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ABSTRACT

Longevity is a highly desirable trait that considerably affects overall profitability. With increased longevity, the mean production of the herd increases
because a greater proportion of the culling decisions are based on production. Longevity did not receive adequate attention in breeding programs because
genetic evaluation for this trait is generally difficult as some animals are still alive at the time of genetic evaluation. Therefore, three basic strategies were
suggested to evaluate longevity for cows: Firstly, cow survival to a specific age, which can be analyzed as a binary trait by either linear or threshold models.
Secondly, estimating life expectancy of live cows and including these records in a linear model analysis. Thirdly, survival analysis: a method of combining
the information of dead (uncensored) and alive (censored) cows in same analysis. This review represents an attempt to shed a light on different strategies of
genetic evaluation of longevity in dairy cattle in most of developed countries.
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INTRODUCTION

It was well known that most national dairy cattle research and breeding programs were mainly oriented toward yield traits
(Leitch, 1994). However, functional traits, such as reproduction, longevity, and health traits, are of increased interest to producers
to improve herd profitability. Miglior, (2005), in their comparison of international selection indices, reported that selection
indices have evolved worldwide, shifting their focus from primarily production to a more balanced breeding approach that
includes longevity, udder health, conformation, and reproduction.

Longevity is a highly desirable trait that considerably affects overall profitability (Congleton and King, 1984; Allaire and
Gibson, 1992). With increased longevity, the mean production of the herd increases because a greater proportion of the culling
decisions are based on production, and the proportion of mature cows, which produce more milk than young cows, is increased.
Further, the economic importance of herd life compared with milk production is considered higher than other nonproductive
traits (Rogers and McDaniel, 1989; Van Arendonk, 1991; Allaire and Gibson, 1992; Dekkers,1993).

Longevity is determined by voluntary and involuntary culling decisions of individual farmers. In the process of making
decisions on culling, the farmers or producers will take into account production, health, fertility, and other functional traits such
as milking speed, milking temperament, and calving ease (Sewalem, 2008). Generally, culling because of poor production is
called voluntary culling, and culling for reasons other than poor production is called involuntary culling. Reducing the rate of
involuntary culling allows a higher voluntary replacement rate, which can increase profits for a dairy farm.

Numerous suggestions for a definition of the longevity trait have been used such as, total lifetime which is defined as the
number of days from birth of cow to culling or death (Gill and Allaire 1976; Hoque and Hodges 1980), functional productive
life, which is defined as the number of days from first calving to culling or death adjusted for milk yield ( Ducrocq 1987;
Caraviello, 2004a), true productive life as previous trait without adjusting to milk yield (Ducrocq, 1988), number of parities
(Hargrove, 1969; Jairath, 1994), total lifetime days in milk and total lifetime milk yield (Norman, 1981), average milk yield per
day of longevity (Prasad, 1987), average milk yield per day of productive life (Gill and Allaire 1976), average milk yield per
day of days in milk ( Sadana and Basu 1982) and survival to fixed age (Sundaresan, 1954).
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Genetic differences for milk yield will have a major effect on direct measures of survival because low milk yield is a major
cause of cow culling. Thus, many studies have proposed analyzing functional productive life (PL), which is generally computed
as longevity adjusted for milk yield (Dekkers 1993; Vollema, and Groen 1996; Boettcher, 1998; Emanuelson, 1998; Jairath,
1998; Vollema, and Groen 1998). This trait accounts only for culling that is due to causes other than milk yield. Analyzing
productive life before adjusting for yield is complicated because selection goals change over time. Until 1980, milk yield was
the primary selection objective of most breeding programs. Now protein yield is the chief goal, and many countries put a negative
economic weight on milk yield (Leitch, 1994.).

Due to longevity can be measured in several ways, the genetic evaluation systems are not standardized across countries,
making the comparison of sire rankings difficult.

Methods of genetic evaluation of longevity

Longevity has been left out of breeding programs because genetic evaluation for this trait is generally difficult. Some
animals are still alive at the time of genetic evaluation, and only the lower bound of their eventual productive life is known. To
exclude such records from the evaluation or to consider them exact would lead to biased results (Ducrocq, 1994).

Several researchers tried to overcome this problem by using one of three basic strategies suggested to evaluate longevity
for live cows: cow survival to a specific age can be analyzed as a binary trait by either linear or threshold models (Harris, 1992;
Boettcher, 1998; Jairath, 1998; Vollema, and Groen 1998 ). Unfortunately, this method is associated with a great loss of
information. Another difficulty is that traditional methods for genetic evaluation based on linear models, such as BLUP, cannot
be properly used for genetic evaluation for longevity because the overall longevity of an animal results from a product rather
than from a sum of effects influencing the trait (Beilharz, 1993). In addition, some of the effects that influence productive life,
such as milk production, herd size, or management, vary with time. Moreover, the distribution of longevity data is extremely
skewed and often unknown. Thus, methods based on assumption of normality have only limited use in the analysis of longevity
data (Egger-Danner, 1993).

For instance, in Canada, the survival of cows in each of the first three lactations is recorded as a binary trait and evaluated
with a multiple-trait linear animal model (Jairath, 1996) in which survival in each lactation is considered as a separate trait.
Relative simplicity is an attractive feature of this approach. However, linear models are not as appropriate for analysis of binary
response traits, as they are only appropriates for continuously distributed traits, such as milk production. Therefore, some
precision in the analysis of herd life could be gained by threshold model which was less simple but more statistically appropriate
(Gianola 1982). Threshold analyses account for the categorical nature of the phenotype by modeling an underlying normal
distribution with truncation points. Both theoretical and empirical results indicate greater estimates of heritabilities from
threshold models than from linear models (Gianola, 1979; Weller and Ron 1992), suggesting increased accuracy of EBV when
threshold models are used for genetic evaluation.

In the second strategy, Van Raden and Klaaskate (1993) proposed estimating life expectancy of live cows and including
these records in a linear model analysis. One of the most drawbacks of this method represented by estimates based on incomplete
data are regressed toward the mean, and therefore have lower heritability and variance than do complete records (Meijering and
Gianola 1985; Weller, 1988; Van Raden, 1991). By use of this method first proposed by Weller, (1988), incomplete records
were multiplied by a factor to bring all records to an equal genetic variance. Because the incomplete records have lower
heritability, this strategy results in greater residual variance for the incomplete records. To solve this problem the records are
weighted in the mixed model equations according to their residual variances. The third method is survival analysis or
consideration of cows still alive as censored records (Vukasinovic, 1997; Boettcher, 1998; Emanuelson, 1998; Vollema, and
Groen 1998). Although, the previous methods could be applied to either animal or sire models, survival analysis can only be
applied to sire models, and evaluations will be biased if the number of daughters per sire with complete records is low
(Vukasinovic, 1997).

The attitude of animal geneticists and breeders toward genetic evaluation of longevity has changed considerably since it
was found that survival analysis can be used in analyzing longevity data. Survival analysis comprises statistical methods
originally developed for research in epidemiology and engineering. Survival analysis combines information on dead
(uncensored) and alive (censored) individuals, enables a proper statistical treatment of censored records, and accounts for
nonlinear characteristics of longevity data. The survival analysis approach is based on the concept of hazard rate, i.e., probability
(risk) of being culled at certain time t, given that the cow has been alive prior to t. The hazard rate is usually modeled as a product
of a baseline hazard function, representing the natural aging process, and an exponential function of effects that supposedly
influence the culling process, such as herd-year season, milk production level, or genetic effects (e.g., sire effect). The hazard
rate can be modeled for all records, uncensored as well as censored records.

Famula (1981) was the first author who proposed survival analysis as a method to analyze longevity data in dairy cattle.
Smith (1983) and Smith and Quaas (1984) used survival analysis techniques to estimate breeding values of sires based on the
length of productive life of their daughters. These techniques were then elaborated (Ducrocq, 1987) and further developed and
adjusted for large-scale applications (Ducrocq and Solkner, 1998).
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Routine genetic evaluation of sires based on survival analysis was implemented 1997 in France (Ducrocg, 1999), in 1998
in Germany (Pasman and Reinhardt, 1999), and in 1999 in the Netherlands (De Jong, 1999), Italy (Schneider et al., 2000), and
Switzerland (Vukasinovic, 2001). Further, at the time of genetic evaluation of a cow, we know only the lower bound of each
animal’s productive life, and excluding such records or considering them as complete would lead to a bias. Survival analysis
using a proportional hazard model as suggested by Smith and Quaas (1984) and represent an alternative method for evaluation
of sires based on the length of productive life of their daughters. Ducrocq, (1988) showed that proportional hazard models could
be used for the analysis of length of productive life. Ducrocq and Solkner (1998) developed the survival kit typically used by
animal breeders for large populations. Survival analysis combines information on uncensored and censored records, which
enables a proper statistical treatment of censored records and accounts for the nonlinear characteristic of longevity data. It also
offers several advantages over the linear model that is currently used in Canada, including 1) precision can be increased by
accounting for differences in days of productive life between cows that survive for the same number of lactations, 2) censored
records eliminate the need to wait for 2 yr before using a lactation record, and 3) higher estimates of heritability are yielded in
comparison with the linear model, suggesting increased reliability of sire EBV. Generally, a better model used to estimate genetic
parameters, should produce greater heritability estimates. Heritability estimates for milk production, for example, were around
0.25 when sire linear models were still used for official genetic evaluations in North America. The estimates then jumped to 0.30
to 0.35 with the implementation of animal models and now are expected to increase again because of the imminent adoption of
test-day models in most developed countries (Jamrozik, 1997). These changes in heritability occurred because the models have
improved their abilities to account for environmental effects and, consequently, to isolate the additive variance associated with
the trait of interest. Therefore, if survival analysis really provided a better description of the failure times of dairy cows than did
the popular linear models, one should expect to get higher heritability estimates for the herd life traits by using survival models.

Survival analysis has also been used to evaluate measures of longevity in horses (Ricard and Fournet-Hanocq, 1997) and
swine (Ringmar-Cederberg, 1997). Theoretically, both the threshold and survival models clearly have advantages over the linear
model.

International Genetic Evaluation of longevity

Longevity in dairy cattle is internationally recognized as an important trait for the dairy industry; and it can affect overall
profitability considerably (van Arendonk, 1991). Today, nationally predicted sire breeding values for longevity are available in
many countries around the

world (Miglior, 2005). The internationalization of dairy cattle breeding requires that dairy bulls must be compared across
countries, since a lack of information on foreign bulls compared with domestic bulls could lead to wrong selection decisions
(Mark, 2002).

National sire breeding values (BV) for longevity can be computed using, for example, linear, random regression, or survival
models (Solkner and Ducrocg, 1999; Veerkamp, 2001; Caraviello, 2004b). Prediction of international sire breeding values for
longevity using multiple-trait across country evaluation (MACE) was found to be feasible in several studies (Van der Linde and
de Jong, 2002, 2003; Jakobsen, 2004).

Since 1994, the International Bull Evaluation Service (Interbull) has provided international genetic evaluations using MACE
following the methodology introduced by Schaeffer (1994) and subsequently refined by, among others, Sigurdsson, (1996),
Sullivan (1999), and Fikse and Banos (2001).

National genetic evaluations for direct longevity from 19 countries [Australia (AUS), Austria (AUT), Belgium (BEL),
Canada (CAN), Denmark (DNK), Finland (FIN), France (FRA), Germany (DEU), Hungary (HUN), Ireland (IRL), Israel (ISR),
Italy (ITA), New Zealand (NZL), Spain (ESP), Sweden (SWE), Switzerland (CHE), the Netherlands (NLD), the United Kingdom
(GBR), and the United States

(USA)] and from one or more of the following breeds: Brown Swiss, Guernsey, Holstein, Jersey, Red Dairy Cattle, and
Simmental, were used for the February 2007 routine international genetic evaluation.

The data set used to calculate the international BV for direct longevity consisted of 123,833 national sires’BV after editing
(Forabosco, (2009).

International EBV for direct longevity are calculated by Interbull and are made available to the member countries. The
member countries can publish direct longevity or they can combine it with predictors (combined longevity). Most of the member
countries include longevity in their total merit index. Through Web sites and magazines, sires’ BV is circulated among the dairy
breeders and the dairy breeding industries can benefit from this information. Longevity has become a very important trait
internationally and the extra visibility provided through the launch of Interbull evaluations has led to many national
improvements and helped breeders focus more attention on longevity.
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Table 1. Traits and models for genetic analysis of longevity in dairy cattle

Trait Model Example reference

Stayability until x months of life (0/1)  Linear (sire or animal) Everett et al.,(1976)

Survival (0/1) per lactation Linear (‘repeatability’ sire) Madgwick and Goddard (1989)
Survival (0/1) per lactation Linear (multivariate animal or sire) Jairath et al., (1998)

Months of productive life Linear (animal) Van Raden and Klaaskate (1993)
Number of lactations Linear (animal) Brotherstone et al., (1997)

Time (of culling) Proportional hazard (sire or animal) Ducrocq and Casella (1996)
Survival (0/1) as a function of time Linear (random regression, animal or sire) ~ Veerkamp et al., (1999)

Source: Visscher, (1999)

Table 2. Estimation of total herd life (months) in some breeds of cattle

Source of data Country Breed No. observations  Longevity (months)
Parker et al., (1960) USA HF - 67
Gaalaas and Plowman (1963) USA HF 3879 61.6
Hoque and Hodges (1980) Canada HF 51599 72
Silva et al., (1986) USA HF 1552 67.9
McAllister et al., (1987) Canada HF 313 53.19
Ponce de Leon and Gomez (1988) Cuba HF 1254 75.6
Short and Lawlor (1992) USA HF 80126 65.2
Vollema and Groen (1996) Netherlands HF 38957 70
Puski et al., (2002) Hungarian HF 2789 55.9-63.9
Al-Samarai (2006) Iraq HF 4468 85.86
Garcia-Peniche et al., (2006) USA HF 1844358 50.3
Fisteag et al., (1983) Romania F 430 83.66
Muresan et al., (1986) Romania F 556 102.8
Wilcox et al., (1966) USA JER 1000 71.2
Silva et al., (1986) USA JER 1681 72.8
Silva et al., (1986) USA GUE 1418 68.1
Cruickshanket al., (2002) USA GUE 18725 58.9
McAllister et al., (1994) Canada AYR 250 50.76
TH 837 87.36
Sharma and Singh (1974) India SAH 371 91.80
RS 164 91.92
Basu et al., (1983) India TH 958 94.55
Patel et al., (1983) India KAN 815 109.2

BS = Brown Swiss; GUE = Guernsey; HF = Holstein; JER = Jersey; F = Friesian, AYR= Ayrshire, RS=Red sindhi, SAH=Sahiwal, TH=Tharparkar, KAN= Kankrej

Table 3. Estimation of productive life (months) in some breeds of cattle

Source of data Country Breed No. observations  Productive life (months)
Gill and Allaire (1976) USA HF 923 355
Hoque and Hodges (1980) Canada HF 51599 43
Tigges et al., (1986) USA HF 1552 43.8
Ponce de Leon and Gomez (1988) Cuba HF 1254 45
Short and Lawlor (1992) USA HF 80126 37.7
Dekkers et al., 1994 Canada HF 13131 33
Jairath et al., 1994 Canada HF 82835 27.7
Vollema and Groen (1996) Netherlands HF 38957 433
Smith et al., (1998) USA HF 2610123 33
Settar and Weller (1999) Israel HF 82196 33.6
Vukasinovic et al., (1999) Switzerland HF 224847 339
Beaudeau et al., (2000) France HF 3589 385
Chirinos et al., (2002) Spain HF 78842 30.5
Ojango et al., (2002) Kenya HF 1355 40.5
Caraviello et al., (2004a) USA HF 8915 23.1-25.2
Al-Samarai (2006) Iraq HF 4468 53.16
Garcia-Peniche et al., (2006) USA HF 1844358 21.76
Hare et al., (2006) USA HF 2292550 32.7
Terawaki and Ducrocq (2009) Japan HF 787598 38.6
Fisteag et al., (1983) Romania F 430 53.59
Sadana and Basu (1982) India JER 232 37.2
Rogers et al., (1991) USA JER 26034 36.2
Norman et al., (1996) USA JER 71731 37.1
Ducrocq (1994) France NOR 103214 28
Vukasinovic et al., (1997) Switzerland BS 52862 324
TH 837 41.6
Sharma and Singh (1974) India SAH 371 41.7
RS 164 42.6

BS =Brown Swiss; HF = Holstein; JER = Jersey; F = Friesian; RS=Red sindhi, SAH=Sahiwal, TH=Tharparkar; NOR= Normande
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Table 4. Information for 19 countries providing national genetic evaluation data for the International Bull Service routine evaluation for
direct longevity

Country Model Heritability — Trait definition Number  Date of
h? of sires  data
Italy SM,SA  0.08 Productive life span 5749 > 1980
Switzerland SM,SA  0.18 Productive life span 2912 > 1980
France SM,SA 0.0 Productive life 13009 > 1985
Netherlands SM,SA  0.10 Productive life span 8954 > 1988
Sormany & sm,sA 012 Functional herd life 14752 > 1979
Denmark SM,SA  0.117 Productive life span 13284 > 1984
Sweden SM, MT  0.08 Survival rate at 2" calving 4439 > 1984
Canada AM, MT  0.0975 Survival in the first three lactations 7648 > 1980
New Zealand AM, ST  0.055 Herd life 7801 > 1988
USA AM, ST  0.085 Till 84 months 25399 > 1960
Israel AM, ST 0.11 Days from first calving to 2922 d 727 > 1985
UK AM, MT  0.06 lifespain 5016 > 1986
Australia AM,RP  0.025 Probability of surviving from one year to the next 5761 > 1975
Ireland AM, MT  0.016 Survival to next lactation 1238 > 1980
Belgium AM,RR  0.106 Survival over successive lactations 524 > 1973
Finland SM,SA  0.12 Stayability from first calving 3456 > 1988
Hungary SM,SA  0.05 Productive life span 1834 > 1988
Spain SM,SA  0.115 Productive life span 1339 > 1986

SA = Survival Analysis, SM = Sire Model, AM = Animal Model, MT = Multitrait Analysis, ST = Single Trait Analysis, RP= repeatability
model, RR= random regression model.
Source: Forabosco, (2009)

REFERENCES

Allaire FR and Gibson JP. 1992. Genetic value of herd life adjusted for milk production. J. Dairy Sci. 75:1349-1356.

Al-Samarai FR. 2005. Genetic evaluation of longevity in Holstein. Ph. D. Thesis, College of Agriculture / University of Baghdad/ Irag. (In
Arabic).

Basu, S.B., Bhatnager, D.S and Taneja VK. 1983. Life-time traits in Tharparkar cows. Indian J. Dairy Sci., 36 : 207-210.

Beaudeau F, Seegers H, Ducrocq V, Fourichon C and Bareille N. 2000 . Effect of health disorders on culling in dairy cows : a review and
acritical discussion. Ann. Zootech ., 49 : 293-311.

Beilharz RG, Luxford BG and Wilkinson JI. 1993. Quantitative genetics and evolution: Is our understanding of genetics sufficient to explain
evolution? J. Anim. Breed. Genet. 110:161-170.

Boettcher PJ, Jairath LK and Dekkers JCM. 1998. Alternative methods for genetic evaluation of sires for survival of their daughters in the first
three lactations. 6™ World Congress of Genetic Applied to Livestock. Production. 12-16 , Jan. Armidale , NSW , Australia , 23 : 363-
366.

Brotherstone S, Veerkamp RF and Hill WG. 1997. Genetic parameters for a simple predictor of the LS of Holstein — Friesian dairy cattle and
its relationship to production. Anim. Sci., 65 : 31-37.

Caraviello DZ, Weigel KA and Gianola D. 2004a . Comparison between a weibull proportional hazards model and linear model for predicting
the genetic merit of US Jersey sires for daughter longevity. J. Dairy Sci., 87 : 1469-1476.

Caraviello DZ, Weigel KA and Gianola D. 2004b. Prediction of longevity breeding values for US Holstein sires using survival analysis
methodology. J. Dairy Sci. 87:3518-3525.

Chirinos Z, Caratano MJ and Hernandez D. 2002 . Longevity analysis in Spanish Holstein — Friesian cattle. 7" World Congress on Genetic
Applied to Livestock Production.August,19-23,Montpellier , France.

Congleton WRJR and King LW. 1984. Profitability of dairy cow herd life. J. Dairy Sci. 67:661-674.

Cruickshank J, Weigel KA, Dentine MR and Kirkpatrick BW. 2002. Indirect prediction of herd life in Guernsey dairy cattle. J.
Dairy Sci., 85: 1307 — 1313.

de Jong G, Vollema AR, der Beek SV and Harbers A. 1999. Breeding value for functional longevity in the Netherlands. Proc. Int. Workshop
on EU Concerted Action Genetic Improvement of Functional Traits in Cattle (GIFT); Longevity, Jouy-en-Josas, France XX:68-72.

Dekkers JCM. 1993. Theoretical basis for genetic parameters of herd life and effects on response to selection. J. Dairy Sci. 76:1433-1443.

Dekkers JCM and Jairath LK. 1994. Requirements and uses of genetic evaluation for conformation and herd life. 5™ World Congress Genetic
Applied Livestock Production. Guelph, Canada, 17 : 61-68.

Ducrocqg V. 1987. An analysis of length of productive life in dairy cattle. Ph. D. Thesis , Cornell Univ. Ithaca , NY., Univ. Microfilms Int.,
Ann. Arbor , MI.

Ducrocq V. 1994. Statistical analysis of length of productive life for dairy cows of the Normande breed. J. Dairy Sci., 77 : 855-866.

Ducrocq V. 1999. Two years of experience with the French genetic evaluation of dairy bulls on production-adjusted longevity of their
daughters. Proc. Int. Workshop on EU Concerted Action Genetic Improvement of Functional Traits in Cattle (GIFT); Longevity, Jouy-
en-Josas, France XXI:60-67.

Ducrocqg VP and Casella G. 1996. A bayesian analysis of mixed survival models . Genet. Sel. Evol., 28 : 505-529.

102 |Page



Glob. J. Sci. Res., 2 (4): 98-104, 2014

Ducrocqg V, Quaas RL and Pollak EJ. 1988. Length of productive life of dairy cows. 1-Justification of a weibull model. J. Dairy Sci., 71 :
3061-3070.

Ducrocq V and Solkner J. 1998 . The survival kit-v. 3.0 , apockage for large analyses of survival data. 6™ World Congress on Genetic Applied
to Livestock Production , 12-16 Jan. Armidale , NSW , Australia , 27 : 447-448.

Egger-Danner C. 1993. Zuchtwertschatzung fur merkmale der langlebigkeit beim rind mit methoden der lebensdaueranalyse. Ph. D. Diss.,
Univ. Bodenkultur , Vienna , Austria .

Emanuelson V, Carralheira J, Oltenacu PA and Ducrocq V. 1998. Relationships between adjusted length of productive life and other traits for
Swedish dairy bulls. http://www.elib. tiho-hannover. de.

Everett RW, Keown JF and Clapp EE. 1976. Production and stayability trends in dairy cattle. J. Dairy Sci., 59 : 1523-1539.

Famula TR. 1981. Exponential stayability model with censoring and covariates. J. Dairy Sci., 64 : 538-545.

Fikse WF and Banos G. 2001. Weighting factors of sire daughter information in international genetic evaluations. J. Dairy Sci. 84:1759-1767.

Forabosco F, Jakobsen JH and Fikse WF. 2009. International genetic evaluation for direct longevity in dairy bulls. J. Dairy Sci. 92:2338-2347.

Gaalaas RF and Plowman RD. 1963. Relationship between longevity and production in Holstein — Friesian cattle. J. Dairy Sci., 46 : 27-33.

Garcia-Peniche TB, Cassell BG and Misztal 1. 2006. Effects of breed and region on longevity traits through five years of age in Brown Swiss,
Holstein, and Jersey cows in the United States. J. Dairy Sci. 89:3672-3680.

Gianola D. 1979. Heritability of polychotomous characters. Genetics 93:1051-1055.

Gianola D. 1982. Theory and analysis of threshold characters. J. Anim. Sci. 54:1079-1096.

Gill GS and Allaire FR. 1976. Relationship of age at first calving , days open , days dry and herd life to a profit function for dairy cattle. J.
Dairy Sci., 59 : 1131-1139.

Hare E, Norman HD and Wright JR. 2006. Survival Rates and Productive Herd Life of Dairy Cattle in the United States. J. Dairy Sci. 89:3713—
3720.

Hargrove GL, Salazar JJ and Legates JE. 1969. Relationship among first lactation and lifetime measurements in a dairy population. J. Dairy
Sci., 52 : 651-656.

Harris BL, Freeman AE and Metzger E. 1992. Analysis of herd life in Guernsey dairy cattle. J. Dairy Sci., 75 : 2008-2016.

Hoque M and Hodges J. 1980. Genetic and phenotypic parameters of lifetime production traits in Holstein cows. J. Dairy Sci., 63 : 1900-1910.

Jairath LK, Dekkers JCM and Schaeffer LR. 1996. Genetic evaluation of functional herd life of Canadian Holsteins. Page 172 in Proc. Open
Session of Interbull, Annu. Mtg. Bull. no. 14.

Jaiarth LK, Dekkers JCM, Schaffer LR, Liu Z, Burnside EB and Kolstand B. 1998 .Genetic evaluation for herd life in Canada.J .Dairy
Sci.,81:550-562.

Jairath LK, Hayes JF and Cue RI. 1994. Multitrait restricted maximum likelihood estimates of genetic traits for Canadian Holsteins. J. Dairy
Sci., 77 : 303-312.

Jakobsen JH, Fikse WF and VVanRaden PM. 2004. Feasibility of MACE for longevity for colored breeds. Interbull Bull. 32:59-64.

Jamrozik J, Schaeffer LR and Dekkers JCM. 1997. Genetic evaluation of dairy cattle using test day yields and random regression model. J.
Dairy Sci. 80:1217-1226.

Leitch HW. 1994. Comparison of international selection indices for dairy cattle breeding. Interbull Bulletin no. 10.

Madgwick PA and Goddard ME. 1989. Genetic and phenotypic parameters of longevity in Australian dairy cattle. J. Dairy Sci., 72 : 2624-
2632.

Mark T, Madsen P, Jensen J and Fikse WF. 2005. Short communication: Difficulties in estimating across-country genetic correlations for
weakly linked bull populations. J. Dairy Sci. 88:3303-3305.

McAllister AJ, Chesnais JP, Batra TR, Lee AJ, Lin CY, Roy GL, Vesely JA, Wauth JM and Winter KA. 1987. Herdlife lactation yield , herd
life , and survival of Holstein and Ayrshire — based lines of dairy cattle. J. Dairy Sci., 70 : 1442-1451.

McAllister AJ, Lee AJ, Batra TR and Lin CY. 1994. The influence of additive and non additive gene action on lifetime yields and profitability
of dairy cattle. J. Dairy Sci., 77 : 2400-2414.

Muresan G, Velea C, Bud I, David V, Muresan S, Braganescu C, Stef V, Tirca W and Plesiug E. 1986. Influence of age at first calving on
length of life and productive life in Friesian cows. Bulletin de 1’ Academic des Sciences Agricoles of Forestieres , 15 : 253-259. (Anim.
Breed. Abstr., 56 : 3364).

Meijering A and Gianola D. 1985. Linear versus non linear methods of sire evaluation for categorical traits a simulation study. Genet. Sel.
Evol. , 17 : 115-132.

Miglior F, Muir BL and Van Doormaal BJ. 2005. Selection Indices in Holstein Cattle of Various Countries. J. Dairy Sci. 88:1255-1263.

Norman HD, Cassell BG, Pearson RE and Wiggans GR. 1981. Relation of first lactation and conformation to lifetime performance and
profitability in Jersey . J. Dairy Sci., 64 : 104-113.

Norman HD, Powell RL, Wright JR and Pearson RE. 1996. Phenotypic relationship of yield and type scores from first lactation with herdlife
and profitability. J. Dairy Sci., 79 : 689-701.

Ojango JMK, Ducrocq V and Pollott GE. 2002. Length of productive life for Holstein — Friesian cows raised on large scale farms in Kenya .
7t World Congress on Genetics Applied to Livestock Production , August , 19-23, Montpelier , France .

Pasman E and Reinhardt F. 1999. Genetic evaluation for length of productive life of Holstein Cattle in Germany. Proc. Int. Workshop on EU
Concerted Action Genetic Improvement of Functional Traits in Cattle (GIFT). Longevity, Jouy-en-Josas, France XXI:55-59.

Prasad RB, Tomar SPS, Chaudhary RP and Manglik VVP. 1987. Relative importance of reproductive traits on herdlife milk production and
profit in dairy cattle. Indian J. Anim. Sci., 57 : 715-718.

Parker JB, Bayley ND, Fohrman MH and Plowman RD. 1960. Factors influencing dairy cattle longevity . J. Dairy Sci., 43 : 401-404.

Ponce de Leon R and Gomez M. 1988. Genetic and environmental factors affecting long-term reproduction and longevity in the Holstein —
breed. Cuban J. Agric. Sci., 22 : 9-15. (Anim. Breed. Abstr., 56 : 4911).

103 |Page


http://www.elib/

Glob. J. Sci. Res., 2 (4): 98-104, 2014

Puski J, Dohy J, Szucs S, Bozo S, Tuan TA and Volgy — Csik J. 2002. Relationship of efficiency of lifetime performance to lifetime milk yield
and longevity in Holstein-Friesian cows of different body types. 7" World Congress on Genetic Applied to Livestock Production.
August , 19-23 , Montpellier , France .

Patel JP, Patel JM, Patel UG and Dave AD. 1983. Age at disposal and productive life of Kankrej cows. Indian J. Dairy Sci., 35 : 101-102.

Rogers GW, Hargrove GL and Cooper JB. 1991. Management and genetic influences on survival in Jerseys. J. Dairy Sci., 74 : 279-285.

Rogers GW and McDaniel BT. 1989. The usefulness of selection for yield and functional type traits. J. Dairy Sci. 72:187-193.

Ricard A and Fournet — Honcq F. 1997. Analysis of factors affecting length of competitive life of jumping horses. Gent. Sel. Evol., 29 : 251-
267.

Ringmar — Cederberg E, Jhannson K, Lundeheim KN and Rydhmer L. 1997. Longevity of large White and Swedish Landrace sows. Proc. of
48M EAAP Mtg., Vienna , Austria , 3 : 30 (Abstr.).

Sadana DK and Basu SB. 1982. Lifetime performance of exotic breeds in India, Indian J. Dairy Sci., 35 : 592-593.

Schaeffer LR. 1994. Multiple-country comparison of dairy sires. J. Dairy Sci. 77:2671-2678.

Schneider MP, Canavesi F and Samore AB. 2000. Genetic evaluation for functional herd life in Italian Holstein. 51st Annu. Mtg. EAAP, Den
Haag, The Netherlands 6:34.

Settar P and Weller JI. 1999. Genetic analysis of cow survival in the Israeli dairy cattle population. J. Dairy Sci., 82 : 2170-2177.

Sewalem A, Miglior F, Kistemaker GJ, Sullivan P and Van Doormaal BJ. 2008. Relationship between reproduction traits and functional
longevity in Canadian dairy cattle. J. Dairy Sci. 91:1660-1668.

Sharma KN and Singh S. 1974. Estimation of average productive life of cattle on a modern dairy farm. Indian J. Anim. Sci., 44 : 145-149.

Short TH and Lawlor TJ. 1992. Genetic parameters of conformation traits, milk yield, and herd life in Holsteins. J. Dairy Sci., 75 : 1987-1998.

Sigurdsson A, Banos G and Philipsson J. 1996. Estimation of genetic (co)variance components for international evaluation of dairy bulls. Acta
Agric. Scand. Anim. Sci. 46:129-136.

Silva HM, Wilcox CJ, Spurlock AH, Martin FG and Parker RB. 1986. Factors affecting age at first parturation , life span , and vital statistics
of Florida dairy cows. J. Dairy Sci., 69 : 470-476.

Smith LA, Cassell BG and Pearson RE. 1998. The effect of inbreeding on the lifetime performance of dairy cattle. J.dairy Sci.,81:2729-2737.

Smith SP. 1983. The extension of failure time analysis to problems of animal breeding. PhD. Thesis, Cornell Univ., Ithaca, NY. Univ. Micro-
films Int. Ann. Arbor , MlI. (Cited by Ducrocq et al., 1998 a).

Smith SP and Quaas RL. 1984. Productive lifespan of bull progeny groups: failure time analysis. J. Dairy Sci., 72 : 187-193.

Solkner J and Ducrocq V. 1999. The survival kit: A tool for analysis of survival data. Interbull Bull. 21:73-81.

Sullivan P. 1999. REML estimation of heterogeneous sire (co)variances for MACE. Interbull Bull. 22:146-148.

Sundaresan D, WIdridge FE and Atkeson FW. 1954. Age at first calving used with milk yield during first lactation to predict lifetime production
of India cattle. J. Dairy , Sci., 37 : 1273-1282.

Terawaki Y and Ducrocq V. 2009. Nongenetic effects and genetic parameters for length of productive life of Holstein cows in Hokkaido,
Japan. J. Dairy Sci. 92:2144-2150.

Tigges RJ, Pearson RE and Vinson WE. 1986. Prediction of lifetime relative net income from first lactation production and individual type
traits in Holstein cows. J. Dairy Sci., 69 : 204-210.

van Arendonk JAM. 1991. Use of profit equations to determine relative economic value of dairy cattle herd life and production from field data.
J. Dairy Sci. 74:1101-1107.

Van der Linde C and de Jong G. 2002. Feasibility of MACE for longevity traits. Interbull Bull. 29:55-60.

Van der Linde C and de Jong G. 2003. MACE for longevity traits. Interbull Bull. 30:3-9.

Van Raden PM and Klaaskate EJH. 1993. Genetic evaluation of length of predicted longevity of live cows. J. Dairy Sci., 76 : 2758-2764.

Van Raden PM and Wiggans GR. 1995. Productive life and evaluations: calculation, accuracy and economic value. J. Dairy Sci., 78: 631-638.

Van Raden PM, Wiggans GR and Ernst CA. 1991. Expansion of projected lactation yield to stabilize genetic variance. J. Dairy Sci., 74: 4344-
4353.

Veerkamp RF, Brotherstone S and Meuwissen THE. 1999. Survival analysis using random regression models. Interbull Bulletin, 21: 36-40.

Veerkamp RF, Brotherstone S, Engel B and Meuwissen THE. 2001. Analysis of censored survival data using random regression models. Anim.
Sci. 72:1-10

Visscher P, Thompson R, Yazdi H, Hill WG and Brotherstone S. 1999. Genetic analysis of longevity data in the UK: Present practice and
consideration for the future. Interbull Bulletin, 21: 16-22.

Vollema AR and Groen AF. 1996. Genetic parameters of longevity traits of an upgrading population of dairy cattle. J. Dairy Sci., 79: 2261-
2267.

Vollema AR and Groen AF. 1998. A comparison of breeding value predictors for longevity using linear model and survival analysis. J. Dairy
Sci., 81: 3315-3320.

Vukasinovic N, Moll J, and Casanova L. 2001. Implementation of a routine genetic evaluation for longevity based on survival analysis
techniques in dairy cattle populations in Switzerland. J. Dairy Sci. 84:2073-2080.

Vukasinovic N, Moll J and Kunzi N. 1997. Analysis of productive life in Swiss Brown cattle .J.Dairy Sci., 80: 2572-2579.

Weller JI and Ezra E. 1997. Genetic analysis of somatic cell concentration and female fertility of Israeli Holsteins by the individual animal
model. J. Dairy Sci. 80:586-594.

Weller JI, Misztal | and Gianola D. 1988. Genetic analysis of dystocia and calf mortality in Israeli Holstein by threshold and linear model. J.
Dairy Sci., 71: 2491-2501.

Weller JI and Ron M. 1992. Genetic analysis of fertility traits in Israeli Holsteins by linear and threshold model. J. Dairy Sci., 75: 2541-2548.

Wilcox GJ, Gurl JA, Roman J, Spurlock AH and Becker RB. 1966. Lifespan and livability of crossbred dairy cattle. J. Dairy Sci., 49: 991-994.

104 |Page



