Introduction

The latest routine international evaluation for females fertility traits took place
as scheduled at the Interbull Centre. Data from twentyone (21) countries were
included in this evaluation.

International genetic evaluations for female fertility traits of bulls from

Australia, Austria, Belgium, Canada, Czech Republic, Denmark-Finland-Sweden, France, Germany,

Ireland, Israel, Italy, Netherlands, New Zealand, Norway, Poland, Spain,

Switzerland, South Africa, the United Kingdom, Uruguay, Japan and the United States of America were computed.
Brown Swiss, Guernsey, Holstein, Jersey, Red Dairy Cattle and Simmental breed

data were included in this evaluation.

Based on a decision made by Interbull Steering committee in August 2007,
female fertility traits are classified as follows:

T1 (HC): Maiden (H)eifer®s ability to (C)onceive. A measure of confirmed
conception, such as conception rate (CR), will be considered for this
trait group. In the absence of confirmed conception an alternative
measure, such as interval first-last insemination (FL), interval first
insemination-conception (FC), number of inseminations (NI), or
non-return rate (NR,preferably NR56) can be submitted;

T2 (CR): Lactating (C)ow"s ability to (R)ecycle after calving. The interval
calving-Tirst insemination (CF) is an example for this ability. In the
abscence of such a trait, a measure of the interval calving-conception,
such as says oprn (DO) or calving interval (Cl) can be submitted;

T3 (C1): Lactating (C)ow"s ability to conceive (1), expressed as a rate trait.
Traits like conception rate (CR) and non-return rate (NR, preferably
NR56) will be considered for this trait group;

T4 (C2): Lactating (C)ow"s ability to conceive (2), expressed as an interval
trait. The interval fTirst insemination-conception (FC) or interval
first-last insemination (FL) will be considered for this trait group.
As an alternative, number of inseminations (N1) can be submitted.

In the abscence of any of these traits, a measure of interval
calving-conception such as days open (DO), or calving interval (CI)
can be submitted. All countries are expected to submit data for this
trait group, and as a last resort the trait submitted under T3 can be
submitted for T4 as well.

T5 (IT): Lactating cow"s measurements of (I)nterval (T)raits calving-conception,
such as days open (DO) and calving interval (CI).

Based on the above trait definitions the following traits have been submitted for
international genetic evaluation of female fertility traits.

AUS T4=C2 Calving interval converted to 42 days preghancy rate
T5=1T Calving interval converted to 42 days preghancy rate

BEL T2=CY PR=Pregnancy Rate (=[21/(D0-45+11)]*100, with DO=days open)
T4=C2 PR=Pregnancy Rate (=[21/(D0-45+11)]*100, with DO=days open)
T5=IT PR=Pregnancy Rate (=[21/(D0-45+11)]*100, with DO=days open)

CAN T1=HC NR=Non Return Rate after 56 Days in heifers (NRR), %
T2=CY CF=Interval from Calving to First Service in cows(CF)
T3=C1 NR=Non Return Rate after 56 Days in cows(NRR), %
T4=C2 FC=Interval first iInsemination-conception In cows
T5=IT DO=Days open

CHE T1=HC CR=Heifers™ Conception rate
T2=CR  CF=Interval from Calving to First Service (ICF), days
T3=C1 NR=Non Return Rate after 56 Days (NRR), %
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T1=HC

FL=Interval from first to last insemination cows

CR=Heifers"™ Conception rate (pregnant or not after 3 months)
CR=Cows*® Conception rate (pregnant or not after 3 months)
CR=Cows*® Conception rate (pregnant or not after 3 months)

NR=Heifers® Non Return Rate after 56 days

CF=Interval from calving to first insemination cows (days)
NR=Cows™ Non Return Rate after 56 days

FL=Interval from first to last insemination cows (days)
DO=Days open (days)

CR=Heifers®™ Conception rate for maiden heifers

CF=Interval from calving to first insemination cows (days)
CR=Cows*" conception rate for cows

FL=Interval from first to last insemination cows (days)
DO=Days open (days)

Days Open
Days Open
Days Open

CR=Heifers® Conception rate (binary trait) for maiden heifers

Interval between calving and first Al
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CR=Cows*® Conception rate (binary trait)
FL=Interval from first to last insemination cows (days)

FL=Interval from first to last insemination cows (days)
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T4=C2
T5=IT

T2=CY
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T3=C1
T4=C2

T1=HC

Cl=days between 1st and 2nd calvings
NR=1st lactation non return at 56 days
Cl=days between 1st and 2nd calvings
Cl=days between 1st and 2nd calvings

Cl=Calving interval
Cl=Calving interval
Cl=Calving interval

CR=Inverse of the number of iInsemination to conception (%)
CR=Inverse of the number of insemination to conception (%)

NR= non-return rate 56 days (heifers)

CF=Days to first service
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T2=CY
T4=C2
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NR=Non-return rate at 56 days (%)
FL=Interval from first to last insemination cows (days)
DO=days open (days)

CF=Interval calving to first insemination
Days Open
Cl=Calving interval

CR=Heifers™ Conception rate

CF=Interval calving to first insemination (days)
CR=Cows*® Conception rate (binary trait) for cows
FL=Interval from first to last insemination cows (days)
Cl=Calving Interval (days)

NI=Number of inseminations (heifers)

CF=Days from calving to first insemination (days)
NI=Number of inseminations (cows)

NI=Number of inseminations (cows)

CF=Days from calving to first insemination (days)

PM=Lactating cow"s ability to start cycling
PC=Lactating cow"s ability to conceive (CR42)
PC=Lactating cow"s ability to conceive (CR42)



POL

T1=HC CR=Conception Rate (heifer)
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T3=C1 CR=Conception Rate (cow)
T4=1T DO=Days open
T5=1T DO=Days open

T4=C2 Days open expressed as Daughter Pregnancy Rate
T5=IT Days open expressed as Daughter Pregnancy Rate

T1=HC CR=Conception rate (heifer)

T2=CY CF=Interval from calving to first insemination
T3=C1 CR=Conception rate (cow)

T4=C2 DP=Daughter Pregnancy Rate

T5=IT DP=Daughter Pregnancy Rate

T4=IT Cl=Calving Interval
T5=IT ClI=Calving Interval

T1=HC  CR=Heifers"Conception rate
T3=C1 CR=Cows"Conception rate
T4=C2  DO=Days open

T5=IT DO=Days open

CHANGES IN NATIONAL PROCEDURES

Changes in the national genetic evaluation of female fertility traits are as

follows:

NOR (RDC) IT the oldest herdx4yr class (of a herd) is small, the data gets dropped. This cause a random loss of 1 to 2 daughters for old bulls, somewhat more iIf the daughter group was large. Base changed to a rolling cow base, based on cows bor
JPN (HOL) Small changes i1n information due to additional records and pedigree changes

IRL(HOL, JER, RDC) Survival records are all censored where the date of last calving is within 390 days of the date of extraction for the evaluation. Rewritten the code for assigning Proof Type/Status of Bull/Publishable as it was based on a ve
CHE (BSW) Based on manual data edits and the removal of data errors, the number of herds and the number of daughters for very few bulls decreased. The change of herd-year-season assignment of certain data records might explain the very small c
CHE (HOL) Manual data editings causing drops in infrmation especially for fertility because the changes in the data might affect the composition of the contemporary groups for this trait. The data used for HOL evaluations come from two differe
DEU (HOL, RDC) Herd-years with uninformative NonReturn56, i1.e., 100% NR56 are excluded. Some traits are verified with the subsequent calving, e.g. interval first to last insemination, insemination dates must match with calving dates and resul
BEL (HOL) Definition of genetic groups were updated/improved. Genetic groups are always based on selection path, type of breed, degree of Holsteinisation, origin (North-America vs Europe) and time. Periods of time were updated and improved.
POL (HOL) Small decrease in information due to data edits.

GBR (ALL) Small drop in information due to changes in data and the fact NR56 is updated as more information becomes available.

DFS (HOL, RDC, JER) Some drop In information, because Al data is checked with calving information on when the calvings occur. IT the calving does not fit with Al information, the Al information is deleted.

USA (ALL) Drops in information due to the normal editing of herds/daughters

NZL (ALL) Seasonal drop i1n information due to changes in matings, calvings and continuous DNA verification.

ITA (HOL) Drops i1n information caused by data flow and data editings.

INTERBULL CHANGES COMPARED TO THE PREVIOUS ROUTINE RUN

As decided by the ITC in Orlando, new subsetting was introduced

in the september test run. Sub-setting is necessary for operational
purposes and restrictions of time scales. To minimize the effect of
subsetting, larger subsets with 10-12 countries and with 4 link
providing countries have been applied.

According to the decision taken by ITC in Orlando, the following
changes have been introduced iIn regards to the windows used for
post processing:

The upper bounds have been set to 0.99 as these were judged to have
very little effect on evaluations. The lower values have been
set to about the 25% percentile value. The largest changes are for

the

lower values for conformation traits, with the lowest window being



40% for OFL otherwise i1t is about 50% for all other confirmation traits.

It 1s anticipated that these low values may not have large impact on

evaluations since there were very few countries combinations whose

estimated correlations fell between the old limit of 0.30 and these new limits.

DATA AND METHOD OF ANALYSIS

Data were national genetic evaluations of Al sampled bulls with at least

10 daughters or 10 EDC (for clinical mastitis and maternal calving traits at least

50 daughters or 50 EDC, and for direct calving traits at least 50 calvings or 50 EDC) in at
least 10 herds. Table 1 presents the amount of data included

in this Interbull evaluation for all breeds.

National proofs were first de-regressed within country and then analysed

jointly with a linear model including the effects of evaluation country,

genetic group of bull and bull merit. Heritability estimates used in both
the de-regression and international evaluation were as iIn each country®"s

national evaluation.

Table 2 presents the date of evaluation as supplied by each country

Estimated genetic parameters and sire standard deviations are shown in APPENDIX |
and the corresponding number of common bulls are listed in APPENDIX I1.

SCIENTIFIC LITERATURE
The international genetic evaluation procedure is based on international work
described in the following scientific publications:

International genetic evaluation computation:
Schaeffer. 1994. J. Dairy Sci. 77:2671-2678
Kler, 1998. Interbull Bulletin 17:3-7

Verification and Genetic trend validation:
Klei et al., 2002. Interbull Bulletin 29:178-182.
Boichard et al., 1995. J. Dairy Sci. 78:431-437

Weighting factors:
Fikse and Banos, 2001. J. Dairy Sci. 84:1759-1767

De-regression:
Sigurdsson and G. Banos. 1995. Acta Agric. Scand. 45:207-219
Jairath et al. 1998. J. Dairy Sci. Vol. 81:550-562

Genetic parameter estimation:
Kler and Weigel, 1998, Interbull Bulletin 17:8-14
Sullivan, 1999. Interbull Bulletin 22:146-148

Post-processing of estimated genetic correlations:
Mark et al., 2003, Interbull Bulletin 30:126-135
Jorjani et al., 2003. J. Dairy Sci. 86:677-679
https://wiki.interbull_org/public/rG%20procedure?action=print

Time edits
Weigel and Banos. 1997. J. Dairy Sci. 80:3425-3430

International reliability estimation
Harris and Johnson. 1998. Interbull Bulletin 17:31-36

NEXT ROUTINE INTERNATIONAL EVALUATION

Dates for the next routine evaluation can be found on
http://www.interbull _org/ib/servicecalendar.



NEXT TEST INTERNATIONAL EVALUATION
Dates for the next test run can be found on
http://www.interbull _org/ib/servicecalendar.
PUBLICATION OF INTERBULL TEST RUN

Test evaluation results are meant for review purposes only and should not be
published.

~LTable 1. National evaluation data considered in the Interbull
evaluation for fertility (December Routine Evaluation 2019).
Number of records for lactating cow®s ability to conceive (cc2) by breed

Country BSW GUE HOL JER RDC SIM
AUS 136 8011 1727 714
BEL 1837

CAN 151 44 9102 528 532
CHE 2772 3315

CZE 3793

DEA 5462

DEU 26797 375
DFS 16054 2387 9945
ESP 5410

EST

FRA 385 16352

FRM

GBR 94 235 6716 551 391
HUN

IRL 2824 178 62
ISR 1420

ITA 1778 9700

JPN 5858

KOR

LTU

LVA

NLD 189 15351 158 80
NOR 2961
NZL 57 58 7968 4797 1367
POL 7497

PRT

SVK

SVN

URY 1637

USA 1093 759 38795 4716 704
ZAF 1250 706 146
HRV

MEX

CAM

No.Records 11981 1232 189687 15748 17277
Pub. Proofs 11033 1017 153932 13286 17209 0



USA 0.79 0.79 0.89 2.72
CHE 0.92 0.95 0.88 0.88 13.09
NLD 0.77 0.70 0.87 0.88 0.87 3.20
BSW crc
CAN CHE DEA NLD NZL USA GBR FRA ITA
CAN 7.17
CHE 0.85 11.35
DEA 0.85 0.94 14.28
NLD 0.87 0.88 0.86 3.53
NZL 0.62 0.65 0.77 0.65 11.09
USA 0.84 0.86 0.84 0.85 0.62 3.32
GBR 0.75 0.76 0.75 0.79 0.65 0.83 3.85
FRA 0.86 0.96 0.94 0.91 0.65 0.86 0.78 1.81
ITA 0.85 0.85 0.84 0.86 0.69 0.84 0.80 0.86 17.89
BSW ccl
CAN CHE DEA NLD USA GBR FRA
CAN 7.87
CHE 0.79 11.77
DEA 0.79 0.95 11.05
NLD 0.75 0.71 0.67 3.83
USA 0.74 0.68 0.67 0.90 2.82
GBR 0.72 0.79 0.75 0.71 0.67 0.04
FRA 0.72 0.69 0.67 0.91 0.92 0.70 0.95
BSW cc2
CAN CHE DEA NLD NZL USA GBR FRA ITA
CAN 6.58
CHE 0.73 11.10
DEA 0.84 0.91 11.72
NLD 0.88 0.84 0.85 3.21
NZL 0.65 0.54 0.65 0.65 7.16
USA 0.85 0.84 0.85 0.87 0.65 2.37
GBR 0.83 0.78 0.86 0.84 0.71 0.85 3.85
FRA 0.85 0.86 0.87 0.87 0.64 0.85 0.84 0.95
ITA 0.85 0.69 0.85 0.85 0.61 0.88 0.83 0.85 23.21
BSW int
CAN DEA NLD NZL USA GBR ITA
CAN 7.11
DEA 0.88 13.61
NLD 0.89 0.88 3.38
NZL 0.61 0.64 0.66 7.03
USA 0.91 0.87 0.87 0.58 2.37
GBR 0.87 0.88 0.89 0.67 0.87 3.85
ITA 0.88 0.93 0.88 0.65 0.89 0.88 17.83
GUE crc
CAN GBR NZL USA AUS
CAN 7.59
GBR 0.75 5.16
NZL 0.61 0.65 12.13
USA 0.84 0.87 0.62 3.21

AUS 0.74 0.87 0.76 0.75 6.96



CAN GBR USA
CAN 7.34
GBR 0.72 0.03
USA 0.80 0.72 3.39
GUE cc2
CAN GBR NZL USA AUS
CAN 6.89
GBR 0.84 5.16
NZL 0.64 0.71 7.68
USA 0.86 0.85 0.66 2.62
AUS 0.75 0.73 0.80 0.82 12.63
GUE int
CAN GBR NZL USA AUS
CAN 7.84
GBR 0.87 5.16
NZL 0.62 0.67 7.68
USA 0.92 0.87 0.63 2.62
AUS 0.87 0.86 0.78 0.87 12.63
HOL hco
CAN CZE DEU DFS FRA USA POL CHE NLD ITA JPN
CAN 7.78
CZE 0.76 18.76
DEU 0.93 0.78 15.06
DFS 0.81 0.87 0.85 13.68
FRA 0.82 0.88 0.81 0.88 0.84
USA 0.84 0.88 0.86 0.89 0.90 2.38
POL 0.70 0.88 0.71 0.86 0.84 0.84 19.54
CHE 0.95 0.86 0.93 0.86 0.87 0.88 0.81 14.04
NLD 0.79 0.87 0.79 0.86 0.87 0.88 0.82 0.87 3.80
ITA 0.84 0.87 0.92 0.88 0.88 0.88 0.87 0.90 0.88 0.04
JPN 0.84 0.74 0.79 0.75 0.76 0.83 0.68 0.84 0.74 0.73 6.27
HOL crc
BEL CAN CHE DEU DFS ESP GBR IRL ITA NLD NZL USA POL FRA
BEL 4.74
CAN 0.72 6.98
CHE 0.80 0.84 12 .45
DEU 0.72 0.85 0.88 11.18
DFS 0.79 0.89 0.94 0.90 11.78
ESP 0.87 0.78 0.81 0.78 0.80 11.17
GBR 0.89 0.74 0.77 0.73 0.80 0.89 4.64
IRL 0.87 0.72 0.72 0.72 0.72 0.87 0.87 3.46
ITA 0.78 0.85 0.88 0.87 0.89 0.85 0.82 0.72 8.25
NLD 0.81 0.87 0.93 0.90 0.96 0.79 0.80 0.72 0.86 4 .53
NZL 0.65 0.60 0.61 0.60 0.61 0.64 0.64 0.61 0.70 0.60 8.42
USA 0.84 0.84 0.84 0.84 0.84 0.85 0.88 0.77 0.84 0.84 0.60 3.22
POL 0.74 0.89 0.89 0.87 0.87 0.81 0.74 0.72 0.93 0.86 0.62 0.84 14.11
FRA 0.76 0.86 0.94 0.92 0.94 0.82 0.80 0.72 0.91 0.94 0.62 0.84 0.88 1.19



CAN 6.70
CHE 0.92 11.15
CZE 0.81 0.75 18.02
DEU 0.90 0.93 0.77 14.39
DFS 0.74 0.72 0.89 0.74 13.30
FRA 0.75 0.75 0.89 0.71 0.87 1.01
GBR 0.73 0.77 0.71 0.78 0.68 0.70 0.03
ISR 0.76 0.68 0.90 0.73 0.86 0.86 0.74 3.16
ITA 0.86 0.88 0.75 0.95 0.69 0.69 0.76 0.74 0.05
NLD 0.76 0.74 0.90 0.73 0.92 0.93 0.70 0.88 0.70 4.71
USA 0.79 0.71 0.95 0.72 0.88 0.89 0.66 0.92 0.74 0.90
POL 0.74 0.75 0.88 0.81 0.85 0.84 0.67 0.83 0.79 0.82
JPN 0.77 0.69 0.89 0.70 0.83 0.79 0.70 0.82 0.70 0.82
HOL cc2

BEL CAN CHE CZE DEU DFS ESP FRA GBR IRL
BEL 4.74
CAN 0.84 5.98
CHE 0.80 0.87 11.22
CZE 0.65 0.84 0.87 18.03
DEU 0.83 0.92 0.91 0.89 13.06
DFS 0.84 0.85 0.86 0.80 0.94 12.88
ESP 0.85 0.86 0.79 0.74 0.87 0.84 11.16
FRA 0.84 0.87 0.91 0.81 0.90 0.85 0.86 0.98
GBR 0.89 0.84 0.73 0.65 0.83 0.84 0.88 0.83 4.64
IRL 0.84 0.83 0.81 0.66 0.83 0.83 0.86 0.83 0.85 3.46
ISR 0.53 0.63 0.64 0.82 0.75 0.70 0.63 0.66 0.57 0.62
ITA 0.75 0.85 0.86 0.90 0.91 0.84 0.86 0.84 0.77 0.78
NLD 0.84 0.90 0.89 0.84 0.94 0.91 0.86 0.89 0.84 0.84
NZL 0.73 0.64 0.53 0.49 0.63 0.63 0.68 0.63 0.71 0.74
USA 0.84 0.86 0.85 0.86 0.90 0.88 0.87 0.85 0.84 0.84
POL 0.83 0.83 0.71 0.62 0.81 0.82 0.85 0.80 0.84 0.83
ZAF 0.76 0.77 0.80 0.70 0.82 0.77 0.84 0.79 0.80 0.87
AUS 0.77 0.77 0.81 0.70 0.77 0.71 0.80 0.78 0.76 0.92
URY 0.84 0.81 0.68 0.60 0.80 0.81 0.83 0.81 0.85 0.84
JPN 0.83 0.85 0.83 0.74 0.84 0.85 0.90 0.85 0.86 0.84
HOL int

BEL CAN DEU DFS ESP GBR IRL ITA NLD NZL
BEL 4.74
CAN 0.87 6.43
DEU 0.87 0.89 12.25
DFS 0.90 0.91 0.94 12.82
ESP 0.88 0.88 0.87 0.88 11.16
GBR 0.89 0.87 0.87 0.89 0.90 4 .64
IRL 0.87 0.87 0.87 0.87 0.87 0.87 3.46
ITA 0.87 0.89 0.90 0.90 0.93 0.87 0.87 20.75
NLD 0.93 0.90 0.91 0.95 0.88 0.90 0.87 0.87 4.52
NZL 0.73 0.61 0.60 0.60 0.67 0.71 0.73 0.66 0.63 5.34
USA 0.87 0.92 0.90 0.89 0.89 0.87 0.87 0.93 0.87 0.62
POL 0.86 0.87 0.87 0.87 0.86 0.87 0.87 0.90 0.87 0.68
ZAF 0.87 0.87 0.87 0.87 0.88 0.87 0.88 0.89 0.87 0.71
AUS 0.87 0.87 0.87 0.87 0.87 0.87 0.93 0.87 0.87 0.75
URY 0.87 0.87 0.86 0.86 0.86 0.87 0.87 0.87 0.87 0.76
FRA 0.77 0.84 0.77 0.79 0.81 0.71 0.78 0.79 0.77 0.49
JPN 0.87 0.93 0.90 0.90 0.91 0.87 0.87 0.94 0.87 0.64
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CAN DFS USA NLD

CAN 8.00
DFS 0.78 17.58
USA 0.81 0.88 2.73
NLD 0.77 0.87 0.88 3.60
JER crc
CAN DFS GBR NLD NZL USA IRL
CAN 6.67
DFS 0.87 13.62
GBR 0.73 0.85 4.14
NLD 0.87 0.91 0.77 3.72
NZL 0.63 0.67 0.69 0.61 6.75
USA 0.84 0.84 0.84 0.84 0.66 3.75
IRL 0.74 0.73 0.87 0.73 0.62 0.75 1.98
JER ccl
CAN DFS GBR NLD USA
CAN 6.64
DFS 0.72 15.60
GBR 0.76 0.68 0.03
NLD 0.76 0.90 0.69 3.71
USA 0.74 0.88 0.67 0.90 2.90
JER cc2
CAN DFS GBR NLD NZL USA ZAF AUS IRL
CAN 6.55
DFS 0.85 15.69
GBR 0.85 0.84 4.14
NLD 0.89 0.89 0.84 3.25
NZL 0.65 0.65 0.74 0.64 4.30
USA 0.85 0.87 0.85 0.87 0.68 2.59
ZAF 0.70 0.70 0.76 0.74 0.75 0.86 11.11
AUS 0.70 0.71 0.69 0.71 0.73 0.77 0.83 7.16
IRL 0.84 0.85 0.85 0.85 0.67 0.85 0.73 0.77 1.98
JER int
CAN DFS GBR NLD NZL USA ZAF AUS IRL
CAN 6.37
DFS 0.88 15.43
GBR 0.87 0.88 4.14
NLD 0.88 0.91 0.88 3.43
NZL 0.64 0.63 0.73 0.62 4.30
USA 0.89 0.87 0.87 0.87 0.67 2.59
ZAF 0.87 0.87 0.87 0.86 0.72 0.87 11.11
AUS 0.87 0.87 0.87 0.87 0.73 0.87 0.88 7.16
IRL 0.85 0.86 0.85 0.87 0.46 0.85 0.84 0.87 1.98
RDC hco
CAN DEU DFS NOR USA NLD
CAN 7.42
DEU 0.92 14.11
DFS 0.81 0.80 12.35
NOR 0.86 0.84 0.82 14.68
USA 0.85 0.84 0.90 0.72 2.62

NLD 0.78 0.79 0.87 0.72 0.88 4.04



CAN DEU DFS GBR NOR NZL USA NLD IRL
CAN 6.32
DEU 0.85 10.16
DFS 0.87 0.90 12.68
GBR 0.76 0.74 0.77 4_.52
NOR 0.89 0.87 0.86 0.75 13.62
NZL 0.62 0.62 0.61 0.66 0.68 10.51
USA 0.84 0.84 0.84 0.83 0.85 0.71 3.41
NLD 0.87 0.89 0.92 0.79 0.86 0.62 0.85 3.19
IRL 0.73 0.73 0.74 0.87 0.74 0.63 0.76 0.73 2.66
RDC ccl
CAN DEU DFS GBR NOR NLD USA
CAN 7.05
DEU 0.89 12.92
DFS 0.77 0.77 13.10
GBR 0.72 0.78 0.74 0.03
NOR 0.84 0.83 0.87 0.72 12.20
NLD 0.77 0.76 0.90 0.71 0.72 3.97
USA 0.83 0.73 0.87 0.67 0.78 0.90 2.65
RDC cc2
CAN DEU DFS GBR NOR NZL USA ZAF NLD AUS IRL
CAN 6.81
DEU 0.92 10.39
DFS 0.85 0.94 12.81
GBR 0.85 0.84 0.85 4.52
NOR 0.88 0.87 0.85 0.86 11.67
NZL 0.65 0.65 0.65 0.69 0.66 6.76
USA 0.87 0.90 0.86 0.85 0.86 0.71 2.38
ZAF 0.71 0.81 0.74 0.72 0.70 0.73 0.85 17.66
NLD 0.89 0.95 0.90 0.85 0.86 0.65 0.86 0.77 3.46
AUS 0.72 0.73 0.67 0.76 0.66 0.78 0.80 0.81 0.72 8.69
IRL 0.84 0.84 0.85 0.85 0.86 0.72 0.85 0.84 0.85 0.86 2.66
RDC int
CAN DEU DFS GBR NOR NZL USA ZAF NLD AUS IRL
CAN 6.71
DEU 0.89 10.58
DFS 0.88 0.94 13.11
GBR 0.87 0.87 0.88 4.52
NOR 0.90 0.89 0.87 0.88 13.38
NZL 0.67 0.58 0.59 0.67 0.66 6.76
USA 0.91 0.89 0.88 0.87 0.88 0.70 2.37
ZAF 0.87 0.87 0.87 0.87 0.91 0.70 0.88 17.66
NLD 0.90 0.91 0.92 0.89 0.88 0.62 0.87 0.87 3.38
AUS 0.87 0.87 0.87 0.87 0.88 0.76 0.87 0.89 0.87 8.69
IRL 0.87 0.87 0.87 0.87 0.88 0.68 0.87 0.89 0.88 0.91 2.66

common bulls below diagonal
common three quarter sib group above diagonal



common bulls below diagonal
common three quarter sib group above diagonal
CAN CHE DEA NLD NZL USA GBR FRA ITA

common bulls below diagonal
common three quarter sib group above diagonal
CAN CHE DEA NLD USA GBR FRA

common bulls below diagonal
common three quarter sib group above diagonal
CAN CHE DEA NLD NZL USA GBR FRA ITA

common bulls below diagonal
common three quarter sib group above diagonal
CAN DEA NLD NZL USA GBR ITA



GBR 36 38 27 13 60 0 63
ITA 76 544 98 21 158 41 0

common bulls below diagonal
common three quarter sib group above diagonal
CAN GBR NZL USA AUS

common bulls below diagonal
common three quarter sib group above diagonal
CAN GBR USA

common bulls below diagonal
common three quarter sib group above diagonal
CAN GBR NZL USA AUS

common bulls below diagonal
common three quarter sib group above diagonal
CAN GBR NZL USA AUS

common bulls below diagonal
common three quarter sib group above diagonal
CAN CZE DEU DFS FRA USA POL CHE NLD ITA JPN

NLD 1107 1108 2540 1588 1135 1325 1022 803 0 1643 955



ITA 1280 793 1640 1139 938 1576 843 635 1301
JPN 538 290 500 420 366 641 350 256 445

common bulls below diagonal
common three quarter sib group above diagonal

BEL

CAN

CHE

DEU

DFS ESP GBR IRL ITA

common bulls below diagonal
common three quarter sib group above diagonal

CAN

CHE

CZE

DEU

DFS FRA GBR ISR ITA

common bulls below diagonal

common three quarter

BEL

CAN

CHE

sib
CZE

group above diagonal
DEU DFS ESP FRA GBR

556
407
1141
692
863
836
756
475
42
720
1272
386
757
354

USA

871
2709

968
1467
3556
1933
1906
2418
2101

758

147
2573
2373
1042

1178

POL

445
887
384
863
1484
948
908
1083
790
321

1026
1057

368
1304

ZAF

320
432
265
314
566
497
504
471
490
329

480
490
351
619
212

AUS

684
1125
578
720
1594
1175
1079
1213
1291
698

1151
1363
1147
1753

599

URY

315
639
284
441
722
578
590
553
597
341
76
639
597
459
1002
377

JPN

479
1077
425
708
1386
876
1013
1130
967
417
87
1123
962
530
1815
631



262 393
581 1104
228 603
286 532

202 423
452 1124
292 495
283 488

322 426
799 1091
321 481
362 441

common bulls below diagonal

common three quarter sib group above diagonal
GBR

BEL CAN

DEU

DFS ESP

IRL

ITA

common bulls below diagonal
common three quarter sib group above diagonal
NLD

CAN DFS USA
0 57 280
47 0 97
264 77 0
18 56 50

common bulls below diagonal
common three quarter sib group above diagonal
NLD

CAN DFS GBR NZL USA IRL
0 62 124 28 144 318 8
49 0 131 91 121 114 39
122 120 0 70 189 183 62
22 86 63 0 65 69 27
144 94 193 57 0 254 108
315 93 195 71 278 0 37
7 33 64 27 120 39 0

common bulls below diagonal
common three quarter sib group above diagonal

GBR

USA

CAN DFS
0 62
49 0
126 120
22 86
324 93

589
1689
1232

672

URY

315
645
722
578
590
597
341
639
600
459
1002
377
304
586

321
242

139
403
284
293

FRA

864
1221
2488
1538
1518
1487

725
1710
1896

786
2418
1083

471
1213

553

362

0
396
251
246

JPN

479
1080
1386

876
1012

967

417
1123

967

530
1815

631

395

816

505
1130

462

451
402

304
586

242

396
816
505



common bulls below diagonal
common three quarter sib group above diagonal
CAN DFS GBR NLD NZL USA ZAF AUS IRL

common bulls below diagonal
common three quarter sib group above diagonal
CAN DFS GBR NLD NZL USA ZAF AUS IRL

common bulls below diagonal
common three quarter sib group above diagonal
CAN DEU DFS NOR USA NLD

common bulls below diagonal
common three quarter sib group above diagonal
CAN DEU DFS GBR NOR NZL USA NLD IRL

common bulls below diagonal
common three quarter sib group above diagonal
CAN DEU DFS GBR NOR NLD USA



common bulls below diagonal
common three quarter sib group above diagonal
CAN DEU DFS GBR NOR NZL USA ZAF NLD AUS IRL

common bulls below diagonal
common three quarter sib group above diagonal
CAN DEU DFS GBR NOR NZL USA ZAF NLD AUS IRL



