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IKTRODUCTION .

Present animal breeding methods were devised empirically, many of them
having their beginnings far into pre-historic and pre-scientific times.

Men found by actual experience that certain procedures generaliy gave more
desirable resul ts than other procedures although the basic reasons for this
were unknown. Selection, or the choosing for breeding purposes of those
animals deemed to be superior, his been the most important of these methods
and indeed, fundamental to the application of any breeding system. The
quality of all types of livestoc: is we know then to-day is largely the
result of {ts consistent applicition as a breeding method.

2election has as its obj~ctive the sdentification and propogation of
those superior individuals which are believed to be capable of reprodveing
their good qualities in their offspring. The major emphasis must be placed
on the word "identification”. It is in this word that are embodied the
essential differences in the methods of application of selection to live-
stock breading. Throe methods can be used for the identification of superior
animals;, by the individual merit of the .nimal, by the evaluation of its
pedigree and finally by the evaluition of its offspring.

Thile the history of animil breeding shows that all three methods of
identification of superior animals hive been used, the emphasis placed |
upnn them at different times has variad. The word "prepotent®, used by
breeders long before the advent of the science of senetics is an indication
of the recognition given to the progeny is a suide to the breedin; value of
the individual. But, prior to the discovery of the laws of inheritance,
anphasis was largely placed on selection on individual merit and on pedigree
rather than on the use of progeny testing.

Keseirch of recent years into the fundamontil basis of selection has
emphasisea with increasing force that for many characters of economic import-
ance in livestock, selection on individual merit is sufficient only to main-
tain the existing standard of quality. It has further shown that the most
accurate method of selection is based upon the evaluation of an unselected
sample of the offspring of the individual animal and that this application
of progeny testing in some form is an essentiil part of uiny breeding program

jesigned for the improvement of livestock.
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The principles involved in the progeny testing of sires have been widely
discussed by many writers (Lush, 1943, Hagedoorn 1944). It is based on the
fact that each offspring receives a sample of its parents genotype. When
the evaluation takes into account a number of offspring of the same animal,
opportunity is given for the deceiving effects of environment and non add-
itive gene effects to be cuncelled out. Consequently the fundamental genetic
effect of progeny testing is that it maikes selection more accurate and more
effective. It does not change any genetic process.

“hile the principles underlying progeny testing are simple, its inte-
gration into sheep breeding practice presents more serious problems. Essen-
tially, the application of progeny testing has been limited by the difficul ties
inherent in sheep breeding itself. Any attempt, therefore, to associate
the principles of progeny testing with the practice of sheep breeding is
hampered by the inadeguacy of factual informition on the problems of sheep
breeding.

These problems may be briefly summarised as
(1) The lack of or inapplicability of objectiva measures for many characters

of economic significance. |
(2) Largely in conseguence of this lack of objective systems of measurement,

there is a paucity of <nowledge on the inheritance of these characters.
(3) The necessity for taking into consideration meat production as well

as wool production.

(4) The difficulty in defining "improvement® in quality of wool in part-
icular, because of its wide range of types and uses and the marked,
unpredictable changes in demanl for these different types.

(5) The wide range of environmentil conditions under which stock of the

same breed are expected to produce. This emphasises the necessity
for considering breeding in relation to adaptability to various en-
vironmental conditions.

(6) The lack of adequate study of the environmental factors affecting
fleece and meit productivity.

It is against this formidable background of largely unsolved problems
that the application of progeny testing in sheep must be considered.
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RREVIE® Of LIL%WR. IURE.

In recent years, an extensive literitue hais accumulated on the subdbject
of progeny testing as a selection method, its application, accuracy and
repeatabili ty. Generally, however, it is found thit most attention has
been paid to it in connectiorn with dairy cattle and poultry dbreeding while
only limited study has been given to sheep ind other domestic livestock.
In this section, 1t 13 intended to summirise only those papers in which
the approach to prozeny testing is generil in outlook and those which deal
specifically with progeny testing in sheep.

That the general i{daa is not a1 new one is attested by comments made
by Varro some 2,000 years igo on the advisability of determining a ram’s
quality by his get (as quoted by Lush 1943, while in 1826, Andre recom-

mendad progeny testing as a main reason for the keeping of stud books for
sheap, Robert Bakewell (1726-95) whose renown as an animal breeder was

raegognised in his own time and still lives to-diy, initiated sire testing
by leasing his sires tc oth~r breeders und then bringing back into his own

flock those which proved most satisfictory. Austen (1943) cites Randall
writing in 1862 in his book "Fine Wool Husbandry” as stating that no one

can proclaim gonfidently that he his a first oliss sire until it has been
actually tested. “Unless found to produce hi:hly excellent and highly

uniform offspring, then the showiest and cnstliest ram should be promptly
abandoned.” Austen further quotes from an additional source "The

Jondaryan “oolgrower" who wrote in 168 that "One method of finding out
as near as possible the inhearited tendencies is to put ran lambs, selected
for stud purposes, when six months old, to a few ewes (20 to each ram)
similar to those with which they ure intended®,

vespite these exhortations, the piramount importince of progeny testing
did not appear to be proerly reilised ind breeding on the basis of external
appearance and pedigree remuined irn favour, A renewal in the interest taken
in progeny testing resulted largely from its successful application with
dairy cattle in wenmari at the end of the last century. I1ts efficacy in
producing improvenent lead to wide investigation and advocacy of the hethod
in many countries and gave rise to the formulation of ifits theory to the
proving of dalry bulls. rumerous inaices to indicate the breeding value
of the dairy sire have been proposed (Hansson, 1913, udoodale 1927, Edwards
1932, Yapp, 1925, %rizht 1922 aind later Rice 1944). The usefulness and
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accuracy of these hive been discussed by Lush (1944). Schemes based on
the use of prozeny testing have been developed on a nitional scale in most
dairyinzg countries.
the adv#ncea briefly mentioned above in the use of progeny testing

irn dairy cattle have not bren paralleled by any simil.r advance in sheep

breeding. rrom the literiture, it appears that the first approach to
progeny testing was mide on the continent.

4orn, Xruger and Rauver (1933) working with Hampshire sheep in Germany
deprecate the high rate of culling required because the offspring were

inferior to their parents. Because muthon production is most important,
thay considered live weizht at four weess of age and after correction
used this as a measurr fo» comparing sires on the basis of a comparison
between daims and offspring. By this nethod they considered the best
sires could be selected with greater accuracy.

arapov (1934 ) discusses the results of using seven proven sires for
artificial insemination in Russia. The lambs born of proven sires were
of much higher gquality thin the ivera:e lambs of the same farm for the
sama year; and improveoment over the previous year was of the order of
8 to 11%.

vavydov (1934 ) shows the comparison of progeny of different sires
in reg .rd to live weisht to be difficult. He suzgg~sts that the best
method is to determine the value of k, or the intensity of weight devel-
opement, from the formula y = A (1 - 0°%) (where ¢t is the age and e

the exponentisl factor.) for each laimb ind to averaze these values,
In this way he shows significuint differences between thres sires and

shows one to be an outstanding improver.

Holomeizer (1935, in progeny testiin; for fleece characters found
differences in most fleece quali.ies excapt thit of fibre diameter and
was able to classify the sires according to the amount of improvement
which they brouzht aibout in the diughters in comparison with the dams.
Kardymovic (1937) discusses a similir type of project on dollective farms
in the uevokum district in KRussii. He considers that an index of overall
quality is unsatisfactory becaiuse the br;edar does not require a™universal®
improver but rather a sire thit will bring ibout improvement for specific

characters. fhree rams were deatected on each farm that were superior

and they were widely used by artificial inseuination. Sannikow and
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Sarygina (1939) in the same area also report on the progeny testing of
Rambouillet rams for fleegce quality and show wide differences between
sires.,
In Russia, a great deal of attention hus been paid to birth weight

and live weizght in the evaluation of sire differences. Kardymovic and
Viebe (1937) quote results of a study of the effect of multiple births

and sex on birth weight and give corrections for these factors. They
use them for correcting for these effects in progeny evaluation.

Moiseev (1937) working with the P’rdcoce breed found correlations of
06 = 0.8 between live weizht at weaning and ai ona year. He thus
advocates this early evaluation of sires and shows that the results at
the t#o ages correspond. He further studies the effect of the use of
rams at six months of age and found that they could be successfully used
even for artificial insemination with no deleterious effect on subsequent
srowth. He thus demonstraites the possibility of the early proving of
rams,

Glembockii (1939) also discusses the effect of sex and twinning
on birth weizht and concludes that there is no need to correct for twin-

ning provided the ewes are kept under the same conditions and the number
of lambs is about 100. He gives corr-ction fastors for smaller numbers.

Sannikov (1939) is also occupied with the relation between weanling and
yearling characters and finds the relationships sufficiently high to
be useful in evaluating the progeny of 1 sire.at weaning asge.

Attention his also been given to the progeny testing of Karakul
sires, Langlet (1935) has devised a form for recording d.ta of the
antire progeny of a sire, the variouns items being evaluated on a roale
of ten points. Thaée valuns are rel ated to those of the dam in order
to show shether the sire is producing improvement. Panfilova (1939)
gives results of progeny testing and states that the best ewes gave the
best offspring. Later he makes the unqualified statement that the
progeny testing of rans gives more reliable results if tested on groups
of ewes of different quality. Lomanskii (1939} criticises the method
of basing the progeny test solely on pelt quality at birth and shows
the lamb pelt to be greatly affected by external conditions. He found
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a good relationship between pelt quality of the lamb and constitution

of the adult and hence stresses the importance of constitution.
Work on progeny testing with sheep in America has also advanced at

a relatively slow rate. The survey of "superior germplasm"” conducted by

the United States Department of Agricul ture and published in the 1936
Year Book of Agricul ture contains the significant statement that only three

of the twenty-four circularised experimental stations are reported as

using progeny testing as part of their progranm. This survey lays stress
on the necessity for morna knowledge of the inheritance in sheep, adequate
methods of measurement of productive characters and the use of systematic
breeding methods to produce improvement.

Subsequent to this survey, however, considerable stress has been laid
upon the investigation of progeny test methods and the problems involved
therein. Phillips et al. (1940) summirise the difficulties in progeny
testing sheep as being mainly due to lack of objective measures for prod-
uction and the necessity for considering more than one form of production.

Using body weight, fleece weisht and fleece length as objective measures of

production, they unalyse sire and seasonal differences for Corriedales
and Rambouillets. Their results indicate that differences are shown even
though the sires were to some extent proved rams prior to use in the flock
and they conclude that the chances of finding differences among untried
rams should be very good. They finally zive details of a simple method of
application to usuial :tud breeding conditions.

Tnsminger et al. (1943) discuss the application of progeny testing in

small flocks - a problem of major import in the United States. Data on
birth weight, weaning weight, slaughter grade and type score were analysed,

and they outline a procedure for testing rams when flock numbers are small.
They emphasise that the system does not guarantee a rapid rate of improvement,
because the number of rams that can be tested at one time is obviously low.

In New Zealand, the advisability of prozgeny testing has been strongly
advocated for the improvement of sheep productivity. MclMahon (1940) discusses

culling and shows that for those characters that are weakly inherited, it

is virtually ineffective as a means of producing improvement in the next

generation., He compares the rate of improvement atfainable by this method
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with that by the use of proseny testing and concludes that selection of
rams on the bacsis of their progeny test would enable improvement corres-
pondinz to one pound in fleece weizht to be obtiined almost in one gener-
ation.

Tn the same year, the saue writer (lciiahon 1940 b) discusses problems
of breedins for wool in relation to measurement of fle~ge characters. Eme
phasis i»s laid upon the use of thn‘ﬁucleus syste i of breeding (Hagedoora 1939)
whereby the best rams on progeny test and their near relatives form a necleus
or top flook. The remainder of the flock is then used as a testing flock
for trying out sires for use in the nucleus.

Mclahon (1943, reports analyses of sire differences in conjunction with
a study of heritability of fleece and boly characters. tighly significant
diffarances are demonstrated between sire means, and caloulations are gado
of the expected suneriority of inp sires and the number of offspring required
for an adequate test. His results drav attention to an important problem -
that of repeatability of progeny tests on the same sire. The correlations
are not high and indicate individual progeny tests to be less reliable.

The same writer (Mcilahon 1946) gives resul t3 of attempts to locate high
producing strains of sheep. The fact that there was a close similarity

in fleece productivity between strains is disappointing and emphasises

again the negessity for progeny testing.

Wheeler (1945) has ziven a statement of the application of progeny
testing in a commerciil stud flock. He outlines mathods of mating so
thit the sire of each lumb is tnown and irn particulur emphasises the
standards used in evaluatin: the sire's worth, the offspring must show
tmprovénnnt on the standard of the dans, freedom fro: any bad fault and
evenness throughout. It 18 negessary to consider all the progeny sired
by the particul ir ram,

Kelley (1946) in discussin: the progneny testing of fine wool sheep in
Australia deplores the lack of ‘nowledge on the inheritance in sheep. He
considars that further Znowledge is required on the following points;

(1) uvefinition of componaent chiracters of the fleece and their associations,
{2) 7The methods of inheritance c¢ontrollin; these characters.

{3} <techniques for measurin; characters of economic worth.
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(4) The degree of variability occurring among offspring by the same sire
in order $o fix the number of offspring required for an adequate progeny
test.

He considers, however, that much can be done at the present time by
appraisal and scorinz of progeny of the rams used. He says, "If any sheep
breeder cairries the process suggested for prozeny testing as far as having
identifiable progery groups, he will find much to interest him and many
wgys of comparing the groups.”

Nichols (1945) quotes carcase grading for export as conducted in NWew
Jeal and anﬁ Australia as a bulk form of measuremeri suitable for progeny
evaluation in lamb and nutton sires, Birth factors such as weight at
birth, sex, birth runk, season of birth as discussed by FPhillips et al.
{1940) are also considered as importint, for orainarily there will not be
sufficient lambs fron each sire to include equal numbers for each of these
factors. He further points out the necessity for estimates of early prod=-
uction, as indicators of liter production.

%ide divergence of opinion is founa among different writers with regard

to the number of offspring required for testing a ram. Frolich (1933)
claims that 150 lambs are required for evaluation of the genotype in the
Karakul breed. Lush (1935) discusses the relative accuracy of the progeny
test and the parents' own performance is measures of breeding value, His
conclusion is thaut only under rare concitions will i progeny teost on as

few as four offsprin; be is accuraite as a dam's own record (in dairy cattlo.i
MoMahon (1940) considerad thit 7 Laimbs would be a sufficient test but later
(McMahon 1943) he states that 15 prOgan} are sufficient to establish the
superiority of a ram leaving flereces(0«8 1bs. above the average, with odds
of 19 to 1. “heeler (1945) is of the opinion that 10 to 15 lambs is
sufficient, while “nsminger et al. (1943) indicate thit considerabdle in-
formation is gulred £0r euch additional offspring up to 8 or 10, while
little extra §: guined by going ibove 16. In general, the answer to this

problem is supplied by a knowledge of the variability among offspring by
the same sire which 1eads to its accurate formulation as given by Molahon

(19432).

A most importint aspect of progery testing his recently been dealt

with by vickerson and Wazel (1944). they approach the subject from
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the viewpoint of the averagze genetic iaprovement expected yearly from
early selection alone as compaired with that exﬂected when use is made
of the progeny test. They illustraite the important factor of the tince
required to obtain progeny tests by compirin; selection for weanling and
yearling traits i~ shenp. %han heritability is low (+10) use of the
best progeny tested ras is expected to increase progress about 11$lfor
weanlinz traits and 3% for yearling traits. These values are increased
to 22% and 37% respectively by testinz is ram lambs and using an
auxiliasry testing flock. their conclusions are that a regular plan of
progeny testing is unlikely to increase and maiy reduce progress unless
(1) fhe progeny test informition becomes availible early in the tested
animal's 1ifetime.
(2} the reproductive rate is low.
(3] the basis for earl; selection is relitively inaccurate.

These conclusions do not conflict with the fact that unbiased progeny
test information always incoreasas the ac:uracy of selegtion for poorly
inheritad characters. Rather they mean that, in the time required to carry
out the progeny tost, the genetic progress from individual selection may be
more than that obtained from selection on prozeny test. the above con=
clusions virtu lly defins the frame-work within which progeny testing is

likely to oe sucgessful.
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SWCTION II. "BJWCTS O THT LNVWLTIGATION.

The review of worz which h.s besn reported on the application of progeny
testing to sheep breeding in New Jeal and indicates the necessity for con-
trolled investigation into the various aspects of the problem. Broadly,
thearafore, the purpose of the project ay be defined as an examination of
problems associated with the development of a practical method of progeny
testing in Romney ‘larsh sheeap, In particular, the aspects whigh have
received attention in this thesis are -

) methods of measurin: procuctive chairacters of sheep with pirtionl;r
refarence to their accurucy, rupidity and their incorporation inte

breeding practice.

2. The amount of variition in productive ch.ructers which can be attrib-
uted to heredity.

3. 4ihe value of the lunb flesage and carcase characters im predicting
those of the hogzet.

4. measurenent of the degree of variation among of fspring by the same
ran in order to estimate the number of offsprirg required for a
test of known .iccuracy.

In addition, other aspects huve been included among the objects of
the expariment, but dotailed dati will not be available till the next
phass of the experiment is completed when it will be possible to consider
the repeatability of pmozeny tests of the same ram on the same ewes in
different seasons anc other aspects of repeatability. also, a consid-
erable bulk of data will hive sccumul ated whiceh ~hould allow of a study
of correcgtion factors for various anvironmentil ind non-genetic conditions.

Pinally, close iutention {s bein; piid to the data and technique

for indications of further probleas which nay be involved in the use of

prozeny testing.
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SBCTION I1I. LLAL UF BAZWRIMTNT.
A EXPPRIMUNTAL AL IMALS.
(a) PRANS.

Ten mixed aze nomney marsh ramns were procursad from widely different
sources for use in the experiment. In selacting then, the rams were chosen
to be as phenotypically variable as possible ind it wais hoped that, in
obt:ining them from different flocks, they would show under progeny test
a considerable .nount of genotypic variation. A brief individual des-
cription is given of these rams which have baen designited by the numbers
1 to 10. uefiritions of the quality gridicgs used in these descriptions
are Ziven in Section ITI C.

SIRY No. l. This ram was a two-tooth at the time of starting the exper-
iment ind could be classed as an aver.ize quality flock ram. its fleéoo
was of 46's quality, and gave distinct evidence of tippiness. the grading
for “fleece as a whole" was "good +« ". The major conformation defect was
a distinet narrowness behind tre ahoulders;

SIRT N7 2. Also a two-tooth ram and according to commercial standards
was 4 good quality flock ram. Phe fleece was 46/t in count and graded

a3 "very zood" for fleece quality. Its conformation waé good with no
particularly outstanding features.

3IRT No. 3. £his ram was born in 1939, and died after the first year

of the experimnant. In regard to avera<e quality it was placed as a first
class flock ram. Flance aguility was only mediun, while the important
fmatur~ of confornation wis the shortness of leg.

SIRT No. 4. also an aged ram born in 1939 and glassed as a good guality
flock ram. The fleegce of this ram wis considerably finer than the nthers
and staple formition was poor givin; the impression of, "fuzziness". The
grading for fleece .is a whole was "poor.™

SIRY Ko. 5. This sire was typod as i poor quulity two-tooth ram, «~ith

a noticeably uneven fleeace, I'ha fleege showed distinct tippiness and was
of 48's quality.

SIR® N. 6. Also i two-tooth ram of only averaze guality. This was the
longest legzed animal used in the sxperiment. Its head type al though good,
was quite distinctive and what would gensarally be termed heavy. In add~

ition it was narrow behind the shoulders.
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SIRT Ho. 7. A two-tnoth ram of good flock quility. This sire had the

strongest fleece of all the sires used (44/6) but most important was the
obvious extreme variation of fibre diannter within the staple. The upper
hialf of the stauple wus strong, while the lower haulf became perceptidbly finer -

SIR® Ko. 8., This ranm was a twin to Sire lLo. 6, but not as good in overall

quali.y. Ihe flesce was particularly even throughout, and was graded very
good for quality. The main conformational defect was length of leg.

SIRT NKo. 9. An azed sire born in 1929 and considered to be of good flock
quality. The fleece axhibited featuras which are frequently found in very
find Romney wool - shortness of staple, and lack of clear cut staple form-
ation. Thera were no outstandin: features of body conformation, the body

as a whole beins classed as medium grade.

SIR® No. 10. This wais an inbred animil of uverage quality. The promine

snt fes ures of the fleece were, {irstly, the staples were not clean opening

due to a large nuaber of cr ss fibres fron one stiple to another, and secondly,
the fleece

the fibres seesed to be inidequately suppli=d with yolk givinqaa harsh, dry

handle. It his been sujgest~d in some quarters that this latter feature may

be hereditary.

the above desc-iptions show thait there was considerable phenotypie
variaiion amon:; the r.ms. In addition, a number of important faults which
are worthy of study are ilso fncluded. In the cuise of the aged rams; nothing
was known of their previous breedin his;*ry.

(b) TZUES.

The female stock used in the experimont were hill country Romney cross-
bred ewes from three different sources. |
(L) 150 College brad. 5 year old ewes.

(2) 100 bought-in. 57 year old ewes,
(3) 150 two-tooth awes also bouzht-in.

The 57 yeair 0ld bou-ht-in ewers were of excellent quality from a riock
which has been consideread one of the top lines coming onto the Feilding market
for a number of yeurs. Then Judzad in relaition to ordina:& commereial
standards, the three groups of ewes gonsidered as a shole constivuted a flock

of z00d quality.
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(c) STLZSPION F SIRT GROURS.

An important difficulty in prozeny testing irises from the consider-
ation that half of the inheritince of the offspring is supplied by the dam.
In order to give a fair representation of the effect of the sire, this con- .
tribotion of the dan must be stindardised. This was accomplished in the '
axperiment by assigning the ewes it random to their various sire groups.
The randomisation was accomplished by the use of silips of paper numbered
from 1 to 10. AS the ewss .ainne throush 4 race they were placed in the
group indicated by the dr.wir: of 2 number. this numbear was then left
out and the process continued till one animal had been placed in each of
the groups. The cycle wis then recommenced until the 250 57 year old
awas hact been randomised to 10 groups of 25 each. A similar process was
adopted with the two-tooth ewes. the efficacy of the randomisation is
indicated in most of the inil;ses, by the very smill variation in mean
dif ferences between the 10 grou:s.

B. PAPTRIMZNTAL cROCTUUR™ AN LAIAGTMWNT.

The experimental flock ewes were grazed for the whole period on
the "Pahiatua”™ block of the College Farm. ihe nhistory and description
of this block is zgiven by Zeren ot i1 (193€]). All the area was sown
down with improved straiins of "nzlish pasture speacieas mainly certified
padigree parenriil ryegrass, coertified mother send or pedigree white
clover, dontgomery red clover, cortified Akaroa cocksfoot and crested
dozstatl. At the present, the sward is miainly dominant perenaial
ryes srass white clover topdrerssed periodically with © =« 3 c.w.t. Of
superphosphate per acre. .

tal MARASTMYI T OF TIiR "WE®S.

The ten rams were put out with their rrapective mobs of ewes on
26th darch, 1944. Iha rams were raddled rad for the first 17 day period
and then changed to blus aind finilly to yellow, The ewes did not take
the rams well durin; the first wae: of tupping ilthouzh feed was good
and weather conditions excellent. Later on, however, there was some
improvemant and by the end of the first 17 day cycle, on, the average
only 14 ewes were left in euch group to be sarved. the rams were
renoved on Hay 19th haiving been out for i ht wenks.

From the beginnin;: of 7.y onwards e¢onsideraible trouble was experienced
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with scald and as a curative measure, the ewas were put through the foot-rot
bath (bluestone solution] approximately twice a week, After the removal
of the rams, the eswes were run in one mob on a rotational graszing system,
and this was continued throughout the winter. the stock wintered well
and at no p~riod was there a shortage of feed.

About the beginning of .iugust, the ewes were drafted into early and
late lambing groups for convenience of work at lambing time. the first
lamb was born on August 19th anoc deaspite the lag at tupping time the lambing

season wis not unduly protracted. Tn the first three weeks 62% of the tosal
lambs born were dropped, and by the end of six weeks 977 of the total had
been born.

for some unexplained reason, considerable trouble was cxboriancod with
mal presentations. Approximately 25% of the ewns were recorded as having
to be assisted it lambing. Three cases diagnosed as zleapy sickness ocour-
red and were injected with glucose, two of them subsequently dying.

At birth, the lambs were eartagged ind note ilso taken of the eartag
number of the awe. Birth waight, birth date, sex,and number bora were
also recorded.

vocking was carried out when the lambs ware approximately three weeks
of age, and at this time they were ilso recorded for body weight prior to
the operation.

varing lambing, the rotitional grazing systen was abandoned, but after

three mobs of sufficient size had been uvuilt p, this practice was recomm-
enced ind carried on throushout the remainder of the season. About the
baginnin; of Lecember, the ewe flock was brousht in and described for fleece
characteristics is detailed in the followin; section. fhey were then shorn
in the second week of wuecgember, and fleece weizht was recorded. Approx-
imately six weecs after shearing and after weaning, when sufficient time had
elapsed for any uneveness produced by shearin;i to have been smoothed out,
thay were described for body conformatior and then in the case of the old
eawas, the majJority of them were sent to the Freezing Works. Opportunity was

taken to record i number of carcase measurements after slaughter.
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(b) FRTITR LAMBS.
The procedure adopted with the wether lambs was as follows. Body Weight

was recorded at intervals until thay reuchoed a live weight in the paddocks
of aipproximately 74 1bs. Lambs attaining this weizht were then picked out
and transported by lorry to the woolshed. #leece descriptions detailed in

the following section were made. Samples were taken at the mid side pos-
ition, at 2osition Fo. 5, on the Hindquarter (as described by doot (1945)
and also a sample from the britch for yield determination in the future if

roequired. They were then shorn and fleece weisht recorded. <this was fol-

lowed by a description of the body conformation.

The 1 imbs were kept overnizht in the woolshed and the following morn-
ing were slaughtered and graded under the export system of grading. The
gcarcases were gstorad in a Cooler overnisht it 429 rarenheit and on the
next day the measurements described in Section III ¢ were made and the
Cambridge Bloc: Test points awarded.

e killing of the wether 1.mbs exteonded over quite a long period start-
in: on 3rd HNovember, 1944, ind finishing on 4th may, 1945. The usual prac-
tice was to kill once a weex if lambs were coming forward, but at the hpight
of the season about mid January, it was necessary to kill twice a weex in
order to keep the number of lambs down to a level which could be handled

comfortably with the ficilities avallible, and ~ith due regard to acouracy
of the collection of data. e aim in selecting the lambs for slaughter

was to hive them killing out at a dressed carcase weight of about 34 1lbs,
Some variation in the live weight in the paddock was necessary, however,

during the season to achieve this object, notably on account of the increase

in weight of wool as the lambs became older. [n the latter part of the
season, therefora, the lambs had to be picked at a live weight as high as
79-80 1bs.

(a) ®Y® LAMBS.

Insofar as the ewe lambs were concerned, the object was to retain them
in the experiment for a study of fleece and body characters at the hogget
and later stages. In accordance with this aim, they were described for
fleece characters at the ena of vecember, ind were shorn on the 8th Jan-

uary when fleece weight was recorded. At this time also all the lambs
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including wether lambs not yot killed) were weaned and were run separately
n grass, Some weeks later they wern described for body conformation.
Throuzhout the autumn and winter, the ewe hog:;ets were run together
8 a mob. The management was specifically designed to be as standardised
18 possible, and no special treatnent was ziven to any groups or individ-
1als. Routine drenching with Bluestone and Nicotime was carried out at
ihree weekly intervals for all animals to control worm infestation. On
lay 6th 1945 they were put onto a crop of cabbages that was available on
she block and then later, on June 20th they were put onto swedes, and

then returned to grass in the spring. Losses over the winter were
.ight, only 5 hogzgets or 2.4% of the total dying durin; the period May lst

to October 1st.

urinz the first week in October, the hogzets were described for fleece
sharacters, then grouped accordin; to their sires, and a general lnln;tton
of the quality of the sroups was made. Body weight was also taken at
this time and they were then shorn and fleece weight taken. They were

subsequently returned to pasture on the Block, and later were desoribed

for Body conformation, under the usual system.
Summarising, it can be said that, as regards the management, every
care has been taken to treat every animil and group a1s nearly alike as
possible, This was attained in the main, both in the case of ewes and
hogzets, by running ill the groups together in mobs as described previously
‘except at times when this was impossible, as, for example, at tupping time.
In this way, any speciil effects if they did occur would be randomised over
all sire groups and should in no way affect the validity of the results.

1945 STASON.
4 new line of 450 300d quality 5i year old ewes were bought in for

the second season of the axperiment in order to allow of a study of repeat-
ability of the progeny test of the sume ran on different ewes. oynly
seven of the original sires were available for this second year of the
experiment, the fertility of the remainder no longer being reliable owing
to age. Sires No. 3, 4 and 9, were sliminated on this account.

The management and experimentil procedure of the experiment was substan-

tially the same as that detailed above. In this report, consideration is
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only ziven to the wether laumbs from this second year, full data not yet bdeing

available for the ewe hoggets.

c. . DATA COLL®CTZD.

As far as possible an attempt was made to collect data on all aspects
of productivity, both quantitative and qualitative. This was considered
advisable on the grounds that the data could subsequently be used for more
fundamental studies on the importince and interrelationship of the fleece
and carcase gharacteristics, a problem on which there is a singular lack
of information. doreover, in the case of many fleece ahd carcase characters

their heritability and, consequently, their importance from the point of view

of progeny teéting. is unknown,
In general, the evaluation of quantity of production does no$ present

any major difficul ties but quality in both fleece and carcase is involved
considerably by the lirgely uninvestigaved interrelationships of the various

characters and the inadequacy or lack of objective methods of measurement.
therefore, for the mo:t part the quality aspects of both fleece and body

had to be estimated by subjective methods of sye and hand impression.

Using a range of seven grades as follows: %xcellent, Very Good, Good, Medium,
Poor, Bad and vull, which were recorded using the symbol system, advocated

by Waters (1939). In certain chiracters (specified later) a smaller number
of grades was used and in others the range was increased by the subdivision
of the grade into two categories by the use of the plus sign.

Most of the description work was carried out by three judges. Each
character on the inimal was evaluated independently by each Judge, and then
the various opinionada stated. When variation occurred in the 5:360 assign-
ad by the judges, the character w.s reviewad once more ind discussed till
unanimity of opinion was reached. the grade assigned was then noted by a
réoordar on forms cyclostyled for the purpose. the animals were desoribed
more or less at random and avery care wis exercised to ensure that at no

tima, d1d the jJjudges ‘now the sire group in which they belonged. In this
way, any possible bias in favour of i particular sire group was el iminated.



18.

BATA COLLWUT?L, ATl LAMBING fLIMR.

(al Date of Birth.
(b) Sex of lamb.
(c) Bartag number of the wvanm.
(d) Birth Weight.
the weight of each lamb was recorded to the nearest tenth of a pound
as soon as possible after 1t was dry.
{e] Remarks. '
any notable feature, such as condition of ewe and lamb, malpresen-
tations, whether or not the ewe hid to be given assistance at lambing, milk
suppl; of the ewe, was nmentioned in remarks.
£LTTCT bafa.
The following data ware recorded for all rams, ewes, ewe and wether
lambs and ewe hngzets. Unless otherwise stated, seven grades were used.

{a) QUALITY, EUMBTWR OR COUNT.
This was defined for present purposes as the visual impression of fibre

~ fineness, and the numbers applied to the wool are considered to be in close

agreement with the counts generally in use in the wool trade in New Zealand.

The estimite was made on the wool growing on the midi-side region of the
fleece and was judged by looking at a spread film of fibres. The fineness

was Judgad to the nearest half intervil e.zg. 44's 44/6 .t seq. In general
variations in count over the fleegs was taken into consideration under the
estimate of evenness,

(b} HANDLE.

Handle refers to the way in which wool affects the tactile sense and
soft handling wool is considered nore valuable from the traude point of view,
This cgharacter was Jjudsged with the tips of the fingers, and away from the
weatherad portion at the tip of the staiple without holdiing the wool taus.

In the 1isht of pravious esxperience, only three grades were used for this
egtimation « Good, Medium and Poor.
(¢) LUSTRE.

This character may be defined as the way in which wool reflects 1light

after tﬁe manner of spun 4lass, and 1% has been shown to be related to fibre

fineness within the Romney breed. An attenpt was made %0 grade for this
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feature within com)arable groups.

(d) COLOUR.
This estinate taces into acenunt the presence or absence of discolour-

ations in the fleeace, Ideally, it is considered that Romney wool should
show a 1ight olive 01l colour, and this attribute in description work has
been ziven the grade of Txcellent.

(e) GENTRAL CHARACI®R.

This estimate primarily takes into account, evenness, size and type of
erimp as well as staple formation, tip, and freedom from eross fibdres, from
one staple to another ("clean opening"™ flerece). There is a relationship

between type of crimp and quality number of wool, and in general this was
taken into account. the description was made on the three places specified

below.
(L} Side
(2) Forequarter
(3} Hindquarter.
(£) BACK WOOL.

An estimate, usinz seven grades was made on the soundness and general

character of the bac: wool, taking into account also, the extent to which
it had withstood the effects of weathering and acted as a protection to
the animal,
(g) TVTNNTSS.

This evaluation applies to the variitions in type, zeneral character
and count over the fleece.
(h) SPAPLE.

Under this headinj, remaris were made on the staple formation of the

fleece with particular reference to "stringiness™ of staple. Three grades
were used if this feature was present. S.5.5. (5lizhtly Stringy Staple)

Se3. (Stringy Staple) and V.S.0. (Very Stringy Staple)
(1) ZIR.

When noticeable tippiness of the staple was present it was remarked
on under three grades - 5,0,T7. (Slightly Tippy Tip) T.2. (Tippy Tip)
and VeI.2. (Very Tippy Tip.)

(J) ITYe®.

#here variations occurred fro: usuil Romney type wool, they were spec-
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fically not~d under this heading.
k) FPLEECE AS A WHOLT JRADING.

This estimate was intended $to be i general summition of the characters
entioned and to zive an evaluation of the excellence of the fleece consid=-

red as a unit. Halfl grades were used giving in all a range of fourteen

tategories.

1) STAPL® LEUNGTH.

This was measured with a ruler to the nearest centimetre on the mid-

iide region of the fleege. The measurement was mide from the skin to a
wsition midway between the point whera the staple starts to taper and the
iip, taking care not to stretch the stiple unduly.

m) FLYWCT TRIGHT.
This was recorded by weighing each fleece to the nearest tenth of a

ound prior to skirting ind rollings. The belly was also included.
'n) MRDULLATION.

Samples were tacen from position To. & of the Hindquarter (Waters 1935)
wd the medullation determined by the Fleece lesting Lepartment of the College.
'0) RWMARKS.

Any noteworthy features not considered under the above headings were
included in remarks e.3. Face covaring, wool covering of the extremities,
»izmented patches or fibres, cotts, kempiness, brea: or tenderness, obvious

1airiness etc.,

BODY LDWSCRIPTION.

The conformation of ewes, ewe hogsets, awe and wether lambs was des-

:ribed under the following headings. Unlesas mentioned specifically to
the contrary, seven grides wera used,
[a) HEAD.

Irimarily, this esti aite was baused on the lergth of the head in re-
Lation to width, the smiller length: width ratio being awarded the higher
grading. MNalformations and undershot or overshot Jaws were mentioned spec-
[fically in remarks.

(b) SHOULUTRS.

This grading taces into account the width throuzh the shoulders, flat-
ness over the withers and general conformation of the Fore Quarter.



(ec) BACK.
Reference was made in this case to the levelness of baeck and spring of
rib as well as width. In addition, a close check was made for narrowness

behind the shoulders and when present this resulted in a grading down of

the back estimate. Rarrowness behind the shoulders was also mentioned in

Remarks.
(d) LOIN.

A grading, to take into account width and flatness of loin as Judged

by hand was made.

(e) HINDQUARTERS.

Width and fullness of the hindquarters was judged. Tail setting was
also included in this estimate, and if it was noticeably poor in this res-
pect, mention was made of it in remarks.

(£) LEGS.

This estimate referred to the length of leg judzed in relation to the
size of the animal.
(g) BONE.

Thickness and quality of bone, was taken into account in this estimate.
Only three grades were used owing to inaccuracy of further subdivision in
this case.

(n) CONDITION.

This refers to the degree of fatness of the animal and was judged by
hand and eye into seven grades.
(1) BRETD TYPE.

This character was based on the degree to which the animal conformed
to the standard of the Romney Marsh breed, as laid down by the Breed Soc-
fety. In general, the characters taken into aiccount were Head Type,
Length of Leg, Wuality of Bone and aibsence of any outstanding fault. The
full range of seven grades was utilised.

(J) BODY AS A WHOLT GRADING.

A general summation of the carcase from the point of view of carcase

quality was included in this estimate. Head quality was not considered
in this connection. Half grades were used to give a range of fourteen

subdivisions.
(k) RWMARKS.

Mention was made under this heading of any departures from normality
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and any Breed fancy points not considered in the ibove scheme. Colour

of face and legs, Jaw Jormation, Face Covering, Tail Setting, Feet colour-

ing and abnormalities. Straightness of Hock, and weakness of pasterns were
points that were noted.

It must be emphasised thit, with all of the body conformation characters

sonsidered, they were Judged in relation to the size of the animal and with
due regard to balance in the proportions of the various parts. The conse-

quence of this feature of the scoring system, will be discussed later.

DABA COLLWCTTL T SLAUSHT®R.

The following data was collected on wether lambs prior to or immed-
{itely after slaughter.

(a) TMPTY LIVE 7EIGHT.

Prior to slaiunghter the lambs wera weighed to the nearest tenth of a
pound.
(b} WRISHT OP HT.D.

The head was severed at the anterior atlas joint and its weight noted
to the nearest tenth of a pound.

(c) CANNOE BONT MTASURRUTEIS. a

The left fore carnon bone was c¢ollected from each carcase. the bone
was scraped to remove all flesh :nd its green weight recorded immediately
to the nearest tenth of a gram. 7ach bone was labelled and subsequently
the length measurement was recgorded,

(d) HOT CARCAS® W@IJHT.

The weight of the carcase (with kidneys removed) was taken immediately
after slaughter to the nearest 0.1 1b.

(o) CARCAST SRADING.

Within a few hours after slauzhter, each carcacse wais graded and evaluag-
ed for the points quoted below. 1 range of five points was used, & indie-

ating maximum quality.

(1} Hindguarter.

{(a) Conformation.

An astinaite of the length of leg, fullrness of crutch and depth of meat

in the hindquarter.



(b) Finifihc
An estimate of the fat cover over the lez. The ideal is an even cove

ering of fat sufficiently deep to pravent the colour of the muscle from
showing through.
(11) Loin.

(a) Conformation.

7idth and flatness of loin.
(b) Finish.
¥eferring o the development of fut cover over the loin.

(111} Foreguarter.

{a) Conformation.

Jeneral conformitiorn of the rore=quuartor with pairticular reference

to width and squarenass of shoulder.
(b: #inish.

AZain referring to the .t covering of the Porequarter region.

(iv) goloure.
(1) Muscle.

The colour of the muscle should be a brisht pirk and this was awarded
the maximum points while reducti 'ns were mide {or durkness which is cone
siderad a defect.

(b) Fat.

Yellownass of fat is considered a disadvantaze from the point of view
of quali ty. Consequently daviations from the ideal white fat in the lambd
weres graded down.

(v) Srade.

Tvary carcase wis graded on the basia of'the ex ort system of grading,
as described by Stephens and Barnicoat (1936.. Because the weight range
was limited to 28-36 pounds, only thrae srades were used. i.e. Prime Lown
Crossbred, Prime Crossbred and Second quality.

(vi) Remarks.

Any outstanding feature of the carcase was noted under this heading

3. %xtreme ysllowness of fat, and diseased condition, and general suit-

ability of lamb for trade purposes.
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% !
CARCAST MTASURTMENT DAL

After having been hung overni:ht or a zamble of standard width in a cool-
ing chamber, the carcase was weizhed to det~rmine gold carcase weight, and
various measurements made.

The measurements included in the study of carcase gquality have been made
in accordance with the technique describad by Palsson (1939) and are given

in detail below.

EXIFREAL W=ASURTMTHIS.
P - Leg Length.
G -~ Width of gigots.
TeR. = HMaximum width of Ribs.
TP, - Haximum widt' of rorequarter in line with the Shoulders.
Te The - minimum width behind the sgapula.
Th. - wvepth of thorax. the maximum depth of the chest behind the shoulders,
WeN. = width of neck.
T. - Length of tibis and tarsus fro: the tubercle on the proximal end of
the tibii to the anterior edge of the distal end of the tarsal.

R. =~ Length of the radius-ulna from the olecranon process to the styloid

process.

K - Length of pody from the tail head to the base of the neck.

L. = Length of body from the symphysis pubis to the anterior edge of the
middle of the first rib.

H - Length fron the symphysis prnbis to the posterior adge of the last
rib, at the Junction with the vertebra. |

B - LlLength of leg from the symphysis pubis to the anterior edge of the

distal end of the tarsal.
IBTTREAL XTASURTHWNTS.

fhe carcase was divided into two portions by cutting vertically
through the union of the last thoracic with the first lu;%;;iES% allowing
the xnifs to follow ilon; the posterior border of the last rib on each
side.

the following meusurements were then recorded from the anterior surface
of the section.

A = "Length" of "Tye luscle” the maximum distance across the ¢cross sec-
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tion surface of the lonsissimus dorsi from ond next the spinal process
outwards along th~ rib.

Lepth of "Rye muscle” the greatest distance at right angles to A on
the same surface.

Thickness of back-fat over the drepest part of the "Rye muscle”,
thickness of fat over the spinous process. ‘
Haximuom thickness of muscle layer (mixed with fat, plus ridb but not
includ inz suvbeutaneous fat:; on thelower half of the rib.

thickness of subcutuneous fat layer over X.

\
thickest laysr of fat over the rib at the point illustrated.

the above data include the measurements necessary for the Cambridge

Block Test (Mumeekan 1939 with the exception of an eye estimation using

a ranse of ten points for Fat Cov-r of Legs ind for Width and fullness of

Loin, which were also maude on the carcase at the same time as the measure-

ments. the sgor~ card used in slock rTesting is ziven in Appendix X.
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THY SROBLWM OF STATISTICAL "VALUATION OF

KON-NUMBRICAL DATA.
the grading system as described previously introduces a classification
which is purely qualitative, in that the characters are capable of bdeing
graded by a rmecoznisable difference in category, but are not susceptible of
measurement by numerical scale. This necessitates some investigation into
the methods of statistical treatment and interpretation available for non=-

nunerical data.
Similar American work on the grading of fleece and carcase cgharacter-

istics in sheep his been bused on a scoring system, which appears to be in
general use in most of their beef cattle, sheep and swine breeding research.

This system brea:s up class intervals of 1, 2, Z, 4 and 5 points into two

by the use of a plus or minus sizgn - 2.3. 14? 1, 1 - giving in all a renge
of 15 units (Hazel and Terrill (1946) Winters and Green (1944) and Hetzer,
Uickerson and Zeller (1944). Hazel and Terrill (1945).) For statistical
purposes, these grades are assigned additive values of 67, 1, 1+33. es.seq.
and the data treated statistically according to the usual methods for ordine
ary metrical data. A similar method hus been used by Dunlop (1942) for the
statistical treatment of count and fleece quality zgrades.

The above system carn be griticised, in theory at least, that the intere
vals betwaen the differernt grades may not necessarily be equal. Support is
given to this contention by the well nown Fechner-%eb~r law, which expresses
the fundamental basis of the estimition of wool characters by eye. Ihis
law states "in order that the inteusity of a sensation may increase in arith-
metical progression; the stimulus must increase in geometrical progression.”
Barker (1931) shows that any attempt £o form a gradation of wool qualities
by eoye will result in a scile in which successive grades will increase in
geometrical progression. This same argument would probably apply to the
estimation of carcase conformution of the animal, il though MacDonald and
Robertson (as reported by Barker, 1931 ) show that the Fechner-Weber law
applied only to the visual sense und not negessarily to the tactile sense,
which is used to a greater extent in the evaluation of carcase quality.

In general, however, when the scoring system can be refined enough to give

a range of 15-20 grades it would appear that the alloting of a unit sequence

to those grades is accurate enouzh for ordin.ry purposes. Consequently in
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the case of Fleece .8 A Whole Quality Grading, Count, and Body As A Whole,
this method has been utilised and the data treated statistically, using the
ordinary method of correlation and Analyses of Variance.

In a number of other gradings, however, the accuracy obtained (see next
section) did not warrant the increase of the number of grades by use of the
plus and minus device. Ihe use of only seven, and sometimes fewer grades
(as in Handle, Lustre, Colour, Head, Hind uvarters etc.) and using numerical
values 1 to 7, for those grades, would introduce possible inaccuracy. Hore-

over, as Snedecor (1940) points out, for preacise work a range of 20 and pref-
erably more classes are roaguirnd. As a consequence of this difficulty, a

stndy was made of methods of utilising this type of data.
Ae  MWASUR™S OF ASSQOCIATION FOR ZUALIPARIVT DATa.

As a measure of correlation in guantitatively non-measurable characters,
Pearson (1904), showed that the correlation between two variates, could be

2
expressed as = JI__— -
d C I + ¢p* ) cﬁ

being the mean square contingency or X*
N.

This measure was derived on the assumption that the classes in a con-

tingency table were grouped narrowly to conform to a normal correlation sur-
face. In the ideal case, whera the {items are an ordered series, the dis-

tributions normal, and the regression rectilinear, € then becomes identical
with r, as the number of groups is increased. These assumptions however,
are usually far from fulfilment. 1In 1913, Pearson introduced a correction
for qbz in cases involving broad catezories. The major defect in this
statistic is that the maximum value of the continzency coefficient is lim- .
{ted unless qb‘ is very large. Thus, although the data may be distrib-
uted along a diagonal in a contingency table, having the same number of cat-
ngories, for each set of qualititive characters, the maximum contingency may
not be indicated.

In an attempt to remddy this bias, Ichuproff (1925, as quoted by

e

1
and Kendall/ proposed a1 coefficient T wnich he defines as T =
| Js-1)E-1)

Yule
2

as a measure of association in an s x t table. T“ven though the frequencies
may be perfectly distributed for maximum association, T2 could only attain
its maximvm value when s is equal to t.

In 1942, Maung (1942) return-d to the problem of the measurement of
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association in contingency tables, and to the solution of canonical correl-

ations, (Hotelling, 1936) and their properties using a scoring system ad-
vocated by Fisher (1940]. He shows that the sum of squares of the canonic-
al correlations (of which (t - 1) exist for an 8 x t classification) is equal.
% %

to /E.  TWhen perfect association exists % /N equals (t -1) where ¢ < 8.
Hence ’X//H(t - 1) represents the mean square of the canonicail correlations,
a measurs which can only lie within the 1imits of 0 and 1. It has been
suggested as a measure of associition and varies between O and 1, correspond-

ing to the limits for minimum and maximum correlation. Maung also devalops

1
a test of significance forx/aﬁ for samples whers %1 distribution can be
validly used in a contingency table.

4% one stage, it was thouzht that this measure of association would be
useful in the calculation of the broadly srouped data in this experiment.
For present purposes, however, the test of significance for 'X’Z/SI 1limited
the contingency table to an 8 x 4 classification, whereas most of the class-

{fications included in the data contain s x 5 or more groups. Hence an
. aporoximate test of siznificance (usin; HMaung's method) was worked out for
7(’74!&.
the exasct distribution of 1/71\ (t = 1) is not known but an approximate
distribution of it cain be obtiined from the 'xl distribution. |
agcording to m.un; (1942), if ¢L deno tes /ﬂ(t - 1), the element
of frequency function (f) of sz' is ziven by

-1 y’-n 2\+h— N(t-=
“ - REN S (@ L 9] g
where n—_@—-!)ttﬂ) r( )

Since ct)z is not greater than unity, this is not an exact expression for

\
the distribution. the tail area batween 4)7' = | and <o is stated to be

}‘:‘i‘n r‘(l;m) S [__L_(|+~5)]((+});n s

o (2N bl m[l“‘ﬂ('ﬂ Ly

“ oep[~aNIr+ NC1 + 5 N[+ F N[+ NG+ 2N e aN[i+5aN] ]
which ¢in be conveniently written for calculation as
5
,Q,'J‘N{\ +-;1N+K ) (ZlN)3 (.'ZN)“‘ !5 anN)’ CzN @N)}
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or the first 7 terms of a roisson distribution with mean 2R
for i sample size of 10 and 12, the tail areas beyond 4)7_ =1
are respectively 7-79 x 10 = 4 and 4.75 x 10 - 9 Hence the loss of
precision is negligible.
In zeneral, in the case of (¢t = 1) = 4, the tail area under the curve
£ = (on) ° exp. l:-"lNCPr] ¢’

2
beyond the point (P = A (]

N Har (7 et [-an(N] (A8 4y

which on integration yields

*’/Dﬁ[?-"“’\]ﬁ « 2NN[ +:LN>\ [+ 1Nx ['_ +2N>~ [ lNX[:'+1NA[ 2N,\J :]

This is a funetion of 2§\ and as such the equation N)\ = gonstant repres-
2
ents a hyperbola which gives a contour of equal significance for ¢ > N

irn a sample of size N.

The value of 2N A has been evaluated for various levels of significance
f.8. 0el, 0¢05 and 0.01, by equating the above equition to these values for
the probability of ¢7. exceeding . Owing to the limitation of cal~-
culation facilities, only approximate values for the soclution have been
obtained.

APPROXIMAT®™ VALU™S OF TH™ SOLUILIOR.

Probability of Value of 2K
axcrading
0-1 11-76
0.05 13-16
0-01 16-00

R
Using ’X//N(t - 1} a number of exanples were worked out in order to

investizate the usefulness of this measure. One example is given below.
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TABLE I:
Handle Lustre.
U . \ v X Total.
7 1 0 0 0 6
U 2 7 4 0 0 13
. 1l 15 27 4 0 4%
1 30 14 2 54
) Q 0 13 17 2 35
Total 11 30 74 35 4 157

This yielded a ?VL value of 13203, and a value of 707&! of -21023

with 16 degrens of freadom which is greater than 1600 or +05096
157x2
which indicates siznificance higher than the 15 level,

As emphasised by Maung (1942) nowever, this method can only be used when
the test of significance for 701 can be applied validly. In the above
example a number of the expected fraguencies are considerably below § and
henca the ');L test is somewhat impiired in accuracy and not generally
applicable, ioreover, from calculation of other examples gonsiderable dif-
ficulty 1s found in interpreting definitely the value of the 707&(: -1)
measure in relation to the amount of association shown by the graphiecal
presentation of the data. This factor brgcame particularly evident when
correlations between dan and offsoring were consideraed. An el ementary
proof, based on Hogbens (1937 ) demonstration of the dam-offspring product
moment correlation, showed that 7x1/n(t - 1) zives a similar value, but
this proof involved the aissumptions that, firstly, only one gene substit-
ution affected the character, and, sacondily, the environuent was homogen-
eous. No method could be found to remove these restrictions. Inis
mathod was therefor=~ abandoned.

The method finally decided upon for the correlation of the graded data
is indicated by Zearson (1913) and siven by Peters and VanVoorhis (1940).
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In this case the assumptions are that the variates can be plausibly thought
of as being quantititive in nature, but in which there is insufficient
reason to beliave the intervals are of uniform length, A further assump-
tion is tha: the distributiors are normal. The data, I believe, is in
line with these postulaites.

If the distance from the mean of a category to the mean of the whole
distribution be designated as x, the height of the bounding ordinate at
the left of the sector by 3), and the ordinate at the right bde 3p then

z = K (Bl ¥

———

Area
The values of the ordinates can be read from a table of the NHormal

Probability Integral oriented in terms of (¢ — the proportion of the
total observations in one row or column of the classification. In this
way mean deviations are calculated for all, the rows and columns. The
correlation can be computed in the same manner as the ordinary product
moment value.

- E
Nc;}r}_

A correction for Broad Categories is also required, and is carried out
as shown by Peters and Van Voorhis (1940). Using this method on the
previous tablea gzives a value of r « .696. An example showing the
method of calculation ie given in Appendix II.

The writer fully realises that this method has diaadvantages and is
essentially approxzimate in nature. ilowever, as seen by the correlations
given, in later sections, and comparison of these with the graphs it appears

that it gives satisfuictory results when allowance is made for the error

involved in the estimaitions of the chiracters concerned.

be DISCRIMINANT ANALYSIS A22LITY TQ QUARTITATIVE DATA.

While investigating the statistical techniques for evaluation of
qualitative data, the possibility of the use of iiscriminant Analysis
in obtaining appropriate scores was considered in relation to analysing
differences between sire groups of graded data. Fisher (1938 (a) 1941)
shows how a set of scores may be assigned to non-numerical observations

in order that the values shall be additive. The general principle under-

lying the method is the fact that it is possible to determine a set of
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coafficients in such a way as to maximise the ratio of the sum of squares
of ona chossen component to the sum of sguares of other components in an
analysis of variance. (FPisher (1936, 1928(b) and 1940).
An example of the application of the uiscriminant Analysis to graded
data collegcted in this experiment is given

TABL™ II dTAD GRADIRG - Ewes Lambs, 1944.

aroup U . \ v Total.
1l i1 12 1 0 24.
2 1 4 6 6 17.
3 2 2 5 3 1z.
4 5 12 2 0 19.
6 2 6 il 4 23.
6 1l 5 7 6 19.
7 2 9 & 4 23.
8 2 & 4 2 16.
9 10 8 1 0 19.
10 1 9 10 4 _24.
196.

assuming arbitrary value of 0, x, y and 1 for the grades, Poor, medtunm,
good and very good, the sum of squares due to variations between sire

groups and total sum of squares may be expressed as quadratic functions of

X and ye.
Thus Sum of squares (Between Sire Sroups) , A, @
{ 1 / ] L ] ‘ A e 33 N R . -
= A x “”lg"-x/j'+H17.% f"')“A‘Zvr"‘”i 2 f |
Total Sum of Sguares @

I N A
In order to find -values for x and y, 1t is neoéss:ry to maximise

the ratio of the {irst of these expression to the second, Calling 9 the
ratio of equation 1 to equation 2 ; the maximum, stationary or mine
imun value of O 1s given by the lirgest, intermediate, or the smallest
root of the Ird order determinantal equation.
Alu —6A, |, A"z —-BA., R A'3—6A'3
Ny —BAw , Abu—BA. , A0 0

A'|3 “BA'S ) A‘zs-—GAn ) A'33_'9A33

(J
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To obtain the score values for x and y, the calculated value for 6 is

substituted in the followin: pair of simul taneous equations
(A1 = Oa3) x + (a"1p = B4p)y + (a'13 - O443) = o

L}
(%5 = Bajp) x + (a'pp = Ongy) y + (a'p3 = Oapg) = o.
The following illustration is ziven of the arithmetical handling of the

data
ARALYSIS.
aroup N S4a ng
1 | 24] 12zt y 144x° 4 y2 + 24xy
2 | 17| 4x*6y+6 16x° +36y2 4 36 + 48xy 4+ 48x + 72y
3 | 12| 2x#5y €3 4x2 +25y° + @ + 20xy 4+ 12x 4+ 30y
4 19| l2xeey 144x2 4 ay% + 48xy
5 23| 6xtlly+4 36224 121y% + 16 4+ 132xy + 48x + 86y
6 19| 5x¢ Ty+6 : 25x2 + 49y2 + 36 + 70xy 4 60x + 84y
7 23| 9x4 8y+ 4 61x2 + 64y2 4+ 16 + 144xy + 72x + 64y
8 | 16| Bxtay+e2 64x° +16y° + 4 ¢ 64xy 4+ 32x + 16y
9 19| éxty 64x° ¢ y?2 + 16xy
10 24| 9x+ 104 |  61x24100y2 + 16 4 160xy + 72x + 60y
[|196] 751+ boyw29

Total Sum of Squares 5% = 75x2 4 55y2 + 29

C= (5x)% = 5626x° 4 3025y° + B4l + B250Xy+ 4350x4 3190y
n
196

SX" = 75x% + 859° + o9

[+
1]

26°69896+ 15:42368y%4 4.29062 4 42.09184xy24 22:19366x4 1627551

w
e
1

46+30102x% 39:56632y 4 2470916 — 42.09164xy — 22+19388x — 16°27651y

—

(oL >

g aihd - el ITTS
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1_412
a
(4]
1 = (.,00000x2 + LOL1G7¥2 + 1.00000xy
2 m JOWMBXS 4 S H1TO5FC ¢ 2.11765  + 2.62353%y + 2.82353x + L. 23589y
3. m  W33333%°  + 40033372+ JT5000 + 1.66667xy + 1.00000x + 2,50000y
L = 7.57895x2 +  L01053y° . ¢ 2452632xy
5 m 1456522x°  +  L.20007y2 4 469565 + 54 73913xy + 2.08696x + 3.,02000y
6 = 4.31079x2 o+ J.57.95¥° 4+ 1.0947L  + 3.68421xy + 3.15789% + L42105y
7 B 5e521T4x2 ¢+ L 7U0H13° ¢+ 69565 + Go26087xy + 3.13043x + 2,78261y
8 = L JO00UCXE +  1eUULLOYE & 2DHUCO + 1,600000xy + 2,00000x + 1,00000y
9 = 3JO0742x<  «  L05203y2 v <Bh211xy
0 & 3437500x< ¢+ Le1(L0Ty< 66667 + 7.50000xy + 3.00000x + 3.333335
31609963%2  + 0,00.91y2  + 7.07036  +36.04284xy +17.19881x +22,00837y
28, 969652  + CeilRi3yl 4 4.29082  142.09184xy +22.19388x +1642755Ly
5.30065%° + Le00123y2 ¢ 2,77954 = 6.0L900xy = L4.99507x + 5.82286
This yrocess of colculotion lcads to the following determinantal equation
3630063 = 464301028, = 3,025,560 + 21.055020, =2,49754 + 11.096946
- 3402450 + 21.0L5C70, Le 6123 = 39.566320, 2.9143 + 8.137750 = 0
- 259754 + 11,0060L8, 2.91143 + 84137750, 2.77954 = 24.709186,
The left hand side of tl.ls ecustion vos evaluasted (by condensation -« Aitken
1911) for 5 chosen levcle of @ nnd tuc uct..od of divided difference applied
to enleculste the reuuired meximum root of the above eguation as deseribed
by Fisher (1941).
Ll IIX. Jlosen Velu s of the Determinant
Detcrilnant 1ct. Divided D .11, 2nd, vivided MM
0 Lo CH(: 56
2 03, 730073 +3904.. 381535
L |=229,7i0214 ~1567+ 204,35 = 4903940
6 [=2010.51695 -0, 948, 53368 - 10,543.323 - 22,582.35
B | =6369.35326 =215 71:94 57825 - 32,002,611 - 22,582,14
- 0106

32632
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Since for eny exprcosion of the third depree, the third divided differs
ence should be constant, the accureecy of celculstion is checked by evaluating
an extre deterninent. The e:leulrting mecline used only allowed working to
eight dlgits, so the c.:nll diserenency in the final column is anderstandsble,
The volue so detemined for@ represents the froction of the total sum of
sguercs attributsble to differences between sires when this fraction is
mexiniced, The scores corresponding to the value of @ are obtained by solving
the following simultancous eyuations,

- 11.8u737 x + oevhelly 4+ 1412339 = (.
3. Ll 278x - 8.04926y 4 H.50678 = Q.
which gives x = 3791
4 = ,{726
ilence
Foor = Q. ilediwa = o38. Good = ,87. Very Good = 1.
“hose values lie between ¢ &nd I in the order that would be expected,

A8 Pisher (1941, cihesiscs, the velue for O end the scores obtained
from 1t are unilquc, end not s conse,uence of the method of determination,

e differcncen between sire groups, may be tested by the anelysis of
vericnee asing the velue of B direcctly witl: ut the necessity of recalculating
using the scores. Mo dezrees ol freedom are added to the 9 for between sire

groupo, and 2 1s subtrocted from the remsining degrecs of freedom,

)/ BLE IV, L LYOIS OF Vi IANCH OF H«iD GRADING
Scurce of Veriation d.Ls Sun of Sqyuares liean Squore
Detween ire Groups 11 * 3263 «02966
Renninder 184 6737 «003661
Totel 195 1 ¢ GO00 i
F Velue = 05 6-1 = 8,103 Highly significant.
L]

it is poesible then to infer froa thic esnalysis that lerge differences
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occur between the sire groups in Head grading.

A test of significance can be developed to ascertain whether the data
differ significantly from expectation based on any other given system of
scores. [for this purpose a linear series of scores for the gradings was
adopted - Poor = O, Medium = 1, Good = 2, and Very Good = 3. (desig-
nated as the Y systen of scores in contradistinction to the system of scores
() determined by the discriminant function analysis.)

By multiplying the terms in the determinantal equation above for be-
tween sire differences and total by 1, 2 and 3 and adding, the following
table is obtained.

TABL®. V. SCOR® SYST®RM "Y".
Between Sire Groups fotal.
- 10241 - 29-082
15-432 23673
11-664 46755

( These values are obtained thus:
(330065 x 1) (-3+02450 x 2) (-2.49754 x 3) = <10+241)

A similar table may be drawn out using the original score system (X)
and is ziven in Table VI.

PABL® VI. SCOR™ LYSIWd "X"
Between Sire ygroups Total.
- 3875 - 11-812
5991 1&-287
4363 l 13-413

By multiplying the three rows in Table V by 1, 2 and 3, and adding, an
analysis of variance for Y is obtained. Similarly by mul tiplying the three
rows by the X system of scores the covariance of X and Y is found. The

analysis of variance of X is derived from Table VI by multiplying the three

rows by the scores (.36, 087 and 1. These analyses are given in the



36.
following table.

TABL® VII. ANALYSIS OF COVARIANCE FOR ARBITRARY SCORES.
Source of Variation SYZ2 SXY sx2
Between Sire Groups 55+ 615 £21-198 6103
Within Sire Groups 122.914 43-801 17-201
Total 176+529 64-999 25+304
1
Y can now be eliminated from the analysis by the usual covariance method
(sx2 - (sxy)® ) and the following analysis of variance resul ts.
sSY=2 f

TABL® VIII. ARALYS IS QF VARIAKCE.

[
Source of Variation def. ; Sum of Squares Mean Square.
Betwaen Sire Groups 10 T 0047 00047
Within Sire Groups 164 | 1.592 0.0086

|
Total 194 1 1+639

]

One degree of freedom is eliminated for the elimination of Y. The
analysis of variance is non-significant and is thus not sufficient to show
that the linear series of scores is inadequate for analysing the data. It
must be emphasised that this test requires more extensive data than has been
analysed in this case, and therefore, final conclusions on whether a linear
systam of scores is adequate must be withheld till more dataaif'avsilablo.

‘By introducinz a second source of variation into the above analysis
(ee3s 1t i3 possible to introduce the variation due to different years by
incinding the head grading classification for a second year's crop of lambs,
by the some sires) it would appear possible to reduce to a zinimum the
variations due to environmental conditions and variation in the standards
of grading. In regard to factors of zgenetic siznificance, differences
between years should be small, because the s.me rums and ewes have been used
in both years. In the case of non-genetic factors, of which an important
one will be the variation in the standards of grading, it is to be expected
that the differences between years will be large, because of differences in

the environmental oconditions, and variation in the standards of grading.
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Consequently, a systen of scores which minimises the variation between years

will emphasise the contrasts of genetic importance at the expense of those

which happen to be w0st affected by variations in standards of grading and
environmental conditions., The theoratical calculations are available for
working out this type of analysis (iaunz, 1941) and a trial analysis was
atteapted, but did not yield any test of the basis of the above reasoning,
because of the smallness of numbers available, (It is hoped in the near
future to reconsider this problem).

Although the discriminant analysis has not been used in treating the
rasul ts of the experiment at this stage, a brief demonstration of its poss-
ibi{lities has been given. the writer clains indulgence in this matter for
several reasons.

1. e fagt thait this problem of the treatnent of qualitative data has
served as a check to the ntflisation of a considerable amount of data
for a number of yesars. In New Zealand alone, there is, especially
in rezard to research in wool, and curcase gquality a big aggregation

of qualitative data of a similar natur~ to thit discussed above.
Moreovar, the problem appears; from private communications (Morley
1946) to be again a limiting factor in other countries., In America
despi te thai;z;ilubility of adequate facilities, it appears that no
attempt hus been made to treat much of their data (with the exceptions
mentioned earli~»j.

2. The above ex.imple has, therefore, been quoted largely to show what has
been done towards investigatinz this problem.

3 It has also been placed on rocord to obtain the criticism of trained
statisticians, as to its corractness of application wnd utility. The
main reason for not using the discriminant inalysis was the great
amount of work in calculation = an amount of work which was not consid-
ared Justifiead at this Juncture. In addition. the method is again
limited in 1ts applicition by the smallness of numbers available. How=
ever, when all the dati from the later years of the experiment comes %o
hand, it is intendad to review the merthod again, in regard to its
applicability.
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“
X recunigue.

Por testing significance between sire groups on qualitative data, the
76}' test for Independence is available and has been used where possible.
A factor which tends to vitiate its use on many occasions in this data is
the smallness of the expected frequencies in many of the sub-classes.
Tvidence accumulated within recent years indicates that the inaccuracies

which may be involved in the use of snall ex ected numbers are not as serious

as was once thought. Fryer (as quoted by Lnedecor, 1940) found that in a
large number of tests in cases of small expected frequencies, the results
found by usual methods gave raliaible conclusions about siznificance. Haldane
(1945) has developed X technique for n x 2 tables when expectations are
small and even less than unity, but this method is not applicable to the type
of table in this data.

After due considerition of the various methods, the arbitrary score sys-

tem his been used in the cases of Count, #leece yuality, and Body As A Whole

Srading, as indicited below.

Count.
40 1 54 | 13
40/44 2 54/6 14
44 3 56 15
44 /6 4
46 5 vt 12
46/8 6 v 11
48 7 N+ 'S
\
48/50 8 .4 3
50 9 U+ 6
50/62 10 U 5
52 11 “ "
52/4 12 e 3
N+ .
"ua 1

In grneral, allowing for the fact that the data is of a preliminary nature,

and will be supplemented as time passes, it is believed that this method is
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sufficiantly accurate, especiall,; so when the general error involved in the

repeatability of subjective gradings is taken into account.
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STBCTION V. RESULTS.

Because the aspects of progeny testing in sheep, considered at this stage,
fall into clearly delineated sections, it wis decided to present them in that
manner. The results, therefore, are siven in the from of separate parts,
each with 1ts own introduction and discussion, the final integration of these

parts being left to a discussion in Sectior VI.

ZART T. RTDTATABILITY OF SUBJWCIIVE SRADINGS OF FLRECE

1

AND CARCAS™ QUALITY.

It has been recognised since the time of Larwin, that the variations
seon betweer different animals give scope for improvement in livestock, It
is, therefora, nmanifestly necessary that adequate means be availadle for the
detection of these vairiations. Moreover, increase in objectivity and pre-
cision of methods for recordinzg these differences will, as Nichols (1945)
has stressed, counsiderably simplify the tasz of animal improvement.

An element of chunce, however, enters into evary measurement and there-
fore, avery set of measuremenis is inherently a sample of more or less unknown
gonditions. Zvan in the few instances where it is believed that the objectiw
reality under measurement is i constant, the measursments of this constant
are influenced by chance or unirnown causes. Hence, any set of measurements
of a gquantity, however objective that measurement is considered to be, is
2 sample of an infirite set of measurements which mizht be made of this same
gquantity under essentially the same condi tions. Scientific method, there-
forea, demands to now the accuracy and precision of the varicus types of
neasuremant which it uses. Thisg necgessity is even more apparent when meas-
urem~s{ is based on subjective evaluation and personal fallability contribe
utes to the lack of accuracy of the score.

It is this aspect which is covered in the present section.

de FLVTCE WVALUATIORS.

dany contribution huve been made %o the science of objective measure-

ment of wool characters by workers from all parts of the world.
Studies on the accurate determination of fibre diameter have been rep-

orted by Barker (1932) Fruser Roberts (19 =) Luerden (1929) Winson

(1931 ) Hardy (1933 & 1935) Stanbury & Daniels (1937) and Wildman &

S e |
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Daniels (1937); of fibre length by Laniels (1942)
These techniques suff~r from sarious disadvantages in their application
to evaluation of f{leece gqualities.

1. They are axpensive, time consuming, and require adequate laboratory fao-

flities.
. Tool is still s0ld on the basis of hand and eye judgement of the expert

by |

and the resul ts of the two methods cin be at wvariance.

A

« The siznificance of many wool charicters his not beemfully investigated
as regards their importince in the minufacturing process, :
flence, in this experiment resort was made to hand and eye methods of eval-
vation,of {leegs gunality as described previously. the accuracy of this

method has been discussed in general terms by many writers, the general cone
clusion beins that a porson triined in eviluaiting wool qual ity can make fine

distinetions, thoush in general the reliability of the ostimafea is not as

great as those derived from objective methods of measurement. The speed of

working, an important point in practical application, {s, however, several

thousands of times sire.ater, bunlop (1943) has reviewed the literature on
the accuracy of subjective detrrainations of count and fleege quality, and
has studied these features with Hew Jeil uind Crossbred and Corriedale wools.
His resul ts show in the case of Count, that the standard deviation of a
sinzle judgzemant 1s lase than half a count interval. Mcilahon (1941 and 1943)
has given the repeitibility of a number of fleegs gharacters and shows in “
most cases thait the Tpropr of Judgement 18 approximitely half a grade.

A study of repe.tability of fleaece gradings was not condﬁotod :pic-
ifically for this experiment, for the same three observers who carried out
the fleece description work hid previously conducted a repeat-trial in comn-

nection with the Animal Kutrition “xperiment (Clarke et al, 1946) fhor‘-
fore these resultis will be amersly quoted for completeness sake, and briefly
discussed.

TABL™ IX. RELTATABILITY OF SUBJZCIIVT GRADINGS.

Charac ter Trror of Judzement g::::;::;::.
Staple Length =079 0-782
Count < 0+62 half grade 0-8601
Handle < 0-49 grade 0+581
Lustre - 056 " 0574
Colour J0.66 " 0.538
gharaotnr = 032 " 0-564
Tyanness - 0.58 ! 0.428
Flaace AS A Whole Z0-64 half zrade 0640
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The error of Judgement s the standard deviation derived from the variance
due to error. It can be interpreted as the limit of the deviation from the.
correct estimaite which the Judges would not exceed more than about once in
three timns. Only once in twenty times on the average would the Jjudges

exceed the limit of deviation sat by twice this figure. The intra-class

gorrelation indicates the consistency between the two observations of the
same sheep and for perfect consistency it would give a value of 1-+0.

It can be seen that for Count and Fleege 48 A Whole the Jjudges seldom
are in oprror by more than half a grade 9i.e. a difference say between 48
and 46/5?'3. or betwensr medi?m and medium plus fleege graﬂina). These
estimations are thus remarkably consistent. rno doubt this is due to the
relatively clear-cut nature of the determinations and in the case of Count,
at any raie. due to constant practice.

Character his about the sane order of error of juigement as Count and
Fleece i3 A Whole, but the lowsr correlation indicates- -that the judgement
is not so consistent possibly due to variation in the emphasis gXAooé upon
the vurious f{eatures which are {ncluded in the estinite and to the variations
in the stundards with fineness.

The other characteri tics are not so accurately determined, but it is
‘seldom that the error would be zgreater than one grade. this disadvantage
is partly offset by the fact, that, relatively, the characters Handle,
Luster, and Colour are not as important as the more accurate estimates of
chﬁracter and Fleece Juality As A Wholse.

The error 1in measurin; staple lenzth is due to the variation in deters
mining the points betwern which the measurensnt is made, and to some extent
to the dezgree to which the staple is extended in making the measurement.

These results indicate tha subjective methods of eye and hand grading
can be usefully employ~d in respect to fleece characters in the practice
of sheep breeding and in experimentation. In the absence of objective meass
ures, it is obvious that they aire the methods which have to be relied upon
at the present for wool improvenent and so it is important to know the ex-

tent to which they are accurate,.
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B. CARCASY CHARACIWRS.
As with Fleece quility characters, there is no definite objective method

of descriving body form and carcasa quality in the sheep, so that again, the
subj-utive method of scorins had to be adopted.

Thare are a number of factors which complicate the issue in subjectively
describing body form in meat producing animals.
Primarily, the importance of seneril balance and relationship between the

parts of the body must not be lost sight »f. a use of any score card in

which the detailed poinis of an animil .« e sumzed up tends to lead to this
state of affairs where the .nimal is considered as a number of isoclated parts
2ith no relationship betwearn these parts. In the scoring system for body
conforaation described in section ITI ¢, this factor of balance in relation
to other parts has beer allowad for in the Loday As A Thola grade where any
imbal ange has resulied in the muriing down ol the inimal in its final appraisal.
A fTurther difficulty in describirng Lody conformaition lies in the gome
parison nf animals in diffaring degrees of gonditing. 1% i8 a1 well known
fict that a high deagree »f fatness gar obscure to a very large extent the
conformationil defects of 1 poorly bred sinimal while poor condition can lead
to the murkin: down of an animil begiuse full developmant of the body is
not shown. Io a limited extent some mental allowance was made for the
ef ect of condition in describing the stoc¢ used in the experiment, bdbut
L 18 realisead that this allowuince was cart.iinly very arbitrary.
the changes of body conformation with .72 (as shown by Hammond (19382)
Mollesitan {1940 ) Varges (1929), und 2alsson (1939) azain have a considerable
effact on body descriptions of inimils .t different ages. This factor
undoubtedly 1s ol some iuport.nce in the case of the description of the
ewe lambs where increase in tha relative size of the 1lbin and decrease in
the relative size of the head and lower parts of the 1limbs with age would
inevitably result in the older lanb bein; zraded higher than the younger
lamb, Becaus~ comparisons have been made miinly between animals of a
similar age, however, this difficulty has been reduced to a minimum and 1t
is doubtfunl whether it would be 1likealy to have a major offect in the body
descriptions of the ewe hoggzets.

these factors combin~d with the fact that the zradings are subjective
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in nature, lead to the necessity of‘é szhdy of the kepeatability of the scores
for Body Conformation features.

Previous stundies of this nature haive been reported by other workers,
Phillip:s, Krantz and Lamber (1938 reported the results of repeatability of
scores made on draft horses, As judged by the coefficient of variation,
the range in accuracy for a large number of scores was 9.21% to 1l4-228.
They stresas the necesaity for a mors objective méthod of scoring and found
thit no increase in accuracy resnlted {rom the use of pictorial standards.

Hetzer ind :hillips (1936) give results of a study of scoring in swine
using two methods; that of scorii g the pigs by use nf descriptive teras,
and secondly, by usin; a series nf drawin:s %o assist in the description.
They found no sisnificant differaernce between the two methods in acouracye.
Knapp, Blacxr and Phillips (1938), in a study of accuracy of scoring on
beef cabtle, conclude that scoring as a technique for evaluation of differ-
ances between animila is subject to considerable error, and is probably of
little value where differaencas between animils are small. Where large
differences occur, then the scoring technique is the simplest method avail-
able.

Mcidahon (1943) gotes his results on repeatability of gradings for
saveral c¢onfomation features on sheep uni firds that for Head Grading, Breed
Type and ¥leshin;, that the "rror of Judiement is of the order of half a

srade.

MATTRTAL AND MWTHOLS.

In order to astablish the limits of error of the method of evaluating
sarcase conformation, determinations were repeated on 108 of the experimental
24 year old ewes on two consecutive days by the three jJudges. The sheep
wore scor~d in random order on both occaisions ind no attempt was made, nor
was it possible, to remember the sradings for individual animals from the

previous day.

RESULTS.
The data were analysed by the analysis of variance technique, (Snedecor,
1940) into the components dues to differences between sheep, differences be-

tween repeats, and error. Ihe standard deviation of the grading was gal-



Repeatability or Gradings rm Body (fiaracters

-- /ntraclass Correlation - -
-SCALE- o o2 03 04 05 0-6 07 08

EPPOP or JUudgenent
Minus Cra/e Plus Grade

6 3 4+ 3 2 9 O 4 2 3 4 4 6
| I I A I T | T |G I

T

-Feature - l -
Body as a whole
Head
Shoulders
Back
Loir
Hind Queriers
Length of L.eg
Bone

Breed Type




45.
culated from the arror variance and is qu&teév;s the error of judgement.

Intraclass correlations were also calculated as a measure of the consistenoy
between pairs of observation on the sane animal. Theresults are sumnarised

in Table X.
TABLE X. RE2TATABILITY OF SUBJTCTIVT GRADIRGS g!
BOgY CONFORMATION.

Intraclass
Character Trror of Juigement. Correlation.
Head - *4% grade 72
Shoulders - *45 " ‘n
Back - 77 " . «22
Loin - 53 " *62
Hindquarters i - 46 " 76
Legs | - <50 " <62
Bone { - 40 " «50
Breed type 5 - .49 " «81
Body As A Whole { - +74 Half grade «B1

As indicated earlier, the error of judgement term shows the limits of the
deviation which on the average the judzes will not exceed more than once in
three times, while twice this value will be exceeded on the average only one
in twenty times.

Surveyinz the results, it can be seen that on the average the repeat-
ability is of the same order as thuit for fleece character estimations. The
estimation of lead ILype, Shoulders, Loin, Hindquarters, Legs and Breed Type,
are all about on the same level of uccuracy and will seldom vary from the
true value by more than one grade. The Back and Bone grading, however, show
a lower level of consistency. A possible explaration for this lower consis-

tency in the Back gradinzg lirs in the dezree to which the Judges took into
account the feature of narrowness behind the shoulders in making this estim-

ation. In comparing the remarks made at the end of the description of each
animal on the two successive d.ys, it was noticed that there was considerable
variation in the extent to which this feature was remarked upon. Ihe prev-

alence of this fault of narrowness behind the shoulders was very marked in

the flock as a whole Jas is often the case with Romney Marsh sheep) and con-
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sequently, 1t would appear advisable that this feature be included as a separ-
ate entity in the scorinz card, particularly where the fault is present to any
marked degrea., In addition, the pack gradinz includes an estimation of level-
ness of back line, which gan be considerably influenced by the stance of the
animal at any particular time, Again it would appear advisable to include thi
feature as a separate iten in body description work.

The Body As 4 Whole grading is estimited with a small error and a high
degree of consistency. Tha error of judgement of 074 of half grade or 3%

of a grade indicaites that seldom would the judiges be in error by much more than
half a zrade.

It must be emphasised that these figures for repeatability apply only to
the observers who c:rried out the gradings, but in general they do give a pic-
ture of the limits of accuriacy under average conditions. rrom the point of
view of strict scientific accuracy, the method of subjective grading leaves
much to be desired. the speed achieved using hand and eye evaluations and
their general applicability from the point of view o7 practical breeding is
however, a major consideration which tends to muke up for their lower level

of accuracy.




PART II. a7,
PH7 RELATIONSHIz BRIVETN SUBJRCIIVR GRADINGS ON THZ LIVE ANIMAL

AND MRWASURTM™HTS ON TH™ CARCAS®E.

In view of the limited accuracy of the subjective body grading detailed

in the previous section, the relationship of the subjective gradings to
measurements and gridinzs on the carcase are of considerable importance.
It 1s a well known fact that judgements maide on the hoof frequently are
not supported by judzementis made on the caraase, a fact which is so often
demonstratad at Fat Lumd Conpetitions where the animals are judged first
on the hoof, and th~n later on the hooks, af ter slaughter. Moreover, the
finil test of improvenent in body conformation is naturally estimated by
the degree to which this improvemant is shown by sliughter test. TUnder
stud conditions, it is, of course, impossible to carry the test of body
confarmation to this ultimate corclusion, and therefore, emphasis nnat>be
placed upon the productive signif{icaince of .he sradings, made for conforme
ation on the live animal.

These relationships were able to be investigated from data collected
in this experiament. The wether lumbs were described prior to slaughter
under the system detailed in the preliminary sections and them carcase
measuroments and gracings were made on the carcase after slaughter.
RAUSULTS. The relationsnips shown in Figures TI - X were galculated by
means of the correlation technigue described in Section IV and the results

are shown in Table XI.
TABLE XI. CORRTLATIORES BETT™™ JUBJSCTIV™ GRALDINGS OR TH® él!ffkﬂ!!'

ARL MTASURTLWNIS ON THW CARCASF.

Body drading Carcase ileasurements n r : -
Body As A Whole Txport Grade | 169 070 Se3e
Loin Loin Confornation é 1686 0+67 S.8.
" ma \ 169 Oe12 F.S.
" "B" 1 169 0-50 S.3.
Shoulder Forequarter Conform-
i ation. ' 169 070 S.5.
. | . 0 169 0-62 3.8.
Leg Length f Length of Cunnon Bone | 169 |- 0+5% 3.5,
" | I 169 |- 0-64 S5.5.
Bone | ¥eight of Cannon Bone 1656 007 E.S.
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In general, the affect of inaccuracy in the grading technique will be to
reduce the correlation coeffients derived for these relntionlhtﬁl.
The relationship between Body As A Whole, and “xport Grade is highly

significant and sufficiently high to lead to the conclusion that the grading
on the live animal glves a reasonably accurate estimation of the Txport Grade

that the animal would be pliced in if slaughtered. There will, however, be

some discrepancy betwean the two.

The Loin grading on the live lumb is seen to give a close approximation
to the width of the loin as shown by the relationship with the more ascurate

estimate made on the garcase. 1t must be remenbered, however, that personal
errors of judzement enter into both thes~ estimates and villlgenarally reduce
the correlation cn~fficient.

The relationships between the Loin grading and A. and B. measurements
were calgulated in an attempt to detearaine the si«nificance of width of loin

in relation to carcase quality. The association of width of loin with length
of ay» muscle (A) is non-siznificant, whereas there is a highly significant

association with depth of aye muscl~. (B) This at first appeared contradictory
in that 1t would be a priori n?pqotad that lenzth of eye mus¢cle would be more
likely to be associated with width of loin, than would depth of eye muscle.

It must be remembered Lhat the Loin estimate takes into account, and is con-

siderably modified by, the flatness of the loin. It therefore appears that

the sloping t;pm of loin (which in addition is usuvally narrow), on account
of this structure, does not allow of the full.depth development of the eye
musecle, this explination must be tentative especially in view of the low
relation reported in the next section bLetween the measurement of width of
loin on the live animal and "B" measurenent on tne eye muscle.

The hizhly significant correlations betwaen the Shoulder and Forequarter
conformation and V.F. measurenent indicate that the estimate of shoulders
&ive a sound indication of the width and general conformation of the fore-
quarter.

the correlation coefficients betweer Leg lengtih estimation and length
of cannon bone are hizhly significant, but nothigh for predictive purposes.
The importince of length of lez in carcase grading emphasises the disadvantages

of this low correlation and zenarally the inaccuracy of the eye estimate of

leg length.
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The quality of Bone estimate as used in the description obviously bears
no relation to the weight of cannon bone. This fact i1is of interest in
connection with the complex interaction of weight ind length of cannon bone,
in relation to meat produciion. Haamond (1932) has shown that, in iaporvé-
ment for meat production, the weight of the bone has been considerably in-
ereased by extra thickening, and at the sane time the muscles have also been
increased in thickness and weizht but the proportion of muscle to bone is
sli ;htly decreased. Hence, although the thick short bones, with short thick
mascles haive been fawoured in livestoock improvement, this his not increased
the proportion of muscle to bone in the caircase, e states "The problem of
how to get the increased developrnent of body generally without the extra
thickening of th~ bones is one which if solved, would do much to help the

improvement of livestock". the above correlation indicates that the estim-
ation of borne quality as made in this experimenti, (which is mainly in line
with the estimate as mide by breeders; does not lead to any increase in

weizht of cannon bone.

e o et gt
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PART ITI. JHT ACCURACY °F CTURTAIN BOUY MT.SURTMERES QF

It is indeel a truism to state that progress in breed improvement is

primirily dependent on th~ developmant of uccurate measures of performance
and quality. The disadvantazes anu inaccuracy of the subjective gradings
for conformation on the live animal, as discussaed in the previous section in-
dicate the advisability of atteuptin: to develop more accurate and objective

deseriptions in numarical terms. Therefore, it was decided to investigate
measurements on the live inimi:dl to discovor o what extent they would be
applicable,

easuremants of various puarts of the animal have bean used to a consid-
erable extent in studies of dairy and beef cattle, and to a more limited extent
on horses, sheep and swine., Lush and Copeland (1930) have investigated the
accuracy of a wide ran:e of bocdy measurements in dairy cattle. They found that
only in a few measurements was the stindard error of measuring much larger than
2% of the measurement, and in abnut one=thirdé of the measurements it was less
than 1%. They consider that the mairn objoaction to the ~xtensive use of body
measurenents with dairy cattle, is nov their inaccuracy but their inadequaocy
to describe the animal in a complete way. he gecuracy of body measurements

in swize huve been fully investizated by shillips and Lawson (1936) Whately
(1941 ) and listzer and shillips (193t). shillips, Krantz and Lambert (1938)

determined the dezras of accuracy ittiaired in the measuring of a number of
faatures in draft horsez. Tn most of the charagters, the coefficient of var-

fition 13 below 2.

In sheep, little .ttention appears to hive been paid to the use of body
measuranant, Lamont (1934) irn a preliuainiry study of skeletal correlations
in Romney Marsh sheep considered sone forty measurements on the live animal,
but in nine of them he incicaited that they ware unreliable. No systematic
study of the error involved was made, btut in a discussion of the accuracy of
the measurenentis he states thit the meun orror of repeat measurements was .
within 4. of the initial recordinz, a figure vhich seems gratifyingly low.
£hillips and Stoehr (1945) considered the accuracy of measurements and weights
taken in experiments conducted by the Bureau of .nimal Industry. They con-
clude that accurate results cin be obtiined with heizht at withers, length

from mid front of scapul: to pih bones, widtP ?t shoulders, depths of chest
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and'middla. gircumference of chest and middle and circumference of foreshank,
Thay criticise the use of measurements howaver, on the fact that 1little has
been done to determine the relation befweer these measures and real produc-
tive ability of the animal,

Since the problem of body measurenent in sheep seemed to offer some pos-
8ibility of usefulness, it was decided to investigate them. So far, the ine
vestigation has only been of a preliminary nature, aind only a few chosed meas-

uremen t8 have besan counsidered.

MATTRIAL AND MTTHOLS .

Four body measurements were chosen for the purposes of determining the
amunt of error involved in repeat measurements on the same lamb,. They

were -

(1) HPIGHT AT WITHTRS.

This measurement was chosen because of the importance of length of lefg
in relation to carcase guality. It is also a measure which Phillips and
Stoehr (1945) haive shown to be remarkably accurate (a coefficient of variat-
ion of :1.7%) a fact which is also supported by the results of the workers
mentioned previously in dairy cattle, beef cattle, and pigs.

It was meusured as the verticil distance from the highest point over the
withers to the ground level while the lLamb was stunding in what was considered
to be its normal stince, "hile bein; measured, the lumbs were standing on
& level wooden f{loor. A device as 11iu3tratad in Figure XI was used, and
the heizhts were read to the neurest millimetre., Chroughout the experiment,
a chec« was maintalned on the accuracy of the instrument.

(2) 9ILDH OF LOIK.

Ihe significdnt correlation obtained in the previous section between
Loin grading and the B measurement of the eyn muscle suggested the investig-
ation of thé accuricy and significance of 1 width of loin measurement.

A steel caliper was vsed for this measurement, the points being placed
against the sides of the loin. To more pressure was exerted than was nec-
essary t  ensure that the calipsr poinis were resting against solid flesh.
The measuremn~nt was taten ibout half way between the anterior edge of the
pelvis and the rear eadge of the l.st rib, anqﬁnheroforo somewhere about the

S
ragion of the third and fourth lumbar vertohra&.

.
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(3) IDTH OF HINLSUARITR.

The importancs of the Width of gigots measurenent (G), from the point of
view of carcase quality influrnced the selection of this measurement. Again,
a8 with width of loin, the stesl calipers were used. An initial attempt was
anade to locate sharply delinsated skeletal features, which would not be affec~
ted by the stance of the animal. Irial attenpts however, showed that the points
of refarencge considerad gave very hizhly variable results and therefore were
discarded. The measurement was finally taken as the greatest width of the
legs when the lamb was standing 1o a normal position,

(4) FILTH _OF FOR™QUARITR.

48 with the previous measureasnt, well defined reference points could not
be found. The measurement wag, therefore, taken as the width at the shoulders,
when the lamb was stunding normally. The calipers were again used for this
purpose,

All measuremsnts were ta<an to the nearest amillimetre.

The lambs used in the study were 20 Romney wether lambs which ranged in
weizht fro: 74 to 78 pounds and were born 1ntthe experiment in the 1945 lambing
87a80N. o particular considerations were taken into account in selecting
these 1 ambs. They were mnerely those which had reached killable weight at
the end of one week, and, therefors, can be considered a random sample. Prior
to the commencement of nmeasuring, they had been removed from pasture, describ-
ed for fleege characters, ghiorn and finally described by eye for body conforme-
.tion characters in the usual routine adopted.

teasurasents, of the previously mentioned {tems were taken, on the 20
lambs by three observers. then, after a small interval of time, the same
measuremnen ts ware repeated by the sane observers., [he lamdb was held in what
was considered to be its normal stange, by one observer while the measurements
were being taken by another. he third recorded the results as zven by the
measurer. No particular order was used in mating the measurements, nor was
there any known tendency for any obsarver to romenber previous measurements
for the same animal, %vern if this had been the case, it is unlikely that it
would have affected the results, because the calipers had to be removed from
the lanb and read off a metre rule placed near by. In the other repeatabil-

ity experiments quoted marlier, 1t was usual to do the repeat measurements
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after an interval of at least some days. fhis was impossible in the present
case, because the lambs were part of the Progeny Test Txperiment and Cfnry
endeavour had to be made to treat them in conformity with the other wether

lanbs in the experiment. Cresumably, day to day variation, such as differ-
encges in the fullness of the stomach, state of heilth, etec., wonuld be elimin-
ated by this procedure, but as to actuél repeatability of measurements on the
same animal, it could not huve any appradiable nffeoot. The individual meas-

urenents are presented in Appendix III.

RESULTS .

The data was analysed by the mnthod of analysis of variance descrided by
Snedecor (1940). The mean squares wore then apportioned to their various
sources as shown by 7insor and Clarke (1940), and the variance attributable
to these sources was expressed as a percentage according %o a plan first used
by Lush (1938) 1in a similar investigation.

(2) HTIGHT AT WITHTRS.

The analysis for heizht at withers is shown in Table XII.

TABL™ XITI. ANALYSIS OF VARIANCT 0f H7TIGHT AT TITHERS.

Source of Variation d.f. ; Sum of Squares Mean Square.
Total 119 ! 44646 1

Sheep 19 : B49+20 16-36 xx
Repeats ; 1 2+64 2:64 xx
Observers j g | 16-74 837 xx

Sheep - Observers { 38 | 39.96 1.06

Shesn - Repeats | 19 | 19.55 1.03
Repeats - Observers i 2 E 0«46 023
heep = Observers - Rapeats. L 38 ; 19-89 0+523

The mean squares between sheep, betwee:s repeats, and between observers

are all highly significant, while none of the interactions are significant.

In table XIII the partition of the variunce is given.
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TABL® XTII. ZARTITION OF VARIANCES.

Source of Variation d.f. Partition Value . zEIE?;
Sheep 19 | B + 27 + 36+ 65 S 2:604 | 70-42
Repeats 1 | 2+ 36G4204+60R | R <032 80 .
Observers 2 | T+ 2f+200+400 | © <190 497
Sheep - Observers 26 | = . oF 4 +264 6463
Fhaep - Repeats 19 | % « 3G G «169 4+24
Repeats - Observers 2 | ® 204 A - *015 -
bhaep = Observers- Repeats. 36 | B ] +523 | 13-13

E = Variance due to triple interaction of sheep, observers and days.

[

= Variance due to interaction between sheep and Repeats.

F = Variance due to interaction betweern sheop and observers.

A = Variance due to interaction betweer observers and repeats.

R = Variance in average measurements on different repeats.

0 = Variance in average measurenernts made by different observers.
S = Variance in average measuremerts betwesn sheep.

In this table, by far the luirgest Ttem is that due to variance between
sheep which is gratifying from the stinapoint of repeatability. Ailthough
based "n highly siznificant mean sguares, the variance due to differences
betwarn repeats (R) and between observers (0) represent only very minor cone
tributions to the total variance.

The variances contributed by the different interactions, in general, ac-
count for differences in measuremerts not axplained by differences in the spec-
ific factors concerned. Tt can be seen that they are non-significant, and cone
tribute only in very small amounts to the total variance. They indicate that
there i8 no real tendenoy for a differential response betwee: the three factors
soncerned.

The second largest 1tem of variance is that due to the triple interaction
of shes~p, observers, and days. ™is portion contains, in addition to differ=-
ences in measurements which are unexplained by differences in repeats, by dif-

ferences in sheep, by differaences in observers, ér by interaction between any
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two combinations of these, an element which is due to random errors in meas-
urement. It is, therefore, appropriately used as an error term to give an
estimate of the mhcoontirollaible variation involved in the dotorninationn. The
square rot of this error term gives the best single measure of the acocuracy
of the measurement, and is interprated as the standard deviation of a single
Judgement. Tn this case 1t is equal to *523 = 72 centimetres.

This indicates that only once in three times will the observer's measure=-
ment deviate from the true vilue by an amount greater than this standard deve-

iation.

The mean values of the me.suremants for observers and repeats are given

below.
Observer A e 5637 First Repeat = 56-24
Observer B ® §55.95 Second Repeat = 5654

Observer C = 56+87

The coefficient of variation derived from the standard deviation and the
mean value is 1-22° a figure which 18 in close agreement with the values of
1-3 to 1-8% quoted by Fhillips and Stoehr (1945) and fully supporting their
conclusion that the heizght at withers is an accurate body measurement. |

(b) WILTH OF LOIN.

table XIV shows the anulysis of variance of the width of loin measurements.

TABL® XIV. ANALYSIS OF VARIARCT OF 7IDTH OF LOIN.

Source of Variation def. Sum of Squares Hean Square.
To tal 119 36+200

Sheep 19 9125 *4803 xx
Repeats 1 0006 «0060 xx
Observers ‘ 2 14.556 7-28760 xx
sheep - Observers 38 10.954 - Qe2883 xx
Sheep - Repeats 19 0.842 00443
Observers - Repeuats 2 0.012 00060 xx.
Observers - Repeats - Sheep 38 2+ 7056 0-0712

Using the triple interaction for the purposes of testing significance,

it can be seen that the differences between sheep, between observers, and
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sheep - observers intaraction ar~ hihly significant. In the case of the
differences between repeats and the observers - repeats interactions, they are
highly significant negatively. They are, however, based on only a very small
number of degrees of freedom and for this reason the low values of the mean
squares mnay be due to sampling errors.

In rable XV, the variance attributable t> various sources is shown
and is based on the same scheme of interpretation as given in Fable XIII.

In this analysis, only a relatively small pairt of the variance eould
be attribnted to differences between lanbs ir loin measurement, the highest
sourcge of variance being differences betwesn observars. This resul ted
largely from variation in the pressure applied to the calipers by the differ-

ent observars in making the measurement.

TABL® XV. INTERPRVTATION OF WMTAN 3QUARTS.
)
Symbol Absolute % of
Value Total Variance.
3 0365 9.29 -
o -+0017 -
0 1731 s 4408 -
7 .10€6 | 27.66
G 0090 -
A -0083 -84
] ‘0712 ' 1613
P

Second in order of importance, is the sheep-observer interaction (F)
accounting for 27.65% of the variance, Ihis indicates thit there was a real
tendency for the three observers to place the shesp in different order. This
trend was borne out by inspection of the data where 1t can be seoen that the
lambs with greatest loin measurement ascordinz to one observer did not have the
greatest width as measured by the other observers,

The error tern ® of :0712 which zontributed 18°13% to the variance is not
markedly grasater than the error in heizht at wi ther analysis. It yields a

standard deviation for a single measureanent of 027 cms.

The means for observers and repeats are given below.
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Observer 4. 12°95 1st Repeat 12-62
Observer B, 1275 2nd Repeat 12+60
Observer C., 1213

The coofficient of variation 1s 2.147%. This vilve is of sufficiently small
magnitude to warrant placing some reliability on the measurement. The import-
ance of the sheep-observer interaction, however, must be taken into consideration
in relation to the accuracy of this measurement. While measurements taken by
the one observer appe.r to be repeatable, the fact that different observers dis-
agree in placing the sheep in order of magnitude vitiates against the general
applicability of the measurement.
(e) FIDTH OF HIKDOUARTTR.

The analysis of variance of this measurement ds presented in Table XVI
shows that there are highly significant differences between sheep, observers

and repeats, while the shesp-observers interaction is significant at the 5%

level.
TABLT XVI. ANALYSIS OF WIDTH OF HINDQUARTTR,
Source of Variance. de L4 sum of Squares Mean Square
Total 119 143.01
Sheep 19 5775 3039 xx
Repeats 1 2.16 2160 xx
Observers 2 24.91 12-4656 xx
Sheep = (Qbservers 38 34.23 901 x|
Sheep - Repeats 19 Te21 *379
Observers - Repeats 2 0-74 «370
Observers = Sheep - Repeats 36 16°01 421

-l

In this measurnment. uncontroll able inagcuracies which cannot be ascribed
to any of the main components or their interactions, were the most important
source of error, as indicated by the partition of the sources of error given
in Table XVII. 3Second in importance are the vairiancges in average measurements
of the sheep, and of the observers while differences in the repeats made only
a very small contribution though derived from a highly significant mean square.

As in width of loin measurement the interaction of sheep and observers is again
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of some importance in the analysis and can be interpreted as in the previous

section.

TABL® XVII. INTURPRVIATION CPF K7TAK SUARTS.

Symbol Actual # of

Value. Total Variance.

S 363 2699 ;
R -031 2430
0 +290 21-566 . ;
F .240 . 17-8e '
G - <013 -
A - 003 -
® 421 31.30

The standard deviation derived from tha analysis is «65 centimetres and
the coefficient of variation is 2.91% a value which is considerably lower
than that ziven by Phillips and Stoehr (1945) for a similar measurement
width of legs, which they found to have a coefficient of variation of 5 to 7%.

The accuracy of this measurement however. is gonsiderably poorer than
that of heizht at withers. The main discrepancies are due to the variation
in the pressure appolied to Lhe calipers ind to the variation in the stance
of the lamb. Tith recently shorn lumbs, it requires considerable patience
to coax them to stind in normal fashion in order to take the measurement
acourately.

(d) WIDTH OF FORTQUARIRR.

The results of the analysis of width of forequarter determinations are

reacorded in Table XIVITI.
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TABL® XVIII. ANALYSTS ©F VARIANCT 7F 7IUTH OF FORTQUARITR.

Source of Variation. d.f. Sum of Squares llean Squares.
Total 119 6356

Sheep 19 2159 1136 xx
Repeats 1 67 *670 xx
Qbservers 2 24°+63 123156 xx
Sheep - Observers 36 989 *260 xx
Sheep - Repeats 19 277 «146
Observers - Repeats 2 «10 +050
Shee, -Observers-Kepaats 28 391 <103

The variance between sheep, betwsen repeats and between observers, are all

highly siznificant.

vers interaction.

The only significuant interaction is again the sheep-obser-

The partition of the mean squares is shown in Table XIX.

FABL® XIX INTOPRERWTATION OF MTAL SQUARTS.
Symbol Aotual 4 of
Value. Total Variance.

S *139 2136

R *010 154

0 * 305 46+92

? Q79 12-15

& <014 2-15

A - *003 -

v 103 15-85

The principal source of variance is that due to differences in average
measurements made by different observers (0) which includes 46+92% of the total.
This can be explained by the difference between observers in the pressure that
they applied to the calipers in making the measurements. The variange due to
averagze measurements in different repeats is neglizgible. Horeover, despite
the significance of the interactioc of sheep-observers, it ddes not represent
a notably important source of variation.

The arror term of 103 (givinz a standard deviation of a single measure

of 32 cms.) yields a coafficient of variation of 166%, which is considerably



60.
lower than the similar term in the measurement of the width of hindquarter.
I'nis is explained by the fact that usually, it was not found so difficult to
fnduce the lamb to stand normally on its forelegs, as it was with its hindlegs.
The means of the observations by the three observers and for the two repeats
are gquoted.
Observer A 19:90 cms. First Repeat 19-34 oms.
Observer B. 18°95 cms. Second Repeat 19°19 cms.
Cbserver C. 16894 cms.

This measuremeni, therefore, can be considered to be of considerable ace-

uracy.
CONCLUS IOKS.

The salient points of the four analyses are assembled in Table XX.
TABL® XX. MUTANS, STANDARL DTVIATIONS AKD COTWPICITUNTS OF VARIATION
QF FOUR BOLY WMTASURTATRIS.
lleasurement. Mean Standard Uev. Coeff. of Variation %

{oms) of a 3ingle
Heasurs.
Height at Tithers 59 10 72 122
Width of Loin 12 61 27 214
Width of HindQuarter 22 &1 65
Width of Foregquarter 19-26 32 . 1-66

In surveyinz the results of the analyses, it is noted that, in all cases,
there is a significant difference between observers. Ais regards the percentage
of total varianceé due to this factor, however, it is only of real importance
in the case of width of loin, and width of forequairter. Highly significant
differrnces are also observed between repeats but in no case is the variance
of averaze measurements in thrse different repeats of any importance. These A
two facts and also a comparison of the means of measurements by the three ob-

servers, indicate that each observer is consisteni in his own measurements,

but tends to work at a different level from the other observers. This feature
does not invalidate the use of these measurements. rroviding measurements for
experimental or bresading work are taicen by one observer, a high degree of con-

sistency can be obtained. In adaition, it is statistically possible to correct
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for diffaerences between two nr more observers, if comparisons between them are
raquired. The sheep-observer interuction presents a greater difficulty and
whera it includes an appreciible portion of total variance (as in width of
loin, and width of hindquarteri, it detracts considerably from the value of
the measurement.

The two major reasons for the inaccuracy of the measurements studied are
firatly, the daifficulty of holdéin:; the lumb in a standard natural position
while the measurements are beins taken, and secondly, errors of the operator
resul ting from varying the pressure applied on the calipers. These sources
of error are only controllable to a very limited extent. An attempt was made
to standirdise the pozition of the lamb by using a crush pen, but it was found
impossibla to zeot accurate measures in this way for the lamb strained contine-
vally against the crush at its neck. Hence the method used, that of holding
the animal, combined with a certain amount of patience proved to be the best
compronmise.

For the most part the measurements are found to be more accurate than the
writar had expected. 7Tn order to give a suitable comparison it may be men-
tioned that the coafficiant of variation gquoted by 2hillips and Stoehr (1945)
for the body weight of ewes and lambs in fleece, ranges from 1.5625% to 2-3%.

It cin be seen, therefors, that these measureanents compare favourably in ace-

uracy with body wei:ht which is usually considered to bé an accurate determine-

ation. It would be expected, for instance, that most of these measurements
would be less affectrd by day to day variation than would body weight.

There ware severil features of the experiment vhich were favourable to
the more acgurate determination of the measurements. In the first place, the
lambs had been shorn a few hours prior to measuring, and therefore no inaccur-
acies were introduced, as a result of hiving to allow for the wol covering.
Secondly, the lambs had not been allowed access to foocd for a number of hours
before measuring. this was of particulair importince in the case of the loin
width measurement, where it was found to be considerably easier and more acour-
-ate to make the measureaments when the flinks of the animal were not distended
with food. Under these conditions in a non-mutton breed like the Romney, the

loin width is more clearly defined.

In the 1light of these considerations, the conclusion can be drawn that
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height of withers and width of forequarter are of a high order of accuracy,
while width of loin and width of hindquarter are lower in ascuracy. their
use needs consideration in relation to the requirements of the experimental
technique. An importint consideration is the tinae required for taking these
measurements, It took one observer approximately 60 minutes to record the
four measurem~nts on tha 20 laumbs thus averaging about three minutes per lamb.
“xeept for height at withers, it is doubtful at the moment, whether these mea-
sures could be directly applied to stud practice, but further investigation is

required on this point.



PART IV.

RELATIONSHIP OF MTASURWAUWNTS ON TH™ LIVE ANIMAL TO
CARCAST HFEASURVAMTNIS.

The major criticism which gan be levelled against the use of body meas-
uremants in sheep is the fact that it is not known to what extent they indicate
desirable body conformation, and carcase gual ity. Ta the best of the writer's
knowlndgé. no investigation hais been conducted into the problem of interpreting
body measurements in sheep in terms of relationships to carcase quality. Bon-
sma (1939) used body measurements to study the line.r growth of various lambs
up to the ize of 16 weeks. These measurements were mainly concerned with skel-
etal growth and no analysis is made of the relationship to measurements on the
carcase of the lamb after slaughter. RitzZman (1917) also used depth of chess,
width of loin, and width of chest measurements, but similarly the sxperiment was
not carried to the post slaunzhter stazne. Obviously, until this is done, body
measurements cannot yisld their maximal amount of information regarding carcase
desirability.

In the investigation on the accuricy of the measurements, the lambi used
were part of the Progeny Test Txperiment, and, in the normal routine of the
experiment, were slaughterad on the day followins the collecting of the data.
Carcase measurement data was 1180 taken on them anc this afforded the opportun-
ity to enguire into the relationship between these carcase measurements and the
measurements on the live animal, |
R™MSULTS.

The association between the two sets of neasurements was evaluated by
simple correlation technique, as ziven Ly 3nedecor (1940). The mean of the
six measurements taken by the three observers was used for the body measure-
ments on the live animal.

(a) HTIGHL AT SITHWRS.

The heizht at witLaers was correlated with a number of carcase measurements,
whicgh are indicative of leg length, and to other measures of carcase qual ity.

The correlation coefficients are given in Table XXI.
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TABLY XXT. CORRTLATIONS OF TXTWRNAL CARCAST WTASURTMENTS

QUALITY ¢OINIS WIZTH HTIGHT AT 91

Loaanrenent r 2 Regression 5.3, of
Estinmate
{oms. )
Length of Cannon Bone <772 Se3. | X ® 0:340 + 0-2003Y +296
T '721 S.S.
R « 797 S5.5. | X = 2+844 4 0+273Y . =369
P : .725 S.S.
b ‘716 - PR
Blogz Test Points for
LQS- -+ 571 SeSe
T X 5 '195 H.S.
Block Test Carcase
Total. - 627 ' Se5.| A ®» 287393 —3.702Y &6-33

It is seen that all the leg length measurements are highly significantly

correlated with heizht at withers., The slightly higher values for the coeffio-

ients of length of cannon bone (fore) and R measurements are

reasonable in that

these two measurements are in fuict integral parts of the height of wither meas-

urement. 4although the correlation coefficients are not high from the poiné

of view of predictive purposes, they definitely establish a strong relationship,

a8 would be sxpected, batween the height of withers and length of leg as

measured in varifous ways on the carease, and therefore vindicate the validity

of the measurement.

The accuragy of this measuremnent, and its eace of application suggested

that 1t wonld be worth while to investigate its relationship

to indices of

carcase aquality, and composition. ™e T X G index which Talker and Mclleekan

(1944 ) showsd to be strongly correlated with total weight of

muscle and of

bone in the lamb, was considered but the analysis yielded a non-significant

correlation. For the same reason, it was correlated with Block Test Carcase

Total Points, and value found proved to b~ hijhly significant ( -0+627) The

association between the two features is in part a consequence of the fact that

30% of the total carcase points is allotted to leg length.

Doubtless, some

considerable portion is due also to the assoclition between great leg length

and other features of the carcase which tend to lower overall quality. The
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correlation coefficient is not high enough for prediction purposes, as is
shown by the magnitude of the Standard "rror of “ustimate. IHoreover, the
correlations are based on a small number of observaitions so that the error
of the correlation coefficient is 1ikely ¢$o be large.
(b} QIHTR_BODY MWASURTHTNIS.

A correlation analysis was done bLetween the width of loin, width of hind-
quarter and width of forequarter, and vairious carcase measurements with which

they were likely to be related. The results are shown in Table XXII.

TABL7 XXII. CORRTLATION COTRF ICITNIS 07 WXTZRNEAL CARCASE MEASURTMENIS
7ITH BODY NP SURTMWETS OF THT LIVE ANIMAL.

Body leasurement. Carcase
Measuras. ¢ 2
Width of Loin A -132 N.S.
B °157 R.S.
7idth of Hindquarter G *224 K.3.
7idth of Forequarter WP, «526 S

The only correlation of siznificance is the wiith of forequarser and W.F.
measurenent, which is Jfust above 1% level of probabili ty. The gorrelation
between width of loin and B. measuremant does 0% su port the relationship
shown in the previous section betwesn oin Zradinz and B measurement as it was
thouzht 1t may do when choosing the measurement:s to be taken. Kevertheless,
it is certain that the Loin grading as estimaited by the hand and eye, takes
into account other factors besides the width of loin. The grading, for in-
stance, includes the flatness of the loin, which is usuilly assumed to be
closely related to the depth of eye muscle in that full eye muscle dgvclop-
ment cannot tate pluce unless the loin is flat and level. the grading is
also influenced to some extent by condition.

CONCLUSIOR .

Although based on a small number of observations, the study of the relat-
fonships of the body measurements to caircase chiracteristics, shows the val-
idity of the use of height at withers measurement in the study of conformation
in sheep, while it indicites thait the use of width 'f loin and width of HBind-
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quarter is of doubtful value. Ihe conclusion on the usefulness of width
of forequarter is difficult, and further investigation is required to est-
ablish i{ts value, ‘
Despite the fact that the analyses are essentially of a preliminary
nature, they at least indicate the broad field of study into the accuracy
and interpretation of body measurements which is essential if objootli{ﬁy

is to be introduced into conformation studies in sheep.
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BART V. IHT HERITABILITY OF FL7VCT ANL CARCASE CHAR
IN SHT"2.

The study of productive characters in sheep, like all gquantitative ine
heritance, is of special interest and importance, because it is with guan-
titative characters that selection is chiefly concerned. The potentiality
of a population from the point of view of selection for a given character
depends on 1¢s genetic ocnnstitution, or in other words on the magnitude and
numnber of zenetic factors involved, and the nature of their dominance and
epistatic relations. To study these points, the usual methods of genetic
anzlysis is out of the question, for in i quintitative character, environe
mental causes very consideraubly invliuence its expression and the different
genotypes are not recognisable, In addi tion, 1f the accepted assumption
of large numbers of genes-controllin; the inheritance of productive ghar-
acters is correct, then it would be practically impossible to extract all the
genotypes.possible in the usuil sized breeding programme (Lush 1943).
Observed measurenents in such a character reprersent the combined effect of
genetic and environmental factors, and a method of study is reguired whioh,
while dispensing with the need of {identifyin; individual genotypes, is cap-
able of utilising these measuremsnts. Such a method, is avallable in the
4p9110¢tiqn of bionetric procedures to gquan:itative datas to determine the
degrera of heritability of the churacter being considered.

e degree of heritability of a characteristic may be defined as a
measure of the amount of the sbserved variance that can be attributed to
the additive effects of genes., It is thus a quintitative statement of
the relative importance of heredity inc environment, and is in part a des-
eription of the causes of variation in a particular character in a specif-
ied population. Its valu~ cain be ilt~red by alterins variation in either
the environment or the hereditary make-up of the stock, and so it may vary
from population to population dependinz to a large degree on the extent to
which inbreedirz is practised and efforts are made to standardise the envire
onnent.Hagel and Terrill (1945 and 46) hive shown, however, how these influ-
ences may be corracted in an analysis of heritability.

Heretability is important for the understinding of breeding methods and

to the Lreeder for several reasons.
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(1) Only that portion of the variance which is due to the additive effect of
the genes is operated on by the process of mass selection. It represents,
therefore, the proportion of the gain which is transmitted to the offspring
through selected parents (Lush 1935, and, for that reason is useful for
estimating probable genetic improvement.
(2) An estimate of heritability is essential in planning broediné systems
(#right 1939). If the desired characteristics are highly hereditary the
best method availible will be that of selegtion or individual performance
with 1ittle use of pedigres, fanily se~leactior or progeny testing. 1f,
on thea other hand, heritability is low, then th~ necessity of progeny
testinz, familial selaction pedigree, and the possible use of inbreeding
(Dickerson and Hazel 1944) is emphasised.
(3) In addition, heritability is imgortant, in the construction of sel-
action indemes, where it is necessiry to determnine the relative emphasis
to be placed on each of several traits (Hazel 1943, Lush 1943).

Thus 4t may be stated with some justification that degree of here-
tability is a fundamental concept in breedinz for prod;otivo characters that
are inherited in a mul tifactorial manner.

MEPHOLS OF DUIWRMINIRG HWRITABILITY USTD.

All methods of estimiting heritability depend in some manner on the
dezgree to which related animals resemble a2ach other more than un-related
onas do. Lush (1939 and 1940) has discussed the various methods of anale
ysis, of which two, the paternal hilf sib correlation and intra-sire re-
gression of of’spring on dam are best .idapted to the present data. Ord-
inary parent-offsprin; correl itions and regressions have also been caleul-
ated from the data.

In the case of quintitative variables, such as fleege weight, fleece
length and hailriness, the total variance and covariance in each sample was
separatad into its between sire-group and wish:gire-gronp components by
the methods of inalysis of variance and covariance as outlined by Fisher

(1941) and as shown in Table XiXIII.
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TABL® XXXIII.  TH? COMPOSITICK OF MUAN SJUARTS Ay CROSS PRODUGES.
Source of L Uean oSqu Cross Products.
Variation. d.f. 0ffspring vams bams and Cffspring.
Betweon Jiraﬂ m=l | B+ k.A. B'+k.a! covib)] + k covia)
Within Sire |

Groups. n(k-1) B B! cov (b)

Ihe components of the variance wers divided up according to a method

used by “insor and Clarke (1940).
B. represents the variance between lumbs by the same sire,
A. represents the add®tional variance between lambs by different sires.

Similar interpretations apply to the component for dams (A" & B*)
"cov (b)" is the covariance comnon to a dam and her offspring within the
sire group.
"gov (aj" 18 the covariunce cormmon to all dams and offspring in the sire
group.
¥, 1is the effective number of lambs par sire, 3Since all the sires do not

have the same numnber of lambs, ¥ is slightly smaller than the average

number of lumbs per sire. k is esti ated from the formula

(2 k)2 . ZJK)E
2.k (n-1)

where n is equal to the numnber of sires. (7insor and Clarke 1940]}.

If G represents the wvariance due to the effects of genes which sombine
in an additive fashion and “ represents the combined effects of environment,
dominance and epistasis, then it is possible to apportion the above sources
of variation to the tw> components ¢ and %. is in Table XXIV (Hazel and
Terrill 1945-b)
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TABL® IXIV. RTLAPIONS BRITTTN COLONTNDS OF VARIARGCT AND
COVARIANC® ARD TH™ GTNTEIC_AND “HVIRONMTNTAL VARIANCE FOR

it

A BOE INBR7L POSULATION.

Source Component Non Inbred Population.
Variance of A 6
0ffspring. . Lo+t
A+ B G+ =
Convariance of
Dams and Offspring cov (a) 0
cov (b) + G
cov {a) and cov (b) 2 G

The paternal half sib correlation is then equivalent to A which in
A+B

a non inbred population must be mul tiplied by four to brovldo an estimate
of heritability because the paternal hilf sibs in general will only have

one-quarter of their genes in common.

The intrasire reogression of offspring on dam will be equal to cov (b)
3'

which must be multiplied by two on the same basis of reasoning.

Tn the case of gualitative data for fleege and carcase characters, the
dan=of{spring correlation has been nsad and was calculated by the method
outlinad in Section TV, This estinate 18 multiplied by two to give an
estimite of heritability.

FL7T7C® WRIGHT.

An analysis of the heritability of fleece weizht was carried out under

the system outlined above. Tha gomparison was made between the fleecge
woights of the dams and ewe hogget offspring, with no corrections applied
to the data. In the case of the dums, the fleegs waight represented 12

months growth, while in the case of the ewe hozggets only 10 months growth
was included. ©No corraction wis made for this factor at this stage because

within both groups the time between shearing was of standard length.
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TABL® V. MAIR SQUARYS ANL COVARIANCTS # R FPLURCR WEIGHTS.

T B i S ES——

Source of e~ bams 0ffspring Cros ucts.
Variation. defe | 5.S. M.S. 3.8, H.Se S.5. S,
Total 162 | 46704 - 14637 - 4+63 -
Between Sires| 9 | 14470 16323 10°97| 12189 | 2475 - 3056
Within Sires | 173 | 45234 2‘6147‘ 137+40 « 7942 1.88 «0109
K. = 18.24
Hence A = *0233 cov (b) = +0109
B e -7942 B' = 26147
Paternal Half 5ib. Correlation(multiplied by 4) = +1140
Intrasire Regression of saughter on lLan (Loubled) = <0083
Laughter Dam Correl.ition (Doubled) = .0852
Daughter iam Regression (Doubled) = +0198

A number of previous estimites hive been made for heritability of fleece
weight in sheep., Hill (1921) and Lush and Jones (1923) report correlations
of *60 between successive fleeces in range Rambouillet sheep. Fhillips et al.
(1940) using dam and daughter regression quotes figures for Corriedale and
Rambouillet ranging from 04 to *54 with mean values of 19 and 30 rese-
pectively. DBriggs (1939) quotes a dam=daughter gorrelation of <575 for clean
scoured fleege weight of range Rambouillet shrep, Hasmussen (1942) using
several mathods of estimition obtairned figures ranging from-!&\tcoﬁb for
Rambouillets, °23 - +72 for Corriedales, and ‘10 - <16 for Romneys,
Moliahon's (1943) study is the only other work 6f a similar nature to the
above based on the lew Zealund Tomney. 1is results indicate a heritabil-
ity of approximately <10 - +15 and generally that heritability is low.

The same conclusion can be drawn from the above analysis. In general
 the figures for intra sire re:regsion ure lLower than those reported by other
workers. The paternal hilf sib corr-lation amethod gives‘a resul t whicgh
is substantially in agreement, with both ilacilahon and Rasmussen. The low
values found may be explainad by the fact that no corrections have at this
stige been used, and that only one floece recording is available for anale-
ysis. Moreover, such a low regression is subject to relatively large

sampling eerors, and tho'number of daughter-dam pairs included in the data
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is not large. Hence, it is considered thait the results above support Melahon's :
conclusion that fleece weisht is only a "weakly™ inherited character, and
that it does not agree with the published data on the fine-wooled bdreeds,
where heritability seams to be higher.

STAZLY LRHGTH.

A sinilar analysis was carried out to determine the heritability of
staple length. Staple length has not previously been gonsidered as a fac~
tor of great importince in fleece investization because of its assumed high
correlation with Fleece 7eizht (liclahon 1946). Preliminary investigations
of the relation betwaeen fleece weiszht and staple length on this data (unpube-
lished ) however show that it 1s not necessarily a high correlation (+*34 for
166 pairs of “we Hozgets) With this fact in mind and considering that some
importance 18 placed on staple length in regard to manufacturing uses of
crossbred wool the analysis of heritability seems Justified.

The data again 1s based on the same method of comparison as was used

in the case of Tleece waight.

TABLR. AXVI. - KMTAN ;iiguR”‘S ANLU CRIUBS ZROLDUCTS FOR STAPL® Lﬂlgﬂ.
Source of Lams Offsgrig§ Cross Products
v&l‘iaticn d.f. 4.30 ‘3.3. 3_0‘5.:-—- .S. S. . Ll -
Total 1832 |898.09 632+60 T3-27
etween Sires 9 | 3356 | 3-7311 | 6664 9.6267 1096 12178
ithin Sires 174 |864.51 49664 545.96 31377 62+31 « 35681
k = 1633 )
Hence A = « 3540 ' cov (b) = <3561
B = 31377 B! = 4.9684
Paternal Half 51ib Method (multiplied by 4! = -40865

Intra Sire Regression of Langhter on Lan Jeiﬁod (Loubled) = +1422
Daughter vam Correlation (Loubled) - +1941
Danghter Dam Regression (Doubled) = +1632

An average astimate of heritadbility froph the above figures would be
about +21. the only other estimates of heritability in the literature
deal with Rambouillet range sheep. hillips et al. (1940) report a

number of regression coefficients for daughters on dams, which averaged
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*23 for staple length, and thus gives an estimate of heritability of +46.
Terrill and Hazel (1943) report a value of <36, for yearling (400 days)
Rambouillet awes, and *40 for weanlings (125 days) thus suggesting that
the heritability of staple length reiains relatively constant with age.

¥o other estimates have beer published for Romnay sheep. On the basis

of this data, 1t would thersfore, appear thait again, as with fleece weight,
the intensity of inheritance is weaker than in finewooled breeds.

M™DULLATION.

The importance of medullaition in New Zeuland crossbred wools has been
discussed by a number of writers (Dry 1934, :lcilanhon 1937) but as yet,
1ittle unanimity of opinion has been achieved in regard to the intensity
of inheritance of this feature., IclMahon (1940) states that 40f of the
variation in medullation was du~ to seasonil environmental effects and
that only 107 of the vairiation was controlled by the parents, He there-
fore, clisses hairiness as a weikly inherited characteristic. Goot (1945-d)
studied the causes of variations in the amount of hairiness. He found that
50 - 55% of the total variance is controlled by individuality alone, or,
in other words, is due to genetic und such enivronomental influences which
are fixed by the time of first sampling. Season on the other hand, control-
led only 4% of total variance, while age was responsible of 17% of the var-
fance, ™is analysis indicates that hairiness may be more strongly inherited.

The analysis of heritability of hiiriness is ziven below, using position
Ko. H5. samples from both ewes ind ewe ho:gets 300t (1945 a) has shown that the
correlation between position Fos 5. and Total Hairiness of the flen~ge, is
0+9245 and has therefore, proposed that rosition Hoe. 5 sample is sufficient
for estimiting Total Hairiness. The data on 2edullation is supplied by the
Fleece Testing Departuent, as "percentaze of hairiness” (or photo-electric
index found by dividing the galvanomet~r deflection by the weight of the
sanple) (Goot 1945 a). Because of the fact thait the megn and standard dev=-
fation tend to be of the same order, the stalistical treatment was garried
out using a logarithmic transformation log (n 1) = log (X - 2.2 1)

{ The factor 2+2 is included because zero on thes medullometer scale is 2.2

um/ér. - the photo-electric index of pure wool).



TABL™ XXVII. .(Hett figure)
ipuroo of __bams . . ~0ff’p§ia§§ Cross Products
Variation. defe - 5 deSe Sede e eSe .
Total 160 |19-4236 17.7564 8+1419
Between Sires 9 0-8593 *0955 2-8594 -517f «6176 0666
7ithin Sires 171 |16°5643 «1066 14-8970 <0871 705848“L « 0440
R = 18042
A= «0126 cov {(a) = +0014.
B = « 0871 cov (b) = +0440.
Hence Half <ib Correlation (multiplied by 4) = +5126
Intra Sire Regression of Laughter on Lam (boubled ) S +8103
Daughter Damn Correlation (Loubled!) S <8776
Laughter Dam Regression (Doubled) = «8364

The results gquoted above zive a mean value for heritabil’sty of about

*76 which shows hairiness to be a very strongly inherited character.

Because of the importance in breedin; of an accurate estimate of heritabdb-

ilitsy for hairiness, it was decided to convert both hogget and ewe fleeces

to a lifetime averaze hairiness on the hindquarter by the use of the re-

gression equations given by Goot (1945 b)

log Y

® Q-8448 +

06742

They ars Hogget Fleece Pos-

to Lifetime .iveraze Hairiness.

loz X

Fourth “we Fleaece Position o, § to Lifetime iverage Hairiness.

log Y

& 0-8589 -+

06099

log X

As Goot's regressiorn eguatic-s are based on the logarithm of gross

hairiness (i.2, the logarithm of the percentaze hiiriness without deduction

of the factor 2+2)

The results are given in ITable XAVIII.

the figures were recalcul ited on this basis.

TABL® XXVITI. M™Al SQUAR™S ANL CROSo I ROLUCT.S FOR LIFETIME AVERAGE
HAIRIB®SS .

Source of Lams 0ffspri Cross Products
Variation d.f. B3 gy Bede qﬁ.s. " SeSe B N
Total 180 7+6445 5.8666 3-0397

Between Sires 9 + 3360 «Q376 <6904 <0989 +2176 *0242
#ithin Sires 171 7+5068 +0439 4.9964 . 0292 2.8421 <0166

)




Paternal Half 5ib dethod

A=
B =

75
« 0038
«0292

cov (b)
B'

(maltiplied by 4]

Intra Sire Regression of Daughter on Lan (Doubled)

Lam Daughter Dorrelation

Dam Uaughter Regression

(Do

{Doubled )

ubled )

«0166
+0439
‘4606
* 7562
*9004
* 7800

IThis yields an average estimite of .72 for heritability, a figure sub-

stantially in accordance with the figure previously calculated on the un-

corracted data.

The inescapable conclusion from this data is that hairiness

is strongly inherited and that selection on indiividual performance will bping

about a reasonably rupid reductior in the umount of hairiness present, a

conclusion which can be supported by the expressed opinion of many breeders,

that hairiness has been reduced considerably in many flocks and the New

Zeal and crossbraed clip generally durinz the last decade as a result of sel-

ective bree~ding both using th- medullometar test and eye estimation for

hairiness in wool.

COURT OR JULLITY NUMBWR.

An analysis was carried out on the intensity of inheritance of fibre -

fineness in

IV was used.

the data c¢nllected.

The sgorin; method quoted im the Section

TABLT_XXIX. BTAL SQUARTS AR! CR2SS U70DUCES FOR COUNZ.
Varlanos | a.r. | AT I T W T O
fotal 166 |[12565-54 1224+45 23293
Between Sires 9 87-79 6°4211 19753 21-9478 - 576
Within Sires |1756 |1197:75 68443 1026.92 5-8661 239-49 1."J
k = 18-656
A= -8622 cov (b) = 1+3665
B = 5-6681 B' = 06+86443
Paternal Half S5ib. Method (multiplied by 4) =  .5l24
Intra Sire Regression of laughter on lLam (Doubled) 2 ‘4000
Daughter Dan Correlation (Doubled) = <3770
Daughter Jam Regression (Doubled) = 3724
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The average estimate of heritability for count is 0-41l. The only
other estimate of heritability of count for the Hew Zealand Romney is given
by Mcﬁahon‘(1943). His estimate of the m3t probable value is -anﬁgﬁ-to.
which is in close ugresment with the estimate derived adbove. COGnt‘ia.
thqrafore, a strongly inherited character,
FLTWC™ JUALITY GRADING.

Usinz the scorin; systen detiiled in Sectiorn TV, a heritadbility analysis

was cgarriad oul on the Pleege a3z 4 Whole sriding, and is presented in Table XXX.

LABLY XAX. M7TaN 3OUARTS ALU CRIGL 2ROLUCES FOR PLERCE AS A WHOLE

gRulNa.

|

e
o oz

+

sourca of Lans Offspring Cross gggdgggg
Variation d.fe Seie - PRI < P H.S. Sede S

To tal 185 |591.02 | 476424 43.42
;

Batween uirss 9 29+ 31 3e2567  51¢42 | 547138 16-98 | 1.8867
dithin Gires 176 657,71 3+2484 ! 424 .82 24136 26.44 0-15608
i 1 o .

A = 017860 cov (b)) = +1502
B = 2+4136 B! 2 3-2484

Paternal Half 5ib Correl.ation (multinlied by 2] s 2747

Intra Sire Regression of Lauzhter on Lam (Doubled) = «0925

Dam Laughter Correlatior (Ioubled) = *1470

Dam Laughter Rezrassion (Loubled) = *1636

The above results ui1rld an avera s estiaite nf horitability of 1645 ,
a figure which is in close azreement with thit ziven by Yociahon (1943) of

145, which is th» only other esti ite ivailable for the New Zealand Romney

Harshe.
HER;IABILI;[ QF FPLT77™C® GRAUINGS FUICH HAVT BWER ABALYSTD Qn A gﬂl&t!t!;!!

For the evaluations of "l eece gqualities in “hich a small number of grades
were used, the diuzhter-d.m correlation was calculated as indicated in Sece
tion IV, and a corr-ction (al o give in section IV) applied for broad oatnjorloa.
B8y doubling the daughter-dam correlation an estimate of heritability was found.
These estimates are given in Table iXXI, and graphical presentations of the

data in Pigures XTT - XVIII.
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TABL™ AXXI. FSTIMAIYS OF HTRIZA!EJ&TY Q0 FLTECE CHARACTERS.

Character n Heritabilisy.

Handle 186 44

Lustre 185 297

Colour 167 - low (small negative gor-

' - relation)

Porequart~r Character 168 - *20

Hindquarter Character 166 *38

Side Character 187 g 1

Back %ool 167 - low (small negative cor-

relation)

Ko data has been recorded in the literiture on the heri tability of these
characters for sheep, However, mme ap:raisal of their probable accuracy can
be made from various other considerations.

Handle, of wool is conditioned by a nunber of factors which may be broadly
classified into genatic ani environmantal in character. Among factors which
may be a priori classified as genetic in nature are fibre irregularity, med-
ullation, plasticity, sizo.~shapo and disposition of the scales. Environe
mental effects are nutrition,and its effect on the amount and quality of
yolk, poasible eff~gts of ineorract dipning and climatie oconditions gener-
ally. Little is xnown about tho interrelationships of these facotrs, bdut
the above estimite of intensity of inheritance indicates that genetic factors
are important in contributing to the handle of wool. This i3 supported by
the sucoess that has attended the ureeders afforts to improve the handle of
their wol clip by selection. Thhis succeess indicates that handle is ntioncly
inherited. Tt is also supported by Ory (1930) who found angularity of cross-
section and kinks to be gharacteristic of harsh wools, and oconcluded ﬁhit this
cause of harshness i{s quite strongly inherited. Thus the estimate given for
handl~ is sustained by the avidence avall ible from other sources.

Colour gradingz, as shown by the data, has a very low heritakility. On
a-priori reasoning, it is reasonable that the colour grading is mostly affected
by environment and that heredity plays but a small part in its determination.
Similar reasoning can be applied to the caise of Bact Grading. Here, however,

the greater inaccouracy of the zgradinz and the greater number of factors which
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have to be considered may combine to zive a lower value for herltabillty'of-
back zrading than is Justified.

The heritibility estimites derived for JGeneral Character on Foregquarter,
Side and Hindquarter regions cusll for some comment. It is noticeable that
thera 1s a gradient from low heritability on the roreguarter region to higher
heritability on the Hindquarter. 4t first sizght, it is tempting to associate
this apparent gradient with that of f{leece growth from shoulder to the tail,
as demonstrated by Thomasset (193€). But saipling errors owing to the limited
number of observitions and the arror in grading technigque vitiate against a
too wide generalisation. Therr is some Jusbifidation. however, for assuming
that the lindquarter character is more stronzly inherited. It is the writer's
experience that the 5raAing for this region is mairkedly influenced by the amount

of hairiness, as shown by the present data, is strongly inherited, the assoc-

fation between dam and offspring in this character is high. It is, therefore,
likely that the amonnt of ha;riness preseant will influence the Hindquarter
character grading to a similar exteng, and in a1 similar manper in both dam
and offspring, thus leading to a greater associaition between the two. It
should be noted that this reasoning applies to the grading for character as
estimited by the eye ind not necessarily to the Hindquarter character per se.

Until these estimites are supplemented by data from subsequent years,
further intarprat;tion'aons not seem warrantied.

THT HPRITABILITY OF CARCAST COKFORMAIION CHARACT®RS
AND BODY MTASURTMRIIS.

dammond (1932), Mcideekan (1940) Palsson (1940) and Verzes (1939), have all
ghown the extreme modificaition which environmental variation may produce
throuzhout the growth period, on the development of meat gqualities in the sheep
and pig throuzh the differentiil relalionships between the growth of their con-
stituent parts. Surveyinz their results, it would appear that, as regards the
meat qualities of uinim:ls, the environuent is of paramount importance. Bus,
their results were based on wide differances in the levels of feeding, and, in
the case of lclleatan's experiment with pigs, inbred pigs were used, thus re‘ﬁc-
ing the viriation due to heredity to as low a value as possible, It would be
axpected therefore, that heredity would play a more important part when con-

sidered in relatior to more averaijse levels of feeding and management. Few
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resul ts are availaibla nevertheless, on the heritability of visible differences
in conformation in 2mat producin; animals and irn the main they deal wilh swine,

Lush (1936) studied the heritability of some carcase measurements obtained
from data of the Dunish Swine .rogeny Testing Stations and gquotes estimates
of 0°47 for thickress of back fat, and 046 for thickness of belly and 0+54
for length of body. In i st dy of body scorns, in pigs, Hetser, Dickerson
and Ieller (19441 showed thit 367 of the variation between pigs within strains
and season was du~ to the additive effects of zenes aud that 92% of the variat-
ions betwaen differant strains withir season were heritable.

Stonaker and Lush (1942) found by regression of offspring on dan on an
intra-sire intra-season basis that 207 of the variation of body conformation
score in swine waus hereditary in the narrow sense of the word.

In beef cattle, little investigatior has been carried out on heretabilisty.
The snly study to be report~d up to the present, 1s that of Knapp and Nordskog
(1946 (bl,) in which thay sive results of 053 for weaning score for conform-
ation, 0+g4 for carcase grade, 0+69 for irea of aye muscle and 0.0l for dressing
percentage. They conclude that guality measures irn less heritable than prod-
uction measures which were reported in an earlier paper (Knapp & Nordskog 1946
(al.)

In sheep, Terrill and Hazel, (1943) esti ite that only 128% of the wvariation
in body score were due to heritaible differences, licilahon (1943) has reported

the heritability of a number of body characters in the New Zeal and Romney.

They are
Head Grading 25 - <30
breed Igpe *15
Fleshing *13

These resul ts are the only ones that are strictly comparable with the
data given in this investigation.
BODY AS A WHOL™ GRALIKG.

An analysis of the grading was completed using the numerical values for
the gradings as given in Section IV. fhe resul ts are tabulated below.
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Té§&? XXXIX. ABAN SQUAR®S AND CROLS ﬁRQgggTd Fgg
BODY A3 A WHOL® SRADING.
Source of Jams ; Offagrigﬁ _ﬁg_,_m‘a&g__.
Variation F, O 4 S.5. HeSe SeSe ede W .
Total 162 | 515.91 46033 31.69
Between Sires 9 454586 5+0633 16-93 | 1.6881 | 4-77 « 5300
Within Sires 173 47033 2+ 718% 44340 2+5630 | 26-92 1556
k= 1&-23
A= *0374 gov (b} = °1556
B = 2+5630 B! = 2.7167
faternal Half 51b lethod (multiplied by 4/ - - .0584
Intra Sire Regrassion of L.auhter on Laun {(Loubled) s °1145
Daughter Jam Corral itio~ (Doublad! s <1300
Daughtar Lam Regressiny  (Doubled) = 1228

Hence the heritibility of Body 4s i 'hole grading appears to be about

*12 and 80 a weukly inherited charactsr. This fact is in line with ghe

resul t3 shown by the Hammond school 8f workers that the environment has a

predominating influence on carcase conforaation.

HYRI TABILITY OF OIHTR CiRCAS™ CHARACI ™ R..

Ihe heritability of nther cuirgaise {eatures, as evaluated by eye and hand
appraisal have bean considerad, Thr methnd of analysis used was that of dam-

daughter corr~lation with correction for broad categories. The estimates

found are ziven in Table XIXTII (see ulso Fizs. Al& to XXVI)
IABLT AXXTII. HPRITABILILY OF VARIOUS BﬁD! CHARACITRISTICS.

> SR MENTY M
Tn)l‘.’li‘i;b& N

Character n Heritability

iimad Grading 162 «40

Breed Iype | 162 41

Length of Leg i 162 <97

ﬁone | 182 «58

Shoulders | 162 | -20

Back 182 | 17

Loin | 162 ‘11

Hindquarters lé2 low (Correlation slightly

nagative)
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The estimate for Head gradin; can be‘ajén to be in line with the figure
gooted by lcMahon {1943) Ihe estimate for Breed Iype from this data however
indicates that it is more strongly inherited than previously reported by the
above writer, The difference betw-en the two estimaites may in some measure
be due to the vairiation between differant judges in the method by which Shey
assess Breed Type. The present writer is of the opinion that the Breed Type
asti ate is based prisarily ou type of head, length of leg and presence or
abseanuce of any najor conformation or wool defect, thouzh mahy other characters
of secondary and ainor importance aire considered. As is shown in the above
table, Head grading and Length'of Leg at least are strongly inherited. It is,
therefore, logical to expect that a characteristic compounded largely of these
two strongly inherited features would itself be strongly inherited.

Some other resul ts are xﬁilaola, {unpublished, 1946) which can be used
for a comparison. By dam-offspring correlalion between wvarious carcase char-
acters of Romney ewes and their uown cross o fspring estimates of heritability
of length of cannon bone §.84) and weisht of cannon bone (+84) were found.
These can be compared with Length of Leg grading and Bone grading, and in gen=-
eral supnort the conclusion which can be made from the above data, that they

—

sre strongly inherited characters thauzh, doubtless, the estimate for Length

of Leg is somewhat ibove its true vilue due to errors of sampling and grading.
7ith raferance to lable XLXIII, an interesting relationship can be

deduced. As a consequence of the thesis thait the form of the animal body is

2 result of differentiil growth and development of its parts, a general order

of development of these parts in post-natal life has been established. (Hammond

1932, Moilmekan 1940, Verges 1939) Thus the resions of the body can be sep-

erated aut into relatively "early" and "late" developing categories. ain “early"

'daveloping part, then, cin be defined as one which relative to another, makes

a greater proportion of its growth early in life. The same workers have also

shown the marked influence of plane of nutrition on the animal body and that

as a result of their differential Zrowth the parts compete differentially for

the available food supply. "Tarly" developinz parts ar ®slieved to have a

first claim on the ivailible nutrients and consequently under adverse condit-

ions, their growth is not deliyed, to the same desree as "late" developing

parts. It can be implied that even under average conditions of nutritive supply
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and environmental concitions, the "early" developing parts are likely S0 reale
ise more of their full haraditary zrowth potential than are "late" developing
parts. Consequently with "early" developing pirts, the effect of the here-
ditary endowment of the inimal is shown to a greater extent while that of the
environnent is less important. 1.a. the heritability of "early™ developing
characters, on this reasonin;, should be greater than that of "late"™ devel-
oping characters.

Support for this contention is given by the results shown in Table iXXIII.
Head, Length of Lez, Bone and Breed Iype (which is largely compounded of these
featuras) are "early” developin: characters and at the same time have high
heritaibility values wheresas Shoulders, Back, Loin and Hindquarters, which are
relatively later developirg characters, have lower heritability values. It is
noticeable that, within these lusi-mentioned vilues tend to follow the same
trend as their order of development thouzh the inacouracy of the methods of

measurensant and analysis caution against over emphasis of this point. Unpube

lished data on the heritabilit; of carcase measur~nents indicates the same
relationship between order of development aind strength of inheritance.

HTRITABILITY OF GOM™ CARCAST MPASURTMTERIS.

The investigation of the additive effects of genes in controlling the
inheri tance of carcase measurenents in sheep ig a relatively untouched iiqld
and 1ittle data is available. Results found in swine and beef cattle have
bean reported earli-r (Lush 1936, and Knapp and Kordskog 1946)

A limited amount of data was available in this experiment on external
carcase measure=ent ralaitions between ewes and their wether lambs. The
measurements gonzidered were F (lez length as measured from the crutch)

G (width of gigots) and T (length of tibia plus tarsus from the tuberole on

the proximal end of the tibia to the anterior edge of the distal end of the

tarsal.) The results are given in Table XXXIV.
TABL™ XAXIV. HYRITABILITY 08 BOUY MWASURTHMERTS.
Character n Heri tabillty
r 69 | .38
& 69 | *33
b 4 69 i low (negative correlation]
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The iamportance of these measurements a8 indices of carcase composition

has been stressed by Valker and lci{eekan (1944). They show a correlation of
0*694 batween T x G and total weight of muscle in Canterbury lamb(2's and
£'s) and a correlation of +934 for the same measurements and weight of done.
Ihe low value for the T measurement is surprising in that it is a measure .
of leg length and thus from other data would be expected to be strongly inher-
ited. However, the nuaber of observations is s:uall and the error likely to
be large. A further explanation will ilso be suggested in Appendix XIV.
of

LISCUSSION ANL APPLICATION

Strictly speacing, an estinaite of heritibility is applicable only to
populations which have a genetic makeeup and environmental treatment similar
to the populations from which the estimite was derived, so that results can
orly be generalised 41- so far as this restriction 1is taken into ascount.
Henca some discussion i1s necessary on the accuracy and applicability of
the resul ts,

(1) ACCURACY.

In general, the resemblance beatween parent ind offspring zives the most

useful estimate of the additive effect of the genes affecting the character-

istic being considered. It does not include any of the viriance due to dom=-

inaince deviations from the additive schene., I:. dyes, however, include some
snall amount of the variarce caiused by epistatic interactions begcause chane®
at Yendelian segreg.tion {:plies that some of the gene groups, especially the ;
siapler ones, which produce these special epistatic effects, will be trans-
nitted in their orizinil combinition to a smill proportion of gametes. As
Lush (1940) indicates, an epistatic effact depending on the presence together
of two genes, would be transmitted from pairent to offspring only half as often
as would an additive effect dependent on thr prasence of only one gene, a three
gene effect only one-fourth az often etc. Hence, in the general situation
only a small proportion of the epistatic effects contribute to the parent-off-
spring conrrelation. This epistatic contribution, however, must remain un-
defined and the method of inaylsis glasses as non-heredi tary the differences
caused by domirnaince and most of those caused by epistatic deviations from the
additive sgheme, In the main, this canrot lead t0 a considerable error, for
it is only the additive effects of the genes concerned (and some small part

of the epistitic variance) which is acted upon by selection.
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The paternal half sib method of ~stimiting heritability suffers from mors

serious arrors than the above method. This 1s mainly because the expected
corralation between half sibs is smaller than the dam offspring correlation
on the assuvaptiorns of no anvironmental effects (*25 as against +5) It is
therefore multiplied by four instead of two and so sampling errors are likely

to be increased by this larger multiplier.

From a study of the biomet-ic relitions between the phenotype of the
parent and the phenotype of the offsprinz usinz Trizht's method of Path
Coefficiront (Wri:ht 1934 it can be show- that the correlation between these
two attributes is

rPD Py = ab h232 + ab h2z%m 4 e'e Tw'm

¥nare h? gz is the portion of the actual variance whigh is additive in effect

(heritability)

ab is the pith coefficient from genotyp~ of parent to genotype of off-
spring.
m is correlition betwern genotype of sire and genotype of dam.
T®'® is the correlation between the environment of the dam and the
environment of ﬁha offspring.

The various components of this parent offsprinz correlation indicate
the factors that are likely to be ifmport.nt in ;ivins a bias to the heritab-
{lity estimate.

(1} The value of the path coefficient ab s basically an expression of
the extent to which lendelian segregation, us affected by chance, permits the
genotype of the parent to determine the zenotype of the offspring. Unless
the parents differ widely in their degree nf inbreeding from that of the
offspring, this figure is in the vicinity of 0+5. As no inbreeding was in-
cluded in the experimnﬁt, this source of error is presumably non-existent,
and moreover, increasing the number of observations has the effect of red-
ucing error due to lendelian segregation to a negligble value.

(i1} The correlation between ;enotype of dam and genotype of sire (m) can
for all practical purposes ba rag;rded as zero in this data. It is a measure
of the degree of depairture from random miting. The ewes in the experiment were
assigned at random to their sire groups and so this condition is fulfilled.

(111) The major difficulty in the interpretation of dam daughter correl-

ation is that of appraising correctly the e~nvironmental contributions to
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the observed ressemblance. In this dati, the correlation (F7'E) between
the environment of the dam and diughter is assumed to be zero. The sire
groups of both dams and daughters were run 23 a mob, and no special treatment
was acgcorded to any individuals or to any group, so that as far as was possible
there was no tendency for the environment of both members of a danghter dam
pair to be above or below the flock averagé in any respect. Moreover, 19 S0
far as any environmental correlation may have existed, the intraesire no‘ﬁod
of computation allows for this fuct to a considerable extent, for the analysis
is restricted to the mmount of variance which is found within the groups of
ewns mited to each sire (The tern B' in the analysis) while differences bet-
ween the groups of ewes is left unanalysed as to its hereditary or environmen~
tal nature. The fact thit the intra-sire regression is not biased in any
particular direction in the various estiates seems %o support the gonclusion
that the environmental correlition is zerd, as is expected from the design of

the experiment. Hence, the equation for dam daughter correlation reduced to

rED Py o= & i h232 necessitating only the doubling of the correlation to
give an estimate of heritadbility.

In the gase of the quantitaitively measureable oharacters‘no corrections
have been made in this data. This is at variance with several of the heritab=-
ility estimates as determined by Hazel and Terrill (1945 b, 1946) In their
dati, they have adjusted for sex, age of dam, type of birth and rearing, age
at weaning etc., as determined from an earlier study (Hazel and Terrill, 1945 :
The effect of this correctio” 1s to reduce the variance due to environmental
gauses, and thus inc¢rease haritibility. In the gases quoted, it reduced var-
iability in weaning wei ht by 57 anc staple length by 20% with consequent
- increases in heritubility. In the present data, however, it was considered
that adjustment for similar environmontal factors would be artificial and
unwarranted because such adjustments are not ordinarily used in commercial
practice, and would consequently bias the estimates towards a higher figure.

A possibly iaportant source of error, however, may have been introduced by
omission of a correction for twins. The effect of this factor is to decrease
the variance within the groups of ewes (reduce B' in the analysis) and hence

to increase the value of the Intra Sire Regression. Horeover, it would tend

to increase the effect of hizhly momozysous ewaes, (in comparison with the ave
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erage of the population) if they had twin lambs.

A further, and most important source of error in the analyses of heri-
tability is introduced by the inaccuracy of the methods of measurement,

This applies in particular to fhe fleece and body characters which were es-
timated by eye and hand. The e inaccuracies result in a reduction in the
estimite of heritability and an increase in the proportion of varisace listed
as environmental. In addition, the estimates are based on only one observate
ion for each character on each animal, a single observation which may have
been considerably affected by temporary environmentil conditions.
(b) A2ZLICABILITY OF RWSULTS.

The heritability estinates, which have bean derived are statistics des-

cribinz the particular population used. In order to generalise these figures,
it is necessary to indicate wharain the breeding methods and environmental con-
di tions diffor from ordiniry commercial practice. |
The two features in which the present design differs from commercial
breeding are
(L) Random Matinz was used.
{2) Ho preferential environment:l treatment was given to any off-
spring.

In the first case, a considerable amount of assortive mating manifestly
takes place in stud breeding, both corrective mating and mating best to best.
Lush (1943) points out that, al though assortive mating of both types does not
ingrease or decrease homogygosity to any aporeciable degree, it does al ter
the resemblance betwes~n parsnt and of"spring. This is particularly the case
when strongly inherited features are considered (Head type and Length of Leg)
as is usually the case in aissortive mating. There both corrective mating
and mating best to best are practieed simultaneously. it would appear that in
genaral, the affect on the dan daughter correl stion over a flock would tend to
be cancelled out. Tn the case of weakly irherited characters, it is doubtful
whether departure Trom random mating of this kind is likely to bias the estim-
ate of heritability. In so fir as line breeding or inbreeding is adopted, it
will again affect the heritability estiait~ by altering the half sib and dam
daughter correlation. Inbreeding within closed lines tends %o 1noroaso‘thc
half sib correlation as compared with random mating, while daughter dam

corraelation and intrasire resression is decreased.
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In stud practice, 1t is guite usuil to zive preferential treatment to at
least the tiil end of tha awe hoggzets. tha affect of this preferential Sreat-
ment would be to alter the correlation (T™'%) between the environaent of parent
and offspring to some value different from zero, and thus to bias the estimate
of neritability. oIhe result is an increased variation in the environmental
contribution and therefore, decreased heritability fraction for the ch@r-ntor
oconsiderad.

Bearing in mind the above mentioned differerces, which on the average can-
¢cel out unles: any really wide departures from the postulatbd gonditions occur,
it 18 considered that the estimates determined give a falr approximation to the
heritability of the productive characters in the K.Z. Romney. When these con-
ditions are fulfilled, 1t is possible to indicate the value of the horitsbiitﬁy
estimates by classing the characters concerned into the categories "strongly |
inherited” "mediun inh~ritance” and "weakly inherited” according to the rate
of progress expected in improving the charaicters througzh individual selection
alone (Pigures XVIII A and XXVI A.) At the same time, it shows to what eixtent
mistakes will be made in selecting on phenotype animals which are thought to
have genes for superior characterisation, and therefore can bde used as an ine
dieation of those features, which have to be taken into account in a progeny
testing scheme, [For "strongly inherited" characters, selegtion on individual
performance will :ive the fastest rate of improvement, while progeny testing
is required for improvement in "weakly inherited” characters. (Dickerson and
Hazel 1944)

Heri tability of the character is an important factor in controlling the
rate of improvement possible., Replacement rates, the other i-portnnt factor
in improvement, is limited by the rate of reprodusction and the length of pro-
ductive 1ife in the sheep. It is interesting to calculate the extent of im-
provenent per generation based on this data. assuming a 70% replacement of
ewe hogzots and 35 ran hoggets. These rates corrospond to selection differ-
ential of 0+50 and 2°27 (Pearson 1931) respectively, in normally distribdbuted
populations, The expected gain can then be calculated from the eguatidn

Gain/Generation = Heritability x Standard Lev. x (<50 227) /2

and are given in Table XAXV,.
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DABL® XXXV. TLPTCTUD IMPROVEMENT 2TR GUNTRATION

Character Heri tab. Stelev. Improvement/Generation

Pleecs Teight *10 «90 «12 1b.

Pleece Juality 16 154 «34 (4 grade)

Staple Length «21 l 1-86 <54 om.

Hairiness - 72 16 *18 (log Gross
Hairiness)

Body As A Whole .12 1.59 26 (4 grade)

The possible improvemant in the case of fleece weight, fleece gquality,
and Body 4s A Wholea is obviously very slow, even when considered alone,
When several other traits ar~ taken into consideration it is obvious that

improvement by selection in these gharacters is virtually non-existent.
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PART VI. RZLATIORSHIC BTRA7TK LAMB AND HOGOT

In breeding practice, the first careful analysis of fleece and ocarcase
characters i= usvally made at the hogzet stage. This practice suffers from
various disadvantages from the point of view of progeny testing and improve-
ment.

Firstly, no records are taten on animals which are culled at weaning
time or which die prior to the hogzet shearing and as a result, no cognisance
can be taken of them in any progeny testinz programme.

Secondly, the nrogeny evaluation of 4 ran is delayed for a further eight
to ten months, A8 Lickerson and Hazel (1944) have stressed, the genetic
progres8s axpected from progeny testingz is considerably influenged by the age
of the ram when prozeny test information can be obtained. The effect of the
delay in obtaininz this informitinn is to increase the interval between gen-
eratio s and thus to raduce the axjected yearly 3ain. ldoreover, evaluation
on the basis of the lamb characteristics enavbles the sire to be tested prior
to the next tupnin: season, and thus sliminate the necessity of either using
the sire 1ightly durinz the subsequent yeair because his me~it is unknown, or
having to use him widely merely on the basis of speculation as to his probabdle
value,

At the same time, howaver, the effectivenas of selection based on the
lanb stage over that based on the hozgsget is dependent in a large measure, on
the relationship existing betweesn the churacteristics of the animal at the
two ages, Io the best of the writer's <nowled:;e no investigation has been
undertasien on this aspect for the Tew Zealand Homney, andé only few resul ts
have been reported overseas.

Lambert, iardy and Schout (1936), working with Corriedales, Columbias and
Ramboruillets, indicated that certain weanling characteristics could be used
satisfacoorily in predicting the yearlins fleege characteristics. The two
hizhest relationships were for length of wool, ané per. gent. of lean wool
while for density and {ineness of fibre the rasul ts were low. Terrill {1939)
has given result: of a study of the relations between early measurements and
life~-time averages for body weight, fleece weisht and fleece length. His
correlation coefficients range between +46 and +69. Pohle (1942) supplemen-
ted the data of Lambert et al., (1938) and also made a test of reliability of
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the sampling techniqgue, but in essence, the«iievious resul ts gquoted remain

unchanged.
It 1 the purpose of this present section to present the results of a

study to determine the extent of the relationships between lamb and hogget
characteristics for the New Zealund Yomney Jarsh. The data is derived in the
case of flaeege characters, from descriptions on the ewe offspring taken at
approximately four an! fourteen months of .ge, and in the case of body des-
criptions, at six and sixteen months of ige.

RSULTS. (a) PLERC® CHARACIWRS.

The results of corralation analysis between the lamb and hogget fleece
characgters are presented in [able ARXVI. For Count ind Fleece Juality as
A Thole, ordinary correlation technigue was used, while for other characters,
the method outlined in Section IV had to be apnlied. The data are presented
in Figures XXVII - XXxTI.
TABLT . XXVI. SORRTLALTOR COTSRICITRIC BTWIVTWN LAMB AND

HOGG7I PLTNCT CHARACIWRISIICS.

Character N r Pde
Count ] 191 48 ** 12
Fleace juality As 4 Jhole | 190 37 XX <07
Handle | 169 .48 ** .12

Lustre | 169 42 XX *10
General Character Fore _uarter | 169 .26 % «03

side | 189 «55 XX 16

9ind Luarter | 169 .57 ** -18

Back | 189 <02 «00

The 2rediction index calculated aceording to Treloar (1939) is also
given. Ihe frediction Index is a measure of the predictive value of the
correlation coefficient and amphasisaes the fact that correlations may dbe high
in value and statistically significint and yot be relatively low in value for
predictive purposes. It is calculated from the formula. Pe Io = 1 = J—;:;!.

In all caseg, except that of Back grading, the relationships between lamd
and hoggat fleece characters are statistically highly significant, but the pree

diction indices are generally low.. The poor relationship between the
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bacz wool gradinzg for lamb ind hoggot égggbe explained in part by a fairly
low level of repeatadbility for the estimation. In addition, it was found

in the desecription of the l.umb fleece that only very small differences could
be deteagted in the quality anc soundness of the back wool, whereas, in the

hogget fleece, which hid been suvjected for a longer time to more adverse
weather conditions, the tendency towards unsoundness and "mushiness" became

apparent.
It is important also to note that this repeatability of characters in

the subsequent fleece is in effect a method of determining heretability,

for 1t shows approximately the amount of the differences in the fleece which
are causead by peraminent charaicteristics of the animal., These permanent
characteristics will include the hereditary endowment of the animal, as well
as any permaneant features of the environment which are constant from year to
year, and any aetion of the environment on the animil prior to the first des-
cription which has had a persistent effect. Thus, the correlation coeffic-
fents shown in Table XXVI are likely to represent the upper limit of heritab-
ility for the characters concerned, and it can be saen by reference to Fart V
that they place these gharacters in approximaitely the same relative position

as regards the importance of additive gene-offects.

(b) BOLY CORFORMATION CHARACITRS.
The results of correlation analyses between the lamb and hogget conform-

ationil characters aire given in lable XXAVI while the graphical presentation
of the associations are shown in rFigures IXXIII to XXXX.
TABL™ XXXVII. CORRTLATIONS BWTWWEN LAMB ANL HOGS®T.

CORFORMATION CHARACTTRS,

Character n 4 P P.X.
Body As A Whole 190 +40 5.8. 08
Head 169 72 3.8. «31
Shoulders 189 <45 3.5. «11
Back 189 *43 55 . «10
Loin 189 <45 S5.5. «11
Hind Juarters 189 *48 5.8, *12
Length of Leg 169 *56 S.9. 17
Bone 189 «35 S.8. 06
Breed TIype 189 <66 3.8. -26
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The correlations for all characters are hizhly significant and in the
case of Head grading, Breed Type and Legs are sufficiently high to have some
predictive value,

Again, the general picture with regard to heritability is borne out by
these results. From this aspect, the concept of earliness of development of
the gharacters gan again be mentioned, It is to be expected that the relation-
ship between lamb and hogzet will be greater for those characters which devel=-
op ~arliest and are hence less liable to be affected by environment. (e.g. Length
of Leg, Head, Bone and Breed Typei. On the other hand, gradings for iatoﬁ
developinz characters are corralated to a lower degree, because their period
of maximum development oocurs at a later time, and can be modified to a greater
dezree by the adverse affects of winter conditions which intervene between
the lamb and the hogzet evaluation. IHence, this data, and {ts relationship
to heritability lends confirmitory evidence to the postulate advanced in
Part V.

LVISCUSSION.

The results presented for the relationship between lamb and hogget char-
acteristics leave 1little doubt as $o the close association between the estim-
ations at the two ages. The predictive value of the correlations are in most
cases low, and it is seen that generglly early developing body characters
yield the most information at the lamb staze as regards their probable future
quality.

The correlations presented are, in fuct, measures of the reliability of
sarly selections. An examination indicates that a satisfactory Job of sel-
estion could be don~ under certain circumstances. On the assumption that 2
large number of animals are available and that only a small percentage (say 30%)
had to be rejected, then 1t would appear that serious mistakes in selection on
the 1amd fleege would be unlikely to occur when based on correlations of the
above order of significance. It is improbable that the best animals would be
culled but naturally some few of the poorer than average animals would be inclu~
ded. Overall, the effect of this on the averase of the group would be very
slight. Tthe low predictive value of the correlations however has a mmrked
effect when a few top animals have to be selected from g large number of

possible candidates [is, for instance, in the selection of sires). Under these
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conditions, selection on the lamb characters is unlikely to be successful,
The analyses indicate thut t e practice carried out by many hill country
breeders of culiing the worst of their ewe laewbs is, in general, sound,

From the point of view of I'ropeny Testing, tue low predictive values
off the correlation coefficient do not, nowever, in the majority of cases,
present a favourable picture, It nhas to be eduitted that the sire evale
unation is based on an average of a mumber of progeny, which allows of red-
uction in error, but at the sare time, it must be remembered that, in the
practical use of progeny testing, selection will be usually on the btsil
of selecting the top sire or ton few sires fron a number of candidatesg,
Under these circumstances, the stron: noesibility exists that sire evaluation
on the basis of lamb characters will be of doudtful utility,

Finally, the results indicate thut ilead Crading, Length of iLeg, Preed
Type, and liindquarters, Fleece Character Crading may be used satisfactorily
in predicting the nogget cunaracters. llowever, it appears advisable that
furtner studies be conducted along tnis line before final conclusions

can be reuched,




TABLEZ XX{VIII,

Lanbs Lambs Ladbs Lagbs Laibs Lambs Lambs
Born dead Born Born died dead within-|dead reared
or alive, Dead, Alive, within 2i; hrs.|in 3 dayse after
3 dayse
Totale
1 5 5 L6 1 7 2 h2
2 55 3 52 6 51 14 S s
3 1 5 20 1 2 9 - 22
4 ol 6 36 - 1| 7| 3 34
o 56 4 52 1 - b - 5
6 51 7 Ly 1 - 8 2 Y]
7 L7 - L7 1 - 1 2 by
8 51 6 45 3 )10 2 33
9 Ll 1 43 3 1 3 36
i L7 2 L5 2 1 3 39
L77 39 438 19 13| M 18 \ 388
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PAR? VII. ANALYS7S QP DIFFTRENCES BETWTIEN S

The groups of progeny sired by differsant rams wers compared to determine
whether differences existed in the ability of the rams to transmit various
characters to their offsprins. In this connection, no account has been Saken
of the dams of the offspring. The reason for this is two-fold. ~rirstly,
as shown in Part V, the raecords of the dams were not, in many cases, correl-
ated to the records of the offspring, and secondly, the ewes for each sire
had been selected at random and thus a'lowed the assumption of nearly equal
means and variances in each sire group of ewes, This eliminated the nec-

essidy for using covariance analysis to correct the groups to a common dam
\

level.
It was also decided not to correct the data at this stage for the
effects of multiple births, mainly because full data is not available for
their caloulation, and, moreover, their use would not be usual in a practical
progeny testinzg programme at the present time,
fhe results have been anulysed mainly by the simple analysis of variance

technigue, as described by Snedecor (1940/, the variance being apportioned
to differences between sire-groups and within sire-groups or error. viffer-
anges between means of sire groups were tested by the ¢ tess. The resul ts
have be~n discuss~ed under the followinz headings.

I Lanbing wvata.

1I Fleece Lata.

1II Carcase Slaughter uLata.

IV Carcase Conformation Data.
I LAMBIRG DATA.

The total number of lumbs vorn (dead or ilive), the total number
born dead, the number dead within twentyfour hours, and the number dead within
3 days are given in table XiXVIII for each zgroup. rrom this table it is seen
that B+24 of total lambs born weres dead at birth, 4.0 died within 24 hours,
of birth, and 2.7% between 1 and 3 days. giving a total of 16°9% death rate,
from birth to three days. this figure seens almrmingly high, and to seek
a possible expl ination a more detailed tible of results taking into account

age of ewe, sex and birth rank, was made out. '



ZABLE XXXIX.

LAMBING DAZs.
Lambs born (Dead and Alive) (Lambs dead at Birth or within 3 days
) 1

Sinélu Iwins l‘ri_glets Single Mni-m

= |r ® R ®| R kA R 2| R ./ R
Group

Total Sorn (8 (4 |11 | 7| 4|2 | 6 | & 1| 5 - =
Lead 1 |1 - 1| <|1 | 1| - - | 2 -| -
fotal Born |- |5 | 13 | 28| - | - | & | 2 5§ | 1 - =
bead - |1 5 4 - - 3 1 1 - - -
Iotal Born | 6 (2 3| 8 3| 3 5 3 3 - - -
ead 2 |- - 2 2|1 1 1 - - A
Total Born| 9 |5 3| 7| -| = 4| 6 1| 3 -| -
Dead 1 |1 2| 2| - | = - - - 1 -| =
Total Born| 4 |2 13 | 17 2| 4 5| 7 4 1 - -
Uead - el -| -|1 -l 8| | = o| =
Total Born| 6|6 |18 | 4| 2 1 | 2| 10 3| 3 -| -
Dead 2|1 2| - | < = - 1 - 2 - -
Total Born| 4 2 |15 13 | 1| 2 2] 4 | 3|2 - -
Dead - | I I - -l % R o] =
fotal Born| 3| 5| 11| 1 - \ 3 6| 4 3| 3 - -
Dead -l -] 1] 2| -| 2 2| - 1| 2 - =
Total Born| 5| 6 | 12 | 10 o = . 4] 3 2 2 - -
Dead 11 1 - - ] - -1 - 1 -| =
Total Born| 5| 2 | 20| 8| -| - | 4| 2 2| 4 - =
Dead | r 4 1 | 2 l - -,i - ‘ - - - 4 - -
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From this Table (IXIX, it was found that of the total lambs born to
two-tooth ewas, 18+2% of them died within the first three days, while only
13+9% of the lambs born to the 5{ year old ewes died within a similar
period. Also the death rate was higher in the lambs hofn as singles,
than among those born as twins (15670 as égainst 14-4%) Consequently
it appears that the high lamb mortality amongst the lambs of the two-tooth
ewes has contributed in a large measure to this high overall morstality
at birth. In adéition, from a study of the lambing records, it is 30&150‘
that some 25% of the ewes had to be as:isted at parturition in this season,
Ho reason can be given for this featura.

An analysis of the total number of lambs dead either at birth or
within three days (as shown in Table XXAVIII) by the ?91 technigue
shows that there is a highly significant difference between sire groups

(\)OL' = 15.61 P < .01) Ine two main contributions to this
value of 70} are Sire Groups 2 and 7, with 14 and 1 lambs dead respect-
ively. In these two groups the number of lambs born from two-tooth ewes
is approximately the same (257 and 21% respectively) and the number of
twins born in the two groups is also similar (767 - 68% respectivelyl.
This supports the conclusion that there 18 . real difference in survival

between the offsprinsg of the two rams.

(i1} DURATION OF LAMBIRG ARD MPAJ LAMBINS DATE.

For the 1944 lambing season, the first lamb to be born was dropped
on August 19th., [his date was used as a base line to estimate the mean
lambing dates for each group. e last lamb was born on October l4th
givinz a spread of lambing of 56 days. is mentioned previously,

62% of the total lambs were born in the {irst three weeks of lambing,
and by the end of six weeks, 970 of the total had been dropped.

Mean lambing dates by groups and sexes are given in Table XL.
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TABL® _XL. HEAN LATWS OF L MBIEG. (DAYS)
group Twes Rams Average
—
1 21.15 23-14 22+04
2 2361 27.00 2547
3 19.43 23-58 2135
4 16-85 24.39 20.26
5 18.48 20.14 19.40
6 15.09 20.86 17.84
7 21.36 17.862 19.-%
6 15.94 17-64 1693
9 23+33 24.32 23-80
10 23.11 2180 2265
Average 20+03 21+94 20°96 J
Analyses of variance of lambing dates for the whole groups and for
ramns only are given below in Tables XLI and XLII
TABL® ZLI. ANALYSIS OF VARIANCY OF LAMBING DATES.
FOR FBAES AND RAMOS.
Source of Variation d.f. Sede M.5.
Total 430 3621233
Betweean Sire Groups. 9 2278.34 253+15 F e 8-1‘
Within Sire Groups. 421 33933+99 8060 8.8.
TABL® XLII ANALYOSIB OF VARIARCT™ OF LAMBIEG DATE
OF RAd LAMBS.
Source of Variation d.f. 3.8. H.5.
Total 209 20366-32
Between Sire Groups. 9 1949+99 21667 F e 235
#ithin Sire Groups 200 16405633 92-03 S.

There is a highly significant difference between the means of groups

for lambing date as shown in ITable XLI,

later lambing than Jroups 6 and 8.

2ire droup 2 being significantly

The difference between group means

for lambing date of the ram lanbs is significant between the 5 and 1% level.

Again Group 2 is significantly later lambing than Groups 7 and 8.

Tthis
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difference of groups 7 and & assumes lamcrtunce at a later seetion when
discussing the age at kiilline of tne wether luubs, This is in fact the
sole reason for the analysis, for obvicusly no conclusion of signiﬁm“
fron the viewpoint of sire differences in production can be drawn from the
above analysese

(111) ° ‘ RIRT: _EIGHT.

The factors which affect Dirth wei nt of the lawb have been adequately
discussed by lammcnd (1932) Lonald and liclean (1935) and Bonsma (1939).
as stated in an céarlier section lambs vere weighed as soon as they were "dry"
after birta. This tended to €liuinate any error duc to the weight of amiotic
fluid, ‘but a furtaer source of error remuianed vue to the aﬁ:ount of milk ob- |
tained by tne la’b during tnmt veriode. The ‘experimcntal ares was visited
on tihe’'average z or 3 tiwes pel day for Lic purpeses of recording the lambs
born, éxcept in the peuikk of lufb ing when zore Ireguent visits were made,
Thus sOme variuation wust exisi'as s 1esuil of tae varying time availabvle
for the lamb to obtain =ilk frou. its dam, The assumption that in a reason-
ably large number of la.bs, this source of error would be randouly distrib-
uted over the groups has to be riade, and appears to be valid, |

Ronsma (1239) summarises a number of factors affecting birth weights g
of' launbs, of these, the fol . owing were able to be considered in the analy= .
sis of virfancé: ' sex, birth run, wnd sirc differences, and the various
intéractions between thed., Thé non-orthogonal distribution of the date made
1t necessary to modify the anal'sis of variunce, snd Yate's met od of unweigh-

ted ‘means was use! ( inedecor & Jox, 1935 The analysis is given in Table XLITT,.

TaBLE XLIIT. ALALYCT S "0 VARTANCE OF 1B BIRTH JEIGHTS.

source d.Ts Seile ¥eSae Sign.
ubclasses . » 39 37.2746

sire Groups . .. 9 6.034"7 Ne 6771 N.S8.
sex k . 343062 34 3062 S.8.
Birtih Rank . v 1 1hel4721 Pheli721 8.8,
Group, Jex -9 3600610 Do L2l N, S,
Birth, Sex 1 0. 0026 De 0026 N.8,
Group, Birth 9 566799 N. 6311 N.S.
Group, Sex, Birth 9 347366 Do 4154 N,.S,

Lrror 245 - 143673

\o




TABLE XLIV. MEAN BIRTH WEIGHTS OF LAMBS, (1bs.,)
Group. Singles, Twins.,
E R | 1) R
1 11.04 | 11,23 | 9.82 10.29
| |
2 9.92 | 12,20 | 9.42 10,81
3 10,87 | 10,76 | 8.90 9.62
i Mot 11.54 9.36 9.86
5 9.18 | 9.39 | 9.28 10,03
6 10,22 | 11,69 | 8475 8475
7 12,42 10,33 , 9.58 10.43
8 9. 38 1,24 9.53 10,17
9 10,31 11,63 i 9.89 10.43
10 10,87 l 11.20 ' 8.90 8.95
TABLE XLVI. MEAN VALUES OF FLEECE CHARACTERS
BY SIRE GROUPS.

Character 1 2 3 L 5 6 7 8 9 10
Fleece weight 5689 | 5464 | 5.84 | 5489 | 5,70 | 5689 .5.70.] 539 | 5.21 6.08
Fleece Quality | 8.00,| 8483 | 7.54 | 7.95 | 8.10 | 7.43| 7.39| 7.50 | 8.29 | 6.90
Staple Length |13.25 (13,55 |12,08 !12.63 12.50% 12.95‘ 12439 | 12,23 | 12.18 | 14,33}
Count 783 | 7.98 | 9.15 | 9.32 | 9,60 | 8.84| 8.56| 8440 | 9.28 7.71
Medullation «8005 | 45594 (49267 [.8311 | 49500 | «7740 | 49200 | «8UL3 | «8017 | 41,0413

(log (x + 1)
FLOCK MEANS.,
Fleece weight 574 1bs.
Fleece Quality 7.80 units,.
Staple Length 12.89 cms,
Count 8.58 units.,

Medullati on

08497 (log (X + 1) value)
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Mean birth weights by group, sex, and birth rank are given in Table
ALIV (triplets were not considered, because of the small numbers available).
As seen from the analysis, there was no significance between sires in birsh
weight of their lambs. Sex,differences and differences due to number at
birth (birth rank), were both highly significant, a result which is in acecord
#ith numerous other writers (Hammond 1932, Donald and MeLean, 1935, Bonsma
1939, Berges 1979).

The non-significance of difforences between sire groups is important
in view of the hizg: correlation betweer wei:ht at birth, and weight at
later dates (Lonald & MoLean, 1935). Inis eliminates the necessity for
correcting for birth weight when considering such factors as age at killing
of the wether lambs.

II PLYTCE CHARACT®RS.

Analyses of variance between sira groups of ewe hoggets were carried out
for those fleece characters that could be stated in numerical terms, !hi
mean values for sire groups and for the flock as a whole are given in Tabdle
XLVI. "
PL®=CR WWIGHT.

The fle~ge weishts of ewe hoggets were analysed to dtermine sire differ-
ences in regard to this character. The figures used are based on ten months
g»owth of wool and because shearing dates wern the same for all groups no
correction was negessary for differences in dates of shearing. In addition no

correction was made for count. The analysis of variance is presented in Table

XLvV.
TABL™ XLV. ARALYSIS Of V.RILHCE OF

FLURCY BTIGHT.
LSource éd.z. S8 HSe Sm.
To tal 162 148.37
Between Sire droups 9 10-97 1-219 P =153
#ithin Sire Groups 173 13740 0794 HSe

The data presented do not show any significant difference between sire
groups in greasy fleece weizht at the hogget stage. Reference to group

means show that the differences are smill.
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FLE™CT JUALITY A5 i WHOLW.
Using the coding system as ;iven in Section IV, for Fleece As A Whole,

the analysis presented in Iable ALVII was completed.

TABL® XLVII. ARALYSIS OF VARIARCT OF FLTRC® AS A WHOLE.
Source ( defe : Sede \ HeSe Sm.
m
Total 166 | 476°24
Betweon Sire Groups. 9 ]5 5le42 | 5713 F =236
[Pt tain Stre Groups. 176 |  424.g2 2.414 s

The differences between group mears ar» sijnificant at the &% level.
On refer~nce to the mean values, it is found that uroup 10 is significantly
lower in fleace quility than uGroups 2, 5, and 9 at the 1% level, and Groups
1l and 4 at the 5» lovel. Group 2 is significantly higher than Groups 3, 6,
7. 8. (P *01)

STAPLY L™NGTH.
the length of stuple as measured in centimetres on the side position

shows highly si;nificant differences between sire groups, (Table XLVIII)

TABL™ XLVIII. ANALYSIS 0F VARIAKCE 07 STALLY LWNGTH.
ource 4.f. 2 e H.S. Sign.
fotal 183 | 632460
etween Sire Groups 9 66° 64 9-627 F = 307
ithin Sire Groups 174 545+96 3+1386 S.8.

Group 3 is seen to be significantly shorter (2 *Ol) than Groups 1,
2 and 10 while Group 10 18 significantly lonzer than all other groups except
aroup 2.
COUNZ.

The numerical scale gquoted in Section IV was used to evaluate sire

differences in count, and the results are quoted in Table IL.

TABL™ IL. ANALYSIS OF VARIANCE OF COUNT.
Source d.ft. S5 M.S. Sign.
Total 166 | 1224.45
Between Sire Groups 9 ‘ 197.53 ' 21.948 Fe37
Within Sire Groups. 175 1026.92 5.868 S5.5.

— N
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The differences between group means are highly significant as shown

by the mean values. Group 10 had the strongest fleeces, while Group 9 was

the finest. The differences betwesen these two groups is, however, only of

the order of one count interval.

Where large differences in count occur it

is very necessary that these differences be taken into account when compar-

ing fleece weights of different sire groups.

The complex interrelationship

shown between count and fleece weight by McMahon (1942) indicates the nec-

essity for and difficulty in making this allowance.

Because of the small

differences shown in count it is felt th:t this factor would have little

effect on fleece weizht.

which is strongest in count, shows the highest fleece weight,

not significantly so)

of merit in fleece weizht if count is considered.

MEDULLATIOR.

Tt must be remarked, however, that Group No. 10,
{al though

Hence material difference may be made in the order

Hairiness estimations of the fleece have been based on the Hindquarters

Position No. 5 sample which Goot (1945) has shown to be strongly correlated

with total hindquarter hairiness.

ror statistical analyses, the photo-

electric indices have been transformed to logarithmic values by the use of

the transformation log, (X+1),

index -~ 2°18) The analysis is presented in Table L.

where X is equal to the photo-electric

TABL® L. ANALYSIS OF VARIANCT OF MWDULLATION.
(log _(X+1) values.)
Source d.f. *1 SeSe K.S. Significance.
Total 180 ! 177564
Between Sire Groups 9 | 2-8594 0°3177 P = 365
iwithm Sire Groups [ 171 t 148970 0.0871 S.S.

|
l

The main contributors to this highly siznificant difference between

means are Uroups 2 and 10.

Group 2 is significantly

(e

lower

than all other groups in hairiness, while Group 10 is significantly hi gher

than all other groups except Groups 3 and 7.

OTHER FLTECE CHARACTTRS.

A summary of mean values, for other fleece characteristics is given in

Table LI.

It is seen that the variation in the mean values is not great and
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on testing the group differences for significaince by

technigue it is

found that generally the value of the probability is in the range of P = 0-20

to £ = 0+10. The overall impression that can be gained from these mean values

is that Sroup 2 is the best from the point of view of fleece guality and Group

10, the worst - an impression which is borne out by the analysis of the fleece

as a whole gradinz, which shows the same trend.

TABL® LI. SUMMARY OF MTANS OF FLTEC® CHARACTERS.
Character 1 2 3 4 ! 5 | e v 8 9 ﬂctlo
) |

Handle 4:21 | 4+22 | 446 | 3:95 | 3:95 } 4:57 | 4+00 |4°20| 4-22| 4%21

Lustre 4°63 | 4°50 | 4:54 | 4-21 | 419 | 457 | 4°16 | 4+33 | 450 | 4-38

Colour 463 | 5411 | 4-62 | 4+66 | 467 % 4457 | 4+45 | 460 | 4°83| 4'75

Character 51de | 4+36 | 4°26 | 4°06 | 4°16 | 4+29 | 400 | 390 | 4°00 | 4+28| 4.41
(Hindquarter)| 4.21 | 4.22 | 3.85 | 4.05 | 361 ? 3.62 | 3.65 | 3.80 | 4.17| 3-63
(Foreguarter!| 5.04 | 6.11 | 4.92 | 4.89 | 4.86 | 4.76 | 4.7 | 4.80 | 4.94| 4.70

Back 4.50 | 4.50 | 4.38 | 4.74 | 4.62 | 4.43 | 4.25 | 4.53 | 4.72| 4.50

“venness 4.67 | 4.61 | 4.46 | 4.68 | 4.71 i 4.29 | 4.50 | 4.53 | &.89| 3:79




TABL™ LII.

SWMARY OF WPANS OF mmW-
Feature 1 2 3 4 6 7 B 9 10 Average
! ! T
Fo. Killed| 15 | 21 9 | 16 | =24 19 i 18 | 17 10
| | -
AZe 146.6 | 149.3 | 136.3 | 133. si 122.5 132+ 146 6| 1l22+2| 132.2| 148.1 | 137-6
! ;
F 247756 |24 °61 | 2413 25.01 25 66 25-59 25.@9 25.58| 2506 25.23 | 2645
G 22 10 | 21 €6 | 21 %4 22 03 21 €6 22 64 22 06 22+64 21-92| 21'63 | 2203
T 19-01 | 18:97 1670 16-77 19-36 19-33 16-91 18-96| 16.85| 19.16| 19.03
1 4| 2 5 7 15 6| 3| & 3
B'%;,ﬁ:{?“q 62:40 | 59-71 | 61-44 59.12 55.25 52.23 55.40 53.82| 55.00| 59.80 | 56.93
figt.Cannon | | ‘
S Eaannon | 5429 | 35-51 | 33°63 26-56 | 3733 39-64 34-66  36-36| 35-99| 36-02 | 3657
i “ :
A 4900 | 52-57 53-89 53-31  50-46 55:74 53.-80 62-22 | 51.53 53.00 | 52-48
B 26-40 | 26-95 26-78 2638 27-00 26-79 27.00 26.61| 26.06 27.80| 26.76
¢ 3.333 | 3.190 | 3.444 2.875  3.042 2.000 2.650| 2.389| 2.647| 4.000 2.876
Cone o Bope| 1149 |11 64 | 11,16 | 11.60 11.76 1189 11.41 11.42| 11.57| 11.66 | 11.61
l i |
¥R, | 22:42 | 22-50 | 22-21 22.14 21.680 21.35 22.43 21.97 21.%4 | 21.78 | 22.03
Wl 1743 | 1772 1780 17-56 17-36 17-74 17-36 | 17-67 | 17-30 | 17.40 | 17.53
- | |
¥. TH. | 15°60 | 15.50 16-49 15.51 15.36 15.33 15.86 15.48 15-66| 15.95 | 15.61
Th. | 25-60 | 2563 25-42 25-61  25-87 25-04 25.53  25.27 | 26.86 | 26.17 | 25.61
R | 851 76 &9 686 892 850 691 668 8-85| 850 ,8.78
R, | 17.86 |17.86 | 17.61 17.66 17.93 16.23 17.97 16.12 | 17.72 | 17.94 | 17.91
K. 55:60 | 56.86 56:26 56.73 | 56.7L 56445 56.72 56.66 | 57.52 | 56.80 | 56-88
| ’ } -
fn | 5440 | 55,55 55,11 56,76 56,85 55,66 55,55 57,58 | 56,38 56,60 | 56,10,
B | E7.80 | 26.86 26.56 26.76 26.63 26.25 26.48 29,09 29.00  29.36 | 26.59
Pe | 24°66 |34 °61 3429 34 68 35°64 3577 3491 3407 3505 3545 3542
D. | 3.067 (2190 | 5°000 2+675 2-917 2:053 24600 2+276 (2941 |2.800 |2 740
‘ ? \
| 14+60 |12 43 |14°56 1400 13°29 1347 137456 13°76 |13°94 |14°2C | 13°89
4 | 24533 2571 | 3+667 2750 2333 2366 3000 2.333 2706 |3.900 | 2.704
J. | 8480 | 743 | 744 669 | 719 505 535 606 | 735 8200 | 703
! |
?oint; for | 14.20 (13.76 14.67 12.75 [10.75 12.568 12.25 1217 |11+94 10-600 1249
080 I |
Po}nt; :or 16°C7 15'05&“"55 14 °94 |1b-oo 1100 1350 12.83 14.24 17.60 14.34
Loin ¥at. A ‘ | ‘ |
201nts TOT | coin | §e76 | 656 | 6:75 | 683 | 679 | 690 | 6450 | 594 | 7480 | 6.69
Bye iuscle. \ ‘ ‘: |
Aght. Head. ' 3°063 3+2°0 | 3-022 |3-106 |3+133 |3.326 5120 3144 |2.962 3.110Ja.1u




lo2.
III CARCAS® DATA.

The mean values for the carcase meisurconments for the 1944-45 season are
given in 7Table LII, according to sire groups. Analyses of variance were
caloculated for all these characters and are sumnarised below under their
aporopriate headings.

A. GUETWRAL DATA.

(al Aze at Slaughter.

The fundamental studies made on growth of meat-produeing animals (Hammond
1932, Hirzel (1937) Verges 1929, ucieezan 1939) indicate that, for ooonélio pro=-
duction, weiht for age is of prime importince. The quick growing animal
reaches a gertain killing weisht in less time than a slow growing one, and nos
only requires a smallar total mainterance food requirement, but under New Zea~
land conditions, fits in better with the seasonal nature of pasture production.

Since all the wether 1.mbs were killed at approximately the same live
weizht, the age at slaughter is of considerable importance, The analysis is
pressented in Table LIII.

PABL® LIIT. ANALYSIS OF VARIANCT OF AGT AT SLAUSHT®R.
Source | d.f.j SeSe “] HeSe Sign.
—— . -
‘Total 168 154,366.50
botwaen Sire Groups | 9 | 13,034-97 f 1446-33 F =163
Tithin Sire Groups 159 | 161,351°58 | 669-00 N.S.
i 1

B

Despite the large differences shown between the means of sire groups
they are none-significant, lirgely owinz to the wide range shown within groups.
Sire No. 8 has the lowest mean value of 122¢2 d.ys, while Sire No. 2. has
the highest of 149+3 days. A possible explination for the large difference
can be seen by reoferring to Table il where it is seen that Group & has the
lowest mean lambing date, while Jroup No. 2 has the highest. This indicates
that earlier born laimbs reach killing weight at a younger age than lambs
born later in the lambing seaison.

(b)

COMUWRCTAL SRAL®.

The grading of the carcases, based mainly on conformation and fimish,

was strictly in accordance with the gradinz of North Island Txport Lambs.

Although the allotment of careases to various grades is of little intrinsic
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value in indicating real differenges in composition in terms of muscle and
bone (Walker and Mcileekan 1944) it zives i useful indication of the suit-
ability of the lamb for trade regquirements, so much so, that Kichols (1945)
has suggested 1t as an estimate to be used in measuring performance in
progeny avaluation with sheep.

Because, with few exceptions, the lambs were within the 28-36 pound
range, only three grades weare used i.n.

rime Lown Crossbred.
Zrime Crossbred.
-econd uality.

Table LIV shows the distribution of lambs within these grades according
to sire groups.

No difference of any maijnitude 13 shown between the sire groups on the
basis of lamb grade. A chi-square analysis based on the number: of Prime
Crossbred and Seconds yielded a non-significant value (P = <50 for 9 d.f.).
The inclusion of the uown Crnssbred figures, al though giving a less reliable
analysis because of small-expected subclass frequencies did not alter the
non=-significance of the resul ts.

(c) CAMBRILGB® BLOCK TWST. (IOTAL iQINTS.)

.

A more objactive measure of carcase quulity is furnished hy'tho Canbridge
Bloc: Test. While, in part, it still entails a subjootivc evaluation of the
fat cover over the leg region and an estimaite of width and flatness of lein,
avery attampt has been made to increase its objaotivity by using a score
card for lags utilisin: the P and @ measuraments, The analysis of sire differ-

ences is presented in Daible LV.

TABL® LV. ANALYSIS OF VARI NOW OF CARCASE

TOTAL POINTS.
. ‘ o |
Lource d.f. Sede H.5. Smo
Total 168 19,909.29
Between 3ire Groups 9 1,662+55 164-73 F=1l.6
Fith!n Sire Groups | 159 | 16,246+74 11476 N.S.

e

The data do not show any significance Detween sire groups for carcase
points, a fact which is in line with the resultsof Commergial Urading of the

garcases, AS can be also observed from Table LiII, the order of merit of



OF _LWRGTH OF LEG.
Length of Cannon Bone.
m‘r’. d.f. S.5. MSe ‘SImo L
fotal 168 33°19
etween Sire Groups 9 6+11 678 P =398
ithin Sire Groups 159 2708 *17 S.S.
E. Measurement.
_ I &
Iotal 166 1687-59
tween Sire Groups 9 2071 3301 P =30
ithin Sire Groups 159 167" 68 ‘9929 SeS.
Iqu .
tal 168 416°43
etwoen Sire Groups 9 749 * 832
ithin Sire Groups 159 406-94 2+572 K.S.
R, Heas te
tal 167 58-42
etween Sire Groups 9 518 6% | P e 1°70
ithin 3ire Groups 159 5324 * 337 R.S.
Measurement.
Total 167 167-48
tween Sire Groups 9 26-67 2963 F =332
ithin Sire Groups | 158 140+61 *891 3.8.
Blook Test Points for Leg.
Total 168 2,391-21
tween Sire Groups 9 231-08 25-675 P = 1-88
ithin Sire Groups 159 2,160-13 13-585 E.S.
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the sire groups is substantially the same for the two methods of evaluating
carcase desirability. <The mean values indicate that groups 1, 2 and 3 were
highest for carcase points, and in view of the other carcase results reported
later i¢ would appear that these three rams bred the better type of lambd
from the viewpoint of truide desirability.

B. LERGTH OF L7G MREASURTMTNIS.

In the carcase data collected, a number of measurements indicate length
of leg, 2ither actual bone length or bone length as affected by the fat dove
elopment of the carcase. Length of leg is an important consideration for;
a8 has been shown by Hammond (1932) Palsson (1929) Verzges (1939) using
complete carcase dissection technigue, short thick bones are associated with
deep muscle covering, and that breed {improvement for meat production hais
resul ted in i shortening of bone. From the viewpoint of carcase suitability
for trade purposes, the importince of leg length is shown by the fact that
304 of total Block Iest carcase points are given for "blockiness” of leg.
This factor 18 also taken into consideration in the present system of export

grading of carcases.
Analyses of sirn differences in leg length of the wether lambds are given

in Iable LVI and the mean values foreach zgroup is shown in Table LII. The
measurenents oconsidered are length of canncn bone, #., Te, Re, Pe, and Blogk
Test points for lag.

The cannon bona is one of the earliiest mituring bones in the carcase
(Hamond 1932) and is comparatively well developed at birth. Also the mease
urement of the lengt: of cannon bone has every possibility 6! being acocurate because
in comparison with the measurements made on the carcase, it is made under
relatively controlled and repeatable conditions. From these $wo points of
view 1t is considered that cannon bone length should show differences between
sires in leg length if they exist. Mhe analysis of variance shows that there
are differences betwaen zroup means ir canron bone length. Referring to Tabl
LII, it is seen that Group 3 is significantly shbrter in cannon length than
all other groups while Groups 7 and 8 are significantly shorter than Groups
4, 5, and 6.

The siznificance of the othar leg length meagsurements varies. Neasuremer

F gives a useful picture of carcase conformation but is only partly a measure



ZABL® LVII.

G, Measurement.

ABALYS®S OF VARIANCE OF WIDTH OF

CARCAST MTASURTWENTS.

Source defe SeSe M.3. Sign.
Total 168 5554
etween Sire Groups 9 1169 1-299 F=4-7
ithin Sire Groups 159 4365 276 S.5.
W.R. Measurement. (¥idth of Rib.)
Total 168 12169
Between Sire Groups 9 2279 2°532 F = 4.07
@#ishin Sire Groups 159 99°10 *632 S.3.
9,F. Measurement. (¥idth of Forsguarter)
tal 168 88+56
tween Sire Groups | 9 4°99 *564
ithin Sire Groups 1569 83-57 . =525 E.S.
In Measurement. | of Thorax)
tal 168 84°49
tween Sire Groups 9 1670 1-74 F =401
ithin Sire Groups 159 6679 *433 8.5,
W _Th Xdeasurement. (fidth Behind Shoulders)
tal 168 109.59
tween Sire Groups 9 1438 1-.598 P = 2.87
ithin Sire Groups 1569 95.21 «599 SeSe
W,N, Measuroment. (¥idth of Neck)
Total 1686 8l-66
etween Sire Groups 9 4.06 «451
ithin Sire Groups 159 7760 +488 HeSe
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able for that breed.
By reference to Table LXII it can be seen that the various leg lengsh
measurements do in general place the rams in a similar order of merit dut
that there are considerabdle discrepancies. This is to be expected for
the measurements differ in the degree to which thﬂj are affected by muscle and

fat covering.

c. - HTASURTUSRIL CF CARCAST WID.

In order to compare the different sire groups in regard $o relative widsh
of the carcases, the measurements for width of gigots, width of rib, width
of forequarter, depth of thorax, width behind shoulders, and width of hoot
ware considered and the analyses shown in fable LVII. Mean values for the
‘sire groups are shown in Table LII. : ‘

From the analyses it is seen thét there are highly tisnlfiolni difference:
between sire groups in width of gigots, a difference of approximately 7 cms.
between means being required for the 1% level. This shows that Group 10
is highly significantly lower in G measurenent than Groups 6 and 6. The ime
portance of the G measurement in carcase quality is shown by the highly sig-
Anif!cant correlation of 0°67 with total weight of muscle in the garcase.
(Talker and Mcleercan 1944 ).

A further interesting point of the analysis is the demonstration that
both groups 6 and B8 are wider across the zigots than the other groups. These
two rams woare twins, and the marked similarity bastween their offspring is
worthy of note, but cannot be interpreted further.

ingomparin; width measurements across thae ribs, significant sire group
differences are igain evident. Vuirious Continental workers have studied the
costal angle in lamb carcases and have demonstrated that more improved mutton
breeds possess a small costal anzle which results in a greater spring of rib.
(Duerst 1931, Gartner, Heidenrich and Sprenger, 1930). If is likely, there-
fore, that this measurement indicates differences in the costal angle and of
some importance in indicating desirable conformation in lambs,

A deep thorax is undesirible in the lumb carcase, for in general this
is one of the cheapest cuts of the carcase. fhe analysis of variance shows
highly significant differences between sire groups in this character, Groups
9 and 10 being the lesast desirable while Groups ¢ and 6 show least depth of

thorax.



TABL® LVIIZI.

Heasurement K. (Length from Weck to Tall Head.)

e

Th &

Source d.f. SeSe H.S. Sign.

[fo tal 168 580+08

etween Sire Groups 9 96+564 1095 F s 361

ithin Sire droups - 169 46154 3-029 8.3. |
Measurement L.  (3ymphyeis pubis to first RiD)

Tosal 168 56203

Between Sire Groups ? 131-861 1464 P =517
Within Sire Groups 169 450.22 . 2483 5.3,
Heagsuroment H.  (Symphysis Publs to Last Rib.)

Total lé8 353- 69 .
Between Sire Groups 9 27.08 3000 | P = 146
| ¥ithin Sire Groups 159 326-64 2064 N.3.
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The measurement of width behind the shoulders was expressly included
because narrowness in this region is 2 common fuult in the New Zealand Romney.
Highly significant differences wers ohtained and it is notable that Sire No.6
which was mar<edly deficient in this respect, bred lambs 'hioh show the
lowest value for these measurements. fhis indicates that the fault of
narrowness behind the shoulders is strongly inheri ted.

The width of neck maaéurement is non-significant between sire groups,
This measurement suffers cgonsiderably from lack of accuracy, besause in
many carcases, the fas covering over this region was torn off in butchering.
Thus, l1ittle importance is attached to it. '

De

Since, frmm th~ butcher's viewpoint, as many cutlets as poliihlo are
required from the carcase, the longer the garcase is, the better. Also some
of the most valuable muscles of the body run along each side of the vertebral
column from pelvis to shoulder, again emphasising the negessity of length
in the garcase. Increased length, however, is only advantqsooﬁl when it
is not followed by reduction in muscle thickness. As regards fh. desirabe
ility aspect of carcase confommation, it is probable that length of body is
associated largely with longer length of leg bones, and hence reduced car-
cas~ suitability from the trade point of view. (Palsson, 1939). |

the analyses of variance for length measurements is presented in Table
LVIII and the mean values for sire groups in Table LII. :

L « the length of body from symphysis pubis to the firsi rib is an
agcurate measure of body length, while X {from tailhead to base of neck)
cannot be taken with the same degres of accuracy, but can be used as suit-
able confirmatory evidence for length L. =he analysoi show both to be
highly significant, and by reference to rable LXII, the two measurements
place the gmoups in a similar order of mewpit,

Heasurement i, also an acourate measurement, measures the length of
the hindquarters region of the carcasa. ihe analysis shows it to be
non-significaint betweer sire groups indicating that the main differences
in body length indicated by L and K measurementis are due in_difforoncos in

the length of the thoracic region of the carcase.



As Measurement. Length of Fye !_ngg;o.
Sourge d.f. SeSe HSa Sign.
Total 168 2,164 18
Between Sire Groups 9 564- 586 62* 73 F =624
7ithin Sire Groups 159 1,599 60 1006 S.3,
B. '!egggg‘ men t. Dagih‘of Eye Musgle.
|Total 168 761°06
Between Sire Groups 9 228 3°02
" [Within Sire Groups 159 753° 84 4°74 WS,
C, Measurement. Depth of Pat over B.
|Total 1686 304°39 _»
tween Sire Groups 9 42-18 4+ 69 P=2o84
fthin Sire Groups 159 26221 1+65 S.3.
L. Measurement. pth of Fat over Spino s
To tal 168 434 -54
Between Sire Groups 9 6889 7:66 P =332
Within Sire Groups 159 345°65 2+30 848,
B, Heasurement. Wid le in Rib R Ne
tal 166 990 *08
tween Sire Groups ¢ 36 -62 396 7
ithin Sire Groups 159 954 26 6°00 N.S.
Y, Measurement. epth ov .
Total 168 24721
tween Sire Groups 9 33 416 3 +683 P =» 2736
lthig Sire Groups 1569 214 +05 14346 S.3.
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E. INT?RNAL WWASURTMPNIS.
The gquality and development of the animal for meat purposes is most ef-

fectively estimated by cuttin: the carcase at the last rib and taking meas~
urements to indigcate the development in that region (Hammond 1936) The
reliability of this statement is maintained by the fact that the main g rowth
gradients in the body of the sheap all meet in the region of the lumbar and
thoracic vertebrae, (Hammond 1932) Moreover, from the commercial poins
of view, the loin is the most valuable and high priced joint in the lamd
carcase. Consequently, measurements which show the development in cross
section of the longissimus dorsi in this region give valuable evidence not
only of the relative musgular development of the animal, but also of the
development of the commercially most important part of the carcase.

The analyses of variance for the various measurements made on the cross
section surface of the carcase at the laist rib are presented in Table LIX.
Mean values for the above dinensions are presented in Table LII.

Considering first the muscle measurements, length of eye nado"'&" is
shown t0 be highly sizgnificant between sire groups. Group lo.'l is signif-
icantly (P <01) below all other groups with the exception of Groups '_b and
9, while Group 6 shows the greatest development in this character. Heasure-
ment 4 is an early developinz charactoristic and according to Walker and

MoMeekkan (1944} is strongly correlated with total weight of musele. There-
fore, this significant difference betwe-n sire groups bears considerable

importance from the viewpoint of carcase gquality in terms of relative prop-
ortions of muscle, fat and bone.
#ith depth of eye muscle, measurement B, the analyses of variance in-

dicates that no dignificant differences occur betwoen groups. wuvepth of
eye muscle, being a liter developing chiracteristic than length of eye muscle
is more closely related $o the nutritionil conditions than is measurement A,
and consequently under the raelitively uniform environmental conditions imposed
in the experiment, it would be less likely to show differences between groups.
The strong relationship shown by Walker & Mcieokan (1944 ) between B and
muscle : bone ratio indicates its importance in carcase guality.

Heasurement X, the thickness of muscle layer over tho ribs is also non-
significant, between groups. In general, this measurement is less important

than the A and B measuremenis.
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In respect of the fat neosurcaents, they are considered to be en indic-

gtion of the finish and distribation of fat in the body. The measurcoents

off thickness of fet in the loin reglon ~rovides a satisfactory index of the
degres of feiness of the earesss, becuuse both the deposition of fat and

the loin itself sre lote develoning festures, and es a result, any leck of -
finish will show up in this areca. Lock of sufficient fat 48 ssssoclieted

vith an unfinished appesrsnce and is deterimental to the cooking and kceping
guniitiéa of the curcats, Too wuueh =t 18, however, disliked by the buying
nublic, and is wosted, Hirzel (1936, Las shown that fat cover over thc-evﬁ
macrele has an optioup velue, anc this feature is stressed in the Csubridge

Dlock Jest (lclieekan 153%).

“he vnelyses ghow tiot in sll the foet messurements the:e 1o a s&gniﬁ*
fcont Q1ffe o nece betwcen sive oir'cu s, ceference to Teble LIJ indicctes that
Crouns 1, 2, 3 end 10 ere higher in these measurcments than the other grou &,
The Dlock Test points for Loln Vst besed on messurement C (Depth of ot ove: 54
elco supports the significence of the previsus anslyses, Assuming uniformity
(e#c Jor as precticeble) of environacnt, this fact indieatﬁp that there were.
repl differenccs in the sbility of the sires to transmit gbnetie potentiality

for this importent fealure of fat cover %o their offspring.

0 UNDRY MEASURBMENTS
{a) eight of Cennon Bone,

Many workers heve indicat«d in sheep that the weight of connon bone
is a uscful besis for comparing the relative developument of the s eleton (€.
Louaondl932, Hirzel (1936 end islsson (1938), haméand(l932) euggested that
the cannon bones, because they can be obteinsd with ut demaging the cmrcas&.anﬂ
cofi be easlly clesned, would ae ve ss a setlisfactory index of totel weight of
boric in the carcisc. valscon (1930) found that the weight of left fore
cannon bone, gave &6 correletion of « C.9432. (P .01) vith totsl meight of
bone, o eorrelation mileh ves L alte us good s that found using en aversge of
28ll Lour cannon bonca,. ilence, for laabs killed ot a constant welght the
velih$ of the left fore ¢annon bsne glves o very accarate estimate of totel
weight of done, ’

The anaslysis of varisuce &8s siown in Tsble LX.
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'ﬁn :314"; Ec é.ﬂhLYS;J QF VARIANCH, OF GE

Jource o la.rt. SeSe flebe

Totel 167 15666435 | Vid
Detween Sire Grnﬁpﬂ ° 503471 6‘&.;‘ » P= W {
ithin Sire Groups | 158 1,062.64 6.85 - Bele |

Group diiferences are highly significent as poand be expected ﬁﬁ ‘ ﬁ]’ A
o rong: of 6,01 greas, between the smallest and largeat. mcen. Group 6 u ok
edgnificently (i© 401) heauvier in cannon bone welght then ell other m.mﬂ
while Groups 3, 1 and 7 hove low mcan weights, -

H % ‘ R yAL ] % ~ I AY
!\bl lu’oll.-.'x.& ‘--t' iL.I.L)

roflected in tho of fspring of this sire, The anelyses is given in Teble Lil.

wsiiiters LT, | LOALYSIS OF VAl : .
T A ‘T 4
Jouree dof 3.8 leSa digne ket £
7o ial 158 720 : : i
Detween Sire Groups 9 1o 142 0.1567 e Fo L35 i
within sire Groups 159 54 78 0364 ' Be8e ¢
™ ” m >

Highly significent sire differcnces are down and by reference 0
Peble LII 1t 1s seen that tiis ic due meinly to the high mean velue of

3

Group €, This indiecstes that the heavy type of head shoun by Sire lhg_;& 4 s:
io strongly inhcri$ed, lorecover, by caaporison of cannon hone weight end ‘w
hesd weight, it is olso notlced thet Slve Neo.6 hed the heaviest eannon s | l
bone weight, which supports the conclusion thet cen be drawn 68 regards the & %
total welght of boae in the carcase, :

GUME AN CD GARGASE ANALYSIS t |

In order to form en estimete of the relative merit ot each .m *'

group, they Lave beem arranged in onler of merit for the carcase neasurenc "'".;J,‘?"Z%I
and the results piesented in Table LXII, This method of swmerising of ,bi‘

noeesszrity glves o usl welight o erch of the characters considered. This w <
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also includes many measurements which indicate the same or similar qual-
ities in the sire groups, and hence is intended largely as a demonstration
of the degree %o which these similar measurements place the groups in the
same order. From this point of view, frequent references havo been made
%o 1t in the texs. ‘ =

As a more reliable indication of the overall quality of the groups it
was decided to select out those measurements and ovilmuoaq which are
of principle importance in showing carcase quality and tﬁon measurements
which were aign!ﬂu#t between groups. On this basis thi -Wu
shown in Table LXTIT were summarised. It is seen that the order of merit
does not differ to any great degree between the two classifications. |

Sire No, 3, on this overall appraisal, has produced the iulf quale-

ity‘ carcase, followed by Sire No. 1 and then No., 7. The 1m§ﬁ qnallt]
gmﬁps are Groups No. 6, 6 and 9. It is interesting to note that the
twin sires Fo., 6 and & both bred stock of consistently low meris.

In the second season of the experiment, three rams were eliminated on
account of age (Nos. 3, 4, and 9). Data was collﬁctod. honvn.'en the
remaining seven sire groups, and selected measurements have been analysed
for sire differences.

LAMB GRADING.

Table LXIV shows the results of the commercial grading of the wether
lamd carcases. A 'X/Lanalysis was conducted to determine whether the
differences were significant. The value of 19633 is highly significant
(P < <01 for 6 d.f.) As in the previous year, rams 56, 6, and & show
the lowest carcase quality.

This difference in carcase desirability is also supported by the high-
ly significant difference shown in Slock Test Carcase Total points as pres-~
ented in Table LXV.

The inalysis of variance as preaentéd in Table LXV indicate that no
significant difference has been shown between groups in age at the time of
slaughter. The fact that the placings of the sires according to the mag-

nitude of the mean values, (as given in Table LAVI) does not bear any



Source defe Se3e M.5. Sign.
Total 153 880,801+42
Betweon Sire Groups. 5 10,032,561 1672, 09
Elth!n Sire Groups 147 320,766-91 2182, 10 KeSe
e $ C by
tal | 154 19,160-17
Between Sire Groups 6 3,948-73 657-29 F = 539
ithin 3ire Groups 148 15,21 6444 102.81 8.5,
- : :
F. Measuroment. (Length of Leg.)
Total 154 146,93
tween Sire Groups 6  36.23 6.04 F * 8.0
1thin Sire Groups 148 110.70 0.75 8.8, |
-
@ Measurenent. (¥idth of Oigots. )
tal 154 72.94
tween Sire Groups 6 13 52 2.25 P = 5.68
{thin Sire Groups 148 59, 42 0.40 S.5.

e

v

2. Measurement. (Length of tibia-tarsal)

To tal , 154 5% 35
tween Sire Groups ) 970 1, 62 Fe51
ithin Sire Groups 1486 41, 65 Q 26 8.5,
L Measurement. (Body Length.)
2 & o
tal 154 408.44
etween Sire Groups 6 84, 53 14.09 | F = 6. 43
ithin Sire Groups 148 323 91 219 8.5,




Feature 1 2 % 6 y B &
No.killed | %7 26 25 | 26 21 16 :
Age 164488 | 168,58 | 148,16 163,72 | 174486 | 163450
F 25636 | 24,82 | 25,73 | 26401 | 24.71 | 25,89
e 21.53 | 21,82 | 21.26 | 22,03 | 21,44 | 22.16 3
g 19.40 | 19.06 | 19.50 | 19.56 | 18.82 | 19.29
L 55032 | 55.66 | 7.6 | 56,57 | 55.62 | STells
4 49eT6 | 53.12 | 51.04 | 54e38 | 51467 | 54469 | } |
B 2729 28,00 | 26,32 | 26,69 | 26476 | 26.25 ‘_ 27.21 26..&;
c 2,88 | 2.6 | 1,96 | 1012 | 2,62 | 1.88| 2,38 2.98 |
wgte of Cannon | ! gt i 1\
Bone | 35,22 | 3L.50 | 38.22 | 39.54 | 32,70 | 37.08 | 36.38| 36.3% | |
Lgt. of Canncn | '
Bone | 11449 | 11.47 | 11.80 | 11,95 | 11.06 | 11.55 | 11.70 | 11.59
B.T. Cercese ' , '
Totel ‘..‘,35.88 5500l | Lihe2h | 142,62 | SLet? h?.hh\ lass.saS h?',“ ‘
ABARY OF CARCASE DATA | i
| seqsurevent d 2 W N W s 8 &_E [
Grade s 2 6 7 3 5 i bl AR 8
Block Test Pts. |1 z 6 7 3 8 sl |
Age 5 6 1| 7 i -8
. 13 2 5 | 7 T (% e o
a. 5 3 7 2 6 B e
T, b 2 6 7 ‘- 3 5 ¢
Le 1 3 7 5 2 6 b
A 7 3 6 1 5 N 2
B. 2 1 6 5 L 7 3 4
Ce 1 3 9 7 2. 6 L ok g
Welght of Centon |3 2 { 7 i 5 & -
1 Length of Gemnom |3 | 2 6 7 1 e 5 ‘, 1
y | %
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Source d.7 De e H. Se 318‘).
Total : 154 180417
Between Sire Oroups G 37C.62 61 T7 F o= G.J'A
Within Sire Croups 148 23,50 5469 B8e8e
B.Messurement (Depth of Fye [unele)
otal 15 653.77
tween Sire Groups 6 52449 8475 F = 216
Within Sire Groups 148 601,28 La06 N.8
' asu nt. (Depth of Fot)
tal 54 521,59
tween Sire Groups 6 L7404 7.91 F= 4,28
ithin Sire Croups %8 " 2The15 1.85 8.8
Height of Cennon Bonc.
a T T0DLeb0
tween Sire Groups 6 e 35 125440 16,83
ithin sSire Groups 143 $1402.26 T 8o 8
Length of Cennon Bone
stween Sire Groups 6 11.12 1.85 F= 97
7ithin Sire Groups 1047 T2 Oed8 8e8s

:\#“‘; g oes
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noticesble relstionship to the placings im the previsus yeor, tends to bear
out the provious eonclusion that the differences in thic cheracter were due
to othew fﬁ:i’.m than tha sire, ;
CARC/ SE_ME/ SUREMENTS

Table LAV shows the analyscs of wvarisnce for messgrecents F (length ‘
leg) Qo (width of gigots) 7. {Length of tidia and tersel) L.(length of
body) A.(length of eye muscle)] B, (depth of eye musele) Ce(depth of : 4
fot over B) ond cennon bone length end weight, In gemersl the significence
of these analyses 1s in line with the previous yeer's results 'iﬁ'ﬂ |

noteble exoeption, In the second year, mcasurecsent 7 is slmincantiy
different (i < «01) betw cn, sire groups, ' The plecing of the»tnéfan vaima_ :
for sire groups in order of werit, is in sddition, the ssme for the teo
yveerg, This result leads to the conclusion that, althouah the first year'a
enalysis wes non=significent ot the conventionsl level of significence,
the differonces between cire proups is consistent and repeatasble in a differ-
ent yeor, i

The repeatability of these sire differences ln the two different years

will be the subjeet of o sepernte enyuiry,.
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iv, BODY DESCRIPTICK DATA,

The body deacuption dota collected on th.e cwe hcggcta hn becn aliole
| ysed foz' clm dhferencm, and the results nre ~x~enentqﬂ in th;-mtm,
The subjective gredings on the ewe hogoets can be compared on & sire basis |
- with the corcase messureqents taken on the wether lembs although ¢imrl." ‘:l |
- age and sex differences somevhat invelidate this comparieon.. . |
BODY 45 A SNQLE GRADING. 4 g
Using the numerical volucs mentioned in Section IV fus the gredes, an
 analysis of varience was corried out and is given in Teble x.xvxu. Hean

values for sire groups in thls charseter ere glven in Teble LXIX,

TABLES LXVIII. LIALYSIC OF VARIANGE OF BODY AS A WHOLE
; :
Source dufe 8.8 s | | Sign.
Total 182 460433 f :
Between Sire Groups S 16493 1,88 |, P = 1,36
Within Sive Groups 173 L4340 2.5 | | MeSe |

The data fail tosow any significent differcnces between groups in
oversll body conformation end it cen be seen thet the renge in means is less
than one unit or half-a-grade, This non=significance of Body as o m A
lines uwp with the nom significence of the Hlock Test Cargess Total end
Commercial Grade with the wether carcases, The order of merit of the groups
es ploced by the mean velues, however, differs in the two leases, Little
importonce can be attached to this point, however, in mvi of the none=signife
icance of both snalyses and the inedequacy of cmr!.m um the d&:ﬂ“ |
sexes ot different eges in o cheracter vhich is much affected by the environment.
QTHER CONFORMATI i '
“he mean values by sire groups for the remaining bw conformation
features s detalled in Section III C, are given in Tpbie LiX.
HEAD GRADING, d
The significance of group differences in this feature were tested by {
enalysis, 7The highly significant value of 6,11 (@ +001 for 18 degrees
of freedoun; indicates real diifcrences between sire groups in head greding.
This feet is in accord with the hishly significent differences in this chare
acter found in the lemb descriptions by means of the Discriminant Function



Head 3632 | UeB9 | LeOT | 3453 | Ueli3 | LebT |Ue16 | Le25| 3.28 | 438
Shoulders |Ue36 | Ue50 |  4eB3 | LeBlh | Leli3 | LeliB [Le21 | Lo56| 489 | U4o2t
Back UeB0 | 450 | 1e58 | U89 | Lel3 | L4490 |Le63 | 481 | 5,17 | lLolit
Loin BeB0 | LoT78 | 433 | 5405 | Le52 | LaT76 | La8lh | 4a50| 5,00 | 4,79

Hindguertors| Lebl | 4o50 |  Loli2 | 4e37 | 5e10 | 395 |L4e37 | Ue19| 461 | .04

Legs 14,08 L. 39 Be33 | 3479 | LUeO5 | 3667 |Le16 | 3.81 | L1t 4,08
Bone Lol | 4083 | 5e33 | Loli2 | 5486 | 4e33 |L4e63 | 4e56 | Lett | 4oT4
Breed type | 3.48 | Le67 | Le58 | 3463 | Letlh | Ue33 |Ue16 | 425 | 3,61 | 4eo29
ZABLE LJOJ

¢ {123 |a 5|6 |7 |8 |9 | 1
d 1

] |
flead Type 3 8| 6 |8 | s 7 | 6 3 1 8 5
Length of Leg|6 8| 6 |6 |6 2 |6 3 3 6
Plesoe uelty|7 | 7|5 |86 (3 | 5 |3 | 3 | & | 2
Evenness b RS Sl SR SR 6 | 3 3 A e,
I T — 2= - b My o
Hesd Grading,
| | /

Method 1 2 |3 |a 6 J‘ 7 8 9 10
Sire Grouping S= 1= [ 3= |t= | 4 2 | 3= | 5= | 6= 1=
Deseription |8 T | 2= |7 3 |2= |6 5 9.1
Length of Loge
Method
8ire Grouping 2= 1 2w | 2= 2= 4 | 2= 3= Ge 2«
Deseription (5= 1 2 |9 6 8 |3 7 L B
Sire Grouping 2= 2= | 3= S5 (3= (5= | 5= | 4 6
Deseription |4 1 6 |5 3 8 |9 7 2 10




ithin Sire Groups

ZABL® LIX (Cons'd)
d. = Depth of Pat. (Rid Region)
Source ko2 S48, M.S. Sign.
Total 168 1288+856
etween Sire Groups 9 18377 20-42 P =g
ithin Sire Grouwps 159 1106-08 6°95 S5,
k Tes ints fo n Fat.
tal 168 | 23936-06
tween Sire Groups 9 458+09 5090 F=235
{thin Sire Groups 159 3478400 21+686 8.
, Test Points for ZEye lusgle.
tal | 168 74238
etween Sire Groups 9 21.62 2.402
159 72076 4.533 N.S5.

T
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Analysis. The order of merit of th§~ giro groups too, is in agreement
with that obtained at the lamb stage.

Groups 2, 3, and & are graded highest, while groups 1, 4 and 9 are
considerably below average.

ING L¥®G.

In view of the varying significance of length of leg measurement on
the wether lambs, it was decided to test the significance of the estimate
of leg length made upon the ewe hogzets. The analysis by )OLmhniqu
proved to be nonesiznificant at conventional levels of significance. (//L
= 24°307 P = <10 for 18 d.f.) “The variation in mean values, as shown
in Table LXX is, moreover, only slizhtly above half-a-grade. It is seen,
however, that the order of the groups in leg length is substantially the
same as that shown by the wether ! .abs with more agcurate methods of meas-
urement. |
BR™WD TY2W,

The [, ‘@nalysis of Breed Type grading yielded a value of 39+37 which
is significant (P  *01 for 16 d.f.). By reference to Table LXX it is
seen that the values for Breed Iype grading follow closely those of Head
Iype grading once again emphasising the important part that the head des-
frability plays in the estimate of Breea iype. Groups 2 and $ excelled in
this charactoer while 1, 4 and 9 show very low values.

OPHTR CHARACITRS.

The remaining estimates of Shoulders, Back, lLoin and Hindquarters were
analysed by X,L technique, but no significant differences were shown between
the Groups in these characters. In seneral the probability for the
values obtainead was in the vicinity of <20 to °10. The variation exhibd-
ited in the means is, in addition amall and the picture presented supports

the none-significance found in the Body As i #hole grading.

v. SIRT GROUPING OF WWR HOGGRIS.
Prior to hogget shearing, the ewe hojgets were grouped according %o

their sires, and a general survey of their quality was made by five judges
working independently. lNotes were then compared, and a final value was
placed on each group, using a scale of points from 1 to 10. The features

gonsidered were.
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3o
Quality of Hedd type.
Length of Lik;
Quality of Fleece.
Evenness of the Group.

The results of these estimations are presented in Table LXXI. A final
placing in order of merit by summin; the points for the individual items
is also given., It is seen that Groups 2 and 4, are placed first, followed
by Groups 1 and 3. Groups 8 and 9 are shown as the poorest in overall ‘
gquality. |

The intrinsic wofth of the mathod of sire grouping in evaluating sire
di fferences must be judzed by the degree to which it agrees wish the average
values for sire groups derived from the 1nd1vidu;i descriptions of each animal
in the group. A comparison betwean ths order of rating according to merit by
the two mathode is given in Table LXXII.

Por Head grading, it can be se~n that Group 2 has been placed first by
both methods, but serious disagresment is shown in uroups 4 and 10. The rem-
ainder of the groups are placed more or less in a similar order. It is not-
able that both methods piace Jroup 9 as being lowest in meris.

A similar picture is shown in regard to Length of Leg estimate. Again
the two methods show agreement in plicing Group 2 as shortest in leg length,
but there is a big discrepancy shown in the plicing of Group 4.

Flence quality as judged by the two methods shows variation between the
estimates of a similar order. OJdroup 4, again exhibits the widest divergence.

This consistent difference shown betweer the two methods in placing Group
4 requires some explanation. Reference to the crude data and to the score
awarded under the headinz of ¥venness, indicates that this Sire Group was not-
iceably more even as a line than the offspring of the other sires. In the
estimates of the Head Iype, Lenzth of Leg and Fleegce yuality, therefore, it is
probabtle that this property of evenness would tend to make the Judges award
higher marks to this group than were in fict warranted by the quality of the
animals as individuals. I'ne consideration of evenness of the progeny group
as a whole is of considerable importance and should be taken into aceount in
evaluation of a sire's get.

Summing up, it can be said that the method »f sire grouping gives an ev-

aluation Whigh is substantially correct, but it cannot draw as fine distine-



PABL® LXXIII. SUMMARY OF FLSECT LNU CONFPORMATION
RESULLS . (BNR_HOGGWIS) .

Character 1 2 3 | ¢ |5 |6 7 el 9 | 10
leece Weight 5 3 2 4 2 4 6 v 1
leece yuality. 4 1 6 5 3 8 9 7 2 |1l0.
Body As A Whole. 3 5 4 2 7 8 | 6 |9 1 |.%
sreed Type. 10 1 |2 |8 | 7 |3 6 |4 | 9 | 5.
Total 19 |12 |15 |17 |21 (21 | 26 |26 (19 @6
Placing. 4 1 2 |3 | 6= |6=| 7=| 8 |5 | 7=
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tions between groups of offspring as does the individual lo.oriptions method.
Agreement is usual in the first and last placings, but intermediate ones are
often in disagreement. This is naturally to be expected, for there is con-
siderable difficulty in making a general summation of a group of 20 - 25 an-
imals. This fact is further emphasised by a comparison of thi scores given
to the groups in Table LXXI, It is seem that in many cases oenlidcrablo
difficulty has been encountered in drawing a distinction between qualiﬂi in
different groups, and consequently many groups have been placed equal. Sire

grouping, however, can be of importance in evaluating the eyenness of a sire’'s

‘ get, and this may be of some importance.

vI. ~ SUMMARY OF SIR™ DIFFERENCES IN THT EWE HOGGESS.

As a bagis for comparing the relative merits of each sire as Judged on

fhe quality of its ewe hogget offspring, Table LXIII was drawn up, containing
the order of merit of the sires in Fleece Weight, Fleece Quality, Body As A
Whole and Breed Iype. In the ib'QDGO‘Of any specific knowledge as their
relative Importince, the weizhting for all factors is the same.

The table shows that Sire No. 2 can be ranked as the best sire, followed
closely by Sire No's. 3 and 4. Sire Nos. 7, 8, and 10 are closely grouped
as showing the poorest quality in these combined attributes. The differences

between sires in the four features are shown in Figure



PABLE LXXIV.
— ‘ . :
No. of Offspring FPleece Height ! Fleece yuality l Body As A Whole
Standard Deviation Pounds | 3 Grades | % Grades.
I 0+90 | 156 159
2 | 1-78 | 31 | 32
3 | 1-45 | 25 | 26
s | 1-26 | 2:2 | 2+3
5 f 1-12 | 2+0 | 2.0
6 | 1+03 | 1+8 | 148
8 ! 0+89 | 1+6 | 1+6
10 : 079 { 1+4 R T
12 | 0.7 | 13 | 1:3
14 | 0-66 1.2 | 1-2
16 | 0+ 62 11 | 14
18 0+59 140 | 3 R
20 0°57 1.0 1-0
30 0°+46 R 0+8 0+8
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!
PART VIII. OFFSERING RU.UIRW POR AN

ADWQUATY CROGWRY TWST.

The number of offspring required to test a sire is an extremely import-
ant problem in progeny testing, for. as Lush(1943) indicates, requiring too
many offspring to prove a sire can actually lower the rate of progress by
causinz a smaller number of sires to be tested and therefore limiting sel-
ection among them on the basis of their progeny test. Ilence, in order %o
be able to test the muximuam number of sires, it is necessary to know the
minimum number of offsprin; required without sacrificing the accuracy of
tha progeny test,

Considerable differances of opinion are found among writers on this
aspact of progeny testing in sheep, In the New Zealand Romney Marsh,
YeMahon (1940) eonsidared that seven offspring would be suffisient, but
later (Mcidahon 1943) he gives a more accurite {ormulation of the problem
showing the number of offsprin; required to establish the superiority of
a ram leaving flescge weight and quulities of any given value above the
avaraze, Tnsminger et al. (1943) also zive a similar presentation based
on their duta for Shropshires and Southdowns.,

An estination of the number of offsprin; required to test a ram can
be made from the standard deviation derived from the within-sire groups
variance obtiined in the anilyses of variance in Part VII. The method
used is ihin described by Hetzer and Brier (1939) and use was made of their
tables. Inhe results are presented in Table LiIXIV, and graphed in Figure

XLIT.

These results ire based on the issumption thit equal numbers of off-
spring are present in the two sire groups being compared.

It 1s seen that considerable information is gained for each addition-
al of{spring up to & or 10. From this point the decrease in information
for each extra offspring is rapid and 1ittle information is added beyond
1l4-15. Hence, it would appeir from this data that this number of offspring

would be sufficient 1n‘the practicaul application of progeny testing to

supply a test of adequate accuracy.
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SECTIOR VI. DISCUSSION AND APPLICATIOE OF RYSULTS.
While the time 1s not ripe for é complete discussion of progeny
testing in sheep, some conclusions can be drawn from the data pres-
ented in this report. fhey must, however, be evaluated with due

regard to their tentative nature and be subjected to rigorous exam-

ination when data from subsequent years of the experiment are analysed.
At the same time, thay may serve some useful purpose in stimul ating

active interest in those most intimately concerned, both scientifically
and economically, in the improvement of the sheep stock of New Zealand.
Problems of progeny testin: and its application are, in parst,

problems of the wider field of shesp brecding. Their interrelation
necessitates a simul taneous discussion of both, for progeny testing

has no intrinsic value when seperated from its actual application in

sheep breeding.  Its proven ability to produce improvement in

other forms of livestock must be reviewed in the 1lighi of the inherent

limitations to progress in the betterment of shesp.

The factors that handicap progress in improvemeni of sheep may
be briefly enumerated as:

(1) Lace »f objective tochniques for measuring productivity in wool
and meat.

(2) The inadequacy of knowledg~ witn rezard to the inheritance of
productivity in these features.

(3) The necessity for 4 knowledgo of the variability of productive
characters.

(4] The urgency for a consideration of questionable bread standards
in relation to their significance from the viewpoint of the
commercial iim of utility in sheep production.

the results detailed in this thesis have a bearing on certain of
these difficul ties.

With reguard to the difficulties of measurement of fleece charac-
ters, ngthing novel has been introduced. The repeatability of the

eye and hand evaluation leives much to bs desired though it is the

only available method which combines the advantages of speed of work-

ing with generil applicability to the practice of fleese evaluation
under commercial conditions. Mo information has yet been obtained

or the mainta’ni-g of the -tandards for grading from year to year.
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If iaprovenent in a flocc over tine is to be evaluated then these
standards must be kept the samne in different years. sut one feels
that, despite a conscious effort in this direction, the tendency is
to a very large degree to base the standard on the average of the

flock for each particular year, a fictor which invalidates year to

year comparisons but does not affect intra-year comparisons. Fhoto-
graphic standards may help considerably in this respect, but they

ara only available for features such as the general Character gradings
for tha fleage.

In this connection, HoPhes and 3pencer (19836) have stated that
subjective scoring procedure and its use in selective breeding and
progeuy testing has served only to maintain the average grade for eash
characteristic at a certain level. there is a laok of spocific.knovb
ledge on this pnint but a priori considerations lead to the conclusion
that, i the best sires, chosen on the basis of subjective fleege
analysis of their offspring, are used in each year, some improvement
should ta<e place over tiaze even though this improvement may only be
indicated by general appraisal of the flock quality and not by the
averaze score of the flock for differont characters. ~Consequently,
the nead for precise methods of avaluation of wool quul ity which can
be applied in practice is urgent. Progress in the solution of this
problen is contingent upon basic résesrch. intensive in application
but broud in conception and embracing the efforts of the pure as well
a8 the applied scientiat. Resul ts to date in the field of wool
metrolozy indicate that the problem is not easy of solution, but
solved i1t must be if the full fruits of breeding methods are to be
obtained. In the meantime subjective evaluation of fleege gharac-
ters is the only solution and tne results show it to be sufficiently
accurate to lead to considerable advancges.

In addition, acourite and detailed information is required on the
significance of wool characters from the point of view of manufacture,

an aspect on which little information has yet been collected. This
feature, and the interrelationships betwsen wool characters, are both
essential in formulating breeding programnes for wool improvement.

To the difficulties inherent in fleage analysis is added the com~
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plication of studying the productivity of the animal from the view~
point of meat production. The quality and quantity of meat prod-
uction can only be truly estinated after slaughter, a condition which
naturally, does not allow of incorporation into breeding practice.
Hence the relationship between the characters, as estimated on the
live animal and then lauter on the carcase is important. Quantity
of production can readily be assessed by means of live weight records
taken at or adjusted to a constant age. The quality aspect of meat
production presents greater difficulties. The subjective method
of evaluation is again the most readily applicable and simplest
system but, as shown in Part I, there i3 no greater precision nohl.v;
ed than in the case of fleece analysis. A preliminary investigation
of measurements on the live animal, in a desire to introduce, greater
objectivity. indicates that height at withers can be measured with a
high degres of accuracy and moreover, his sofie real significance as
a measure of leg length and some relationship to carcase quality.
Its applicability, at the moment, is likely to be 1imited to experi-
mental technique. From the breeder's point of view, the reasonably
good correlation (r a 0¢70) between the subjective Body As A Whole
grading and Commergial Carcase Jrade Jjustifies the subjective method
of evaluation which is in common use.

In connection with those subjective evaluations,of fleege and

carcase gual ity which have been based on the use of seven or fewer
grades, the results prasented in Part VII indicate that generally

sire differences are non-significant at the accepted level of prob-
ability of chancee occurrence. This non-significance may possibly
be construed as indicating that these gradings are of little value
in description work. It must be euphasised, however, that within
the 1imited number of sires used, it is possible that only small
differeances in these features occur. Moreover, the breeder may be
willing to, and usually has to, accept lower odds than nineteen %o
one'that the differances are not due to chance. The probability
in most of the /b}’analysas ranges between 0°1 and 0+2, a level of
probability which may be quite acceptable to the breeder but not

rigorous enough for experimental purposes.



121.
The inclusion of the detailed aspects of fleegce and carcase

qualities in description work has a disadvantage in that it tends to

make the evaluation combersome for practical application. The
writer maintains, however, that this detailed analysis serves a
purpose in lending preacision to the overall gradings for fleece and
carcase, for it is the totality of these points which comprises
quality. Thes= overall gradings are the important ones in evaluat-
ion of the sire's breeding value, and every opportunity should be
taken to increase their auccuracy. Tlimination of the finer details
may be necessary under certain conditions but is done so to a great
extent at the expense of precision in the overall quality gradings.
The second major problem of sheep breeding is the lack of know-
ledze of the inheritance of productive characters. The polygenic
nature of inheritance and the stronz environmental effect on these
characters makes inpossible an analysis of the number and kind of
genetic factors at work. fhe analysis of the observed variation
into its senetic and environmental components is the necessary com=
promise. the rasults presented in Part V are a contribution %o
the knowledse of the inheritunce of productivity. Within the
limits of si {lar environmental conditions, these figures give a
basis for advocating the type of breeding programme that will best
brinz about improvement. they allow of a division of the features
into two groups on the basis of their intensity of inheritange.
Thus, Head type, Length of Leg, Breed Iypos, Bome gquality, Count,
Handle, Hairiness and Lustre may ve classed as strongly inherited
while Fleece 7ei;ht, Fleece [uality, Body As A Whole, Colour and
Back wool chiracter are grouped a3 weakly inherited. It has been
emphasised by many writers, in particular, Lickerson & Hazel (1944)
that selection on individual merit will bring about improvement
most rapidly in strongly inherited characters, while the progeny
test is indispensable for improvement of weakly inherited charac-
tors. fhe estimates of heritability are therefore of major imp-
ortange in deciding what features of production will be considered

in progeny testing. On this basis, then it may be sald that the

essential items to consider in a progeny test for New Zealand
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is available on the relative economic importance of fleece and car-
case characters in sheep nor have any adequate studies been made
of the interrelationships of fleece and carcase characters. Hazel
{1943) has indicated the theoretical requirements for sud the mode
of construction of selection indices, but in the absence of specifis
information the best method is based on weighting all characters equally.

The above argument is based on the desirability of using a sire
that is an "improver" in every charac ter. This naturally may not be
required by the breeder. He may be concentrating on one particular
character, and then the best sire for his purpose will dbe the one which
is outstanding in improving that one particular character with the
added proviso thut he maintains the staindard {n other characters.
This provides a strong reason against the attempted use of a sire
index based on the totality of the characters of the offspring and
indicates the graphical method of showing the sire's value for each
character considered as being the better method.

In practical breeding operations, a progeny test system as
detailed irn this report is impossible, not only in the techunigue
but also in the complexity of ithe statistical procedure. Ihis .:por;
imental approach hhwaver leads to the possibility of framing a prac-
tical technigue which can be applied in commercial stud practice.

The essential features of any applied programme of progeny testg-

ing are:
(1) Individual identification of the ewe flock and of lambs at birth.

(2) Accurite <tnowledge of the sire of each offspring.
(8) Accurate collection of data and records. |
In general thesa do not introduce any new factor into stud practice,

The practical difficulties in the second requirement have been review-

ed by Theeler (1945) and sug:estions have been submitted for overcoming

them at mating time. The possibilities are:

(1) Segregating each ram with his ewes to separate paddocks, PFor
this method %o be applicable, many paddocks are regquired - a
disadvantage that may be important in many cases.

(2) Raddlinz the ram and putting him out with a number of ewes unsil
he has marked the requisite number required for a progeny test.
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Then putting out another ran aft;; the first has been withdrawn.

This method is advantageous in that the number of paddocks re- .

quired is reduced. !oreover this method has the effect of ran-

domising, within limits, the ewes which are marked by each ram.

The disadvantage is that there will be a difference in mean date

of 1lambing for each sire - a factor which possibly has some imp-

ortance. | |

At lambing time accurates records must be kept of the sire group
to which each lamb belongs for future sire evaluation. In view of
the low value of lamb characters in predicting those of the hogget
it is evident that the description of wool features should be taken
prior to hogzet shearing, while {leace weisht can be easily recorded
at hogget shearing. The body description is taken subsequent to
shearins after allowin: some time to elapse for unevenness due to
shearing to be smoothed out.

In ofder to make the individual descriptions be as unbiased as
possible, thé person doing the work should not inow the sire of the
particular animal being considered anéd hence the animals should be
described in rundom order. Subsequent sire grouping appears to be
definitely an advantage in allowins of an estimation of evenness of
the sire's get and evaluation of any outstanding feature of the group..
' Simple averages of the sire groups using numerical values for
the estimations are all that is then nooossazy‘to place the sires in
their order of merit while a flock averuge is advantageous in showing
the relative positions of the sire groups in relation to the mean
of the flock. ¥For the sake of clarity chesé may be graphed, as
shown in Figure XLI.

The amount of detail recordead in the fleege and body description
must be largely a matter of the individual breeder's opinion within
the linits of the necessity of recording weakly inherited characters.
As emphusised earlier the added detail of the descriptions used in
this experiment are claimed to increase the precision of the final
qual i ty ratings in fleegce and carcase. “ssential information in
the fleece analysis is Count and the Fleece is A Whole grading,while

General Character on 3ide, Forequarter and Hindguarter and Back grading
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aid in lending precision to the Fleece is . Whole grading.

For the carcase evaluation it would appear that Shoulders. Back,
Loin and Hindquarters grading are necessary to supplement the Body as
a whole grade.

Obviously not all rams can be tested. 4is Goot (1946) has shown,
the testinz of 204 of rams as sugzested by Mcilahon (1940) is imprace
ticable under usual conditions because of the number of ewes reguired
to test a ram. Hence i selection must be made of ‘hose animals
which are %o be used as candidates in the prozeny testing scheme.

Ihis selection will hive to be obviously based on individual merit
with perhaps some attention to pedigree. The phenotype of the animal
raflects 1ts genotype most accurately in characters which are strongly
inheritad and consequently these characters should be used as the
basis of selection. Such gharacters as Head type. Length of Leg,
Breed Iype, Bon® quality, Hairiness, Count, Handle and Lustre of wool.

The best animils for these features can t:en beo put to progeny test
on the basis of the weakly inherited characters - Fleece Weight,

Fleece ,uility and Carcase Luility.

Finall,, it must b~ emphasised that progeny testing is not the
panacea of all the ills besstting the she~p breeder. The undue

optimisth as to the startling improveisnts which it would produce

that characterises the surlier thinking of progeny testing must now
Zive place to a more sober and considerad attitude. The difficulties
inherent in she-~p breeding itself are still involved in progeny test-
ing, bu:, within thess limitations, it offers the soundest and most
acecurate approach to shesp improvement, ¥Whaitever breeding plan is
adopted, the method of progeny testin: is nesential in the identif-
fcation of those animals with the "superior germ plasa" which is so

obviously required for improvement.
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CORRELATION TECHNIQUE
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APPENDIX TIT
- CARCASE MEASUREMENTS ON

THE LIVE ANIMAL.

OBSERVER A.
Lamb No,|Ht.at Withers Width of Loin Width of Higuarter [Width of Foreguater
1 2 1 2 1 2 1 | 2
77 56.7 56,7 13,5 13,1 22,0 £2.2 19.7 19,4
330 58,4 5641 13,0 15,4 23,3 23,3 | 19.5 19.2
440 54,5 55,2 13,1 13,1 22,9 | 23.3 21,8 20,8
488 59.9 59.8 12,6 12,5 21,9 é2.4 20,2 19,6
183 57.5 5740 12,7 12,5 21,8 21,7 20,4 20,5
52 54,5 | 551 15,2 | 13.4 24,2 | 24,3 20,5 | 2041
126 52,8 55.9 12,9 12,6 23,0 25,2 | 18,8 19,0
13 56,0 57.2 13,5 13,2 22,8 22,7 | 20.4 20,6
248 5542 54.6 1344 13.5 23,9 22,9 19.8 20,3
180 55,9 5642 13,0 12,9 23,6 2345 19.3 19,3
246 5545 55,6 12,9 13,1 21,5 21,8 19,9 20,1
459 57,0 58,0 12,8 12,7 23,9 23,6 2043 20,0
Lost f
Tag 59,0 5040 12,8 13,0 21,6 21,7 1945 1946
448 5945 59.5 12,2 12,7 21,9 22,2 19,3 19,2
250 51,9 51.4 12,8 iz.8 24,2 . 24.§ 20,4 2045
115 5544 55,8 13,3 13,1 22,5 22,2 19,5 19,7
268 56,7 | 57.6 12,3 | 12,5 20,9 | 20.6 | 197 | 19.3
451 58.4 58.4 12,9 | 12.6 22,9 21,5 19,5 19,5
199 55,9 56,6 13,2 13,1 23,9 23,6 20,4 20,2
444 55,0 5542 13,2 13,3 23,0 23,4 20,4 19,9




OBSERVER B,

Lemb | Hb, at Withers | Width of Loin Width of Hdqurts.| Width of Forequbrs
oo | 4 | 2 | 12} 2 | 1 | 2 | 1 2
77 54,7 | 57.5 | 153 | 15.0 | 23.0 | 20,8 18,5 | 18,5
530 55,4 | 55.1 12,8 | 13.5 | 242 | 22,7 18.3 | 18.2
a0 | 54,3 | 859 | 126 | 12,5 | 2.2 | 22,2 | 9.2 | 18,9
488 | 7.8 | 50,2 | 12,5 | 126 | 21.7 | 21,4 18,8 | 18.8
183 B7.1 5745 12,8 | 12,2 | 23,0 | 228 | 19,2 | 19,2
2 | 548 | s3.6 12,8 | 13,1 | 22,4 | 25,3 19,0 | 18,2
126 53,4 | 55.0 12,1 | 12,1 21,8 | 21,5 20,3 | 19.5
13 517 | 543 | 12,0 | 122 | 251 | 248 18,6 | 19,1
248 | 53,9 | 52,7 12,5 | 12.3 | 21.3 | 22,2 18,1 | 18,6
180 55,9 | 56,7 11,9 | 12,0 | 23.3 | 2047 18.% | 18.8
246 55,4 | 55,1 15,5 | 15,6 | 21,1 | 20,6 | 10,3 | 18.8
459 55,8 | 56.9 13,6 | 13,3 23,0 | 23.8 18,8 | 18,7
Lost | : i : '
Tag | 58,0 | 59.4 15,2 | 13,0 | 25.3 | 21,2 | 18,7 | 19.2"
248 59,5 | 59.5 12,6 | 12,8 21,0 | 22.5 20,5 | 19,3
250 51,2 | 55.2° | 15,1 | 13,0 28,5 | 2544 18,9 | 19,2
115 58,4 5643 12,7 12,5 25,2 2245 18,0 19,0
268 57,0 | 56,9 12,0 | 12,5 22,9 | 21,6 18,9 | 18,4
451 E.5 | 57.4 1342 =0 | 2w3 | 22,2 | 20,4 | 10,8
199 56,8 | 56,8 | 13.6 | 12,5 | 22,8 | 23.5 10,4 | 19.2
244 57,0 | 56,9 12,6 | 13.0 | 25,0 | 21,7 18,9 | 18,5




OBSERVER G.

Lamb | HE., at Withers Width of Loin Width of Hdqurts | Width of Frequrtr:
No. n o 2 1 2 1 2 1 2
77 56 ¢6 57,8 12,5 13,1 20,2 21,0 18,4 17,9
330 57,9 57,3 12,4 12,5 22,1 22,0 19,0 18,2
440 57.3 55,2 12,3 12,0 21,4 21,0 19,2 | 19,0
488 59,6 59,9 11,9 12,3 21,3 21,6 17,7 18,1
183 57.9 55,9 12,5 12,5 22,1 22,3 1945 19.4
32 55,8 55,2 12,4 12,2 21,6 22,6 18,9 | 19,1
126 5543 5640 12,0 11,8 21,7 19,5 18.3 18,5
13 5544 5545 11,6 | 11,5 23,0 22,6 20,0 19,4
248 54,8 56,2 11,4 11,9 21,4 21,9 18,7 19,2
180 57.6 56.9 12,5 12,5 22,9 22,6 20,1 19,2
246 5645 55,4 12,8 12,7 21,5 22,4 18,5 19,5
459 5643 58,4 12,3 12,7 21,9 21,0 18,7 19,0
Lost
Tag 58,1 58,9 12,2 12,4 20,9 22,4 19.3 19,0
448 58,3 59.2 11,5 11,5 ‘20,5 20,2 19,0 18.7
250 5343 5349 12,5 12,1 22,7 22,0 . 19,5 19,2
115 57,9 55,8 11,0 11,3 22,0 20,5 19,0 18,5
268 | 57,2 57.8 12,0 11,9 20,4 20,2 18,8 18,4
451 58,0 58,5 13,0 12,5 23,0 22,0 19,0 18,3
199 | 5646 57,5 | 11,5 | 12,0 23,1 22,5 20,0 | 19,2
444 55,4 575 12,5 11,3 2246 21,0 19,4 18.7




APCEITDIX IV
FLEECE DESCRIPTION OF EWE LAMBS - 419LL

GROUP IT10,1.

Lamb Count } Handle }|Lust- |Col~|Len- | Gen,}|H.QJ F.Q.} Back }|Even- I«‘leecel Fleece
Wo. ‘re our |gth CISxar | ness Wi,
L4 56 / v X {9 /{71 v / Vv | /+ 3.2
L2 S5 . / v 8% / /vy / / V7 3.0
47 54 : / v le s Vs v}] . /| /v | b2
70 56 / / 4 9 . /v Z / 1/ 349
¥ ] 56 / vV X 8% v Vv X / s V+ 203
95 54 . F X g 1/ / / X {/ L6
132 54 / X X |8 |v /1 v / vV |V 3.2
133 597 TR v A 8{,_-_ v /| v . /v 302
154 5L / vV 19 |V /X / v v 3¢5
182 50 . P v : 1s v U . ot Le2
211 54 / 7 X (10 |/ . v / /| / L5
215 | 54 | / X |x v (/x| /v 3.2
227 | % v / X (8 .}, /| 7/ / / 7/ 4,2
267 48 . / v |10 |. ’ v v / ot 3.2
283 54 / v X 8 {/ ¥ \4 / / 1/ 3.2
311 56 . / v 8 " U / / F V7 Bely
313 50 / / v |8 |/ . v . U 2.6
330 50 / X X 6% |/ / \4 / / /+ 2.3
331 54 . 4 v 18 |. R v / s ot .
3L 54 . / X 8 |/ v \4 / /+ 367
347 L8 U " / 10 |o c | / / v |u - %
352 50 / / v 9% |/ . v  / . |/ 4,0
360 50 / X X 19 v v]v v X v+ 3.7
n2 50 . / v |8 |. v / | . . 2.0
Lo L8 U ] v 8: U c / / U U 3e1




GROUP NO, 2

Lamb  |Count |Handle !Lust- Col-] Len-| Gen. |H.u. ;P.Q.- Back [Even- |Fleece|Fleece
No. re our | gth Cgar. ness wt,
136 50 / vivy]o . . / / |V o+ | 3.5
192 56 " 7 v 8 / / v . /' /+ 2.9
242 50 U . /{9 . / v / |/ / 3.7
219 54 ¥ vivyiol/ / v // /+ | 3.0
228 56 / /sl xl 7t/ |7 v |7 |/ /v | 2.5
232 56 / /vy T/ . X / N/ / 2,3
233 54 / s X 85| V " v / . . 2.6
247 50 . /sl v el /s |- |x |/ |- /| 3.7
grs 54 / v s 8x| / / v U . /+ 361
290 5h / v x| 73| / / v /o / /+ | 2.4
300 54 / /| X 85| / / v / v /+ 3.9
301 54 U /1 v 9 ' . . / V/ . 345
336 56 . / X i / £ X / v /+ 2,6
346 L8 . . v 9t . £ / 7/ o+ | 3.2
372 5l / vi x| 7z / / v / |V /+ | 3.8
390 50 / v v 8s V f v / v v 3.1
391 54 | / /VovtosEl / U v / tu .+ 1 2.8



GROUP HO. 3.

Lamb ‘Coant Handle (Lust- [Col~ Len~] Gen, | H.G.} F, . | Back |Even- Fleece "ﬁ'&eece
No. re ournj gth. Cgar ngss wt,
50 | st | . / lv|o 2 V2R AN AR /v | 3.7
73| 50 | U v}/ ) sl /v /7 1. / 5.4
88 | s5u | / / vingg /v /v e |/ e 3.7
105 | 54 U ‘ /| 8 . 2 vV o . ot %4
111 | sy | / v | x| 8 v/ x|/ |v v+ 3.0
186 | 54 / s X 8% \ / v {/ |/ L.,2
209 | 54 | / v (viwnl vizivi/s |/ 4.0
222 | 50 U . v ]9 N VA VA . 3.3
237 56 / v vV |7 V2R VAR B A VAR I /+ 2.4
319 54 / v X 8z / / v £ \4 /+ 3.2
320 | 54 4 v X 19 vi/Z X |/ {. / 3.9
334 | 50 | / v v |9 V7 17 V7 . ot 3.8
359 | 54 / be X | 8 v/ v |/ |v v 3.2
435 50 " U Vv | &4 . . / V7 V/ / -




GROUP NO.4.

Fleece

Lamb |Count |Handle [Lust- [Col-}Len- | Gen., |H.Q.|F.Q.|Back|Even—- | Fleece

No. re our | gth Chgr. ness

9 50 / X X 9 v v x 1/ v V+ Le2
1 56 . P . 81 . . / . / . et
16 50 U . / 10 U C / / U - 3.8
38 50 u . . 8 . e 1/ 1. 7 o+ | L,O
58 50 U / 10 ; U / 1 U . . 340
59 50 . g / | M1 ; ‘ ‘ ; / . 3¢5
71 50 . . v 10 | . . VAR VA W4 ot 346
oL 50 ‘ / X 105 | . " v " / ot L,
12 56 / / v 75 . 2 VAR VA / 2,8
137 56 / / X 8 | / /v o/ v /+ 2.7
1Ly 5 F X X 10 / \'4 X I v V+ .3
170 56 / P X 8s | / v {7 1/ /| 3.0
202 5L U " / 9 { . c |/ |/ |¢u U+ 3.3
240 /1,8 . 7 f 9 | / s 17 de-1s g 1.0
275 54 . / X 8 | / /oy v y/ {/ /+ 3.0
321 50 / v X 9 |/ /v {/ 4V /+ 3.2
335 b0/5l / \ v 8| Vv /X |/ |V v 37
361 50 4 v X 8 | V /N v i/ |/ /+ 3.9
362 56 ' i v 71V " v (v |/ /+ 343




GROUP NO. 5

Leamb | Count| Handle {Lust- 003.- Len- [Gen, |H.G.}|F.Q.|BackjEven~ | Fleece| Fleece

No. re our |gth Chgr. : ness Wi,

2 56 U U / 19 . O A A ob L.2
29 56 . -7 x {6: |/ /Jlvli/z v /+ 2,86
31 |(u8bol u U 7 9 U N / U U C L.1
6l 5l / / X 17z |V 2 1> S ECE 4 3.4
75 | s |/ X x l8r v {7/ x|/ v |v 3.l
110 |5/% | . / X (7 (v |/ x|/ |V v+ 3¢5
3 54 / / v 9 . . v . / ot 3.6
114 50 7 v v |9 / 5 v/ |V /+ 3.3
117 50 U U / |8 ' c v |u tu " 3.1
143 50 U . vV |8% . U v |/ . . 3e7
17 | 56 / £ X |7 |/ |/ Vv |/ }vV /+ 3.2
175 5L / v v |8 |/ /S NV o/ 7/ /+ 3¢5
198 56 U y v 8 . ] P 17 . . 2,6
204  (s5h/50 ) . . / |8 |U ¢ v/ |U U+ 3.1
230 54 . / v 7% . U v £ . L2
252 50 U . / 8z U C / / U U+ 3.3
255 50 P X X 8z v / X / / L,0 "
262 L8 U . / |8% |U ¥ |/ (/7 ¢ C 3alt
266 56 . / x (6 |/ /7 {/ |/ |/ 3.3
325 5L J X x |7z |v vix |/ v V+ 3.0
326 56 U / T |u v " U U+ 3,2
401 5l . R v 7% . " v P . ot LM
Lo 50 . v 7 % " v / " ot 2.9




GROUP NO. 6

Lomb |Count lHandle Lust-[Col- |Len-|Gen. | H.Q,| F,Q. Back|Even~ |Fleece | Flecce
o re our |gth Cgar ness Wte
1 50 / / X 105 | / ¥ v / v /+ 5.0
23 50 . 7 v |9 |/ /|l v/ / /+ 1145
L6 54 F X X v v] x|/ 4 V+ 3.2
53 54 . / ' / /1 v}/ / /+ 2.9
56 5L d X X 9z | V viv . X v 3¢5
57 50 / / v " ‘ / . ' ot 3,0
60 54 ¥ £ v 8 v v X i v V+ 37
78 48 U . /195 | U /1 - i U 3.2
79 56 F4 / v 8 F 4 \' " " ot 2.9
115 50 / v X |9 v /v o / /+ he2
22 50 . / v |9 / . Vv " F / 540
126 * | 54 / v v 7z | / /v . / 4 2,6
127 54 / / v 8% / /] Vv . v /+ -
134 50 / / v |8 / vy / / / 2,9
176 54 . / X 75 / / v / £ / Se2
178 50 U . F 4 8% U P / U U+ 2.4
179 54 / 3 85 | U vt /| / . U 2.1
P00 50 . /v / . vi o/ . 31
25k, 50 / / / v /vt / / /+* 340
#259 50 .t v l7s |/ 1 2V / / ot 3.0



3.8
5.5
3.6
3.3
3.4
3.7
3.8
3.9
4ot
.6
3,7
3,0
2,4
2,2
2.5

Wt

2.7
2.8

ot
V+
U+
L V+
V+
/+
ot
/+

nessg

S

gth |Char

92
11
8%

~i0d

our

re

50 -
50
L8
56
L8

GROUP NO. 7
Lamb Count [Handle !Lust- Col=~ Len-|Gen., }H.Q.|F.Q.| Back|{Even—| Fleece Fleece

No.
20
22
33
36
L3
Ly
67
160
185
196
217
239
242
260
243

261

3.7
2.1
2.5
2.9

2,7
' ll-o1 )

/+
/+
/+
[+
/+

U

56

294
339
387
407
W7
118
119



GRCUP KO, 8

Lamb |Count|Handleg Lust-] Col=| Len=| Gen.|H.Q.] F.Q. Bacll Even—-|Fleece] Fleece
No. | re ouy gth Cgar ness wt,
5L . . ¥ 10 e 1 U v . , . | 'u..s
6 | | . f /| /| 9 /s x|/ /] 3T
39 syt / / v 103 VA RV I ¢ - | /. /+ 3,3
72 L6 U U / 11 U N / . C c | 3.8
84 sy |/ / /1 o /sl /v ]V /+ | 2.8
107 50 U U £ 9% c}| G P 2 C U 3.0
149 4t / / v 8 V7 vl o/ /+ 3.4
152 5L / / v 8 vy / X v v Vv 3.9
158 541 / X 4 8 /1 / vi/Zt/ /+ 2,7
159 5 | Vv v v 8 ' ' : ; ; | 2.8
162 50 : N v 10 « 1 U /1 / . . 3.6
184 50§/ / v 7w /e V. 5 / 3.2
256 0 . " v 8 .{ C v/ c " 3at
257 L8l . / v 104 - VAN VAN B ’ Lol
355 | osul| . v x{ | /.| v]/]. / 3.6
382 50 U . v 8 .| T / /1 U U+ 2.5




GROUP NO. 9

"

Lamb | Count .Iiandle Lust< Col-| Len=|Gen. jH.&.| F.G.| Back] Even-| Fleece | Flecce
o. re our gth Chgr, ness wWt.
55 5k / / v 71/ /1 v / / /+ 2,5

104 56 £ v x | 8 |/ VAR B A I 4 /+ 247
we | su | / |/ v e/ |/ Vi S/ 3.0

1168 54 / / X 8 / N BV B4 vV /+ 342

193 | 50 / v v 8 |/ - {71/ % 7/ / 2,8

206 50 U U v 9 U .c / £-1 B U 3.0

272 50 / v 7| / /1 v / / /+ 3.0

| 305 50 / / . 6 . / /| 7/ / / 2,0

308 | 56 ' . v 71 sl VL / 7 ot 3.0

314 5 / v 83 4 ¥ / / /+ 3.2

315 54 4 . v 8 / / v / 7 /+ 341

348 | 50 / v v 8 . ¥ . " . 2e7

354 50 . / v 8 . U r . . . 3e3

355 54 . 7 v 7 " -\ /{7 / ot 2,6

351 54 /. v X 7 4 /v d \4 /+ 3.0

363 50 . i \ 6 . / / v ot 2,8

379 50 . . v 6] . . / . v ot 3¢7

wo6 'suel L1/ viely v . / 2.



GROUP NO.10

Lamb| Count| Handle {Lust-| Col- Len- Gen.|H.Q.|F.Q.|Back] Even- | Fleece Flecece
Mo, re oury gih Chgr. ness yt,
19 5| U " vV 103} . U ; / . U+ 1.0
51 | 50/58] . / v {12 . . v / . ot 345
65 L8 " / v |10 / U s . 4] . 3.3
87 50 U 7 v | 9% / U U . U U+ i
91| s0| . / vio |/ ||/ 1}vU U " 3.4
93| 48| U . / |9 | U | N |/ Cc U 349

1191 56 . . / 19: /7 X}/ / /+ 345
142 | 48/6 U U Vv {113] C C / " C C+ 3.8

146 L8 U . V {105} U U / / U U+ 3.4

156 50| / v x|l /{7l v i/ v /i 2,5

157 54 . / v i9 . . /7 X ot BB

163 2 . , / 19 . . /7 / . B2

164 | 54 . / / 19 . / V7 / ot 342

281 50 / / V1|9 » C / / 13} U+ 340

309 sS4 / / visz | /| . v |/ . / 3.2

310 50 : i vV |8 / LV /v ‘ / /+ 2.9

343 50 . / vV | 73 / . 4 / . ot 35

368 sS4 / |V V{9 / /v . / /+ 4.0

37| 501 / v X8 | /7 (/| V ¢ / /+ 343

L13 50 . . /19 . . / 4 . et 3.1

416 sui / v X | 7z vi/ | v/ / /+ 3.3

L21 54 . / /17 . U / / / R 3.0

430 48 " . /{9 U c 4 . c U 2,2

L3y shy / v V5| / . / . / ot 1,6
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GROUP NO. 1 .

EWE LAMBS

Should |Back| Loin | H.Qe | Legs | Bone| Condi}Breed as :

Head

95
132
153
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Noe
74
182
211
215
267
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541
347
352
360
410
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GROUP NO. 4.
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Bony

Gona~

Bonsjition| B,T.

GROUP NO. 5.

Head { Should. ’Back Loin | H.Q.| Legs

e 3

64

s1
w5

Lanﬁ

Nos

114
117
143
174
175
148
204
113
255
266
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526
401
404

110 |



CROUP NO, 6,
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L]

GROUP NO, 7.

e

{ Head | Should Back| Loin | H.Q Legs Bonel Gond,|B,T, Body

¥o.|
2q

sﬁ':

26(
261
587
416
=



Body

Should | Back Loin |H.Q. | Legs | Bone |Cond|B.T.

Head

Ko.




Body.

i

GROUP NO, 9.

Head [Should |Back }Loin | HiQ.|Legs |Bone | Gond.|B.T.

55

101
167}
168
103]
08|
348
351
553
s57]

Koo |

379



GROUP NO., 10,

Head {Should}Back | Loin | HeQ. | Logs | Bane | Cond B.T. Body.

No.

19

87
7
93

119}

142
146

156
157
163
164
281
309

510
543
568
34

413

416

421

430

454



APPENDIX VI

FLEECE DESCRIPTION OF

EWE HOGGETS - 1945

GROUP__NO. %,

No. fount &m‘xm ®lr |Length|s {5, {Fa. Back ZIEL::I:..Fleece-_ gﬁ'ﬁg
alsoe v | .|z | a5t} 1 1| v |1 546
4gise/slr | v 15 |t =] 2| « | 1 |1 5.5,
a7 {so/asfz | T | . 12 || v 1] . P 540
‘mafas/solu | v |, 13 v} v| | v | v |U 5.9
72 x| v |V i3 |tf | v 1 1 ¥ Bod
osf{4g/eolr | T |z | a3 |z . v}z | 1T | 1 6ol
132 43/50. I | I | 48 1| I I_:“, I I I 640
135 a8/s0f. | . | . 14 x| 1| V| I I I 7ol
isafs0 Jr |z flz | a3 Jx) o) x|z |1 648
seefag/solr | o | o | 25 [0 o] Tl T | T |1 | 6o
eiifus Jui|l otz | s W] o ] W)z 840
e1sfso fr i v|v |12 |z} 1f 1] x| 1 |1 |53
227 | 48/50|1 - I 14 fof o] o] -« I e | 71
26748 fo | o o | 24 o} T} 2| I . B.5
2eslag/sole | o | o | 15 T o] ) o] . ] . 548
siafas |.l ozl .| 3 ] o o1 o} T | 8.0
sisfas Tl x| o] 13 fo| of | o o | & 540
ssol4s |z |{ x|z | a3 jx] ] v] | . |1 549
3511 48/50fs | I | 13 o] of V| I 1 I 5.6
3a1}{s0 |v]| 1|1 2 el ] =1 % I . 6od
savlas el vl o |15 jef | | . U |e¢c 7.5
ssgfa8 o | o o | 22 fu] o z} o}l | . | so
seols0 |t { v] B | 24 jv|] x| v| z | 1 | v 549
402 B 5,5
aofas o] v .| 5| o ]z} .. 5ud



GROUP NO, 2.

Even=- Fleece
No, |Count | Handle |Lustre | Colour | Length| S | HQ.| FQ. | Back | ness {Fleece|Welight
136 | 48 - - 4 v 14 |z} 11 . . v 5.5
192 |50 . I 14 |l v |, ' 6.5
212 |48 " . " 35 o] o1 o ] o I . 4.2
219 |50/48 | U . I 13 | ] o] 1 |1 I e |- 5.8
228 | 50 I I I 12 |}l I}l Vv |z v v 5.1
232 | 50 1 " " 12 1] ¢} 2T | X I . 640
233 | 48 . . I 14 Jrl 1] Vv ]I I v Bed
24'75 48 " I " 13 {I] o} V | I : I 640
279 | 50 ; I I 16 o] o] 21 I I 5.4
289 | 48 x I y 13 I} I} I é I I 642
290 | 50 . U . 13 | I] o) « { U U I 3¢5
300 {48/50 | 1 I I 12 {rlzlz|. |z I 6.5
s01 |48 U I I 14 | =| o I . . R 645
336 |52 . v . 13 o]z ). |1 . 5.3
346 | 46/8 , " I 16 vy Ul I I | . 549
372 | 50 I v v 12 1| 41 | I {I I 5.0
390 |48 . I 14 |Ij 1|V |1 I v 640
391 {46 U . . 16 (vl vl . " U U 5.8
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4,

GROUP NO,

Flosce
Welght

6.4
7,0
7ol

595

5.3

740
7.0

6.0

3.9

4,0

5,8

4.7

5.6
Sed

70

740

a0

4,6

58

U

| Even-

HQl FQ.| Back| ness Flesce

13

14

12

16

14
14
10
12
13

13

12

14
14

10

I

C

»

: 3

Count | Handle | Lustre | Colour | Lengthf S

3

No, .

9 18/50

14

16 | 50/48

58| 48

94| 48/50

124 | 54

137| 50
144
170
202

240] 50

275§ 50

321

335} 50/48

3611 48
562 54



645
4.3
6.4
645

§ Flesce

ness {Fleecd Weight

1o

13

A

GROUP NO. 5.

.

gount | Handle | Lustre | Colour |Length| S| HA.|FQ.|Back |

| a8

No. |

64 | 48

5.9

4.1

545
640
52
548
546
549
5.8
6.6
640
6,0
5.2
4.5
6ed
5e7

1 x

v
i2
1s
114
14
i3
17

: J
I
U
3
U
U
z

130 52/4
£8/50 |

115} 48

75
114}
117
143}

362] 50,48

175} 50/48
s26| 52
401

108

255} 52/16

230/

252

62| 52
266| 52/4

204} 50

174} 48



GROUP NO, 6.

No, ;Loamt Handle | Iustre | Colour |Length { S | HQ.|FQ.|Back ggﬁf Fleaoe. iﬁ;ﬁi
1] 48 . . I 7 I NN 3 IR BN B 7.5
23] 48 U . I 12 o}l ol .| . . U 648
46 | 48/50 I I I 13 I I}V I I B2
53| 52 I . . 11 | L] U T 1 . 5.3
56| 50 i T T 13 .10l .] . I " 5.9
57] 48/50] 1 3 I 13 | vl U] & ] . U 5.0
60| 50 I . . 12 ol 2| . # 6.1
7s| so/a8| . . I 12 {v|lcl | o | U U -
79} 50 I I N 9} ol | 1 .. 5,0
115] 80 I 1 I 15 |z} o1zl 1 I I 5.9
1221 48 T I I 14 | o} o) I} I > " 6.0
128] 50 ) : U 13 luluvl1| v v v 543
127| 48/50] I . U 17 { o] o o) o] o . -
134 48/50 I . . 12 Il T} I I I I 540
176 52 . I I ozl Jlzt 1 v I 5.2
178 | 48/s0] U 3 14 JF ozt 2| oz . 5.8
179| 50 . . " 3. ov]lvl . . ] U v 4,9
188} a8/50] 1 v | v 12 fvf .] 1} . ” " 7.1
200| 50 . T 1 ' 4 BN S A A 5.3
254 | 48/6 s v I 86 ! «] 2 21 " Tad
259] as/s0] 1 I I 12 |z oz} 1 Be3




GROUP NO, Y.

No, _Gou‘ntL Handle | Iustre | Colour |Length | S |HQ-|FQ| Back _Eg& Flesce ﬁigﬁ%
20 | 52 U T . 18 1+ el o] « I : 5.3
22

33 { 48/6 U . I 14 fuluf. . I U 5.9
36 | 48/50] T T 12 x| o) 1] 1 T I 640
451 48 U U . 12 | J1wl sl v} o i 5,8
44 | 50 . " 1 12 | o] o| V| o . I 6.6
67| 48 U U U 13 foju|z| 1 " U 6.5
160 . I 14 { z]10] 2| . . . 840
185| 48/50] . " I 14 | of o T| . . 8.5
196} 48/6 | © U ¢ 16 { el xlel v | ¢ N 8.5
217 a

239 | 50/2 T . T 13 vl ] o] o I U 8.6
222 48 I 1 I 1z {rlziz] .| x 5.6
2451 28 . . ’ 14 | L 1 o] e . 640
260 | 48 I X I 9 | U] o] o . . 3.8
261{ 50 . " : 10 { o] 1} 1| . " U 4.7
204{ 52 v I I 12 | 1) o) V| I v - 5.9
339 48 I v X 12 | of o o T I » 4.9
se7| 50/48] 1 I I 12 |z} .l vl 1 I vi -
207] 52 U ; 5 12 | o) 1] v] 1 v I 640
a17! 52 " U 5 10 of o1z | .. . 5.6
418

a19] 52 i % . 12 1 o) w1 2] » ] s " 540
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Ko, bwnt: Handle |Lustre {Colour {Length| S jHQ.|FQ. [Back. z;:if Flesos | ﬁfgﬁg
4} 50 1 | 1| 1 | . 2.9
6| 52 . " 1 13 (o)1) ] 1 " 4.6
39| 46 a I v 14 elef vV ' 740

7 |46/8 | U o 1 e fojul ] o] v B2
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158| 50 I T ERNN NG O I 38 I 2 I " 5.0

158| 50 T 1 I 14 fxlzfzfz] 1 1 5.5

162] 50 " I . 12zl v] «} & 1 5.6

184 52 . v . 10 |zflzfv] | v T 6,7

256f 48/50| U I . 12 | .|v ]z . . . 4.9

257 48/50] . U U 12 |, 1| I 4 » X

355| 48/50| I I o {ulolsl .| U | 5.3

saz| as/s0] . . : 14 fzl bz o1 .
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GROUP NO, 10,

Should
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No.

19

119
142
146
156
157

163
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281

310

368
374

43

416

430

454



ApPENDIX VIIT

FLEECE DESCRIPTION

5% yr. OLD EWES,

GROUP NO.1.

Nod {lmntrneﬁm ar Is ﬁQ.'FQ.!Backig. . ?§§§?°
il lasfel vl | l2olo] of ol ol o] v]116
2l {ea | z| v|vieolul .| o 2| v| .| 122
% ;fa,e tet x|z lefvul ufl v v .| v|izs
5| |4 {of x|z |27].] vl vl v| u| u]10.3
6 g8 | vl vl 15|l of of 1| I|] o | o8
7l las | ] Jlzitel . vl vl L] W] U ]
8] Jao/ed) o) z|viae] | u| o x| vl . |1z
10/ |4 {vU lael o) W 1| zf 2] .| 20,8
11 24 | v vier| o of of T| 12,2
12 |48 |1 v iaw|zf x| z| v| v 9.7
13 48/6 | o] o « |15 U] o o . U | 9.0
24] {50 | o o] T]26|z| of o of of o] 807
15 26 {v|l elvlar|c| ¢l o v| ¢| v]20.4]
16] |so/ag T! .| T 26| o] o o T| T .| B2
17 46 U{ I| X |as| 9] ¢} ¢| Uy €| C | 16.8
19 a0 | vl cluvfaw|vu] vl ] of | v| o2
20 50 | o vl .16 ) o 1] 1] v| 1| 2042
21 48 U] I} V16| of o] of I| I| o | 10.2
22 48/464 el ol T |28 ] o] Ul Ul U| o} U | 10,1
25 46 o] Tl 18} ol «] o] o] 26
25 8 | o o] vlaelz] o Il of T| o] 93




GROUP NO, 2,

NO. Gount Handla;; ;.'.;xsvt.r@colaml Length | S m. Fg. | Back 5::2“ Flesce '}&gfe
27 |52 | vu©wd v I 13 . . I I v . 748
28 | 48/8 . SR . 18 ’ U U . by U | 12,0
29 | 48 . 8 . 19 o T7Z U » I . 8.6
30 | 44 U " . 21 ’ R B U ¢ o | 13,8
31 | 46 " U . 17 K c ¢ e U ¢ | 10,4
32 | 44/6| U " " 20 U ¢ c . . U | 10,9
34 | 48 # c U 17 U C U U U ¢ De5
35 40/4 U U " i8 o N ¢ U ¢ c 12,0
37 | 4s v| v || 1. .| .| ]I : . | 10,8
38 | 48 s*1 & X 16 " . I}l z . . 9.8
39 | 46 I I I 18 U U Lij " . U 8.7
40 | 48 . U . 19 . . I . . o | 18,4
41 46/8 I U v | U U c I U U | 10,C
42 | 48 . . v 17 . . . I . o | 11,9
43 | 48 . . . 17 . . : 4 . . o | 12,9
44 | 48 . . ’ 15 . .  § . I . 9s5
45 50 I . I 13 U I v U . Ba0
46 | 44 I I I 20 U U ¢ Ul ¢ | 1.6
47 48 . U " 18 . . . U I | o | 10,5
43 | 48 I I I 16 I I £ v v I 0.2
49 | 80 U U I 15 U U . U I U | 10,3
5 | 46 . . I 17 U U vl I U U 93



No,

Count

Handle

Lustre|

FRe

Back |

Even~-
ness

~ | Fieece

Welght.

B2 388968 %8

66
74

H H H H d d H

@

a4 <

N

o)

< S 5§ H oMW

| o1as
| 11,8

9.8
8.0
10,5

11,0

| 120
- 10,8

11.2



» Even- Fleece
No.| Count |Handle {Tustre | Colour |Lengbth|S | Q.| Fq. {Back|ness [Flesce |Welght.
76 | 48 v : : 19 [.juf. |z |v : 949
77 | 48 v P d X 19 JIle fo |V I 12,2
7g | 48 U s . 17 |uju fu {1 | U | 11,5
79| 48 1 1 T 16 lxfz {v |v |1 I 9.3
80| 44 U I I 13 jlvjv fu |« I U 8.7
82| 46 v U & 19 |vf{u |u {U |¢C U 11,9
85| 46 U . . 17 jviv . U | U U 10,6
84| 48/6 . . 1 19 fafe Je | o | I . Bel
85| 50 v v v 15 {21 jx |1 |V I 047
86 | 50 . U . 15 loje {o | | I " 0.1
87| 50 U U v 14 Jefe |o |'T |V . Ba3
89| 46 I v 16 .l U | . | U U 12,4
911 48/6 . . . 15 1o |T | . . " 12,0
92| 48 I - I 16 jele Jo | U | o . 12,4
93| 46/4 & I " 16 {o1X | I I . 14,8
95{ 46/8 » " . 17 leis 1= 1 I » 11,0
96| 50 v c 1 15 {vlv |. |v |¢ v 841
97| 44 U c c 20 fcjuv ju e | ¢ c 11,7
98| 46 E I v 19 Iix I U . 13,9
100 | -48 U . I 45 Jele Jo 11 |12 R

' Te7



GROUP KO, S.

Ko, | Count |Hanale|rustre cotonr Length | S | HQ.|FQ. |Back i POV ﬁ?;ﬁ:
100 fag/e | I v | 18 P} iz v| v | . 12,4
102 {46/2 | . U I | 14 vluof e v ¢ 9.t
ios‘ 48 | I I v _;:q.v" I{Ij.] V] I 12,5
106 ] 2a/6 | . I 1 {15 Joelulw] 2] . s 12,8
105(48/6 | v | ® « 10 datulal sl 2] o 12,1
106 | 46 I I 1 | 16 fofeflmyI| U U 8ol
so7f4as/so) o | 1 v a7 Jejzlzfzfv I 10,0
108 | 48 I I v 18 fof «fe L of . M 0,2
109 | 48 . I v ar jxfzflx| 1| v I 11,2
110 | 48/50 | . 5 v 17 (.t} v} v 1 12,6
11 | 28/6 | I v v | felo]loel 2} @ » 12,4
112 | 48 v U, e | 14 el e]el U} . 10,3
113 | 48 I I v |1 |TfxjI|zI}|1 T 10,5
114 | 48 I v v |20 {z]lzlz}] .|z I 11,7
115 48 o . I 6 |ojziz]l | I I 9,9
116 | 45 v | x v | 19 vz z]:x I 948
117} 46 : I el 2t {zlelel Wiz . 14,1
21848 . " . 17 {oel ote] 2] . 10,2
119 | 46 v e b o [ 25 Jalwte | o] 1 % 11,5
120 | 28 U . b 1087 Jel e¥Z] o o 5 12,4
1235 | 44 v " 16 cle] .1 ¢ 10,0
124 | 46 T v v |19 ez} & 13,7




GROUP_NO. 6.

: ' Even~- 1 Fleece
No, |Count |Hendle|Lustre |Colour |Length| S | H.Q. F.Q.|Back ness Fleecs | Welght
126| 48 I I , 18 Jel s e | I | . 13,3
120 46 & I 1 |7 fefv o |z |e | o | 10
130| 46 ’ I I 13 |vfvuv . |z |, T 8.8
131| 46 . . 1 14 vju |1 |. [T | U 7.8
132| 48 I I T 15 Tl fT {1 . 11,9
133| 48 U T T 19 {1 (. ]. {12 > 12,2
134| 46 : 1 v s ] .. v |2 " 12,3
136| 46 x I 1 (19 Jul. . e} ‘ 9.2
137} 48 I 1 v |16 o1 o . - . 9¢3
138| 48 . . I 16 U]l e e |T | . 11.9
140 24 . . U 16 viuv jc |. c 9.6
141| 24 . I I |18 i{r fz |v |v I 13,5
142] 48 " . I 16 s{U U JU {. U 9.6
143] 48 I I v |16 o] |e {7 U : 12,6
144 44 I i . 18 ol s+ 1% 12 1+ " 845
146| 46 U . X 18 ol s ta |2 Is - 11,3
148| 46 I v 19 i 1= 14 }2O . 12,1
149] 44 3 T 18 I] . . I 3 . 10,2
150} 46 " : i |18 e{ e [~ |2 |2 " 8.8
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175

FEXEEEE:
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=

-
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o IR o A - B

L g

B~ 0
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Qo

R

a4 d M Hoa e

%

g4 Q 9 H

11,2
13,5
11,1
8.0

12,8

11,0
12,7
4,9

1.10.6

98
10,3
10.8
8.8
11,7
12,0
1040
2.0
13,7
10,2



GROUP RO, 8.

e . : Even- Fleoce
No.|Count |Handle |Lustre|Colour|Length| S | HQ.|FQJ Back |ness |Fleece | Welght
177 46 . o ;3 18 tjuv]u c U 11,8
178| 46 " I 20 " el U . . 13,0
179| s0/48| T I . 1 ol o]z] ¥ . 846
180] 50/48] I » I i9 el Il I} V I » 11,3
181 44 U . " 20 sl T4 s} 2 U . 11,8
182| 46 U U ¢ 16 viovlvulvu c U 945
183 46 » I . 18 el UL U] p U 13,6
184 48/50f I I X 19 I{ 1)1 I 0.8
185] 46 U U 1 19 ¢l clu c ¢ 11,9
187 48 U U U 15 U] U] o] . U Bed
188 48 114 c c - Cl o« | o} = U U 9,6
189 47 I I I 14 el o] o} I I . 9e0
1901 44 i} . o 18 vl 0] .} I c 31,3
101 24 9 U 16 «J UL U] . . 12,4
192] 46/4 | I I 4 17 o]l T ] s} o U o 11,5
194 48 o I I 17 If v}z v I Oe3
108 48 " R I 16 lv]l.lw® U U 047
196] 50 U > v 19 ol T i} I v I 12,1
:wj 43 U I I 16 o] o« j o1 I " » 11,5
198! 46/8 | . I . 17 ol sl o] o I . 15,7
199l s50/48{ U U . 17 of o} 2} I I » 1044
200 48 T I 19 o]l + { T} U v U 13.1



GROUP

X0, 9

No, |

Handle| Lustre

Colour

Length|

FQ{Back

Even-

ness

Fleece

| Welght,

202
205
205
206 |
207

210
211

215
213
216

217
218

219

220

221
222
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50/48
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GROUP NO, 10,

Even-| - Fleece
Bo.-fcmnt‘v Handle Iustre Coj.our Length| S [H.Q. PQ.|Back | ness Fleeie: Weight. ._
227 | 48/50 U U v | 16 vl vl. I 940
229 | 46/8 I 1 | 14 | ul vju |1 U v 645
231 | 48 :) T I 17 I| 111 I I | 10,8
232 | 46 . . I | 22 of Ul o} I I . 13,1
2331 44/6| . v v 20 I} I] o} I . o 11,6
234 | 46 U » I 17 o Ul I} 4 U . 11,4
2351 46 I I I 14 « Tl U}V » . 846
236} 46/8] U " I 18 ] Ul T | U . 11,4
237 | 48 I I v 18 of of o] I v T 15,3
238 | 46 . . . 18 « o] o] o . . 13,4
2a2 | 48isd . . 17 3 &1 21 » 1 . 18,5
2431 44 . I " 20 ef =f s} = " . 11,0
244§ 46 - I I 16 o Ul ez U U 11,4
2451 46 . . 19 vl .l UfZ U U Dal
246 | 48 " : T | 17 | o o]l TH. . 3 11,7
2481 46 . I I 16 I] o] o] 1 I I 12,0
249 | 48 " . . 16 £l +! «{ » . 3 10,3
250 | 46/49 U U ¢ 20 ¢l v civu C ¢ 12.3




APPENDIX IX BLEECE DESCRIPTION . 2} YR, OLD EWES
GROUP NO. I.
¥0. | covnr |mmor® |ruseas | corour |LENem HQ | Q. |Back| mven. | FrEmcE o
NESS Wwer,
N 78 46 . I Y 22 1 1 5 1 12,7
¥ 83 48 . 2 . 17 " ' o | : 7.8
¥ 86 48 1 v v 20 v |1 1| v v 11.6
N 96 46 8 % . 19 ¥ |¢ c c c 10,3
N1G8 46 I 1 1 20 1 |1 1] v 1 10.8
¥ 130 48/6 1 \ v 21 v I I 1 { 1 12,4
f N 146 50/48 N . . 17 . 1 1 1 g 12.5
147 8 1 1 v 20 . 1 £l , . 11,3
¥ o 8 U U . 2 v . 1] . U 101
N 323 46 . I I 20 U U . . U 11.7
N 387 8 1 v 1 21 S vi 1 1 10,6
¥ 389 48/50 I 1 v 19 ; 1 1| 1 1 10.9
GROUP NO. 2,

X, COUNT |HANDLE |LUSTEE | COLOUR | LENGTH EQ | 7Q |Back| =ver | rumece |mumsce

{ NESS WoT.

N4 46/8 ; . I 20 : N . 10.9
N 28 48 I I s 2 S vl v . 12.1

N 32 46 1 1 1 20 1 . 1 1 I |14.0

¥ 47 50 . . I 19 " . T 1 " 11.3
N5 46/4 U 1 1 22 " . U U U 1.0

¥ 186 50/ 48 1 v \ 20 I 1 v] v 1 12.1

N 192 50 1 1 v 16 1 \{ U : 1 |10.5
N 288 50 1 v v 18 I v U v I 9.2
N 320 48 g . I 23 1 |1 . 1 1 12.7

N 349 48 I . . 19 U " . U U 12.9




GROUP__FO. 3.

“¥o. | COUNT | HANDLE | LUSTRE | COLOUR | LENGTH | S | HQ | FQ | BACK | ®vEN. | FLEECE| FLEEC

, FESS WGT,
NV1G4 46 U . ‘ 19 1 S " , U . 12.6
N 136 a8/50] . ’ 3 17 . . . . . 12,0
N 200 48/6 . U I 18 v . . . . 9.3
N 2% 48 . . c 17 U . g U . . 10,3
N 22 46 . ] I 22 ; . . . U . 12,7
X275 48 U c c 17 1A N ‘ x . U 12,5
N 386 46 1 v v 21 v}V 3 v 1 1 11.8
¥ 400 46 I 1 I 18 I |1 . " 1 I 12.5

GROUP_ ¥O. 4.

N0, COUNT | HANDLE | LUSTRE | COLOUR | L®NGT | S H3| PQ | BACK| EVEI. | FLEECE| FLEEC
NESS WoT,

¥20 | 46 1 I I 26 I V|1 I 1 1 13.7
N34 46/4 . 1 I 18 . T £ . 11.7
K 40 48 . . . 2 i} c]¢c . U c 13.5
¥ 58 46 . . . 22 ’ viv 1 " ] 12,5
N 89 46 1 v v 2 /» 1|7V v v I 11,2
§ 155 BI0| . I v 18 v viv v X v ia.s
N 165 50 U U v 17 : S 1 I I 12,3
¥ 182 46 . . % 20 . . I 1 I 1 13,5
¥ 197 48 1 v 19 I |1z 1 v 1 12,9
N 213 48 I 1 I 21 1 O ¢ ; 1 ‘ 9.1
N 283 46/8 U U I 18 i U |TU I U U 10.6
N 308 48 . . v 19 I « | D c c U 11.8




GROUP 0. 5,

10, | COUNT | HANDLE | LUSTRE | COLOUR | pmieTd HQ | FQ BACK | =vme_ | FLEECE | FLEECI
A RESS Wor,
N1 48 . 1 1 18 3 U : . . 11.7
N3 50 U u v 17 . |1 v 1 . | 106
N 23 48 . . . 19 . 1 ’ . 12,3
¥ 56 8 I 1 v 19 1 v . 1 1 {126
¥ 75 8 1 1 1 2 1. U U . }12.8
¥ 114 { 850 | . . . 17 A 2 1 . f12.0
¥ 252 850 | . 1 ‘ 20 1 |, 1 I . 12,5
N 262 48/6 . . 1 23 . v | 1 U > 13.5
N 362 48 . . . 21 . . L 2 1 . 11.7
¥ 396 8 : . 1 19 . 1.1 1 1 1 | 100

GROUP XO. 6.

M0, COUNT | HAYDLE |{ LUSTRE | COLOUR | LENGTH 5Q | ¥q| Bax | =vesl | FLERCE | MLEEC
| NESS WGT,
¥18 Bf5e| I , v a WEEE I \PEA
¥ 39 48/6 U 4] I 19 I . U U U | 10,0
¥ 57 &8 1 L . a v v 1 v 1 | 1.6
§133 46 : 1 : 22 A N A v . {131
¥ 139 46 1 v v 2 1! .| . . . ] g
¥ 152 50 1 : Y 18 1 | v| 1 1 1 In.o
N 196 48 : 1 v 18 1 . : 1 I | 11.8
¥ 236 /8 . 1 1 22 1 |.1]u . 1 | 108
¥ 316 50 ; . v 20 1 | v] w 1 1 9.5
¥ 321 50/48 | 1 1 v 18 s | x| v I 1 | 10.8
X 350 8 1 1 1 19 I 1] 1 v 1 {101
N 356 464 U c - C 18 - - . ; U 13.0
N3g2| 46 " 1 1 22 " I " I « 1} 15.5
N 395 48 I I I/ a I b v v I 10,0




GROUP XO. 7.
§O. COUN? |HANDLE |LUSTRE (COLOUR |LENGTH HQ | PQ |BACK | EVER. |FLEECE | FLEEG)
NESS Wer,
¥ 44 50/48 1 1 1 19 I |¥ . 1 1 11.6
¥ 99 a8 1 1 v 18 1 1 , . . 12.7
N 125 48 . . 1 19 . " . , . 11.5
N 242 50/48 : I X 17 1 1 1 1 9.0
N 274 48 . 1 v pal v I v v 1 11.7
¥ 276 48 1 I 1 2 . : c U . 10,1
¥ 30 50 U c U 19 U . " . U 8.2
GROUP _NO. 8
O, COUNT | HAIDLE | LUSTREZ | COLOUR | LENGTH EQ |®Q | BACK |zvm. FLEECE | FLEEC
NESS ‘ WOT,
¥ 22 48 I 1 v 18 . . I . g 11.0
¥ 106 48]50 U U " 20 I R 1 I . 9.9
N 138 50/48 I 1 v 18 v v 1 10,4
¥ 148 46 1 . I 20 U U . U U 11.5
N 156 48 U . 1 18 . . . . » 12.5
N 194 50 U U 1 18 . . . . 12,5
¥ 249 4614 | U : . 2 1 jv (v |u - 14.3
¥ 310 464 | . 1 . 22 v |u : U U 13.4
N 332 48 U U 2 8 " U U . 13.9
¥ 335 48/50 I . I 18 " U 1 " . 11.6
¥ 348 48 . 1 1 22 v v 1 v I 10,0
¥ 367 48 . ; I 18 . | 1 v " 11.4
N 393 50 1 v X 20 I . . . 13.2




GROUP FO. 9
50, GourT |HAvDLE |1usTEE |conovm |1mem | s | BQ | Fq | Bax | xve | mEece| Fumecs
A NESS WoE,
N 29 48 I 1 v 20 11 |1 1 I 1 | 109
¥ 117 48 . . 1 19 vlec o . U c 12,1
®177 | /6 1 v X 19 1{1 |1 1 1 I | %e0-
¥ 198 850 | 1 v X 2 vix |v 1 I v |26
¥ 204 48/6 v ¥ ¥ 23 Y|V 1 v' v v {131
¥ 218 50/48 U c U 16 e |u ¢ . U 8.5
N 342 B8l6 | U . 1 22 x f & & 1 I . 1.7
N 361 46/ 4 . I 1 23 11i. . . I . 11.6
GROUP N0, 10
HO, [ count |nawors | Lusree ooLovr (Lmem™ | 8 |EQ |PQ |Bax | mvm. | mEmo| mxmcs
KESS 1 wem
¥121 4816 U U . 19 viv |u 1 U U 13.1®
¥i131 | s@ I 1 ¥ 19 . kY 4 U U 11.8
¥ 173 | 5028 | ® U . 18 v . . 1 9.3
¥ 212 i : : | |l || : . |8
N 325 48 SR R 1 20 1l |z 1 1 1 15.0
N 334 48/5 1 v Y 22 I i1 I . . 1 1.7
¥ 336 8 1 I 18 « §x IX . 1 " 1.1
¥ 374 5043 | . : - BN N PN PR v . |09




APPERDIX X

BODY CONFORMATION DESCRIPTION .

21’&. QLD EWES.

GROUP ¥O. I,
¥O. HEAD | SHouLD,| BACK | LOIN | H.Q LEGS | BONE B,T. | BODY
1, X 1 1 I U 1 1 1 N,
2, s 1 1 I 1 . I . 1
4. U 1 1 I .  { 1 . I
5, . v v X v v 1 v v
6. 1 1 1 v v v 1 1 I
7. . 1 v 1 1 I . I 1
8. . v v v v 1 v v v
10. : 1 1 1 I 1 . . 1
11. 1 v v v v v I : X
12, . I v 1 1 1 1 1 I
13. . 1 1 I I - U N 1
14, . . . é » 1 i . .
15, I v v v v v : v v
16, I v v v v 1 " v v
17. . . & " i # . » 5
19. . . . . " A .
20, . v v I v . ’ I v
21, U I I . ; , " U .
22, U . . . . 1 . . .
23, U . » » - . Y U o
. : 1 1 1 . 1 U 1 I




BODY

B; Q.

| BORE

LEGS

LOIN

SRW X0,

2

BACK

HEAD | SHOULD.|

No.

@

o

N

34
5.
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43
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4
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. 96
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100
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GROUP_NO, 6,

-

B.T,

BONE

LEGS

H,Q

101N

SHQULD,| BAX

VY

126
130
131
132

133 |
134
136
137 |
138 |
140
14
142

N0, |
129

143
"
146 5.
148 |
19
150
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9

GROUP _NO, 10
%o, HEAD | SOULD| BAX | Loi¥ | H,q | LEGS | BONE | B,%, | BODT
e . . : : 1 v ) .
229 . . ; v : 1 U .
231 1 v v v 1 1 - -
232. 1 I . . 1 1 I .
233 U 1 3 1 1 . . .
234‘ . 1 I 1 1 o . .
235 1 X X v 1 v ¥ %
236 1 v v v 1 1 v v
231 ¢ I I v 1 1 1 I
238 . I v v 1 1 1 1
=% ! p ® z 1 . 1 .
243 . U U . . ) U g
244 . . . . . , ] .
245 . . . . 1 . 1 .
“* ‘ * . I I I 1 1
248 . 1 1 1 1 : . y
244 v . 1 . . £ ' .
250 f I v v i . . 1




APPENDIX XI

BODY CONFORMATION

DESCRIPTION - 2k YR, OLD EWES,

1.

GROUP _ NO. I,
No. HEEAD | SHOULD,| BACK { LOIN H,Q LEGS | BONE | B.T. BODY
N 78 . v v v v " v " v
¥ 83 U U U . U I s U U
N 86 U v v v v v 1 » v
¥ 96 1 U U U 5 v " U U
N 108 1 1 1 . X 1 1 .
¥ 130 . v I I 1 1 1 1 I
N 146 1 1 x 1 I . 1 " 1
N 147 U 1 1 . . . v 1
N 224 1 1 v v v v 1 v v
N 323 . " . " . 1 I . g
X 387 : 1 I 1 1 v . . 1
¥ 389 ‘ 1 I ' I " 1 I 1
GROUP _NO. 2,
50, HEAD | siourp,| Back | Loy | H.Q | Lmes| Bomz | 3.7 | Bomx
¥ 4 1 1 1 1 1 1 1 v 1
¥ 28 c 1 1 1 I | I U I
N 32 v v : v v 1 1 v v
X 47 I 1 v v 1 T . v 1
¥ 51 1 v v 1 v 1 v 1
N 186 U U U U U 1 1 c U
¥ 192 U 1 1 1 1 5 . . 1
¥ 288 . . . U . I c g
¥ 320 U I ; U 1 I ’ U ,
¥ 349 ‘ v v 1 1 1 1 ‘ 1




GROUP _NO. 3,
NO. HEAD | SHOULDJ BACK | LOIN | H.Q LEGS | BONE | B.T. BODY
¥ 104 I . . I " 1 1 a .
E 136 | X 1 I 1 b¢ v 1 v 1
¥ 200 1 1 1 1 1 1 1 1 I
¥ 205 U " ; 1 ; " ; c .
¥ 221 . 1 I . : : 1 P "
B 275 . U U U ' 1 ; N U
¥ 386 1 1 1 . I X . . I
K 400 | I I 1 1 v 1 1 v 1
GROW O, 4,
¥, HEAD | SioULD} BACK | I0IN | H,Q LEGS | BONE | B.T. BODY
¥ 20 . ’ ; . I 1 p : "
N 34 U v v v ’ N I U )
¥ 40 ; 1 1 I I . I . I
K 58 U g . I 1 I I . .
N8 1 v v v v 1 1 3 v
N 154 . . . I 1 . 1 u .
¥ 165 | 1 1 I v v . . I
¥ 182 | . . : : . v . . .
¥ 197 . 1 v 1 1 1 1 . 1
¥ 213 I \ v v I A 1 1 v
¥ 283 : U v : v v . ¥ v
N 368 1 . ; : . I : .




GROUP KO, 5.

w0, | meo | momo | sacx| tom | ma | zms | sowe [ m2. | soor
R1 v v | v Y v 1 R v
¥ 3 1 ; . : : : a 5 .

23 U 1 1 1 1 v I c 1

¥ 56 ; 1 1 1 1 I . “ 1.
X 75 . 1 1 1 1 v : . 1

¥ 114 . 1 v v 1 3 " 1

N 252 1 v \ 1 1 1 1 . 1

N 262 U 1 1 \ : 1 1 | 1
N 362 . . .5 . . 1 » &

N 396 U I 1 1 U I v .

GROUP 0. 6,

o, ‘HEAD | SHOULD | BACK | IOIN | HQ 1zes | BoNE| B.T. |BODY

X 18 1 v v v 1 1)1 1|1
N39 : ; ; . U : I R
¥ 57 I 1 1 . 1 v . . "

¥ 133 1 1 1 1 1 I 1 X I
N 139 I x x x v 1 1 v x

N 152 . v v 1 1 1 . I 1
N 196 " 1 1 1] P 3 U "

X 236 : ¥, 1 1 1 v v . " 1
N 316 U v v v v \ U u v

¥ 321 | 1 v v v v 1 1 1 v
N 350 1 . : 1 1 1 . 1 ,
B 56 : I I 1 . 1 1 2 .
"W 392 . 1 1 v 1 1 1 : 1
¥ 3% . 1 v v 1 1 1 . 1
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5.

GRQIR_No. 10
X0, [ HEAD Jsaom J Back | 1oIx | Q. | 1=GS| BoEE | B.%, | BOOY
¥ 121 1 | 1 . . 1 : 3% .
Fint 13 v v I . Lo 1
5173 s U . " . 1 1w ’
¥ 22 ; 1 1 1 1 ‘ 1] . 1
¥ 325 | S B v ] v{v \ vl v v
¥ 334 . z: vl v 1 . vl . 1
W33 ‘u. U . U " Y . 1] v
B 374 I I v v v 1 1 1 v




AppmDIX X{T

CARCASE MEASUREMENTS DATA

-~ WETHER LAMBS 1944,
GROUP NO. 1.
Lanmb ‘g;z;ase %m m
No. | Age | Grade] F ) 7| Total | Bane Al B ¢ Bone
34| 92| D2 |22.6| 22.4 | 18.4] 82 3341 2 | 4 10,9
90 | 125 | p2 |22,9] 22,4 | 18,7 73 3144 44 | 28 4 11,0
155 | 129 | P2 |24.5] 21,3 | 19.8 54 57.3 57 | 27 2 11,4
400 | 158 | P2 |24.8] 21.7 | 19.2] 66 33.2 50 | 25 5 11,1
7o | 154 P2 |26.0] 22,8 | 19.2] & 35,7 | 53| 26 | 2 12,0
287 | 181 2nd 23,9} 22,0 | 19,0 62 51,4 | 48 | 25 4 11,9
364 | 144 p2 |26.8] 22,0 | 10.4 35 3848 49 | 23 : 12,0
288 iB’T D2 |24.0] 22,5 18.:! 66 3345 50 | 26 3 11,7
‘w6 | 141 P2 |23.6] 21,7 | 18,3 75 3043 46 | 27 5 10,8
342 126 P2 | 24.6| 21.6 | 19,91 61 34.8 48 | 25 5 11,3
344 | 127 P2 | 24.3] 22,1 | 18,3 69 3845 51 | 25 4 11.4
365 123 p2 | 257 22,2 | 19,8 62 | 35.3 48 | 28 4 11,4
221 | 134 P2 | 25,5 22,0 | 19,7 65 34.8 ar | o7 4 12,1
226 | 19 P2 |24.2] 22.6 | 18.8 73 33,0 | 46| 20 | 4 11,4
225 | 19¢ 2na|25.2 22,2 19.2 42 33,0 48 | 25 1 11,9




GROUP KO, 2.

i

Lamb . 'ggasa Cannon Carmon
_No, Age|Grade| F G T |Total | Bone A | B | © } Bone

229 | 126| P2 |24.8}21,3/19,0] 45 | 38.1 52| 26 1| 120
250 | 125| 2na |26.5}21.6]19.8] 45 | 39.6 | s2| 2v | 1 | 11,7
385 | o9| 02 |e=.9)2t.0]18] m 35,56 | 85| 31 | 3| 1.3
386 | 113| 2 |26.5|22.1{20,0] 65 | 3e.5 | sz | 30 | 3 12,2
a5z | g00f p2 [2e.5|25.3)18.5] 78 [ 855 | s7| s | 7 ]| 11.s
235 | 119| P2 |24.3 | 22.6] 18.6] 70 39,4 | 60| s0 | s | 1.6
s77 | 167] ena [24,5| 22.2] 18,7] 50 52,8 | s2| 26 | 3 11,5
215 | 180] 2na |25.7]22,7| 19.9] 51 38,6 | 55| o7 | 2 | 116
220 | 71| p2 |24,0]21.0 19,2 s | 6.1 | s ] 22 | B 11,7
130 | 178] p2 |25.0] 21.3] 18,6 52.5 | 52| 2 | 5 | 1.6
135 | 163| p2 {24.,5]21.6] 10,2 53 35.6 | s2| 24 | @ 12,2
a28 | 134| P2 |24.2| 21,7] 18,3| 69 53,0 | 54| 27 | 4 11,1
t1o1 | 160| p2 |25.6|21.6] 18,9 38 31,8 | 50| 22 | 1 11,2
234 | 146| P2 |24.6] 22,5] 18,9 64 35.5 | 86| 20 | 3 11,8
337 | 147] P2 |25.5] 22,0| 18.3] 62 2| 27 | & 11,4
523 | 148| 2na | 26,5 21.5] 19.35] 48 50,5 | 50| 25 | 3 12,0
s69 | 125 2 |24.0| 22,1 18.8] ™ 54,0 | 51| 28 | 4 11,2
200 | 1s6| P2 |24.1|22.9| 10.1] 70 3,7 | 55| 28 | 35 | 11.6
208 | 18] P2 |24,0| 22.3] 19.2| s0 35.2 | 40| 25 | 3 | 12,0
a22 | 1e7| P2 |24.9| 21.5] 19.1] 61 34,0 | st 26 | 2 11,9
278 | 108} P2 |24.7| 21,8 19.4] 61 53,8 | 44| 20 | 7 11,4



GROUP NO, 3.

. B. T, Wgt |
Tor | a elorade| ¥ | @ T | Toter | Boma | & | B g ?;;“fmg}:ﬁ
104 | 132| P2 |24.0| 21.3| 18.4] &7 31,5 | 55| 27 | 2 11,1
106 | 125| 2na {24,5| 21.5] 18.8] 56 36,4 | 54| 27 | 2 11,6
s20 | 106] P2 |23.9] 20.8] 18.2] 66 55,5 | 52| 2¢ | 5 10,5
433 | ‘147| P2 |es.5| 21.8] 10,1 WO 34,1 ss | 27 | 7 1143
236 | 146| P2 |23.9] 22.2 ] 18.0] 64 32.8 | 49| 25 | 3 1047
249 145] P2 |25,6]| 21.7 | 1945 53 3642 54 | 28 2 11,7
186 | 142) p2 |[22,9] 21,5|18.,6] 74 34,7 57 | 30 4. 1i.1
518 | 148 2na |26.0| 21.7 | 19.2] 39 81,2 | 55| 25 | 2 11,2
s06 | 136| b2 |25,1| 22.5 | 18.5] 64 55,5 | 54 | 28 | 2 11,4




GROUP NO. 4.

3

] B.T. |Weight T
Lamb Carcase [Common . Length
No. | Age |Grade| E & T |Totel {Bone A 4+ B c Cannon
10 | 113] 2na |25,8] 21,3 | 47.8] 60 38,0 | 55| 26 | 2 11,3
125 | 131| P2 |24,0] 22,4 19,0] 72 34,8 50 | 27 5 11,4
203 | 120| D2 |24,2|22.6/18.2] 65 | Be.9 | 51 | 29 | 3 12,1
o58 | 124| P2 |24.8|21.6[10.0) 60 | se.a | s ) 2a | 3 | 1me
425 | 101] p2 |24,5]22.5]19.2] 62 0.9 | 55|28 | 5 | 11,8
s22 | 154 p2 |25,11 22,0} 19,0/ &8 57.5 s1 | 25 | 3 11.9
169 | 148| P2 |24.6|21.5]186.1] 54 30,0 | 52 | 20 | 2 12,1
584 | 133] P2 [26,7{ 22,0} 19,0| 55 30,8 | 55 { 27 | B 12,4
159 | 150| P2 |22.6]22.6 {18.4] sa 6,5 | 54 | 28 | s 11,5
426 | 129f p2 |24,5|21.5|18.9] 65 544 | 2 ]2 | 5 11,5
425 | 120| 2ra |25.5| 21,5 | 10,0] 43 38,5 { 57 | 22 | 1 12,1
125 | 145 p2 24,9} 21,7]18,2] 53 57.9 52 | 28 2 11,7
420 | 111] P2 |25,5]21.9[18,9] 56 20,5 | 55 | 24 | 5 11,7
15 | 149 2na |26.6 | 22,1 | 19,3) 47 42,5 50 | 26 2 1241
424 | 110] p2 |[26.,0]22.5}129,5! 53 42,4 55 | 26 2 12,5
138 | 104] p2 |e25,3]23.0]18,9| 69 57.5 | 85 | 20 | 4 11,7




GROUP NO. 5.

BeTs Wgt

Lamb Carcasej Cannon Length
No, | F G T | Total | Bone A B ¢ Canon
3 24,4] 21,5 19.6 56 3745 55 | 29 2 11,6
12 26,7} 21.8{ 19.4 60 | 41,1 52 29 4 13,7
24 25.6] 22,3 10.4 60 | s6.0 | 40| 27 | s 12,1
25 | 26,2] 22.4] 19.8 53 7.4 52 | 27 2 12,4
30 26,0] 22,5| 19.9 56 38,3 | s2| 27 | 2 12,4
61 28,0{ 21,3 | 21,1 26 44,4 52 | 24 1 12,6
62 25,8 22,0} 10.4 56 38,8 | 50| 20 | 2 12,7
175 P2 | 24,1} 21,2 18.9 65 35,7 48 | 28 3 11,3
216 p2 | 25,6] 22,0} 19,7 58 35,8 | 51| 26 | 6 11.9
223 2na| 25,1 21,9] 19,4 49 3848 51 | 29 1 12,1
338 P2 | 26,5] 22,4| 19.9 60 36,7 52 | 290 3 11,2
409 r2 | 25.8] 21.7! 18,9 56 39,2 51 | 27 3 10,9
429 P2 | 26.5| 22.5| 20,4 55 37,1 | 52| 25 | 3 11,8
251 P2 | 25,9] 22,1 19, 51 26,6 47 | 25 3 11,7
291 P2 | 24.5| 22,2| 18,4 59 37.5 51 | 26 3 11,8
172 P2 | 24.3] 22,0] 18, 68 35,0 46 27 8 11,5
199 2nd| 26.3| 21.6] 19.7 30 3443 55 | 25 2 11,3
118 2nd| 25.5] 22.3] 19.4 50 5740 40 | 25 3 11,6
294 P2 | 24.6] 21,7| 19,4 55 3841 51 | 29 5 12,5
180 P2 | 26,0| 21,7} 19.4 35 3942 48 | 28 5 11,9
28 P2 | 24.5| 22.0| 18,4 47 3443 50 | 27 1 11,5
109 P2 | 25.6] 21,7] 19,4 63 37,8 54 | 30 4 11,9
394 p2 | 24,9| 21,7 18.4 69 3145 46 | 27 5 11.0
63 P2 | 26,2| 22 | 18,4 2 57 47 | 25 4 12,5



' GROUP_NO. 6.

BT, [Wet

Lemb Carcase|Cannon ’ Length
No jiAge [Crade | F | G T {Total IBone A B ¢ | Oannon
8| e7| p2 |25.5|22.8[10,2] 58 | et |27 |2 | 1.8
o6 | 202] 2na |25.5] 21.6] 18.5 42,7 55 | 27 1 11,6
145 | 100| P2 |24,0| 21.6| 18,9] 60 39,8 57 {30 | 2 11,5
147 | 122] P2 |24,0] 22,2] 19,3] 59 59,2 57 | 30 2 11,7
171 | 124 p2 |25,9| 23.5] 18,8] 64 40,5 56 | o8 2 21,2
189 | 127| 2na |25.6] 22.1] 19.4] 44 36,6 56 | 27 1 11,4
408 | 108 P2 |24,5| 22,6} 19,4| 63 40,8 55 | 26 5 11,8
316 | 169 2na {27.5] 22.5] 20,7 26 358 | 60 |25 | 1 12,3
121 | 164] P2 |25.5] 22.0| 10.5] 28 35,7 | B8 |26 | 2 11,7
120 | 150 P2 |25,5{ 25,5 18,8] &8 36,2 | 57 |27 | 1 11,6
305 | 142] P2 [2a.6l22.7] 10.3] o7 63 | s0 |er | 4 | 12.0
253 | 151] P2 25,2 25.8 18,6 57 38.1 55 |27 | 2 12,1
502 | 136! 2nd |29.0] 22,5] 20,8] 22 45,4 55 | 23 1 12,9
207 | 141] 2na [25,5] 21.7| 19.,5] 43 40,3 s6 |28 | 1 1246
432 | 105| P2 {25,0] 22.8] 19,3 61 41,3 58 |28 | 2 1145
201 | 135! P2 |26,9] 22.2| 20.1] 47 20,3 52 | 25 2 13,0
a5 | 120! p2 24,5 22.7] 18.3] €6 35,3 52 {29 | & 1142
269 | 131| 2ma |e6.1| 22.6] 10.2] 55 28,0 | 57 |26 |3 12,1
224 | 190] P2 |25.2] 23,1} 19.,8] 62 40,3 65 {25 | 3 12,0




GROUP N0, 7.

BeT. | Wahe
w’ Agolorage | F | o | ¢ |Fafemsejfammon | | . | g _
161 | 120 P2 26,0 |22.1 [19.6] 6 6.2 | 55 | 24 | 3 14,7
eos |116] P2 |24.2 |22.1 l1e.3] ee 55,6 | 8 | 30 | 2 1141
S92 | 99 | P2 25,5 |23.1 {18.8] 65 5787 60 | 26 3 11,2
11 | 113 | 2nd |25.1 |21.4 |10,1] 56 35.6 | 52 { 0 | 2 1148
52 | o9 P2 l2¢,8 |21.9 {190.3] 4 35,0 | 57 | 28 | 4 11,0
36 |129] P2 |26, |22.5 [19.2] 52 34,3 | 57 |2 | 2 11,2
68 |127| ond {26.2 |23.2 l10.1] =3 36,2 | 48 | 25 | 2 1144
g9 {102| p2 |22,8 |22.2 |18.2] 65 33,9 | 54 | 28 | 2 | 106
128 | 124 | 2na |27.9 {23.2 |20,1] 45 20, | 56 |27 | 2 12,1
1290 |124| 2na |26.6 [22.7 {19.8| 50 37,4 | 56 | 29 | 2 12,1
195 |181| 2nd {24.9 |21,8 [19.2] 53 35,0 | 86 | 28 | 2 11,5
214 146 | P2 [24,3 |21,5 175 | 7 32,5 | 54 | 29 | 5 1142
218 {146 | P2 |26,2 {22,0 |10.3] = 33,8 | 84 {26 | 3 11,9
83 160 | P2 24,1 |21.5 |173 ] e 5240 27 | & 11,1
535 134 | 2nd [25.4 21,7 |18.5] 38 s5.7 | 86 | 2¢ |1 11,4
194 141 | 2nd {25,9 |21.5 [19.0| 37 54,9 | 40 | e3 |2 11,3
g2 |197| 22 |oa,7 |21.9 [18,9]| 57 3243 26 | 2 11,2
205 |107 | p2 lea.s |21.7 |18.9| 46 3403 | 52 |27 |2 11,5
340 |232 | P2 26,7 |22.2 |10.8| 60 32,8 46 | 27 5 11,6
238 {237 | P2 24,7 |21.4 10,1 63 32,1 | 47 |25 |5 11,2




GROUP NO, 8.

Wgt

Lamb| : g;r;ase Cannon : ; Gannon.
No. | Age {Grade| F | G T |Total | Bone A | B g Bone
5| 157 | 2na |25.0] 22,0} 18,0] B | s7.0 | s | 2w | 2 11,2
7| 9| 2 |25:8) 22,5 19.1] 61 | 0.5 | 5 | 29 | 3 11,5
21 | 128 | ona [25;2] 2208] 19.4] 50 | Bo.5 | s | 23 | 2 11,4
57 | 136 | 2na | 35¢5] 2148 13,4 6 38,0 | 54} 27 | 1 11,6
- 40 | 122 ] 2nd | 25.5] 22,7 19.3] 52 3645 55 | 28 | 2 1145
48 | 128| pe |2a,7| 22.4] 18,6 66 31,5 | 55 | 88 | 4 10,8
go | 90} p2 |2s.2] 22.4 19.2] e2 2,1 | 52| 29 | 2 11,7
150 | 97| P2 24,8 22,2 18,5 66 3848 51 ) 27 | ¢ 1049
165 | 92| 2na|2c.8] 22.0 19.4 49 28 | 50| 28 | 2 11,8
208 | 120 P2 |25.9 25.4 19.3 i 26 | 5] 28 | 1 1241
241 | 95] P2 | 26,1 22,90 19,4 60 573 48 | 25 3 | 1.6
354 | er] pe |25.8 22,3 18.9 63 58,5 | 52 | 28 | B 1049
ses8 | oo| 2 |=24.9 22,1 18,_3 68 9.6 | a8 | 20 | 3 11,4
185 | 149 2na | 25,7 22.4 18.4 40 36,0 | 0| 23 | 1 11,53
st | 1¢0| 2na]2v.d 21,7 19.7 34 @, | s4| 26 | 2 12,0
108 | 159] p2 | 24,7 22,9 18,8 e 35¢5 | 52 | 26 | s 1841
80| 147| =na| 26,3 22,9 19, 37 | sv.5 | 55| 24 | 1 11,3
271 | 187] P2 | 26,0 217 198 49 3645 48 | 26 | B 1145



No. {Age |Grade| F G % Tobal Bone A B e Longth
155 99 ] P2 | 25.0 | 22.6 | 18.7| 55 38,4 | B2 28 2 12,0
54 1127 | 2nd| 26,6 | 22,5 | 19,4] 38 40,0 53 | 27 1 11,8
349 |112 | D2 | 24,5 |22.6 |19.0]| ™ ma | st | 29 | 2 12,2
356 {118 | P2 | 24,9{21,5]18,9] 61 38,1 53§ 27 | 3 11,8
102 1132 | 2nd| 26.5 | 21,3 | 10.5] 42 36,5 51 | 24 2 11,8
105 {132 | P2 | 25.9|21.8110.6] 49 35,2 | 48 | 23 11,6
12| s7{ p2 | 24,8|2,8]18,9] 61 3967 55 | 36 12,7
307|136 | P2 | 24,1}21,7] 18.,3| 28 35,0 56.{ 26 | 38 11,0
245|152 | P2 | 23,35 | 21,7 18.3| 59 51,9 51 | 23 3 1163
205|135 | P2 | 25.2 | 22.2 | 10.2] @5 55,2 55 | 30 3 12,1
ss5i120] P2 | 24,9] 21,4 18,5] 61 32,8 51 | 26 4 11,2
187 | 141 | 2na| 25,3 ] 22.6 | 18.6] 42 38,1 54 | 25 1 12,0
286 | 131 | P2 | 24,8 22.2| 18.2] 41 35,2 2 | 26 2 11,3
412 | 170 | 2nd| 26,1 | 20,6 | 18,9 38 35¢3 29 | 23 2 11,4
414 | 181 | 2nd| 26,0{ 22,1| 19,01 48 B4y 45 | 22 3 11,3
405(185| D2 | 24,1]22,3}{19.0f 72 31.2 45 | 27 5 11,3
345| 89| P2 | 24,0 22,0] 18,5/ 68 36,6 57 | 30 2 10.9
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APPENDIX XII (CONT'D,)

GROUP

CARCASE MZASJRRMENT DATA

1.

No, 1
0 WR WF WB TH WN R K 1 H P D X Y J  1LEGS LOIN
FAT
34 2.8 18.5 16,7 5.3 9.0 17.4 55.0 57.0 28 340 T 17 3 14 2 19
99 22,5 18,3 16,0 243 9.7 17.8 55.0 54.5 27.5 34.5 4 19 2 12 15 .13
153 20,7 18.1 1%5.3 2.7 8.4 18,2 55,0 52,0 28.0 35,5 1 13 2 5 12 12
40 22,1 181 16,7 2.9 9.1 17.9 57.0 53.5 27.0 347 4 14 2 10 14 20
70 22,1 16,3 14.8 2.5 1.7 17.6 52,5 52,5 25,5 355 1 12 1 3 12 12
287 240 17.5 165 26,3 8.4 17,8 54.0 53.5 29.0 343 4 13 4 11 13 19
364 22,1 16.7 15.5 25,3 8.6 18.9 56.0 54.0 29,0 366 2 10 3 8 1 5
288 231 17.5 16.2 26,7 8,3 17.8 54,5 52,0 27.0 350 2 12 3 11 18 17
76 227 17.6 16,4 25.3 8.4 17.4 56.0 545 27.0 33,7 4 20 3 10 17 20
342 22,5 17.0 14,5 25.4 7.8 17.6 56.0 53.0 26.5 347 1 15 1 6 13 17
344 22,2 17.7 148 26.4 8,3 17.8 56,5 56,0 28,5 33.6 3 17 3 9 16 19
365 22,2 17.0 14,7 255 8.8 18.3 56.5 57.5 27.5 355 3 12 5 10 12 19
221 23,3 16,7 141 249 8.7 18,5 545 55.0 8.0 35,6 4 17 2 8 11 19
226 23,2 17 7 16.6 25,5 8.2 17.3 56.0 545 28.5 348 5 16 1 10 18 19
225 2,2 16,7 152 26,0 8.3 17.6 59.5 56,5 30,0 35,2 1 12 3 5 13 5
NO EYE THHYRID W&, N0 NO MGBOF n LOIN
- Masc, WEIGHT HEAD BOEN REAR, EWE SHQILD €O, BACK LEGS BONE LOIN CON.
34 12 1.7 2.9 1 1 5 yr. v 5 4 v 1 v 14
95 8 29 32 2 1 ° 5y v 5 v I v X 5
153 1 5.6 3.1 3 2 5 yr. . 4 " " I " 4
400 5 20 28 1 1 2 th, 14 4 . . I 5 4
70 6 29 33 1 1 2th, 4 1 1 I 1 3
287 5 3.5 29 2 2 5y, ¥V 4 Yy I . I 3
304 3 56 31 2 2 5 yr. ’ 4 1 . I . 3
288 6 3.7 3.0 2 2 5 yr, . 5 . : 5 U 4
76 7 1.9 28 2 2 5 yr. v 4 . v . I 5
342 5 3.1 3.4 2 2 5 yr. 1 4 1 . U I 4
344 5 20 33 1 1 5 ¥r. I 4 I « % ® 4
365 6 5.4 31 2 2 5y, . 2" & . U . 3
221 7 2,6 30 1 1 5 yr. 2 4 . . 5 . 4
226 9 3.9 3,0 2 2 2 th, I 4 v . U 1 4
225 5 3.3 30 2 2 2 th, " 3 U . U U 3



GROUP NO, 2,

FAT

LEGS LOIN

3

NO

AV e e P P O P e CU OO e O 5o O e e WD
IOVl d ok ot d ot e 1111”111
PO PO O M 4 MO \O CO\D e O PO N
u71 lellnlimil et e

o
O I\ I\D €O \D 0 r=<t o O
e 19015 10 O\0 10 MY e s ©

Qo 1OV MO PPN o e MYt PV POV BN g O OO
[ B =B 8
ol et el el
NN <oy MU PO e O o B et O O mf O T DA BN

30.2485J02.31“2833132.22.0
L3 kL d L] \d L d . ® -
\D WD I\ T O = < I <F <F 1A <O A

-
4 )
,33333333333333333553

N0 1IN0 O INO INUINININD O O ININO O INO O

SRRREEEE OO N AAR AR
©,5,131nG, 5,900, 0 5 N0 INNING 0,0 1

*® & ¢ 6w ea-» L e ‘e & @
2AD P 10 o o ) OO 10\ LV LD <F MO\ L\ PO D
5%55555555555555 55%

AND af P eSS BB\ X NI
nin RRRRRRARRRKNNRRERRRAR
S P et IOVENGO 0% POED 52 CRICVIOWND O P e [ LV QD
03 €0 Po0d P DS POCS P00 P P00 P P o o o
- 4o b dep e s R S faprc b g e g e
N OO MM O OO IO 0 O =0 = MO =T
¢ & 9 6 & 6 ® © @ o & & o ® © o w & ¢ & _ o
@ SV oled 03 g oA 1S ol oS ried S edad A rted o
P ed SO e O TN PP O\ N P o O\ O ST
WS 1A AT L A IO S 1A SO 1T 1A rend 1O
LA 2 A T A A A T RN R R R A R A
AM94&5M54M5&MJJ&M3553
A - -8 o @
PO STOI\D\D ONT\O O ed O 10\ = P00 0O O\l P =t
*® - . * (3 L . > L] * L * » - . & L * » LJ .
T T OO0 €0 COND oo N oo e P o w00 \O 0O P 0O e
PO i O OVMAN MO O OV O =M pef COAD MWD
P vt dalof ol of ol o d of ol o v
ARG NNNNEANNERANARN
q | e Y (4] o
FERRINRN Y AR o RNESRY R

OO ST LA\ P IO T AN P NN

WE THYROID HEAD XoO

LOIR

n .
SIGED, CON, BAGK LEGS BONE LOIN CON,

AGE OF
A0

E
BORN . REAR, .

Muscl wgty m'

X

L O YD P ONO D=0 000000 N

<IN NN N STt NS St S

o o P M it ottt oFt skt o™ o s o

e et it MMM o s oFEEY o o et o o ¢ ¢ o o
o oP M o e o ettt D PR e o
e oM P DIt o ot P et D M e

- <t I ST I ST NS S s S < M s e <t

a o P i Mt ettt rd sbArd PT RSP I o

dEEEREERNEREEEREEREE

1N DI I I AR D D A I I N I A IO D A LA

O pod ol ot O O ok e O OO O e U 4 QL

O o e M NI NI NN OO

‘6 6 8 & 86 B B 6 & 8 & 8 & & & 6 & .
AN ARV AN Ao AR a ¥ at AV o nt A aa I o ¥ ot oV oY ¥ a T aY 2

O NV -

I o o s o =
5317,

9 - & @ : &6 & .8 .8 &6 ® @ & o &
=T 0 MO MAN MM - N

0 = OVO OO T T T N VIAE 00 IO O

ARAFRYE

573mo5m
"
dRRGI RN

385
191
234

FR




GROUP_¥o. 3, \ ’
NO, WR WF WIH ™ @ WN R K L H P D X 4 3 LEGS LOIN
\ : ' FAT
1 2.8 16,9 16,3 25.7 9.3 1.2 55 540 28,0 335 6 15 4 7 14 19
1 2,1 17.4 16,2 25.7 9.C 18,4 60.0 56,5 3.0 340 3 15 4 6 14 12
329 21,2 17. 15.8 26,1 10,3 17,6 57.0 55.0 28.5 340 5 17 3 10 13 20
433 ‘24,4 18, 18,2 26,2 8,5 17.6 60,5 60,0 30,5 347 10 18 6 12 17 1
236 23,2 18,0 16,4 24.5 8.9 17.2 52,0 545 27.0 33.4 4 15 2 3 1 1y
243 2,5 171.5 16,3 26,0 8,-3 17.9 54.0 55,0 30.0 35.5 2 13 3 5 10 12
18 2.4 185 160 245 $.8 171 570 535 265 340 7 16 2 10 18 197
- n8 22.2 16. 156 25.7 8.3 18,5 57.0 550 28.0 361 2 9 5 5 9 12
- 306 22,6 19.1 17,6 244 9.2 17,0 54.0 52,5 2.5 33.4 6 13 2 5 2 12
| N0, EYE ‘THYROID HEAD KO XNO  ZAGEOF ¥Q ' LOIN
MUSC. WeT, WG, BOEN REAR, EWE  SHOULD CON. BACK LEGS BQNB LOIN OON.
1 T 2'3 2'7 3 1 5 yro I 3 I . * L] 4
329 4 3.6 28 1 ] 5yr. 1 4 . 1 I 4
433 5 29 31 I 1 S5y, ¥ 4 . . . . 4
236 5 23 31 2 2 5y, I 5 I 1 I 1 4
249 8 31 31 & o ! 5yr., I 4 I A S | 4
. 186 10 497 30 1 1 2 ta, 1 5 1 I . 5
) 318 5 3!9 303 2 F 5 Jr. . 3 . I ! . 2
306 8 31 31 1 4 2th, ¥V 5 I 1 s 3 5
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APPIETDIX XTE . LENGTH OF TIBIA.

In seeling somg etnlanatian of the irregnlariuv exhibited in bhm x (1engtl
of tibia and tarsuu) measurenent the following measurementn were maaa on som&
iuﬁssected tibia bones from larb carcases:

A - The maxirum length of the' bone. ;

B’—-Frdmfthe most prominent (highest) point of the tubércle on the proximal,én&;QQi
the tibla to the end point of A. ' B R 1 ﬂ
T ~ length of tibia and tars sus from the tubercle on the proximal end oA tae tivia %
the ﬁ“t@“iO? edge of the distal end of the tarsal - as measured on the C““CQQG prio
“to disseetions .

A

B
A, and T have bheen ca7cnla%ed and are nfesentcd with

A ' B.
?he re1ationships T
the crude data hnlcw

GRADE -Y (SECCm) “UALITY - UP TO 36 LBS.)

Larb Ho.  A. - B. T & 4% B
1 16.9 15.3 18.6  «9086 +8226 | «9053
2 19.2 17 20,8  .9231 8221 .8906
3 " 18 16.4 19.7  .9340  .B325 .8913
L 17.6 15.9 19.6  .8980 8112 +903l
9 17.4 15.1 19.8  .8788 L7778 +8851
10 17.0 15.2 18.5 49189 8216 «891
GRADE - PRIME CROSSBRED 2 (UP TO 35<g§si)i.

2 17.0 154 18,8  .90L3 «8191 -9059
3 16.5 W.7  17.8  .9270 8258 .8909
5 16.2 b 17.7  .9153 8136  .8889
7 173 15.6 18.8  .9202 -8298 «9017
8 16.0 .1 1%5 0143 «B8057 .8813
9 16.6 149 17.8  .9326  .8371 .8976
) GRADE ~ PRIME DO CROSS (UP O 36 LBS.)

s 1644 .7 18.0  .9111 .8167 .8963
5 15.2 136 16.8  .90u8 «8095 .BYWT
6 16.5 1.3 18.0  .9167 .B8222 «8970
7 16.7 1.9 18.2 L9176 .8187 .8922
16.2 Lp.3 7.2 .9W19 .83 L8827

10 - 16 0 1.7 18.2 9011 8077 8963 |




The relationvhips show some considerable veriation, In part.icm;.cw,. the
l"ﬂ’ﬁio of A to T shows that there is not a constant relationship betv;i*e.er_l the
measurement as tdken on the carcase and the actual length of the t-ibia--.»l “This can
in part be due to the ineconstancy of the ra'tié of A to B vhich indicates '_-.fsome_»
wvariation in the highest point of the tubcrcle in relation to the total length of
.‘50118@ Though derived from very scenty data, these considerations appear to throw
bome doubt on the accuracy and validity of the T measurement in indicating length

of tibia.
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