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Introduction 
 
Survivability may be defined as the ability of an animal to remain within a herd over a 
given time period.  Recent trends show a gradual decrease of over 1.0% per year in 
first lactation animals reappearing as second lactation animals over the years 1993 to 
1999 (Irish Cattle Breeding Statistics, 2002).  This trend has occurred as a result of 
management changes and changes in the genetic make-up of the dairy population 
over this time period.  Nevertheless, genetic progress towards improved survivability 
must be prioritized in order to counteract this phenomenon.  Genetic progress is 
cumulative and permanent, unlike management practices that need to be repeated 
annually, usually at some repeated expense. 
 
Optimal financial benefits are achieved by maintaining herd calving intervals in the 
region of 365-370 days and an empty rate of less than 7% (Esslemont et al., 2001).  
There are losses associated with levels of performance below these standards (Britt, 
1985).  Annual total culling rate should be kept close to 18% to maximise the benefits 
of age and genetic improvement (for review see Esslemont et al., 2001). 
 
The ability to breed animals that survive longer in our herds is of economic, welfare 
and environmental importance.  With improved survival, the age structure of the herd 
is altered towards more mature animals that are expected to have higher yields.  
Replacement rate/cost is reduced and the overall cost of replacements is spread 
over a longer time/production horizon.  Superior health and fertility reduces veterinary 
costs and reduces the incidence of involuntary culling thereby increasing the scope 
for voluntary culling (i.e., more scope to cull lower producing cows).  From an 
environmental point of view, stocking rates may be reduced due to the requirement 
for a smaller number of replacements and the ability to fill quota with fewer, more 
mature cows.  This has implications for reduced methane emissions.  Problems 
associated with the disposal of specific risk material (SRM) from animals >30 months 
of age may also be reduced. 
 
The objective of this paper is to illustrate the past, present and future of international 
breeding programs in improving cow survivability within the herd. 
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Past international breeding programs 
 
Genetic change is readily achievable through the selection of individuals with 
performances that differ from the average of the population.  Genetic improvement 
however is more difficult to achieve and requires a favorable genetic change in 
important traits without deleterious effects on other related traits of importance. 
 
For a long time breeding programs worldwide (with the possible exclusion of the 
Scandinavian countries) were based solely on milk production without any consideration 
for other ancillary traits.  In Ireland, up until November 2000, each animal received a 
relative breeding index (RBI) figure, which was a weighted sum of its progeny’s capacity 
to produce milk solids alone.  It has now been recognised that selection in dairy cattle 
solely for high milk production is generally accompanied by reduced fertility (Berry et al., 
2003b; Evans et al., 2002) and reduced health (Emanuelson et al., 1988) that may lead 
to poorer overall survival, especially in seasonal calving herds.  It is for this reason that 
most countries have begun to include traits, other than those associated with milk 
production, in their selection indexes.  Although progress towards increased milk 
production may be reduced, these selection indexes suggest that better overall 
economic efficiency will be obtained when functional non-production traits are included 
in selection objectives. 
 
 
Current breeding strategies  
Economic breeding index 
The economic breeding index (EBI) was introduced in Ireland in November 2000.  The 
objective of the EBI is to increase the profitability of the dairy herd.  A sire with an EBI of 
� 50 indicates that, on average, offspring from that sire will leave � 50 more profit per 
lactation than offspring from a sire with an EBI of � 0.  Over the past 10 years the 
average genetic merit of milk-recorded cows in EBI has increased by � 2.5/yr.  Herd 
profitability is governed by a large number of different traits, however, their inclusion 
within the selection index is limited by the lack of sufficient data.  Currently the EBI 
includes five goal traits: 
 

EBI(� ) = -0.076PDmilk+0.86*PDfat+5.7*PDprotein+11.4*PDsurvival–2.07*PDcalving interval 
 
The EBI is based on predicted differences (PDs) which are defined as the genetic 
superiority that an animal is likely to pass onto its offspring compared to the average 
animal within the population (e.g., if a sire with a PDmilk of +400 is used across a herd, 
his progeny are expected to yield on average 400 kg milk more per lactation than 
progeny of the average sire with a PDmilk of 0 kg). All PDs are expressed as deviations 
from a fixed genetic base, which is currently the average of all cows born in 1995 and 
milking in 2000 for the three production traits, and test-sires born between 1988 and 
1992 for survival and calving interval. 
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The numerical coefficients of the EBI are called economic values and are defined as the 
marginal profit per lactation resulting from a genetic change of one unit in that trait (e.g. 
a 1% improvement in survival will increase profit per lactation by � 11.40).  The sign of 
the coefficients indicate the direction that is most favorable (i.e., profitability will be 
maximized with reduced milk carrier, higher fat and protein yields, positive survival and a 
negative calving interval).  The economic weightings are not directly comparable, due to 
the different units in which they are expressed.  In terms of relative importance, protein 
yield receives the highest weighting with survival receiving 23% of the relative weighting 
of protein yield. 
 
Based on the economic value of survival in the EBI, a 0.5% increase in the average 
genetic merit of heifers entering the national dairy herd (1,250,000 cows), given a 25% 
replacement rate and an average number of lactations/cow of 3.2, would be worth over 
� 5.5 million annually to the industry.  Alternatively, in a 100 cow herd a 0.5% increase in 
the average genetic merit of incoming heifers for survival would be worth � 456/year. 
 
The low heritability for survival (Olori et al., 2002) coupled with the long time required to 
obtain large amounts of survival data for a sire has led to an increased interest in 
indicator traits which: 1) can be more easily recorded; 2) can be measured earlier in life; 
and, 3) possess a co-heritability that is larger than the heritability of the survival trait (i.e. 
indirect selection for improved survival is more efficient than direct selection for survival).  
Within the EBI, four linear type traits (angularity, foot angle, udder depth and body 
condition score) are included within a sub-index to obtain an early, yet reasonably 
accurate indicator of the potential survival of an animal.  These four traits were chosen 
since they have been found to be strongly related to survival (Table 1).  The weighting 
placed on the indicator trait is reduced as more actual survival data becomes available 
from the progeny of the sire (Pool et al., 2002). 
 
Table 1.  Heritabilities (h2) and genetic correlations estimated between BCS and 
the other type traits with calving interval (CIV1, CIV2, CIV3), survival (SUR1, SUR2, 
SUR3), and milk yield (MILK1, MILK2, MILK3) for the first three lactations.  
 

Trait h
2

CIV1 CIV2 CIV3 SUR1 SUR2 SUR3 MILK1 MILK2 MILK3
Angularity 0.30 0.38 0.46 0.35 -0.37 -0.19 -0.08 0.59 0.50 0.53
Foot Angle 0.14 0.14 -0.08 0.01 0.28 0.21 0.20 -0.01 0.05 0.04
Udder Depth 0.33 -0.01 -0.11 -0.38 0.13 0.26 0.15 -0.27 -0.22 -0.32
BCS 0.22 -0.18 -0.18 -0.19 0.33 -0.04 -0.21 -0.36 -0.26 -0.32  

Source:  ICBF; Methodology for the genetic evaluation of calving interval and survival in 
Ireland 
 
 
The reliability of each animal’s EBI is always presented alongside its EBI figure.  The 
reliability figure describes how certain an animal’s estimated PD reflects its true PD.  It is 
a useful guide to the risk of an individual animal’s PD changing in the future.  The 
reliability of a trait/breeding goal depends on both the heritability estimates of the trait(s) 
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but also the amount of performance information for either the animal itself and/or the 
animal’s relatives for the trait(s) in question or other correlated traits.  Although the 
models used to predict PDs for animals, scale the individual PDs towards the mean PD 
to account for the amount of performance information on which they were based, it is not 
unusual for a sire with low reliability to be highly ranked in EBI only to be subsequently 
deflated when more information on that animals is accumulated.  Similarly, it may also 
be possible for an animal’s EBI to increase with the accumulation of more data. 
 
The golden rule when considering using bulls with low reliabilities (test bulls) is to 
minimize risks by selecting several bulls.  The reliability of the EBI is determined by the 
average contribution of the production traits (69%) and the average of the fertility traits 
(31%).  Thus the weighted average reliability of each EBI figure is calculated as: 
 

ReliabilityEBI = [(ReliabilityPRODUCTION*0.69) + (ReliabilityFERTILITY*0.31)] 
 
Body condition score 
In November 2002, body condition score (BCS) was included in the list of linear type 
traits in Irish sire catalogues.  Body condition score is measured at the same time as the 
other linear type traits and ranges from 1 (extremely thin) to 9 (extremely fat).  Results 
from Moorepark (Berry et al., 2002b) indicated that the genetic correlation between BCS 
measured by the IHFA (Scale 1-9) and BCS measured by Teagasc staff (Scale of 1-5) 
was 0.86.  This suggests that despite the difference in scale, both BCS measures are 
genetically the same trait. 
 
Body condition score sire proofs are presented in the same way as all other linear type 
traits in that they are scaled by their respective standard deviation.  Around 68% of 
animals lie within � 1 on the BCS scale, while 95% of animals lie within � 2.  Therefore a 
PDBCS of 1 implies that the animal will produce progeny that will on average have a BCS 
which is one standard deviation greater than the average of the population; the current 
standard deviation of BCS is 0.54 (Brotherstone, per comm.), thus the animal’s progeny 
will be 0.54 BCS units (Scale1-9) greater than the average of the population. 
 
Genetic analysis from the Moorepark “Farm Fertility study” showed moderately large 
heritability estimates for BCS ranging from 0.29 to 0.36 (Berry et al., 2002a). These 
heritability estimates were larger than those reported for milk yield (0.19 to 0.29) from 
the same study (Berry et al., 2002a; Evans et al., 2002) and suggest that rapid genetic 
improvement in BCS is possible with direct selection for BCS. 
 
Many studies (Berry et al., 2003b; Pryce et al., 2001) have reported negative genetic 
correlations between milk yield and BCS indicating that genetic selection towards 
increased milk yield alone will result in lower BCS levels.  However, because the genetic 
correlation between BCS and milk production is less than an absolute value of one it is 
possible, using appropriate economic weightings, to select for higher milk production 
without any deleterious effects on BCS (Berry et al., 2003b). 
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There is evidence that an increase in genetic merit for BCS will result in improved 
genetic merit for fertility (Berry et al., 2003b; Pryce et al., 2001).  Berry et al., (2003b) 
reported favorable genetic correlations between average BCS with calving to first 
service interval (-0.37), number of services (-0.42), pregnancy rate to first service (0.34) 
and pregnancy rate 63 days after the start of breeding (0.35). 
 
Alternative breeds/crossbreeding 
Currently alternative breeds are unable to be ranked on EBI due to a lack of data and 
this is likely to remain the situation for the immediate future.  Therefore, Irish dairy 
farmers are unable to rank Holstein-Friesian sires against sires of the many alternative 
breeds that are available.  However, recent experiments from Moorepark (Dillon et al., 
2003; Evans et al., 2003) indicate that on average cows from the Montbeliarde breed 
were economically superior to either the Holstein-Friesian or Normande breeds.  Evans 
et al., (2003) reported superior economic returns from the Montbeliarde breed under 
three different quota environments.  The higher profitability of the Montbeliarde breed 
was associated with lower replacement costs, higher beef value and higher milk price.  
Dillon et al., (2003) showed that the proportion of animals that survived to 7 years of age 
was 20.6%, 49.2% and 55.8% for the Holstein-Friesian, Montbeliarde and Normande, 
respectively.  This difference in survival was due substantially to differences in fertility.  
Nevertheless, these results reflect an average breed effect and the genetic variation 
within breed is likely to be just as large as the genetic variation between breeds.  
Therefore, without being able to rank sires of all breeds on the same scale, using 
alternative breeds is analogous to “shooting in the dark”.  
 
International comparison 
International dairy cattle breeding has become an ever-increasing business over the 
past few decades, fueled mainly by the development of techniques such as artificial 
insemination and embryo transfer, allowing cross-country transfer of genetics.  Much 
effort has therefore gone into developing procedures to allow breeders in one country to 
make use of genetic evaluations of animals in another country.  This has led to the 
development of INTERBULL.  As well as looking at international converted proofs it is 
also important to look at the individual countries’ breeding programs.  Table 2 shows the 
number of milk-recorded cows in different countries and the proportion of the national 
population this represents.  Ireland is one of the lowest countries with regard to the 
proportion of the national herd in milk recording.  Nevertheless, despite the low 
proportion of cows milk-recorded, in absolute terms Ireland milk records more cows than 
most of the Scandinavian countries.  Therefore, more emphasis should be placed on 
maximising the exploitation of available data.  
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Table 2.  Number of milk recorded cows and their proportion of the national dairy 
herd for several international countries for the year 2000 
 

 Country Number of Recorded cows Percentage of national population 
Denmark 578,000 90.0 
Norway 270,028 84.9 
Sweden 368,350 82.1 
The Netherlands 1,235,501 82.1 
Germany 3,669,222 80.4 
Estonia 105,958 76.6 
Finland 270,575 74.3 
Canada 724,456 62.7 
France 2,750,700 62.6 
Austria 384,320 61.9 
Australia 1,028,233 49.0 
Japan 522,947 46.5 
Greece 74,095 44.1 
Spain 499,176 42.2 
Belgium 237,662 40.0 
Rep. Of Ireland 391,795 31.7 
Northern Ireland 71,336 25.0 
South Africa 125,485 22.0 
Agrentina 411,555 17.5  

Source: www.ICAR.org 
 
 
The fundamental phenomenon behind genetic gain is that on average individuals in one 
generation should be genetically superior to their predecessors (i.e. current young test 
sires should on average be genetically superior to last years test sires).  The 
subsequent dissemination of superior genes within a population can only be achieved 
through widespread use of young test sires within the national dairy herd.  Forty percent 
of the Norwegian national dairy herd is inseminated with young test sires.  This 
facilitates large progeny groups providing more accurate estimated breeding values 
(EBVs) for young sires.  However, less than 3% of the milk-recorded cows in Ireland are 
currently inseminated with semen from young test sires.  This low usage of test sires is 
due to the lack of confidence in the current sire-testing program in Ireland.  Presently in 
Ireland we rely heavily on imported semen, thus genetic trends in Ireland tend to follow 
international trends.  These trends are not always compatible with our systems of 
production.  Thus, genetic gain in EBI will only be achievable through selection of sires 
within our own population (national breeding program) or selection of sires from 
countries with similar breeding objectives and production systems as Ireland.  
Continuing to rely on genetics from breeding programs with different objectives to 
Ireland will seriously hinder genetic gain through the EBI.  Farmers must have 
confidence in the EBI.  If confidence in the EBI is increased then the increased use of 
test sires will follow. 
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Veerkamp et al., (2000) showed large probabilities of a sire from an Irish national 
breeding program ranking in the top 10 of foreign sires, ranked on EBI, when the genetic 
correlation between the average foreign breeding goal and the Irish breeding goal is less 
than 0.90, and the number of sires tested and the effective number of daughters per sire 
both exceed 25.  This may be achievable at a cost of just over � 2.5 million/year, which 
implies a cost of � 5/insemination (assuming 500,000 inseminations).  Hence, the cost of 
an Irish breeding program appears to be considerably less than buying foreign semen. 
 
The opportunity also presents itself for a joint testing program with other countries that 
adopt similar breeding goals to Ireland.  This would involve the selection of top sires 
ranked on EBI (or an index including traits very similar to those currently in the EBI) and 
the mating of these sires with genetically superior dams within the host country.  Semen 
from the progeny of these matings may subsequently be imported and tested under Irish 
conditions with the resulting data made available for joint evaluations in the host country.  
This could be viewed as a method of achieving higher genetic gains at a relatively small 
increase in cost to the industry. 
 
Increasing the proportion of cows milk recorded will only result in modest increases in 
national genetic gain, attributed mainly to more accurate sire EBVs as a consequence of 
larger progeny group sizes.  However, milk recording provides an opportunity for the 
farmer to identify genetically superior cows that should be used to breed replacements.  
Berry et al., (2003a) has shown that A8 (every 8 weeks) milk recording estimates 305-
day yields predicted from A4 (every 4 weeks) milk recording schemes with a small bias 
(1.9 kg) and with a relatively small standard deviation of the bias (216 kg). Alternate A4 
AM-PM recording schemes which are currently operational in Germany, France, Austria, 
Italy, and Croatia have also shown small bias (2.9 kg to 13.0 kg) and small standard 
deviation of the bias (214 kg to 227 kg) in estimating 305 day milk yield when compared 
with 305-day yield predicted from current A4 recording schemes. 
 
Once animals are milk recorded they will enter the IRIS database and will automatically 
acquire calving interval and survival data.  An increase in the number of recorded herds 
will reduce the number of cows censored for survival (i.e. where cows were sold and 
entered herds that were not milk recorded). 
Figure 1 illustrates the breakdown of individual breeding indexes adopted by several 
other countries. Over 70% of the indexes shown in Figure 1 have some element of 
longevity/survival, which indicates its increasing popularity as an economically important 
trait in breeding programs worldwide. Figure 1 clearly illustrates the substantial 
opportunity for a joint testing program with another country. 
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Figure 1.  International selection indexes with relative ratios between the different 
traits 
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Future of breeding 
 
Efficient genetic improvement is dependent on the use of artificial insemination (AI).  
However, most farmers find the cost of AI prohibitive.  An average service charge of 
� 20/service across a 50 cow herd at 1.8 services per cow accumulates to an annual AI 
bill of � 1,800.  When added to a labour cost for heat detection and a monetary cost for 
the inconvenience of the service, the overall cost of AI spirals.  This has lead to 
increased usage of stock bulls. 
 
The use of stock bulls is counter-productive.  Reliable breeding values are not available 
for stock bulls, so it is not possible to determine how good or how bad a stock bull is, 
especially for traits with low heritabilities (e.g., survival).  Similarly, the same stock bull is 
usually run with the herd as a whole so an individual sire cannot be matched with each 
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individual dam.  Change in genetic merit of animals is cumulative and permanent, thus 
unfavorable trends not only affect the subsequent generation but may also persist for 
many generations.  Most of the traits that animal breeders are interested in are complex 
quantitative traits, which means that they are controlled by several genes which along 
with the influence of environmental factors such as nutrition make up the observed 
phenotype or performance of the animal.  So far, most selection has been on the basis 
of this observable phenotype.  As referred to previously, the traditional quantitative 
approach to selection is based on knowledge of population genetic parameters for the 
traits of interest, such as heritabilities, genetic variances and genetic correlations.  
These parameters can be estimated using statistical analyses of phenotypic and 
pedigree data.  Tremendous rates of genetic improvement have been achieved through 
quantitative approaches, but nevertheless it has limitations.  The phenotype can often 
be an imperfect predictor of an individual animal’s breeding value; it may be 
unobservable in both sexes (e.g., milk production traits) or, may only be observed late in 
the production cycle (e.g., survival) making efficient genetic progress difficult. 
 
Biotechnology provides an option by selecting for genes directly; DNA can be obtained 
at any age and from both sexes.  The use of molecular information will undoubtedly form 
an integral part of breeding programs in the future.  The two main areas where 
biotechnology will prove beneficial in breeding programs are in the area of marker-
assisted introgression (MAI) and marker assisted selection (MAS).  Marker assisted 
introgression involves the introduction of a favorable allele to a population, while MAS is 
the use of molecular markers to accelerate selection for a particular trait within a 
population.  Several genes with important effects have been located for important 
diseases such as BLAD, DUMPS and CVM.  However, the identification of individual 
genes responsible for survival per se may prove difficult due to the complex nature of 
the trait and its low heritability, which would suggest a large number of genes controlling 
the trait.  Nevertheless, opportunities may arise for candidate gene selection, which is 
essentially genes that have a known function, linked to survival (e.g. a gene coding for 
improved fertility may be investigated as a marker for survival).  
 
 
Conclusions 
 
The choice of sires used this year will influence the genetic makeup (survival as well as 
production potential) of future cows in your herd.  Selection may be within or between 
breeds.  However, when selecting within the Holstein-Friesian sires available, farmers 
must have confidence in the EBI.  The EBI ranks Holstein-Friesian sires on overall 
profitability using economic criteria pertinent to Irish production circumstances.  
However, attention should be paid to the reliability of the EBI of individual sires.  Where 
possible choose sires with reliabilities greater than 60%.  At all times it is advisable to 
select a number of sires.  If fertility and survival are an issue in the herd, then more 
cognisance can be placed on survival and calving interval traits in the index.  Other 
considerations may include conformation traits, risk of genetic defects (CVM, BLAD) and 
avoidance of high levels of inbreeding. 
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