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Abstract

Direct selection for longevity results in improved health and fitness and even
milk production of cows. However, longevity is lowly heritable and pheno-
typic information is obtained at the end of an animal’s life. Traits expressed
early in life and which are favorably correlated to longevity can be useful in
selecting for this trait. The aim of this study was to estimate genetic correla-
tions between longevity and age at first calving, first lactation calving interval,
number of services per conception, first lactation milk yield, and first parity
lactation length. Heritability estimates for measures of longevity were also
calculated. The measures of longevity were time between birth and last milk-
ing in days (Longl), time between first calving and last milking record in
months (Long2), number of lactations initiated (Long3), and total number of
days in lactation over all lactations (Long4), total milk yield over all lactations
(kg) (Long5). A series of five-variate animal models were fitted to estimate
the nature and magnitude of genetic and phenotypic correlations between
each measure of longevity and the fertility and production traits. Genetic
correlations between measures of longevity and age at first calving, calving
interval and number of services per conception were negative ranging from
—0.14 + 0.05 to —0.96 % 0.06, —0.06 + 0.03 to —0.67 * 0.08 and —0.02 * 0.02 to
-0.73 + 0.34, respectively. Correlations between measures of longevity and
first lactation milk yield ranged from 0.88 + 0.01 to 0.97 + 0.03. Those with
first parity lactation length ranged from —0.10 to 0.72. Longl, Long4 and
Long5, which measure time between birth and last milking day, total number
of days in lactation over all lactations and total milk yield over all lactations
(kg), respectively, had the highest heritability estimates. These three could

DOI: 10.4236/0jas.2022.121002 Nov. 10, 2021 16

Open Journal of Animal Sciences


https://www.scirp.org/journal/ojas
https://doi.org/10.4236/ojas.2022.121002
https://www.scirp.org/
https://doi.org/10.4236/ojas.2022.121002
http://creativecommons.org/licenses/by/4.0/

B. M. Musingi et al.

therefore be used to directly select for longevity. Among the traits studied,
first lactation milk yield and age at first calving had the highest genetic corre-
lation with measures of longevity. Therefore, first lactation milk yield and age
at first calving could, therefore, be used to indirectly select for longevity.
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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 amount of calving’s per female [2]. In beef and dairy
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].

Although milk production is considered the single most important trait in
dairy farming, cattle breeding programs are changing their breeding objectives
to include longevity and other traits (type and functional) [1] [4]. This enables
cows to meet the challenges of high milk production. Direct selection for lon-
gevity results in improved health and fitness [3] and even milk production of cows
[5]; therefore, breeding for longevity is considered to have ethical and economic
benefits since it results in a favorable response in the profitability of beef and
dairy cattle enterprises [3]. However, inclusion of longevity in the breeding ob-
jective is hampered because the trait is lowly heritable [5] [6] and the delay in
availability of phenotypic information [7], which may lead to increase in genera-
tion interval [5].

Availability of traits expressed early in life and which are favorably correlated
to longevity can be useful in selecting for this trait. Genetic correlations between
longevity and linear and fertility traits have been reported to be low to mod-
erately positive [5] [8] [9]. 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 beef cattle. Since productive
longevity is closely related to fertility, it is important to consider the genetic ef-
fects of both traits simultaneously. Despite its importance in cattle, longevity has
not been studied in the Sahiwal cattle although it has been recommended for in-
clusion in the breed’s breeding objective [10] [11] [12]. Estimates of genetic cor-
relations between longevity and other performance traits, which can be used as

selection criteria for longevity for the breed are also lacking.

2. Materials and Methods

Pedigree and performance data Sahiwal cattle in Kenya were obtained from the
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Sahiwal National Stud at Kenya Agricultural and Livestock Research Organiza-
tion (KALRO), Naivasha. A database was created by systematically entering each
animal, sire and dam, date of birth and sex into a database in MSAccess. The
data were checked for consistency to ensure that all animals were ordered se-
quentially based on the date of birth such that no progeny was born before any
of its parents. Also checked was presence of cyclic pedigrees (i.e. no animal ap-
peared as both male or female) and no animal appeared as both sire and dam.
The foregoing was achieved using the Animal Breeder’s ToolKit (ABTK [8]).
Measures of longevity related to productive life were: time between birth and last
milking record in days (Longl), time between first calving and last milking
record in days (Long2), number of lactations initiated (Long3), and total num-
ber of days in lactation over all lactations (Long4), total milk yield over all lacta-
tions (kg) (Long5). Performance data for each cow included fertility traits (Age
at first calving (AFC), Calving interval (CI), first parity number of services per
conception (NS)) and production traits (first lactation milk yield (FLMY) and
first parity lactation length (LL)).

3. Data Analysis

3.1. Estimation of the Correlation between Longevity and
Performance Traits

A series of five-variate animal models were fitted to estimate nature and magni-
tude of genetic and phenotypic correlations between each measure of longevity
and the fertility and production traits. The measures of longevity were time be-
tween birth and last milking day (Longl), the time between first calving and last
milking record in months (Long2), the number of lactations initiated (Long3),
and the total number of days in lactation over all lactations (Long4), total milk
yield over all lactations (kg) (Long5). Fertility traits were AFC, CI, NS, while
production traits included FLMY and FLL. In this model, the traits were as-
sumed to be different but correlated traits. The covariance structure of the model

analyzing five traits was:

a, FLL 8 g1 8 8u &
a, FLMY 8»n 8x 8u 8
G = variance| a,; AFC |= Cn &y 835 |®A=G,®A4
a, CI 8as  8us
as NS symm gss

where G, is the genetic (co)variance matrix between animal effects; ® =
Kronecker product and A = numerator relationship matrix among animals. The
residual variance among record of different traits was assumed to zero; g, is

the variance for trait 7and g is the covariance between any two traits, /and /.

3.2. Genetic Correlation

Genetic correlation between two traits 7and j, r, ~was estimated as:
L]
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where o, ,, o; and o are the covariance between traits / and j, variance of

ii

trait 7and j, respectively.

4. Results and Discussion

Means and standard deviations for selection criteria for measures of longevity
are given in Table 1. Heritability estimates for measures of longevity from mul-
tivariate analysis were generally higher than those from univariate analysis. This
could be due to the additional information from correlated traits in multivariate
analysis [12]. The mean values for measures of longevity from birth and first
calving were similar to those reported by [5] for Brazilian Holsteins and Nilfo-
rooshan and Edriss who reported values ranging from 57.2 months and 30.1
months for Longl and Long2 respectively. For Brazillian Holsteins, [13] re-
ported values of 60 and 33 months, respectively.

Long5 or milk production in all lactations is an indicator of a cow’s delay to
involuntary culling. With increased milk production culling is based preferen-
tially on production leading to higher proportion of cows in a herd with higher
productive capacity and longer herd life. Average for Long3 of 1.5 was lower
than values of 2.7 and 2.8 reported for Brazilian and US Holsteins, respectively
[13] [14]. Higher values of 3.0 and 2.4 for Slovak Holsteins and Simmental dairy
cows, respectively, have been reported [15] [16]. In the Kenyan Sahiwal herd,
cows remained on average 2231.1 days, 1172.7 days from birth (Longl) or first
calving (Long2), respectively, an average of 738 days in milk till they exited the
herd through death or culling. With an increase in total days in milk, cows are
expected to produce more milk, accompanied by a lower occurrence of repro-
ductive, udder and conformation problems [17]. Mean values of Longl (74.4
months) and Long2 (39.1 months) were higher than those reported for Brazilian
Holsteins (60 and 33 months, respectively) and 57.2 months and 30.1 months,
respectively reported by [18]. The higher values reported in the current study

could be due to breed differences, where exotic dairy breeds in temperate and

Table 1. Means, standard deviations, minimum and maximum for longevity measures
related to productive life for Sahiwal cattle in Kenya.

Measure Mean Standard deviation Minimum Maximum
Longl, days 2231.1 887.8 960.0 6246.0
Long2, days 1172.7 703.7 226.0 4720.0

Long3, count 2.7 14 1.0 11.0
Long4, days 738.0 428.4 10.0 3147.0
Long5, kg 3425.5 3534.2 10.0 11,616.0

Longevity was defined as time between birth and last milking day (Longl), time between first calving and
last milking record in months (Long2), number of lactations initiated (Long3), and total number of days in
lactation over all lactations (Long4), total milk yield over all lactations (kg) (Long5).
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tropical climatic conditions have been shown to exit herds earlier due to invo-
luntary culling [19] compared to the zebu.

Estimates of components of additive genetic and residual variances for meas-
ures of longevity related to productive life are shown in Table 1. Additive genet-
ic variances ranged from 0.06 (Long3) to 366,033 (Long5). Corresponding heri-
tability estimates were low, with the highest being 0.097 £ 0.04 (Long5). All
measures of longevity had high estimates of residual variances and low estimates
of additive genetic variance hence the low estimates of heritability. The heritabil-
ity estimates found in the current study of 0.08 to 0.10 were within the range re-
ported for different cattle populations under tropical conditions of 0.06 to 0.18
[19] [20] [21]. Heritability estimates cattle populations in temperate climatic
conditions ranged from 0.02 to 0.10 [14] [22]. The low heritability estimates for
measures of longevity from linear models yield lower estimates compared to
survival models partly due to inclusion of censored records and time-dependent
variables [23] [24] since the environmental conditions affecting cow survival
changes over time.

Co-variance components, heritability estimates and genetic correlations be-
tween selection criteria and measures of longevity are given in. The heritability
estimates for measures of longevity were low, ranging from 0.03 to 0.13 (Table
2). This indicates that longevity is influenced more by environmental factors,
meaning that direct selection for these traits would yield low genetic gains. Oth-
er studies which reported low heritability estimates include [25] who reported
estimates ranging from 0.05 to 0.07. For traits expressed early in life relative to
the measures of longevity in the current study, first lactation milk yield had the
highest heritability estimate, ranging from 0.12 to 0.23 followed by first parity
lactation length (0.07 to 0.12) (Table 3).

Lower heritability estimates were obtained for first parity calving interval
(0.01 to 0.05) and number of services per conception (0.01 to 0.04). Among the
fertility traits, age at first calving had higher heritability estimates, ranging from
0.04 to 0.10.

Genetic correlations between fertility traits and measures of longevity were

negative ranging from —0.02 to —0.95. This indicates that cows with long first

Table 2. Estimates of additive genetic variance (o), residual (o) and heritability esti-

mates (#*) for measures of longevity from multivariate analyses for the Sahiwal cattle in

Kenya.
Parameter Longl Long2 Long3 Long4 Long5
o! 24,121.1 28,761.1 0.11 5595.0 398,380.2
ol 312,591.0 319,900.1 1.50 127,280.1 3,811,821.3

e

Via 0.07 £ 0.08 0.08 £ 0.01 0.07 £ 0.02 0.04 + 0.02 0.09 + 0.01

Longevity was defined as time between birth and last milking day (Longl), time between first calving and
last milking record in months (Long2), number of lactations initiated (Long3), and total number of days in
lactation over all lactations (Long4), total milk yield over all lactations (kg) (Long5).
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Table 3. Co-variance components, heritability and genetic correlations between measures of longevity and performance traits for

Sahiwal cattle in Kenya.

Longevity Performance trait
Longl
Age at first calving, mo
First parity calving interval, days
First parity lactation length, days
First parity milk yield
First parity services/conception, No
Long2
Age at first calving, mo
First parity calving interval, days
First parity lactation length, days
First parity milk yield
First parity services/conception, No
Long3
Age at first calving, mo
First parity calving interval, days
First parity lactation length, days
First parity milk yield
First parity services/conception, No
Long4
Age at first calving, mo
First parity calving interval, days
First parity lactation length, days
First parity milk yield
First parity services/conception, No
Long5
Age at first calving, mo
First parity calving interval, days
First parity lactation length, days
First parity milk yield

First parity services/conception, No

o,

24,121.1
1.8
209.9
10,147.0
43,565.9
0.07
28,761.1
1.97
739.8
2463.2
49,277.0
0.093
0.11
1.29
215.6
9170.63
49,121.1
0.03
5595.0
1.2
323.4
10,543.0
33,851.0

0.03

398,380.2

1.4
341.2
165.2

6110.2

0.04

o;

312,591.0
214
15,002.0
91,570.1
190,761.0
2.7
319,900.1
22.70
14,821.1
18,347.1
210,931.1
2.49
1.50
11.6
15,672.0
91,824.2
166,000.1
243
127,280.1
27.3
15,033.1
82,951.1
217,541.0

2.4

3,811,821.3

12.0
12,037
2054.2

208,386.0

2.4

B+ se
0.07 £ 0.08
0.08 £ 0.01
0.01 £ 0.01
0.10 + 0.06
0.19 £ 0.02
0.02 £ 0.03
0.08 £ 0.01
0.08 + 0.02
0.05 + 0.04
0.12 £ 0.03
0.19 £ 0.02
0.04 £ 0.03
0.07 £ 0.02
0.10 £ 0.02
0.01 +£0.02
0.10 £ 0.03
0.23 £ 0.04
0.01 £ 0.01
0.04 + 0.02
0.04 = 0.02
0.02 =+ 0.03
0.11 £ 0.02
0.13 £ 0.01
0.01 + 0.09
0.09 £ 0.01
0.10 £ 0.01
0.03 £ 0.02
0.07 £ 0.02
0.18 £ 0.01

0.02 £ 0.01

012

-58
—3498.7
-1634.1
31,490.0

-0.63

—54.2
—-1853.4
6065.1
36,473.0

—41.9

-0.36
-0.78
2.56
68.6

—-0.04

—69.5
-168.8
1761.0

12,063.1

-9.4

-121.2
-699.3

2731.0

129,339.1

-=70.5

—-0.28 + 0.06

—-0.67 +0.08

—0.10 £ 0.06

0.97 £ 0.03

—-0.02 £ 0.02

—-0.14 + 0.05

—0.24 + 0.04

0.72 £ 0.03

0.97 £ 0.04

-0.18 £ 0.14

—-0.96 = 0.06

—-0.16 = 0.08

0.08 £ 0.19

0.93 +0.06

-0.70 £ 0.18

—0.85 £ 0.08

—-0.13 £0.07

0.23 £0.04

0.88 +0.01

-0.73 £ 0.34

-0.16 £ 0.03
—-0.06 +0.03
0.37 £ 0.02
0.95 + 0.05

—-0.55 + 0.06

Longevity was defined as time between birth and last milking day (Longl), time between first calving and last milking record in months (Long2), number of

lactations initiated (Long3), and total number of days in lactation over all lactations (Long4), total milk yield over all lactations (kg) (Long5).

lactation CI, and which calved first later or required more services per concep-

tion were less likely to remain in the productive herd. Studies which have re-

ported similar negative correlations include [26]. In this study, cows that re-

quired more services per conception or had longer calving intervals were at
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greater risk of being culled. Similar results were reported for French Holsteins by
[27]. [28] reported that cows with higher age at first calving tended to have a
shorter length of productive life and were associated with a higher risk of being
culled [29]. Thus, selecting for earlier age at first calving will lead to an increase
in longevity, apart from shortening generation interval [30] and decreasing re-
placement expenses [31]. In general, late first calving in cows is associated with
fertility and health problems, which may be exhibited in the entire life of a cow
[18] [28] [32]. Genetic correlations between measures of longevity and first lac-
tation milk yield and lactation length were positive and moderate to high, and
ranged from 0.41 to 0.99. However, heritability estimates of fertility traits were
close to 0, as found in the current study and in literature [33] [34].

Longl, Long3, Long4 and Long5, which measure time between birth and last
milking day, number of lactations initiated, total number of days in lactation
over all lactations and total milk yield over all lactations (kg), respectively, had
the highest heritability estimates. These two could therefore be used to directly
select for longevity. The genetic correlations between Longl and Long5 and
FLMY and AFC were high and positive and negative, respectively. Therefore, se-
lecting for more FLMY and shorter AFC would lead to correlated increase lon-
gevity. As such FLMY and AFC could therefore be used to indirectly select for
longevity.

Measures of longevity related to productive life were: time between birth and
last milking record in months (Longl), time between first calving and last milk-
ing record in months (Long2), number of lactations initiated (Long3), and total
number of days in lactation over all lactations (Long4), total milk yield over all
lactations (kg) (Long5).

Estimates of components of additive genetic and residual variances for meas-
ures of longevity related to productive life are shown in Table 4. Additive genet-
ic variances were lower than residual variances for all measures of longevity re-
lated to productive life (Table 4). This implies that some factors causing dif-
ferences between animals were not captured during the data recording process

and were therefore not included in the model of analysis. The values of additive

Table 4. Means, standard deviations, minimum and maximum for longevity measures
related to productive life for Sahiwal cattle in Kenya.

Measure Mean Standard deviation Minimum Maximum
Longl, days 2231.1 887.8 960.0 6246.0
Long2, days 1172.7 703.7 226.0 4720.0

Long3, count 2.7 1.44 1.0 11.0
Long4, days 738.0 428.4 10.0 3147.0
Long5, kg 3425.5 3534.2 10.0 11,616.0

Longevity was defined as (Longl), time between first calving and last milking record in months (Long2),
number of lactations initiated (Long3), and total number of days in lactation over all lactations (Long4), to-
tal milk yield over all lactations (kg) (Long5).
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genetic variance ranged from 0.058 (Long3) to 366,033 (Long5). Heritability es-
timates for measures of longevity related to productive life were low, with the
highest being 0.097 * 0.04 (Long5).

For measures of survival from birth, there was a decrease of 31.5% and 42.8%
in the survival rate between birth to 36 months (Long6_36) to 72 months
(Long6_72) and from calving to 44 months and 96 months, respectively. Survival
rates up to 12, 24 and 54 months from first calving was similar to measures of
survival from birth. The reduction in survival for both measures of survival to
different ages indicates reduced ability of cows to persist in the herd due to vo-
luntary or involuntary culling. Measures of estimated mean, median and mode
of variance components and heritability were all similar, indicating that the
posterior distributions of these parameters were more or less symmetric (Table
5). Heritability estimates for measures of survival from birth ranged from 0.084
(Long6_44) to 0.104 (Long6_128), and were lower than those estimated from
first calving (Table 5).

Additive genetic variances for survival measures from first calving increased
from twelve months after first calving (Long7_12) to 96 months after first calv-
ing (Long7_96). Heritability estimates ranged from 0.090 (Long7_12) to 0.119
(long7_96). Heritability estimates for longevity measured as survival from birth or
first calving to last day in milk (Table 4 and Table 6) were generally low com-
pared to those related to productive life (Table 7).

Direct selection for longevity results in improved health and fitness [3] and
even milk production of cows [5] (Table 8); therefore, breeding for longevity is
considered to have ethical and economic benefits since it results in favorable re-
sponse in profitability of beef and dairy cattle enterprises [3]. Many breeding
programs across the world have therefore begun to recognize the economic im-
portance of longevity and have estimated genetic parameters for longevity and
included the trait in breeding objective [1] [4] [35] [36]. Inclusion of longevity in
the breeding objective is hampered because the trait is lowly heritable [5] [6] and
the delay in availability of phenotypic information [7]. Traits expressed early in
life and which are favorably correlated with longevity can be used as selection
criteria [9]. However, genetic correlations between longevity and fertility, growth
and milk yield traits have not been estimated for the Kenyan Sahiwal population
[11].

Table 5. Estimates of additive genetic variance (o), residual (o) and heritability esti-

mates (/%) for measures of productive life for the Sahiwal cattle in Kenya.

Parameter Longl Long2 Long3 Long4 Long5
o‘j 25,208.9 24,740.5 0.06 8820.0 366,033
o. 296,090.1 318,344.1 1.51 118,783.2 3,397,910
Vg 0.078 £0.038  0.072+£0.027  0.038 £0.032  0.069 £0.034  0.097 + 0.037

Longevity was defined as (Longl), time between first calving and last milking record in months (Long2),
number of lactations initiated (Long3), and total number of days in lactation over all lactations (Long4), to-
tal milk yield over all lactations (kg) (Long5).
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Table 6. Data structure use for analysis of measures of longevity for the Sahiwal cattle in

Kenya.

Measure of longevity No.. of animals Nun}ber
with records of sires

Time between birth and last milking record in months 2524 303

Time between first calving and last milking record in months 1991 302

Number of lactations initiated 2707 317

Total number of days in lactation over all lactations 2707 317

Total milk yield over all lactations (kg) 1990 303

Survival from birth to 44 months 1887 209

Survival from birth to 56 months 1806 201

Survival from birth to 80 months 1623 178

Survival from birth to 92 months 1433 163

Survival from birth to 104 months 1292 145

Survival from birth to 128 months 1012 138

Survival from first calving to 12 months 1507 169

Survival from first calving to 36 months 1411 153

Survival from first calving to 60 months 1121 122

Survival from first calving to 84 915 106

Survival from first calving to 96 months 862 96

Table 7. Posterior descriptive estimates for additive genetic variance (o ), residual (o7)

and heritability estimates for measures of survival from birth for the Sahiwal cattle in

Kenya.
Parameter Mean + SD Mode  Median Min Max IC-95%
Long6_44
o‘f 0.092 +0.071 0.113 0.082 0.010 0.162 0.010 to 0.153
o‘f 1.007 + 0.032 0.955 1.008 0.902 1.116 0.902 to 1.039
Via 0.084 + 0.053 0.105 0.075 0.011 0.126 0.011 to 0.128
Long6_56
o‘f 0.094 £ 0.076 0.081 0.072 0.009 0.182 0.054 to 0.170
O'f 1.017 £ 0.036 0.979 1.006 0.905 1.110 0.892 to 1.053
Via 0.085 £ 0.058 0.076 0.067 0.010 0.141 0.057 to 0.139
Long6_80
o‘f 0.112 £ 0.061 0.092 0.093 0.010 0.183 0.010 to 0.182
o‘f 1.014 + 0.043 1.009 1.004 0.900 1.111 0.904 to 1.104
V:a 0.100 + 0.041 0.084 0.085 0.011 0.142 0.012 to 0.142
Long6_92
Gaz 0.114 £ 0.063 0.111 0.110 0.038 0.162 0.013 to 0.182
O‘f 1.004 + 0.049 1.005 1.003 0.897 1.111 0.913 to 1.125
V:a 0.102 + 0.042 0.099 0.099 0.040 0.127 0.014 to 0.139
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Continued

Long6_104
O'f 0.127 £ 0.075 0.192 0.117 0.010 0.219 0.010 to 0.269
o‘f 1.105 + 0.054 1.009 1.004 0.904 1.104 0.901 to 1.511
Via 0.103 £ 0.056 0.160 0.105 0.011 0.165 0.012 to 0.151

Long6_128
o‘f 0.116 + 0.081 0.121 0.106 0.001 0.193 0.013 to 0.176
O'f 1.007 + 0.064 0.996 1.001 0.907 1.107 0.920 to 1.117
Via 0.104 £ 0.057 0.108 0.094 0.001 0.148 0.014 to 0.136

Key: Longevity was defined as survival from birth to 44 months (Long6_44), 56 months (Long6_56), 80
months (Long6_80), 92 months (Long6_92), 104 months (Long6_104), and 128 months (Long6_128); sd =
standard deviation, IC-95% = 95% confidence interval for an estimate; Min and Max are the minimum and
maximum values.

Table 8. Posterior descriptive estimates for additive genetic variance (), residual (o)

and heritability estimates (#°) for measures of survival from first calving for the Sahiwal
cattle in Kenya.

Parameter Mean SD Mode  Median Min Max IC-95%
Long7_12

o‘f 0.099 £ 0.006 0.071 0.076 0.007 0.110 0.016 to 0.098

Gf 0.997 £ 0.057 1.002 0.997 0.912 1.102 0.898 to 1.097

):d 0.090 + 0.044 0.066 0.070 0.008 0.085 0.018 to 0.082
Long7_36

O': 0.108 + 0.007 0.061 0.069 0.007 0.097 0.018 to 0.103

o’ 0.999 + 0.051 0.977 0.990 0.906 1.098 0.898 to 1.099

Vig 0.097 +0.053 0.059 0.065 0.008 0.081 0.020 to 0.085
Long7_60

o’ 0.115+0.071 0.061 0.091 0.008 0.109 0.028 to 0.110

o’ 1.005 + 0.054 1.012 1.009 0.895 1.097 0.900 to 1.110

Vig 0.103 +0.043 0.057 0.083 0.008 0.090 0.030 to 0.090
Long7_84

o’ 0.117 +£0.007 0.071 0.081 0.007 0.110 0.024 to 0.163

Gf 1.005 £+ 0.052 1.000 1.003 0.905 1.095 0.904 to 1.106

® 0.104 £+ 0.046 0.066 0.075 0.008 0.092 0.026 to 0.128
Long7_96

o‘f 0.140 + 0.007 0.095 0.096 0.015 0.156 0.022 to 0.169

Gf 1.008 + 0.056 0.994 1.004 0.908 1.113 0.901 to 1.115

® 0.119 £ 0.035 0.087 0.088 0.016 0.123 0.023 to 0.132

Key: Longevity was defined as survival from first calving as survival from for 12 months (Long7_12), 36
(Long7_36), 60 (Long7_60), 84 (long7_84) and 96 months (Long7_96) from first calving; sd = standard
deviation, IC-95% = 95% confidence interval for an estimate; Min and Max are the minimum and maxi-
mum values.
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Genetic improvement of the Sahiwal in Kenya breed is carried out under a
closed nucleus breeding program (CNBP). Closed nucleus breeding programs
are associated with high inbreeding levels and low effective population sizes due
to increased focus on a few high performing often closely related animals [37].
Longevity, milk yield and reproductive performance and milk yield have been
shown to decrease while, rate of disposal or loss of replacement heifers before
first calving, age at puberty increased due to inbreeding through reduced growth
[38]. For every increase of 1% in inbreeding, productive life has been reported to
decrease by about 13 days [39]. Cows with high inbreeding level have also been
reported to have a higher risk of being culled [40], reduced reproductive effi-
ciency and stay ability. The objectives of this study were 1) To estimate genetic
and phenotypic parameters for longevity; 2) To estimate genetic relationship
between longevity and milk yield and fertility traits; 3) To determine the effect of

inbreeding on traits of economic importance in the Kenyan Sahiwal population.

5. Study Methodology

Measures of longevity related to productive life 7.e. were defined alternatively as
time between birth and last milking record in days (Longl), length of productive
life or functional longevity (days) (Long2), number of lactations initiated
(Long3), total number of days in lactation over all lactations (Long4) and total
milk yield over all lactations, kg (Long5) [21]. Variance components, genetic and
phenotypic parameters for longevity were estimated using a linear model using
the expectation maximization method in WOMBAT [41] using a convergence
criterion of 10~°. Measures of longevity related to survival (survival from birth to
44 months (Long6_44), 56 months (Long6_56), 80 months (Long6_80), 92
months (Long6_92), 104 months (Long6_104), and 128 months (Long6_128)
and survival from first calving as survival from for 12 months (Long7_12), 36
(Long7_36), 60 (Long7_60), 84 (long7_84) and 96 months (Long7_96) from first
calving) were analyzed as threshold traits assumed to have an underlying conti-
nuous distribution.

The threshold model relates survival to a given age in a categorical scale with a
normal underlying continuous scale. Variance components for survival meas-
ures were estimated via Bayesian inference using THRGIBBS1F90 [42]. Outputs
from this software were used to obtain a posteriori estimate using POSTGIBBSF90
[42]. Convergence of all Bayesian analyses was verified using the R program us-
ing [43] and Heidelberger and Welch diagnostics, from the Bayesian Output
Analysis Program—BOA [44].

The second objective estimated genetic correlations between longevity and
fertility and milk yield and lactation length in the first lactation. Genetic correla-
tions between each measure of longevity (Longl, Long2, Long3, Long4 and
Long5) and age at first calving, first parity services per conception, calving in-
terval, milk yield and lactation were estimated through a series five-variate ana-

lyses via a linear model.
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The third objective dealt with assessing the effect of inbreeding on traits of
economic importance. Effects of inbreeding on the traits were determined by fit-
ting four regression models (linear, quadratic, exponential and Michaelis-Menten)
to the errors generated by the animal model. The inbreeding coefficient (Fi) for
each individual in the pedigree was calculated as the probability that two alleles
are identical by descent according to the method of [45]. Estimates of variance
and estimated breeding values were obtained by performing univariate analyses
on first lactation milk yield (LMY), lactation length (LL), Age at first calving
(AFC) and calving interval (CI) using the following a univariate animal model
using WOMBAT software [41]. Analysis of pedigree, inbreeding coefficient (F)
and equivalent complete generations was estimated using ENDOG version 4.5
computer program [46]. The linear, quadratic and Michaelis-Menten models
were fitted to the vector of errors for each trait generated from the univariate
analysis.

The first step in inclusion of a trait in the breeding objective of a given breed-
ing program entails estimation of genetic and phenotypic parameters, its corre-
lation with other traits of economic importance and to quantify the effect of in-
breeding on the trait(s) especially for closed nucleus breeding programs. This
study was carried out to provide genetic and phenotypic parameters for longevi-
ty, its correlation with other traits in the breeding objective of the Kenyan Sa-
hiwal cattle and to estimate inbreeding depression for traits of economic impor-

tance

6. Genetic Parameters

Genetic parameters for measures of longevity related to productive life or sur-
vival were estimated using linear and threshold models, respectively. Estimates
of heritability for longevity measures estimated using threshold models (survival
measures) were higher than those estimated using linear models (measures re-
lated to productive life). Long7_96 had the highest additive genetic variance and
heritability estimate, and therefore should be used for genetic evaluation of lon-
gevity in Sahiwal cattle in Kenya.

Longevity is quite important in dairy and beef cattle herds from an economic,
herd-health and animal welfare point of view. Intensive selection for production
and reproduction traits without considering functional and type traits leads to
decreased longevity [47] [48]. In the current study, the estimates of additive ge-
netic variances and heritability were significantly different from 0 based on their
95% confidence intervals. Similar results were reported by [49]. The 95% confi-
dence intervals were also wide. Heritability estimates for measures of longevity
are dependent on breed [25] and method of analysis [49] and definition of lon-
gevity [5] [6] [21]. In general heritability estimates of longevity are low regard-
less of method of evaluation, breed or species [5] [6] [21] [49]. However, given
the immense economic importance of this trait, it is worthwhile to consider it as

a selection criterion in cattle breeding. The benefits of increased longevity are
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numerous. Longer productive life means lower replacement and treatment costs
associated with reproductive and animal health disorders, feet, udder and other
functional traits [23] [35] [50]. Because of this countries are changing the
breeding objectives for dairy and beef cattle to include longevity. For instance,
by 2014, 12 countries included longevity in national genetic evaluations either as
a single trait analyzed through survival analysis or in a multiple trait model [36].
Further, Evaluation of sires for functional longevity in breeding programs is very
vital because it would complement estimated breeding values for production
traits [51].

The measures of longevity used in the current study relate to function longev-
ity which is defined as the ability to delay involuntary culling due to factors oth-
er than production (lameness, fertility problems, mastitis, or other diseases). For
instance, survival to predefined ages as used in the current study captures in-
formation on culling early in life which has the most detrimental effect on herd
profitability. Milk production is deemed the single most important factor affect-
ing productive life due to its direct effect on herd profitability. Cows in low milk
production classes have a higher relative risk of being culled [52].

Although it was not considered in the current study, voluntary selection for
milk components influences cow risk of being culled. Cows with low protein and
fat percentage have higher risk of being culled [53]. These results are similar to
those reported by [54] and [55] for Holstein cows in Canada and France, respec-

tively.

7. Genetic Correlations between Longevity and Fertility and
Production Traits

Direct selection for longevity is a trait of great economic importance in beef and
dairy cattle enterprises [1] [4] [35]. But its inclusion in the breeding objective is
hampered because the trait is lowly heritable [5] [6] and the delay in availability
of phenotypic information [7] [56]. Other challenges that hinder the selection
for longevity include the proper measure of productive live compatible with
short generation intervals and the choice of the right analysis that is capable of
capturing environmental factors influencing the trait [5] [6] [21] [25]. The chal-
lenge of selecting young bulls for longevity is compounded by the fact that ma-
jority of their daughters are still alive at the end of first lactation [57]. The pres-
ence of large amounts of censored records leads to low accuracy of estimated
breeding values for productive life [58]. Accuracy of genetic evaluations for lon-
gevity can be increased by including information on other traits during analysis,
preferably those expressed early in life [57] [59]. Such traits include type traits,
which have been used to classify and identify desirable traits associations with
longevity [25].

Traits such as body size composite and udder traits have been reported to
have a significant influence on productive life in Lithuanian dairy cattle [60].

[25] investigated the phenotypic correlation between longevity and type traits.
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However, this study did not find any significant association between type traits
and risk of culling in Brazilian Holsteins. Contrary to this finding, other studies
have reported udder traits especially udder depth and fore udder attachment to
have a large impact on longevity [54] [61] [62]. Final score and angularity (dairy
character) have also been found to significantly influence longevity in Czech
Holsteins [63]. Traits expressed early in life and which are favorably correlated
with longevity can be used as selection criteria [9]. The current study systemati-
cally assessed the genetic associations between traits expressed early in life and
longevity in the Sahiwal cattle in Kenya. Chapter 4 of this study found that first
lactation milk yield had the highest genetic correlation. Therefore this trait

should be used as a selection criterion for longevity.

8. Inbreeding Depression for Traits of Economic Importance

Effects of inbreeding on the traits were determined by fitting four regression
models (linear, quadratic, exponential and Michaelis-Menten) to the errors gen-
erated by the animal model. The linear, exponential and Michaelis-Menten
models were significant (P < 0.05) for all the studied traits while the quadratic
model was only significant (P < 0.05) for calving interval. Inbreeding had a posi-
tive effect on calving interval, age at first calving, and lactation length, shorten-
ing calving both interval and age at first calving and increasing lactation length.
The relation between inbreeding and depression of traits was not linear, with
greater depression after 15% inbreeding. Genetic evaluation of the Kenyan Sa-
hiwal should account for inbreeding. However, the results of the current study
and those of [64] indicate that as inbreeding level increases, inbreeding depres-
sion increases at an increasing rate. This could imply that at higher levels of in-
breeding (>15%) apart from additive effects of inbreeding, there could be in-
ter-locus interaction between loci with identical alleles by descent, leading in-
creased depression.

The implications of these results have a profound effect on how inbreeding is
accounted for in genetic evaluations. Most genetic evaluations either ignore in-
breeding or fit a linear regression to account for inbreeding [65] [66] [67]. The
results of the current study indicate the need to consider effect of inbreeding on
traits of economic importance, but not as linear regression. The very high signi-
ficance of the Michaelis-Menten model, which theoretically implies an increas-
ing rate of depression as inbreeding level increases indicates that inbreeding
should be accounted for using non-linear regression models. The mating plan
for any breeding program should be designed so as to control future rates of in-
breeding while achieving genetic gain.

Closed nucleus breeding programs, such as that for the Sahiwal cattle in
Kenya are able to achieve faster rates of genetic gain but are associated with high
inbreeding levels and low effective population sizes due to increased focus on a
few high performing often closely related animals [66]. Although studies of in-

breeding depression on longevity are rare, it has been shown that longevity, milk
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yield and reproductive performance decrease while, rate of disposal or loss of re-
placement heifers before first calving, age at puberty increase due to inbreeding
through reduced growth [38]. For every increase of 1% in inbreeding, productive
life has been reported to decrease by about 13 days [39]. Cows with high in-
breeding levels have also been reported to have a higher risk of being culled [40],

reduced reproductive efficiency and stay ability.

9. Conclusion

Among measures of longevity survival from first calving to 96 months had the
highest heritability estimate, and therefore should be used for genetic evaluation
of longevity in Sahiwal cattle in Kenya. Inbreeding led to significant depression
in fertility and production traits studied. The relationship between inbreeding
and depression of traits was not linear, with greater depression after 15% in-
breeding. First lactation milk yield had the highest genetic correlation with lon-

gevity, and should therefore be used as a selection criterion for longevity.
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