
Evrluetion of Femele Fertility of Denish Deiry Sires

ftn Pedcncn
&.afst Agttctlt tlrrl /rlyllc,q Ccan, SLCIW
In a.llral IS, DK{i?lO Auhns N, hrnet

lust Jensen
Dobh Infuc oJAnbulSciae,Rred fuc Foulyn

tu 39, DX4t30IHz, Datno*

Summary

A new index for fenule fertility tns been developed. This index combines the following five
female fertility traits:I Non-return rate at 56 days in heifen* Insemination period in heifen* Non-return rate at 56 days in cows* Insemination period in cows
a Days from calving to fint insemination

The most important traits of the total fertility index are days from calving to first
insemination and insemination period in cows. Iess imporhnt is insemination period in
heifers and the non- retum rales has nearly no economic weight. The lotal index for female
fertility is included in the total merit index with a weight of 0.32 compared the relative milk
yield index having a weight of 0.70. In Danish Black and Whitc cattle there has been a
negative genetic trend in female fertility during the last 15 years, whereas the genetic level
of female fertility has been nearly constant in Red Danish and Danish Jersey.

Introduction

Since 1982 an estimated breeding ralue for female fertility in Danish dairy sires has been published
and included in the total merit index with a rclative weight of 0.28 compared to milk yield traits
having rclative weight of 0.65. The evaluation of female fertility was based on non-rcturn Erte at
56 days in progeny groups of heifen and first lactation daughters. The data were precorrected for
the effect of Al-centre and season and the breeding values werc then calculated using a selection
index method. During 1995 a new evaluation model has been developed, based on analyses of
various fertility traits by Jensen (1995).

Materials and methods

Meosura offemalefefrliy The female fertility traits included in the evaluation are:. Non-rcturn rrtr rt 56 days in beifcrs, nrcrsurcd rs 0 or t00 (NR56)
+ Dsys from first to hst inscmiortion in bcifcn (IP)
. Non-return nlc 8t 55 days in cows, mersured rs 0 or 100 (NR56)
. Days from first to hst inscoinetion io cows 0P)r Deys from cdving to firsf insenimtion in cows (CFI)
The correlation between NR56 and IP is very high and genetically the two raits are nearly
identical, but it has b€en decided to evaluate both NR56 and IP because NR56 is evaluated in most
other countrics evaluating female fertility and because NR56 has been used in the Danish evaluation
system up to now.
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Ettilittg of daa Thc data qr fertility arc collectcd by Al-tochnicians. Exclusion nrles are employed
on:
r {6ubls in.Gmimtioos wi6in 7 &ys
I lcoglh of cdving to first ilscoiottioa. lcagth of iucoinrtioo pcciod
+ iltlnrd bGtlv€ t*o ineodnrfioas
. lcagth of gocrtio
i r3o rt fir6t irscminrtio in hcifcrs rad firs hctrtioo co*r

Small herds and progeny groups are excluded. Ttble I shows thc numbcr of t€cords included in
the cvaluation and the averages of the five fertility traits within brceds.

CnIId fu$en arul coxle Culled heifers and cows arc irrcluded in thc evaluation. Very often fertility
is one of the rcasons for culling of cotns and hejfcrs. Thercforc the records of culled cows are
modified:
. Cdving to firC in.orrrin tioo ie rlweys uodr If tbc heifcr/cow is cullod lcss rh.i 56 drys lftar first incminrlioo, NR56.!d IP erc dclaed.
r If thc hciftr/cow is cdbd hter lhu 56 &yE rftcr firsa irroilrtim, thc NR56 i8 used but 2l &y6 rre ddcd to tbc

IP. Tb 2l &ys rrc ra cstiorrc of thc rrrcnge difrcrcocc hinm drys opca il culled cows erd cows lot crrlled
(Cbri6!.osco & Poderscn, 1988).

Table l. Number of r€cords and averages of female fertility traits, 1985 - f995

D.db ELct
.!d whit Rcd D.riA D.!Lh ,.Fy.

No of .ccodt

Avc.rF Nn55, i

AvcrrF IP, dyr

No of r*ordt

Avc.rF NRJ6, i

AY.ntr CFl, drF

Av.rrF lP, &y.

I,l2,l,6(l

76.3

11lt

2,6t1,193

5r.t

211,7t6

20.7

5.fl,(B0

56.9

70.t

.15.3

226,ttl

10.7

7C9,761

59.6

61.t

31.7

1t.6

12.5

Recods h pmgess Ttw records in progrcss arc records on heifers which are born within the last

3.4 years and cows which have calved within the las 2.0 years - and are not culled or have had

a new calving. For these groups of heifers and cows the records are modified:
. Cdving to first iDscminrtioo is dwrys usod
+ If ectuel dstc (cod of registntion) is lcss thra 56 deys from hst inseminstion, NR56 is delacd.
+ If rctuet &tc (Gad of rlgidrstion) is less thrn l8O deys rffcr fitst inseEi tioo' IP is delered.

Moilel The sire effects arc estimated in a multipletrait BlttP-sire model for each breed. Also
heifer and cow fertility are evaluated separately. The fixed effects of the model are:
. Herd x 1nar. Ycer of binh for hcifers, ycar of crlving for cows
t Agc t ycc,In hcifcrs: rg" d fi'st iDscmiDstioo in throc moth groups, in cows: age 8t first cdviDg in thrce montb

3roups rad dl lrlcr cdviot ia onc rgc group
* Scuon x ycan Fow seesons: in heifers brsod oa drte of first inseminrtion rnd ia cows on celving &te
r Complae or incvmplctc reard: llrnmplae rrcords slbdividcd into 3 clrsses
* Bncd atd hacmsi.r: Efrects of breed end bcrerosis ur cdc1|leted rs rcgrcssions on brad proportion rnd degrcc

of baerozygosity, i.e. bctcrosis is rssumed to bc duc to doEinrDc. eff€cts only. Due io smell br€od ProportioDs
it *rs Dot pGible io obtrir reliable estirnatcs of tbe cfrecs of ell the brecds rad of tbe effects of beteroeis of all
tbe brpcd coabinations.
+ Drlish Bhck end White is coopos€d of origind Drni$ Black end Whitc rnd Holstcin Friesian. The effects

includcd erc:
- OrigiDd Drai$ Bleck snd WhiG
- Holstcia Frisien

I
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- Hacmsis of Drairh BhcL .od Whit x Hol*cin Frisiel
+ Rcd Duish ir coryea of oriSird Rd Dlaid, Asicra Broua Swits, Rod Holdcia, Swdish Rd rad

Whita. Motbclisdc. Tho cffccts hcludod uc:
- OriSilrl Rod D&ish, Surcdish Rod rod Whitr, Mmtbolirr&
- Amicea Brosrl Swiec
- Rcd Holslcil
- HotGrocis of AEicra Broua Swiss x Olhcr btGods

+ Drnirh Jcccyr ie coryoaod of origind Drai& Jcncyr, US Jcrecys md Ncrp Zodend Jorscys. Tho offccts
iacludod rnx
- Origind Drni$ Jcrscys, Netl Zcdend Icrscys
- Amicro Jcrscys
- Effct of Auic.s Jcrscys r Obcr brccds

The random effects of the model arc:
+ srlr:. Raldrlr.l

The relationstrips behrcr 0re sires are traced as far back as possible. The basic genetic parametcrs
are shown in Table 2. They are based on unpublished results by lensen (1995). Generally, the
heritabilities correspond to those publistred by Jansetr(1986) and Jansen et al. (1987). The variances
and covariances of sires (VJ and residuals (VJ arc derived from the parameters in Table 2 by (V^
and Vr are matrixes of additive genetic and phenot)?ic variances and covariances):

V,=0.25.V^
v. = v,- v'

Computations The DMU-programmes developed by Jensen & Madsen (193) are used for the
computations. Thc solutions from the prcvious run arc used as starting values. The system
converges in lm - 200 rounds in the small brceds and in 800 - 1000 rounds in Danish Black and
white when the stopping criterion is: ll s + s.' lll ll s ll < 0.000001 where s is the vecror of sire
solutions in round i.

Table 2. Genetic parameter used in the evaluation of female fertility trais, heritabilities on
diagonal, phenoqrpic correlations above diagonal, genetic correlations below diagonal

H?ifc. tiirt Cow trritr

t
i
i

Hcifcr
tr|itt

Cow
t'ritt

NoD-rlnrD .ttc, 56 &y! (NR56)

Ilrcnna.doo Fiod (P)

No!-rltrrn r||., 56 &t. Nn56)

D.y! ftod cdviaa to ird io8mi.rlior (CFD

Ir*6in iion F.iod (lP)

I

Rcliabfu The reliability (r") is estimated by means of a simple selection index method. For each
trait the numbr of records per sire is counted and the rcliability is calculated by combining
hformation from the sire, the paternal grandsire and the Al-sons by means of the method described
by Christensen (1980).

Inrlex for femsle fertilitv
The estimatcd breeding valuis for each of the five female fertility traits (EBVFFJ are calculared
from the estimates of sirc effect using:

I

t

I
tt



EBVFF, = 2 r cfhct, of sira + !(breod, prcportioo i! sits I cfret, of brccdr, i - tnit, j = brced

The estimatc of totrl female fertility (EBVFD is then calculated as the sum of the five fertility
tnits multiplicd by their oconomic vdue Clable 3):

EBVFF = E@BYFF,. vdrcJ, i - tnit

The onomic values in Table 3 were derived from costs of one inseminarion at 100 DDK and costs
per day open. In Danish Black and Whits, Rd Danish and Dardsh Rd and White the economic
los per day open was 9.50 and 11.90 DDK in heifen and oows, respcctively. In Danish Jerseys
the loss per day open r*as 8.50 DDK in heifers and 4.80 DDK in cows

The five estimatcs of femde fertility traits (EBVFF) and the total estimate (EBVFF) are
standardized to an avcf,agc of 100 and a standard deviation of 5 units for sires included in the
rolling base. In 1995 tlre base included bulls born in 1988 - 1990 if the rcliability of the toal
breeding value for femde fertility was at least 35%. When thesc limic are applied, the base
includes nearly the same sires as is included in the base for milk yield indexes. The index for
female fertility is included in the toal merit index with a relative weight of 0.32 compared to a
relative wcight on milk yield index of 0.7) ($d. 6.5 units) in Danish Black and White. The relative
weights are very similar in the other breeds (Lykle et d., 1996).

Results

In Table 4 the correlations between the fertility indexes of sires in the base are shown (only Danish
Black and White and Danish Jerseys). As expected, the rpsults show high corrclations between
NR56 and IP. The correl;ations between heifer and cow fertility are also positive (0.30 - 0.50). The
core.lations betrreen the total fertility index and the milk yield index arc very negative, in Danish
Black and Whie +0.39, in Red Danish +0.24 and in Danish Jerseys +0.25.

Table 3. Economic values of the

DDK/srit ttEalrard,/roitrd DDlgunir of rnd..dizrd i!d.x.r

R.d l).rio,
D.rdA Bhct

.nd WhiL

0.61

-5.30

ttt

-r3.50

-13.50

nd lhnidr,
Dutuh BLct

rd Wlit€

030

3.10

l. t5

6.50

o.x

2.50

o.75

l3.m

0.61

1.75

1.65

.7.10

Hcifcr
rarilr

Cow
rniu

NoD-rc!|'! 
'|L, 

t

torcrdortion pcdod, &tr

Noo-rvcrra art!, i

b|36i!.tio! Friod

Cdvia3 - 6r iarcmirution

Told fcaility i!d.r, DDlvuoii

t3.@ 5.@

24.m t3.m
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Table 4. Correlations benrreen fertility indexes. Durish Black and Whitc below diagonal
sircs) and Danish Jerrcys above diagonal (250 sir€s)
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0.t I

o.u
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o.rat 032 .{t.0

ojo 0J5 {.(B

- 0.t7 0.q)

o.to - 034

0.(16 o.,rt

0.@

.o.0t

4.13

4.8

4.8

o.n

0.t?

0.1,1

(

{

{
{

Tdd f..| ny i!d.r (EEVFf)

Yi.ld id.r

0.,
4.1,1

G55

4.U

0.&t

4g
0.u

.o30

- 4.U

.039

In Table 5 thc genetic trend of the fertility is shown. Only sires with reliabilities above 35% arc.
includcd. Furthermore it is require that the sirc have daughten in the daa set, meaning that only
sires which have been tested in Denmark since 1985 are included. In Red Danish and Danish
Jerseys there havc been no appreciable changes in the genetic level of the sire.s bom since 1980.
In Danish Black and White the genetic levels have been decreasing for the cow traic.

Discussion
It is planned to improve the evaluation model by including a repeatabitty model for cow traits or
alternatively to use a multiple trait evaluation of records from differcnt lactations. This multiple
trait evaluation might also include heifer traits if the genetic correlations between heifer and cow
fertility are different from zero. Another possible improvement is to include the effect of patemal
fertility in the evaluation.

The Danish model for evaluation of milk yield traits includes the effect of days open. This is a
problem when both mift yield and fertility are included in the total merit index, because the effect
of female fertility is included directly in the fertility index and indirectly in the milk yield index.
The most appropdate solution is to exclude the effect of days open from the evaluation model for
milk yield tnits and ever better to use multiple trait evaluation of milk and fertility traits, but it
has not beeri possible for practical reasons. As a compensation, it has been decided to increase the
rclative weight of milk yield traits by about l0%.
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Table 5. Average indexes for female fertility by year of birtlr
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