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INTRODUCTION



INTROBUCTION

Pepulation explesion coupled vwith insufficient predwotien
and poer distridution of feel are ameng the worlds asvte
preblens. Inm many highly pepulated, peerly develeped oontun
sem children suffer fres malmutrition in their early years.
~ Besides cauging hMgh rate of mortality this bhas an adverse
effeet on the health of the peeple. Instances are sany. I¢
is reperted that in one South American ceuntry 32 obildrenm eut
of every 1000 bern die defore they attain ome year of age,
anether 12.4 por 1000 4ie defore their fourth bMirthday, and
amsng those that survive many are semtally retarded. Partly
this sental retardation is due te ssvere pretein deficienvey
during ocbildheed.

2he foold supply in these over populated areas consiste
mostly of starehy grains, vhich supply eneugh energy fer life
precesses, dut lask the pretein necessary fer growth and repair
of boly Siesues. Nigh quality pretein is vecessary for the
preper growth and geed health of animalg and san. Animal
preteins provide 2 goed balanee d suineasids. Animal predusts
sueh as weat, nilk and eggs serve as & sajer ssuroe of high
quality pretein for humar beings.

Ascerding te the recoumniatiems of Nutritien Advisery
Oenuittee of India, the per capita daily regquirement of meat



is 81 gus. Instead, only 4 gme. are the per capita availa-~
¥Mlity per day whieh is evidently far delov the requirement.
Our majer seurees of seat preteins are cattle, geas, pigs,
fish snd peultry. Peultry meat sentridutes about 13% of the
tetal usat preduetion in India.

Until 1950's ohicken neat was largely derived frem old
hons wvhioh bad eempleted their life or frem surplus ceekerels
fren ogg predveting breed sueh as Vhite Leghorns or dual
purpese bdreeds such as Nev Hampshire, Sugsex, which were
especially grewn for the meat traits. From 19%0's in Anerieca
and a0k later in the United Kinglem special straivs of
hydride were doveleped for meat and broiler productien, ether
than those doveleped for egg Production. 3Breiler chicks were
developed firet as pure breeds and sere recently as twe and
threoe wvay eress bhydrids. The relatively high efficienoy of
these hybride especially for seat produstion has severely
dopressed the ecconenis valus of the carcass of laying hesm.

Vith the cemmercialisation of every aspeot of peultey
prodvotien, rearing of surplus ssskerels, particularly of the
g type dresd ig no nere su esenenical prepesition. 2he
Plase of these bdreeds has howvever desn taken dy yeumg tewmder
ohioken, specially preduced for meat purpese, vhiebd is
connenly knewn as ‘breilers'. Sush a step, in additien %
£1lling the gap in the predustion of tadle chickens has met



the increasing denand for bigh quality, Sender peulitry meat.
The preduotion of droilers for this purpess has nev desese a
spesialised dranch of povitry industry and is develeping vith
speed aleug with the egg productien astivities. ZThe preductioen
of obickens of meat type has becsne a cenmercial enterprise ant
every persen engaged in this job bas always tried to Lfvorease
the efficieney for eperatiens and effect ecemony in expenditure
in erder to inerease big inoeme.

The Wreilers have unique fleshing qualities. They sheuld
put o8 maxisun weight galn with sininua of foed comsuapiien.
They sheuld pessess a high propertion of ¢didle flesh to dews
and waste in order to ensure maxisus yield to the comsumer.
They should bave rapid feathering se that there is a siniumm
susber of pin feathers in the dressed carcass. ZThese are the
faveuradle gqualities of droilers whish attrast the breecders
for broiler breeding. These whish grow faster are preferred
to others. The faster the dirds grev, the earlier will be the
output of msat (foed) frem them and mere orops Gam de yaised
during a giver poried of time. Therefore faster growth weuld
Zesult in ivereased gutput of meas.

It is an acoepted faot that grevth rate is of great
prastical importance ir livestock industry, espesially i»
poultyy farming. It is an important faoter in determining the



| eptimum peried, at whieh saximus gain ocan de effectively
sshisved. Ugual measure of growth that we empley to study

the pattern of grewth 1s the bedy weight beeauss it is
cenvenient to odtain. Schneider and Duwn (1924) ebeerved

that variadility in skeletal grewth is relatively mach less
than the variadility im bedy weight during the growving

yoried. BSelection for faster rate of grewth weuld be mere
sseurate if bdased on sene skeletal measuremnts in live

brds. Shank length has nev been cmsilered as an index of
body weight during most of the grewing peried. Lerser (1939)
Sried to prediet the boly weight frea the live shark lemgth
and reported that in early stages, the dedy weight and shamk
longth are mere olosely related than im mature birds. Studies
cenducted by Knex and Narsdem (1944), Asmundson (1943), Bryamt
axd Stephensen (1945), Avplamalp and Kesin (1952), Risak and
Invdary (1960), Oolling gt al. (1964) amd Ohhadra and Desal
(1966) working with obickenm and turkey have reperted that bely
wvoight and shank length are bhighly asseciated traite.

Umni g% al. (1977) studied phenetypic coerrelation between
body woight and shavk length and fitted regression squatiens
for pmdicting bedy weight from shank length. All theee
2eports indicate that long legged birds yield mere weight and
sonseoquently mere meat.



The patters of Sevelopuent of shank length expresesd
as a funetion of age weuld hely prediet shank length during
any period covered dy the study. ZThe study weuld also bely
teo understand how the shark length at s «ﬂfcr age wveuld
influence shank length and benee the bedy weight at a
later period. A matural cerollary of this is that the sharnk
longth at a speeified age cav be made a dasis for selection
of dirds whish would attaiy» a specified dody weight at &
lsker peried. Obvigusly, this procedure helps to oull birds
at an early age dased on shank length whioh weuld resuls in
oconenic advavtage to the farmer. Studies concerning the
shank lewgth ave fow in general and fewer still in the case
of Wreller birds. It was therefere folt necessary to examine
the pattern of develepment of shank lemgth of the tve breeds
of Sreiler birds, vis. White Cornish (W0) and White Plymeuth
Resk (WVR), maintaived in the University Peultry Pars and
hemee the present study was Sakenm up.



REVIEW OF LITERATURE



REVIEV OF LITERATURE

Preduction of High Yielding seeds, fertiliser and water
impate in medern agriculture have MWreught about the Green
Revelution in India. After achieving self gufficieney i»
foed gruins, it is, therefere, apprepriate to plav and deweley
potentials for Yetter pretective foels such as eggs, peultyy,
ailk and milk preduets. At presest the supply of animal
pretein is very meagre and the average Indian diet is Mighly
deficient in it. Accelorating the prelfvetien of egge and
peultry meat is a practical way te belp seet the nuiritiemal
needs of the pesple. |

Poultry with a sise of abeut 139 millien (1972 Oensus)
and predzoing 10,000 millien eggs amnvally is today o
coungreially viable enterprise contriduting mere than &, 400
oreres to the Oross Natiomal Preduct. 2he estisated peuliry
population in 1979 was 148 milligns. In Kerala the sise of
the peultry population increased from 12.207 wuillienms in
1972 to 15.999 milliens i» 1977 (Bullettin, A.H. 1950). 2The
 egg preductioen in the Btate iv 1979-00 was 948 uillions and
1t is well knewn that peultry meat and egg are pepular in
the Btatse.

The Limoreased futerest in the peultry meat produstien bas
reselted i» the inoreased interest in the droiler hveeds.



1

' Beellers were intreduced o coussreial seale im India ism early
| sixtios of this century. Ascerding te a survey eendusted by
K/a. Pregressive Agre Industrial Censultants, Few Delbi e»
bebalf of the Osmtral Agricultural Nimistry, the prodvetiem of
“brellers in 197576 was areund 12 millions. 7The important
breeds of breiler ehicken in the State and the Fatien are
Cornish, Yhite Plymeuth Rook and New Rampsbire.

Corntieh breed bas a peculiar type of bedy conforsatiem?
the legs are short, the bdody is dread, and the breast is very
vide and sussular. There are several varisties smong thea
bt eommonly the White Cormieh, Light Uervish and Red Cornish
with light red featbers are conmereially utilised. Zhe Wihite
Plymguth Reek has a single comd, yellew skiv and lays drows
oggs. It bhas the guality of rapid grewih and excellent feed
cowversion. Its feather selsur L9 Fecessive white. FKew
Hanpsbive was developed frem Rhode Igland Red. PFermerly it
vas known for its egg prefustien. Bat later on it beeame
fameus as a bird with excellent meat gquality.

The bdody weight, whieh is the first measurabdle charaster
of an animal bhas an econesie iupertance, since it prevides a
basgie baskgreund for future perfesmanss. Body weight is the
usual seasure of growth that we eupley te study the pattern of
dovelopuent of growth. Ag it Lo obssrved that seleotion for
faster rate of growth would be made assurate if based on sene



skeletal mesagsurenents, shank length has nev bdeen uged %o
atady the patters of development of grewth.

As early as 1939, Lerner tried to predist the body
woight from the live shank length and reperted a sorrelation
estimate of 0.659 ¢+ 0,032 and alse found that in sarly stages,
the bdody weight and shank length are nere e¢lesely related
thas in sature dMrds.

Onbadra g% al. (1972), on condueting experiments en 609
ebhieks at 10 weeks of age imvelving Vhite Plymeuth Reek,
¥bite Cornish and Nev Hampshire breeds and their oresees
obeerved that dirds with lenger live shanks yield heavier
1ive dedy weight, eviscerated weight and eviscerated percemtage
of live waAlht. The correlation of live shank length vith live
bedy weight and eviseerated weight were 0.35064 te 0.935852 and
0.2006 to 0.8614 respectively. Thess estinates were fousd te
be highly significant iz the case of all the genetic grewps.

¥hile studying the relationship between shask length and
body weight in oresses of meéat dreeds of fevwl, Tesoveky gt al.
(1974) foumd that the live shank length is bighly serrelated
vith bedy weight. |

Sexual dimerphiss i shazk lemgth in breiler Mreeds of
pouliry has been reported by Ulagamathan and Kesala Raman
(1973), whe found that males had larger shenk length and
higher body weight at 10 weoks of age.



Pati g% a). (1975) reperted on the few effeots which
fafluenced bdody weight and shavk length at 10 weeks of age
aleng with other traits in bdreiler chicken.

S1ddappa (1976) in a study om Vhite Oornish umsexed
birds obtained the mean body weight of 40.0%5 ¢ 35,96 g at &y
0ld, 331.63 * 54.95 g at 4%k week and 944.99 * 154.93 g ¢
8 week age. |

Studies on the sexual dimorphism in gshank length and
its relationship with bedy weight in Wreiler breeds of
poultry were oouducted by Unmi g% a). (1977). BShank length
and bedy weight of 459 breiler ochicks delenging to White
Coruish and Vhite Plymeuth Reck dreeds wore rescorded at 10
weoks of age. Differenoce Detween the sexes was highly
signifioant for Deth the traits studied. The phenetypic
- gexrelatioen coefficlents betweer shank lengith and bedy
weight at 10 weeks were 0.91, 0.896, 0.51 and 0.93 for White
Cernish male, ¥hite Cornish female, White Plymouth Rook male
and Yhite Plyneuth Rook female yespeotively. All these
eermelation ceefficients were bMghly siguificant. 2The
segressien equations fitted for predieting the dody weight
frea shadk length were

y- 209.3x - T62.% ‘
y©138.39x - 96.21



10

y = 23.54x + 824.69
Y- 75.89x » 268,77

In a study of relationship detween shank length and dody
weight at differvent stages of growth im erossdred ohicken of
Waite Leghern and Rhede Island Red, Verms g% al. (1977)
observed that dedy weight and shank length are highly cerrelated
at all ages inm male. But, in female the correlatiam cesfficient
vas e signifioant at day old but later on it was feund te de
highly significant. Zhe nmulu oqi-uou obtained were

ye 29,00+ 6.%50x at day old

y= «27.90 ¢+ 42.37x at 4%h week

y = -219.33 ¢ 107.34x at 9k week

y = «261.56 ¢+ 127,98z at 128h week for male

and

ye= 37.92+ 0.76x at day old

yo= =74,16 + 56.43x at 4%h woek

y = -147.76 + 91.61x at 8%h week

y = -528,03 + 170.19x at 128k week for femalse.

The regressien cesffiolents for the male and female were
all pesitive ard went on inereasing vith the advameing stages
of grovih sheving greater dependense of bedy weight on shank
length.

Lustinesva gt al. (1977) cendueted experiments to study
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the differences in sksletal confersatien in hens of egg
profueing and meat producing types. Keel, Pelvip and leg
skeletal ssasurements were odtaived on 20 White Plyaguth
Reck and 30 White Leghorn hems oulled at the end of their
ogg preductier life. ZThe measurements for ¥hite Plysguth
Rook were 35.0% larger than those for ¥hite Legherns.

Rejjs and Ssade (1977) collected dats e» 240 sales and
230 females of geene. Uorrelations of beldy weights at 1,
28 and 56 days of age with the respestive weights of leg and
breast are tabulated. All these oerrelations were found te
be pesitive.

| hiagarajan (1977) observed that at 14 weeks of age fast
foathoring Yhite Rook fewls weighed 68.6 g more than slew
featbering dirds, and the feed omversion ratio of the former
was slightly detter than that of the latter, Dut the &ifferemee
botween the greups were mnet siguificant.

Prathap Kusar (1973) werking em a straiz of Vhite Plymeuth
Reok breed reperted the mean body weight in gramuses at O%h, 4%h
and 8th week of age as 41.06 ¢ 0.13, 333.96 ¢+ 2.06 and 1015.662
5.21 respectively.

Grewth patterss, heritability and product moment cervela~
Siens were studied for bedy weight, shenk lemgth, breast meat
and thigh msat at 4iffevent weeks of age in Japanese quail by
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 DP.Bingh (1978). The genetie, phenetypiec ‘na enviroamental
corvelations between bdody weight and shank length and dedy
woight and dreast meat were estimated at different weeks of
age. Only sive couponent of variance was used to estimate
the genetic effect.

Growth pattern was feund to be mestly linear for dedy
weight altheugh ether pastterns of grovith were foumd. Similar
te other speeles, the grewth curve for bedy veight was feund
te be signoid iv sbape. The male and female grev equally
upto 4th week of age Mut after foir wooks the grewth rate wvas
feund to be mere in female than in male, and it reuainved high
npio the end of the experiment. The grewth pattern for shamk
length, breast msat and thigh neat fellowed the same patiers
as that of the bdody weight iw either sex. ZThe heritability
estimate for shank lemgth ranged from 0.19 ¢ 0.23 to 0.73 ¢
0.33 from 5th to Sth week of age. Dody weight and shank length
wors assumed te de melderate to highly beritable charasters iv

qualls.

Phonotypio correlatien between sene iaportant ececonemic
traits of White Cornigh ohickens were stulied by Singh and
Siugh (1979) and they feund that eight week dody weight
averaged 563.04 g, 10 week body weight averaged 799.93 g, age
at esxual maturity averaged 202.18 days and beldy weight at
. maturity averaged 2067.05 g. The eight week dedy weight vas
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bighly significantly correlated with 10 week bedy weight
(0.96). Age at sexual maturity was significantly cerrelated
with Dody woight at sexual matarity (0.18).

Renchi P. Gesrge gt gl. (1979) studied the relationsiipy
between shank length and bedy weight at 12 weeks of age in
Desi ducks. The means of ehank lemgth was 6.44 & 0.04 ea,
6.15 » 0,02 oun and 6.20 & 0.03 on regpestively in male, female
and all dueks igrerizg sex. The bedy weight was 1663,90 ¢
10.99% £ for male, 1466.40 & 13.00 g for female and 13567.63 »
11.12 g for all ducks igmering sex. HNighly sigsifieant
difference between sex for bedy weight and shank length at
12 weeks indicated sexual dimerphiss for thess traits. The
serrelaticn between shank length and bdody weight at 12 weeks
in Desi ducks vas 0.26, 0.32 and 0.44 regpestively for males,
fonales and ignering sex. All these correlations were hMghly
signifioant. The regressior equatioms fitted So prediet bedy
weight at 12 weeks froa shank lewgth are

y= 72.48x ¢+ 1202.16 for male
y = 255.02x - 103.24 Lor female
y = 190.58x + 364.74 for all dueks

Studies senducted by Sharea gf al. (1990) with abest
4000 ehieks \hlouhc te four breliler pepulations -~ Swe frem
Reoks and twe frem Oornish - revealed that 13 the day old and
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She oight week old breiler traits sueh as bDedy weight, breast
angle and ghank length were pesitively cerrelated ameng |
Shonselves avd this vas consistent for all Sthe four pepulatiens
studied. |

fwelve three-way crosses invelving Rhode Island Red,
Augtraloerp, Vhite Plymouth Rook and Wkite Oornish breeds were
studied for bedy weight at one day and 2,4,6,8 and 10 weeke of
age by Varma ¢t al. (1980). Significant difference ccourred
between orosses for the varieus traits. The ameunt of adéitive
genetic variatiem im bedy weight at 6,8 and 10 weeks of age
tiffered significantly aseng the oresses. Nen adéitive
effects were significant only at the end d*m weoke.

Cook (1963) reported that shank leugth was net appreciadly
cerrelated with body weight.

Pande of gl. (1972) ebesrved that bedy weight at market-
age (8 o 10 weoks) is the mest impertant charscter of ’
sconenic impertance in ¥iite Oernish ehieoken. '

The inheritance of eight week Dedy weight in diffevent
oresses of droiler hWreeds wore studied by Prassd g§ g}. (1979).
Soeneniocally eighth week bedy weight is the most iuportant
sharacter in breiler ohicken. DBetimates of heritadilisy of
body weight at the eighth week reported by Dudovik (1979) 1w
VO, VPR and W x VPR were 0.48, 0.36, 0,35 for male asd 0.3%,
0.29 and 0.29 for female respeoctively. The heritabdilisy |
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prevides a measure of additive genetic variability by whieh
1t is pessidle te kuov the seepe of changing pepulation memn
by selestien. |

Jasp g% ). (1998) prepesel s method for measuring dreast
wvidth in terus of shank length. ZThey prepesed that the ratie
of shask length to the oude root of dely welight estimate
breast wvidth.

In atteupting to interpset sxperimental results based on
the seasurements taken during the early peried of growth of
ohicken, mumereus practices and metheds bave been develeped.
Bredy (1943) defined growth as a relatively irreversadle time
ohange in the neasured dimenmsion. Vebsters diotiovary &efines
’nn as & quantity or degres of a thing measured per umit of
semething elee. Beth Wedster and Oxferd dictionaries &efine
growih as "inerease, or is grewn or ig grewing®. deuld
defines growth as the asugnentatioen of bedy infaney and adult
age. HNamond (1933) obesrved that rate at whioh an apimal
grows is of greater importanse for the liveastook as only fevw
avisals live long enough ts Yeash the mature weight., If
veight 1is the eriterion uaed, the rate of grevwth is defined
as the change inm weight per unit of time (Snedecor, 1946).

Oxrewth rate cam best Do expressed as regressien eceeffi-
elent. Asserding to NMather (1946) the regressien ceeffisient
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fa the cesfficlient repressnting the rate of change of the
dependent variadle on the independent variadle. Siamilarly,
a growth curve is referred as a regreseion (Swedeser, 1946),
s desoriptive commstatien of $he mathesatical ters fumetiem.
The growth comstant 'd' L8 the part of the straight live
feraula

y=a+hx

where a is the inmteroept, b the slope, y the dependent and x,
the independent varisbdle.

Altheugh limear regression is sdequate for mawy
sitaations, more couplex funetional relatiens are warranted
by others. Jesed (1991) foumd that curvilivear relatiems
‘give feod fit to the data o body weight of domestioc fowl
upte 24 weeks of age. Some of the mest commenly ueed mow-
linear relations are

Exponential grevth surve -y-u"

Modified Exponential curve =~ y » k « ad%
x

Gemports curve -y=ad® ant
Legistic carve -y 1
a*dh

Zhe curves other tham straight lines can be eastily
transfernesd inte livear fora threugh the sudstitution of
varisdles (Orumpler and Yoo, 1940).
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Pillal g% gal. (1969) while studying grovtd rate of
chiokens from six 4iffeyent orssses found that the simple
exponential fumetien ¥ = u“‘ yielded a very geod fis.

Selanka (1970) studied the grewth of chicken during She
early period of the post embrysnal 1life. He used the expe-
sential fumotion ¥ = u“ (Brody) and the powsr fumetion
y = at® (Roderts) to caleslate grewth from 2 to 22 days of
age in 40 oockrels (Bxperiment 1) and 90 ohicks of doth sexes
(Bxperiment 2). OGroewth was divided inte twe pericds;
period 1, whioh ended at 14 days of age, was markedly differest
from periol 2 regardless of the fumotion nsed. In peried 1 in
both experiments, and in peried 2 of the secend experiment, ne
significant difference in the socurasy of oaloulatiow was
sbeerved detween the two funotiens. In peried 2 of the sesontd
experiment the power fumotien was more accurate.

Tanabe and Saoki (1965) senstructed growth curves feor
shioks of White Cornish, White Reek, Few Hampsbire and ¥ihite
Leghorn bhreeds froem two to fifteen weeks of age and feund
that growth rate was 4defived by the equationm of the type

log y = lega*blgx
where y 1o body weight, x is the age, a and b are senstants.

Log x and log y were highly serrelated. The covstast
‘a’ diffored mmeng breeds But not Botween sexes, '» was
higher in aale tham in female.
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Susaxi (1966) constyseted grewth curves from data on
bedy veight of three oresses ¢f dreiler bLreeds upto 10 weeks
of age. OCurves of the type

7"“‘

y-.*it,*u:
y=a+*x*tolegx

nvi e mutmm £it to the data.
Vighart (19358) construeted the m&ug grevth ourve

7w ap e agx st
In this relation the growth rate was affested only by
the obanges iv the coefficient of limear and quandratiec teras
and bonce somparisom of greups sheuld be dased on a; amd ay
values of the greups.

The aldvantage in desoriding grewth in terms of a ourve
Ls that it Delpe predistion. Furtber the inberent preperty
of the ourve would give & measure of the rate of grewth whieh
eventually helps cempariscn of the rates of grewth detwen

greups.



MATERIALS AND METHODS



MATERTALS AND NEPHODS

A total mamber of 200 day old Nreiler ohicks of Vhite
Plynesth Rook ant Vhite Oornish breeds ebtainzed from Kerals
Agricultural University Peultry Farm, Mannutby formsd the
saterial for the study. %he ohieks were serially suubdered
and ving banded for unu_ﬁuua. ’

The chieka were plased in elestrically operated, thermo-
statistically centrelled battery Sype Wroecders. BNroiler
starter diets were fed througheut the experiment. Feed and
water were previded a8 1ihitus Shreughout the experimental
~pezied. All birds were msaivtained snder identical enviren-
sontal cenditiens. Normal management prastices were follewed
for the vhole perield of study. After t&r weeks the ohioks
were noved to deep lister heuses. Adequate floor space and
wvater spate were provided.

The shank lemgth in eentimeters and dody weight in
gratig wore recsrded on all days during the first week.
Thereafter they were measured at weekly intervals. ZThe
seasuresents vere takes until the shioks attaived av age of
oight woeks., Sbank leongth measuremsnts were taker frea the
right sbhank of the chicks. The nsasuressnts wvere taken frem
She extorier of the hook jeint te a peint detween the sele
paé and suter too of the drds. ﬁunnmmhun



taken by the sane persen during the entire peried of the
experiment.

AS the ond of the experinent, the adeve scasurements
pertaining te 38 males and 61 females of White Oornish grevp
and 35 males and 32 females of Vhite Plymeuth Resk growp
were available. Zhe resaining Wrde died during the oeurse
of the experiment. Frem the available birds the firet 30
virds of each greup were stilised for this study.

Any ergamisn follevws Lits own grewth pattern. Statistieal
nodels are the Seols i» analysing and understanding such grewth
patterns.

| Por oxaniving the relatiemebip detween dedy weight and
shank longth oene of the tecduique used is the aoefficient of
cermelation. Whenever this is siguificant it indicates s
Pessidle linear relatien and bemee linear regressier of the
type.

(35.1) yoa + bx

wvas found eut in mecessary cases. TBven when there is sigei-
ficant correlatioen bdetween shank length and dody weight withins
genetic greups the magnitude of this cerrelatien say vary
detwoen groups. Im order te test this ebi-square test vas
oupleyed.

Lot 2, be the observed serrelation detween shank length
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and body weight

It s, -+ leg, _:__"_ﬁ it is apprexinately nermsl
- ®
[ S
vith variance __1_! where u; 18 the mamber of pairs dased
.“‘
on vhich r, has beew cemputed. The value of L varies fres

1 to k vhere k i the nunber of ebservations in a group.
) § 4

~

ge = (n = 3)s

z(ng = 3) |
(3,=3) (s,-0)? 15 o ebi-square vith (k - 1) dogrees of

freecden. In cass the ohi-eguare s net significant, the
correlatien ocesfficients ave hemggeneous and their counen
value can de odtained by selving the equation

o= e,

Linear regression oan also be uged to exanine the relatien
botween age and shank length. It aleo gzives chanee to prediot
the shank length for a given age. Iz order te test the signi-
fieanoe of the regression ceeffielients, linear regressien
ogquations vere fitted for each MMrd., As the regression eeeffl-
oient is a measure of rate of grewth the overall 4ifference iw
the rate of growth of shank lemgth ean de ascertaized by
snslysing the values of the regreseien ceefficients of different
greuPps as & o0 way classificatien.

The bigh cerrelatien Detween shask lemgth and dody weight



saggest that signifieent mm 1n shask length will imply
sigeifioant differense in bedy weight, Hgwever, thisg oas do
ebeoked by forming weekly ssalysis of variance tadles for beth
shank length and body weight. Bash eharsster vas asalysed as
obe way classifieatiom.

Nost of the living erganisns bave a signeil uwﬁ ourve.
It Ls therefere dosiradle to Sry curves which denfers to this
pattern %o desoride the pattern of development of shank
length. The simplest of these surves is given by the expe-
nential fumoetion whioch sysbeliecally Le
(,c:) Y- .n _
wvhere y Yepresents shank longth at the age x and a and b are
oonstants to bde deteruined. Per fitting this ourve the method
of least squares vas ueed.

Yhen growth curves are fitted the rate of growth at s
particular perieod can be taken as the ratio of the magnitude
of shank length at that peried te the magnitude of shank
length in the previous peried minesg 1. In the case of expe-
wential the rate of grewth therefere is

B(xe+1) _
(3.9 :Iii""'" — .1
vhioh Lo the same as o~ 1. This shews that the rate of grevth
deponds only ou the values of b and the growth rates will b
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equal Lif the 'V’ values ave equal. ZThis gives a sethed Cfor
exaning the equality of the rates of growth of the dirds of
the four gemetie greups. It is eneugh Lif the 'd' values of
the feur greups are amalysed as ede vay classification.

Nodified exponential m.h' has got a functiomal form,
(3.4) y =k + ad*
can also be uped te repressnt the groewth of an organiss. The
oenstants to Yo determived in this case are &, a and b. 2o
deternine this curve the y values are first divided Limte three
sutually exclusive greupe. If the gum of the y values of the
three groups in the ohrenelegical order arve 8y 83 and g
the estimates of k, b and a ave

.- ;'r.,:-?l:-';;i'g)

| I (_‘3::!) i and
i by |

(8,=89) (1-¥)
aw 1 :g
» (1=-d7)

The rate of growih in this case is

(3.5 koad®' -1

k*.b'
whioh L¢ the sane as

(-1 4= (x+a’
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The growth rates vill met differ -uuncnuy when the 'd’
values do met &iffer ltl!tﬂmny.

Angther sarve used Se Fepresent the data on shank length
ie Gemperts curve whioh has get the fora

(3.6) y= o
Legarithuically this ocurve cam be written in the fora
legy »lega ¢ (16:!) o®,
1.0, YoeAeBof
where Y=1legy
A = log a and
Belogh

'Zhis 1s the equation sisilar te the modified expenential.
The legaritbas of the y values were cemputed first and using
those values the values of A, B and 0 were caloulated as in
the case of modified expsnential. Zhe values of a, b and ¢ in
the form considered were given by

ae=Antileg A
b= Antileg B
C = gane as in the medified expovential.

The rate of growth in this case is
. (x ¢ 1) e

(’07) (.bc e a® ) -1 N
which i the same as ®° - 1,

2he grovih yate depenis eu the vdu of »°. The growth rates
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are equal if the valaes of 3® are met signifieantly differest.
That 10 if the values of elegd are net significantly different
the growth rates are ogual.

Legistic curve whieh alse deserides growth in ite simplest

form 10
(’o'o) "}" - g ¢ “!

It 10 nerely a medified exponential in teras of the reciprecals
of the y values. The rate of grovth in this case i

[ » n! - 4

s * be* +

(10) n:_ih',!*
+ bo

(3.9)

The rate of grewth depends both on b and o.

Rao (1958) suggested a methed for comparing rates of
growth, This in fact is a covariavee analysis. The ooncemitant
variable is the imitial shank longth of the dirds. Peor
successive perieds we caloulate the imerease in shank length.
et Yy be the inorease in shank length of a bird in a greuy at
time 1§, g 1o the mean value of £ for the group. Compute the
rogression of y, on g, for cach UBird in every genetic greup in
the fors '

(3.10) 5 =dg
Zhe methed of loast squares then gives

sy
o



It 19 ovident that if thess eeefficients are equal fho rates
of grevih of the ifferewt greups alse will be equal. Mut
Shese b values may de influemeed by the imitial valae,
Therefore wo porfora a sovarianee ssalysis in whioh the
ivitial shank length is the sensenitant variadles and », the
sorresponding valae for the Mrd.

A numnber of metheds bave been enumerated for repressnting
the pattern of growth of shank length and also for testimg the
difference ir the rates of growth of the same. If all of theam
1ead to She same result any ewe of the methods will de appre-
priate for the future analysis of the availadle data. If there
19 a discripancy the metheds are to de sorutinised for their
apprepriatencss for any given sitsatien.



RESULTS



4.1. Shank Lenxth. ‘
The greups of birds censidered in this stuldy e as

senticued earlier, White Cornish male (WO male), White
Cornigh female (WO female), White Plymeuth Reck male (VR
sale) and White Plymeuth Rook fomale (VR female).

The sverage shank lengihs of the feur greups of Mrds
at the end of every week and at day old aleng with Sheir

standard errers are given im Tabdle 1.
AS day 014 the WG male had the highest average shask

length of 2.47 en. It vas felleved by YO fomale vith as
sversge shask length of 2.46 on. The lesast average shamk
of 2.42 om vas observed in VR male. PFurther, the average
shank length of VR fomale was 2.44 on. The smalysis of

varignee tadle of the shamk length at day old gives in
2adble 3 imdicated that there was ne significamt 4ifference
|
|

in shask length bdetween the feur greups.
The order in the mean shank length as observed at day 011‘

was dieturbed during the first week. At the ond of this ml‘
the saxiuue average shank length vas 2.7 en for W sale uw‘
was clesely fellawed by VR male with a» average of £.697 o-i‘

1“

2he average for the other twy greups were 2.68 on for WO
_ I
I

|
|




of ohank length at the end of oue week given im Tabdle &
revealed ne signifieant difference in average shank length
botween the four greups.

AS the o3d of the sesend weok VR mals attained the
highest average shank length of 35.01 ens. V0 males were
relogated into the gecend plase with as average of 2.997 em.
These were follewed by VR fomale with an average of 2.943 en
end WO female vith am average of 2.923 on. The 4iffervence
betwveen thess averuges wome, however, feund te de insigeifi-
eant in their amalysis given i» Tadle 3.

The picture energed at the end of the third week is the
sane a5 at the ond of the seaend veek with regard to the
exder of nagnitude of She four greuvps. The average shank
lengtd vas 3.387 for WO male, 5.297 for WO female, %.503
for VR male and 3.323 for VR female. In the analysis of the
shank leongths at the ond of third week mo significant
difference wvas obesrved (Table 6). Zhe average inerease i3
the shask length from day old $ill the end of the thivd week
wvas 0.92 oa for WO male, 0.537 on for WO female, 1.08 em for
VR male and 0.58 ea for VR fomale.

Siguificant difference in the average shank length was
observed in the analysis of shank leugths of the four greups
at the end of the fourth week (Tadle 7). VR male diffexed
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signifioantly from both VR female and WO female. All gther
pairs 418 not shov any significant difference. The meas
shank lemgths of the feur greups were 4.09 om for W0 male,
5.993 en for YO female, 4.297 onm for VR male and 4 ou for
WR female. The exder of magnitude of these averages were
the sane as im the third week. It ig iuteresting te nete
that this order was maintained till the end of eighth week.

Jugt as in the previgus weeks, the shank length of eash
bird continued to increase during £1£%h week. The aversge
shank lengths at the ond of thin week wore 4.915 oun, 4.68 ea,
5.293 on and 4.8 on respestively for W male, YO female,

YR sale and VR female. The avalysis of variance of the shask
lengths at the end of the £ifth week is given in Tadle 8.
There was sigaifioart difference between the greups. The WR
sales were found teo differ significantly frem WR fesmale, WO
aale and YO feomale. All the other pairs were homogensqus.

2he pattern of differenee gbserved in the average shank
length at the end of the sixth week was sizilar te thoee
obporved at the end of the £ifth week. The VR male &iffered
significantly from all the ether groups. The average shank
lengths were 35.827 en, 5.52 en, €.953 on and 5.65 on for W
male, YO female, VR male asd VR fomale respectively. Zhe
analysis of variance is given in Tadle 9.

A change in the pattern »f difference in the nsan valwes
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Sherefore exhibited the extreme average bedy weights. The
relevant infermatien frea day ¢ld $111 the end of eight
weeks is cemtaired in Tadle 2 aleng with standard errers.
In the analysis of the boly weight exhidited in Table 12
signifioant difference in Dedy weight vas feund. YR female
had the levest average dedy weight whiech 4iffered fren the
average bdedy weights of the sther three greups which were
honggeneeus.

On serutiny of the bedy weights during the fizet seven
days it vas found that thexre was a drep im dedy weight in
the case of sewe birds cempared with the first day weight.
Nere than 9 gus of average Linerease was feund from the &ay
ol to the ond of the first week. The average bedy weights
at the ond of the first week were 48.5 g for WO male, 48 g
r.gvomnn. 53 g for R male and 48.53 g for VA female.
2he highest average dody weight wvas found for VR male and
the lewest for VO female. Zable 13 gives the analysis of
varianoe of the bedy weight at the end of the firat week.
Significant difference botween the mwean baly weights was
observed. 2he VR male, whteh bad the highest mesn bedy
weight differed significantly frea the other three wheidk were
homogonoous.

Genpared vith the grewth of body weight during the firet
wosk mere than three feld fuervase in the average dedy weight
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of the feur greups of the ¥irds vas discernidle during the
secend week. The averege bedy weights of VO male, VO female,
VR eale ant VR fomale were 75.6 g, 77.05 g, 29.4 g and 76.57 ¢
respeotively. There was signifieant differenee bdetween the
fear greups, as indieated by the amalysis of variance of dely
weights, at the ond of tvo weeks giver in Tadle 14. As
Guring the fizst week, exoept for WR male, the other three
greups wore honegeneocus each of vhteh aiffered in seas dedy
weight from She sean Vody weight of WR male.

An interesting feature energed at the ond of the seeend
woek and centinued t1ill the end of the f£ifth week was that
the average doly weight of White Reok male was signifieastly
higher than the average bdody weights of the other three
greups which were hemegemesus.

Steady inereass inm body weight eeuld de observed in
sabgequent weeks. On an average there was an inereass of
44.23 g frem the meoend to the third week, 23.69 g fyem the
thixrd to the fourth and 115.91 g frea the fourth te the £ifth
woek. Zhe average boldy weights of the four greups were in
the range of 116.3 to 143.67 g Suring the third week, 183.13
to 249.93 g 1in the fourth week and 2T74.47 te 400.97 g im the
£1£%h weok. ZThe relevant analyses are given inm Tadles 13,

16 and 17.

A oconngn featurve, different fyon what vas ebserved i3
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shird, fourth and £ifth weeks, prevalled at She ond of the
sixth, soventh and eighth weeks. VR male had the highest
average body weight. It was follewed by ¥C male. JNext in
order of magnitude were the body weightn of WR female and
WG female. ZThere vas ne significant 4ifference detween the
tvo female greaps in deldy weight. Nowever, the males of the
two gemetic greupe eignificantly differed. 2The WO male hat
an average bedy weight vhieh 314 not 4iffer significantly
fren the WR female. The average ivorease im body weight
‘recerded at the end of the sixth, seventh and eighth weeks
were respestively 152,34 g, 141.66 g and 163.353 g. Therwe
was ascelerated grovth frem day old t1ill1 the end of the
eighth week.

4.5. Sorgzelatisne.

Davelopuent of shank length at a stage say b influenced
" by Ate mageitude at am earlier peried. ZThis eould de
asesrtained by oouputing th\ sersel atien between the magni-~
tudes at all stages, that is, M serial corrvelatioms.

In the case of ¥O male sigeifieant correlatiom detween
the shank lengtds at day old and one week age was edserved
(Tadle 21). However there was we serrelatiocn between shanks
at day 012 and at the ond of the subdssquent weeks.

Nighly significant cervelatien (P/ 0.01) was feund
betwsen the shank lengthe at owe week age and at the end of
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subsequent weeks. 2The sane feature sentivued te exist
between shank lengths at the end of any tve weeks., The
highest cerzelation ebserved detween week-end shenk lengths
was 0.9132 and the least 0.52235. The eerrelation was feund
te show a tendeney to decreass as the inmterval ivereased.

Seriasl sorrelation between shank leugthe of YO female
at the end of 2ifferent weeks are given im Table 22. The
day 014 and weekly shank lengths were sigrificantly corvelated
exoept at the fourth week and the day olé shank length
explained only 165 of the variatien in the shank length at
eight weoks. ZThe rest of the cerrzelations were all sigei-
ficant as in the case of VU male. The correlatisn detween
week-ond shank length ranged frem 0.6418 o0 0.9372. The
influence of shank length at a previgus peried on a mubdeeguent
period declined as the length of the interval inereased.

In VR male mo signifioant serrelation existed between the
day old and weekly shank leugihs. Unlike in other greups the
shavk lemgths at the ond of She firet and eighth weeks wore
set significantly cerrelated. ZThe rest of the weekly shemk
lengths had bighly sigeificast correlations. The relevent
information Lo sentained in Zadle 23. The mageitude of the
sorrelations showed a declining tSeundensy as the interval
inereased.

The day old shask length had mo signifiesnt influenee e



the subssquent shank lengthe in the case of WR female.
Howsver, all week-erd shank lengths were highly sigeifieantly
cerrelated. The declining tendeney of the cerrelations as
the interval detween shank length measureasnts imeozressel wvas
evident in this case alse.

Iz all the feur cases the significant cerrelations
odserved were all pesitive.

The cesffieient of ocorrelation cemputed detween dbedy
wveight and shank length at the end of Aifferent weeks arve
presented in Tadle 235.

AS day old the coeffiolent of serrelatien was found %o
b least (0.01) im the cass of YR male and this was net
significant. 2Zhe saximus correlation of 0.49 was edtained
in WO female and this was bhighly siguificant. In VO male
this cerreletien was 0.10 whieh was met significant. It was
0.48 for YR fomale vhich was highly significant.

The same erder in the value of eervelation coefficients
wvas found at the end of ene week. The coefficients of
oerrelation were 0.81, 0,82, 0.92 and 0.73 for WO msle, WO
fomale, VR sale and VR female recpectively. All the
correlation ocesfficients were d&tfcmt fron sero (P/ 0.01).

2he VR fomale had the least sesfficient of cerrelatien
(0.71) by She end of twe wooks. Zhe eerrelatien ceefficients
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were 0.94 Lor YO male, 0.39 for WC fomale and 0.74 for MR
sale and the feur were highly eigeificantly different frea
sere (P/ 0.01).

Zhe correlatisn detween doly weight and shask length
resonried further inorease at the end of the third week and
eomtinued to de bhighly significant. Its values wers 0.94,
0.92, 0,90 amd 0.86 respectively for ¥C male, WO fomale, R
sale and VR female.

Signifioantly high cerxrelatiem existed in the susceeding
weeks ales. AL the end of the eighth week its range was
frem 0.85 to 0.94. The highest cerrelatien vas for WO female
s2d the least for WR female. 2The coeffiocient of correlatiem
for ¥C male was 0.99 avd for WR male it was 0.96.

Ay iapertant peint to be noted bere is that the
sosfficient of correlatien between bedy weight and shank
length was mere in ¥C group tham in VR group during the entire
period of study. Nurther, exeept for the secend, third esd
i1k weoks the coefficient of eerrelaticr was maxinua for
WO female. A% the end of the eseend, third and f1£%h weeks
the correlatien was maximsa for WO male. Zheugh the ecrrela-
tien detween body weight and shask length was less in VR male
than in VR female at the degimning of the experiment, it
bogan S imoreass steadily and at She end of the experisent
its valee was found to Yo the least for VR female.
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For all the four greups the least corvelatien was shserved
at day old. ZThe bighest correlatien of 0.96 was for W sale
at the end of five weeks. At the same time WO femals saught
up with their male counterparts vwith a correlation of 0.99.

The highest cerrelatien in VR male vas 0.90 and it wvas ebserved
at the end of three weeks. Almost the sane high level was
found im YR fomale with a sorrelatien of 0.93 at the end of

six weeks.

Bventhough significant cerreletien vas ebserved withis
eash genetie greips, iv testing for their hemegemeity, it was
found that enly VR female hal beuegensess eerrvelstien between
body weight and shavk length, during the first eight weeks.

Rotisate of the oonmom value of this serrelatien was 0.7908.

In the other groups the onset of hemegencens cevdeletion
wvas exasined. Vhen day old values were reneved the cormrele~
tiens bdecass hemogenecus iz VC male and W female with thetr »
estimates as 0.919 and 0.925 vespeetively. Xowever, iu the
case of VR male homegemeity was feund enly after deleting the
values upte the first week and the cemuen eorrelatisn atweenr
boly weight and shask lemgth was estimated as 0.901.

Correlation coefficients were semputed Yetween Nody wight
~ and shauk length of inmdividual Miwds. Fer each Mrd the
eerrelatien soefficient was found to be extzemely bigh. Al
of then vere mearly equal te wity, $he lﬁlﬂm 0.999
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and the sinimsm 0,975 (fable 26). Bventheugh very bigh
correlatien was ebesrved for each bird, the chi-square
analyels Md that the seefficients of cerrelation of VR
sale vere heteregeneess while they were hosegevecus within®
sash of the remaining three greups. ZThe cennem value of
the eorrelation was 0.9943 for ¥O male, 0.9930 for WG fomale
and 0.9941 for VR femsle. ‘

As 18 evident frem Tadle 27, pretty high cerrelation
coefficients were observed detween shank length and age
within eaed greup. Thelr range was 0.952 te 0.996 for WO
sale. The cervespending ranges for WO female, VR male and
VR female were 0.958 %o 0.993, 0.912 %o 0.993 and 0.995 to
0.99 respectively. The average valus of the serrelatien was
0.971 for WO male, 0.976 for WO female, 0.974 for VYR male
and 0.975 for VR female.

4.4. Zunetiamal Relstiems.

Sinee there is bhigh correlation between sbank length (x)
snd body weight (y) the latter cam De predicted in terus of
the former. Hewoe linear predistien equatiens of the Lora
Yy = a* bx vere fitted. 2he values of the y intercept (a)
and regressies coeffieients (b) are preesnted im Table 28.

Asalysis of variance (Table 29) of the regression
coefficients (linear grewth rates) of the foar greups indisated



ne signifiocant 4ifforence betwsen the rates of grovih of
the feur growps. |

Shank length was found to inorease with age and theme-
fore limear prediction equations were fitted fer predisting
shark length (y) using age (x) for each dird. The values
of 'a' and 'd' are gives in Table 30. |

The analysis of varianes of linear grewth rate vas
 given in Tadle 31. Jo sigeificart diffevence vas ebserved
in the rates of growth of the males of the two genetie
groups. Also WO male 414 net differ significantly frem She
feuales of the two greups. The twe hnlo groups alse ‘nn
Ldentiocal vwith regard te their growih rates. Hetorogenesity
"in the rates of growth was MG betweer VR male amd VR
‘female, and VR sale and ¥0 female.

'ﬂn "Wird vice cerrelatien i-m odeerved and expested
shank lemgths at 2ifferent ages we¥e very high, the least
value deing 0,.9304 (Zable 32).

The values of 'd' whem expemential curve was fitted te
the shask lemgth of VO male ranged frem 0.1291 to 0.168.
The correspending rarges for WO fomals, VR male and VR
‘female were respectively O.1234 S 0.1626, 0.1453 to 0.1834
snd 0.1162 S0 0.159¢ (Tadle 32). Amalysis of varienes of
the 'd' valuss (Table 33) shewed lask of Bomogeneity between
the rates of growth. Hewsver me sigeificant difference was
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observed in the rates of grewth of the Swe female genetie
greups. Alse ne significant differemce detween WO male and
WR female was seen. All 8%her pairs differed significantly.
The aversge walue of 'bd' was highest for YR male followed
by WO male. WO female bad the least average value of °‘d'.

Using the expenential relatien expected shank lengths
at different ages were computed. For each bdird the observed
and expected values were highly correlated, the least deing
0.9475. The relevant infermation is giver in fadle 34.

Nodified exponential fitted to the sbask lemgth im the
form of y = k + ab® is presented in Zables 36, 57, 38 amd
39. The smallest 'd' values of the medified expenential
£1tted to elght weeks shank length of the feur groups were
1.02%2, 1.0552, 1.04 and 0.9609 respectively for ¥C male,
VO female, VR male and YR female. 2The maximum values were
1.4783, 1.3526, 1.4973 and 1.3427 respectively. The analysis
of variance of the 'b' values (Tadle 40) showed mo cinlﬂ@
difference betwesn the rates of growth of the four greups.

Goaperts curve of the form y = a® was aleo fitted to
the shank length of each dird. 2he values of a, b and ¢ for
the feur greups were presented im Tables 41, 42, 43 and 44.
The amalysis of varisnce of ‘3%’ assesiated vith four gresps
is given in Sable 45. It wag found that the rates of grevth
of She four groups as neasured by Semperts fora of growth
were homegemectus. : '
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Legistie curve was fitted to shank lengths of eash drd
for eight weeks. The form of the curve was
REEN RS
y | ‘
The parameters a, b, ¢ for the four greups are given in
Tadles 46, 4T, 48 and 49.

Zhe grovth parameter 'd' of shank length, as recemmended
by Rao (1938) was estimated for each Bird. The estisated
values are presented iz Tadle 50. The snalysis of covarisnes
of 'd wvalues taking imitial shank length of the birds as |
coneonitant variadle is presented im Tadle 51. The inmitial
shank length had mg sigeificant influence on the ‘d' wvalues
vhioh themselves were bhomogeneeis.

Using Rao's wethed the growth Paraseter 'd' vas estisated
for body weight alse. As each of the ‘d' valies var very
large, to reduce them to mamageabls sise, each was divided
by 10°, and the resulting 'S’ valies are given iw Tadle 52.
Zhe analysis of covarianes of 'd' values (Rable 53) taking
initial bedy weight as cowoomitant variable indicated sigei-
fioant 4ifferemnce detween the greups. WR male Aiffersd
significantly from the rest of the greups which were
homegunegus. 2The average °'»’ wvalues iorp 25.764, 19.898,
43.9957 snd 22.9846 respeotively for WO male, VO female,

WR =male and YR female. |



Zadle 1.

Initial (8ay ¢1d) and mt ond mean shank l.omi of
the drds for oight weeks

Poried Grevy
W male WO female VR male WR female
Day ole 2.46700.054 2.46030.080  2.42300.076 2.443 20.067
1 2.700:0.006 2.680:0.095  2,69720.095 2.690+0.108
2 2,997¢0.209 2.929540.184  3,01000.185 2,943:0.148
3 3.98720.575 5.287:0.311  5.50%0.297 3.323:0.207
4 4.09020.529 3.99320.%60  4.29720.412 4.000+0, 380
S  4.91300.600 4,68020.404  $.29%00.%509 4.80020.471
6 5.827¢0.619 5.3520:0.579  6.35300.371 5,65020.585
7  6.79320.618 6.20300.539  T.30720.629 6.540+0.570
8  7.653:0.391 7.1%020.675  §,34020.639 7.36020,552
DUBBRRase £ 4 g 3 1 2 L L WO ONBNET BSPDN




Tadle 2. Imttial (day 14) and week-ond mean bedy weight of the birde for
eight weeks.
Periet Greap
¥C male W female YR =ale WR female
Imitial 99.867+ 2.825 40.95%:.5%.151 41.100¢ 1.886  38.267¢ 3.151
1 48.%00¢ T.736 48.000¢ 5.434 $3.000¢ 6.947  48.53% 9.619
3 118.800¢ 36.210 116,733 26.235  145,667¢ 33.583  116.%0+ 30.580
4 200.000¢ §9.880 182,133 48.175  249.95% 58.220  198.235¢ 51.436
5 309.35% 90.594 2T4.467¢ 64.555  400.967+ 95.894  301.13%: T72.250
6 436.23%115.958 ST1.63% 93.656  585.500:127.731  421.900¢ 90.570
T S83.16T2147.559 505.3670126.616  783.133:180.530  550.2672113.246
8 T44.83%2176.854 648.2002165.699  970.267¢240.639  T11.9352120.247

3



Tadle 3. Amalysis of varianes .f fnitial shank lemgth of

four groups of
Seurce at [ ] nss ) 4
Between greups 3 0.0337  0.0112 2.28
SN BREBw DS NN D R 2 SN SN RN S

2adle 4. Amalysis of varianes of shank length at the end
of fivet weok.

Seurce ar 88 nss ¥
Between groaps 3 0.0070  0.0023 0.248
Vithin greaps 116 1.1090 0.0093

RN D s WSS 4 A A8 AR AR I AN AR NS
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fable 5. Amalysie of variasse of shank length at the ent
of tve weeks.

Seurce ar s nas 4

Between groups S 0.1%87 0.0%19 1.504%

Vithin greups 116 4.0041 0.0%4%

Tadle 6. sis of variance of shamk lemgth at Sthe ond
mc weeks. et

Seuree a2 s NS »

- o] AN SR

Botween gresps 3 0.812% 0.2708 2.35679
Vithin grewps 116 12.2328 0.105%

N DDNSNN NS DS E N S SIS 0 NS NS W N R N SIS I I A DU



Cadble 7. Amalysis of variance of fourth week shank leagth.

Seuree o 8s nes 4
Vithin greaps 116 21.7153 0.1872

AR M RIE AN ID A IR A U 1) A AN R G- SN G L IR S AR IR SR AR QB AV NS WNAY W AR U U1 A5 4 IR 40 NI IR HDAR A D
* Indicates significance at 3% level.
0.D. for cemparisen detween greups = {,.32218.

Tadle 8. Analysis of variamce of fifth week shank lemgth.

- anep e

Seuree 4 58 nas »
Between greupe 3 €.3424 2.1149 8. 15750
Visthim greups 116 30,1414 0.25981

*® Indicates significance at 1% level.
C.D. for semparisen = Q. 260§-



o

2adle 9. Avalysis of varianes o«f sixth week shank length.

Seuzee a . a8 nss ?
Between greups 3 12,0649 4.0216 11.2279**
Vithin gresps 116 41.9%64 0.5582

0.D. for cemparisen = 0,%06

fable 10. Amalysis of variawce of seventh week shank lemgth.

Seuree @ ss nes »
Detween gresps 3 17.13 5.7 13.6224%*
¥ithis greups 116 42.9941 0.3658

DS NN AT ST A 0 1 S SN S S NS 1R 5 B NS AR W R DR AR T B N D YD

0.9, tw comparises = 0.3091,



Tadle 11. Amalysis of variance of eighth week shank length.

Seuree ar . 88 ’ ] ) 4
Between greups 3 24.8162 8.2721 20,7240
Vithin groups 116 46.3%017 0.%992

MO SIS SWN S S G W R B II I B I 25 SRS S NN N S0 SN DN BN RN SENen

C.D. for cemparisen =~ 0,.35231,

Table 12, m:u of varianse of initial (day old) dely

~ Beurce as 83 nas ) 4
Between greups 3 152.89 50.96% 6.20%
Vithin greups 116 %41.9 8.1198

SNSRI D I I D I S S S A AL SO SN TR 0 - 1R N N S W I NS

C.D. for cemparisen between grenpe = 1.437.
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Zable 13. Analysis of variance ot boldy welight at the and
t{uﬁ week,

Seurece ar 88 nss ) 4
Between greupe S 493,023 164.5%4 2.761*
Vithin greaps 116 €904.5 39.92

BB BN BN RS SR SH BB S NS00 SH T BBNWE IS B9 SEBNE NN NN 0N NN S wngl

0.D. for sonparisen detween greups = 2,761,

Table 14. Amalysis of variance of bedy weight at the emd

of two weeks.
Souree 4t s nas b 4
Botween grevps 3 $834.57  1278.19 3.68°

¥ithin greups 116 40284.2 347.29

a.9. tu? oguparisen detwen greupe = 9.53.



fable 15. sle of varianoe of bdoly weight at the end
momh.' » &

Seurce | [ } 4 88 nss 2
Jetwoen groups 3 157T75.%0 5298.5 5.08%e
Vithin greups 116 121%04.9 1047.46

. ~

G.D, t.! cenparisen = 16,59,

Tabdls 16. Aadnu of variance o dedy weight at tho o-l

four weeks.
Searce ar a8 . Mes .
Between gredps 3  TTS84.65  23861.54  T7.55%
Yithin greups 116 , 397240.0 S424.48

0.D. for semparisen = 29.92.
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Zable 17. unnu of varianee of body weight at the ond
five weeks. .

Seares ar 8 | nss )
Retween greups b 272697.%5 90899,12 14.075%*
Vithin greups 116 74916%.0 6458.3%4

G.D. for compariser = 41.09.

2able 18. Analysis of variance of body weight at the end

of six weeks.
Seuree [ 1 4 | nss ) 4
Between greups s - T62673.47 2%4224.5 21,09
Vithin gresps 116 1402073.0  12096.34

0.D. Lor semparisem = 56.22.



2able 19. Analysis of varianse of body weight at the end
of seven weeks.

Soureoe az 8s Mg ) 4
Detwsen groups 3 1553893.50 451297.85 20,97*
Vithie groups 116 2496448.0  21521.10
GOUSEREERBERBED SSOeS SBBTNNNee

C.D. for comparisen = 73,01,

fadle 20, mx-u of varianes of dedy weight at the end

of esight weeks.
Souree at C nss ’
Detween groups 5 1760241.09 589413.96 17.38%

Vithin groups 116 5932095.0 53904.27
suseswsne s » ‘

0.9. feor comparisen = 94.19.




Table 21. Serial cerrelatiom detween shank lengths of VO male at the end of
different weeks.

Day old 1 2 s 4 s 6 7 8
Bay 24 1 4345  .0T92 0110 .0352 .0409 A6TT 2311 1504
T 1 6893%% _6231%% _GOITe* .STTI%® ,5223% _5350%% ,5336%e
2 1 <5890%% _STTT* .S134%% _T099°* ,TI04°* .T412%*
3 1 .9109% .8367°% .TITS®® .T46T°% .J387*
4 1 -8904%% .T550°° .T899%* .Ty92e
s 1 .8872%% .09 .9tme
s 1 .e638% B80T
7 1 +903528
s 1

13



Table 22. Serial cerrelation detween shask leugths of VC Lfemale at the ent of
different weeks.

Day old 1 2 3 4 s N | 7 s
Pay 012 ¢ S995%% _4TISe® _4346° .028 4294 .4493" 49R6Y 4040
1 1 JTSS9%® 7630  _6418% . T496"" .T308%* _(818°* (346"
2 1 -8695%% _G563°" .7610%* ,6B18%° (TIS*° (1T
S 1 T583°% .B24T"" .8023°¢ .TI6P*" .6902°°
‘ | 1 LB810% _T835%* TP TS0
s 1 -9335¢* _go9tse gTE9"e
6 1 .93T2% 8708
7 1 +8900%*
s 1
T pTI————=

14



Zable 23. Serial cerrelatien betwsen shank lengths of WR male at the end of
: 41fferent weeks.

Pay old 1 2 s 4 s 3 7 )
Pay ola 1 ~.2880 0470 ~-+1030 =-.1570 -.24%0 -.0153 ~-.0033 .0480
1 B .6043%* .5B2% _53TSeC 4760°% .5433°F .4819° .2000
2 1 JSZTAY LT2270% LGA%6%® .51169% S2UESS .4B61°
3 1 .8881%® _7950°% .6311%% 59250 ,526p%*
4 | 1 .B613%° 7479 .6823%* 6574
s 1 J5T20%* 7852 7536
3 1 .9183%* _g300%e
7 1 .9%9%
s 1

IR I S A AR DDA AR 45 SR AR IR AR A A 4B URA0 DD 15 O S 20 N A0 00 4N SRR SR AR AR AR N1 A0 FR AR AN 08 20 MU IR A SR AN AN R AD N AN AN D AR PN 1RG5 SRAB AN 1B BB 1 B I W



Table 24. Serisl correlatios between shank lengths of VR female at the end of
differvent weeks.

Bay eld 1 2 3 4 S ¢ 7 s
m ‘1‘ 1 .2925 01”‘ .051‘ .02‘5 0.0349 -.04'” OW’ '.om
1 - T622%* ,8063%* ,TO23°* .T565%" .TB19%% _E922%* 5606

1 «B1T76%* ,T7600%% ,TTI6%® .T4TL™™ .T6O4*" .6043°*
1 STI9%® B3TT** .TTTI* .6873°° .59T1**
1 +88T2%% ,B109%* . TE4T** .6322%
1 .8809%* .8086%* (911
1 -9309%¢ 8515+
1 <9078 *
1

B I O V & N =

FBARNEND G2 T B AN 00 15 SV 1) SRR U A0 AR AR AR AR AR AT AR R AR R O A A A 40 SR A 0 08 TR ORISR MRS AR O 10 W 10 R IR NS AR AR R S IR AR AR 402D 45 AR U0 0 A SR AR AN SR AN



2adle 23.

eanmmu m boly w 4 shank length
at the ond of amm"mw -

Peried

Groups

-

- -

YOmale VYO fesmals WR male VR female

MDA S W A QR SSRGS A S RS SR

W

Day eld 0.1024 0.4919** 00,0070 0.4899%
1 0.8050°* 0,8R42%  0,5212°* 0,7270%
2 - 0.9400%  0,8896%*  0,7433°*  0,7063**
0.9353%  0.9130°*  0,9025°°  0,0559°°
4 0.9265%¢  0,.9444"*  0.8342%*  0,8340°*
5 0.9645%*  0.9339%*  0,8358%* 0,0537°*
¢ 0.9242%*  0,9344" o.mt" 0.9674%*
7 0.8950°*  0,9388%  0,8529%*  0,7S54%*
s 0.8051%%  0,.9449% 0.8361°* 0,939

ont Lor

hn.mnn-

goneity of

serrelation  62.3323°% 38.5108%  30.2974°* 15.1791

cesfficionte ,

vithin esoh

moup.




W O N O Ss wu N -

.ﬂ—““a‘-‘
83‘33.u.u--o

0.9062
0.9978
0.9%43
0.9068
0.9906

. 0.9764

0.9970
0.9934
0.9967
0.9886
0.9915
0.9902
0,997

0.9964

0. 9967
0.9943
0.9976
0.9928
0.9965
0.9972

0.9900
0,908%6

'0.9948

0.9900
0.9907
0.98%¢
0.9807
0.9882
0.9863

0.9930
0.9099
0.9963

0.9983
0.9984
0.9918
0.9956
0.9074
0.9943
0.9923
0.9958

0.9960
0.9839
0.9906
0.99%68
0.9954
0.9769
0.9893
0.9985
0.9918
0.9846
0.9948
0.9938
0,998
0.9982
0.9931
0.9962
0.9973
0.9924
0.9887
0.9801

 (Oowdtee.)



fadle 26. (Gemtd......)

-?’t
Mrds T N ~ N
¥ Nale WO Fgmale , ¥R Nale WR Female
21 0.9956 0.9930 0.9987  0.9915
22 0.9982 0.9968  0.9848 0.9961
23 0.9894 0.9944 0.9944 0.9980
24 0.9982 0.9961  0.9991 0.9951
25 0.99%6 0.9946 0.9952 0.9976
26 0.9933 . 0.9982 0.9972 0.9976
27 0.9942 0.9906 0.9981 0.9926
28" 0.9947 0.9960 0.9965  0.9962
29 0.90894 0.99%5 0.9969 0.9949
30 0.997 0.9907 0.9973 0.9924
Ohisguare .
fer Sesting L .
hemogeneit ST72  29.4218 62.7T166%* %1.5166
of sorrelation ‘
seeffisieonts.

;
WOV BES EN S WS N W B8 5 SN0 80 0SS S 0NN EPENE SDNS 2 355 15 5 W 500000 0Bl



2able 27. Oorrvelation _detween shank length and age of

inaividual rdls.
o - vx!’b"

M wmae W Fesals ¥R Nale VR Female
1 0.9834 0.9833 " 0,9665  0.99%%
2 0.99635  0.99%8 0.9923  0.9722
3 0.9819 0.9857 0.9920  0.95%6
. 0.9657 0.9608 0.9870  0.97%
5 0.9657 0.9676 - 0.9767 0.9648
¢ 0.9948 0.9860 0.9754  0.9078
7 0.9524 0.9836 0.9744  0.97%9
s 0.9785 0.9T17 0.973  0.9644
9 0.9704 0.97%1 0.9968  0,9843

10 0.9848 0.9693 0.9848  0,9769

11 0.9639 0.9899 0.98%4  0.9876

12 0.9729 0.9798 0.9623  0.9812

13 0.9540 0.9891 0.9687  0.9T%

1" 0.9674 0.9798 0.,9822 0,964

15 0.9676 0.9112 0.9770  0.9748

16 0.95TT 0.9779 0.9781  0.9733

17 0.9634 0.9791 0,962  0.9664

18 0.9529 0.9978 0.9743  0.9899

19 0.9606 0.9753 0.9392  0.9712

20 0.9911 0.96T2 0.9778  0.9760

,, | (Oemsd...)
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‘!010 27. Oemtd...

- - - -
L2 2 - -  d

- RN | . | - .
Mris  vwrale WO Female VR Nale VR Pemale
21 0.9620 0.9695 0.9115  0.9828
22 0.9%2 0.9 . 0.9%06  0.9843
23 0.9964 0.9680 0.9783  0.9798
u 0.9476 0.9781 | 0.9632  0,9683
25 0.9517 0.9749 1 0.9803 0,979
26 0.9745 0.9584 0.9720  0.9738
27 0.9603 0.9721 10,9771 0.9827
28 0.975 0.9643  0.97%  0.5729
29 0.9915 0.9676 0.9795  0.9627
30 0.9963  0.9658 0.9934  0.9908



Table 28,

at diffeorent weeks 1i» the form y = a *+ Wx.

kinear predietien equation for predicting body weight using shemk length

rerted eRQUP
YO Nale ¥O Pemale VR Nale VR Female
a b a ® a | a »
Day old 39.87 0.0019  40.93  0.0125  41.10  0.0003 38.27 0.0103
1 48.50  0.0089  48.00  0.0145  33.00  0.0071 48.53 0.0081
2 75.60 ©0.00935  T7.03  0.0104  89.40  0.0070 76.5T7 0.0064
3 118.80  0.0097  116.73  0.0108  1435.67  0.0080 116.30  0.0081
4 200,00 0.0070  182.13  0.0071  249.95  0.0063 198.23 0.0063
S  309.33 0.0064 274.47  0.0060 400.97  0.0050 301.13 0.0056
6  436.25 0.0049 37.65  0.0058 3585.50  0.0039 421.90 0.00%6
7  583.17  0.005%  505.57  0.0041  T8S.13  0.0050 350.27 0.0038
8  744.83  0.0030  €48.20  0.0058  970.27  0.0023 711.93 0.0038



)

Tadle 29. Amalysie of variawse of limear grevth rates of
- the fear greups of Winde.

e ) -

Seuree ' 4 s nss ) 4
Between groups S 32777.09 1923.59 2.279
Vithin greuys 5 27007.11 843.97



fable 3. Livear predictien eguations of the ferm y = athx for predicting sbank

length of different nsysing age.
Grenp .

Mris womele ¥C Femgle ¥R Mol V& Feuala

a » a ] a _I_b o a
1 1.2555 O.T06T 1.2444 0.7400 0.6444 0.9000 1.4889  0.4400
2 1.2806 0.8350 1.4583 O0.6730 0.9528 0.9117  1.3889  0.5000
3 1.2972  0.6117 1.4T73 0.5800 0.8361 0.9617  1.163¢  0.6217
4  1.3611  0.5653 1.4T2 0.6083 1.2194 0.7450 1.1806  0.6150
s 1.3611  0.5633 1.1222 0.6667 0.9694 O0.7417  1.3972  0.4917
6 1.3417 0.7963  1.4944 O0.5167 O0.T528 0.8117  1.4750  0.6250
7 1.2444 0.5600 1.3833 0,7033 0.8389 O.7767  1.1556 0.6333
8 1.17T79  0.6600 0.9417 O.TS17 0.6523 0.9517  1.0417  0.6533
9 1.0639 0.7250 1.0972 0.6450 11,3222 0.7553  1.1583 0.6633
10 1.2444 0.6733 1.3339 0.5100 0.8222 0.8267 1.8417  0.5383
11 0.9778 0.7200 1.26%4 0.7350 0.9917 0.7983  1.2389  0.6967
12 1.3472  0.6130  1.4917 0.5217 1.1444 0.6267  1.4917  0.5217
1S 1.3555 0.5400 1.6028 0.4817 0.8250 0.9083 0.9861  0.6917 &

{Contd..)



fadle 0.

17

Oontinved.
¥ Nale ¥C Pemale R Male VR Pemale
* T > . N a ® . v
" 1.5278 0.5900 1.3222 0.5955 1.0472 0.T530 1.1853  0.6253
15 1.2417 0.6450 1.3¢44 O0.5467  1.1944  0.6833 1.2722  0.6233
16 0.9861 0.6583 1.4417 0.5050  0.9528  0.8183 1.1306  O.TH1T
1.0222 0.7067 1.4222 O0.5867 1.0167 0.6700 0.9500  O.T167
18 1.3%1 O0.5217 1.2472 0.7217 0.5506 0.7083 1.2533  0.T200
19 1.0417 O0.6733 1.3444 0.6133  1.1000 O0.6T33 1.2972  0.3450
20 1.4417 0.8117 1.1278 0.6767 0.%961 0.7950 1.1053  0.6783
21 0.9889 0.7200 1.4778 0.4967 O0.7750 0.52%0 1.3750  0.6517
22 1.0159 0.7550 1.3961 0.5517  0.8111  0.8133 1.1472  0.7283
23 1.1083 0.7183 1.2722 0.603%  1.2000 0.6583 1.0972  0.7250
24 1.0778  0.6333 1.1355° 0.6600 0.9889  0.7200 1.3250  0.6283
25 0.6000 1.5806 0.4983  0.3833  0.8233 1.1199  0.6960

1.2111

(Conta...Y



Cadle ¥». Mm‘-

WO Male WO Pemale ¥R Nale YR Female
MNris .

a » a » Y » Y »
26 1.2611  0.6567 1.3444 0.5200 0.7389 0.85433 1.0083 0.7250
27 1.1917  0.6083 1.3583 0.6417  0.9167  0.9567 1.2972  0.6630 .
28 0.9639 0.7383 1.4444 0.5533 1.3111 0.6667 1.2583 0.6217
29 1.4056 0.6167 1.2056 0.5633  1.1917  0.3930 1.3%61  0.6617
30 1.0553  0.8400 1.4111 O0.5267 1.996%  0.6517 1.4061 0.7T317
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fable 31. Amalysis of varianee table of limear grevth utu
of feour greups of Mirds.

D oo b A A N A0 SN A S D W I AP A AR IS S

Seuree B 4 s n3s ’
Between p.". h | 0.2601 0.0867 3. 1371

Vithin groups 116 2.6957 0.0232

0.D. for comparisen between treatasnts = 0.0778.



- Table 32, OCerrelatien bdetwesn observed and expected shank
lengths of four groups of ohieks fer eight weeks
of age vhen linear eguation was £itted.

Group
MRS ~mmmemcevemecceen saneeceaman s meae mmeammmaee e enmmeae
' W0 Nale ¥ Pemale VR Nale VR Female
1 0.9898 0.9494 0.9597  0.9549
2 0.9963 0.91% 0.99286  0.9724
3 0.9960 0.9083 0.9909  0.9569
4 0.9652 0.9684 0.9861  0.9993
S  0.97%9 0.9694 0.9776  0.9683
6 0,999 0.9059 0.9739  0.9878
7 0.9531 0.982% 0.9706  0.97%
8  0.978 0.9727 0.9672  0.96%
9 0.970% 0.9770 0.9959  0.9843
10 0.98% 0.9693 0.9848  0.9681
11 0.9076 0.9872 0.9797  0.9823
12 0.9728 0.9846 0.9630  0.9813
15 0.9546 0.9868 0.9653  0.9T%
14 0.96T4 0.9776 0.9785  0.8767
15 0.9678 0.979% 0.97%  0.9743
16 0.9578 0.9741 0.982  0.9817
17 0.9637 0.9813 0.9598 0,947
18 0.9533 - 9.9903 0.97%¢ 0.9081
19 0.9606 0.9%84 0.9549
20 0.9910 0.98%09 0,978

'

(Oemte....) .
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fadle 352. Gemtinued.

- -_h

oo e Greap .
¥0 Male WoFemale - . WRNale VR FPemale

2 0.9619 . 0.9742 . 0.,9680 0.9746
22 0.9844 . 0.9654  0.9806  0.9813
235 0.9864 . 0.9789 ©0.9801  0.9901
24 0.9476 . 0.97%9  0.9741  0.9784
5 0.9518 . 0.9%84 0.9803  0.974!
26 0.9749  0.9692 ~ 0.9720  0.9823
27 0.960% 00,9576 0.8908  0.9744
28 0.9791  0.9646 0.97T3  0.9912
29 0.991%  0.8%504 0.978t  0.9710
%

0.9863 0.976% 0.9524 0.9847




Ireup
Nrés W Nale WO Pemale ® Nale VR Pemale
L ) » a » [ » s »

12,0583  0.1525  2.1209 0.15357  1.8874 O0.1787  1.9659 0.1162
2 2.1958  0.1647  2.1545 0.1475 - 2.0461 O0.1779  1.9387 0.1288
S 1.9883  0.1432  2.0954 0.1352  2.0260 0.1834  1.9452 0.1429
4  2.0000 0.1347  1.8549 O0.1473  2.0870 0.1564  1.9034 0.1463
5 2.0013  0.1422  1.9478 0.1499  1.9024 0.1622  1.948 0.1238
€  2.2013  0.1604  2.0242 0.1290  1.8241 0.1797  2.1434 0.1397
T  1.9271  0.1351  2.1683 0.1484  1.8485 0.1685  1.9181 0.1477
8  1.9628  0.1499  1.9062 0.1626  1.8185 0.1T74  1.8754 0.1515
9  1.9820  0.1557 1.5722 0.1519  2.1211 0.1588  1.9395 0.1528
10 2.0000 0.1518  1.9064 0.1307  1.8635 O.1754 2.0%0 0.1%6
11 1.90% 0.15%0 0.1559  1.9597 O0.1664  2.0185  0.1543

2.0937

(Contd.....)

3



Table 33. Centinmsed.

Mrds ¥ Nale W Female VR Nale ¥R Fomale

a » . » a » , a T »

12 2.0956 0.1399 2.0411 0.1284  1.8208 0.1453  2.0400 0.1285
15 1.9913  0.1302  2.0578 0.12% 1.9060 0.1682  1.9547 0.1583
14 2.0138 0.1448  1.9923 0.1401 1.9646 0.1622  1.9463 0.1440
13 2.0281 O0.1355  1.9416 0.1358  2.0059 0.1511  2.0033 0.1429
16 1.8114  0.1510  1.9560 0.1297 1.9919 0.1672  2.0060 0.1538
17 1.9527  0.1548 2.0676 0.1364  1.8T52 0.1529  1.S763 0.1590
18 1.9497  0.1291  2.0625 0.1554 1.7572  0.1632  2.0491 0.1558
19 1.9106  0.1521  2.0517 0.1399  1.9941 0.1457  1.9191 - 0.1353
20  2.0590 0.1672  1.9720 0.1500 1.8959 0.1675  1.9321 0.1532
21 1.8978  0.1588  2.00%9 0.1232 1.8782 0.1M7  2.1084 0.1457
22 1.933 0.1657  2.0201 0.1526 1.8497 0.1739  1.9851 0.159
23 19491 0.159¢  1.9788 0.1409  1.9728 0.1486  1.9894 0.1563
24 1.9910  O0.1461  1.9213  0.1517  1.9151 O.1574  2.0548 O.1414

(Oontd.....)



Table 33. Centimved.

~ Grese ‘
Mrds ¥ Rale | ¥O Pemale R Nale ¥R Pemale

s L . » a L I L

1.9469  0.1401  2.0910 0.1208  1.9389 0.1703  1.9731 0.1529
2.0319  0.9464  1.3434 0.1295  1.86839 0.1745  1.9220 0.1590
1.9307 0.1428  2.0416 0.1484 1.9259 0.1744  2.0564 0.1475
1.9968  0.1617  2.0271 0.1328  2.0008 O.1416  1.9957 0.1428
2.0554 0.1430  1.8699 0.1396  1.8807 0.1450  1.9881 0.1342
2.059 0.1880  1.9825 0.1300  2.06T8 0.1476  2.1920  0.1550

e3332Y
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fadle %4, »_of varianee of the oxuuatm grovth
rates (b) of shbamk length im the feur greaps
of Myds.

Seurce s 88 nas »

Betwoen groups S © 0.0092 0.003082 23.351%e

Vithin greups 116 0.0151 0.000129

C.D. for cemparisen detwesn groups = 0.0058,
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2adle 35. Cerrelatien between obssrved and expesoted shank
hs of four groups of shisks when expenen-
L squation was fitted.

SRR A G- GIND A WP A g ..-....k.n -

Mris o uale ¥O Pemale WA Nale VR Female
1 0.9800 0.9831 0.9661 0.9553
2 0.9964 0.9938 0.9350 0.9473
S 0.9919 0.9863 0.9923 0.9532
4  0.9086 0.9685 0.9869 0.9735
S 0.9756 0.96T5 0.9766 0.9843
6  0.9%48 0.9860 0.975% 0.9878
7  0.9524 0.9837 0.9730 0.9738
8 0.9788 0.9717 0.9714 0.9728
9  0.9708 0.9787 0.9913 0.9843
10 0.9785  0.9693  0.9852  0.9606
11 0.9617 0.9088 0.9828 0.9878
12 0.9699 0.9718 0.9629 0.9789
15 0.9540 0.9643 0.9692 0.9M2
14 0.96T4 0.9782 0.9821 0.9847
15 0.9676 0.9814 0.9771 0. 9642
16 0.957Y 0.9576 0.9781 0.9682
17 0.96%5 0.9702 . 0.9667 0.9761
19 0.95% 0.9880  0.9759 0.9747

(0‘“. L 2 J )



Table 9%5. cuunué.

Oreap
Birds VO Male W Pemale VR Nale  WR Female
19 0.9609 0.9913 0.5795  0.9561
20 0.9910 . 0.9747 0.9791 0.9681
21 0.9620 0.968¢ 0,972 0.9T3
22 o.9842 0.9458 0.9778 0.9814
23 0.9064 0.9881 0.9782 0.9643
2 0.9476  0.96%8 C 0.9741 0.9004
2 0.9786  0.9T13  0.9632 0.9518
26 0,974 0.99%6 0.9716  0.9744
27 0.9817 0.9782 0.9770 0.9602
28 0.9913 0.9643 © 0.97%0 0.9728
29 0.9748 0.9884  0.9796 0.9916
» 0.9846  0.9849 0.9934 0.9783




Tadle 36. Centinued.

Birds k a »

19 1.910% 0.3932 1.3649
20 =T.1756 8. 7065 1.069%
21 1.7434 0.5233 1.3512
22 «0,1167 2.0289 1.1733
23 14856  2.9010 1.1348
24 2,216 . 0.2087 1,455
25 2. 919  0,1691 1.4783
26 1.6806 0.6619 1.2069
3 1.9081 0.4107 1.3400
T I 1.1326 0.9573 1.2952
29 -1.8176 3.6709 1.1063
% «0.6162 C2.9962 1.1596




2adle 37.

Grovth pattere of shank length of the WO
Fonmale birds in the nedified upmntul
forn y =k + b

Mards k s »
1 0.1032 2.0212 11718
2 ~2.3352 4.2676 1.1024
3 0.2197 1.9000 1.15%9
n 1.3000 0.7638 1.2599
s 1.4634 0.7517 1.2706
6 0.2916 1.8107 1.1481
7 0.6061 1.6257 1.1908
s 0.9 1.2008 1.25M
9 0.7292 1.2450 1.2078
10 1.5958 0.5668 1.2757
1 ~2.0667 4.6913 1.1006
12 0.6098 1.5028 1.1655
13 -5.0190 6.8566 1.0852
14 0.7943 1.2649 1.1993
15 0. 7413 1.2814 1.1877
16  0.9611 1.11%0 1.1948
17 1.3406 0.9280 1.2509
1 “1.6174 3.4500

1.1295
(Uoltlun)



2adle 37. Contimeed.

Mrds X a »

19 1.1512 1.0957 1.2133
20 1.8020 0.5171 1.3240
2 1.9186 0.4092 1.3124
22 1.5990  0.6338  1.2662
23 1.87%0 0.4568 1.5263
24 . 0.4822 C1.5062  1.1892
2 1.4679 . 0.8098 1.22%1
26 1.7755% 0.4809 1.2951
27 1.3528 0.8954 1.2849
28 1.6629 0.6284 1.272%
29 1.89%0 0.4010  1.3%26
% 1.88% 0.4440 1.3087




Table 53, Orewth pattern of shank length of VR Nale
¥irds in the nedified expenential ferm

yekead
3rds | 3 s »
IR 1.5721 0.6345 1.3327
2 -4.9879 6.9590 1.0929
SR 1} 3.9956 1.1019
4 “0.47T74  2.3041 1.1519
s 0.5910 1.4013 11,2098
6 0.5039 1.5842 1.2224
7 0.5675 1.3458 1.2209
s 1.1102 0.9036 1.2008
9 =14.2000 15. 1118 1.0400
10 -0,9927 26979 1,155
1 -0.3222 2.2138 1.1606
12 1.7956 © 0.4610 1.3300
13 1.4272 0. 7614 1.29%4
1“4 ~0.6517  2.4998 1.1540
135 0.Ta® 19406  1.2063
16 0.7572 1.3842 1.2225
1 1.6493 0.5324 1.5198

18 0.4%48 1.960  1.2078

(Oonte.....)



Ladle 98. Oentinmued.

Birds a »

19 2.4040 0.1674 1.4973
20 0.4992 1.459% 1.2129
21 1.2778 0.8428 1.2086
22 0.5238 1.9406 1.2061
23 0.4182 1.1988 1,219
24 1.9184 0.4273 1.3596
) 0.1479 17899 1.1956
2 1.4883 0.7084 1,314
27 0.4104 1.5481 1.2172
28 1.0648 1.0937 1.2183
29 1.1038 - 0.8907 1.2368
% ~6.9567 8.6709 1.0883




Pable 39. Growih pattern‘ef shank length of VR Pemale
rds in the nodified exponential ferm

y=k+ b,

Mrds x a »
1 2.0156 0.2997 1.3372
- 2 0.9551 11,0981 1.1927
3 1.7708 0.5071 1.5132
‘ 1.3991 0.7362 1.2655%
s 1.6000 0.5984 1.2%99
6 0.2083 2.1012 1.1531
7 1.3667 0.7041 1.2999
) 1.7026 0.4655% 1.5335
9 <0.9383 2.0001 1.1659
10 1.1843 1.0208 1.2099
1 ~1,1988 3.08%1 1.1298
12 -0.4074 2.0538 1.13%0
13 1.1658 0.9984 1.2949
14 1.8104 0.4756 1.3244
15 1.4533 0. 7841 1.2599
16 1.1927 0.9988 “1.2454
17 1.7153 0.4808 1.3427
18 -1,1014 3.0068 1.1526

(emc.;..)



Zable 39. Cominmved.

Mrds k a ®
19 1.4523 0.7099 1,259
20 0. TI11 1.3514 1.20%0
29 0.8122 1.4290 1.1929
22 -1.4927 3. 3208 1.12%%
23 1.4553 0.7056 1.279
2 1.8926 0.5101 1.3172
25 1.2992 0.8954 1.2549
26 1.4T50 0.7216 1.2992
27 0.6573 1.4591 1.1961
28 1.5299 0.7106 1.2711
29 1.9300 0.4153 1.5262
% 23.8708 -22.7%66 0.9609



fadle 40. m&n vmuu of grevth rates (V)

length i» She four of
birds dased on npdified mm:l.

Seuree (1 4 | 2 N8S } 4

Between grecps b 0.0157 0.00924 0,209
Vithin greups 116 2.1423 0.01847



Tadble 41. Orewth pattern ¢f shank lon of WO NMale
in the Oemparts fomn y = ad

uu- a » e

1 13490 0.0002 0.9812
2 28, 3500 0.0630 0.9074
3 0.0693 29.7700 1.0563
‘ 0.5968  _ 3.6500 1.0742
s 0.7909 2.7810 1.0931
3 18.020 0.0978 0.8809
7 1.8870 8, 7600 1,220%
s 0.3473 6.1190 1.0624
9 0.7230 3,060 1.0924
10 26.510 0.0663 0.9194
1" 9.9790 1,7580 1.1491
12 0.7188 3. 1420 1.0844
13 1.7510 1.95%0 1.1888
14 0.4693 4.6470 1.069%
15 1.4650 1.99% 1.1%508
16 1.5460 - 1,4090 1.1921
17 1.5740 . 2.1420 " 1.1200
18 1.6420 1.3850 1.19%07.

(Comtd....)



Ladle 41. Oontinaed.

Birde e » °

19 1.5360 1.4810 1.1793
20 34,2200 0.0508 0.9164
21 1,459 1.5600 1.1701
22 s x 10° 7427 x 104  1.0087
3 63080 s x 1073 0.9936
24 2,020 4.7190 1.2796
28 2.1340 3.9220  1.2926
26 6.1190 1.93% 1.1266
27 1,488 1.5%00 1,163
28 0.6024 3.4970 1.0882
29 210,1000 9 x10°%  o0.963
0 666 x 105 321071 9,920



 Zable 42. Grewsth pattern of shank length of WO Pesale
X
in the Gomperts form y = ad° .

Birde e » c

1 23 x 10?7 9198 x 107  1.0092
2 101.5000 0.0196  0.9%29
3 0.0011 2024 1.0168
‘ 0.1998 2.4340  1.10%9
S 0. 3080 2.24% 1.1124
6 0.0014 1448 1.0165
7 0.0284 78,8700 1.0302
) 0.21%9 9.5350 1.0567
9 0.13%0 14.3500 1.0465
10 7.69% 1.7380 1.1%06
11 127.7000 0.0182 0.9538
12 0.0595 35,6300 1.0311
13 29.2200 0.0649 0.9404
14 0.1327 13,5200 1.0452
15 0.2411 8.4870 1.0510
16 0.5028 4.1620 1.0678
17 0.79% 2.9590 1.0889
18 679. 4000 0.0028 0.9687

(e."‘ﬂ‘.".)'



2adle 42. Oeutimued.

v‘l”t a B ; D ‘ Y |

19 0.4064 $.4460 1.0621
20 1,29 1.7600 1.1429
21  1.8400 1.4860 1.1368
2 2.78%0 2.0200 1.1147
23 155  1.3040 1.1671
24 - 0,0941 37.2700 1.0%57
23 0.4311 5.0010 1.0897
26 13940 1,605 1.1439
R 0.7190 3.0950 1.0904
28  8.94% 1,830  1.1299
29 120 14840 173
»  1.5260  1.5120  1.1560




Table 435. Grewth pattesn ¢f shank length of WR Kale
x
in the Gemperts foms y = &b’ .

- ' o

Mrds a » e
1 0.779%4 2.2580 1.1271
2 20,9900 0.0761 0.8736
) 63.5700 0.0278 0.929%
‘ 18.3700 0.0959 0.8897
5 0.1173 17.2600 1.0463
6 0.0778 24.8000 1.0449
7 0.0636 30,4700 1.0416
s 0.4170 4.8280 1.0%01
9 18,8200 0.0922  0.8995
10 467400 38 x 10"7  0.9948
" s2x107'% 7261 x 10'4 1,000
12 1.3680 1.6290 1.1535
13 0.1353 2.6570 = 1.1076
14 1999 x 104 9 x 10”9 0.9993
15 0.1589 15,1900 1.0458
16 0.1761 12,1300 1.0529
17 6.5750 1.7990 1.1417
18 0.0549 34.3000 1.0589

(Comta...)



Table 43. Oentinued.

Mras [ Y | ® e

19 2.1680 4.5170 1.2346
20 0.03  63.2800 © 1.0349
21 0.6287 T 3.9810 1.0944
22 ~ 0.0%3 64,4900 1.035%
23 0.2717 7.7870 - 1.0563
24 1.5900 1.4640 1.1841
25 199x10”9 9806, 10>  1.0102
26 0.1062 2.6910 1.1092
27 . 0.0842 37.0%00 1.0413
2  0.38%6 S.57% 1.0624
29 0.5670 3.6350 1.0790
30 - 27,3200 . 0.0663 0.9217




9

10990

Sentd...)
. “* .

Table 4. Growid pattern of shask length of VR Pemales
12 the Gomperts foras y = n' ‘
Mrds e b e
1 1.7910 1.21%0 1.1968
2 0.4543 4.55% 1,0656
3 9.5740 1.7880 1.1953
4 0.4190 2.5260 1.1083
5 3.4690 1.9240 1.1148
6 %094, 1022 41,10~19 0.9998
-9 0.6656 3.18% 1.0969
s 1.3970 1.5060 1.1603
9 26.10~? 748:10° 1.0082
10 0.5061 4.2810 1.0671
19 27540 209,10"7 0.9823
12 9 x 10"  220n108 1.0089
13 0.4804 4.2620 1.0T72
14 1.4190 1,59 1.1562
18 0.79%4 2.7700 1.0941
16 0.4688 4.6500 1,075
1) 1.2990 1700  1.1888
18 18,1073



Tadle 44. Tontinmned.

- td

llrn a » | e

19 0.1644 2.1790 1.10%0
20 0.1780 11,6100 1.0498
21 0.1363 16.4300 1.0421
22 17520 11014510~7  0.,9809
23 0.1751 2.6510 1.1052
24 1.6000 1.4980 1.1702
25 0.6552 3. 3360 1.0866
26 0.1645 2.5960 1.1058
27 0.0690 30. 8000 1.0372
29 0.6448 2.3210 1.1069
29 1.7010 1.3960 1.1827
%0 11.9200 0.1%12 0.8985
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Tadle 45. Aul,nla of dAvarianee 01’ ‘elogd’ in the
Gromperts eqaation.

Seurce ac 58 Kss 4

Between greuys 3 1567.2739 3522.4246  0.0287
Within groups 116  TI131.4827 630.4438



" fabdle 46,

Growth patters of shank langth of WU Nale
in the logietic ﬂﬂ"}"l*h’.

Mrde a ] [ 4
1 0.1789 0.47%0 0.8479
2 0.6814 0.4507 0. 7692
3 -0.8693 0.5733 0.8992
4 ~0.54% 0.9999 0.9587
s =0.6739 1.1304 0.9624
3 0.8320 0.4483 0. 7521
7 0.6764 «0.2467 1.0938
() -0.2417 0.7118 0.9287
9 =0, 4491 0.9018 0.9487
10 0. 7321 0.4683 0.7990
1" -3.8252 4.2819 0.9908%
12 ~0.42%1 0.8697 0.9506
193 0.9090 <0.4786 1.0352
14 <0.2291 0.6900 0.9292
15 3. 4280 -2.9950 1.0109
16 1.3081 =0.8443 1.0992
17 -1.1493 1.6041 0.9737
18 1.2719 «0,8243 1.0959

‘m‘..“)



Table 4%, Comtimued,

Mrde a » €
19 1.6958 -1.2519 1.0270
20 0.6046 0.4814 0.7923
21 1.4199 -0.9812 1.03%3
22 -0. 5565 0.5418  0.8678
23 0.8574 0.5113 0.88%
24 0.5659 <0.1466 1,1360
25 0.5521 -0.158% 1,187
26 =3.4563 3.5096 0.9057
27 2.3363 -1.8908 1,0176
28 -0.56T1 0.8423 0.9396
29 0.40%0 0.4696  0.837%
© -0.6240 0.4903  0.8491
aSnseane RN ‘ WS NSNS SEBBe

]



Table 47. Grewih pattern of shank length of WO Pemales

in the legistiec feomm +— s + b,

l(u- a » °
1 -0.2192 0. 4968 0.8697
2 0.5030 0.4467 0.8206
3 -0.0810C 0.5165 0.9949
4 e1.1817 1.6635 0.9757
5 -1.7440 2.1942 0.9819
6 -0.6486 0.5477 0.9020
7 -0.6136 0.5123 0.9890
8 0. 3557 0.7920 0.9579
9 -0.1546 0.6574 0.9108
10 3.7663 -0.3%02 1.0104
1 0.3841 0.4613 0.8254
12 0.1101 0.5806 0.9150
13 0.7720 0.4369 0.8368
14 <0.1207 0.6035 0.9086
15 -0,2424 0.7279 0.9519
16 ~0.5495 1.0234 0.9381
17 0. 7577 1,178 0.9666
18 0.2884 0.47T3 0,8323

| (c.”‘. L AN .)



fadle 47. Comtinmued.

MMrie a

19 =0,2229
20 -4.9128
21 1. 73
22 «-2,2009
a3 1.3719
24 «0,1248
3 =0.5910
26 .41
27 =0.4%590
28 15.7733
» 1.2749
30 1.0384

]

0.6767
5. 3562

-1.””
2.6497

-0.9375
0.6166
1.0%64

-1.9623
0.9092

-15.357

-0.8190

- =0,6063

- 0.9%8

0.9929
1.02%6
0.9861
1.032%
0.905%
0.96%6
1.0163
0.9501
1.0022
1.0379
1.0452

VS OVRDUNNES S SVHOSENN S ERNNNS IS SESSSRPPNEESNBRRE SR SN S



Labdle 48. Urowth patters of shank length of WR Male
in the logletis form -}- - a * do¥,

Mris a » ]
1 ~0.7289 1.1863 0.9593
2 0.52T 0.4888 0.7788
3 0.4613 0.4918 0.782%
4 <0, 1642 0.4806 0.8560
5 ~0.1560 0.6449 0.9081
6 -0.1378 0.4491 0.8969
7 -0.1064 0.6189 0.8903
8 -0.2283 0.7273 0.9151
9 0. 8383 0.4641 0.75%54
10 ~0.5469 0.5440 0.8413
1" -0, 3009 0.5321 0.8629
12 1. 4140 -3.9619 1.0090
13 ~0.5748 1.0359 0.9556
14 ~0.2249 0.5138 0.8489
15 <G, 1418 0.61%% 0.9099
16 ~0.1634 0.6270 0.9094
17 ~7.87133 85,3402 0.9982
18 «0,1220 0.64%0 0.8973

(Oontd.... )



Zadle 48. Oentinsed.

Mris s » | e

19 0.5907 «0.1868 1.1130
20 -0.9083 0.5911 0.83T1
21 «0,3673 0.8427 0.93%64
22 «0.9904 0.6076 0.8867
23 <0, 1900 0.6628 0.9209
24 1.2265 -0.7946 1.0394
23 -0.1643 0.52¢8 0.8529
26 -0, 4451 0.9176 0.9429
27 <0,9144 0.5054 0.8333
28 -0,2268 0.6936 0.9294
29 <0, 8950 0.8763 0.9441
» 0.7387 0.4560 0.7992




100

Table 49. Grewth pattern of shask lemgth of VR Pemale
» in the legistio form _1_ =& *+ ¥
y

Lden d

»

Mrds a o
1 0. 7367 -0.2980  1.0768
2 <0.4427 0.9228 0.9528
3 ~3,0696 5.5212 0.9993
‘ -1.2612 1.7%03 0.9756
5 ~3.4906 3.9528 0.9910
' 0.7035 0.4698 0.8674
1 0. 3598 0.8570 0.9416
s 1.8743 ~1.0442 1.0309
9 0. 3570 0.5423 0.8749
10 <0, 3221 0.78%4 0.9438
1 0.2148 0.4990 0.8539
12 ~0.2953 0.5143 0.8910
13 ~0.2844 0. 7757 0.9%03
14 2.4893 «2,0483 1.0169%
13 0.14T1 0.6276 0.4244
16 ~0.2469 0.7074 0.9282
17 4.TTH4 -4, 5243 1.0088
18 0.6447 0.4780 0. 7941

(Oontd....)
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Tadle 49. Oentinmued.

'luu‘

a » -]
19 -1.9992 2.4126 0.9837
20 -0.1876 0.6688 0.9185
21 -0.1254 0.5743 0.9122
22 0.0001 0.5049 0.9527
23 -0, 7139 1,0208 0.9552
24 1.5646 <1.1501 1.0270
23 -0, 4082 0.8649 0.9438
26 -0.5%02 0.9973 0.9519
7 «0.1006 0.5695 0.9010
28 -0, 8590 1.3167 0.968%
29 0.6541 «0.4247 1.0600
%0 10,1016 0.4704 0.T199
DBSNESRE NSNS N BN 580 5 BE0U NN N I N WMB I
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Tadle 50. Inttial shenk length jo amd b values of the
four greoups of Minds by Ras's method.

AP

MiNale VR Pemale

144.96

O Xale WO Pemale

» yo - » 7o " yo b yo
125.45 2.3 1166 2.6 180.36 2.5 81.34 2.4
155,95 2.5 94,78 2.4 169.44 2.4 84.61 2.4
108.04 2.4  93.31 2.3 182,35 2.4 114.96 2.5
104.26 2.5  99.00 2.4 145.26 2.5 101.91 2.4
109.14 2.5 115,69 2.3 152.98 2.4 88.95 2.4
129.67 2.5  80.48 2.4 165,55 2.4 100,65 2.5
110.06 2.5 102,75 2.6 163.94 2.4 110.12 2.3
118.86 2.4  127.66 2.4 17091 2.4 116.69 2.4
195.32 2.3  105.05 2.3 138.81 2.4 109.07 2.4
118.40 2.4  T79.50 2.4 161.25 2.3  9%.16 2.5
128.24 2.5 114,76 2.5 157.68 2.4 108,38 2.4
108.31 2.5 8.3 2.4 135.08 2.5 88.14 2.5
107.08 2.5  T5.45 2.4 170,00 2.5 121.71 2.3
116,04 2.5 9277 2.5 154.82 2.4 110.55 2.3
107,16 2.5 95,56 2.4 142,99 2.5 104.T4 2.5
120,85 2.4  74.39 2.4 168.82 2.5 121.97 2.5
152,28 2.5 95.34 . 2.5 143.64 2.5 122,13 2.4
103.87 2.4 107.37 2.3 2.3 115.57 2.4

(cm.”")
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fadle 50. Oontinved.

W0 Male WO Pemale VR Nale YR Yemale
» yo » yo » Jo » Yo

- - "y e - L AR S WPAR SO

124.69 2.5 102,56 2.3 151.33 2.6 9%.65 2.4
126.54 2.5 110.84 2.5 199,50 2.4 118,20 2.4
126,40 2.3  79.45 2.4 166,03 2.5 108.42 2.3
120,85 2.4 89.99 2.5 160.92 2.3 111.56 2.4
125,41 2.3 95,03 2.5 135.23 2,4 118,31 2.9
118,81 2.5 105.08 2.4 146.70 2.5 102.78 2,6
109.43 2.5 79.22 2.3 162.T2 2.4 119.50 2.3
115,97 2.5 95.98 2.4 17%.41 2.3 122,20 2.5
191,93 2.4 105.92 2.6 165.78 2.5 106.13 2.5
129.65 2.5 94.98 2.6 119,75 2.4 104.7T9 2.3
100.55 2.4 92.07 2.3 118,90 2.3 99.57 2.8

142.39 2.5 84.79 2.9 117.86 2.4 101.7¢ 2.4

ISR 05 AR 10 U5 00 - UB AR B SRV EE 4D NS IDED SRR BT SNSRIV 0 W DS



Tadble 51. Analysis of cevariance of initial shank length and b values of shank

leugth Wy Rao's methed.

Seuree ar

88(x) sr(xy) 88(y) Deviatiem d4f M88 ¥
Between sroups 3 57598.60 -32.%52 0.0337
¥ithis groups 116  21447.57  12.89 0.5360 0.5783 115 .00%0
Tl et ¢ 119 TI0ME.16  -19.63  0.6197 118 1.92
Srrer)
Zreataent
Ad3usted 0.0298 5 .0096

AR AN IR AR IR S N A TR A AR AN 5 10 0 T AR U U SR R AN A 1B 1 TR AR 18 G048 1N AN TR NS S5 A R IU B D IR 4 IR .48 LIRS IR AMD I W15 I S B S BB NN

voi
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Table 52. Initial bedy weight yo and b values of the feur
greupe of birds bW Rae's methed.

e

SR R A AR AR G- U A AR GO A

'nu- - — m ' ——ow
YO Male WO Female ¥R Nale  WR Female
L Je b yo ='.' yo » yo ’:. .
1 39 35.176 40 28.545 42  59.521 34 16.87
2 42 45.433 44 24.994 44 64.T42 40 16.488
3 40 21.330 44 18.562 44 67.5%0 43 28.9%2
438 21,670 38 18.188 41 57.662 38 16,953
5 42 22,963 42 23.175 57 %0.799 5 16.0%6
6 40 41577 39 16270 42 ST.ITR 41 28,720
Y ST 21,95 44 27.770 41 49.9% 33 24,084
8 40 24.316 42 20.018 40 61.820 36 27.882
9 44 29.TT2 40 22.%46 43 52.887 42 28,79
10 40 27.926 41 15.082 44 49.552. 43 24.196
1139 30.206 40 26.347 41  44.849 41 25.604
12 47 24.998 41 11.879 40 0.187 41 15.566
15 41 19.099 40 10.256 44 51,825 34 28,320
14 40 21,603 42 15.348 40 IT.659 41 24.418
15 43 20464 35 14,687 38 36.642 39 22,884
16 35 32579 39 10.261 41 48.985 40 23.032
17 38 26.258 47 17.995 40 40.763 3
18 45 51,091 41 2280 40 |
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2adle 52. Ontinued.

) - Szeup
Birds ‘ - -~
¥O Male ¥0 Pemale VR Nale ¥R Pemale

I L yo  ® yo _3__” yo »

19 45 26.038 44 22.7% 40 40.489 54 20,523
20 38 26.006 45 22,038 39 34.651 5 20.946
21 39 26.824 54 13.8%1 44 43.821 39 23,349
22 40 26.416 42 16.196 40 435.076 38 19,99
23 58 25,900 37 17.503 41 32,023 ¥ 25,080
24 B 20,332 42 19.874 9 32.254 40 20.664
25 42 18.890 57 135.626 44 41,082 42 26.999
26 38 20,243 40 15.304 40 43.65T 40 23.782
27 40 19.5T5 42 21,084 42 I38.455 41  21.1%9
28 54 26.958 41 20,511 42 21,750 33 18,578
29 40 19.4%0 37 16.65¢ 39 21,908 37 18.964
30 39 29.607T 40 15.6T5 41 22,417 33 21.7:



Table 53. Amalysis of covarianee of imitial bedy weight yo and b valies &f
Ras's Nethet.

Seares ar is(x) Sr(xy) 88(y) Duviatien &f N8B 4

W U SO AN S0 AN VR W S U i A A SO A

Between gresps 3 11063.21 615.22 140.22
Vithim greups 116 6544.66 540.61 990.70 848.0008 115 7.357%9.

Lotal ' | |
(freatment + 119 17907.86 1155.83 1030.93 956.3237 118 2.967*
AMjusted 65.6257 3 21.8746

Lot



DISCUSSION



MSovseIoN

Tbe earlier werkers sssh as Lermer (1939), Ohhadra
2t al. (1972), Teseveky gf al. (1974), Unat gt al. (1977,
Verma g% g). (1977), Renebi 2. Goerge gt gl. (1979)
ceafined their studies Se shank lengths and bedy weights
at diffezent periods and She cerrelatian detween thea.
But iz the present tmuumhn the pasters of
Sevelepment of sbask leugth i ehioksn was given prime
isportance, in ad2ition te investigation em the abeve
aspeets.

The average shank lengths of the day 0ld chicks were
"2.47 om, 2.46 on, 2.42 on and 2.44 om for W uh, ¥o
fonale, VR male and VR fomale mespeetively. Iz the case
of a oress between White Leghorn and Rhode Island Res,
Vorsa gt al. (1977) observed that the mean shank lemgth of
the Gay o¢ld ohieks were 2.40 on for male and 2.59 om for
female. The average shask length of the breilers in the
prosent study were bigher tham the mean shark length of
the adowe orgastied dLrds. Im all the genetic amd sex
groups censidered iz the study tlonvu no significant
difference i the ehank length and hemee when day old the
shank lengths of the gewetis greups can be considered
homogenesus.

)

Buring She first seven days, the dally iverease in
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shesk length was observed in all the four gresps. Range
of isorease was 0.02 t¢ 0.06 on for WG male, 0.01 %o 0.06
on for WO fomale, 0.01 to 0.08 om for VR male and 0.02 to
0.06 on for VR fomale. The sverage daily inerease vas
0.03% on for W male, 0.054 en for YO female, 0.037 on
for ¥R male end 0.036 on for VR female.

Zhe average sbank lengths of the feur groups at the
ond of the fourth and eighth weeks alse were comparatively
bigher than the mean sbask longth reperted by Verma gt al.
(1977) in eressiweds.

Analysis of varimmee of shank lengths upto the end of
She third week showsd wo significast difference between
the average shank lengths of the feur groups at the end of
the &iffexent weeks. BSignificant &ifference was observed
by the end of the feurth week amd 1t persisted till the end
of the experiment. At the end of the fourth week the mean
shank length of VR mnale diffeved siguificantily from those
of the females of the twe genetie greups. ZThe pattern of
d12ference odoerved at the end of fLfth and sixth weeks
was the sane. In both cases VA male was foumd to 8iffer
significantly frem all the sthar thiwe greups vhich were
honogoneous. At the end of the seventh and eighth weeks
significant difference was odnerved detween WU male and W
foemale as alse detween VR uale and VR fomsle. This finding
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10 in agreenent with the findings of Ulaganather and

Kesala Reman (1973) and Unsi g al. (1977) who edeerved
that the difference detwen the sexes for shank length was
significant. Also there was significant difference in twe
genetio group meams (¢ = 0.32 at 4f 116) and this ig in
agresnent with the findings of Udlagamathan and Kosala Resan.

Hemogoneity in shank length bdetween greups existed
enly during the firet Shree weeks. Thereafter VR males
diverged from the other three with a higher shank length.
By the ond of eight weeks the twe genetic grovps differed
iz shank length and theve was aleo difference detween sexes
i shank length within cash genetie grewp.

Apparently the pattern of growth of shank of the four
Sresps 414 met Giffer during the first three weeks. There-
after VR male had a lead over the rest. Analysis at the
ond of the eighth week clearly showed difference in grevth
rates betweon sexes vithin gemetic greups as alee the
d1ffevence in grovih rate bdetwesn gemetic groups. WRgemetie
greup had a higher grovwth rate thas the WO,

At day old4 the nean doldy weight was 59.87 g for WO male,
40.93 for WO female, 41.1 g for VR male and 53,27 g for MR
fonale. Alse the meam dody weight was 40.4 g for W Ddreed
and 99.69 g for VR breed. 2hese figures were cemparatively
less than the average dely weights of the twe greups reperted
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by Siddappa (1976) and Pratap Kemar (1978). Siddappa
observed a mean dody weight of 42.05 g im WO Wreed and
Pratep Kunar obdserved a mean bedy weight of 41.06 g in
VR Wweed. However, the smaller initial body weight in
WR than im YO observed by thesé asthers vas in agreesest
wvith vhat is observed in the m investigatiam.

Dally unifera inorease in mean dody veight was observed
dariug the first ssven days in VR male and VR female. In
WO male the dedy weight remained itunut during the sscond
 day and later e» it began teo piok up. Ia WO female a
depregsion in the mean bdedy weight teok place during the
secend day and later on u iverensed. The average daily
iverease in the nu My veights were 1.2! g 1.01 g 1.7¢
and 1.47 g respectively for WC male, WC female, VR male and
VR female.

Througheut the experiment WR male domimated the other
three in bedy weight. 2he order of magunitude of body
veight was net the sasme for the ether three groups $ill the
ond of the third week. After that a trend is foumd te
set in. WO male had the seoend highest bedy weight Lfellowsd
by VR female. WU female had the leoast bedy weight. ZThis
difference sentinued to exist till the end of the investi-
fation. A defivite divergemce in grewvth rate tosh plase
at least by the end of the Lfourth week vhish eontinued till
the @nd of the eighth week.

-4
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Significant difference 0ould be odeerved in the dedy
weights «f fLeur greups from the bdegiveing of the study.
The average Vedy weight of VR male vas significantly higher
than the average bdody weights of the other three greups at
the ond of secend, third, feurth and £ifth weeks. HNowever,
the pattern of increase in body weight was the same as that
in shank length at the ond of the seventh and eighth weeks.
That s, siguificant 4ifferenee 0euld be odserved Setween
body weights of different sexes as also bdetween the dreeds
(t = 94.1%5 at &f 116). Theoe are in agreenment with the
results reperted by Ulaganatban and Kosala Raman (1973) and
Unnt gt a). (1977).

The significant correlations ebtaived detweer shamk
length and bedy weight at the end of eight weeks were 0.99,
0.94, 0.96 and 0.84 for WC male, WC female, YR male and VR
fenale respsotively. i‘ho Serrespending cerrelations
obtaived by Usni gt gl. (1977) were 0.91 for WO male, 0.86
for WG female, 0.51 for VR male and 0.93 for VR female and
these were dreadly in agreenent with the findings of the
study. JFurther thees are im agrecasnt with the significant
" oerzelation of 0.%5664 to 0.9582 in White Plysguth Reek,
WYhite Cornish and Fev Nanpshive Weeds reperted dy
Chhabra gf al. (19572).

The sbank length-body weight cerrelation for (¥C, WR)
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sale at fourth and eighth week age were (0.95%, 0.88) and
(0.89, 0.86). These are in contrast with the cerrelatiens
0.6452 and 0.7953 observed by Verma g% al. (1977) in the
eressdred. The shank length-body weight cerrelatien fer
(VO, WR) fomale ebserved at the fourth amd eighth weeks
were (0.94, 0.95) and (0.94, 0.83). Thees alse are in
contrast with the cerrelations 0.479 and 0.6806 detween
these characters estimated by Verma gf a1. (1977).

Theugh Verua g% al. (1977) observed significamt
oerrelatien betveen shank length and body weight in day el4
sale obioks amd enly nen significamt correlation detween
shank length and body weight inm day old female ohicks, in
the present study the correlatien bYetween body welight and
sbank lexgth was foumd to be nmen signifioant in male amd
significant in fesale at the same period.

Nigh cervelation was found Detween shank lemgth and
bely weight im all weeks exoept at day old. ZThis was in
agreensnt with the serresponding results obtained in geeee
by Hejja and Ssabo (1977) and in Japmmese quail by
Singh (1978). -

Correlatien between Bedy welight and shank lemgth of
eash bird was pretty bigh and was d.nituut for all She
feur groups studied (Tadle 26). BS¢ shank length cas de.
aade a oriterien for selection of Wreiler birvds for attaining
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highest body weight during a pre-assigred period. Ir

short, shank length ssrves as a reliadle index of bdody
weight during mest of the growing periods. This result
agrees vwith the findings of Lermer (1957) and Jasp (1938).
However, wve find from the serial oorrelations given in
Tables 21,22, 23 and 24 that day 014 shank length i
uneerrelated with the sane at the end of different weeke
for all but WC female. The shank lengths at one week and
at sudsequent pericds till the end of the eighth week are
 highly stgeificantly correlated. Osupling these infermatie
vith the bigh correlation bdetween the Body weight and shank
lemgth observed im each bird of the gepetic greaps, it ean

3 " hfiml that She shank length at ome week age canm be
298d for selecting the birds for bedy weight. It is
desirable te maintain brds with lenger shank lengths at
the end of first week to odtair dgher Mirde vith higher

" body weight. 8Such birds are expected to give higher bdely
woeight at the and of the eighth week under identical manage-
seutal practices. Ium geweral, serial correlation shews a
tendeney to deolive whem the interval between determizations
inereased. B

The cerrelation between dedy weight and shank lemgth
wvag in the range 0.9764 t¢ 0.9988 fLor WO male, 0.9907 s¢
0.99%4 for WO female, 0.9748 to 0.9991 for VA sale and
0.9769 te 0.9982 for VR fomale. 2The average correlaties was



115

0.9943 for WO male, 0.9930 for WC female, 0.9961 for WR
sale and 0.9941 for VR female. "

Shank leagth was found te insreass vith age. Between
age and ghank length the average cerrelatien was feund te
be 0.971 for VO male, 0.976 for ¥C female, 0.9T4 for VR
aale and 0.979 for WR fomale. The mear weekly inerease
in the shaxk length was 0.65 for WO sale, 0.58 for WO
female, 0.74 for VR male and 0.61 for VR female. ZThug VR
sale had an edge over the Fest iv the rate of inoreass of
shank length. -'

As bigh cerrelatiem was sdserved betweenm boldy weight
and shank length linear prediction equatisns were fitted.
Same type of relatiens were fitted by Usmi gt gl). (1977),
Vorna gt gl. (1977) and Revobi P. George g% al. (1979).

Linear prediotion equatioens were alse fitted for
predioting shank length vsing age. Significant 4ifference
was observed betwesn the rates of growth (b values) of WR
sale and VR female as alse Detween ¥R male and ¥O fomale
(Zadble 29. These findings agree with the analysis of
varianoe of shank length and body weight at the end of eight
wesks. In the analysis of variamee tve mere pairs vere
found to be Neterogenecus, vis. VU mele, VR male and WO sale,
WO fomale. Vikile amalysing the ¥ates of grovih as msagured
by linear equation these signifisamt differences were masked.



116

This shows that rate of grewth as seasured by livear
rogression 19 met true representive of its value. ZThe
average linear regression esquatiens fitted were

y = 1,235 ¢+ 0,6683x for WO male,
y = 1.3%9 ¢ 0.599% for ¥C female,
y = 0.9718 + 0.7715x for VR male and
Yy = 1.2409 + 0.63%x for WR fomale.

Highly siguificant cerrelation tending to unity vas
odtained betwesn the odeserved and expected shank lengths at
different ages theredy shewing that the linear fumetion
gives a gool fit to shank length as fumetion of age.

Aualysis of rate of grerth (Padle 33) based on expe-
sential relation between shank lemgth and age for eight
weeks give the very sase result that we odtained when the
ssalysis of shank length (Table 11) and analysis of bedy
weight (Zadle 20) at the end of eight weeks were perforsed.
The averags expenential equatisus are

Y = 1,9856 ¢ 0.1494 o* for VO male,

y = 2.0054 + 0.1400 ¢* for WO fomale,
y = 1.9541 ¢ 0.1636 «* for YR male and
y = 1.9836 + 0.1453 o* for VR fomale.

The analysis of variance of the rates of grevth revealed
Shat me significant difference existed bDetween the growth
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zates of Y0 male and VR fomale; as alse detween the rates
of growth of the females ¢of the twe groups. Rest of the
oenparisens Yetween nm were sigenificant.

The cerrelatiom um the odserved and onutu
shank lengths of each e was very bigh, appresching unity
in all cases. Hemse the expemential curve gives a very
good £it te the shank lengths for oight weeks. Zhis is in
agreement with the findings of Susaki (1966), Pillal g% al.
(1969), Selanka (1970) and Jased Themas (1981) in the dedy
weights of chicken.

Nodified expevential fitted to the shank length gives
& poer fit as the analysie of variamce of the rates of
grovth shewed ne siguificant difference Metween the grewps.

The analysis of variance of the 'b°' values assesiated
with the rates of growth whem Semperts curve was fitted alse
shewved ne significant 4ifferense detween the grevps. As
sash Gemperts ourve alse sheuld met e recommended for
oxpressing shank length as a funetion of age iv eight weeks.

2he amalysis of covariance of the '’ values of shamk
length by Rae's (1958) methed Saking initial shamk length
of the birds as aoncemuitant variable showed that the feur
greups are hemegeneous. Thig is in variance of the resulte
we eViained in the amalysis of the eighth week shank length
as alse of bedy weight. The methed recemmended by Rae (1958)
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Lfor amalysing the rates of grovth dess net suit the present
oontext.

The amalysis of ocevarianes of 'b' values of bedy weight
(Rao's method) taking initial bedy weight as coneemitant
variable revealed significant differemees bdetween the greups.
- But the patters of difference wags net i agreenent with the
resilts obtained in the analysis of variance of eighth week
boldy welight.

Therefore itman be coneluded that expressing shank
length as av expevential fmetion of age gives the dest
peasidle repressntation. The linear form alse gives a goed
fis. But the rate of growih as measured dy the livear is
net oempletely representative.



SUMMARY



In order to examive the pattern of develepment of
shank length in chiocken am investigation was conducted
in Kerala Agriocultural University Peultry Fars with 200
day ¢ld unsexed obioks of WO and VR breeds under identical
sanagenent practices. Body weight in g and shazk length
‘13 om of each Wird vere recorded st weekly intervals for
oight weeke. I additien to this, bely weight and shank
longth vere recerded during the first sevem days. AV the
ond of the oighth week measuremsnts on the first 30 males
and females eash of the two genetic greups were utilised.
for the study.

The average shank length of the day old shiecks were
2.47 om for WO male, 2.46 en for WO foanle, 2.42 em for
¥R male and 2.44 onm for VR female. There was ne signifi-
cant differemoe in the &ay 012 shamk length of the feur
greups.

Steady inerease was observed in the shank lengths
during the iubuqucat voeks. ZThe pattern of grewth was
uniferm apto the end of third week. Siguifiesnt diffevence
1o the mean shazk lemgth cocured from the feurth week
envards. At the end of the experimest it vas sbeszved that
the difference Between sexes as also Detween Meeds in
shank length was signifioant. |
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Ketorogenity in the pattern of growth of body weight
was observed from the degimning of the study. WR gemetie
group had a higher growth than the WO group througheut the
experiment. Significant difference in growth rates was
observed between the two sexes, with male found deainating
the female. '

At the end of eight weeks identical results were

~ ebtained from the analyses of variance of shark length and
body weight. There was mo significant 4ifference between
the pairs ¥C male, WR fomale apd WC female, VR femals. 4All
the other pairs were significantly different.

Pretty high correlation, appresching upity, was obtained
between body weight and shank length of each bird. All these
cerrelations were highly significant. From prastical peint
of view these correlations imply that for obdtaining highest
body weight at a particular period it is desirable to select
birds with the longest sbank. HNowever the shank length at
day old was uncorrelated vith the same at the emd of
different weeks. 8o nlutui based en day old shazk lemgth
will Bot be as ascourate as the selection based om sbank
longth at a later peried. Vrem the highly significant
oerrelation odtained between the sbank length at the end of
firet week and at subsequent perieds, it 19 desiradle to
usintain birds with lenger shamk lengths at the end of
Lirst week.
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Shank length m’ found to ivorease with age. ZThe mear
weokly inorease for WO nh wag 0.63 on. The corresperding
inorements for WO female, VR male and WR female were 0.38
om, 0.74cm and 0.61 cs respectively. BSignificantly high
correlation was odtained detwesn ghank length and age. This
led to fitting nnuz prediotien equations of the form _
y*a+bx. The average 'd' values for ¥C male, WC female,
¥R nale and VR fouale were 0.6683, 0.5991, 0.7715 and O.6393
respectively. The corr-latigsn betwesn the obdserved and
expected shank length was sigeificantly high, imdicating
that the limear fimotien gives & geod fit to sbank lemgth
as a fumotion of age. 2he analysis of variamoe of the 'b'
values revealed that the rates of growth of two pairs, WR
sale and VR female, and YR male and ¥Q feaale were hetero-
genecus. In the munalysis of shank length at the end of
eight weeks in addition to the abeve parls, the pairs YO male,
WR sale and WO male, ¥C female also were heterogenecus. 7he
desoripancy inm the result revealed by the analysis of the
rates of growth of linear regressien shovs that rate of
Erowth measured by linear Tegréssioen 1s mot a trus represen-
tative of its value. o

Exponential of the form y = ae™ fitted to the sbank
lengths vas found to give good fit %o the data. The umalysis
of variance of the ratss of growth gave the sane result as
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the analysis of variance of the shank length and dedy
woight at the end of eight weeks. The correlation betweer
the odbserved and expected shank lengths also was very bigh.

Modified expovential, Gomperts and Logistic curves
fitted showed a 4ifferent patterm of growth in the shank
longths of the four groups. 8o they are expected to give
a poer fit te the data.

Analysis of shamk length and dody weight by the methed
suggested by Rao (1958) revealed unsuitability of that for
the comparisen of grovth rates in the prsent gtudy.

In ehert, sbavk length as linear and exponential
famotions of age in weeks give geod fit. However the dest
fern o representation is exponential.
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Shaxk length and bely weight measarements or %0 male
and % female ohicks frem eash of Vhite Oornish (WO) and
White Plymeuth Rook (WR) Breed were utilised to study the
pattern of development of shank length im chicken. The
birds were reared for eight weeks in Kerala Agriocultural -
University Poultry Farm under unifors sanageaent.

Upto the end of three weeks unifermity could de seen
in the pattern of growth of shank leugth of the four greups.
!hnnftor VR male bad & lead mr' the rest. Z2he growth
pattern of body welght Was met umiferm in the greups fros
the beginning. At the end of eight weeks the growtd
pattern was found to 41ffer between sexes and breeds.
Uniforsity in growth rates was found in females of the two
gonetic greups as also between WU male and WR female. All
the other pairs were hohmm.

_High corzelation between bedy weight and shank length
sevealed that longer shank length ean be made a oriterion
for selection for bigher bedy weight. Shank length at the
ord of the Lirst week was found te be most suitadle for
this purpom.

Shank length bas high lnui.ttn ocrrelation with age.



i1

#1688 of grovth rates recommended
- by Rao (1938) was fownd wmssitable for the present study.

Ameng the fumetiesal félws exsmined NModified Expenen-

t1al, Gemperts and begletic were feand te be unsuitable for
expressing shank length as a funotion of age.

Nost suitadle patterns for expressing shank as a
function of age im weeks were found to. be linear and expe-
 mential. Asmeng thees two exporential turmed out to de
better than the eother.

~ I T4q3
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