickens trained for several weeks to eat 

their daily ration in a period of two hours daily consumed 



considerably more reed than did chickens trained for one 

or two days. The " trained" chickens were round to h ave 

developed lar ger crops. 

Examples of 11 conditioned reflexes'' are well known 

10 

in animals. The c lassical example were the experiments per­

formed with dogs as reported by the Russian physiologis t 

Pavlov (1927). Instances where chickens have been trained 

to.reaet to a certain set of s timuli are known. E xamples 

of how chickens react to certain sounds are common knowledge 

to most poultrymen, su ch as the response of chicks to the 

clucking of a mother hen or to the cla t tering of automatic­

feed troughs. 

The ques tion of whether or not chickens might be 

induced to consume additional feed by conditioning them to 

a stimulus such as sound has not been reported. 

While feeder space for broiler chicks has received 

considerable a ttention in experimentation informa tion per­

taining to the effects of feed trough size on b roiler 

performance is meager. 

The practice of usi ng large size feed troughs from 

one day of age has apparently become a common practice among 

broiler growers. This practice eliminates the expense of 

purchasing the smaller troughs and the labor of exchanging 

them for larger ones a s  the birds grow larger. No experi­

mental information was found, however, on the e ffects of 

trough size on broiler performance. 
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METHODS AND MATERIALS 

Tria l I 

The purpose of this study was to obtain more infor­

mation on the effect of age of chicks when first placed 

under the brooders, more efficient use of floor space and 

the feeding of a tranquilizer on growth rate, mortality 

and fe ed convers ion up to 5 weeks and 9 weeks of age as 

well as 9 weeks in the brooder house. 

Three t housand and eighty-three broiler-type chick s 

were s exed, debeaked, wingbanded, vaccinated intra-ocularly 

with Newcastle and b ronchitis vaccine. They were assigned 

at random to treatments as shown in Ta ble I. 

Each of these treatments were conducted in dupl icate. 

Brooding p ens were approximated 10 ft. by 12 ft. in size. 

Shavings were used as litter. 

The chic ks were kept in sta ndard size chick boxes and 

received no feed or water prior to being plac ed under the 

brooders. All chicks were two days of age when transferred 

from the boxes to the brooders with the except ion of groups 

2 and 3. These groups were f our and s ix days of age, 

respectively. 

Serpasil was fed in t he feed to chicks of groups 8, 

9, and 10 at the rate of 1 lb. /t on of feed. This level 

provided 1 p.p.m. of reserpine in the feed. 

The chicks in group 6 received 1/2 sq. ft. floor 

space each until they re ached five weeks of age. They 

were then divided so as to pr ovide 1 sq. ft. floor space 



Group 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TABLE I 

THE TREATMENTS, CHICKS PER GROUP AND GROUP NUMBER. 

Chicks per 
group 

120 

120 

114 

240 

160 

160 

160 

120 

EXPERIMENT I 

Treatmentsl 

Housed at 2 days of age 

Housed at 4 days of age 

Housed at 6 days of age 

l/2 sq. ft. floor space per chick 
to 9 wks 

3/4 sq. ft. floor space per chick 
to 9 wks 

1/2 sq. ft. floor space per chick 
to 5 wks 
1 sq. ft. floor space per chick 
5 to 9 wks 

3/4 sq. ft. floor space per chick 
to 5 wks 
1 sq. ft. floor space per chick 
5 to 9 wks 

l/2 sq. ft. floor space pe2 chick 
to 9 wks plus tranquilizer 

3/4 sq. ft. floor space pe2 chick 
to 9 wks plus tranquilizer 

1 sq. ft. floor space per �hick 
to 9 wks plus tranquilizer 

1
All treatments were conducted in duplicate. 

2serpasil ( Reserpine - CIBA ) 1 lb./ton of feed. 

12 
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per bird from five weeks to nine weeks of age. The chicks 

in group 7 rece ived 3/4 sq. ft. floor space per ch ick until 

five weeks and at five weeks were divided so as t o  provide 

1 sq. ft. floor space from five weeks to nine weeks of age. 

The t rough feeding space per bird was maintained 

appr oximately the same for all groups throughout the e xperi­

ment. 

Body weights were obtained at weekly intervals by 

bulk weighing of a sample of 50 males and 50 females from 

each pen until the s ixth week. Groups of 25 males and 25 

females were weighed weekly thereafter. At nine weeks after 

housing, individual body weights were obtained. Indiv idual 

body weights were also taken of birds in gr oup 2, which were 

four days of age when housed, at the end of their nine-week 

period in the br ooder house and at which time they were nine 

weeks and four days of age. Body weights were taken of 

birds in group 3 afte r nine wee ks in the brooder house and 

when they were nine weeks and six days of age. 

Tr ial II 

This study was for the purp ose of obta ining addition­

al information regarding the effects of holding chicks in 

chick boxes prior to housing. A total of 550 br oiler-type 

chicks, hatched March 18, 1961, were involved. 



Groups of 50-100 chicks were removed from the bo xes 

at 2, 3,  4, 5, and 6 days of age and placed  in chick start­

ing batteries a s  gi ven in Table  II. Feed and water were 

available  t o  the chicks ad lib itum. The te mpera ture under 

the br ooding units was ma intaine d at 95° F. for t he first 

wee k  and was re duced  50 F. per we ek  until room tempe rature 

was reached.  

At five weeks of age , the chic ks were transferred 

to growing batte rie s .  We ight s of indivi dual birds were re ­

corded a t  five weeks of age and again when the b irds were 

nine weeks old. Feed consumption and mortal i ty records 

were kept for e ach grou p of birds . 

Trial III 

In a ddition to con tinuing the study made in Winter 

on the effect of floor spac e  and feeding of a tranquilizer , 

this study a ime d a t  f inding o ut the effects of debeaking 

at one day of age , feeding of an estrogen (Lipamone ) at the 

rate of 1/3 lb./ton of feed and intermittent feeding with 

and without bell at f eeding time . 

A t otal of 2, 000 broiler-type chicks, hatche d  June 

30, 1961, were involved in a s erie s  of nine treatment s .  

At o ne day of age,  the chick s were se xe d, vaccinated 

for Newcastl e disease and b ronchitis by the intra-ocular 

method and with pigeon pox in the wing-web . They were 

then assigned at random to the treatme nts shown in Table II 

with a ratio of 48 fe males to  each 52 male s . 
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TABLE II  

THE TREATMENTS, NUMBER OF CHICKS USED IN EACH TREATMENT 
AND GROUP NUMBER. EXPERIMENT III 

Gl'OUp 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

No. 
Treatments1 Chicks 

100 Debeaked a t  1 day o f  age 

100 Debeaked at� day of age plus 
tranquilize in feed 

200 .75 sq. ft . floor spa c e  per chick 

100 Tranquilizer2 in feed 

100 Lipa mone3 in feed 

100 Large size feed troughs4 from 1 
day to 9 weeks 

100 Intermittent feeding 

100 Intermittent feeding acco mpanied 
by electric buzzer 

100 Control 

lEach trea tment was conduct e d  in duplicate. 
2Sel'pas il ( l'es erpine - CIBA) fed a t  the ra te of 

1 lb./ton of  feed. 

3Lipamone ( diene s trol diaee tate ) fed at the rate 
of 1/3 lb. per ton of feed. 

4Two 5-fo o t  br oiler finisher size feed troughs 
were used. 
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Each treatment was conducted in duplicate. 

The chicks were housed in pens 10 by 15 feet with 

wood shavings used for litter. A 1000 watt infra-red unit 

served as a heat source in each pen . 

Except where stated , the following conditions appl ied: 

All chicks had 1.5 sq. ft . floor space each ;  each pen had 

two 3 ft . chick  s ize feeders for the first two weeks at which 

time they were exchanged for 4 ft . feeders and these for 5 

ft . feeders when the chicks were four weeks of age; water 

and feed were avail able ad l ibitum .  The tip of the beak was 

removed from each chick at one day of age by cutting and 

c auterizing with heat. 

In group 1 approximately 2/3 of the upper beak and 

1/2 of the lower beak was removed a t  one day of age . 

The tranquilizer Serpasil was fed in the feed to 

groups 2 and 4 at the rate of 1 lb./ton of feed . 

Group 5 received Lipamone* in the feed at the rate 

of 1/3 l b./ton of feed. 

The feed troughs used by groups 7 and 8 were the 

5 ft . size . They were equipped with lids which automati­

c ally opened and closed at intervals  regulated by t ime 

clocks . The troughs were timed to open every two hours and 

to remain open for a period of 15 minutes . The troughs in 
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the two pens comprising group 7 opened on the odd-numbered 

hours while those of group 8 opened on the even hours. Two 

electric bells , one adjacent to each pen, were wired to ring 

continuously while the lids of t he feed troughs of group 8 

were open. The bell s were also adjacent to pens of group 

7 but th e timing was such that the bell s rang only when the 

feed troughs of group 7 were closed. 

Feed records we re kept for each pen. Individual 

body weights were o btained when the broilers we re fo ur weeks 

of age. 

An all mash bro iler diet considered nutri tional ly 

adequate for optimal bro ile r gr owth was used in the t hree 

experiments. 

In thos e  ins t ance s  where data were analyzed, the 

analysis of variance method a c cor ding to  Snedecor (1956) 

and Duncan's Multiple Range T est (1955) were employed. 
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RESULTS AND DISCUSSION 

Age of chick s  when housed 

The e ffe ct s  of holding chicks in the chick boxes up 

to s ix days post -incubation are shown in Table s III and IV. 

It was found that chicks re t ained in c hick boxe s 

without feed and water for as long as four days aft er hatch­

ing suffered mortality of 4 per cent. Mortali t y  rate in­

creased rapidly, however, on the fifth and s ixth day b e ing 

28 and 91 per c ent, re spectively . In the two expe riments , 

upwards of 50 pe r cent of t he chicks had died pr ior t o  the 

end of the s i xth day in the boxes. It was obs e rved that 

dehydrat i on and emaciation of the chicks were noticabl e  

after about t hree days and was quite marked by t h e  fift h 

and the s ixth day . It was als o found that t he percent age 

of mortali ty occurring in the chic k boxes was closely c or­

related t o  the percentage of  mo rtality occurring after the 

chicks were placed in the brooder pe ns. Ove r 90 per cent 

of the chicks which survi ved their stay of s ix da ys in the 

chick boxes suc cumbed after being t ransf e rred to t he 

brooder hous e s .  

Growth rate was also found to  be c orrelated wi th the 

numbe r  of days the chicks were held in the boxes . In 

Experiment I (Table III) it can b e  see n  that the c hicks 

held four a nd six days in the boxes grew at a less  rapid 



TABLE III 

EFFECT OF .AGE OF CHICKS WHEN HOUSED UPON GROWTH RATE AND FEED CONVERSION 
EXPERIMENT I 

Age ot 
chic ks 
{weeks) 

1 
2 

� 
g 
7 
8 
9 ri 

M + � 

2 days 

Av. wt.l (oz.) 

2.7 
5.1 
8.4 

13.� 
19. 
26.2 

er·2 
.4 �2.9 (58) 

3 . 1 (57) 
48�0 (115)* 

Age of Chicks When Housed 

·4 days 

. 1 ( ) Av. wt . oz. 

2.0 
3 . 8 
6.5 

10�5 
16.3 
25�0 
31.� 
39. 

B �7 �45> 
.o 52:) 47.5 (97)* 

6 days 

A v. wt .1 ( o z • ) 

9 wks. in 

9 

brooder house 48.0 (115) 

F.E. 
5 2.40 

49.4 (97) 

2 . 36 

44.6 (53) 

1.75 

1Weights through 8 w e e ks of age are for equal numbers of males and females. 
2 Males - number in parentheses. 
3Females - number in parentheses. 
4Averages not underscored by sa�e line ar e significantly different . P = .05. 
5Feed efficiency - lbs. feed/lb. gain. 
�otal number individuals. 
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TABLE IV 

EFFECT OF AGE OF CHICKS WHEN HOUSED UPON GROWTH RATE, 
MORTALITY, AND FEED CONVERSION. EXPERIMENT II. 

Days of Age at Housing 

2 3 4 s 6 

In chick boxes 

No. chicks 550 450 4-oo 350 240 

� Mortality o.o o.o o.o 2.8 4.1.6 

In batteries 

No. chicks 100 50 50 50 100 

� Mortal! ty - 3 wks. 4-.o 2.0 2.0 24-.o 91.0 

6 wks. 5.0 6.0 4.0 28.0 91 .0 

9 wk s. 5.0 6.0 4..0 28.0 91.0 

Av. wt.1(oz.) 
at 9 wks. 39.5 38.0 36.5 35.5 33.0 

At 9 wks. in the 
battery 39.5 39.5 38.3 39.0 

Lbs. feed/lbs. gain 1.95 2.40 2.55 3.10 3.95 

1Averages not underscored by same line are 
significantly different. p = .05. 
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rate fo r the f irst few weeks af ter housing than did the two 

day group. By the time the chicks were nine weeks of age, 

the group which w as fasted for 4 days gave a mean body 

w eight which was not s ignificantly different from the two 

day fas ted group. The mean weights of the two and four 

day groups were s ignificantly heavier than the six day 

group at nine weeks of age. After nine weeks in the brood­

er house, the four day group had an average body weight 

grea ter than the two day g roup. Thus the chicks hel d four 

days in the boxes actually g rew at a fas ter rate than did 

those hel d for two days prior to hous ing. After nine weeks 

in the brooder hou se, the six day group still weighed con­

siderably less than the other two groups. In Experiment II 

( Tab le IV) at nine weeks of age, the two day group had the 

highes t body we ight, the four day group was second bes t ,  

and thesix day group was poorest. 

The feed e fficiency for the groups in the two experi­

ments are contradictory. In Experiment I ( T able III) the 

feed conve rsions for t he two, four, and six day groups were 

2.40, 2 .36, and 1.75, r esp ectively. In Experiment I I  

( T able IV) the order of efficiency for the groups wa s re­

versed. No explanation for this reversal is offered. 

Floor Space 

The effect of floor space per chick is sho wn in 

Tables V, V I, VII, VIII and IX. In the case of the groups 
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wi th and without reserpine the best growth was obtained at 

.75 sq. ft. flo o r  space per chick. There was no s ignificant 

difference in the weights of the broilers receiving .5 and 

1.0 sq. f t. each in the two comparisons ( Tables V and VI). 

Increasing the floor space at five weeks of age from 

. 5  to 1.0 sq. ft. per b ird resulted in a s ignificant in­

c rease in weight at nine weeks when compared to the lo t re­

tained on .5 sq. ft. per chick ( Table VII). 

Increasing the space allotment per chick from .75 

to 1.0 sq. ft. a t  five weeks did result in an increase in 

weight as compared to the control groups but this differ­

ence was not statistically significant ( Table VIII). 

Under the conditions of this experiment, it was 

found that the average weight per bird (Table V) at 0.5 

sq. ft. and 1.0 sq. ft. floor space levels were not statis­

tically different. The average weights between birds 

given 0.75 and 1.0 sq. ft. floor space levels were also 

not statistically different. But the difference in the 

average weights between birds at 0.5 and 0.75 sq. ft. floor 

space levels was statistically significant at the five per 

cent level of probability. These results, however, show 

that though the average we igh t of birds at 9 weeks of age 

at the o.5 sq. f t. floor space level is low, the total 

quantity of meat produced in a given space is significantly 

greater at the 0.5 sq. ft. floor space level. 
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TABLE V 

EFFECT OF DIFFERENT FLOOR SPACE LEVELS ON GROWTH 
RATE AND FEED EFFICIENCY OF BROILERS. EXPERIMEN'l' I� 

Weeks in Sq • .f't. .floor space per chick 
brooder 0.5 1.0 0.7.5 

' 

house Av. wt.l (oz.) Av. wt. 1 (oz.) Av. wt.l (oz ) 

1 2.7 2.7 2.7 
2 s.o .5.1 ,5.0 

� 8.2 8.4 8.3 
13.0 13.3 12.8 
18.6 19.6 18.9 

6 27.8 26 .2 26.7 
7 � ·2 �.5.2 �·0 8 .3 1.4 .4 

9j B · 1 (228) G4·5 (11.5) ft•8 (1.52) 
.4. (229) .3 (118) .6 (1.58) 

!i::z . s �4.2:Zl* !i:B.J (233)* 49.1 (310)* 

Lbs. 
Lbs . 

.f'eed 2. 21 2.40 2.29 
gain 

lweights through 8 weeks are .f'or equal no. of' 
males and .females. 

2Males • number in parentheses. 

3 Females - number in parentheses. 

4Averages not underscored by same line are signi.f'i­
cantly di.f'.f'erent. P = .05. 

*Total number individuals. 
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EFFECT OF FLOOR SPACE WITH TRANQUILIZERl UPON GROWTH 
RATE AND FEED CONVERSION. EXPERIMENT I. 
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Weeks in T reatments 

brooder • 5 sq. ft. 1.0 sq. ft. 0.75 sq. ft • 

house floor space 

Av. wt. 2 ( oz) 

1 2.8 
2 5.5 

� 9.2 
13.6 

5� 20.8 
6 25.7 
7 �·5 8 .2 
9 � a·3 (233) 

(237) so:� <460)* 

floor space 

Av. wt. 2 (oz) 

2.9 
5.7 

�-4 .9 
21.2 
26.9 
37.0 
46.1 ,5.5 (117) 

5.9 (117) 
50.7 (234)* 

floor space 
. 2 Av. wt. 

2.9 
5.5 

�·2 1 .5 
19.7 
27.2 
36.7 

(oz) 

�-5 ' .1 (1,0) 
7-7 (19) 

51.9 (299)* -
F.E. 6 2.09 2.35 2.35 

1All treatments included Serpasil (reserpine - CIBA} 
fed at rate of 1 lb./ton of feed. 

2wts. through 8th weeks are for equal no. of males 
and females. 

3Males - number in parenthesis. 

4Females - number in parenthesis. 

5Averages not underscored by same line are signifi­
cantly different. P • .05. 

6Feed efficiency - lbs. feed/lbs. gain. 

*Total number individuals. 



TABLE VII 

EFFEC T O F  FLOOR S PACE UPON THE GROW'fH RATE AND 
FEED C ONVERS ION OF BROILERS . EXPERIMENT I .  

We�ks in 
Brooder 

Hous e 

Floor Spac e per Chick 
0 . 5  s q . ft . 0 . 5  sq . ft . to 5 wks . 
1 day t o  9 wks . 1 . 0 sq . ft . to 9 wks . 

1 
2 

4 
5 
6 
7 
8 
9 

Av . wt . 1 ( o z . ) Av . wt .1 ( oz . ) 

2 . 7 2 . 7 
5 . 0 5 . 0 
8 .2 7 .8 

13 . 0 13.0 
18.6 1 7 . 1  
27 . 8  2� .0 
� ·2 � . a 

.3 

� �1 . 7 (228 ) �:� ( 113 )  
3 .4  (229)  .6  ( lo6 ) 

M .. . i,;4 47 . 5  <457 )*  49 . 7  ( 2 19 )* -
F.E . 5  � .21 2 .24 

lwe i ght s  thr ough 8 weeks o f  age are for s exe s comb ine d . 

2 Male s - numb ers are in parenthe s e s . 

3Female s  - numbers are in parenthe s e s . 

4Average s  not unders c ore d by s ame l ine are s i gni f i ­
cant ly di fferent . P = . 05 .  

5Fe ed eff i c i ency - lbs . fee d/lb s . gai n .  

�ot al number indi vidual s .  



TABLE VIII 

EFFEC T OF FLOOR SPAC E UPON THE GROWTH RATE AND 
FEED C ONVERS ION OF BROILERS . EXPERIMENT I .  

Floor Spa c e  p e r  Chi ck We eks in 

brooder 
house 

. 75 sq .  .ft . . 75 sq • .ft . t o  5 weeks 

1 .  
2 

i 
7 
8 
9 

• 
1 day to 9 weeks 1 . 0  sq • .ft . to 9 weeks 

Av. wt . l ( oz. ) Av . wt . l ( oz . ) 

2 . 7 2 . 7 
5. 0 5 .2 
8.3 B .i 12 . 8  13 . 

18 . 9  19 . 0  
26. 7 26 . 5 

�·4 �·9 Pi : .4 . 9  �-8 ( 152 )  � - 3 ( 115 ) 

M + :4 . 6  ( 158 ) . 5 ( 105 ) 
49 . 1 (310 ) *  50 . 1 (22 0 )*  

F .E .5  2 .2 9  2 .44 

lwe ights t hrough 8 we eks are .for male s and 
.female s c omb ine d .  

2 Female s - numb e r  in paren the s e s . 

3Male s - numbers in parenthe s e s . 

4Averages  unders c or ed b y  same l ine are not s i gni ­
ficantly different . P = . 05 . 

5Feed efficiency - lbs • .fe ed/lb s .  gain .  

*Tot al numb er individuals . 
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The s e  da ta wh en c onve r t e d  t o  ounc e s  of me a t  pr o ­

duc e d  p e r  s quare f o ot of f l o or spa c e  showed tha t 90 .4 

ounc e s , 63 .4 ounc e s  and 46 . 9  ounc e s  o f  mea t  wer e  pr oduc e d  

p e r  s qua re f o o t  of f l o or s p ac e when ch icks we re g iven 0 .5 , 

0 . 75 and 1 .0 s q . ft . of fl o or s p a c e  e a c h ,  r e s pe c tivel y . 

In Exp eriment III the chi cks re c e iving 1 .5 sq . ft . 

fl oor s pa c e  e a ch we re s igni f i c antly heavie r a t  four weeks 

than th os e  re c e i ving . 75 s q . ft . (Tab l e  IX) . 

Li tt e r  condi ti ons were not c onsi de re d  g oo d  in pens 

re c e iv ing l e s s than 1 . 0  s q . ft . per b ir d .  Frequent s ti r­

r ing of th e l it ter in the s e  p ens was requ i re d .  The plu­

mage of the s e  b ir ds wa s not ic e ably s oi l e d .  

Tranquil i z er 

The fe eding of a tranquil iz e r , re s e rp ine , in Expe r i ­

ment I re sul t e d  i n  s ignificantly he a v i e r  broil e rs a t  nine 

weeks r e ga rdl e s s  of fl oor s pa c e al l o tment s (Tab l e  X ) . In 

Expe riment III re s e rp ine re sul t e d  in no s i gni f i cant d i f fer­

enc e at f our we eks of age {Tabl e XI ) .  When f e d  to debeak e d  

b ir ds i n  thi s e xp e r iment s l i ght but not s igni fic ant r e duc ­

t i on in we i ght wa s not ed ( Tabl e XII ) .  

Experiment III di ffered from Experiment I ,  from the 

s tandp o int of the effe c t s  of t ranquil i z e r  in two r e s pe c ts . 

Expe riment I was co nduc t e d  during the Wint e r  and fl o o r  s pa c e  
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TABLE IX 

EFFEC T OF FLOOR S PAC E UPON GROWTH RATE AND FEED CONVERSION 
OF BROILERS TO FOUR WEEKS OF AGE . EXPER IMENT I I I � 

Mal e s  
No . 

Av . wt . ( oz . ) 

Female s 

No . 
Av . wt . ( oz . } 

Mal e s  & Females 
Na . 
Av . wt . l ( oz . ) 

Lbs . fe e d/lb . gain 

1 . 5  s q . ft . 

fl oor s pa c e  
per chi c k  

108 
17 . 9  

89 
15 . 9  

1 97 
1 7 . 0  

1 . 76 

Tre a tment s 

. 75 s q . ft . 
fl o or space 

per chick 

102 
17 . 1 

99 
15 . 2  

2 01 
16 . 1  

1 . 64 

1
Average s not unders c ored by s ame l ine are 

s igni fi c ant ly d ifferent . P = . 01 .  



TABLE X 

EFFECT OF FEEDING A TRANQUILIZER* ON THE WEIGHT O F  
CHICKS A T  9 WEEKS OF A GE AND AT 'l'HREE DIFFERENT 

FLOOR SPACE LEVELS . EXPERIMENT I .  

Sq . ft. flo or s pace p e r  chick 

0. 5 0 . 75 1 . 0  

2 8 

Av. wt . { o z . )l Av.wt .  { oz . ) l  Av. wt. { o z )l 

Wi th tranq. 50 .4 51 . 9 50 . 7 

Wi thout tranq. 47 . 5  49 .1 48 .3 

*serpasil {re s erpine-C IBA) - 1 lb . /ton of feed . 

lwe ight s through 9 we eks are f or ma l e s  and female s 
combine d .  



TABLE XI 

EFFEC T  O F  FEEDING RESERPINE UPON BODY WE IGHTS AND 
FEED C ONVERS ION OF BRO ILERS FROM ONE DAY TO 

FOUR WEEKS OF AGE . EXPER IMENT III . 

Ma les 
No. 
Av . wt . ( oz . ) 

Fema l e s  
No . 
Av . wt . ( oz. ) 

Male s  & Femal e s  
No . 2 A v .  wt • ( o z • ) 

Lb s • .feed 
Lbs . gain 

no re s erpine 

108 
1 7 . 9  

197 
17 . 0  

Tre atments 

re s e rp ine1 

100 
1 7 .3 

93 
15 . 5  

193 
16 .4 

1 . 97 

l serpas il ( re s e rpine - C IBA )  .fe d at the rate o.f one 
lb . /ton o.f .fee d .  

2 9 

2Averages no t unde rs core d by s ame l ine a re s igni.fi ·  
c an tly di .f.ferent . P = . 05 . 



TABLE X I I  

EFFECT 0 F METHOD OF DEBEAKING AND THE FEEDING OF 
RESERPINE UPON THE GROWTH AND FEED C ONVERS ION 

OF BROILER CHICKS FROM ONE DAY TO FOUR 
WEEKS OF AGE . EXPERIMENT III . 

Trea tments 

3 0  

2/3 upper and 
l/2 l ower beak 

2/3 upper and 
l/2 l owe r b e ak 

t ip of 

Mal e s  
No . 
Av . wt .  

Femal e s  
No. 
Av . wt . 

( oz . ) 

( oz . ) 

Male s & Femal e s  
No . 2 Av . wt . ( oz . ) 

Lb s .  fee d/lb s . gai n 

removed plus removed 
reserpinel 

1 03 99 
17 . 5 17 . 8  

96 93 
14.8 15 . 3 

199 192 
16.2  16.6 

1 . 84 

lserpas il ( re s erp ine -C IBA )  fed a t  rate of 
l lb . /ton of feed . 

2Ave rages not unders c ored by s ame l ine are 
s igni f i c antly different . P = . 05 .  

beak 
remove d  

108 
1 7.9 

89 
15 . 9 

197 
17 . 0 
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all otments were up t o  1 . 0  sq . ft . p e r  chick . Expe riment 

III was c onduc ted in the Summer with 1 . 5 sq . f t .  floor spac e  

pe r chick.  

The feeding of Lipamone 

Groups of bro ile r chicks fed Lipamone averaged 16 . 7  

oz . at f our we eks of age . Chi cks receiving no Lipamone 

averaged 17 . 0  o z . Di fferenc e s  between the s e  groupe were 

not s tat i s tically s i gnificant a t  the five per cent l evel of 

probabil ity (Table XIII ) . 

One of the ob j e c t ive s f or using e s t rogenic sub s tance 

in bro ile r pr oduc t i on is  t o  ob tain a bet t e r  c arca s s  f inish . 

The bro il ers in this  study we re not evaluated f or f inish . 

Debeaking 

The bro il e r  chicks that had 2/3 of the upper beak 

and 1/2 of the l ow e r  beak removed at one day of age averaged 

16 . 6  oz . at four weeks of a ge .  The c ontrol groups , wi th 

only the tip of the beak remov ed ,  a veraged 17 . 0 .  Thi s  dif­

ferenc e was no t s tatis ti cally significant ( Table XII ) . 

The s e r i ousne s s  of cannibalism in chickens and the 

effe c t i vene s s  of debeaking t o  c ontrol thi s  vic e is generally 

unques tione d .  No c annabal ism was ob s e rved in e ither the 

debeaked or c ontrol groups of th is expe riment ; howe ver , if 

c annabalism had deve l oped ,  it is  the opinion of the author 

that the debeaked b irds would have suffered l e s s from thi s 
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· TABLE X I I I  

EFFECT OF FEEDING LIPAMONE T O  BRO ILERS T O  FOUR WEEKS OF 
AGE UPON GROWTH AND FEED C ONVERS ION . EXPER IMENT III . 

Mal es 
No . 
Av . wt . ( o z . ) 

Female s  
No . 

Av . wt . ( oz . )  

Males &: Femal es 
No . 2 
Av . wt . ( oz . ) 

Lbs . feed/lb s . gai n 

No  Lipamone 

108 
17 . 9 

89 
15 . 9  

197 
17 . o  

1 . 76 

11/3 lb . p e r  ton of fe ed . 

Trea tment s  

Lipamonel 

103 
17 . 5 

92 
15. 8 

195 
16 . 7 

1 . 87 

2Average s not under scored by same l ine are s ignifi­
cantly different . P : . 05.  
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vic e .  The me thod of debeak ing us e d  in this expe riment 

resul ted in a permanently debeake d chick . As the opera­

t i on of debeaking c an b e  more eas ily pe rformed when the 

chicks a re one day of a g e  it woul d appear the degre e of 

debe aking empl oyed at this age shoul d b e  recommende d e ith­

er for broilers or layers . 

Intermit tent feeding 

Pens of chi cks fed at interval s of two hours for 

15 minute s  per peri od were s ignifican tly l ighter in we ight 

at four w e eks of age than were the c ont inuously fed c on­

trol s .  The re was no difference in average we ight b e tween 

the groups with and wi thout the el e c tri c bells ( Tab le XIV ) . 

It was ob s erved that there wa s  s ome degre e of re sponse 

by the c hicks to t he ringing of the b e ll s . When the troughs 

would open and the b ell s  s ounded many of the chicks would 

rush to eat . This was not true in the pe ns whe re the b ells  

did not ri ng when the troughs we re open . 

Intermit tent fe ed ing of chi ckens pos e s  a number of 

prob l ems , each of Which might alter the performance of the 

birds . The s e  are : the me chanic s  of operat ing the troughs , 

the frequency of feeding and the leng th of time a l lowed 

each fee ding perio d .  Thes e problems ne ed eluc ida tion .  



TABLE X IV 

EFFECT OF INTERMITTEN T FEEDING OF BRO ILERS UPON GROWTH RA TE AND 
FEED C ONVERS ION AT FOUR WEEKS O F  AGE . EXPER IMENT III . 

Males  
No . 
Av . wt . ( oz . )  

Females 
No . 
Av . wt . ( oz . ) 

Males  & Females 
No . 1 
Av . wt . 

Lbs .  feed 
Lbs .  ga:Ln 

( oz . ) 

C ontinuous 
feeding . 

Small trough 
to  3 wks . 

108 1 7 . 9 

89 15. 9 

1 97 17 . 0  

1 . 76 

Treatments 

C ontinuous Int ermittent Intermit tent 
feeding . feeding .  fee ding .  
Large Large Large troughs 

troughs troughs plus bell 

100 105 96 
1 7 .3 16 . 5 16 . 3 

94 91 
�� - 7 15 .3 15 . 0  

19� 196 179 1 . 3 15 . 8  15 . 5  

1 . 79 1 . 90 1 . 97 

lwe ight s  not unders c ored by s ame l ine are s ignificantly different . 
P = . o5 .  
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Feed trough s i ze 

At four weeks of age ,  the average body we ight or 

the chicks having the la rge s ize feed trough from one day 

of age was 16 . 3 o z . as compa red to 17 . 0  oz . for the broil ­

ers having chick s ize  troughs t o  three weeks o f  ag e .  The 

difference s  (Table XV) are s tatis tically significant at 

the five per cent le vel of probability .  The fee d effic iency 

for the two groups was quite s imilar,  be ing 1 . 79 for the 

large troughs and 1 . 76 for the small trough . 

These  re sults would indicate that the prac tice u s e d  

by s ome broiler growers of s tarting chicks with large s ize  

fee d  troughs may not be c onduc ive t o  best  broil er perfor­

mances .  C ontaminat ion or the reed by chicks is  a poten­

tial health hazard.  It w ould s eem that a ddit ional experi­

ment s are needed  t o  ob ta in more c onclusive evidence on these  

points . 



Mal es 
No . 
Av. 

Females 
No . 

TABLE XV 

EFFECT OF FEED TROUGH S IZE UPON GROWTH RATE 
AND FEED C ONVERS ION OF BR OILERS TO FOUR 

WEEKS OF AGE .  EXPER IMENT I I I . 

Treatments 

Chick s ize  troughsl 

(3  ft . s ize ) 

108 
wt . ( oz . )  17 . 9 

89 

broiler s ize 
troughs 

{ 5  ft . s ize ) 

100 
17 .3 

94 
Av . wt .  ( oz . ) 15 . 9 15 .3 

Males  & female s  
No . 2 197 19� Av . wt . { oz . ) 17 . 0  1 . 3  

Lbs .  feed/lb s . gain 1 . 76 1 . 79 

1changed to intermediate s i ze troughs at 3 wks . 
2Averages not underscored by same l ine are 

s i gnificantly different . P = . 05 .  

36  
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SUMMARY 

A total of 5 , 633  b ro il er- type chicks wa s u s e d  in a 

s e ri e s of thr e e  expe rimen t s  de s igned t o  s tudy t he e ffe c t s  

o f  s eve ral management fac t o rs and non-nut ri t i ve f e e d  addi ­

tive s upon p e rformanc e .  The re sul t s  of the s e  s tudi e s  a re 

summari z e d  a s f ol l ows : 

The mor t a l i ty o f  chi c ks ret a ine d in c hi c k  boxe s ,  

w i thout f ee d  o r  wa ter , fo r four days wa s s l ight but inc re a s ­

e d  rap idly on the f i fth and s ixth day . The pe r c ent mor ­

tal i ty in the b oxe s wa s p o s it ive ly c orrel at ed w ith growth 

ra t e  and mort al i ty of the chi c ks a ft e r  be ing pla c e d  in the 

brood e r  hous e .  

In a Winter expe riment , the mos t  rap i d  growth of 

bro ile r s  was ob t aine d at a fl o or s p a c e  a l l otment of . 75 s q . 

ft . while .5  and 1 . 0  s q . ft . per b ird re sul te d  in broilers 

of we ight s s t at i s t i c al ly not di fferent . 1 . 5 s q . ft . floor 

spac e pe r  b ird gave larg e r  averag e we i ght s p e r  chi c k  than 

d i d  . 75 s q . ft . at four w e eks of age in an e xpe riment con­

duc ted dur ing t he Summe r  s ea s on . Inc re a s ing the fl oor spa c e  

from . 5  to 1 . 0 s q .  ft . p er b ird a t  5 we e ks o f  a g e  r e sult e d  

i n  he avier b ro ile rs a t  9 we eks . Inc re as ing . 75 s q .  ft . t o  

1 . 0  s q . ft . p e r  b i r d  a t  5 we e ks d i d  n o t  imp rove growth rat e  

to 9 week s . 
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The da t a  ob tained in Exp eriment I on growth of 

chi cks to 9 weeks at 0 . 5 , 0. 75 and 1 . 0  sq.  f t . fl o or s pace 

l eve l s  when c onverted to ounc e s  o f  me at p e r  s qua re f o o t  of 

fl oor spa c e  showed tha t  90 .4 oz . ,  63 .4 o z . ,  and 46 . 9  oz . 

o f  mea t  were pro duc e d  pe r s quare foot or fl o or spac e , 

re spec ti vely . 

The f eeding of S e rpa s il at the r ate of 1 lb . /t on 

f e e d  imp ro ve d  the g ro wth ra t e  of broi le rs t o  nine wee ks or 

age duri ng the Wint er months regardl e s s  of the fl o or s p a c e  

a l l owed per chi c k .  I n  a Summe r trial whe re 1 . 5 s q .  ft . 

was all ote d each chick , the tranquil izer s lightly re duc ed 

the mean grow th ra t e  t o  four weeks of age . 

The fee ding of Lipamone a t  the rate of 1/3 lb . /ton 

of f e e d  di d not e ffe c t  the growth ra te of broile rs to  four 

weeks of age . 

Removing 2/3 of the upp er and 1/2 of the l owe r beak 

of d ay -ol d chi cks did not s igni fic antly affe ct the g rowth 

ra t e  to four weeks of a ge . The debe aking was c ons i de re d  

t o  have re sul t e d  in a pe rmanen t  ampu tat i on of t he b e a k .  

The ree ding of chi cks a t  two hour int e rval s for 15 

minut e periods redu c e d  the growth rate  t o  four we eks of 

age . An e l e o tri e b e l l  s ounding while t he fee d troughs 

were open a t t ra c t e d  c hicks t o  t he fe e d  but d id not alter 

the chi cks ' growth ra te . 



The u s e  of broil er finisher s i ze fee d troughs for 

ehi cks from one day to thre e we eks of age re sul ted in a 

s i gni fi c ant reduc t i on in growth ra te as c ompare d t o  pens 

having chiek s ize  troughs . 
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