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ABSTRACT

Seasonality of female fertility traits, including the
interval from calving to first high activity (CFHA),
duration of high activity episode (DHA), and strength
of high activity episode (SHA) of first estrus, were
studied. The physical activity traits were derived from
electronic activity tags for 20,794 Holstein cows in 135
commercial Holstein herds in Denmark. Data were cat-
egorized in 3 ways: (1) into 4 seasons of calving: winter
(January-March), spring (April-June), summer (July—
September), and fall (October-December); (2) into 2
seasons: a cold season (October-March) and a warm
season (April-September); and (3) into an increasing
light season (IL; January—June), where daylight hours
gradually increased, and a decreasing light season
(DL; July-December), where daylight hours gradu-
ally decreased. At the phenotypic level, least squares
means of CFHA were highest at 55 d for cows calving
in December and lowest at 31 d for cows calving in
September. The highest least squares means of DHA
and SHA were recorded for cows calving in November
and lowest for cows calving in May and June. Genetic
parameters for all traits were estimated using average
information-REML in a bivariate animal model that
treated the same trait in different calving seasons as
different traits. Heritability estimates for CFHA were
highest for the winter season (0.13) and low for the
other seasons (0.03-0.04), whereas heritability esti-
mates for DHA and SHA were lowest for winter and
highest for fall. Heritability estimates for CFHA for the
cold season (0.17) was higher than that for the warm
season (0.10). Heritability estimates of CFHA for the
IL season (0.12) was higher than for the DL season
(0.07), but the opposite pattern was found for DHA
and SHA. Genetic correlations (ry) of CFHA between
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winter and summer (ry = 0.34 £+ 0.27), and winter and
fall (ry = 0.65 £+ 0.20) were significantly lower than
unity. The corresponding correlations of DHA and SHA
between seasons were all close to unity, except for the
correlation of SHA between winter and fall (ry, = 0.36 +
0.34). When the year was split into only 2 seasons, the
genetic correlation of CFHA between cold and warm
seasons was only moderate (r, = 0.46 £+ 0.15) but was
slightly stronger between IL and DL seasons (ry = 0.63
=+ 0.16); both significantly deviated from unity. These
results indicate the existence of a genotype by environ-
ment interaction for CFHA regardless of calving season
classification.

Key words: physical activity, seasonality, female
fertility, genotype by environment interaction

INTRODUCTION

Improved reproductive performance has a substan-
tial effect on the overall profitability of dairy cattle
production by decreasing insemination and veterinary
treatment costs, shortening the calving intervals, and
lowering the rate of involuntary culling (Sewalem et al.,
2008). However, a decline of fertility has been observed
and it could be caused by many factors, including the
antagonistic genetic relationship between reproduc-
tion and production traits (Lucy, 2001; Royal et al.,
2002; Konig et al., 2008). This relationship implies
that continuous selection for increased milk production
will continue to have a negative effect on reproduction
traits (Kadarmideen et al., 2000; Berry et al., 2003;
Konig et al., 2008) unless proper account is taken in the
breeding program.

Although cattle are not strictly seen as seasonal
breeders, previous studies on fertility traits indicated
that a large fraction of the variability in reproduction
traits is affected by seasonal changes. For example,
Hansen and Hauser (1984) reported that cows calving
in the fall and winter that received supplementary light
were found to have a shorter interval from calving to
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first estrus and a shorter interval from calving to first
conception compared with cows receiving only natu-
ral lighting hours. Also, Reksen et al. (1999) reported
that shorter days open, shorter calving interval, and
fewer Al were required per cow for herds exposed to
supplementary illumination at night compared with
herds without nighttime light in Norwegian Red Cattle.
Moreover, days open were longest for cows calving in
spring and shortest for fall calvers in US Holsteins (Os-
eni et al., 2003, 2004). In addition, estrus occurrences
are less frequent from November to March than from
April to October, with a positive correlation of 0.39 be-
tween estrus occurrences and hours (duration) of light
(Biilbiil and Ataman, 2009). Although the previous
results indicated that expression of fertility is sensi-
tive to seasonal changes, little research has been done
on genotype by environment interaction (G X E) for
female fertility within a country. Generally, the studies
have found very little evidence for G x E and most
genetic correlations between environments were close
to unity (Kolmodin et al., 2002; Windig et al., 2006;
Strandberg et al., 2009).

Genotype by environment interaction exists when the
ability to change the phenotype in response to changes
in the environment differs among animals (Falconer
and Mackay, 1996). The common ways to investigate
the existence of G x E are to use a multiple-trait ap-
proach or by using the reaction norm approach with a
random regression model. The multiple-trait approach
can be used when the environment is divided into dis-
tinct classes. A clear representation of the application
of the multiple-trait approach is using the multiple
across-country evaluation (MACE), where each country
is considered as a different environment and the corre-
lation of the same trait expressed in different countries
is estimated (Schaeffer, 1994). The expressions of the
trait in different classes are analyzed as different traits
and the existence of G x E interaction is identified by
an estimate of genetic correlation significantly different
from unity (Falconer, 1952; Falconer and Mackay, 1996).
The multiple-trait approach has been used to estimate
the genetic correlation for fertility traits in different
countries. Genetic correlation for the interval from
calving to first insemination, days open, and interval
from first to last insemination were estimated between
Canada, United States, Spain, Belgium, Switzerland,
Germany-Austria evaluations, and joint Nordic evalu-
ation (Denmark-Sweden- Finland) and were found not
to differ significantly from unity (Nilforooshan et al.,
2009). On the other hand, genetic correlations less than
unity were found for age at first calving between Bra-
zil and Colombia, for days open between summer and
fall calving cows in the United States, and for calving
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interval, interval from calving to last insemination, and
interval from first to last insemination between organic
and conventional dairy herds in Sweden (Cerén-Munoz
et al., 2004; Oseni et al., 2004; Sundberg et al., 2010).

Random regression models have been used to describe
effects that change gradually over a continuous scale,
where the genotype effect is modeled as a function
of the environment, called the reaction norm, which
results in heterogeneous variance components and heri-
tability with the change of the environment (Kolmodin
et al., 2002; Schaeffer, 2004). For example, Ravagnolo
and Misztal (2002) proposed a model to quantify the
effect of temperature-humidity index (THI) on nonre-
turn rate in Holstein cows and obtained heterogeneous
heritability estimates with changing THI. Other studies
used calving month to develop a heat index (Oseni et
al., 2004; Boonkum et al., 2011) and found a pheno-
typic change of days open in response to calving month.
Furthermore, the heritability of days open was hetero-
geneous across calving months—highest in summer and
lowest in winter.

Because traditional measures of female fertility are
lowly heritable, they are difficult to improve by genetic
selection (Hou et al., 2009; Pszczola et al., 2009). For
example, the interval from calving to first insemination
is a measure of the ability of a cow to return to cyclic
estrus after calving, and the heritability estimate of this
trait in Nordic dairy cattle is only 0.07 (Muuttoranta et
al., 2015). On the other hand, objective measures that
directly reflect the physiological or behavioral changes
have been used to overcome the low heritability of
that trait. For instance, the interval from calving to
commencement of luteal activity (C-LA) is an objec-
tive measure of return to cyclicity after calving and
it can be determined using progesterone profiles. This
trait has heritability estimates of 0.13 to 0.16, which
is considerably higher than estimates for traditional
measurements of fertility in dairy cows (Veerkamp et
al., 2000; Petersson et al., 2007; Berry et al., 2012).
Another alternative measure of fertility is the interval
from calving to first high physical activity (CFHA).
This can be determined from electronic pedometers or
activity tags that use behavioral changes to detect es-
trus in dairy cows and has heritability estimates of 0.12
to 0.18 (Levendahl and Chagunda, 2009; Ismael et al.,
2015). In both studies, the authors suggested the use
of activity tags to measure more estrus-related traits;
for example, the strength of high activity as an indica-
tor for estrus strength (SHA, h* = 0.04 to 0.06) and
the duration of high activity as an indicator for estrus
duration (DHA, h* = 0.02 to 0.08). Those traits are,
to our knowledge, not measured today in breeding pro-
grams, except for Sweden, where a breeding value for
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a subjectively scored estrus strength has been included
in the Swedish total merit index since 1999 (Svensk
Mjolk, 1999).

The previously conducted studies showed that sea-
sonal changes affect both the phenotypic expression
and the genetic parameters of traditionally measured
fertility traits. The higher heritability and widespread
use of activity tags makes it important to study sea-
sonal effects on the alternative fertility traits based on
physical activity devices.

The objective of this study was therefore to investi-
gate the effect of calving season on the genetic param-
eters of 3 fertility traits (the interval from calving to
first high activity and the duration and strength of the
first high activity episode) derived from activity tags.

MATERIALS AND METHODS
Animals and Data

Female fertility traits in the present study were CFHA
(Lgvendahl and Chagunda, 2010; Ismael et al., 2015), as
well as DHA and SHA, all based on data from physical
activity meters. The physical activity traits were based
on raw data for 42,096 Danish Holstein cows collected
from 164 commercial dairy herds with automatic milk-
ing systems and activity monitoring devices from Janu-
ary 2010 to January 2015. The pedigree was built using
a sire-dam structure and tracing back as many genera-
tions as possible in the Nordic Cattle database (NAV,
Skejby, Denmark). The total pedigree file included
134,532 animals. Physical activity data were measured
by electronic activity tags fitted on neckbands (Lely
Qwes-H or Qwes-HR, Lely Industries BV, Maassluis,
the Netherlands). Cows’ physical activity information
was measured as the number of electronic impulses
per 2-h bin initiated by changes in acceleration due to
head and neck movements. Data were edited using the
procedure as described by Ismael et al. (2015). Only
records from cows in parities 1 to 3 were included in the
analysis, and only a single record per cow was included
in the current analysis. If a cow had data for more than
one parity, only the earliest parity was used. To be
eligible for inclusion in the analysis, physical activity
recording had to include the period from 15 to 155 d
postpartum. Within this period, every cow had to have
at least 45 consecutive days of recorded activity. This
rule was applied because different farms had different
start times for physical activity recording.

After editing, the final data set contained activity
traits for 20,794 Holstein cows housed in 135 commer-
cial dairy herds.

Physical activity data were processed by the expo-
nential smoothing algorithm previously used by Ismael
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et al. (2015), where the 3 estrus activity traits were
defined as follows: CFHA = number of days from calv-
ing to day of first high activity, DHA = time in hours
between start and end of each episode, and SHA = the
mean of the 2 highest deviation values during the epi-
sode; SHA was In-transformed after adding 1.0 before
statistical analysis.

Statistical Analysis

Three sets of analysis were performed on CFHA,
DHA, and SHA. The first analysis was a fixed effects
model to test for the phenotypic effect of month of calv-
ing using the HPMIXED procedure in the SAS package
(SAS 9.3, SAS Institute Inc., Cary, NC). The model
used was

Yijem = 1+ hy + pj + ymy, + me; + ey, 1]

where y;;,, is the trait value for cow m in the herd i,
parity j, with high activity episode in the year-month &,
during calving month ; y is the intercept; h; is the fixed
effect of herd ¢ (i = 135 herds); p; is the fixed effect of
parity j (j = 1 to 3); ym, is the fixed effect of year-
month k of high activity episode (k = 61 levels); mc; is
the fixed effect of month of calving [ (I = 1 to 12); and

€yim 18 the random residual, ~ ND(O, 102) where T is

e |
the identity matrix and o> is the residual variance.
The second analysis fitted a univariate animal model
to each trait in each season. The model used was

Yijem = # + hy + p; + ymy + @ + €, 2]

where y ., is the trait value in a certain season for cow
m in the herd 4, parity j, with high activity episode in
the year-month k; p is the intercept; h; is the fixed ef-
fect of herd 4 (i = 135 herds); p; is the fixed effect of
parity j (j = 1 to 3); ym, is the fixed effect of year-
month k of high activity episode (k = 61 levels); q, is
the random genetic effect, ~ ND(O, AO’Q) where 02 is

a |’
the additive genetic variance and A is the additive ge-
netic relationship matrix (I = 1 to 20,794), and e, is
the random residual, ~IND(07103), where I is the

identity matrix and o? is the residual variance.
Seasonality of traits was defined by partitioning the
data in 3 different ways: (1) into 4 subsets based on
season of calving as follows: winter (January—March);
spring (April-June); summer (July—September); and
fall (October-December); (2) into a cold season (Octo-
ber-March) and warm season (April-September); and
(3) into increasing light season (IL; January—June),
where there is a gradual increase of daylight hours from
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Figure 1. Mean monthly temperature from 6 weather stations in different geographic regions in Denmark for the period from 2010 to 2014.

0700 to 1700 h, and a decreasing light season (DL;
July-December), where there is a gradual decrease of
daylight hours from 1700 to 0700 h. Figure 1 shows the
average monthly temperature from 6 weather stations
covering representative geographic regions in Denmark
for the period from 2010 to 2014 (climate data were
kindly provided by the Climate and Bioenergy section
at Department of Agroecology, Aarhus University).

The third analysis performed was an extension of
model [2] to a bivariate model to estimate the genetic
correlation for each trait between the various calving
seasons to investigate for possible existence of G x E
interaction. The variance-covariance structure for this
model is

2
Ao Ao
a, Ll )tz
Var = 5, |
a
2 A0a2 o .

where a; and a, represent the additive genetic merit of
the cow in first and second season; 021 and 032 are the

additive genetic variances for the traits in different
seasons; and o, , is the additive genetic covariance for

the traits across seasons. Because the correlated traits
are not recorded on the same animals, no environmen-
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tal covariance exists between traits, and the residual
variance-covariance matrix is

where R is the residual covariance matrix between
traits, and 0’31 and 032 are the residual variances for the

trait in different seasons. Genetic correlations were con-
sidered significantly different from unity if they devi-
ated by more than 1.645 x standard error from 1,
where the value 1.645 corresponds to the one-sided 5%
cut off point of the normal distribution. For all models,
variance and covariance components were estimated
using average information (AI)-REML procedure as
implemented in the DMU package (Madsen and Jen-
sen, 2010).

RESULTS

In this study, physical activity data were used to
study seasonal effects on 3 activity-based estrus traits:
CFHA, DHA, and SHA in loose-housed Holstein cows.
The effects of season of calving on the phenotypic
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expression and genetic parameters of traits were es-
timated. Finally, genetic correlations for each trait in
different calving seasons were obtained to investigate
possible G x E interactions.

Effect of Month of Calving on Physical Activity Traits

An overall summary of number of records in each
season, means, standard deviations, minimum and
maximum for CFHA, DHA, and SHA in different calv-
ing seasons is shown in Table 1. The CFHA trait was
longest for December calvings with 55 d, and shortest
for September calvings with 31 d (Figure 2); DHA was
longest for November calvings with 8.8 h, and shortest
for June calvings with 8.2 h (Figure 3); and SHA was
strongest for October calvings with 1.0 In-units, and
weakest for May calvings with 0.91 In-units (Figure 4).

When months of calving were grouped into 4 seasons
of calving (Table 1), CFHA was longest for winter and
spring calvings, whereas summer calvings had the short-
est CFHA; DHA and SHA followed the same pattern,
as shown in Figures 3 and 4. When grouping months of
calvings into cold and warm or into IL and DL (Table
1), cows that calved in the cold season had CFHA 3
d longer than cows calving in the warm season (P <
0.01), whereas no significant differences were found for
DHA or SHA between cold and warm calving seasons.
Cows that calved in the IL season had CFHA 8 d longer
than cows that calved in DL (P < 0.01), whereas both
DHA and SHA were highest for DL season (P < 0.01).

Variance Components and Heritability Estimates

The genetic parameters estimated for each trait in
differently defined seasons are shown in Table 2. For
CFHA, both additive genetic variance and heritability
were highest for winter calvings (h* = 0.13) and low-
est for spring calvings (h* = 0.03). Additive genetic
variance and heritability estimate for CFHA for cold
calving season were higher (h* = 0.17) than those for
the warm calving season (h* = 0.10). Additive genetic
variance and heritability estimate for CFHA for IL
were about twice as high (h* = 0.12) as those for DL
(h* = 0.07).

For DHA and SHA, the highest additive genetic
variance and heritability were found for fall calvings
and the lowest were found for winter calvings. Herita-
bility of DHA for winter and spring seasons was not
significantly different from zero, whereas heritabilities
for summer and fall seasons were 0.03 and 0.05, respec-
tively. Heritability of SHA for winter was not signifi-
cantly different from zero, whereas it ranged from 0.03
for spring calvings to 0.09 for fall calvings. Additive ge-
netic variance and heritability estimates for DHA and
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SHA for cold and warm calving seasons were almost
similar across seasonal classifications. The heritability
for DHA for IL season was close to zero but higher for
DL season (h* = 0.05). The heritability for SHA for DL
season was almost larger for the IL season than for DL
(0.05 and 0.03, respectively).

Genetic Correlations Between Traits
in Different Seasons

Genetic correlations for CFHA, DHA, and SHA are
shown in Table 3. For CFHA, genetic correlations (ry,)
between calving seasons were not significantly different
from unity except those between winter and summer
and between winter and fall (r, = 0.34 and 0.65, re-
spectively). For DHA, none of the genetic correlations
found between calving seasons were significantly differ-
ent from unity. For SHA, only the genetic correlation
between winter and fall seasons was significantly differ-
ent from unity (r, = 0.36).

The genetic correlation between CFHA in warm and
cold calving seasons was moderate and significantly dif-
ferent from unity (0.46), as was the genetic correlation
between CFHA in IL and DL calving seasons (0.63).
None of the genetic correlations for DHA and SHA in
warm versus cold or IL versus DL calving seasons were
significantly different from unity.

DISCUSSION

In this study, month of calving was found to have
a significant phenotypic effect on the expression of
CFHA, DHA, and SHA. Seasons of calving affected
variance components and heritability estimates for the
traits. A significant G x E interaction was found for
CFHA between warm and cold and between IL and
DL calving seasons and was supported by results of the
multiple-trait approach.

Use of activity monitoring devices such as pedom-
eters or activity tags as indicators of estrus behavior is
reported in several studies (At-Taras and Spahr, 2001;
Roelofs et al., 2005; Lgvendahl and Chagunda, 2010).
In these studies, detection rates of estrus of 87% with
daily error rates of 0.93% were reported. In our study,
we validated heat detection on a subset of cows that
had undergone successful Al, based on birth of a calf or
a confirmed pregnancy, and we found a detection rate
of 87% and a daily error rate of 0.9%, in agreement
with previous results.

Effect of Month of Calving on Physical Activity Traits

Cows calving in December had their first high-
activity episode 24 d later than those calving in Sep-

Journal of Dairy Science Vol. 99 No. 4, 2016
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Figure 2. Effect of month of calving on the interval (d) from calv-
ing to first high activity (CFHA; least squares means + SE).

tember. Moreover, CFHA was consistently high for
December to May calvings, and then decreased from
June to September before increasing again (Figure 2).
The decrease in CFHA from May to September was as-
sociated with the increase of both daylight length and
temperature, whereas the increase of CFHA from Sep-
tember to December was associated with the decrease
of both daylight length and temperature in Denmark.
Seasonality effects on CFHA were also obvious when
months of calving were grouped into 4 seasons of calv-
ing, where cows calving in summer had CFHA 12 d
shorter than that of cows calving in spring (Table 1).
Similar relationships between calving season and C-LA
were reported by Royal et al. (2002) and Petersson et
al. (2006), where C-LA was shorter for cows calving
during the summer season compared with those calving
in the winter season by 8.0 and 10.5 d in the UK and
Sweden, respectively. Moreover, Hansen and Hauser
(1983) reported that first-parity cows calving in winter
had a 46-d-longer interval from calving to first estrus
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Figure 3. Effect of month of calving on duration (h) of high activ-
ity (DHA; least squares means + SE).
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and from calving to conception than those calving in
summer. In US Holsteins, Oseni et al. (2004) reported
a similar relationship between days open and season
of calving, where spring calvers remained open 27 d
longer than summer calvers. However, these studies did
not specify the environmental components responsible
for seasonal variations for the interval from calving to
first estrus. In our understanding, the seasonal com-
ponents responsible for this variation in the current
study were the combined effects of daylight length and
temperature. Cold temperatures could affect estrus
behavior negatively by decreasing mounting behavior
(Gwazdauskas et al., 1990). This might decrease the
possibility of estrus detection and consequently increase
CFHA. This relationship between seasonal variations
for DHA and SHA can be seen in Table 2: the low-
est means for DHA and SHA were found for spring
calvers (P < 0.05) that also had the longest CFHA (51
d). Another possible factor that could affect CFHA is
day length. However, for housed cows, day length is
often prolonged using supplementary light. Reksen et
al. (1999) reported that days open and calving interval
were 4 d shorter, AI number per cow was 0.07 less, and
the nonreturn rate was 3.1% greater for herds exposed
to a photoperiod greater than 12 h in Norwegian dairy
cows than for cows given no supplementary light. Han-
sen and Hauser (1984) reported that cows receiving 18
h of light had fewer days from calving to first estrus,
shorter interval from calving to conception, and higher
conception rate compared with the cows that did not
receive supplementary light. Danish recommendations
of cattle housing design regarding daylight period for
dairy cows inside automatic milking system barns rec-
ommended extension of daylight with artificial light to
14 to 16 h in winter, at an intensity of 200 Ix, and 8 to
10 h of nighttime light, at an intensity of 5 Ix (SEGES,
2012). Under normal climatic conditions in Denmark,

1.04
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0.96
0.94 -

SHA, Ln units

0.92 1
0.9 1

0.88 T T T T
1 2 3 4 5 6 7 8 9 10 11 12
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Figure 4. Effect of month of calving on strength (In units) of high
activity (SHA; least squares means + SE).
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Fall
0.36 (0.34)
1.0 (0.20)
0.82 (0.18)

33

SHA?
Summer
1.0 (0.38

0 (0.

Cold
1.0 (0.14)

Spring
1.0 (0.37)

Fall
1.0 (0.54
1.0 (0.20

0.50 (0.53)

DHA
Summer
0.86 (0.36)
1.0 (0.46)
Cold
1.0 (0.16)

Spring
0.64 (0.66)

Fall
0.65 (0.20)
0.54 (0.30)
0.83 (0.25)

CFHA
0.70 (0.40)
Cold
0.46 (0.15)

Summer
0.34 (0.27)

Spring
0.97 (0.17)

Table 3. Genetic correlations (standard errors in parentheses) for activity-based estrous traits' in different calving seasons’

Season
Winter
Spring
Summer
‘Warm
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heat stress is unlikely, as shown in Figure 1, where the
monthly average temperature from 6 different locations
in Denmark for 5 yr (2010-2014) is summarized. Fur-
thermore, Denmark is a small country where geographic
location has only a minor effect on weather conditions.
Besides, the average monthly temperature to which
the cows were exposed remained in the thermo-neutral
zone for lactating cows (Fuhrer and Gregory, 2014).
Unfortunately, in the current study, information about
length and intensity of the extended light used by
each farm was not available. If that information had
been available and there was variation between farms
of daylight length and intensity of artificial light used,
it might be possible to use a reaction norm approach
to model effects of length and intensity of light as an
environmental descriptor.

At the phenotypic level, cows calving in November
had DHA 0.6 h longer than cows calving in June,
with a decreased monthly pattern from November to
its minimum for June calvings (Figure 3). Strength
of high activity followed the same seasonal pattern as
DHA (Figure 4). Little research has been done on the
relationship between estrus behavior and changes in
daylight length. However, the same trend was observed
in ongoing studies of DHA based on visual inspection
of estrus behavior [S. Nyman, S. E. Malm, H. Gustafs-
son, and B. Berglund (Swedish University of Agricul-
tural Sciences), unpublished data]. Biilbiil and Ataman
(2009) found that estrus occurrence was less frequent
from November to March than from April to October.
The same authors found a positive correlation of 0.39
between estrus occurrences and the duration of day-
light. Gwazdauskas (1985) reported a 5-h decrease in
observed estrus duration with increased temperature
from mild (<22°C) to hot conditions (>28°C). Look-
ing at the full spectrum, Gwazdauskas et al. (1983)
reported that intensity of mounting activity during es-
trus, expressed as the number of mounts per hour, was
50% lower during very cold weather (below —10°C) and
increased to maximum when the daily temperature in-
creased to 25°C and then decreased when the tempera-
ture increased above 30°C. Therefore, we speculate that
changes in both DHA and SHA might be associated
with changes in daylight length more than the changes
in temperature, because the temperature in June and
November remained within the thermo-neutral zone for
lactating cows (Fuhrer and Gregory, 2014) as shown in
Figure 1, whereas there was a 10-h difference in average
monthly daylight length between June and November.

DL

0.78 (0.18)

'CFHA = interval from calving to first high activity; DHA = duration of high activity; SHA = strength of high activity is based on the log-transformed mean of the 2 highest

deviations between standardized activity (ARt) and the smoothed activity ratio (St).

DL
0.92 (0.27)

July-December.

January—June; decreasing light (DL)

DL
0.63 (0.16)

Variance Components and Heritability Estimates

For CFHA, heritability, genetic variance, and residual
variances were not constant across seasons. The highest

Seasons were defined as follows: winter = January-March; spring = April-June; summer = July-September; fall = October-December; cold = October-March; warm = April-

September; increasing light (IL)

1L
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heritability was obtained for winter calvings and as-
sociated with the highest genetic variance, whereas the
lowest heritability was obtained for spring calvings and
associated with the lowest genetic variance and highest
residual variance. The same relationship was observed
in the other seasonal classifications, where the heritabil-
ity estimate for the cold calving season was 70% higher
than the estimate for the warm calving season and the
heritability estimate for IL calving season was twice the
heritability estimate of DL calving season. It was clear
that the high heritability estimates of the cold and IL
calving seasons were mainly reflecting large genetic
variance. These estimates indicate that the seasonal
variability in CFHA has genetic components. These
findings are in agreement with Oseni et al. (2004), who
reported that for days open in US Holstein, the genetic
variance for winter calvings was 3 times the genetic vari-
ance for fall calvings. Also, the largest genetic variance
was associated with largest residual variance for winter
calvings, whereas for spring and summer calvings, it
was associated with the smallest residual variance. This
jointly led to the highest heritability estimate for spring
calvings and the lowest estimate for fall calvings.

Genetic variance and heritability of DHA was gener-
ally low but increased from winter through spring and
summer, with the highest estimate for the fall calving
season. Genetic variance and heritability of SHA fol-
lowed the same pattern as for DHA. Variance compo-
nents and heritability estimates for both DHA and SHA
were not affected by cold and warm calving seasons but
were higher for DL compared with IL calving season.

The major consequence of heterogeneity of genetic
variances is that selection in the average environment
using EBV leads to different selection responses in dif-
ferent environments (Falconer and Mackay, 1996). For
example, if selection for shorter CFHA were performed
in an environment where cows calved in IL season, then
the response to selection would be different in the en-
vironment where cows calved in DL season. This issue
was introduced clearly by Calus et al. (2005, 2006),
who found that selection for higher fertility and lower
SCS gained higher selection responses in herds with, on
average, poorer fertility and higher SCS. Moreover, sig-
nificant heterogeneity of heritability estimates for the
traits across environments can cause heterogeneity of
accuracies of animals tested in different environments
(Hill et al., 1983).

Genetic Correlations Between Traits
in Different Seasons

Genetic correlations of CFHA between winter on the
one hand and summer and fall on the other, between

Journal of Dairy Science Vol. 99 No. 4, 2016
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cold and warm seasons, and between IL. and DL calving
seasons were lower than unity, indicating that G x E
interactions do exist. Consequently, selection for shorter
CFHA when this form of G x E is ignored limits the
rate of genetic progress. Robertson (1959) suggested
that if genetic correlation of the traits in different en-
vironments is <0.8, the G x E interaction should be
considered biologically important. Recently, Mulder et
al. (2006) reported that, for traits with correlations
<0.61 between environments, it could be more efficient
to run 2 separate breeding programs specific to each
environment. However, running 2 breeding programs
is not appropriate when farmers prefer cows that are
fertile year round. Alternatively, this could suggest the
use of specific breeding values for each calving seasons,
but that approach increases the complexity of selection
and may not benefit progress in the population. On
the other hand, genetic correlations of CFHA between
other seasons indicated that the trait in these broader
calving seasons is under the control of the same genes
and that the G x E interaction is less important. An-
other option would be to select cows that have superior
breeding values in all environments; in other words,
those that are robust to seasonal effects.

Genetic correlations of DHA and SHA between dif-
ferent calving seasons were not significantly different
from unity except for that between SHA in winter and
fall seasons, indicating that these traits are less affected
than CFHA by the seasonal variations and that they
are under the control of the same genes in different
seasons.

When months of calving were grouped into 4 seasons,
a significant G x E interaction was found for CFHA
and SHA based on the genetic correlation estimates
between calving seasons. However, these estimates are
likely to be biased downward because of the low heri-
tability estimates of the traits and the small data set.
Such bias might indicate the existence of a strong G x
E interaction when it really does not exist (Sae-Lim et
al., 2010). To overcome this issue, more data might be
required for further validation of the obtained results.

In the present study, it was difficult to align the ob-
tained results with other research because only a few
studies have reported the G x E interaction for fertility
traits in dairy cattle. To the best of our knowledge, no
other research has been done on the G x E interaction
for seasonality of estrus traits measured by physical
activity. The research reported previously on G x E
interaction for fertility traits has mainly focused on the
effect of heat stress, which may be a consequence of
seasonal variation or be confounded with the classifica-
tion of the seasonal components in the different seasons
(Oseni et al., 2004). However, the analysis of larger
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data sets is required to fully support the present find-
ings, especially with the 4-season classification.

The early return to cyclic estrus after calving is one
of the most important factors determining the length
of calving interval, which is the primary trait used to
evaluate a cow’s reproductive efficiency. Further inves-
tigations into the relationship between CFHA and calv-
ing interval are needed for the future use of CFHA as
an indicator trait for the calving interval as a breeding
goal trait.

For this study, the mechanisms of action underlying
seasonal variations for estrus traits are not well known
and appear to be confounded for light and temperature.
Perhaps more controlled experiments are required to
study these factors, including temperature, humidity,
nutrition, daylight length, supplementary illumination,
level of production, and seasonal changes for reproduc-
tive hormones with respect to calving season. For G
x E interaction effects, in case of the scaling effect for
the traits in different calving seasons, corrections of
the EBV to an average environment would be sufficient
without any consequence on selection decisions (Meu-
wissen et al., 1996). On the other hand, in the case of
reranking of animals between environments (e.g., for
CFHA in cold vs. warm or IL vs. DL environments),
it could be possible to select for superior cows for each
environment. However, the feasibility of this approach
should be evaluated carefully.

CONCLUSIONS

The trait CFHA was more influenced by seasonal
variation than the traits DHA and SHA. Heterogeneous
genetic variation was found for CFHA, DHA, and SHA
with respect to all seasons, and there were clear in-
dications of genotype by environment interaction for
CFHA between calving seasons, regardless of how the
seasons were classified. This implies that if we want to
select sires for shorter CFHA, the feasibility of having
separate breeding values for given environments versus
selection for robustness across environments should be
considered as the better option.
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