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PREFACE 

In June or 1951, the writer was assigned to work with Dr. 

George F. Godfrq as Research Assistant in the Poultry Depart

ment. or the Oklahoma Agricultural and }Jechan1cal College. 
.. _,., . . 

' ' 

In order to initiate studies on beritabill\y' of growth 

rate and on J>h1'81olog1cal factors governing or associated 

with growth rate_,. knavledge ot sources of variation are 

necessary. Inadequacies ot present experimental data. pre

clude naJdng sound NOCIIJnendations to poultr.1 producens ean

cerning date of' batch tor optimum growth. Thetie considera

tions led to the research reported in this tbeais. 

The vriter visbed to express his appNC!at.1.on to the 

atatt or the Poultr;y De~t or the Cklahom. Agricultural 

and Mechanical College, tor their helpful advice and criti-ctsms 

and expec1al]s to Dr. Georp F;. Godf'rey, umer whose sl.q)el"

vision the experbaltal vcrk was carried °""• Dr. Godfrq 

bas been a constant sowce of encouragement and guidance, 

and bas ottered 1nvaluable constructive critioiama in the 

'Writing.or this thesis. Appreciation is also expreaaed to 

Dr. Franklin Graybill, wo outlined the method of statiati

cal 'amlysia. 
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INTRODUCTION 

Many factors, both enviroJJlllental and genetic, affect the 

ra':te or ' gt'ovth ot chicks. T.o Eke en tical analyses ot tac4- -
' . .. . 

tors affecting growth rate, it is highly desirable to know 

the sources and magnitudes o('. the variations involved. 

Physiological. limitations preclude batching an nn]indted 

nmber of chicks f'raa each sire and dam at a given time. There

fore the breeder or experimentalist must hatch several groupe of 

chicks at dU'f'erent dates in order to have a fairly large sample 

of chicks with which to work. This is particularly true in stui-

ies or the genetics or populations because ·or the large sampling 

errors involvedi.;.. laturally then, data secured trom .dif'terent 

batches is a possible sou;rce of variation. Therefore, in this 

thesis, the variation between batches was measured in order to 

determine whether or not the data tram individual batches could 

be pooled or should be treated separately in future work~ From 
-

the results obtained it was possible to Eke recommendations as 
' ··,.: - -

to when chicks grow best within the time limits imposed by the 

data. 
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REVIEW OF Ll'l'll&TURE 

A review o~ .,the-literature ~c.tes that chicks batched 

early 1n the season grow better than chicks hatched 1n the 
. . r· . 

later· part ot the see.son. . ·J.aatmdson am Isrner (1933),, ob-
. . . 

td.ned data f'ran f'our hatches of Single Ccab White Leghorns 

hatched at 15-day intenalsvhich 1Ddicated .that early batoh

ed chicks grew faster than late batched chicks. The dif'fer

ence between the growth rate of the early and late hatched 

chicks indicated that environment infiuencea ·groliith rate. 

These data show the importance of' considering the environ

ment when studying the inheritance or a pby'siol.ogical char

acter such as growth rate. lat.er, lM"ner and Asllundaon (1938), 

working vith Barred ~uth Rocks and two strains of' Single 

Callb White Leghorns during 1935 and 1936, obtained tw~, four-; 

six,.., and eight-week weight.a which indicated that early batched 

chicks tended to be bean.er than late hatched chicks. Border 

line significance at the 5 percent level was found for ditf'er

ences among the 1936 hatcbea, but the variation among the 1935 

batches was non-signif'icant .• 

Bays and Sanborn (1929), obtained gr<Mth data tr.en 191~ 

through 1928 for batches at one-week intervals, beginning -Feb

ruary and continuing to ·AprU 11. They concluded that early 

batched chicks generally were heavier than late' batched chicks. 

The tirstbatch was 12.98 percent heavier than the last batch 
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at two weeks ot age, 28.79 percent header at f'our weeu of age, 

and 21.70 percent heavier at 16 vee1as of ap. They conolmed 

that high temperatures; which the later hatohea were subjected 

to, ~tarded grewth. 

In iJNestigations with turD7B batched April l2 and May 

24, 1932, and April 18 and *7 30, 1933, Aamtmdson and LloJd 

(1936), found that the early hatched poalts. grew more rapidly 

on the average than those batched la'Ul" in the season up to at 

least eight weeks ot age. Feed c~on t1gurea iDdicated 

that early batched poul.ts consuud 28.,65 percent more teed per 

bird to eight veeka o.t age than late batohed poulte. Also, 

earq batched bi:rds ~ l•s teed per unit. or gain during 

the f!rat eight weeks o£ age than did the late batch~ ones. 

'.ftley ccacl.med that lower room tanperaturea due to lower out

side temperatures JJAY in part accotmt tor the more rapid ini

tial growth ot the early hatched poul.ts. 

·world.ng with data obtained at. the Missouri Agricultural 

Experiment Station, Kempster and Blrker (1936), and Kempster 
. . ·. . I , ... . - . 

(1938), established normal P'owtb cUM'ea tar White Legharm, 

Bhode Island Reda, and White Rock pullets. From these data. 
~ .. . •' ~ . .. 

y-oung than did t hose cb1cka hatch«l in April. or later.. High 

nex1mm temperatures during the IIUl'llller mant.bs were largel3' re

apoasible for the retarded growth or the late hatched chicks. 

Wark at th-e Cklah011B Agricultural Ex:ptriment Station by 

Upp &Id !ballpson (1927) with chic1as hatched at two-week inter-



val.s over the period of a year, indicated that winter and spring 

batched chicks grew more rapidly than chicks. hatched 1n summer 

and tall, Mortality \ias lower incchicks batched during the win

ter and spring mO!ltl';ls than for those hatched at other seasons. 

HtSh stmaer temperatures ·vere largely responsible for the varia-
:;.. . . . 

tion between hatches. later work at the Oklahoma Agrioultural 

Experiment Station by J•p and Morris (19.37)_1 indicated that 
' ~ 

batch proba)>ly would ~ntribute only a small emount to t he total 

varj,a.tion in growth rate. When conditions ot feeding and manage

ment are identical and chicks produc-ed within a relatively short 

period, January 18th, to lt:lrch 15th, varie"ty, sire., dam, and sex 

contributai:~112 percent of the variance, The rem1nfng 18 percent 

·of .the total var~ was caused by size of egg, time of hatch, 

and peysiological differences due to environmental response. 

Winchester and Kleiber (1938), and lleiber and Dougherty 
. ' 

(19.34), raised c~c,ks to 16 da}oS or· less of age under control

led environmental temperatures, and obtaineid max:hnn grQWth rate 

at a temperature of 69 .• 8° F. Winchester and Jq.et'tier (1938), ob

serTed that chicks kept at lower temperatures consumed more feed 

per kilogram than those kept at higher temperatures ... The rel.a-

tionship of feed consumption and envirplll'Jlen_tal tE!IIIJl:rature seemed 

to be almost linear. From dige~tion ii-1a1s they -eoriclmed that 
the av,ailability or food dry matter was higher at 69.8° F. than 

at either extreme .• 

· Barott and Pringle (1949), raised ehicka to 18 days or age 

at control.lecl.environment,al temperatures, and obtained max1mma 
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powth onir the period trcn the 9th to the 18th da.y' vhen te

perature dropped mdt'anall' ban ff1° F. on the 9th .dq to 80°· F. 

on tbe 18th &Q-. The ett1c1enc., of teed utlliat.ion rose .traa 

a value or o.43. on the 9th da;y' to 0.49 on the 18th dq. Qrowt.h 

am effl.oiem,y or teed utiliatiOlll became less aa taaperature 

was varied e1 tber Vll7 f'.rca the .range noted tor max1imm growth. 

Hot.t'mml and Shaffner (1950 ). tound a wide 'VU'iation in 

t.he aecretion rate ot tbyrGx1n during .ditf"erent e-ee.aona or the 

7f/lU!-,, 1h• secretion rate ot th)Tamd.D d~: the winter llOlltha 
~ ' .; . 

tecbnique,. and 9 •. 5 gama per day during the sumer monthe. 

The interrel.at.lonahipe of endocrine glands and growth rate are 

not ccapleteq understood ·and there£ore, it is ditficult to mke 

det1.Dite cause and ettect stateman~. 



I ., 

I 
Ml'ffllIALS AND METHODS 

To study the s~ and Jagnittde ot the etteet o£ .date_ot 

batch on growth rate, cbScka .tram pedigree mtings of the Clda

hama. Agr-icultaral. ExperiJDent Station Strain or .Hew Hampshlres 

baiehed dt1l'1ng 19'1 and 1952 batching see.sons, were used. 
Chicks 1'rom 10) m:1 121 dam famUies and 8 and 10 sire ta.milies 

vere ut.illzed during the 19Sl and 1952 batching seasons, respec

tively'. 

During 1951,, chi.-oks were batched at t.wo-veek intervals, 

begjming Felruary" 19, a.nd ending~ 7, with ~ .:t;lDeption 

ot the ~ 7 hatch- vhich vas batched one veek after the April 

30 batch. Dur1ng 1952, chicks Vere batched at, two-week inter

vals beg:bvrlng lan.uary 28, and emUng April 7. 

Chick& hatched during the 1951 hatching season·. vere wing

bamed am placed -in 'trooder houses, e.mept-~e April ·16 hatch, 

which was pl.aced in tattery brooders due to a lack or brooder 

hOUIMt space. This hateh was transferred to brooder homes .three 

to taur weeks later when suff icient space was available. · Chicks 

or all batches 1n 1952 were intranasally vaccinated against New-

6 

cs.stle Disease at. one ci.y ot age, and placed in brooder houses, 

~ _for ~e ~ 24 batch which was placed 1n blttery brooders 

due to insufficient house space. This batch vas traufwred to 

brooder houses three to four weeks later. 

All chicks were fed the same starter ration. (table 1) vhich 

was considered adequate for normal growth.. Mortality vas record-



ed tor each hatch to nine weeka ot age. Floor apace per bird 

,,·i') ranged between .7 and 1.0 square toot. 

A Taylor Max1•n• ~ M1n1•wn Registering theraometer was 

used to register the outside maxiaUlll temperatures. The aver

age ••x1•ua te.r,era~urea vere oalcula'ted tor the nine week 
,'f:. . 

'growing period tor each hatch. 

All chicks ·Vere weighed to the .nearest tenth of a pound, 

and sexed at nine weeks of age. 

A. total of 306,4.· and 3609 chieka was raiaed during the 

1951 and 1952 hatching seasons, raspeetively. In order to 

circWllvent the statistical probleas caused by unequal sub-

-class members, random aelections 0£ five mal:,.• and five re

male ~hicks were made troa each ad.re f8Jlil.T in each hatch to 

determine the ettect or date ot·hatch on growth. TJ;te sources 

of variation were subdivided into 1.hat contributed by hatches, 

sires, sex, sire-hatch interaction, si~sex interaction, sex

-hat:ch interaction, sire-sex-hatch interaction and. the error 

term, Variation due to dams was included in the ;,error tera 

becaue ot the reduction in dam i:iwabers which would have re-

sulted due to the necessity of having chicks from all daas in 

all hatches. Therefore the error term was -1,arger than the 

actual value which would tene to· reduce the •r• values. 

7 
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fil:SULTS AND DISCUSSION 

Average body ve:ighta.t percent mortality, and average maxi

. , mum ·euv1roDmental temperatures for each hatch are shown in 
i 

in 1951 was obtah1ed with birda batched March 5, and the seoom · 

peak was obtained with chicks batched April 16. The :first peak 

in 1952 was o'bt.ained with chicks hatched Fem'UB.17 25 and the 

second peak was reacb-1 with chicks hatched March 24. It seems 

that the trend ot growth rates is nearly the same for both years.. 

'ftte dttel1ne ·1n growth rate in batches att~ the ti.rat peak 

m.ght be explained by iDteotiomi of coccidiosia. P.revioua ex

perience indicat.ee that the ti.rat tvo or three hatches are us.u

ally unattected by eoceidiosis, but that later hatches are af

fected. Inexperienced lrooder personnel. are unf'amiliar with 

the early .symptoms or cocc1dioel8t and therefore do not recog

Di.lNI the pl"98ena& of the diaeaae ·in sufficient time t.o initiate 

tna.taant. If' a brood of chicks is mare severely affected than 

anothe~, retardati on o.f growth is generally more severe in the 

.former than 1n the la~_ter ease. 
' . 

'nle second peak m:igh.t',bie ~ea by better ·~ontrol ot ~ 

disease. Chi.cks 1n the Hlrch 24,, 1952, and those in the April 
,,:.·, 

16, 1951 batch Varf)· started in battery brooders:. ·These data in-

dicated that chicks started in 1:attery brooders were heavier at 

nine weeks o£ age than those started on the noor. This agreea 

vitb the vork of Le MUurier and Branion (1938)1. 



GeaeraUy, then•· growth. rate or· ·chicks. hatched from Janu-
, ·, 

. ary 28 to ·Mlrcb 1 imreased, and then decreased tor ha~- after 
.. . t,: . .. ~...:. 

March l with the _..,.pt:1.on of the April 16, 1951 ·anar the .iarch 

24, 1952 batches, which were started 1n ba.ttcy brood.cs. 
. . . 

1'te ext.ant. ·or iorta,llty~in._all batQhes tor ;951 ~ 195,2. 

was low. MortalltQ ranges fran l.S7 percent for the J'anuary 

28, 1952 batched ch1cb to 5.87 percent tor the A.prll 30, 1951 

batched chicks,. 1'1e. Februarr 19 and lllrch 5, 1951 hatches mde 

up the tirst peak in figure l with 2.47 percent and 2.93 per,.. 

cent mortall ty' re8}MIOtively. When mortallt,r incree.sed • there 

was a tendency tor growth rate to decrease as shown with the 

Marcll 19 and April 30 hatches.- Inoreued mortality vu prob

abl7' a result of coccid1-oaia intections. The reverse sametimes 

happens as sh~ 1n the April 2, and April 16 hatches vb.en an 

increased growth r&te and martallty ooourred. A possible- ex

planation of increased growth and iDarea.aed mortality is that 

one pen may have experienced a hea.v inteotion of cocchU oeis 

with heav, mortality, while other pens were free from ,occidi

osla with little ~ty and less retardation or growth. 

Mortality percentages of 1.57, 2.04, and 1.77 were re

cqrded , f~ ha~~ naldng up the first peak of growth rate for 
' . 

1952.. A decroase in growth rate tor the M.l:rch 19 batch vu 
accompanied by an increase in mortality to 2.47 percent. Thia 

hatch might haire been affected by coccidiosis vhich accounted 

tor 1ncrea.sed mortality o.nd retardation or ,growth. Sul.ta druga 

were pl aced a the £eed in sufficient time to reduce the mor-
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tallty, but not in time to reduce retardation of growth rate. 

Mortality increased to 2~78 and 3.84 percent for the *reb 24 

and April 7 hatches. 

Mortality was lover £or ehiokB batched in 1952 than for 

those . batch~ in 19.SI.· The. ~ends ·were similar with · i911 ~ 
t ·"' 

tality being recorded for batches up to M!lrch l and higher 

mortall ty being recorded tor . ba~bes·· after. ltt.rch 1 • .. 1nver 
mortality fot" ~ly hatched Chicks than fCJl' iate batched 

chick:8 .-.y in part be explained by l~er . environment&+ ta,.. 

' 
peratures and reduaed diaease 1ncidence. 

Average •rhun Otttside temperatures f'or the 1951 batch" 

a.re given in figure l. T~ture·ranged from 61,..480 F. to 

81.950 F. for the February 2 and May 7 lmtchee respectively. 

Averap Jlllximum temperattlft 1ncreased appraximtely J.50 F. 

for each tvo-veek interval between batches. 

Figure 1 indicates that the trem tor average •x1mma 
' 

outside temperatures for the 19S1 hatches were similar to those 

of the 1952 batches as shOlilll in f'igure 2., Average mn:11111 out-
• 1 

aide temperatures ranged trcm 55.98° F. for the Jarmary 28 .. and 

April 7 batches. The range ot 1952 u.mperatU1"88 averaged ap

pro:da&tely 6° F •. less than tha range for 1951 hatches,. Dif

ferent hatch dates probably accoat tor the dit:t~-ences -in tea

perature. Jtn:1•• growth rates vere obta:fneq with hatches grown 

at an average mrlmum. outside temperature ot 63.2° F. and 60.J° F. 

f?t,' 1951 and 1952 respectively. lle!ber and Dougb,erv (19.34), 

W1ncbeeter and IJ.e1ber (1938), obtained ne:dmun growth ratee 

10 



wlth chicks maintained at a brooder temperature of 69.8° F • 

. t~;~ in _ their experiments were lf> days and less of age, The 

average J:~•oodet" temperatures were not available, but wide 

fl~tuations in Oklallome. -weather co.nditions make it almost ilo- . 

·;,a.~iblf... to ~nto.in a constant tgperature in brooder hOU89S • 

' . . 
!t' is ·possible tb!lt the average maximum and minimum interior 

temperatures might have explained certain ~ ~ ons among 

batches. Low mx:hrum outside temperatures wh_ich early hatched 
·-

~hicks were supjected to may in part account far heavier chicks 
.. --~·.·-

with less mortality at nine weeks of age •. 

. 

Statistical analyses, table 2 and 3, ot these data gave 

ttF" values which were highly signifteant for variation 8lll0ng 

haWhee·, sires, au, and si.re-batcli inter~etion. Hatch ~c.n-

tributed J.65 percent and 1,46. percent of the total variation 

in growth rate during 1951 and 1952 respectively. The aver

age weight of chicks tram all hatches during 1951 -was 13 per

cent less than those during 1952. The data of table 41ndi-

. cat e that the coefficient of variability is less for chicks 

from batches with higher growth rate than those vi.th lover growth 

rate. Chicks .from batches ··vith a ~ow coe!'f'icient o~. ~ability 

would be more uniform, thus they would _contribute les.s to the 
~ -~ ,~ 

total variation than chicks from batches with high coefficients 

of variability. Therefore, it is reasonable to ~ssume that chieka 

from batches during 1952 were more uniform,. and contl"ibuted less 

to the total variation than those during 1951. 



I 

Dif'teren.ces among sires contributed 1.27 am 0.51 percent 

or the total ftriation 1n growth rate during 1951 and 1952 re-
. . ' .. , , . ., .... 

spectively~ The slres ·ver~ max:~ variable iln."tiieir contribu

tions of genes tor gr~h rate o:r: ehicks in 1951 than in 1952. . . . 

Variation due to sex accounted far a .~ .tor,.,:p6rt:ton ot the 

total variation. Sex accounted for 78.70 and 88 •. 36 percent 

of the total. variation dui-ing l9Sl &nd l952 respectively. When 
. . 

growth rate was retarded, ma.let! seemed to be Dl'lN a.f!'ected ~,-t.ban 

females. Females averaged er, percent o£ t.iu, tte!ght ot tho males 

during 1951, and onq 84 percent:during 1952. ''l'he grooter range 

between sexes is a postJible explanation tor the· larger percent 

of total variati~ accomted for by sex during 1952 than for 

195L · 

S~hatch ictere.ction contributed only a very snail 

port.ion of the tow variation. Percentages ot o.TJ and o.87 
were contributed by sire-batch·illteraction during 1951 and 

1952 respectiv~ly. llon-randomi21&tion ot the chicks when placed 

in brooder houses is a poes1hle explanation or the sire-batch 

interaction. ·. Chicks t:tam two or three sires 1111,y. have been placed. 

in each brooder hOU.fle. Disease my have affected t.he ct.icks in .. 

one brooder house more seve,rel.y than t hoae in another house. 

· ~us leading to~ sire-h1tt.ch intera.ction. An env~ oh 

die more similar for related individuals than for non-related 

oms, is apt to cause individuals 11itA ditf'.erent genotypee to 

have the Ball8 ptl~type (IA3rner, 1950). A.180 there 1s a poasi

billty that a ·~ntal interacti on is involved here. 

12 



Previous experience has indicated that a good prodUQing strain 

of chicles bred in one se~tion_ o£ the countey my do very poorly' 

in another section of the country-. Genes for growth rate might 

have an optimum environment far ~um efficieDCJY"1 ·therei'ore, 

it is possible that chieks from a ·sire may react ditferently 

to different temperatures ar other comitions due to gene

-environmental interactions. 

In conducting future experiments• it would be desirable 

· to randcaize chicks in tho various brooder houses,. Non-ran

damisation may cause an environment to be more similar for re

lated individuals than for non-related ones. · It would alao be 

desirable to start all· chicks in the brooder houses since t hose 

started in battery brooders contrip\lted more variation than those 

grown 1n brooder houses. More experienced personnel. or better 

training of present personnel would reduce the variation caused 

by disease to a min1mnm •. Intormation concerning the amount o£ 

feed am etriciency of feed consumed by ehiclm of ditt'erent batehea 

to mne weeks or age rray be desirable. 

1.) 



OrolDi J'9llow earn 
Qrouad Jm.t1r 
Wheat shorts 
Alla.Ua aeal. 
Fish meal 
Soy-bean meal 
Meat and bone scraps 
Steam bone meal. 
Salt 
Vltaatn Concantre.te 

TABIE l 

CHICK. STARTER RATION 

Fenent/ioo 
u../r..i 

2s •. s 
20.0 . 
20.0 
s.o 
6.,o 

15.0 
s .. o 
Z,O ,~, 
l"O 
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TABIE 2 

ANALYSIS OF VARIANCE C.- HIME WEEK WEIGHT OF CHICKS 

Total 
Ba.tab 
S1rea 
Sex 
Batch.-Sex 
SJ.re.natch 
Sire-Sex 
Sire-Sez-Batch 
E:r.rar' 

559 
6 
7 
1 
6 

42 
7 

42 
448 

1951 BATCl!FS 

•• S1gnificant at the 1 percent lwel 

1.67 
0.43 

~34 
0-.07 
0.13 
o.u. 
0.09 
o.rn 

F Value 

23.,80** 
6.oou 

162.QOH 
1.00 
1.84** 
2.00 
1.28 
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TABLE 3 

ANALYSIS OF VARIANCE OF NINE WEEK WEIGHT OF CHICla> 

Source 

Total 
Bateb 
S1r9s 
Sex 
Batcb,.Sex 
$S.re..;Batch 
Sire-Sex 
S1.re-Sa-Hatch 
Erral!' 

S99 
5 
9 
1 
5 

4S 
9 

45 
480 

1952 HATCHES 

s.s. 

*"Signit'.1cant at. the 1 percent level 

M.S. 

-1.33 
0 • .32 

'Z!.47 
0.04 
0.15 
o.os 
o.06 
o.rn 

F Value 

19.00H 
4.57•• 

;06.71•• 
0.57 
2 .. 14•• 
1.14 
o.86 

16 
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TABLE 4 

COEFFICIENTS OF VARIABILITY OF NINE WEEK WEIGH'l'S OF CHICKS 

1951 AND 1952 HATCHES 

"' 

Hatch Date Av. wt. Variance Standard Coeffi<'ient · .... t 
At 9 Wlcs. Deviations o:f 

. -~ ... ~ Lbei . . .,-.."':.' r Variability 

Feb. 19, 1951 1.97 .1239 .35 "i 7 ...,.,,,, .... . ' ' 
Ml,.r. 5,, 1951 1.99 .uoo .33 16.58% 
!tu'. 19, 1951 1.64 .0915 ~30 13.4'9% 
ApJ'. 2. 1951 1 •. 86 .0897 • .30 16 .• e7'1, 
Apr. 16, 1951 2.05 .OT19 ,~28 13.66% 
Apr • .30, 1951 1.87 .109.3 .33 17. 65% 
?tly 7, 1951 1.76 .ll58 • .34 19 .. .31$ 

Jan. 28, 1952 2.06 .1.359 .37 rT.96% 
Feb. 14, 1952 2.16 .0991 • .31 14 • .35% 
Feb. 25, 1952 2 .. .35 .l.126 • .34 14~46% 
Mir. 10, l.952 2.10 .. ll92 .,32 15~23% 
JBr:.. 24, 1952 2.22 .1040 • .32 14.41% 
Apr. 7, 1952 2.05 .0984 .31 15.12% 
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Data obtained f'rom progeD¥ of pedigree •ti.Qgfl'tl ·-• v 
~· ' 

Hampshires were analysed to determine the ef't'ect of batch 

da~ on gr.ovth rate of chicks. Frooi these analyses it was 

t'ound that a 

l. Ditterences among batches, sires,, sex and 

sire-batch 'interaction were highly signifi

cant. Hatchea contributed J.65 and 1.46 

~nt of the total variation in growth 

rate during 1951 and 1952 respectively. 

Sires accounted for 1.27 and 0.54, percent 

of the total variation in growth rate dur-, 

- 1ng 1951 and 195i respectiv:el.y. Variation 

due to sex contributed the major portion . of 

tQtal variation in growth rate. Sex con~ 

buted 78.70 and 88.36 percent of the total 

variation far 1951 and 1952 respeetivel.y. 

Sire-hatch interaction contributed only 1.47 

and 0.99 percent or the total variation dur-

ing 1951 and 19?2 respectively~ Bi~ sig

nif'icant ditt'erencea 8lir;mg batches make .it 

desirable to use chicks or the same batch 

for studying the inheritance ot pbysiologi-

cal characters. 
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2. Chicks hatched betore March 1 were generally

heaYier and bad leas mortality than those 

batched atter March 1. 

J. Average IMTil!l>m environmental temperatures 

· ~ lower for early hatched chicks than tar 
' . 

late batched chicks. ·The higher gowth·· rate 

or earl,7 hat~ed c:lu.cks could be due to lower 

enviro.Dmental temperatures during the growing 

period. 
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APPENDIX I 

'1'be Moclel and ' Method. of ~la 

Modal ot the Analiaia I 

ltj~•,kr ~ . '!" Ss ~· ~; + (SB}13 .,.. (H0)11c .,._, ~SG)jk: + 

(SHG )ilk 1' E!Jkl 

Where IiJkl : Cblei-.atim 

H: Hatch 

G• Sex 

SH : Sire-batch interaetion 

Etjkl.;;: Individml variation 

1 : l• 2., •• Ji., N:: Number of hatcbea 

j : 1.- 2• •• M. M : .lmaber ot sires 

k: 1.,,2, 

1: 1,- 2. •• P. P • N\nber or indi'ri.duals 

per sex, per sire, per 



EXAMPLE OF CALCUIATIONS 

1:SING DATA OF THE JANUARY 28, 1952 BATCH 

Sex Mlle 18111111.e >ale Fem.le 
Chicks 1. 2.4 2.2 • ••••••••• 2.3 2.0 

z. 2.2 2.1 
·····-···· 

1.8 2.0 
.3. 1.s 1.4 -········ 2.0 2.0 
4. 2.6 2.0 ...... , ...... 2.5 1.6 
s. 2.3 1.s . .......... 2.0 1.9 

Sex total 9.S ••••• •·•••• 10.,6 

Sire total vi.th hatch 20.s •••••••••••••• 19.7 

Total male sx•s vhea x .a individual weights in lbs. 

Total f'emale SI'a vhan I• iDdividual weights 1n llx,,. 

: ll3.7 

: 92 .. S 

Iia.1;cli ,tc,'t;a.l. ... - .. - ._ - ... .. - - .. ·- -- ..... ... .. ... - - .. - .. .. ... -= ~ .• 2 

Average ... - - ............ - - .. - - .. ~· ... ·- ..... - ... - .... ,.. ..:: 2 • .• 6 

Calculations te other hatches are the same as shown 

tar the lanmey 28 batch. 



Totals tor all Hatchesa 

Sires 1 

... Ma_le4 F--1e u., . 9,..5 

Sire total vi t.h1n hatch 

,, 
••111••·~·~.,.···· 

Batch 2 • •• • . ... , . •· . ,. . ~ . . . . . . . . . 

10 

19.7 

. ... . ·• .. 

Batch 
Total 

• • 
Batch 3 •. • .... ·-.. ·• .. • • • • • • • • • • • • • .. •· . • • . .. 
Batch 4 ••• • • • • •· • • • • • • • • • • • • • • • . •.•. • • • 

• • •• • • • •• • ~ . . . . •· •· .. .. . . . . ·• . ...... • • Hatch s 
Batch n • • • • .. ·• ·• . • • .. . .. . . • • • ••• ••• 

Sex vlthin a1re 58.2 •••••••••••••••• 70.0 57 .l·F<!.296.l 64.S 

122.7 127.l : 1296.l 

Total sx•s fc,r males 
········~·-···· 10.0 

Total SI's tor f"e!IBlea •••••••••••••• 
ClLCUIATIOH ~ SUM C1I SQUAIUS 

N: 600 

C.F. : (1296.l )2/600 :: 'Z/99• 79 

Total sl?- • 
(2.4)2 • ••• .,..... + (l. 9 )2 - C.F. 

Hatah s-i2 = 
(206.2)2/\oo + •••••••• + csx•a fin)2/l.oo - c.F. 

Sift sr,: 

(122. 7 )2/60 +. .. ... • • • • -1- (127.l )2/60 "" C.,F. 

: 704.s 
57 .. 1: 591.3 

= 72.9 

• 6.64 



Sex sx2 = 
(704.8 )2/300 + (591.3 )2/300 - c.r. 

Hatch-sex si?- = 
(113.7)2/,o + ··-···· • (92.5)2/so - (c.,. + H + ·G) 

SiN-.hatch sx2 • 

= 21.1+7 

-- 0.22 

(20.s)2/lo .,,. •••••••• + (19.7)2/lo - tc.r • .,. sire ·'- Ji) = s .. os 
S1re-e.ex sx2-: · 

(64.5)2/30 + ••,•••••• + (S7.1)2/30 - (C.F • .1. sire f. G) : 0.73 

S1re,-aa,.batch sx'c 
(U.3)2/5 i" ......... .f. (9.1)2/5 - (C.P. + aiN -t G • H) : - 2.84 



APPENDIX lI 
I. COMPONENT ANALYSIS OF fARUNOE, 

FOR ca1cis TO Nnra WEEKS or AG! FOR· -BATCSBS D 1952 

Source or -
~~Uon _. 

Sires 

Sex (gi 

Sex.;.tiatch 

Sire-batch 

S1re-n»-hatch 

lndiTiduala 

h -= Hatch 
• = S.i'raa 
g ::-: Su 
gh = Sa-hatch 
ah:: Sire-batch 
ag = Sire-sex 
agb = Sire-sex-hatch 

.Xe.an 
Square 

1~33 
,;i~-

0,.32 
,.) :·· 

. -.:·-:--· : 

21,.,:47 

0·.04 

0; 15 

o.oe 
·" o.06 

0.07 

,; 

-· Mean~, s~w 
· la an ·c 

Eat1meta ot 

~ .f. .3~eb-,+. '300o-2g 

O~- + ,O~ ehg)'.'+ ;oo-2g . 
: ..... , -·~· 

, 

o-.2 -, IOd,:~,s,h 

0~ • )Oo-~i 

o-2· -+ 5o.2hsg 

o-2 _ 
. ·· ~.\. 

To estimate relative influence of hatch, substitute 

in appropriate formula : 1.33 - (0.08 + O.CX,) /100:: O; OU8 + 
~ . - . 

0.8122 :: 1.46 perce;{t ot the total T&riation contributed b7 

hatch. 
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