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INTRCDUCTICN.

The majority of sires used in New Zesland herds
are obtrined from pedigfee breeders and in consequence, the
genetic merit of the national herd depends lergely upon the
quality of the pedigree section of the cettle breeding industry.
The continued use of pedigree sires by meny commercial farms
has probably resulted in 2 narroving of the genetic margin
between registered 2nd non-re~iztered deiry cattle. Upon
this genetic margin the present elite ststus of pedigree
cattle depends and if it werc possible to demonstrate that
this margin was negligible then the present rigid distinction
between pedigree anc non-pedigre: stock would not be justified.
This would heve far reasching implicetions the most important
of which would be that there would be little justification in
restricting sires used in the industry to those bred in pedigree
herds. On the other hend if it were possible to demonstrate
that pedigree herds were improving genetically and preserving a
genetic mergin over commercial herds then the present policy of
attempting to effect netion21 herd improvement through the
pedigree section of the industry would be vindicated.

This pedigree section consists of many more or less
independent herds of verying size end duration. Many of these
herds, becruse of the limitrtions imposed by sma'l herd size
end short herd durstion must contribute 1ittle to breed
improvement. The sdvences mede by one will be largely
counterbalaenced by the los e¢s of another. However, the vast
majority of pedigree herds are not geneticelly isolated from
each other due to the hizh transfer rate of both male and female
stock from one herd to another, It hss been demonstrated that
pedigree herds in New Zeelsnd bhelong to verious strata according
to the herds to which they supply sires. The top strstum herds,
of which there are =about 2 hundred, obtsin their sires from
within their own herds or from herds in the seme stratum but not
from herds in lower strata. They supply to herds in all strata.
1'he second stretum herds obtein their sires from the top stratum
herds end sup.ly to herds in the lower strate. Thus the lower
stretum herds zre becing continuslly graded up to the top stratum
herds. It is cleesr that if genetic progress is to be mede these
top stratum hcrds must be meking continued improviments because
the remminder of the pedi: ree breed is u'timately dependent upon
them for genetic geins.

Overseas workers have reported the geins possible in
single herds and have estimrsrted the geins actuelly made in some

instences. To date, however, no such work has been reported
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in New Zeezland and to this end the records of one of the
top-stratum herds have bezn studied to determine firstly
whether genetic geins during 2 twenty-year period have been
made, and secondly to ascertein the breeding practises by

which such improvement, if =ny, were effected.



SOURCE  OF DATA.

The Herd Recording Council of the New Zealand Dairy
Board has published the progeny test details of all pedigree
bulls for which information was svailable since 1943 (N.Z. Dairy
Board, 1943). Cne of the pedigree Jersey herds which has been
conspicuous as a source of meritoriodus sires has been that of
Mr. C.B. Lepper, Lepperton, Tarsnaki. Not only have the sires
bred in this herd performed well in the industry's herds in
which they were used but I'r. Lepper's herd has been outstanding
insofar as per cow production is concerned. The herd has
averaged at least four hundred pounds of butterfat per cow for
many years in an environment which though favourable appears no
betier than tﬁat obtaining on a large number of dairy farms.
Despite this the groduction of Mr. Lepper's "Maori'" herd has
been considerably in excess of the vast majority of herds
meintained under comparable conditions.

An aduitional point of interest concerning the "Maori'
herd is apparent from a study of the stratification of the
Jersey breed during 1948 (rahimuddin, 1952). This herd was
numbered emong the 112 herds comprising the top stratum of the
breed, that is herds which supply sires to herds in the various
strata but do not draw bulls from herds in strata other than
their own. The herd is thus & unit of the nucleus upon which
the remainder of the breed is largely dependent for genetic
improvement and to which the whole breed is being graded. Further,
among these nucleu: :(vsce, ~i:le "Maori" herd is one of the most
important as judged by the lotal number of pedigree heifers sired
by animals bred in the ''Maori" herd.

For these reassons a study of the methods of selection
practised in the '"Maori" herd and an attempt to sssess the
proportion of the improvement in productive herds due to genetic
causes should be of interest to both the animal husbandryman and
the geneticist. The herd is admirebly suited for such a study
for the following reasons:-

(1) All animals in the herd have been continuously recorded
since the beginning of the 1930-31 season, thus providing
twenty-one years records. h

(2) During this twenty-one year period the herd' has
numbered aporoximately 100 animals in milk each year,
a totel of 357 cows with 1892 lactations of at least
100 days duration being available for study.

(3) The herd has been closed since 1942, The last
purchased bull sired progeny between 1937 and 1942,
and since 1930 no purchased dams have entered the

&
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MNaori herd. It is thus possible to obtain comparable
pedigree estimates ol 211 the replacement heifers and
the majority of the sires used in the herd since their
dams in most cases have performance details in the same
environment.

(4) 3ince the beginning of the 1931-32 season the herd has
remained under single ownership. Volume V (1908) of
the New Zealand Jersey Cattle Breeders' Association shows
that the lste Nr. H.B. Lepper first registered a pedigree
heifer born in Auguét 1902 and continued to register
stock each year until his death. Stock in the Maori
herd have been regcistered under the neme of the present
owner Nr. C.B. Lepper since 20th September 1931. The
present study therefore deals almost entirely with the
changes which heve taken place during Mr. C.B. Lepper's

ownership.

‘\a. b

.The dats also hes certain shortcomings. Briefly these
are as follows:-

(1) There were no records aveilable of the sex and subsequent
fate of all calves born on the farm, This deficiency
in the masterial though not serious precludes cergain
analysis.

(2) During the 1930-31 season the "Maori" herd consisted of
both pedigree and non-registered stock, and it was not
until the 1944-45 season that the herd consisted entirely
of pedigree animels. It is possible that pedigree
replacements entering the herd during the period of
chenge over from gredes to pedigrees were not selected
as vigorously as those used for replacement pufposes
when the herd was entirely pedigree.

(3} The number of annual celvings has varied but since this
is fairly typical of New Zealand herds it was not
considered & serious deficiency other than the
complicstions caused in the various computational

procedures adopted.

Pedigrec records were readily available from the herd
books of the N.Z. Jersey Czttle Breeders' Associstion. Performance
details were obtained from the copies of the monthly Group Herd
Testing returns held by the New Zealand Dairy Board in the case
of records up to the 12945-46 season and from copies held by the
Taranaki Herd Improvement Association for the later years. The
estimation of yields under the Group Herd Testing system is based

on a sampling proceedure. The recording officer visits the herd

once each celendar month without notification to the owner. Fach
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visit comprises two consecutive milkings at each of which the
milk is weighed and proportionately sampled for subtsequent
testing for butterfat content. This recording system has
been demonstrated to give reasonably accurate estimates of

actual lactation yields (Camrptell 1946).
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PXTENT AND CATUSES OF HxRD IMPROVENMTNT.

=3
m
=
=

The most important problem in herd analysis is to
apportion trends in production to the factors responsible,
Changes in productive levels are determined by genetic and
environmental forces and can te entirely accounted for by
these two factors and by the interactions between them. Thus
the phenotypic varience of a character such as butterfat yield
may be divided into the following component parts:-

2 2, 2,2r C
B = (oot (3 + “per—ng—x + £ (CeE).

where
G; is the phenotypic variance
dge is the hereditary component of the total phenotypic
variance.
CE is the environmental component of the phenotypic
variance.
1
RGeE is the correlestion between heredity and environment.
and f(GeE) is the non-linear genotypye- environment interaction.

The last two terms may be neglected for most practical
purposes (Lerner, 195C) and the formula is usually written:-
2 _ z 2
dp = Gbe + Oé
Each of these two components of the total variance can
be partitioned further. The genetic fraction (dée)~may be divided
into:-

2 2 2
Oge = 0o + CTai

()
where dé is the verisnce due to the additively acting component
’

and Gﬁi, is the variance due to the componeni containing non-
g
ad.itive effects, including epistatic and dominance

deviations.

Similarly ‘he environmental corponent of variance may
be subdivided into:-
2 =2y + 7
where Cﬁ; is the variance due to the environmental component
which varies at random between similsr families
and Gi is the veriance due to the environmental component due
to the influence common to members of the same family but
varying from femily to femily (primarily non-genetic

effects of mother on offspring).
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When Ci does not make large contributions to the
total variance then for practicsl purposes:-

)

The complete formula may then be written as follows:-

T :

G

If the effectiveness of a breeding programme is to be
appraised it is necessary that the observed chenges in productive
levels be separated into these environmental and genetic components.
An examination of herd averages with respect to changes from one
year to another gives no indication of the causes of these changes.
Increased production may be the result of improved feeding and
management or of improved genetic merit,

The easiest method to estimate the year to year changes
in herd invironment is to use the concurrent records. The
change from year 1 to year 2 would be the difference between the
average of these two years with respect to the selected groups
of cows who made records in both these years. Similarly the
changes from year 2 to yezsr 3 wouid be the difference in average
production for these two years in & second selected group of cows

who made records in both years 2 and 3. Lhis procedure could be ¢

carried on for eny number of years desired. This method was

employed in a preliminary investigation and the results as shown

in Table.i. and Figure.i_ .

Table I i Showing annusl herd average of mature cows
and their corrected records.
Year. Annual Eerd Average Annual Corrected Herd
Pourd Butter Fat. Average Pound Butter Fat.
1930-21 327 337
1931-32 344 350
1932-33 364 361
1933-34 384 360
1934-35 362 373
1935-36 371 383
1936-37 393 405
1537-38 40C 421
1938-35 344 427
1939-40 398 437
1940-41 416 432
1941-42 438 460
1942-43 457 461
1943-44 4CO 465
1944-45 420 485
1945-46 439 480
1946-47 440 495
1947-48 4c2 492
154e-48 428 501
1949-50 429 $03
1950-51 441 506




The corrected mature cow average appears reasonable
during the eesrlier years but the wide divergence between raw
and corrected records from 1938-39 to 1950-°1 indicates that
this is not the most efficient possible methLod of estimating
changes. The changes from year 1 to year 3 can be estimated,
not only bty comparison of the year 1 versus year 2 with the year 2
versus year 3 estimates, but also by comparison within the group
of cows with records in both years 1 and 3. It can be seen
that there are many combinations of comparisons and the problem
arises as to how best to weight them.
Henderson (194;; suggests the method of least squares
as a computational procedure with which to weight the various
comparisons. A model apglicable to the Xk ast squares method
is as follows:-
Yij=p 4+ aj +cj ¢ ej j

where Yij is the record mede by the jth cow in the ith year.
P is the population mean,
aj is the environmental effect of the ith year.
cj is the real producing ability of the jth cow.

and ejj is a rendom error associated with the record of the
jth cow made in the i-th year.

The errors are assumed to be uncorrelated, and in most
cases they are assumed to be normally distributed. Essentially
all this model says is that the record of a cow can be at least
approximately expressed as the sum of the population mean, a cow
effect, anenvironmentsl effect peculiar to a particular yeey, and
an error which is presumsbly the sum of many different environmental
effects impinging upon a perticular cow in a particular year.
rhe real producing ebility of the cow is a function of her
genotypé and of permanent environmental fTactors peculiar to her,
The oblem is to assign values to P, ei, and ¢j in such a way
as to minimise the residual sum of squares. The solution to
the rollowing set of simultanecous equations accomplishes this

objective,

A
n QeEn, AeTn 2 ET
A B +EJ'-." =2 -
NP9 j"ﬁl‘J“ngl (One such equation for
h of the ai)
A A AL eac
n‘JP+Zi':HLJaL+n_ ‘] 'ZLYL[ (One such equation for
each cj)
where njj = I if the jth cow mede a record in the ith year.
and njj=01if the jth cow did not make & record in the ith year
n = the tot2l numbcr of records.
ni = the number of records made in the ith year.
and . n: = the number of records made by the jih cow.

A A
The solution to these equations - forp+£‘:;‘{j(§YL“{nijay-
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Utilising this fact, the equations can be reduced to ones
involving only the'@}. Then after improving the restriction
Z a\L:O the/gi can be solved.

L Both the least squares estimate, and the comparisons
of yearly averages of cows selected because they had records
in two specified years, can give seriously biased results.
The bias arises from the fect that if the cows which are culled
from the herd have averasge records below the herd mean, the
environment will appesr to have been detériorating whereas there
may have been no change. Similarly if the environment has been
improving, improvement in environment appears less than it really
has been. If the environment has been getting worse, the
deterioration in environment vill appear worse than it actually
has been. Conversely, if the cows culled from the herd are of
above average production, the environment will seem to have
improved more or to have deteriorated less than is actually the
case.

The reason for the bias in the least squares method

is the incomplete repeatsbility of dairy records. It is a
well known fact that a group of cows selected because their
records were above the herd asverasge during the past one or more
years are likely to produce less far 2bove the herd average the
next year. Conversely cows selected far below the average
production are likely *o be less fer below the herd average in
their succeeding lactetions. The resson for this is that cows
with above averege production more freguently than not receive

an above sverage temporary environmental contribution. Since

this temporary factor does not carry over to succeeding lactations,
these later records are likely to fall below the earlier ones.
The crucial point is that the least squares and similar methods
are essentially year to year comparisons of records of the
survivors of each year's culling. Therefore, if the survivors
of culling made records above the herd average prior to the
culling of certain of their mates, we should expect these
survivors' records to be less in succeeding years and consequently
to make it eppear that the environment is becoming poorer from
year to year.

What is needed then is some method by which knowledge
of repeatability of dasiry records and of the year to year
culling levels can be utilisei to adjust the estimates of the
yearly environmental effects. The method of maximum likelihood
described below does all of this automatically in a set of

simultaneous equations which are little more complex than the

least squares equations.
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The model used for the least squares analysis may be

modified as follows:- (Henderson ibid)
Yijk = JA+ ai +# bj+ cjk t €ijk

where Yijk is the record made in the ith year by the kth cow of
the jth group of cows
p is the population average
ai is the environmental effect of the ith year
bj is the average real producing ability of the jth group
of cows
cjk is the real procducing ability of the kth cow of the
jth group

and eji jk is a random environmental effect peculiar to the
individu~l record.

The new element in this model as compared to the least
squares model is the bj. It represents the average real
producing ability of & particulesr group of cows. It might, for
example, represent a set of cows born within a specified period.
Additional assumptions are necessary - that the C jk are normally
and independantly distributea with mean O and varisance Ui, and the *
ej jk are normelly end independantly distribute. with mean O and
variance Gi , and thet the c's and e's are oncorrelated. These
assumptions mean that the cows of a particular group are randomly
drawn from a normal population whose mean iS‘P'* b j and whose
variance is 6§. Further temporary environment is not correlated.

With the assumptions specified above joint distribution
of the YiJjk and the Cjk can be written and can proceed to compute
values of p, ej, bj, and c¢jk which will maximise the probability
of obtaining the sample of records actually at hand. Z’The
distrlbutlon:se z‘sz/‘j& MO b»c J _)__ e z°'

L)fl Zr e

jRVER o2

The maximising velues are the solution to the following set of the

simulteneous eguations:

vy ..
p,-l-ZH aq—ZnJ bJ+§:£n)h JR -ZL‘E_%LJQ
"‘L..(fl‘\’(*a'b)‘, Plis 4—2 'L-.LJ :% lh\(Jk’ and similarly for

_ all a's.

j(}u—b )—¥£nbj a 42}1\4 th :ZL%-aTl:jR, and similarly for
62 < all b's

h-j h("}_i.;bJ')-}XLn LJh a/"j (njb\ + ?/ei) ’L\:, k.:ll:\,/l’.,h , and similarly for
€ all c's.
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nijk = I if the jkth cow has a record in the ith year
and = 0 otherwise. A dot in the subscript denotes
summation over thet particuler subscript. That is
n... refers to the total number of records, ni,., to the
number of records in the ith yesr, n_j Lo the number of
records made by the cows of the jth group, n, jk to the
rumber of records made by the kth cow of the jth group,
and nj j to the number of records made by the jth group
in the ith yeer.
It will be noted thet—fé_ appears in certain
62
c
coefficients. This retio is closely related to repestability
of deiry recotrds as defined by Lush (1945), and concerning the

size of which several estimates have been made in this stugy

(see Appendix I). If repeatability is denoted by r = 6¢
Z % 62
0c + Ce

then dg cean be written as 1-r for example, if r = 0.44, dg =1.3

7 : e
c c
. ~— . .
solving for cjk 1n the above eqguation

<. _ (fg - R -
C)R - n_J-th +d2 ZLTL}’% "-’nzPL " Jk’bJ ZL‘JR 9

Consequently these expressions may be substituted forrsﬁk in the

u, a, and b equations and thereby eliminate theﬁéjk. Then a set
if equations remains in which p - bj can be expressed in terms
of the aj and certain observed records and in which by proper
substitution the equations can be reduced to one involving only
the ai.

Consider the expression for”éjk and now assume that u
i1s known and that all aj and bj = O, This would be the case if
it is assumed that there have been no changes in the herd
environment nor in the genetic merit of the herd and that the

herd average is known without error. Then

- @2 L.-n_ K
IR, 07 S (ZLY"Jb‘ JR )
_ R ,(—. -p
a l+(n'jk —‘)1” Y‘.“l )

This last expression is exactly equivalent to the

method derived by Lush (1S45) for estimating the real producing
ability of 2 cow. That is, his method is in fact the maximum

likelihood method under the assumptions listed above. The
method described here (Henderson 1949,a) utilises these same
principles but permits the cessumption of changing herd

environment and genotype.
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As fer as cen be ascertained, the method has been

employed only once in the enalysis of herd records. Lush (1953i,ﬁ,
reports the average butterfat pgroduction (first 8 months of the é
lactetion end corrected to mature age) of the Holstein-Friesian
herd at Iowa Stete College during o 17 year period in which the
streight line trend of the ennual herd averages (m-ture equivalent)
is upwerd 2t the rete of 5.9 oounds per yeer. The genetic
component in this is 2.% pounds or nearly half of the total. He
further states thast these particulsr ficgures do not warrant any
generelisation although he does say that no bias was apparent in
the method by which they were derived. The figures may be
undependable, however, beczuse: (1) they sre based on one herd
avercging about 50 to 60 milking cows, end hence may have consider-
able sempling errors; (2) the time involvec is only 12 years.

This is only about two znd one h2lf generations in cattle and is
much too short an interval on which to base a dependsble trend
line, yet, beceuse of high herit-»ility and the amount of selection
reasonably possible, he remerks thet = genetic improvement of about
two or three pounds per yesr over long periods of time is a
reasonable estimete of which one cen expect a whole breed of dairy
cettle to achieve.

In the present anelysis the first problem was to decide
the amounts which should be added to immeture records (two-year-old
and three-year-old) to convert them to their mature equivalents.
The New Zealand Dasiry Board empl~y correction factors for Jersey
cattle of ¢ 70 1bs to two-yeer-o0ld records and 4 35 1bs to three-
year-0ld records. A11 normsl records (lactstion between 100 and
305 days) for two-yesr-old, three-yesr-old and msture dams (aged

four to nine years) in the herd under study are given in Table 2.

Table 2. Averapge of normal lactation distribution.
Year. 2 yesr-old. 3 year-old. | 4-9 year-old.
1930-31 250 (11) 281 (15) | 337 (22)
1931-32 284 (14) 292 ( 8) 344 (44)
1932-33 286 (12) 323 (14) | 364 (46)
1933-34 286 (11) 339 (10) ; 384 (51)
1934-35 248 (3) 342 (12) | 362 (60)
1935-36 302 (17) 393 (1) 371 (54)
1936-37 349 (15) 297 (20) 393 (38)
1937-38 312 (13) 340 (16) 400 (41)
1938-39 261 (19) 314 (12) 344 (45)
1939-40 343 (14) 352 (23) 398 (53)
1940-41 335 (14) 410 (15) 416 (62)
1941-42 307 (15) 406 (14) 438 , (63)
1942-43 347 (9) 413 (12) 457 (72)
= (o]
134344 523 18 | 382 hE) 498 (88 [mumver of
1945-146 337 (22) | 391 (10) 439  (s57) [|lactation:
1946-47 331 (13) 393 (21) 440 (48) |in brack-
1947-48 350  (12) | 371 (13) | 402 (60) [ets.)
1948-49 324 (14) 398 (12) 428 (61)
1949-50 367 (13) 353 (13) 429 (60)
1950-51 384 (13) 436 (11) 441 (63) N
Average 319 (275) [ 36¢ (277) | 400, (1120)
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The annusl diffc'ecnces between the productions of
the three age classes are shown in Fig. 2 . Though mature
cox productions exceed the two-yeer old and three-year old
productions on the average by 81 and 40 1lbs of butterfat
respectively, year to yeer chianges are considerable. The
differences betwecn meture znd two-year old records.are,
generally speaking, largest in the years in which the mature
cow average is high (subsequent to 1940). Differences between
the three-year old and mature records are more uniform. Differ-
ent correction factors for each year would appear desirable but
since these would be applied to the date from which they were
calculated it would be difficult to justify their use. It
was decided that though errors would be introduced by the use
of the New Zealand leiry Board correction factors they were
probably the most relisble ones available for New Zealand
conditions.

The herd studied was "slow maturing", probably for
management reasons and tne use of corrections derived from
faster maturing animels will sugcest that management is getting
better (cows corrected first records will be below the true
value) and consequently the zenetic level declining, even
though there may be no change in either.

Thus the use of the New Zealand Deiry Board correction
factors derived from estimates made from many recorded herds
treated as one pupulation, though open to objections, should
tend to underestimate the genetic contributions to the total
improvement in the herd studied.

They were used to correct the yields of 2 and 3 year
0ld heifers in the herd under study, which comprised 357 cows
with 1892 lactations during 21 seasons. X

The simplified method of maximum likelihood was used
(Hedderson 1949b) which involves conbining p and bj into a

single parameter. The equations are as follows:
n. tn"ﬁzn--(/ +b -QZ N- e ‘Z~¥
Lot U. M qb R —L I

and similarly for the other a4 equ9t1ons:

Zh Q +"J<PLB)+Z”JR JR z LJQ

and similarly for the other n ¢ b equations:

ZLhLJ’RaH‘ (“b M /) IR Z"JR

and similerly for the other equations:
ai, 82, a3 . . . « agy = the environmental effects
peculiar to cows freshening in

1930-31, 19321-32 to 1950-51
seasons respectively.
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p+ bi, g+ b2, 1+ b3, p + by, p ¥ bg and p + bg = the permanent
producing abilities of the sub-populations born before 1930,
between 1930-33, 1934-37, 1938-41, 1942-45 and 1946-48 calander
year periods.

These sub-populations were chosen to simplify the
calculations. By reducing the twenty-one sub-populations
classified according to year of birth to six sub-populations
each born within specified periods the number of equations to
solve is correspondingly reduced. That such reductions can be
justified is clear from Fig.9. in which all the animals in the
herd between 1930-1951 are shown according to their date of
birth and their sire. Considering only the herd entries, those
born between 1930 and 1933, 1934 and 1937, 1938 and 1941, 1942 and
1945, and between 1946 and 1949 inclusive do exhibit between group
differences so far as sires are concerned and a2t the same time
slhiow considerable uniformity withi n groups. The classification
was considered sufficiently distinct to warrant the grouping of
herd entries into the classes specified above.

The cows born in any specified period have been
considered a random sample of cows from some infinite sub-populétion
of cows which might have been born in that period in the herd under
study. The sub-population is assumed to be normally distributed
with means P bj and variance og 5

Mature equivalent records of the 257 cows in the herd
under study were first tabulated. Table 3 shows in abbreviated

form the lay-out of the raw data corrected to maturity equivalent.

Table 3. Mature Eguivalent Records.

Cow Yeer of Jeason cow freshened, Cow
Birth 1950=-1 19>1=2f--- - . - - -{1950-1 Sum.

1 1916 221 ’ 221

1920 316 257 569

356 1948 433 433

357 1648 320 320

Freshening 15911 27966 47309

year sum.

The total butterfat production of each cow, each year,
and of each sub-populstion were then calculateg.

The next step was io ceslculste the value of cji

for each animal. This was derived from the number of lactations

recordefi for each animsl plus thefactor l-r = 1.3. The layout
r
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of the data for this calculation is shown in Table &.

Table 3. NMaximum Likelihood Egquations.
a;s -a97 B -=-- bg C ik Right
member,
ai 49
o7 106
bj 406
bg 15
ci 1 0 2.3 221
t357 0 1 2.3 320

The top two sections of the table (a3 - ap; and bj - bg)
are included to check computations and for subsequent calculations.
Having obtained.tlhe cjx for each animal the next step
was to reduce the large number of unknowns designated by zero in
Table 4.

reduced to 27 in number by making use of the fact that cjx can

The equations necessary to solve these unknowns may be

and the right member

be expressed in terms of the ej, p + bj

of the cjk equation.

two steps.

For example:
= —1_
T 2.3 (221 -

-1[p ¥ by )

This is feciliteted by performing the operation in

First Table § wes prepared as shown:-

Table 9.
i - s e 321 bi b6 ch Right
mamber.
cy .4348" .4348 2.3 96,08""
Cq . 3030 .6061 5.3 | 213.64
¢357 . 4348 4348 | 2.3 | 139.13
n Mo of lactations  _ 1
ch 2.3
i sum of lectations = 221
C ik 2.3

This enables Table D to be prepared in which Cjk can
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be expressed in terms of other parameters. In these equations
the column heasdings denote the unknowns while the row headings
denote the eguations. Table & is prepared by using information

in Tables 4 and §.

Table 6,

P T
ai 39.34 12.¢% 3,712.74
;21 84. 83 15.10 12,957. 50
by 72,95 25,033.13
56 29.71 12,675.03

The entry in the upper left-hend corner is calculated
from the eniry in the a; column and a; row of Table 4 minus the
cross products of the entries in the aj column of Table 5.

The entry in the a. column 23 row is calculated from
the same tebles.

The entry in the bj column aj row is calculated from
by column aj row in Table 4 minus the entries in the b; column
of Teble 5.

The entries in the ®3 columns and bj rows are the sums
of the bj columns.

The Right mamber in Table 6 for the a; row is calculated
from the sum for the aj row in Table 4 minus the sum of all
entries in the Right member column of Trble 5 for all the entries
of aj.

It is possible to reduce the equations still further
by making use of the feaet that bj can be expressed in terms of

aj and the right meambers. This step is shown in Table 7.

Table 7.

BJ - F R IR - 1% | bJ Right member.

b 1723 72.95 25,033.13

[bs . 5082 29.71 12,675.03

The entry in the a; column bj row is calculated from

the entry in the bi column aj row of Table D divided by the sum
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of the entries in the bj column of Table 6.

Entries in the bj column and the Right mamber column
are obtained direct from Table 6,

The next step is to construct Table B in which C jk

and bj have been expressed in terms of aj and the rightmembers.

Table 8.

a3 ---c v 7 - an) Right members
2y 37.17 - 597.46
321 75.65 + 2,276.52

The entries in Table ® are obtained from Table 7
by the seme procedure as adopted in eonstructing Table B.

There is no solution to the equations of Table 8
as they stand since the sum of 211 bue one of the equations
in each row is equal to the remaining equation with signs
changed. This difficulty can be overcome by imposing the
restriction that the sum of a; = 07 that is aj + ap + =0
This restriction is permissable since yearly environmental
effects are thereby expressed as devistions about the mean of
such effects, Thus a57 = -aj - ap - - - - - ans0-
The solution of these equations with a large number of unknowns
and unequal subclass numbers is difficult and tedious. The
procedure may, nowever, be eimplified by some computational
devices. The one employed in this study is the iterative
method of solution.

The equeations zlready obtsmined are not independent.
The following proceuaure to meke the equetions independent and
the diagonsl elements as large as possible relative to the off
diagonals has been adopted (Hcnderson 1948).

(a) the ap] elements has becn deleted
(b) the coefficients of the ap] elements have been
substracted from the a; elements in the appropriate row. ,

Table . @.can then be constructed.

Table 9.
ai By ...+ .ee.. .- 820 Sum
an - 9.16 52.48

850 101.08 - 493.24
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The sum column in Table 9 is obtained from the
difference between the right numbers in Table & and the product
of the entry in aj column bj row and the right number in Table 7
ice. ( + 3,712.74) -(25,0633.13 X 0.1723) = - 597.46.

the iteretive method of solution was then employed
to obtain Table }. This method consists of absorbing ay .

The results are given in Teble I0.

Table |0.

- 17.07 - 6.86 + 33.56

- 16.32 - 6.73

- 16.07 - 6.68 + 51.86
aj a2 ansiy

The first entry in the bottom left hand corner of
TeblelD is deriveu from the division of the sum in row aj
of Table 9 by the entry in a; column ai row.

- 597.46 /37.17 =-16.07

The first entry for ap, in TablelQ is derived from

the following equation:

- G.16 a; + 52.48 a, = - 203.57
. _  =203.57.-(9.,16* 16.07)
ow By = 52, 48

= - 6.68

This procedure is continued across the page.

The second entry for row aj working upwards is
derived from Teble 9 2s follows:-

- 597.46 ¢+ (=9.16) - 16.32.
37.17

Successive estimates were calculated until the last
three in 2311 columns were identiceal. These estimates are

shown in Tableil.

Teblell. The environmental effects peculisr to cows
freshening in each season. ’
ay -17.07 ag ’ 9.32 815 - 1.96
L - 6.86 eq -57.03 216 14.04
&3 4,07 alo -10.01 817 - 1.83
84 - 8.50 811 15.91 ags - 25.12
a5 -12.08 ajo 8. 87 a9 4.83
ag - 4.53 313 35.70 220 - 8.40
a7 14.91 314 12.18 8.0]1 33.56
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These represent the environmental effects peculiar
to cows freshening in each year.

It was then possible to correct the animal records
for yeer to yesr environmentel effects. The results are

given in Teble 12.

Isble 12, Annual lature ,uivalent and Genetic
Averages.
Year. Annuel Neture Iquivelent |Annuesl Genetic Average
Aversge. X
(Found Butter Fat) (Found Butter Fat)

1930-31 325 342

1931-32 343 350

1032-33 367 358
1933-34 377 385
1934-35 363 375

1935-36 365 370

1936-37 390 375
1937-38 588 379

1938-39 331 388
1939-40 391 401

1940-41 416 400
1941-42 419 410

1942-43 444 408
1943-44 395 383
1944-45 416 418
1945-46 429 415

1946-47 421 423
1947-48 403 428
1948-49 432 427
RLS49-50 424 432

1950-51 446 412

X Meturity Equivelents.

Fig. 2 shows the aversge butterfrt production
(corrected to mature age) and the genetic average for the herd
during twenty-one years studied. The straight 1line trend of
the actual records is upwerd =2t the rete of 4.8 pounds per year.
The genetic component of this is 3.9 pounds, zpproximately 80%
of the total improvement, was due to changes in heredity.

Fig 3 shows the regression lines of the actuel and
the genetic esvereges.

‘ The amount of relisance which can be placed on this
estimate is uncertain. Compared with the findings reported
by Lush (1951b) the genetic improvements in the herd studied
are large. The materiel studied wes probably superior to
that used in the Iowa anslysis since it spread over about
four cattle generations 2nd the herd =svereged epproximately
100 cows in milk each yeer. The meteriel difference is that

all normal records between 100 =#nd 205 days duration were

4

included in the analysis whereas the study reported by Lush (ibid)

dealt only with the first 180 days of each lactation. The way

in which this difference would affect the respective analyses is
umeS yor the

not clear in view of the absence of renestohili+e




18.

first 180 days in the present study.

An averege enimsl genetic gain of almost four pounds
of butterfat per year over & twenty-one jyesr period represents
considerable genetic progress. It represents a genetic
improvement of approximetely 1% of the averzge yield per year.
Rendel and Robertson (1950) state that the meximum possible rate
of cenetic improvement in milk yield in » closed herd would be
of this order. These workers used & velue of 0,25 for the
heritability of milk yield bzsed cn one lactation. Since the
repeatebility of records in the herd studied was 0,44 it is
poscible, though this was not ascertained, that the heritability
values for butter fat yielu from single lactetions was more than
0.25. Thus the meximum cverage animal genetic gains for butter
fat yield may exceed 1% of the aversge yield per year. If such
is the case then the results obtained would not appear unreasonable,

There are several reascns for expecting considerable gains:
(a) Apart from twro imported sires used, in the period reviewed

the herd wes closed. Thus the probeble breeding value
of trhe sires used could »e predictcd more accurately than
if they were bought in because the menezgement factor would
be assessed.

(b) The intecnsity of selection could hazve been higher than
thet normelly erccuntered in pedigree herds. In the
first place rcletively few sires vere used extensively.
(see Tig.©. ) ond they mey have been selected from only
the few outstsnding dams in the herd, rather than the top
S of the herd which is the usual assumption (Lush 1946 p.147,
Seconcly a relalively low proportion of the available
heifers rcplecements entered the herd each year particularly
in the late ycors studied (see Fig,.8-). This again
would allow more Iintense selection to be practised although
the added genetic contribution from this source is not
litely to be lerge.

Cn thc ottier ko»nd the low replacement rate noted
tezether with tie _radual incresse in herd size (see Fig.7. )
would be reflected in longer seneretion intervals and, since
the g¢cnetic improvement per ycer is ceauel to the genetic
selection di“ferenti=l divideu by the mean generation
length, the adventeges asceruing from the more intense
selection moy heave been lorgely diszipated by the increased
generation intervels,

(c) According to the breedcr, very little emphasis has been

placed on selecting for fectors other tnan butterfat yield,

e.s. type ond butterfat percentage. Selection for these
fectors would have rteduced the selection differential on

yield.



The next prohlem is to find the source of this
genetic improvement - whether it comes from dam selection
or from sire selection. These problems are dealt with in

the rerainder of this study.
y
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GENZTIC CHANGES SUIN TO DAM ST.LECTION.

In the previous section the total genetic gain in
twentyone seasons has been found to be & 3.94 1bs. of butter-
fat per season. This may h&ve been due partly or entirely to
the selection of dams of replscements and in this section an
attempt has been mede to ascertain the proportion of the genetic

gain the breeder has achieved through dam selection.

Importance of dom's level of butterfat production.

As far as possible New Zealand dairy farmers aim to
have all the cows in their herd calving a2t twelve monthly
intervals. Under normel circumstances the number of heifers
born each year will exceed replacement requirement (N.Z. Dairy
Board, 1943). This excess permits the breeder to exercise a
choice and, if his aim is primarily to improve the level of
butterfat production in his herd, as fer as possible he will
probably choose as his future breedin, dams the offspring of
those dams which in his opinion are most likely to transmit
desirable hereditery factors for butterfat production. This
necessarily involves estimating the breeding values of herd
dams and 1f the effects of dam selection are significant, the
care and accuracy with which such estimstes are made and the
use of them, should be reflectei in the subsequent genetic merit
of the herd as a whole, and the breeding value of the sires
supplied to the industry.

The relative.importence of the various aids to selection
is fully discussed by Lush (154%) 2nd, in view of the numerous
practicel difficulties, he concludes that in the use of female
deiry cattle estimates of breeding velue based on an animal's
' performance are likely to be most valuable. The reproductive
capacity of cows rules out progeny testing as a widespread means
of selecting the best breeding damg while selection of dams on
pedigree ralher than performsnce is less accurate by itself and
should bYe used only as 2 preliminary estimaste or as additional

evidence to performence.

But the performarnce of ~n animal is essentially a
phenotypic measur: and makes no distinction between the ggretic
and environmental contributions which it comprises.  Further,
measures of performence are expressed as lactation yields and
for any one animal these chenge from time to time. Hence the
breeder must first decidc upon the best estimate of phenotype

and then aporeciate that only 2 portion of the phenotypic

differences between animals is pesssed from parent to of fspring
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and reflected in the performence of the latter.

After due allowence has becn mede for age and known
environmentel effects, differcnces between the lactation
yields of the same animel still exist (.endel and Robertson, 1949).
Since the breeding vslue of the an‘mal does not alter, temporary
or unnoticed chenges in environment or errors in measuring yields,
either or both working in a positive or negative direction, are
of importsnce. Repeated measurements of the phenotype allow
these temporery effects to cancel esch other to some extent thus
reducing the phenotypic veriance. The heritebility of the
remaining phenotypic veriance thus becomes higher.  TLush (1948)
states that where intra-herd ”repeatability"*-is about 0.4 selecting
on two lactation records per dam would result in 1.2 times as
Rach progress as selecting on one, three records about 1.29 times
as much, four records 1.355 times as much and the 1limit would be
1.°8 times as much even if 211 selection could be postponed until
the cow had #n indefinitely large number of records.

The importance of a succession of yields is well
illustrated by Ward (1551). In the investigational work of
the Vew Zealand Deiry Bosrd the averege performance of sires )
deaughters were found to vary apprecisbly with the performance

details of the sire's dam, 65 sons of Lifetime Merit Register

cows (2,50C 1bs. of butterfat during a period of not more than

8 years) left daughters averaging 11 1bs of butterfat above the

expected and 207 sons of cows with single records of over 600 1bs.
of butterfat left daughters aversging 4 1lbs. above the expected

level. Thus the sons of dams producing on the average between
300 and 400 1lbs. of butterfat in each of eight seasons efforted
almost thrice as much progress in level of fat production as did
the sons of dsms with a single record exceeding 600 1lbs. of
butterfat.

@ithin herds, the brecding values of the dams are
essentielly comparastive,. A breeder relying on home—bred stock
for replacements is concerned in aistinguishing the relative
genotypes of the dems comprising his current herd. If numbers
are to be maintained, some heifers must be brought into the herd
each year. Making the decisions as to which of the young stock
enters the herd is, therefore, 2 more or less continuous process

and since it must be related to the merit of the aveilable heifers,

X cee Appendix T.
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changing from time to time as the standard alters. If
preference is shown for the progeny of high producing dams,
high production relates to the average production of the herd
when the records were made. 3ince herd averages vary from
year to yeer individu~l productions must be related to them.
For example, the progeny of ¢n animel producing on the average
400 1bs. of butterfat each lactation when the herd average is
350 1lbs. merits more attention than the progeny of a 400 1bs.
cow in the same herd when the a2verage production has risen to

375 1bs.
The necessity for eliminating changing standards of

production in the herd under study is clear from Tablel.
end Figure 2. in which are shown the annual averages of normal
lactetions production during the first 305 days of a lactation

and for cows in milk for at leest.IOO days for 2 years, J years
and 4 - 9 years respectively. Considerable year to year

variations are apparent in Figure4. but there is a distinct
upward trend in production levels, There is an upward trend

of + 4.69 1lbs. per year for 2 year old and + 4.7} for the mature
animals. 3ince the sverage productivity of recorded cows in

New Zealand has risen only 30 - 40 1bs during the period 1930-50
(New Zealsnd Dairy Boerd, 1951), the enormously increased product-
ivity of the herd under study, may in a lerge measure reflect
genetic improvements as well as better herd manzgement and improved
levels of feeding. However, an e¥emination of Figure4. 1in which
the 2 year old and mature cow annual averages are shown reveals

that the two avereges though in general moving together, do not
inveriably do so. Cne would anticipate that if the genetic merit
of the stock was uniform from year to year then seasonad conditions
would affect the productions of the two age groups in a similar
manner though not necesserily to the same extfent. That such is
not the cese suggests that the genetic merit of the replacement
stock may vaory from year to year. For example, during two periods,
first between 1939-40 =~nd 1942-43, end secondly between 1944-45

and 1947-48, there is a decrease in production of the 2 year-old
group whereas the production o the mature cows shows an upward
trend. An attempt hags been made to determine whether these
differences could be rcflected to the selection practised by the
breeder concerned.

In view of these finlings zn attempt has been made to
eliminste chenging standerds of production by calculating for all
animnls the differences betvween their individual lactations (Hot
less than 100 days and not exce=ding 305 days duration) and the
averege yield of all cows in the same celving group in the same

year. This method of 2ssessing the relative producing sbility
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of sanimals was adopted because it resembled the methods
probebly employed by the breeder. In making comparisons
between contemporary cows which were potential dams of
replacement stock the breeder would normally interpret
performance records in the 1light of the genersal herd
production in the pasrticular year.. Individual deviations
have been calculeted ~nd the resultant figure used as an
estimate of the producing a2bhility of the dam. An example

of this calculation follows:

Lactation. Age Individual |Averege for Deviation
Yrs.mths. Production, |animels of (in pound
(in pound similer age. butterfat)
butterfat)tin pound
butterfat)

1 1 -11 246 295 (2)&. - 49
2 3- 0 316 388 (3) - 74
3 3 - 11 419 435 (4-9) - 16
4 4 - 11 482 440 ( 4-9) + 42
5 6 -0 428 403 (4-9) + 25
6 7- 0 406 429 (4-9) - 23

(Production records based on lactation records of between 100
and 305 days duration).

Sum of devistions in six generations - 95 1lbs.

The productive capecity is therefore estimated at =16 1bs.

below the herd average based on six lactations.
X Within brackets 2, 3 and 4-9 year-old sverages in the same year.

The herd aver=sges for different lactation groups are
shown along with the numbers of observations in Tableld. . Use
of this teble in conjunction with individusl lactations enabled
estimated productive capacities for 211 of the animals which
entered the herd and completed at least one lactation to be
calculated. But estimates of productive capacity do not provide
an exact measure of transmitting ability. Only some of the
difference between individuesl productions is genetic in origin
and offspring only receive 2 sample half of their dam's genotypes.
The only available estimate of the avers:.e genetic fraction of
the difference between an animal's betterfet production and the
herd aversge under New Zealand conditions is in between 30 to 40
per cent. (Ward, 1944). This figure is in accordence with
overseas workers, Plumb (1935), Lush (1940) and Lush and Strauss
(1942). It means that if cows exceeding the herd average by
100 1bs. butterfat are mated to sires which are the average of
their generetion, their daughters will on the average exceed
the herd eversge by 15 to 20 1lbs. butterfat. Further the
reliability of estimates of productive capacity and therefore
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of breeding worth increases with the number of recorded
lactations (Lush,1945; Berry, 1945). It is thus necessary
to weight estimates of productive capacity according to the
number of lesctations upon which they are based.

With these considerations in mind it was decided to
use the methods described by Lush (1945) and to multiply the
estimates of the productive cepacity by the factors shown in Table
13, so that the resultent estimated breeding-worths would be
comparable. Since each dam only passes on a half of her
superiority to each drughter, each factor is divided by 2 to
give en index of the dem's trensmitting ~bility. For example
an animal with 2 first lactstion of 300 1lbs. butterfat during
a year in which the average of 211 first lactations was 320 1bs.
butterfat would have an esimated breeding value of - 20 x 0.075
or - 0,015 1b. In other words, if this dam was mated to a sire
only meinteining the herd sverage,'on the »~verage her progeny
would have a genetic cepecity - 0.015 1bs. less than the herd
average (see Appendix I - "Repertehility").

Table 13. Factors used to convert estimates of

producing ability to estimstes of
transmitting ability.

No. of lectetion records. Heretability. Factor. .

Single records 0.1500 0.075

Average of two records. 0.2500 0.125
" " three " 0. 3214 0.161
" " four " 0.3750 0.188
. " five . 0.4167 0.208
" " six i 0.4500 0.225
" " seven i 0.4773 0.239
" " eight i 0.5000 0.250
J " nine " 0.5193 0.260
" " ten U 0. 5357 0.268

Estimetes of the breeding velues of 211 the animals
to complete 2t least one lectetion in the herd have been
calculated to the end of each lactation. Thus for any specified
dete it was possible to calculate the estimated breeding values
of all herd dams, the dams of registrations and the dams of
replacement heifers. An estimste of the emphasis placed on
dam selection was then possible from a comparison of the breeding
velues of the dams of heifer registrations and the dams of herd
replacements when the young stock were yearlings. This was the
age'at which surplus heifers were usually sold and if the breeder
was interested in their dams' productions it is reasonable to
assume that 211 the informetion =2veileble about the dams would be

considered.
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The averzge yield of 211 the cows in milk in a
particular yeer gives an estimate of the average breeding value

of herd dams in that particuler season. Individual differences
from the annual group estimate arrsnged into convenient classes
and are shown in Table 14. Fercentage distributions have also
been included together =ith the percentage of registrations used
as replacements within-each group.
Table 14. Distribution of 211 heifers registered

and of heifers entering the herd according

to the estimated breeding value or their
dams when the heifers were one year of age.

Estimated breeding |Distribution of heifers. Percentage of
velue of dems (1bs) Registration.] Herd entry. Zifii;iztiggdfo
20 and over 9 (1.31) 4 (1.42) 44, 44"
15 - 19 19 (2.82) 9 (3.19) 47.37
10 - 14 44 (6.53) 26 (9.22) 59.09( 48.25
5 - 9 99 (14.69) 47 (16.67) 47.47
0 - 4 144 (21.36 66 (23.40) 45.83
413 (46,74152 (53.90)
0 - -4 194 (28.78) 75 (26.59) 38.66
-5 - =9 103 (15.28) 30 (10.64) 29.13
10 - -14 41 ( 6.08) 16 ( 5.67) 39.02% 36.21
-15 - =19 15 ( 2.22) 7 ( 2.48) 46.67
-20 and over 6 ( 0.98) 2 (0.71) 33.33
356 (53.26)130 (46;{0)

(Percentage distribution in brackets)

It is clear that during the 18 years for which complete
information could be extracted 1little preference has been shown
for the progeny of dams above average in estimated breeding value.
In Table 14 it may be seen that 46.74% of the heifers registered
were out of dams which were ebove the average estimated velue
of the herd 2nd 53.26% were from dems below the sverage estimated
breeding value of the herd one year =fter that in which the
heifer wess born, Out of the total 282 heifer replacements
during 21 yesrs studied, 152 (53.90%) were from dams which were
above the average estimeted breeding values of the herd in the
year following that in which the heifers were born. Thus the
iﬁprovement due to dam selection is 1likely to be small if not
negligible even though the breeder hes practised some selection
based on the performance of the dams between the registration
and subsequent herd entry of potential revlacements.

To determine whether eny improvement was effected, a
comparison of the annu2l mean estimated breeding values of the

dams of recistered heifer celves was made with the dams of

renlpcement heifers (Table 15, Columns 1 and 2). In column 3
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of the seme table are included the mean estimeted breeding

velues of the best aveileble dems of registered heifers in the
herd in the seme year, the number of these dams equalling the
number of herd replacements.

These means indicate the meximum genetic gains from
dam selection essuming selection was perfect and that all the
registrations were ~vailsble to enter the herd if required.
Since the daughters of some of the best dams probably died or
were disposed of between registrstion and the age of normal
first calving or failed to get in calf, these estimates of
maximum gain are probably over-estimated but the error is

likely to be small.

Table 15. The annual mesn estimated breeding values
of dams of recistered heifers, the dams of
replacements =nd_the best aveilable dams
of heifer recistrations (estimated when the
deuohters wers one yeer of sge. )

Dems of registered Dems of replacements Best aveilable
Year heifers. dams.
’ No.| Mean estimated No4 liean estimeted No. | Mean estim
breeding value breeding value. ated breed
ing value.
1930-31 | 20 -0.12 12 +0.01
1931-32 | 23 $2.2? 13 +3.69 13 +7.35
1932-33 | 24 -0.19 3 -0.45 3 +15.84
1933-34 27| 42.°2 21 +3. 56 21 +6.04
1934-351 26 | 42.98 21| +43.26 21 | +5.00
1935-361 20 | 42.58 14| +3.94 14 | +5.20
1936-37 30 +2.34 23 +0.74 23 +5.32
1937-38| 16 +3.37 15 +3.65 15 +4.84
1938-39| 39 +2.13 14 +3.90 14 +9.12
193¢-40| 36 +2.98 15 42.37 15 +9.61
1940-41 | 38 +3.70 10 $:. 11 10 +13.79
1941-42| 45 +2.36 18 43,04 18 | +9.33
1942-43 | 43 +2.26 10 42,54 10 +11.93
1943-44| 31 -0.42 23 -0.4° 23 +3.21
1944-4% | 34 +2.5° 15 -0.57 15 +9.68
1945-46| 47 +1.97 13 +3.10 13 +13.30
1946-47| 39 0.9 = +1.78 15 +9.15
1947-48| 40 +1.4°% 14 47.42 14 +9.95
1948-4S | 44 41.91 13 410, 34 13 +13.59
1949-50 | 51 4+1.04
1950-51 1 -11.44
Totel
1931-32 602 +1294.78 270 | 48&4.65 270 | $2191.20
to 1948
-49.
Averesge 42,15 4+3.28 +8.11

The means for the dems of registered heifers have

been extracted because, in the absence of complete wastage
information, dsteils of these dems provide the closest description

of the breeding materisl w»ith which the breeder worked. Heifer
celves which were not re istered were probebly aborted, born
dead or died within » month of birth snd did not come within the

scope of the breeder's selective powers, Further, by considering
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only dams of heifers, allowence is mnde for the confusing
effects of sberr=snt sex rotios.

For these ressons the dete in Tzble 15 have been
shown in Figure .5_ with the 2nnusl mesn in column 1 plotted
as zero and the differences betreen the means in columns 2 and
1 and between columns 3 and 1 shown. It is clear from Figure
that some dam selection has been prectised but elso that the
selection has been fer from perfect »s fer es butterfet production
is concerned. In five sepsrate yeers the meen of the estimested
breeding values of the dams of replacement heifers was below
that of 211 dems of heifer re istretions. In other words, in
these years dem selection hed a negetive effect.

The tot=1 effect of dam selection is shown in Table 15.
The dams of the 270 reonlrcements sveraged 1.125 1bs. estimated
value better than the d-ms of the 602 heifers registered during
the 18 year veriod. This is ecuivelent to #n sverage gain of
0.0625 1bs. in estimrted bre=dins velue per =nnumn.

If the dam selection hed been perfect the maximum
genetic gains possible from dar selection would have been
(8.11 ¢ 2.15) = 10.26 1b:. in 18 years or 0.57 1lbs. per year.
The breedzr has thus made 2bout one ninth of the genetic
improvement theoreticelly possible by dam selection.

The measure of possible gsin of 0.57 1bs. per year
closely approximates the estimeted grin poscible through dam
selection demonstreted hv Hamilton (1943). Using data collected
frow recorded h i¢ds by the Herd Improvement Associations he
calculated that the sveresge annu=l gain in typical New Zealand
breeds could be in thevicinity of 0.61lbs. of betterfat per yesr.

The problem now is one of esteblishing whether such
faulty dem selection was due to circumstances over which the
breeder had no control, feilure to sppreciate the value of
lactetion records as estimertes of the breeding worth of the dams
of replascement stock or to preference for choosing replacements
from good sires rether than concerning himself unduly with

their dams.

Amount _snd method of culling practised.

Teble 16 and Figure. 6. show the averages of $11 first,
second, etc. lectetions ond those of them pertsining to dams
reteined in the herd, =t the completion of the lactaetion in
question. The figures in breckets indicete the number of
animals concerned s#nd snow thet the breeder did not cull at
a specific stege. The lact~tion =ver~ges indicate that
culling for low production ras cerried out continuously.

During the early lasctztions there were differences of 30-40 1bs.
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of butterfet betwveen 211 sanimels 2nd those retained in the herd.

This difference becomes lsrger in later lactations #nd is

strongly suggestive of young cows being given more lattitude

then older dams.

Table 16.

The average of 81l 1st, 2nd etec. lactations
end the average of dams reteined for at

Lactetion

1st
2nd
3rd
4th
5th
6th
Tth
8th
9th
10th
11th
12th
13th

14th
15th

Total herd average yield Average yield of the dams

for the lactation. retsined in the herd aften

(Pound butter-*at) completion of lactation.
(Pound butter-fet)

320 (294) 350 (269)

362 (278) 40? (250)

412 (260) 450 (238)

405 (227) 450 (204)

406 (196) 468 (170)

407 (154) 478 (131)

4C0 (120) 480 (100)

383 (94) 450 ( 80)

340 (77) 476 ( 55)

304 ( 52) 432 ( 39)

331 ( 38) 598 ( 21)

329 ( 18) 592 ( 10)

186 ( 7) 260 ( 5)

256 ( = 320 ( 4)

268 ( 3 -

(Figures within the  brackets show the totel

number of lactztions in each group.)

The amount of information aveileble about dams of heifers for

replacements.

In Teble 17, the 282 replacements have been classified

according to the number of complete materns]l lactation records

aveilable at their birth #nd herd entry.

Table 17, Distribution of 282 replacement heifers
according to the number of complete
lactation records sveileble for their dams.
No. of completed Distribution of heifers according to completed
l=actetion records lectetion record of their dams.
of dams. At birth At herd entry.
0 54 19.15% ‘ - -
1 32 11.35% 45.26% 4 '1.42% 17.38
2 36 12-77% 45 15.96%
3 43 15.25% 40 14.18%
4 33 11.70: - 42 14.89%
5 19 674 ( 20-T4 44 15.60%( 82-62%
6 2nd over 65  23.05% 107 37.94%
Totel 282 100.C0% 208 100.00%
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Table_18. Lhe annual totzl number of cows in milk,
grade cows in milk, registration of heifers,
replecements and percentage of registrations
to_replecemcnts.
Total no. Tot=21 no. | fotel no.| Total no. Percentage of
Year. of cows of grade of heif- | of regisq4 registrations
in milk cows in ers reg- | tered to
in the milk, istered. | heifers replacements,
herd dur4 ] entering
ing the | the herd.
year, j
1930-31 74 25 (33.78.). 20 12 60.00
1931-32 94 27 (28.72.., 23 13 56.52 50.13
1932-33 95 23 (24,275 24 3 12.50{ "“*
1933+34 98 24(24. 42 27 21 77.78
1934-35 98 22 (22.45.,5 26 21 80.77
1935-36 98 20 (20,414 ;] 20 14 70.0
1936-37 | 104 18 (17.34.'1 30 23 76,670 1+ 12
1937-38 100 13 (13.0C;, ;- 16 15 93.75
1938-39 | 113 |13 (11.50..| 39 14 35.89 e
1939-40 107 5 ( 4.67.) 36 15 41.67
1940-41 114 4 (3.°1.) 38 10 26,32
1941-42 114 2 (1.75.) 45 18 40.00}38.34
1942-43 107 1 ( 0.93.) 43 10 23.26
1943-44 106 1 ( 0.94y) 31 23 74.19
1944-45 99 34 15 44,12
1945-46 107 47 13 27.66 ‘
1946-47 107 39 15 38.46%33.65
1947-48 107 40 14 35.00 21494
1948-49 114 44 13 29,55
1949-50 109 51 -
1950-51 106 1 - |
Table 19. Distribution of registration and herd
replacements of heifers born between 1930-31
and 1943-44, according to the estimated
breeding worth of their dams.
Fstimeted Distribution of heifers. Percentage of
breeding registrations
worth of damrs to enter herd.
(Pound butter- | Registration. Herd entry.
fat)
20 #nd over g 5 55.56
15 - 19 19 11 57.89
10 - 14 33 264 18 149 54,55 56. 44
5 - 9 78 49 62.82
0 - 4 125 66 52.80
0 - -4 88 34 38.64
-5 - =9 47 18 38,30
-10 - 414 13 154 7 63 53.85 40.91
-15 - -19 6 4 66.67
-20 and over - -
Total 418 212 50.71
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For 43.26% of the replscements there were less than
three records of the dams.availsble when their daughters were
born. There is, however, & m=arked improvement by the time
the replecements enter the herd. For 82.62% of the replacement
heifers there were 2t least threc maternal records available
at the time the repl=cements entered the herd.

These findings indicete that emple information concerning
the performance of dams was s#veilable when the replacement heifers
entered the herd. The feailure of the breeder to select consist-
ently the daughters of dems winich exceeded the herd aversge by
the grestest smounts (see p.27 ) indicetes that failure to select
on dasm performence was not due to lack of informetion about their

producing ehility.

Chenges in Herd Size and Composition.

Mention hes 21reedy been mesde of the alteration in
herd size »nd composition (see 2.2. ). It would be expected

thet selection emong the pedigree heifers would not be so rigorous

when there were grade enimals in the herd as from the 1943-44
season when the herd consisted entirely of pedigree animals.
Table 18 shows thet during 1930-31 to 1943-44, the percentage
of registered heifers which ultimately entered the herd asveraged
50.72¢ and during 1944-45 to 1950-51 the comparable figures were
27.34%, TFigure.7- shows that with the change in the herd from
mixed to pedigree stock, there is also a gradual increase in
the herd size. Figure .8. when compered with Figure .7 shows
that the number of replescements becomes relatively smaller as
the total number of registretions increases.

Tables 19 and 20 provide a comparison between the
dam selection prectisel during these two contrasting periods.
All heifers have been grouved according to the estimated breeding
value of their dems at tvo seperete periods. The number of
registrations and herd replacements in each group is shown along
with the percentege of registrestions which entered the herd.
During the two periods the amount of dam selection practised
differed to some extent.s . During esch interval some preference
was shown for the deughters of high producing dems but it was
not merked. There was ample scope for all replacements to be
saved from above aversge dams but this was not taken advantage of.
In Table 19 the reletively higzh percentage of registrations used
for replacements during the seesons 1930-31 to 1943-44 is
reflected, During this period one of the breeder's aims was
probably to change the composition of the herd from mixed to
pedigree and 2lso to increase the total number of stock in
the herd.
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Table 20. Distribution of registration and herd
replecerents of heifers born between 1944-45
and 1950-51, rccording to the estimeted
breeding worth of their dams.

Fstimated Distribution of heifers. Percentage of

breeding registrations

worth of dams to enter herd.

(Pound butter Registrrtion. Herd entry.

20 2nd over 9 5 55. 56

15 - 19 10 4 40.00

10 - 14 23 148 11 47 47.83 31.76
5 - 9 47 15 71,91
o - 4 59 12 20.34
c - -4 50 12 24.00

-5 - =9 35 5 14.29

-15 - =19 5 1

-20 and over 1 - _} 16. 67

Total 256 70 27.34

In Table 20 5 rather different picture obtains. The

low percentage of registrstions used for replacements is noticable.

Further, replacements among the registered daughters of well

above average dems (estimsted breeding worth of five or more

pounds of butterfat =bove the herd =averasge) were generally
preferred in the period 1944-45 to 1950-51.

From these findings it is

clear that unless the herd

history is divided into certein periods a2 confusing picture

results.

Though dam selection as such has contributed 1little

to the overs1l improvement of the herd it appears to have become

more important during the lster yesrs studied (see Tables 19 and

20 and Figure.8. ).

Whether this is the result of the lower

replacement needs during the period 1944-45 to 1950-51 1is to a

greeter apyreciation of the grins possible through dam selection

is not clesar.
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GENETIC CHANGES DUR T0 3IRF_SELECIION.

Had dam selection in the herd studied been perfect
the averege ennucl geins from this source would have been of
the order of 0.6 1b. per yeer. The breeder has, however,
mede only 0.068 1b. per year from dem selection or about a
month of the genetic procress theoreticelly possible by this
method. Since there was an sversge ennual genetic gain of
3.24 1bs. per year cleerly some other source of genetic
improvement was of me jor importence. The large geins may
heve resulted from the non-additive effects of genes - the
building up and meintenance of desirsble conbinations of genes -
or from the =2ccummulation of desirr*le genes acting in an
additive feshion. The first alternative may be of some
importance since the herd was s2lmost entirely closed and
pedigrees appeared to follow regulesr p~tterns in many instances.
However, the printed studies so far conducted on the effects
of mild line-breeding (Lush 1951d suggest that epistatic effects are
not likely to have effects l=rge enough to be responsible for
the gains recorded. If it is s#ssumed thet these gains are
due to edditively acting genes then clerrly the gains made
must be due to the sires used. For this reason a study of
the methods of the selection emuloyed by the breeder has been

made.

The selection of sires of revlacement stock.

Though it is a2t present impossible to distinguish
betﬁeen the numerous genes concerned with the large number
of cherecters wnich, in combination, result in high yielding
cettle, it is essentisl that some estimete be m=2de of the
genotypes of the #nimals from which perents are to be selected
if genetic progress within =2 herd is to be made. Though
pedigree and performence may give estimates of breeding value,
the most accurate evelustion of individumals is obteined from a
study of way in which 2nimels breed - by discovering their
relative merits in transmitting fevourable genes to their
progeny. Since no measure of performence in respect of
butterfat production is possible in males, pedigree selection
and @ ogeny testing is of ma2jor importance in the correct
choice and extended use of sires.

Cbviously a breeder who is basing his programme of
herd improvement on the widespread use of sires which, by the
performence of their sample offspring, have proved themselves
to be well ebove the genetic level of the brecd, will endeavour

to select his young sires for test-matings as carefully ss
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possible. Considering only production aspects, the best

criteria sppear to be those presented by ¥ard (1951) who has
analysed the performance of @ number of celegories of sires
in New Zeslsnd herds. He found that:-
18 sons of Merit sires out of Elite Lifetime Merit
cows sired deuchters sver=ging 18 1lbs. of butterfat
above expected level.
63 sons of Merit sires out of Lifetime Merit cows
sired desughters averazing 11 1bs of butterfat
ebove expected level,
34 sons of Flite Lifetime kerit cows sired daughters
aversging 12 1bs. of butterfat ebove expected level.
158 sons of Lifetime Merit cows sired daughters
averaging 7 1bs. of butterfat =2bove expected level.
207 sons of cows with single records over 600 1bs.
of butterfat sired deughters =2veraging 4 1bs. of
butterfat sbove expected level.
478 sons of cows with single records of between 400
to 600 1bs. of butterfat sired daughters averaging
2 1bs. of butterfat =mbove expected level.
136 sons of cows with single records below 400 1bs.
of butterfat sired deaughters 2ver=ging 41bs. of
butterfat below expected level.
205 sons of lMerit sires sired dsughters averaging
7 1bs. of butterfat above expected level.
60 sons of sires with survey result 20 1lbs. of
butterfat below sverage sired deuchters averaging
8 1lbs. of butterfat below expected level.

It must be remembered that the expected level of
production is not constant for »11 sire categories. Owners
of poor-producing herds will usually buy & bull of inferior
quality to that sought or purchased by the owners of high-
producing herds end ¥erd's (1550) use of =n expectancy table
is a practical method of demonstreting how much better or how
much worse are the results of any particular survey when studied in
comparison with the results of =211 bulls used in herds of the
same pr oduction standard. ferd's data are supported by the
results obtained in the deiry cattle bre ding project at
Beltsville, 7.S.A., which produce en excellent exasmple of the
way in which the element of chsnce may be reduced in sire
selection. About trenty-one percent of the bulls selected
by usuel criteria for service in deiry herds sire dsughters

which exceed the production of their dams (Ward 1949).
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The Beltsville results show that "selection for herd duty
of young bulls that are sons of bulls definitely proven to be
meritorious, 2nd have dems a2nd other female ancestors &ll by
meritorious sires would ensure, with some certainty, that the
untried bulls have germplasm likely to give rise to high
production" (Kelley, 1946). Young sires were leased for
service in commercial herds near Bettsville and, despite the
fact that these were high producing herds, in 1946 the
daughters of 65 of the 85 Holstein sires 2nd 59 of the 71
Jersey sires exceeded in milk yield and butterfat content
the producti on of their dams (New Zealand Deiry Board Report, 1946).
The chance of obteining a young sire whose daughters will exceed
the production of their dams have been increased to 76% and
83% respectively for the two breeds used in the project.

In view of the incccurate dsm selection practised
(see Section . L. ) despite which there appeared to be a steady
upward trend in production levels during the period under study,
it is of interest to exemine the quality of the sires used
within the peuigree herd under study, will give en indication
of the extent to which the breeder sppreciated the methods of

stock improvement based on modern genetic concepts.

Importance of progeny testing in the herd.

The epoarent lack of connection between an animal's
breeding velue and its phenotype has led many writers on animal
breeding to advocate more complicated methods for judging
genotype. The most popular of these at the moment is the
progeny test. This is particularly true in deiry cattle in
which only the cow can be judged on her phenotype and the bull
must be assessed on his pedigree or his progeny test. Prentice
(1935), has ably presented the argument for progeny testing.

It is reinforced by arguments, lergely of = quelitative kind,

as to the inefficiency of phenotypic selection, based on the
apparent lack of improvement in performesnce in the past when

such selection was the main constructive breeding method used.

It can be shown that selection within a closed herd of about

100 cows should, if practised in the optimum manner, leadsto

en increase in 305 dzys milk yield of 1.0% per annum, but that
the maximum probable improvement in most pedigree herds in

Great Britain is around 0.6% per year (Rendel and Robertson, 1950).

The main argument for progeny testing has been that,
whereas an animal's own gperformence measures its phenotype,
the performence of its offspring measures its genotype. Lush (1935)
in discussing this, pcints out that there is = minimum number of

daughters required from = dam before her genotype is as well
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measured by their average performance as by her own, He
shows thet theoreticslly in ordinery circumstances, et least
five daughters are required. Tayler and Hyatt (1948) have

by analysis of Ayrshire records shown thst a single record

oI the dam is = more accurste guide to the yield of subsequent
daughters than the aversge of her three daughters.

Dickerson 2nd Hazel (1944) have thrown a new light
on the subject by pointing out in an important paper that the
criterion by which any breeding programme must be judged is
the genetic improvement per year rather than per generation.

The extra informetion sbout 2 sire's genotype which a progeny
test provides must be weighed sgeinst the increase in generétion
length resulting from his use. They concluded that in breeding
for butterfat production in dairy cattle in 2 closed herd of

120 cows, the genetic improvement will actually be faster with
accurate pedicree selection and without progeny testing.

In small herds two further points are of importance:
first, when young sires have been used sufficiently to provide
an adequate test of their value, there are few cows left on
which to use the tested bulls; and secondly, the number of
bulls from which a selection cen be made is restricted and hence
the value of the selection is strictly limited.

Lerner and Dempster (1947) have extended the method of
Dickerson #nd Hazel to the improvement of egg production. They
found thet the velue of progeny-testing males depended on the
average age of breeding females., If the breeding stock were
mostly pullets, it did not increzse the snnuesl improvement above
that possible from the selection of males on the performance of
their full sisters. On the other hend, if the brecding femsles
were 2-year-old hens, progeny testing was then valuable, In
the former case, the increased accuracy of selection did not
offset the increased generation length.

In the herd under study, there were 674 registered
heifers out of the 348 herd dams with the last calving before
31st December, 1949. There were 36 bulls used to sire the
offspring, one of which sired only registered bull calves. The
remaining 35 bulls registered an average of about 19 daughters
(19425). When this fisure is compared with that obtained by
Fahiduddin (1952), for the whole industry, in which bulls sired
on the average four recistered deughters (3.98), it is clear that
the use of bullsin the herd under study differs widely from the
general picture obteining in the industry. Figure .9. shows
diagramatically the number of registered daughters and the herd

replacements sired by each bull. All the sires which have sired
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registered heifers during three of more years have been shown
on the lower portion of the figure. There were 622 registered
heifers born before the 31st December, 1948 sired by these 35
bulls, 282 of which entered the herd s replacements and these
have been shown as shaded portions of the figure. It is clear
that of the 35 sires used during this 19 year period (between
1930 and 1948), only 10 sires heve been used extensively - two
sires have more than 90 re;istered daughters (34.41% of the
tots1l re istrstion in this period), five sired more than 40
registered daughters (41.61%), two more than 20 registered
daughters (10.13%) and one more th-n 10 registered dsughters
(2.89%). The remaining recistered heifers are by 25 other
sires used in the herd.

It is possible thst the bre der mated some of his
yearling heifers intended for srle to yearling bulls merely to
sell the females as in-calf heifers. If this were so, one
would expect thet any heifers resulting from such mating would
not be used as herd replacements.

Teble 21 shows thet 57.5% of the registered heifers
belouging to helf-sister groups smaller in number than six
were retained for replacements, and 44.5% of the heifers
belonging to half-sibs group of six or more heifers entered
the herd.

Table 21. Distribution of registered and replacements

- T according to the size of paternal half-sib

groups 2t re~istr=ation.

Size of paternal ? Distribution of heifers. Percentage
half-sib groups registratior
Registrstions. Registered (No.)| Entering herd (No.)to enter her
0 (2)x - - =
1 (9) 9 8 88. 89
2 (4) 8 6 75.00
3 (2) | 6 5 83.33) 57.5C
4 12 ) .
5 Eig ! 5((11. 41%) : 530
6 (1) | 6 4 66.67
7 (-) l - [ - -
8 (2) | 16 | 4 25.00
9 (1) 9 5 55.561 44 5¢
10 - 19 (1) | 18 (2.89%) 6 33.33 :
20 = 39  (2) 63 (10.13%) 33 53.24
40 - 89 (5) 256 (41.16%) 115 44,92
90 2nd over(2) 214 (34.41%) 92 42,99
Total (35) 622 282

X Number of sires in bfackets.

Aoperently the d=ughters of extensively used bulls were,

relatively speesking, no more likely to enter the herd than those

of the bulls used less widely in the herd. On the contrary it



37,

appeared that the dsusghters of bulls used lightly were given

every opportunity to enter the herd. This may be indicative

of an attempt on the psrt of the breeder to obtain some form

of the errly progeny test information concerning all the bulls

used. To determine whether this was so herd replecements have

been distributed in Teble 22 according to the number of half-

sister lectations =2vaileble at the dete of their conception.

It may be seen in this teble that of the 282 heifers to enter the

herd, lactetion deterils of s single-sister were not aveilable

for 183 (65%) of them at the time of their conception. Thirty-

three (11.35%) replacements had between one 2nd four half-sib

lactations avmilable at the time oftheir conception and the

remeining sixty-six (23.75%) had five or more half-sib lactations

availeble at the time of their conception.

Table 22. The distribution of herd replacements
According to the number of helf-sib

lactations available at the date of
conception,

No. of half-sib
lactations availeble No. of replecements. Fercent~ge of
42t conception, total.
40 and over 3 1.06 (1.06)
30 - 39 10 3.55 (4.61)
120 - 29 - _
1.0 - 19 25 8.87 (13.48)
9 6 2.12 (15.60)
7 1 0.35 (15.95)
6 13 4.61 (20.56)
5 9 3,19 (23.75)
4 13 4,61 (28.36)
3 8 2.84 (31.20)
2 5 1.77 (32.97)
1 6 2.13 (35.10)
0 183 64.89 (99.99)

Figures within br-sckets rcfer to cumuletive percentage total.

The features of Teble 22 sre firstly the size of some
of the peternel helf-sib grouons, the lesrgest comprising 2lmost
fifty rcplacerent heifers =nc¢ secondly the low proportion of
replecement heifers conceived when 1-2.etion records of a
relatively large number of holf-sisters were aveilable, Of the
282 replecements heifers 20.56% were conceived where there were
lactetion records for =t least six peternal half-sisters available
and 15.6% were conceived whenrn at least one lact2tion record was
aveilable for ten paternz2] helf-cisters.

Cleerly the breed:zr prid minor a2ttention to adequate
progeny testing information of sires as it is generally defined
in the choice of herd replscements. It appears that he used

sires sparingly as yoyng bulls end then proceeded to exploit
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some of them before their first daughters celved. According

to the generally eccepted princioles of adequate progeny testing a
minimum of »t least five daughters is necessary. However, the
information acted upon by the bfeeder probably included fairly
accurste pedigree assescments of the sires used. For this

reason it is of interest to study the pedigree selection of

sires prectised.

THE INPO:TANCH O# FPEDIGREE,

Production of sire's dams.

For the obvious reason that meles do not produce
butterfat the breeding worth of sires cen be estimated only
through the production of their female reletives. Within a
herd some indication of = breeder's general attitude towards
bull selection can be derived from a study of his choice of
bull calves for registretion. If only = portion of the bull
calves born have been registered and they were predominantly
from the higher producing dsms in the herd, one could reasonably
assume thet the breedsr regarded the productive level of bull-
mothers of some importesnce. One would expect a breeder to
retain only the best home-bree bulls for use in a closed herd,
end if he paid attention to the productive performances of sires!
dams, to choose these bulls mainly from the dams which were the
highest producers of butterfet in the herd.

A method of estimating the breeding velue of dams
has been described (see 3ectionl.). It is used in the following
section to meesure the comparstive breading velues of the dams
of bull calves and to en-ble an 2ssessment of the importance
attached by the brecder to dem productivity in his choice of
bull celves for registration end for use in his herd.

It has been pointed out that neasrly all the heifers
alive were registered and that the breeder's preferences could
not be recognised until heifers were cnosen to enter his herd.

A lower percentage of the bull cslves born were registered and

some decision on the relative merit of bull caslves must have been
made 2t an earlier stage then in the case of heifer calves.

To 31st December, 1949, 424 of the bull calves born were registered
and they have been clessified according to the estimeted breeding

worth of their dams in T=ble 23.
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Table 23. Distribution of registered bull calves

_____ according to the estimated breeding worth
of their dems.

Estimeted breeding worth Distribution of registered
of dams (Pound butterfat) heifers.
20 2nd over 21
15 - 19 24
10 - 14 63 67.91
5 - 9 88 \
o - 4 9
0 - -4 87
-5 - -9 36
-10 - -14 8 32.68
-15 - -19 4
-20 and over 1
Total 424 (100.v0)

Table 23 shows thet 67.91p of the bull calves registered
were from above-sver=ge dams and 32,08% from below-zverzage dams.
It is apoarent thet some prefe—ence has been shown for the bull
celves of the better dams in respect of butterfet production but
it is equally clear thst th~t breeder's choice has been far from
accurate in this regpect.

For eech year the average estimested breeding values
of (&) dams of all the re-istered bull calves, (b) the dams of
registered bull crlves used in the herd, (c¢) the best dams of
bull caelves corresponding with the number of registretions have
been calculated and are shown in Teble 24.

Table 24; The annusl estimeted breeding vslue of the

dems of recistered celves used in_the herd
2nd the best zveileble dams of bull calves.

Dems of registered| Dems of re:istered | Best: available dams.
Yeer. bull celves. czlves which were
used in the herd. X
No.|Mean estimeted| No. |[Meen estimsted | No.| Mean estimated
breecding value breeding velue bfeeding value
(Pound butter- (Found butter- (Pound butter-
fat.) fat.) fat.)
1930-31] 10 + 1.28 = - = =
1931-32| 11 + 0.83 1 + 3.63 1 + 6.75
1932-33| 17 + 8.01 1 +20.28 1 +14.47
1933-34| 14 + 5.39 1 - 3.38 1 +21.89
1934-3513 + 7.38 2 + 3.74 2 +20.10
1935-36/14 + 6.67 2 +11.56 2 +15.86
1936-37| 11 + 6.29 1 + 1.46 1 +16.80
1937-38/13 + 5.91 2 +11.57 2 +13.59
1938-39| 18 + 4.64 - - - -
1939-40|17 + 4.44 2 + 6.95 2 +16.15
1940-41|19 + 4.71 2 $13.44 2 420.12
1.941-42| 22 + 7.39 3 + 1.93 3 +12.24
1942-43 21 + 5.48 1 - 9.38 1 +22.56
1943-44| 29 + 6.06 - - - -
1944-45| 35 + 5.54 1 - 3.76 1 +25.58
1945-46| 32 + 2.4Y 2 115.38 2 +24.34
1946-47| 35 + 4.74 1 +0. 32 1 +37.00
1947-48| 36 + 4.37 1 ¥27. 56 1 +37.96
1948-49| 35 + 3.19 - - - -
1949-50] 32 + 4.88 - - L -

T MitmhetTs morro oammnmsd w5 +Fh Flaa o WV A
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The difference between (b) and (2), and (c) and (a)
are shown in Figure 10. In two out of the 17 years no home-
bred bulls were retained for use in the herd under study. In
seven of the 15 years the dams of registered bulls retained for
herdhuse were of lover averege estimested breeding value than the
dams of 211 bull celves registered in the same year. It seems
that bull calves out of dams with the highest breeding values
have not a2lways been retrined for use in the herd.

One is led to the conclusion that so far as the
home-bred bulls were concerned the production records of dams
did not receive as much emphasis as one would anticipate.

However two of the most important herd sires were
imported animals anrd consequently have been omitted from the
above table. Further no attempt has been made to weight the
home-bred sires according to their reproductive importance.
Consequently though the esverage breeding value of home-bred
bulls used to breed herd replescements may apvear disappointingly
low, their differentisl use 2nd the effects of the two imported
sires mey explain the large genetic gains noted earlier.

Lastly an ~ttempt was made to find out if the breeder
in using his home-bred sires gsve preference to daughters of
those bulls ouf of dsms with outstending performance records. -
Figure 11 and Table 25 show the bulls used in the herd according
to the year of their birth and the number of their daughters
entering the herd as replecements. On the whole the breeding
worth of dams of these bulls were between five to ten pounds
or more above the herd average; the breeding worth of the last
two dires which were in use in the herd at the time of this )
study were & 23.2 pounds #nd 4 27.6 pounds respectively.

Table 25. Showing home-bred sires used in the_ _herd,

their dam's breeding worth 2nd the number of
herd repl=cements.

Name of Bull. Year of birth. Breeding worth No. of heifers
of bull's dam by the bull
(Pound butter- entering the
fat.) herd as replac
ements.
Don 1931 + 3.63 2
Carlo 1933 - 3.38 4
Barber 1934 +15.60 25
Victor's Lad " - 8.11 3
Truth 1935 +12.48 1
Kipling i +11. 44 1
Renown 1937 + 9.00 1
Dreamer 1939 + 7.14 3
Talisman " + 6.76 17
Proud Boy 1940 + 9.40 35
Besu Geste 1941 - 4,35 2
Pretender i + 1.10 2
Wild Boy 1942 - 9.40 17
Chancellor 1944 - 3.76 ' 1
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Blush's Nagnet 1945 ] $23.18 =
Kelpie's King 1946 # 0.32 -
Blush's Enterprise 1947 +27.56 -

J

Four of the home-bred bulls have been used extensively
to dire herd replacements. ¥ith one exception these bulls have
been from dems of outstsnding production ebility. Each of these
sires was closely relerted to either Brarmoton Standard Dence (Imp.)
or Mesori Victor and it is possible that these sires for which no
pedigree zssessments were possible were ultimetely responsible

for the large genetic geins made.
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SULNARY.

The records of a New Zealand pedigree Jersey herd of
aporoximetely one hundred cows which was continuously
recorded under the Group Herd Test System for twenty-one
years (1930-1950) heve been studied to determine the
extent and ceuse of any genetic chenges wnich may have
taken plece cduring the period reviewed. The records of
357 dams with 1892 lactations were involved. The
Repeatability of records wes estimated to be 0. 43.

The straight 1line trend of the annual mature equivalent
averages was upwerd ot the rete of 4.8 lbs. of butterfat
per yesr. The genetic compdnent of this was 3.9 1lbs.

or approximately 80% of the totsl improvement.

The producing 2bility of each dam was calculated at the

end of each lactation. Of the 282 heifer repiacements
entering the herd during the period studied only 152 (53.9%)
were from dams above the =versge of the herd in the year
in which the heifers were born. Hed dam selection been
perfect a genetic improvement of 0.57 1lbs. of butterfat

per year would have resulted. The actuel genetic gains
from dam selection were of the order of 0.06 1lbs. of
batterfat per annum. Dam selection appears to have
received more emphesis during the lest seven seasons

studied.

Thirty-six sires were used in the herd during the period
reviewed, ten of them extensively. Adequate progeny
testing pleyed 1little or no part in determining the choice
of herd sires. Home-bred sires were generally chosen from
dams well above the herd ~verage though this was not
inv-risbly so. The most importent bulls, judged by the
number of replacements sired, were either imported or
chosen from herd dems before continuous animel recording
was practised. Two of these sires appear to be largely
instrumental in effecting the improvements noted and in
view of the inesdegueate informstion svailable from which to
make pedigree estimates of these two bulls it must be
concluded that the breeder was extremely fortunate in his

early selection of sires.
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APPENDIX I.

RAEFEATASILITY OF RECCRDJ.

An examination of the dets was made to determine

whether the heritsbility frctors employed were reasonable
estimates. The differences in productivity between individual
dams can he subdivided into thet part caused by temporary
environmental conditions and thmt due to inherent differences.
temporary environment effects #re not transmitted from parent
to offspring. Inherent i ffere¢nces include hereditary
differences which may bhe treansmitted, those which may not be
transmitted (such as the effects of dominance and epistasis and
permeanent differences in environment),

"Herit-bility" measures the proportion of the total
varisnce in the character due to hereditary effects which are
transmitted. "Repeat:  bility" measures the proportion of
inherent differences in the tot=1 veri-nce (including the
herit-ble fraction).

1wo methods of calculating repeatability were employed.
the first was that described by serry (1945) in which the study
was restricted to those animals for whichk the first three
lactation recorcs were =zvailable. Correlation coefficients
between adjacent records, and records separated by one lactation
were celculated and th: r~verage used as an estimate of "repeatability
The second method was that described by Snedecor (1946) in which
all available records were considered and intra-class correlations

calculated.

FIRST ME:.HuD (BERRY, 194%).
The data condlsted of .the records of 205 dams in the
herd studied which completed their first three normal lactations

(the production records based on lactation records to 305 days
and for cows in milk for at least 100 days). Since the correction
factors used in New Zealand involve the addition of constant
amoynts to the two-year-old and three-year-old lactation records,
records were not corrected to a mature basis.

One estimate of repeatability is measured by the
average correlation between records of the same cow. The
separate correlations between adjacent tecords were therefore
calculated and records separated by one lactation (first and
trhird lactations) were cslculated. The correlations are shown

in Tsble I.
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Table 1. Correlation between records of cows for which

the first three lactation records were available.

Lactation Records Correlation Coefficients.

compared.
Ad jacent
3 | 0.6043 )
- 0.5702
£3.2 0.5361 )
1 record
intervening
rs3,1 0. 4196

Average of all
correlations. 0. 5200

The correlations were grouped according to proximity
of records and an average value rfor all separate correlatiops
obtained. The estimate of the "Repeatability" of records by
this method is thus:
R = 0.520.

SECOND METHOD (SNEDRCOR, 1946).

(a) The same data used in thefirst method was studied -
205 cows for which details of their first three lactations were
avallable - and intra-class correlations were calculated. The

details of the analysis of variance are as follows:-

Source. d.f. sum of squeres. Mean squares.
Total 614 3,003,804 4,892.1
Between cows 204 2,506,192 12,285.2
Within cows 410 497,612 1,213.7

Repeatability is estimated by the ratio of thetwo

variances as follows:- .
m

r =

PP

m'*
The numerator was calculefed as follows:-

2 _ 12,285%.2 - 1,213.7

o = N

m 3

The intra-class correlation was then calculated as

follows:- 2
rl - 0’I’I'!

0° 4 o2

m
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- 3690.5
3690.5 + 1213.6

= 0.7%525
Thus the estimate of Repeateblility using this method
and the restricted information is thus:
R = 0.75.

{b) The differences in the two estimates R - 0.52
and R - 0.75 suggested that the use of restricted data did
not give reliable estimates and it was decided to use all the
information available and to correct for the varying numbers
of lactations for each animal by the method described by
Snedecor (1946) page 234.

I'he performance details of 357 cows with 1892
lactations (2 year-o0ld and 3 year-oldxheifers' yield corrected
to mature age by the correction factors employed by the New
Zealand Dairy Board, 19514 were next examined. The repeatability
of records for (i) cows with one or more lactations and (ii) cows
with two or more lactations were calculated in the manner

described by Snedecor {1946).

(i) Repeatability of records for all cows in the herd under study.

n - 357

SX - 755,673

(SX%2 571,041, 682,929
SX2 - 313,100,453

SK2 - 13,794

SK - 1,892.

Due to the varying numbers of lactations for each
1mnimal (Ko) the averasge number of records per cow was calculated

from the *ollowing formula:-

_ 1 JxSH2
Ko == (SHgg
| 13794 )
= 3o (1892 - F 557 )
= 5.294
(s1)?
The correction factor , was then calculated
SK
as follows:
2
_ (SX)
C.F. =
= 301,819,071.3
Total sum of squares - (SX2 - C.F.)
= 11,281,381.7
a . 2 2
Sub-sample means = Si + ... 4% 5n_ - C.F.
Ki Kn

- 6,158,874.2
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Where Si is the sum of the lactations in the first
year and Ki the number of lactations in the same year.

The analysis of variance is then

Source. d.f. Sums of squares Mean squares.
Total 1,891 11,281,381.7
Between cows 356 6,158,874.2 17,300.208
Within cow 1,535 5,122,507.5 3,337.138
o
2
The intra-class correlation = omz_:_ > was then

5 om o
calculated after measuring om~ = 2,637.527.

The intra-class correlation thus calculated is as
follows:-
=T

1l

2,637,521
2,637.527 + 3,3%7.384
0.441

1t

Thus R = 0.44.

(ii) Repeatability of records of cows with two or more lactations
in the herd under study.

' To determine whether the use of all records which
enanled a more accurate estimate of 02 was necessary, only the
records of those animals for wh ich two or more records were
available were considered. The estimate of repedability using
the method described above was as follows:

n - 313
SX - 740,076
(SX)2- 547,712,485,776
sX2 - 307,108,612
SK2 - 13,750
SK - 1,848
C.F.- 296,381,215.2
Total 3.S. - 11,281,381.7
Sub-sample meens - 6,158,874.2
Ko -~ 5.899

The analysis df variance is :

Source d.f Sum of squares Mean squares
Total 1,847 10,727,396.8

Between cows 312 5,604,889.3 17,964,389
Within cow 1,535 5,122, 507.5 3,337.138

The intra-class correlation thus calculated after

finding out om2 is as follows:
rr - _om<

om? & 02
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= 0.426
Thus R = 0.43.

The small differences between these two measures of
Repeatability suggests that ef ther provides a reliable estimate
of "R" and that based on all records has been preferred because
of the more accurate estimate of 02.

In this study "R" has been taken to have a value of ;

R = 0.44.

b FY ACRICULTURAL COLLEGE
LIGRARY PALMERSTON NORTH, N.Z.
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