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COW INDEXING IN DAIRY HERDS!

E. COLLINS-LUSWETI?

Institute of Animal Genetics, Edinburgh University,
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Summary. Using the official Milk Marketing Board 305-day milk and butter
fat yield records for the East Scotland School of Agriculture — Langhill Farm, the
breeding values of 74 Langhillbred Friesian cows were estimated as the cow predictive
index combining information from both the dam and sire. A correlation of 0.44, on
average, was found between the cow index and the phenotypic performance of the cow
expressed as deviation from the contemporary mean.

The results indicate that the farmer using the cow index could objectively decide
which cows to cull for low production, which cows to breed to obtain heifer replacements
and which cows to mate as bull mothers provided the index is calculated from the per-
formanoce data from the cow’s own record, the dam record and the sire ICC rating. The
results, further, indicate that use of more than one record on the cow and the dam adds
very little to the accuracy of the index.

A cow index is widely used in dairy breeding programmes as an aid in the
selection of bull dams and within herd selection of dairy cows. The objective of
this study was to evaluate the relationship between cow indices calculated from
pedigree data i.e. predictive index, and the actual phenotypic performance records
with the view of determining whether a prodictive index is useful (as an alternative
to an empirical assessment) and whether information from additional records from
sire progeny tests and from dams improves the accuracy of the index. ‘

: DATA AND METHODS

The data used in this study were the official Milk Marketing Board (MMB)
305-day production records of the Edinburgh University dairy herd at Langhill
farm for the period between 1969 to 1977. The herd consisted of 190 pedigree Frie-
sian cows and heifers of which 74 fulfilled the minimum condition for indexing i.e.
they had at least one completed";lactation record and in addition, their pedigree
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records were available at the farm. The sire’s Improved Contemporary Comparison
(ICC) and the actual number of daughters used in calculating the index were ob-
tained from official lists of sire proofs (MMB 1978). Assessment of milking perfor-
mance. ‘ ’

For the assessment of the breeding value of the cow, the following sources
of information were used: 1. The cow’s own 305-day milk-yield records. 2. The
records of the dam. 3. The sire’s ICC.

For each cow’s record, the average of her contemporaries and the cow’s de-
viation from the contemporary average were calculated. For the cows with two or
three lactations, their respective second and third lactation deviations from their
contemporaries were also calculated. These calculations were also repeated for
the dam’s records.

For a contemporary comparison, cows of the same parity, calving between
February and July each year were grouped together and compared to each other
as contemporaries and those of the same parity, calving between August and Janu-
ary formed another group of contemporaries. It was assumed that this procedure:
removed most of the year and season effects. In the Langhill data, this method
gave a reasonable number (on average 15) of contemporaries within year-seasons:
and hence it was quite a reliable comparison.

For each cow and dam record, an adjustment was made for a varying number
of contemporaries by multiplying the cow or dam deviations, from their respective:
contemporary averages by a weighting factor w=N/[(N41), where N denotes the:
number of contemporary records. From this the mean performance of an individual
relative to its respective herd-mates was estimated as:

P=w(y,— Y )+ ws@a—Y2)+ ... wn(yn— Y n) w,

where ;... Y, are the Ist...nth records of the cow in question and Y,... Y, the
corresponding mean performance of the contemporaries.

P values were computed in this way for the cow herself and her dam.. For the:
paternal 1/2-sisters the sire’s ICC rating was used.

COMPUTATION OF THE INDEX

~

Having collected the information, it was combined into an index to give am
estimation of the breeding value of the cow. INDEX (I)=b1§3+b2§a+bal_?ms.

The b coefficients were derived by a routine procedure described by Hendersom
(1964) which requires the solution of 3 linear equations:

cow dam PHS
cow dyb,+3h%0,+1h%,=h2. .. (1)
dam 1h2b,+dasby+-0by=3R2... (2)
PHS 1h2b,+0by+dggbs=1h2... (3)
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If some sources of information were lacking the corresponding equations were
ignored. The diagonal elements (d,,...ds;) were obtained as follows:
1 —1
, +(ns—1)r F(Pi—1)app bt
7 d T L 5
t P,
where h? — heritability (assumed to be 0.25 for milk yield), » — repeatability
(assumed to be 0.40 for milk yield), #; — the number of records, P; — the
number of animals in the group (e.g. number of paternal 1/2-sisters), ap,p, —
the additive component of relationship within the group (e.g. 1/4 in the case

of 1/2-sisters).

THE ACCURACY OF THE INDEX

This is a correlation between the indéx value and true breeding value of the cow
and is calculated from the formula:

r16=(b1+3b2+3bs).

Using the above methods, 3 performance records: P,, P, and P; were calculated
for each cow. P, was the cow’s deviation from its contemporary mean in the st
lactation; P, was the average performance of the cow in its 1st and 2nd lactations
expressed as a deviation from its contemporary mean and P; was the average
performance of the cow in its first three lactations also expressed as a, deviation
from the contemporary mean.

Three “Predictive Indices”, were calculated for each cow: index Iy, was com-
puted from the sire ICC and one record on the dam; index Ig;, was calculated
from the sire ICC and two records on the dam and index Iy was computed from
the sire ICC and three records on the dam.

To assess the relationship between the individual cow performance and her
predictive indices, the correlations and regressions between these two criteria were
calculated according to Snedecor and Cochran (1967) method.

RESULTS

On average the accuracy of the indices was found to be 7,3=0.75. The correla-
tions and regressions between the individual cow performance and her predictive

indices are shown in tables 1 to 4.

Table 1. Correlation between individual cow
performance (milk) and their predictive indices

o | 3 Isop! I Isp? l Isp®
P, 0.59-+-0.10* 0.441+0.10* 0.4440.11*
P, 0.4_7:!: 0.12* 0.441+0.11* 0.454-0.14*
Py 0.164+0.19 0.164-0.10 0.181+0.22

* Significantly different from zeroa tP <0.05
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Table 2. Correlation between individual cow

performance (fat) and their predictive indices .
l Isp, } Isp, | Isps
P, | os2xo11* | o2rioil 0.33+0.12
P, 0.31+0.14* | 0.23+0.14 0.33+0.15
P, 0.104:0.19 0.05+0.19 0.2240.21

* Significantly different from zero at P<0.05
On average the correlation between milk indices and fat indi-
ces was found to be 0.81

Table 3. Regression of individual cow perfor-
mance (milk) on their predictive indices

Y-variate |

Constant i ‘ P i phe
Isp, 1.4440.41* 1.48-1+0.42* 0.761+0.90
Isp: 1,961+1.01 0.061-1.15 0.26 +-2.50
Isps 0.651+0.94 0.3441.03 0.69+1.95

* Significantly different from zero at P <0.05

Table 4. Regression of individual cow perfor-
mance (fat yield) on their predictive indices

Y-variate

Constant Fa ‘ - Fs,
Isp, 1.144-0.39* l 0.824-0.38* 0.554-1.06
Ispa 0.39+0.91 1.2141.17 1.13+2.36
Isps 0.91:+£0.79 1.3040.87 2.04+1.68

* Significantly different from zero at P <0.05

DISCUSSION

Due to the fact that selection for milk and butter fat yields is still the most
widely used criterion, this study was mainly concerned with cow indexing on the
basis of milk and butter fat yields. A cow index, based on the estimated breeding
values of the cows, provides the farmer with a realistic and reasonably accurate
indicator of the best and worst cow in the herd. It was shown in the presentation
of the results that cows will differ in ranking when ranked on the predictive index
compared with the individuals own performance i.e. the correlation between the
individual performance and the predictive (DamSire) index was found to be 0.44,
on average. From this study, therefore, it can be said that an index will allow the
farmer to select the best and to cull the low producers in an objective way provided
the index is calculated from the performance data of the cows own milk yield, the
.dam records and the sire ICC rating.

Other than culling, the index has other uses such as in selecting heifers to re-
place culled cows and selecting cows to breed bulls for artificial insemination ser-
vice.
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The cow’s own records represent the only direct measure of her genetic value.
However, these can at best, only provide an inaccurate estimate of her genotype
for milk yield. Records subsequent to the first lactation increase the accuracy of the
assessment, but at progressively diminishing rate (Freeman 1970, Schmidt and
Van Vleck 1974). This agrees with the results in this study which indicate that the
correlation between the cow’s average performance in the first two and first three
lactations and her predictive breeding index is lower than the correlation between
her first lactation performance and her predictive index. It appears that in cal-
culating the predictive index, an increase in the number of records on the cow and on
the dam adds very little, the use of first lactation alone appears adequate. Barker
and Robertson (1966), Syrstand (1971) have quoted larger heritabilities for the
first lactation record than for subsequent records. In(the light of their findings
and the facts that the variance in all lactations may not be normally distributed
and the genetic correlations between lactations are not unity, it can be concluded,
from this study, that only the first lactation record of the cow and her dam should
be used in the cow index, as is the case for the calculation of the sire proof.
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A |
INDEKS ™ SELEKCYJNY DLA BYDLA MLECZNEGO

Streszczenie
Poslugujac si¢ danymi otrzymanymi z ,,Milk Marketing Board” dla 305 dni wydajnoéci

mlecznej i zawarto$ci tluszezu w mleku 74 kréw fryzyjskich z gospodarstwa Langhill naleza-
zgcego do East Scotland School (Wielka Brytania) opracowano indeks dla przewidywanej pro-
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dukeyjnoséei kréw. Stwierd zono korelacje wynoszgqog frednio 0,44 miedzy indeksem krowy
i jej fenotypowa wartoscia wyrazong jako odohylenie od aktualnej éredniej.

Wyniki wskazuja, ze hodowca wykorzystujac indeks selekeyjny krowy moéglby obiektyw-
nie decydowaé o eliminacji, wyborze do dalsze] hodowli, lub przeznaczeniu kréw na matki
buhajéw. Nalezy braé pod uwage indeks obliczony z danych dotyczacych produkeji wlasnych
kréw i buhajéw. Wyniki wskazuja takze, ze uzycie wigce] niz jednego zestawu danych doty-
czacego kréw i ich matek laoznie, wplywa w niewielkim stopniu na dokladno$é indeksu selekeyj-
nego. : ‘

CEJ'IEK_L[I/IOHHBIVI MHAEKC JI1 MOJIOYHOI'O CKOTA

Pe3romMe

Vicnons3ys AaHHBIE, HONy4eHHBIE OT ,,Milk Marketing Board” mis 305 aHe# yxos MOJIOKa H CO-
IiepXaHAs XKEPA B MOJIOKE 74 KOPOB (PpH3CKOH HOPOABI depmer Langhill, npuuamiexanre# East Scotland
School (BermkoOparanns), ObUT BLIYHCIICH HHICKC UL OXHIaeMOii IIPOAYKTABHOCTH KOpoB. O0HapyxeHa
KOppeJsLms, COCTaBiIAomas b CPCAHEM 0,44 Mex Iy HEAEKCOM KOPOBBI H €€ (eHOTHIMIECKOH LIEHHOCTBIO,
BHIDAXCHHOM KaK OTKJIOHCHHE OT aKTyaJbHOM CpEIHEH.

PesynbTaThl HOKA3BIBAIOT, YTO MCHONB30BAaHHE CEICKIMOHHOIO HHIEKCAa KOPOBBI NPH pasBEACHHE
MOXET TIOMOYb B OOBEKTHBHOM pEIICHAH O YCTpaHCHHH, BhIOOpE IS JanbHeliero pa3peJeHusa WA o6
OCTaBJICHMH KOPOB Ha MaTkd Obikos. CrielyeT HMETh BBHAY HHACKC, BBLIYACJICHHEIX HA OCHOBAHHH JaHHBIX
KacAIOIMMXCA COGCTBEHHBIX XOpOB M 6bikoB. IlomydeHHbIE pe3YIBTATRL TAKKE NOKa3bIBAaIOT, 9YTO HCIONb=
soBapHe Gojiee 9eM OIHOTO COCTaBa JIaHHBIX, KaCalOMMXCA KOPOB H MX MAaTOK BMECTC B3ATBIX, B HeOOIB-
IIO# CTeleHHM BJIHAECT HA TOYHOCTHL CEJICKHHOHHOIO HHIICKCA.



