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Abstract

Longevity and stay ability are parameters in any breeding programme. The
Overstaying of any animal on a farm has got negative effects on the farmer.
Short stay also means early exit of good animals that could have been used for
a longer time and more productive. The intention of this review paper is to
emphasize the importance of models that an upcoming breeding program can
use without affecting the quality of the herd. In this paper, longevity is taken
purely on the performance measure. The functional and type traits of longev-
ity should be studied further before all models are put into play. But the case
of closed breeding programmes, performance traits are easily measurable be-
cause many animals will exit the herd as they have been sold to farmers hence
many functional straits will be expressed outside the herd. Genetic evaluation
of the Kenyan Sahiwal should account for inbreeding. This study has also
provided genetic and phenotypic parameters to enable the inclusion of longev-
ity in the breeding objective for the Sahiwal cattle improvement programme.
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1. Introduction

Longevity or the age at which a cow leaves the breeding herd is a trait of great
economic importance in dairy and beef cattle breeding [1]. Productive longevity

can also be described as the number of calving’s per female [2]. In beef and dairy
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cattle, longevity plays a considerable role in the farm economy by increasing the
profit realized per cow and enables greater response to selection because fewer
animals exit the herd due to involuntary culling [3], a situation that provides

greater selection intensity among females, and surplus heifers for sale [1].

1.1. Selecting for Longevity

Although milk production is considered as the single most important trait in
dairy farming, cattle breeding programmes are changing their breeding objec-
tives to include longevity and other traits (type and functional) [1], so that cows
can meet the challenges associated with high milk production. Direct selection
for longevity results in improved health and fitness [3] and even milk produc-
tion of cows [4]. Longevity is also associated with decreased cases of involuntary
culling due to reproduction, udder health, and workability [5]. Decrease in in-
voluntary culling is accompanied by an increase in voluntary culling due to low
production. Therefore, breeding for longevity is considered to have ethical and
economic benefits since it results in favorable response in profitability of beef
and dairy cattle enterprises [3].

However, inclusion of longevity in the breeding objective is hampered because
the trait is low heritable [4] [6]. Estimates of heritability for longevity are defined
variously based on the length of time interval for survival after first calving range
from 0.002 to 0.031 [6]. When defined as total milk production over all lacta-
tions, number of lactations initiated, total number of days in lactation over all
lactations, the time between birth and last milk recording in months; and time
from first calving to last milk recording in months, the estimates ranged from
0.05 to 0.18 [4]. Thus, heritability estimates for longevity regardless of how the
trait is defined or analyzed are low, implying that direct selection may not yield
significant gains [4].

Another limitation of selecting directly for longevity is the delay in availability
of phenotypic information [7], which may lead to increase in generation interval
[8]. The age at exit from a herd has been reported to be around 80 months from
birth or 54 months from first calving [4], delaying the time in which information
on exit from the herd is obtained. Information on other measures of longevity
such as lifetime milk production, number of lactations initiated, total days in
milk is also available once a cow exits the herd. Availability of traits expressed
early in life and which are favorably correlated to longevity can be useful in se-
lecting for this trait. Genetic correlations between longevity and linear and fertil-
ity traits have been reported to be low to moderately positive [4] [9] [10]. Such
traits can be used in breeding programmes to indirectly select for longevity early
in an animal’s life, leading to improvement in longevity and reduction in gener-
ation interval.

Reproductive performance is a crucial component of culling criteria and
therefore influences longevity in cattle herds and is regarded as the single most

economically important trait in cattle [11]. Poor reproductive performance leads
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to increased involuntary culling, fewer lactations initiated and calves born and
less milk in a cow’s lifetime, as well as increased cost of replacement. Therefore,
since productive longevity is closely related to fertility, it is important to consid-
er the genetic effects of both traits simultaneously. Other traits which influence
culling decisions such as body conformation type traits have also been consi-
dered as proxy for longevity [4] [12]. Despite its importance in cattle, longevity
has not been studied in the Sahiwal cattle and has not been recommended for
inclusion in the breed’s breeding objective [13] [14] [15].

Since direct selection for longevity is not feasible partly due to delay in acqui-
sition of data, correlated response due to selection on traits that are genetically
correlated with longevity should be explored. Favorable associations between
longevity and linear type traits have been reported, indicating selecting for these
traits would improve longevity [4]. Based on phenotypic relationships, [12]
found those type traits were not a good indirect indicator for a productive life.
However, there seems to be an important influence of the definition of longevity
on the associations reported [4]. Fertility traits such as number of services per
conception, difficulties in calving, days open and other fertility traits were re-
ported to influence longevity significantly [11]. Estimates of genetic correlations
between longevity and other performance traits, which can be used as selection
criteria for longevity in the Sahiwal breed in Kenya are lacking.

Whereas the current quest is to improve longevity, the trait and other corre-
lated traits are negatively affected by inbreeding in livestock populations. Lon-
gevity and reproductive performance have been shown to decrease while, rate of
disposal or loss of replacement heifers before first calving, age at puberty in-
creased due to inbreeding through reduced growth [16]. Studies of inbreeding
depression on longevity are rare. However, for every increase of 1% in inbreed-
ing, productive life has been reported to decrease by about 13 days according to
the Canadian Dairy Network [17]. Cows with high inbreeding levels have also
been reported to have a higher risk of being culled [18]. Effects of inbreeding on
non-production traits include decreased reproductive efficiency and decreased
stay ability. The negative effects on traits related to fitness have been attributed
to reduced heterozygosity as inbreeding accumulates [19].

Inbreeding level and rate of inbreeding in the Sahiwal cattle population in
Kenya has been found to be on an upward trend and is above 1% [20]. It is
therefore expected that there will be depression in production and functional
traits such as fertility and longevity. Inbreeding depression depends not only on
actual level of inbreeding but also on the rate of inbreeding. At a slow rate of in-
breeding per generation, natural selection counteracts the effects of inbreeding
by removing the less adapted inbred animal [21]. Therefore, animals with the
same level of inbreeding may have different inbreeding depression effects de-
pending on the completeness of their respective pedigrees [22]. The quality of
pedigree can be accounted for by estimating the rate of inbreeding [22]. Esti-

mated this way, the estimated coefficient corrects for depth of the pedigree depth
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of an individual and indicates the increment in inbreeding regardless of number

of known generations in its pedigree [22].

1.2. Importance of Longevity in Sahiwal Breeding Programme

Inclusion of longevity in breeding objective of cattle is hampered by the delayed
availability of phenotypic information. Genetic correlations between longevity
and traits expressed early in an animals’ life which can be useful in selecting for
longevity have not been estimated [23]. Further, though inbreeding levels for
Kenyan Sahiwal breed have been on an upward trend due to selection in a closed
nucleus with small effective population size, inbreeding depression for longevity
and fertility traits in the Sahiwal population in Kenya has not been assessed.
Consequently, the long-term sustainability of the Sahiwal breeding programme
is threatened due to reduced viability of the population and variance of genetic

gains across generations [23].

1.3. History of Sahiwal

Sahiwal is humped zebu cattle that originated from India and Pakistan. The
breed was imported into Kenya between 1939 and 1963 to improve the perfor-
mance of the local East African zebu [24]. The founding population consisted of
60 bulls and 20 cows which were introduced in Livestock Improvement Centres
(LICs) across the country. After some basic performance evaluation, the best
animals from the LICs were taken to Naivasha to establish the National Sahiwal
Stud (NSS) in 1963. Breeding of this population followed a closed nucleus after
the recommendation for genetic improvement of milk and growth rate [98]. To
date breeding of the Sahiwal has been under a closed nucleus breeding pro-
gramme except for the introduction of semen from Pakistan in 1992 [25].

In Kenya, the breed is favored by the Maasai pastoralists due to its high milk
production and growth as well as good reproductive ability compared to the lo-
cal zebu [14] [25]. Therefore, the breed is a very important dual-purpose cattle
breed for pastoral and mixed farming communities in the Eastern African region
[24]. The breed fits well within the harsh rangelands of East Africa because the
agro-climatic conditions of these rangelands are similar to the breed’s original
habitat in the Punjab region of India and Pakistan [24].

1.4. Sahiwal Cattle Production Systems in Kenya

The Sahiwal cattle in Kenya are mainly raised by Maasai pastoralists in the Arid
and semi-arid areas of Kenya. However, pure Sahiwal cattle are found in gov-
ernment and private ranches [13]. The government and private ranches form the
nucleus of the Sahiwal cattle breeding programme in Kenya. The breeding strat-
egies adopted are pure breeding by the nucleus herds and crossbreeding among
the pastoralists. The nucleus herds, therefore, produce bulls for pure breeding
and crossbreeding in the pastoral herds. Breeding takes place under a closed

nucleus, where movement of genes is unidirectional, from the nucleus to the
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pastoral herds, which form the commercial population. Cattle in the pastoral
herds as well as those in government and private herds are raised under low in-
put production systems where the purpose is for tangible and intangible benefits
[13]. The main aim of Sahiwal farmers in the different production systems is to
increase milk yield, body size and mature weight. Good fertility and adaptation

to local production conditions are also considered [14].

1.5. Breeding Objective for the Sahiwal Cattle in Kenya

Before any genetic improvement programme is implemented, the breeding ob-
jective must be defined [26]. The breeding objective comprises traits which the
producer attempts to improve genetically because they influence returns and
costs. Development of breeding objectives involves specification of the breeding,
production and marketing systems, identification of sources of income and ex-
pense, identification of biological traits influencing revenue and costs, derivation
of economic and biological values, estimation of genetic and phenotypic para-
meters and prediction of genetic gain. For the Kenyan Sahiwal, these steps have
been covered in recent studies [13] [14].

The breeding objective for the Sahiwal cattle, which targets traditional mar-
kets, includes sale weight (kg), lactation milk yield, feed intake, age at first calv-
ing, cow weight, calving interval, pre-weaning survival, post-weaning survival
and productive lifetime. The breeding objective as presently defined [14] [15]
includes a measure of longevity, but it is important to note that genetic parame-
ters of longevity for the population are lacking. Use of parameters from other li-
vestock populations, albeit being raised under the same production system or
climatic conditions as the Sahiwal cattle, as in any other improvement pro-
gramme implies that the trait may be influenced by other traits indirectly, re-
sulting either in a favorable or unfavorable genetic change [4]. Therefore it is
important to estimate genetic parameters for the Sahiwal cattle in Kenya and its

relationship with other breeding goal traits.

1.6. Definition of Longevity

Longevity traces time from a defined starting point up to the occurrence of an
event [27] [28] [29]. In the context of this paper, the defined starting point can
be the time of birth or first calving up to the last test day record or last day in milk,
or the time when an animal exits a herd. Longevity can be true or functional lon-
gevity. Functional longevity is the ability of a cow to delay culling on whatever ba-
sis, other than milk production. The implication in this case is that the animal has
above average health, fitness and fertility [30] [31]. Measures of functional lon-
gevity include number of lactations, age from first calving to last day in milk,
length of productive life and lifetime production [27]. The uncensored defini-
tions of longevity are based on age at the exit, either through culling or death.
Censored definitions of longevity are related to survival to a pre-determined

age within or across lactations [32] [33]. Defined this way, longevity can be
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scored as a binary trait, where animals are scored as to whether they survived to
a given age or not [34] [35]. The trait can be analyzed using linear regression
models [36] [37] or threshold models [34]. The period can be limited to within
lactation [34] or across all lactations [6]. This definition is limited by the fact
that only animals that survive to a given age are included in the genetic analysis,
while those which are still surviving are left out [38]. Further, animals that left
before the specified period are excluded since they are considered missing [36].
Longevity can also be regarded as stay ability, which is the probability that a cow
will survive to a certain age if it is given the opportunity to attain that age [39].
Another definition is the time in days between calving’s, or from one calving to
death or culling [40]. Other definitions of longevity include number of days
from calving to culling, death, censoring, or second calving (herd life in the first
lactation) and number of days from calving to culling, death, censoring, or sixth
lactation (herd life in the first five lactations). Survival scores for the first five
lactations or survival to 365 days (0 if a cow was culled before 365 days or 1 if it

reached at least 365 days) [34] have also been used to define longevity.

1.7. Importance of Longevity in Cattle Breeding

Removal of a cow from the herd occurs primarily due to reproductive failure,
production of poor-quality calves, or low milk production. The importance of
longevity is clearly understood when viewed against the value of removal and the
cost of replacement. In beef cattle, a cow’s peak performance and profitability
are about 9 years of age. From a production perspective, the optimal age of exit
from a herd has also been found to be about 9 years of age [3]. From an eco-
nomics perspective, selecting for increased longevity has a positive impact on
profitability of cattle enterprises [3] through lowered costs of replacement. De-
spite its importance in cattle breeding, longevity is not considered in routine ge-
netic evaluation of Sahiwal cattle and its genetic parameters have not been esti-
mated [14] [15]. Recently, higher production costs have led to an increase in
prices of calves, cattle, and beef prices are pushing the costs of purchasing re-
placement cows and heifers up. To counter this trend cows can be selected for a
longer productive life. Selecting for longer productive life leads to a positive

economic impact [3].

1.8. Economic Value of Longevity

As a trait, longevity has many definitions, all of which aims at describing the
importance of an animal’s lifespan in relation to its contribution to profitability
of a herd [41]. Regardless of the definition adopted, it is generally agreed that
longevity is a trait of major economic importance in cattle and greatly influences
herd profitability [42] [43] [44]. Longer longevity is an indication of lower inci-
dences of involuntary culling and implies an increased proportion of higher
producing mature cows in the herd leading to improved herd production [45]. A

positive consequence of this herd structure is that replacement requirements are
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lowered, meaning more surplus heifers are available for sale. Cow maintenance
costs are also spread over a large number of offspring [46]. The higher selection
intensity among cows is possible since involuntary culling and replacement re-
quirements are reduced.

Numerous cattle breeding programmes have incorporated longevity in their
breeding objectives due to their high economic importance [1] [41] [44]. As
breeding programmes focused on increasing yield, there has been an associated
decline in fitness traits such as longevity, udder health and fertility. This has ne-
cessitated inclusion of such traits in the breeding objectives for many cattle
breeding programmes. Increase in longevity has been found to result in in-
creased profits in various cattle breeding programmes [1] [47], although it was
found to be breed dependent [1]. By definition, the economic value of a trait is
the expected increase in profit due to a unit improvement in the genetic merit of
a trait when all other traits in the breeding objective are held constant [48]. It
can also be defined as the change in farm profit per cow per year due to a unit

change in genetic merit of the trait of interest [49].

2. Direct Selection for Longevity

In cattle herds longer productive herds mean that few replacement heifers are
required [50]. Replacement of cows by heifers in a herd is necessitated by invo-
luntary factors of production, such as problems related to udder ligaments, an-
gulation, diseases, infertility and low speed of milking [51]. On the other hand,
cows can be disposed of through voluntary culling due to low production of milk
[11]. Involuntary disposal is an indicator of the status of animal welfare and is
therefore done to reduce suffering. However, a high rate of involuntary culling
in most cases is indicative of underlying problems associated with herd man-
agement [52]. The price of the culled cow is usually lower than that of the re-
placement heifer, meaning that involuntary culling is a costly strategy [51]. Some
of the criteria used in cow herds to select animals for disposal include poor fer-
tility, serious health problems, high somatic cell count, physical defects and low
production [53].

Heritability estimates for longevity regardless of how the trait is defined or
analyzed are low [4] [6] [54]. However, due to its great relative economic im-
portance in cattle [1], longevity is being included in the breeding objective of
cattle breeding programmes. Even though it has a low heritability estimate, di-
rect selection for longevity may yield significant gains [4], especially when gen-

eration interval is considered.

3. Indirect Selection for Longevity Based on Linear Type
Traits

Due to the realization of the importance of longevity, most breeding programmes
are changing to include longevity in their breeding goals [1] [33]. However, di-

rect selection for longevity is limited by the long time needed to obtain the re-
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quired information, sometimes after the death of the cow and low heritability,
ranging from 0.03 to 0.13 [37] [55]. Although milk production is given a lot of
emphasis in the breeding goal of the Sahiwal cattle breeding programme as pre-
sently defined [14], knowledge of its association with other traits is important as
it can is lead to deterioration of other traits of economic importance [56].

Linear type traits are being used to select for conformation, reproduction and
longevity [57]. This is because the genetic correlations between some type traits
and longevity for cattle populations have been reported to be favorable [4]. In-
clusion of type traits leads to the improvement of a cow’s conformation, func-
tional and reproductive structure for the cow to meet challenges of increasing
production. Apart from the favorable genetic correlation with longevity, type traits
are moderately heritable [4] and are recorded early in an animal’s life [51] [58].

The benefits of indirect selection for longevity using type traits include reduc-
tion of involuntary culling leading to increased profitability because culling is
based on milk production [59]. Type traits with great influence on longevity in-
clude those related to the udder, feet and legs [4] [11]. Selection for some of
these traits has been shown to improve longevity and even 305 milk yields [4].
Generally, indirect selection for longevity based on linear type traits will not
yield significant changes in these traits due to low genetic correlations. Never-
theless, due to the low heritability for longevity, indirect gain due to selection on
type traits that have high heritability estimates can yield up to 20% more gains in
longevity compared to direct selection [4]. Therefore, indirect selection for lon-
gevity based on type traits may not be very efficient, but is justifiable since these
traits are measured early in life.

In the Kenyan Sahiwal cattle population, type traits are not routinely record-
ed, but the breeding objective includes traits such as production and fertility
traits [14]. However, the genetic correlations in the current breeding objective
traits and longevity have not been estimated. It is therefore not known whether
correlated response in longevity due to selection on the current selection criteria
would be favorable or not. Reproductive traits, apart from being important de-
terminants of herd productivity, have been shown to contribute to longevity in
cattle herds [11]. Poor reproductive performance leads to prolonged calving in-
tervals [60] and sometimes also increased involuntary culling. Consequently, a
cow produces less milk and fewer calves per year and its lifetime. Increased in-
voluntary culling because of sub-optimal fertility can also lead to high replace-
ment costs [51] thereby lowering net returns from cattle enterprises. Therefore,
breeding objectives of many selection programmes across the world are being
changed to include functional traits such as health and fertility [1] [61].

Numerous studies have reported the genetic relationship between fertility
traits and milk yield [62] with only a few reporting on the association between
fertility and longevity [11] [63] [64]. [11] found that reproductive traits were
significantly associated with functional longevity. Cows that required more ser-

vices per conception, had more days open and days from first service to concep-
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tion were more likely to be involuntarily culled. A selection programme focusing
on primarily increasing milk yield leads to deterioration in fertility [57] [61].
This is due to increase in peak yield which is associated with a negative energy
balance at peak yield. It is therefore expected that in such a breeding pro-
gramme, increasing milk yield will lead to increased involuntary culling due to

poor fertility, thus compromising longevity and herd productivity [65].

3.1. Modelling of Longevity

The global trend in cattle breeding is now to include all economically important
traits in the breeding objective. Functional traits such as longevity, disease, fer-
tility and type traits are now featuring prominently in the breeding objective of
many breeding programmes [9] [66] [67]. This is because the economic value of
longevity is reported to be up to half of that of production traits [68]. In the
quest to include longevity in the breeding objective, the first step has been to
come up with a definition of longevity. To date, longevity is variously defined as
length of productive life, lifetime milk production, herd life, total number of lac-
tations and survival from birth or first calving to a certain age [69] [70]. The
second challenge has been the choice of an appropriate analysis procedure. Here
the challenge is basically because factors affecting longevity change over time.
Characteristically, longevity is a threshold trait, and displays distinct categori-
cal phenotypes. Threshold traits are influenced by an underlying continuous lia-
bility [19]. For longevity data, most animals in a herd are found in early lacta-
tion, hence the data is usually skewed to the left [71]. Factors that influence lon-
gevity differ over time depending on prevailing environmental conditions and
are therefore time dependent [29] [72]. Survival data can be censored or uncen-
sored. Events like death or culling may be known to have occurred and therefore
will be uncensored. On the other hand, such events may not have been recorded
because they are not known to have occurred. If animals are alive at the time of
analysis, they will be included in the evaluation and are therefore regarded as
censored [28]. These complex characteristics or features of survival data require
careful consideration and choice of the appropriate modelling strategies in order
to discover all phenotypic, additive and environmental variance [73]. Approach-
es used in the analysis of longevity include linear models [4] [35]. This method
has been used for longevity measures defined quantitatively such as lifetime milk
yield, age from birth or calving to last day in milk and total days in lactation.
Other models include random regression [37], threshold, proportional hazard

and random regression models [6].

3.2. Linear Models

This approach accounts for censored data or records of cows which are still alive
at the time of analysis. Survival of an animal to a predefined age or time period is
used. The time period or age £ is pre-determined on a time scale and the record

of each animal is assigned a 1 or 0, for successful survival to that age or not, re-
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spectively. The model is as follows:
vy ()= 1+s,+e

where y,(£)=0 if the jth progeny of the ith sire did not survive to time #and 1
if it was alive at that time. g is the overall popualtion mean, s, is the breeding
value of the ith sire on the binary scale and ¢; are random residuals. This ap-
proach to modelling longevity has been applied to Czech Fleckvieh [9], South
African Jerseys [16] among other cattle populations [31] [74]. This approach is
simple and can accommodate univariate as well as multivariate animal, sire or
maternal grandsire models. The drawback of this model is that it makes unrea-
listic assumption that data are continuous and are normally distributed [75].
Animals at different ages before the pre-determined time point are treated the
same way, leading to erroneous results [27]. Factors that influence longevity over
the time period are not considered, since survival times are derived from a
product [76].

Linear models are more appropriate in analyzing continuous traits such as
milk yield rather than binary traits. This is the caution that was taken by [4]. In
this study measure of longevity was continuous for example. lifetime milk yield,
age from birth or first calving to last day in milk, total days in milk over all lacta-
tions were analyzed using linear models, while measures of longevity related to
survival were analyzed using threshold models. This was necessary because the
use of linear model BLUP was inappropriate because with categorical, data

breeding values and residuals would not be independent of each other [77].

3.3. Random Regression Models

Random regression models model additive genetic values as a function of an ob-
served dependent variable through a set of random coefficients. In modelling
survival data using random regressions, animal records are assigned binary units
(0 or 1) if it survived a lactation or a month after calving. A linear model with
random regressions for additive animal effect as random effects is then fitted for
genetic evaluation and breeding values generated for any point in the trajectory

[6] [32]. A univariate random regression model is described as follows:

Viikimnor = (YS : Ht)l,/, +(YSAP : t)ik[ +r(a,xm1)n + r(pe,x,mZ)k +e

ijklmno:t

where ..., is the n™ observation of the k™ animal at time t of the i"" fixed ef-
fect and j™ group, YS is the i year-season of first calving, H is the j* herd, A is
the k™ age at first calving class, P is the production level, y,,,...=>" a,x,,
is notation for random regression, where a is the additive genetic effect for the
kth animal, x are orthogonal polynomials of time t, after calving, a is the random
regression coefficients for additive genetic effects for animal n, pe are the ran-
dom regression coefficients for permanent environmental effects for animal n

and e,

Jkimnos 7€ Tandom residuals. Random regression models are more robust

to effects of censoring data [78] and are closer to proportional hazard models

and generalized linear models. They can also handle multiple traits [79].
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3.4. Proportional Hazard Models

Proportional hazard (PH) models model survival as the probability that an ani-
mal will survive past a specified time ¢ and the hazard function, which is the in-
stantaneous rate of failure [80]. The survival function and the hazard functions
in PH modelling differentiate between a cow that dies exactly at time # and one
that was last alive at time # and may have survived on. PH models make the as-
sumption that the hazard rate or risk is a function of time-dependent baseline
hazard and an exponential function of a series of explanatory variables Ze. cova-
riates [81]. PH models may not result in the best fit to data and therefore may
not accurately estimate the performance of future offspring of an individual [82].
They also make the assumption that survival is the same trait throughout the
lifetime, although correlations between parities 1 to 3 have been reported to be
less than unity. Another limitation is their inability to account for non-random
mating among animals [83] and cannot handle multiple traits [36] [82]. Despite
these limitations they are able to handle censored data and can accommodate
non-normal data distribution well and incorporate time-dependent environ-
mental effects [27]. Common PH models include Weibull and Cox models, with

the former being more popular.

3.5. Threshold Models

In threshold modelling, survival is considered as a binary trait (0 = dead at time ¢
and 1 = alive at time #). Threshold models include sequential threshold models,
threshold repeatability models, and threshold cross-sectional models. Threshold
models have been used to evaluate survival to weaning in pigs [84], survival in
dairy cattle [82]. Threshold models have been used to analyze measures of lon-
gevity related to survival such as survival from birth or first calving to predeter-
mined age [4]. The major limitation of threshold models is that heritability esti-
mates are from an underlying continuous scale, and their effect on rate of genet-
ic gain may be similar to that from linear models [83]. However, they are capable

of handling multiple traits and can handle large datasets.

3.6. Model Comparison

Linear, threshold and random regression models yield lower estimates of herita-
bility, ranging from 0.01 to 0.18 [4] [37] than proportional hazard models (0.15
to 0.22) on the original scale. However, the former group of models is able to
accommodate multiple traits and therefore can produce genetic correlations of
longevity with other indicator traits [12]. [82] found that threshold models
yielded higher heritability estimates (0.04) compared to those obtained from li-
near repeatability and cross-sectional models (0.02). In terms of accuracy of
evaluations, the models were compared based on the correlation between true
and estimated breeding values for proportion of sire’s daughters that survived to
a specified age and sire ranking. The correlation for Weibull models remained

constant over time, but increased over time for linear and random regression
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models, though they were lower than for the former models. The models also
differed in terms of ranking of sires. For instance, linear models and Weibull
models had similar sire rankings compared to proportional hazard models. Mul-
ti-trait models were also found to be superior in terms of predicting survival of
daughters up to a certain age compared to Weibull models [32]. In this study,
Weibull models showed poor prediction of proportion of daughters of sires in
early cow lifetime than multiple trait models.

In general, linear and threshold models have been found to be superior to
Weibull models when sire breeding values are estimated when predicting surviv-
al to 365 days from first calving [82]. Weibull models are better when predicting
functional longevity while linear random regression and linear multiple trait
models are the models of choice when predicting overall survival [32]. Linear
models are however favored when studying the predictive ability of sire esti-
mated breeding values of survival to a particular age, since this is better meas-
ured by average longevity instead of functional longevity. Threshold models are
more appropriate for analyzing binary survival than linear models [83], while li-
near multiple traits and random regression models resulted in inferior statistical
correctness (inferior model fit) [32]. Threshold sire models also result in higher

heritability estimates than linear sire models

4. Heritability Estimates for Longevity

Longevity is the single most important functional trait in cattle breeding with a
high economic value but has very low heritability. [6] reported heritability esti-
mates for longevity defined variously based on the length of time interval for
survival after first calving as ranging from 0.002 to 0.031. In another study, [4]
reported estimates ranging from 0.05 to 0.07 for longevity defined as total milk
production over all lactations, number of lactations initiated, total number of
days in lactation over all lactations, time between birth and last milk recording
in months; and time from first calving to last milk recording in months. In
another study, [4] reported heritability estimates of 0.06 to 0.09 using the linear
model and 0.05 to 0.18 for traits using the threshold model for Brazilian Holstein
cows. Other studies that have reported low to moderate estimates of heritability
for longevity include [54] and [85]. Thus, heritability estimates for longevity re-
gardless of how the trait is defined or analyzed are low, implying that direct se-
lection may not yield significant gains [4].

It is however important to note that estimates of heritability for longevity de-
pend on the model used for analysis [86]. For instance, estimates from propor-
tional hazard models can be expressed either on a log-linear scale, original scale
or as effective heritability [75]. Heritability estimates from linear, threshold or
random regression models are usually lower than those from proportional ha-
zard models [40] [86]. Estimates ranging from 0.01 to 0.03 for length of produc-
tive life defined as a binary trait were reported for South African Jerseys from

multivariate linear sire and animal models [35]. Slightly higher estimates (0.06)
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using a linear animal model were reported for South African Holsteins [50].
Higher estimates from linear animal models ranging from 0.05 [9] to 0.1 [87]
have been reported for Czech Fleckvieh and American Holsteins, respectively.
Estimates of heritability based on random regression models are reported for
monthly survival [88]. This way if an animal survived to month n + 1, it is con-
sidered alive and assigned a score of 100 [89]. A cow culled in month n is as-
signed a score of 0 [37]. Monthly survival heritability estimates have been re-
ported to range from 0.002 to 0.011 [37] reported estimates ranging from 0.002
to 0.031 [90]. Cumulative heritability estimates over the entire life span ranged
from 0.115 to 0.149 [37]. Higher ranges for monthly estimates of 0.02 to 0.181
[33] and 0.01 to 0.07 [36] for British dairy cattle have been reported. [32] re-
ported higher estimates, ranging from 0.12 to 0.36 for Canadian Jersey cattle.
Heritability estimates for longevity estimated using threshold models have
been reported for various cattle populations. [82] reported an estimate of 0.04
for Norwegian Red Holsteins while [4] found a value of 0.15 for Brazilian Hols-
teins. Higher estimates for beef cattle ranging from 0.08 [88] to 0.30 [91] have
been reported. The differences between estimates for dairy and beef cattle could
partly be due to differences in definition of longevity and breeding objective.
[92] reported an estimate of 0.11 using a sequential threshold model. In general
threshold models yield higher heritability estimates than linear models.
Heritabilitys obtained from proportional hazard models estimated on the
original scale are usually higher than those on log-linear scale, and are similar to
those from linear models [93]. Estimates from log-linear scale range from 0.05 to
0.10 [70] and 0.15 to 0.20 on the original scale [70]. using a Weibull Proportion-
al hazard model, [94] reported heritability estimate of 0.05 on the log scale for
Pinzgau cattle in Croatia, similar to 0.04 reported by [56] and [95]. Higher esti-
mates of 0.16 to 0.22 [96], 0.12 [97]) and 0.21 to 0.22 [30] on the original scale
have also been reported. The wide variation in estimates of heritability could be
attributed to differences in magnitudes of genetic variation for longevity, differ-
ences in accuracy of sire identification, record keeping and precision of data

analysis and model used [70].

Genetic Correlations between Longevity and Performance Traits

Estimation of genetic parameters for traits expressed early in an animal’s life and
their correlation with longevity can help to identify a selection criterion [95],
which enables the inclusion of longevity in the breeding goal of the Kenyan Sa-
hiwal population. This will lead to development of a more comprehensive
breeding objective ensuring sustainable genetic improvement of the breed. Ge-
netics correlations between longevity and performance traits depend on the type
of trait population being studied and the way longevity is defined. For instance,
[4] reported that genetic correlations between various definitions of longevity
and linear type traits ranged from —0.39 to 0.31. In this study, longevity was de-

fined either as total milk yield over all lactations, number of lactations initiated,
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time between birth and last milking record in months, time between first calving
and last milking record in months or total number of days in lactation over all
lactations. Longevity defined as total number of days in lactation over all lacta-
tions had the strongest genetic correlation with type traits such as weight
(-0.38), stature (—0.31), topline (—0.25), chest width (-0.27), udder width
(-0.30) among others. Longevity defined this way was also positively correlated
to rump angle, bone quality, udder height and udder depth [4]. Other studies
reported genetic correlations between rump width and number of days in lacta-
tion, number of lactations initiated and time between birth and last milking
record of —0.27, —0.15 and —0.29, respectively, in Jersey cattle [31].

Genetic correlations between fore udder and longevity traits have been re-
ported to be low, ranging from 0.06 to —0.08 [4] [9] [31] suggesting that selec-
tion based on fore udder attachment, fore teat placement and fore teat length has
little influence on longevity. However, longevity was moderately correlated with
rear udder height (0.16 and 0.20), indicating that selection based on these traits
may favor the permanence of cows in the herd. Udder depth had the highest
positive genetic correlations with measures of longevity, ranging from 0.17 to
0.31 [4].

The choice of which trait to use a selection criterion for longevity depends on
its heritability, cost, ease of measurement and time required to obtain its infor-
mation. Based on the study by [4], selection for udder depth in the first lactation,
since this trait has higher heritability (0.23 to 0.26) than longevity measures (0.05
to 0.07), has a lower cost as it is collected early in life and presents moderate
correlations with longevity (0.17 to 0.31), and, therefore, can be used as a proxy

for indirect selection for longevity.

5. Inbreeding Depression for Longevity and Other Survival
Related Traits

The current quest of cattle improvement programmes world over is to improve
longevity alongside other traits of economic importance. Despite its economic
importance to cattle farming, studies of inbreeding depression on longevity are
very few [98]. However, longevity and other correlated traits are negatively af-
fected by inbreeding in livestock populations. For instance, longevity and re-
productive performance decreases while, rate of disposal or loss of replacement
heifers before first calving [99], age at puberty increases due to inbreeding
through reduced growth [16]. For every increase of 1% in inbreeding, productive
life was reported to decrease by about 13 days [17]. Cows with high inbreeding
level also have a higher risk of being culled [18].

In cattle dairy cattle the detrimental effects of inbreeding on production traits
are well documented. A 1% increase in inbreeding coefficient level has been found
to decrease milk production by 37 kg [17]. A similar increase in inbreeding re-
sulted in a 15.42 kg milk yield in South African Jersey cattle [94]. Milk compo-

nent traits, butter fat and protein yield were also negatively affected (Table 1).
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Table 1. Heritability estimates for various definitions of longevity.

Breed N Trait Heritability Author(s)

German Holsteins 11,106,125 FL 0.03 - 0.05 Wiebelitz et al. (2014)
Czech Holsteins 57,803 NL 0.05 Zavadilova and Stipkova (2012)
Czech Holsteins 57,803 NLF 0.04 Zavadilova and Stipkova (2012)
Czech Holsteins 57,803 LPL&FLPL 0.03 Zavadilova and Stipkova (2012)

South African Jersey 181,269 FHL 0.02 - 0.03 Du Toit (2011)

South African Jersey 181,269 FHL 0.01 - 0.03 Du Toit (2011)
Norwegian Red 808,750 SS 0.02 - 0.03 Holtsmark et al (2009)
Czech Fleckvieh 58,493 FL 0.05 Zavadilova et al. (2009)

South African Holsteins 34,201 NL 0.06 Setati et al. (2004)

Japanese Holsteins 117,404 HL 0.12-0.12 Sasaki et al. (2012)

Tunisian Holsteins 36,888 FL 0.19 M’hamdi et al. (2010)

Japanese Holsteins 158,719 FLPL 0.05 - 0.10 Terawaki and Ducrocq (2009)
Norwegian Red 808,750 PL 0.04 Holtsmark et al. (2009)

Slovak Pinzgau 21,985 FLPL 0.05 Meészéros et al. (2008)
Spanish Holstein-Friesian 21,058 FL 0.05 - 0.07 Chirinos et al (2007)
French Holsteins 629,716 FL 0.22 Ducrocq (1997)
Brazilian Holsteins - SGA 0.09 - 0.15 Kern et al. (2014)
Norwegian Red 808,750 SS 0.04 Holtsmark et al. (2009)
Norwegian Red 808,750 SS 0.04 Holtsmark et al. (2009)
South African Beef Breeds - FL 0.08 Van der Westhuizen et al (2001)

Canadian Holsteins 700,000 FL 0.07 Boettcher et al. (1999)
Spanish Holsteins 96,642 SNL 0.11 Gonzalez-Recio and Alenda (2007)

South African Angus 28,671 Stayability 0.24 - 0.30 Maiwashe et a/(2009)

Dutch Dairy Cattle 950,616 FL 0.002 - 0.01 VanPelt and Veerkamp (2014)

Canadian Jersey 1,164,319 Stayability 0.12-0.36 Jamrozik et al. (2008)
British Holsteins 24,741 FL 0.01 - 0.07 Veerkamp et al. (2001)

NL: number of lactations initiated; FLPL: functional length of productive life; FHL: functional herd life; FL: functional longevity; LPL: length of productive
life; SNL: survival to next lactation; SS: survival scores; SGA: Survival to given age.
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Though inbreeding depression for production traits in dairy cattle is well docu-
mented, not many studies have reported on the effect of inbreeding on longevity
of cows [64] [96]). In Canadian cows longevity was reduced by 65 days due to a
change in inbreeding of 5% [17]. Further, cows with high levels of inbreeding
were reported to face a higher risk of being culled [18]. There is a need to inves-
tigate inbreeding depression in longevity, production and fertility traits in the

Kenyan Sahiwal population based on individual level and rate of inbreeding.

6. Conclusion

Effects of inbreeding on non-production traits include decreased reproductive
efficiency and decreased stay ability. The negative effects on traits related to fit-
ness have been attributed to reduced heterozygosity as inbreeding accumulates
[19]. Inbreeding level and rate of inbreeding in the Sahiwal cattle population in
Kenya have been found to be on an upward trend and are above 1% [20]. In-
breeding depression for longevity and other correlated traits should be assessed
for the Sahiwal cattle population in Kenya. The current status that a cow can stay
in a herd for more than a hundred months is wrong. Ninety-six months is the
ultimate number of months recommended from the models. Any extra day from

the ninety-six month will be a loss-making enterprise.
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