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This study evaluated the changes in estrus behavior
during the first, second, and third postpartum (PP)
periods of dairy cows. Milk samples were collected
from thirty lactating Holstein Friesian cows on
Mondays, Wednesdays, and Fridays to determine
concentrations of the progesterone (P4) hormone in
them. IceQubes were used to measure the animals’
activity 3 days before, on the day of estrus and 3 days
after estrus. A roughage intake control (RIC) system
recorded feeding behavior. The cows were identified
to be estrus when the P4 concentrations in their milk
were above 3ng/ml 2 to 3 days before and 5 days
after estrus. On the day of estrus, more steps were
taken by the animals (P<0.001) but lying time and
bouts, dry matter intake (DMI), and feeding
behavior were lower (P<0.001) compared to other
days. Butting of other cows (P=0.010), sniffing
udders (P<0.001), and total agonistic behaviors
(P=0.016) were lower in the 1st and 2nd estrus
compared to the >3rd estrus PP. In conclusion, the
number of steps taken by the cows increased, while
lying time, lying bouts, and feeding behavior
declined on the day of estrus. Butting, sniffing
udders, and total agonistic interaction during >3rd
estrus occurred more than during the 1st or 2nd PP
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estrus. Activity monitoring for estrus detection is
recommended for use in dairy cattle farms.

Keywords: Lactating cows, Steps, activity, Estrus postpartum, Feeding behavior.
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Introduction

Fertility rates among dairy cows have been declining over the last few decades (37).
In the UK dairy herd, the decline is recorded to be 1% per year (31) while for European
dairy cattle it is due to higher milk yields/cow (38) with genetic selection focusing
more on increasing milk yield rather than for fertility (22). Estrus detection plays an
important role in optimizing fertility in dairy cows (29).

Globally, most dairy farmers use artificial insemination (Al) to get more pregnant
cows (7). At ovulation, fertilizing the oocyte by sperm depends on delivery of semen
into the reproductive tract of the cows through successful Al and to produce a feasible
embryo which is guaranteed to gestate (6). The exact detection of estrus determines the
optimal Al time (23). Thus, the accurate recognition of estrus is a key factor
determining reproductive efficiency in dairy cows and improving pregnancy rates (37
and 40).

Recently, lactating dairy cows show standing estrus considering absolute estrus
signs have declined from 74% to 44.9% as a result of increasing milk yield (8 and 11).
Thus, the detection of estrus is a major issue facing lactating dairy cows despite the
increased understanding and knowledge of their reproductive physiology and the use
of automated estrous detection (AOD) services (29 and 41). In cases where exact estrus
detection is achieved, calving intervals in dairy cows can be reduced from 389 to 365
days (15) while conception rates can be maximized (29 and 34).

The average length of the estrous cycle in dairy cows is 21 days (ranging 18 to 24
days) and estrous behavior durations vary from 6 to 33 hours with an average of 8 hours
for the lactating cow (12). Various factors contribute to the length and variations in
estrous expression in dairy cattle, which results in poor estrous detection (19). These
include management factors (8), social interaction (16), environmental factors (33),
milk yield (9), age and parity (38), nutrition and BCS (17), days in milk and number of
estrus PP (40).

During behavioral estrus, ovarian follicles produce estrogens that influence the
behavioral centers in the brain of the animal (11). This gives rise to the primary signs
of estrous such as standing to be mounted (10), which lead to the secondary signs such
as anogenital sniffing, head and side mounting, restlessness, bellowing, chin resting,
and mounting attempts (14). This leads to further secondary signs such as lying time
(18), and steps taken (8), changes in dry matter intake (DMI), and the duration of
feeding. Thus secondary signs can be used as indicators of dairy cow’s estrous
expression (27).

Estrus activity monitoring systems can only identify about 70% of estrus in Holstein
Friesian dairy cows (13) while 20% are considered anovular and 10% ovulate, not
displaying any estrous behavioral signs (13). Dolecheck (8 and 9) detected only about
62.1% of accurate estrus by visual observation (VO) while 65.5% of estrus was
detected through automated activity monitoring (AAM) technology of Holstein cows.
A rise in the rate of silent estrus in early lactation cows is attributed to the increase in
milk yield from 28 to 36 kg/d (40). Dairy cows which lose more body weight during
lactation and less body condition scores (BCS) during the early PP period take 30 days
longer to express the 1st behavioral estrus PP (4). This means that despite the use of
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estrus detection aids such as activity monitors, estrus detection in lactating dairy cattle
is difficult. Therefore, this study aimed to evaluate whether the primary and secondary
signs of estrus behavior in lactating Holstein Frisian cows can be affected by 1st, 2nd,
and 3rd PP estrus.

Materials and Methods

The study was conducted between 6 June and 9 August 2016 at Harper Adams
University dairy unit farm, Newport, Shropshire, TF10, 8NB, UK.

Animal management: Holstein-Friesian cows (n=30) during lactating period with
days in milk (DIM) of 29+6.3 days were used in this experiment. Their average parity,
body weight and milk yield were 2.5t£1.1, 637.0+60.0 kg and 35.8+1.8 Kkg/d,
respectively. At the beginning of the experiment, their body condition scores (BCS)
were 2.9+0.28 according to AHDB Dairy (BCS scale 1-5) 2014 while their locomotion
score was 2.0+0.58 (Scale 1-5) (5). The animals were housed in a free stall barn (34
cubicles of 2.7 x 1.2m) covered with thick rubber mattresses (3 cm) and 2 passageways
with grooved concrete; 6 x 50m width around 10.8m2/cow. Sawdust was used for
covering the cubicles every two days. An automatic scraper was used to clean the
concrete passageways every 4-5 hours daily. The cows were milked twice a day at
05:00 and 16:30 using a 40-point internal milking rotary parlour (Westfalia, GEA
Milking System, Germany). About 30-40 minutes were allocated for milking.

Diet composition and feed intake: Thirty bins of the roughage intake control system
(RIC) were used to feed the cows and an automated feed recording system
(1.0x0.9x0.8m; Insentec B.V. Marknesse, the Netherlands) noted feed intake. Data
were collected from 06 June to 19 August 2016. The first week of the study was
considered the adaptation period to ensure that each studied cow can feed successfully
without support through RIC bins. About 65kg fresh weight of total mixed ration
(TMR) was supplied at 08:30 am daily, which were sufficient for ad libitum eating.
Refused feed was removed three times per week on Monday, Wednesday, and Friday
at 08:00 am and the RIC bins cleaned before fresh feed was allocated. Three water
troughs were used to provide water ad libitum. At the time of feeding, the TMR samples
were collected daily from the bins then oven-dried overnight at 105 °C immediately
after collection of feed samples to constant weight according to AOAC (2012;899.02)
for measuring DM. The nutrient content of the TMR was supplied according to Zebari
et al. (40).

Data Collection:

Video recording of the behavioral signs of estrus: Video cameras (n=4; Voltek,
KTandC Co Ltd, Seoul, SK) were used to monitor and record behavioral signs of
spontaneous estrus among the cows. The cameras were fixed about 5.25m directly
above the experimental cubicles and passageways to provide a clear view of the
experimental animals. A video recorder external hard drive was connected to the
cameras. For identification, numbers 1 to 30 were visibly painted on both sides of the
cows’ backs. In addition, a clear combination of highlighted tape was used on each
studied cow (19). To accurately identify the time and intensity of estrus expression of
each cow, video recordings were reviewed in retrospect by researchers. Estrus signs
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scores were assigned and recorded whenever signs of behavioral estrus were detected
by video recording (35), and estrus intensity was determined in accordance with the
total number of points scored on the day of estrus.

Activity of cows and feed intake: To monitor the cows’ estrus activity, IceQubes (3-
axis accelerometer; Ice-Robotics Ltd., Edin., United Kingdom) were attached to their
left rear legs (8). The lceQubes monitor and summarize activity in 15-min blocks and
generate daily data (number of steps taken, lying time and lying bouts) on the animals.
The RIC system recorded daily TMR intake, feeding duration, and number of feed-
visits per cow. The DMI was calculated as fresh weight intake of TMR kg/d x TMR
dry matter percentage.

Assay of milk progesterone (P4): Whole milk P4 concentrations were measured to
identify estrus periods. Approximately 40 ml of milk per cow was collected 3 times a
week in the afternoon. Immediately after collection, a single protective tablet (Broad
Spectrum Microtabs 11, Inc. USA; containing 8mg Bronopol and 0.30mg Natamycin)
was added to each milk sample. The preservative tablets were dissolved by inverting
the milk sample pots. The milk samples were stored at 4 °C until the weekly
progesterone assay was carried out. They were transported at room temperature and
mixed well and then analyzed for P4 concentration using the enzyme immunoassay
protocol (Ridgeway Science Ltd., Alvington, Gloucestershire, United Kingdom). Cows
were identified to be estrus when the P4 concentrations in the milk exceeded 3ng/ml
for 2 to 3 days before estrus and above 5ng/ml for a minimum five days after estrus (2
and 17).

Definition of estrus behavior: A behavioral or silent estrus was identified and
classified according to the P4 profile. The cows were considered to be in behavioral
estrus when the sum of the reviewed and observed score points from the video camera
exceeded 100 points (35).

Definition of number of estrus PP: Each estrus period identified by the progesterone
assay of milk and which generated an alert from the accelerometers was classified as
the 1st, 2nd, and 3rd estrus PP. Cows in their third and fourth PP estrus were classified
into the >3rd PP estrus period. Therefore, the number of PP estruses were grouped as
first, second, and third or more. The obtained data were statistically analyzed to
determine whether the number of estrus post-partum influenced estrus expression
activity (behavior) in the lactating cows.

Data set construction: Sixty-one estrus events were identified during the study
period and the data from all of them was analyzed. Parameters analyzed included the
number of steps/d, lying time (h/d), lying bouts number/day, DMI (kg/d), feeding
duration (h/d), and number of daily feed visits. Other estrus signs such as mounting but
not standing, flehmen, mucous discharge from vulva mounting or mount attempt,
restlessness, and standing to be mounted were also analyzed. Before analysis,
Microsoft Excel was used to summarize all parameter data per day into one value. The
data for three days before (-3, -2 and -1 or 3DB) were compared with day zero (day of
estrus) and three days after (+1, +2 and +3 or 3DA) estrus. Based on the TMR’s DM
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content which was about 39.5%, fresh TMR (kg/d) intakes were transformed into DMI
(kg DM/d).

Statistical analyses: Statistical analyses were carried out using GenStat software
package (V 18th.18.1.14912 provided by VSN International Ltd, United Kingdom). To
compare behavioral and silent estrus, repeated measures (ANOVA) were used. The
same analyses were also used to compare between 3DB, days of estrus (0), and 3DA
estrus and between the groups x day interaction. Factorial one-way analyses were used
to compare between the frequency of sexual, social, and agonistic between first, second
and third PP estrus. When a significant interaction was found, a t-test was used to
compare the following: lying time, number of step taken each day, daily number of
lying bouts, dry matter intake, feeding duration, feed visits from 3DB estrus, day of
estrus (0), and 3DA estrus. The comparison between the three PP estruses were
analyzed by Tukey test. In addition, Chi-Square tests were used to compare flehmen,
mounting or attempt to mount, mucous discharge from vulva, restlessness, mounting
but not standing, and standing to be mounted between the PP estruses. Differences
between studied parameters were considered as significant at P<0.05.

Results and Discussion

Estrus detection in the various PP estrus periods: The estrus proportions detected
from the P4 concentration in milk during the first, second and third or more PP estrus
periods from the 61 events were 47.5%, 36% and 16.3%, respectively. The proportion
of behavioral estrus detected by observation during the three periods was 55.3%, 72.6%
and 80% respectively. The results of this experiment agree with Ranasinghe et al. (26)
who reported 55.2 vs 44.8 %, 76.2 vs 23.8% and 78.7 vs 21.3 % of behavioral and silent
estrus at 1st, 2nd and >3rd estrus PP in a herd of lactating Holstein Friesian dairy cows
using concentrations of progesterone hormone profile in milk. However, another study
on 32 Holstein Friesian cows in Japan by Isobe et al. (17) using the same bases noted
that silent estrus occurrences were 83 at 1st, 46 at 2nd and 13% at >3rd PP estrus.

Furthermore, a study based on continuously recording mounting activity by radio-
telemetry also noted the prevalence of silent estrus being significantly higher at 1st PP
estrus (42.1%) than the 2nd at 12.5% (33). The proportion of recognition of behavioral
estrus using pedometers were 57, 91 and 95% at first, second and third or more estrus
post-partum, respectively, but that from visual observation were 19, 37, and 79%,
respectively (11). In lactating dairy cows, the occurrence of silent estrus at 1st estrus
PP was higher than for the others depending on the refraction of the concentration of
estrogen (26). This may be due to the high concentration of the estrogen hormone
circulating in the blood during the late pregnancy stage that results in the refractoriness
before the 1st follicular ovulation to estrogen (1).

Other studies suggest that lower expression at 1st PP estrus may also be caused by
lower frequency of LH pulses as a result of negative energy balance in early lactation
(22). This results in lower estradiol synthesis (4) by the preovulatory follicle and
decreases the sensitivity of the hypothalamus to estradiol which leads to a high
incidence of silent estrus. However, with progress in PP estrus the proportion of
behavioral estrus detection among the cows increased. This is due to several
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physiological related factors such as hormonal recovery, resumption of ovarian
cyclicity, uterine involution completion, and increased estrogen sensitivity of the
receptors in the brain of dairy cows (17), in addition to energy balance and nutritional
recovery (9).

Activity during different PP estrus periods: On the day of estrus at first PP estrus,
the number of steps taken were higher (P<0.001; 1502+192 steps) compared to 3DB
and 3DA estrus. They were also more (1730£285; P<0.01) on day 0 at second PP estrus
than other days. The number of steps was also significantly more (P<0.001) at
2285+480 on the day of estrus in comparison to 3 days prior-to and after estrus.
However, there was no significant different (P=0.07) in comparison to day two after
estrus (1234+273 steps). There was also no difference (P=0.233) among 1st, 2nd and
>3rd estrus with regard to steps taken on the day of estrus (Figure 1).

Similarly, a previous study found that estrus activity among lactating cows increased
with the number of days especially after day 50 post-partum (21). Likewise, Yaniz et
al. (39) noted increased walking activity during estrus with advancing days post-partum
among Holstein-Friesian cows in Spain. A decline in steps taken by cows at 1st estrus
post-partum may be due to the low production of estrogen in the developing follicle
because of negative energy balance during first stage of high-yielding lactation dairy
cows (17).

The cows spent less lying time (P<0.001) on the day of estrus at 1st (8.11+0.5h/d),
2nd (7.77+0.5h/d) and >3rd (7.25+0.9h/d) PP estrus compared to other days, while
there was no influence (P=0.60) on the day of estrus. There was also no interaction
(P=0.440) between the number of PP estrus and time cows spent lying on the day of
estrus (Figure 2).

There was also a significant (P<0.001) effect of estrus on lying bouts with fewer
numbers observed on the day of estrus at first (11.6+1.1 bouts), second (9.55+0.6) and
third or more (8.6+1.5) PP estrus than 3DB and 3DA. However, there was no
significant (P = 0.105) difference in the number of lying bouts on the day of estrus
between first, second, and third estrus PP. Numerically, more lying bouts (P=0.479)
were recorded at first PP estrus compared to the second or third or more periods (Figure
3). On the day of estrus of third and more PP estrus, the animals spent less lying time
and had fewer lying bouts compared to the first and second estrus PP. This may be
attributed to an increase in walking activity and restlessness (21) on the day of estrus.
This experiment also noted a significantly negative correlation (P < 0.001) between
steps taken and lying time (y = 0.0.001 x +9.78; r? = 0.37) across the day of estrus.
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Figure 1: Number of steps 3DB, the day of estrus (0), and 3DA estrus and
between first (n=29), second (n=22), and third or more (n=10) postpartum
estrus periods.

P-values: E no = 0.444, day = P<0.001, E x d = 0.220. E no=number of estrus postpartum, O=day of
estrus.
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Figure 2: Lying time 3DB, the day of estrus (0), and 3DA estrus and
between first (n=29), second (n=22), and third or more (n=10) postpartum
estrus periods.

P-values: E no = 0.620, day = P<0.001, E x d = 0.440. E no=number of estrus postpartum, 0=day of
estrus.
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Figure 3: Lying bouts 3DB, the day of estrus (0), and 3DA estrus and
between first (n=29), second (n=22), and third or more (n=10) postpartum
estrus periods.

P-values: E no = 0.479, day = P<0.001, E x d = 0.567. E no = number of estrus postpartum, O=day of
estrus.

Feeding behavior during the three postpartum estrus periods: There was significant
reduction at P<0.001 in dry matter intake (DMI) and feeding duration by the cows on
the day of estrus during 1st, 2nd and >3rd PP estrus as well as at P<0.049 in the number
of feed visits on estrus day compared to the 3 days before and after. There were no
significant differences (P=0.485) in day of estrus on DMI (19.9 + 0.5, 20.0 £ 0.6, and
20.7 = 0.6kg/d), feeding duration (2.7 £ 0.2, 2.7 £ 0.2, and 2.7 = 0.2 h/d), and feed
visits (25.2 + 1.4, 25.6 + 1.8, and 26.6 £ 2.1 visits/d) between first, second, and third
or more PP estrus, respectively (Table 1).

Similarly, a previous study on 20 Friesian cows housed on a farm with a straw yard
found them spending significantly less time feeding on the day of estrus (25). Another
study also found that lactating cows ate less feed and spent less time feeding on the day
of estrus by 10.3% and 20.8%, respectively (28). This decrease in feed intake on the
day of estrus may be due to restlessness and higher physical activity during the period
(16). This study found that steps taken on the day of estrus was significantly negatively
(P<0.001) related with DMI (y = -0.0014 + 22.5; r>=0.459) on the day of estrus.

Behavioral expressions during the different postpartum estrus periods: The lactating
cows showed greater (P=0.002) restlessness during second (87.5%) and third or more
(93.8%) PP estrus periods than in the first (Table 2). This agrees with Hurnik et al. (16)
in a study conducted at 80 days PP on lactating cows housed in cubicles and that by
advancing the number of PP estrus, the estrus activity behavior increases. On the day
of >3rd PP estrus more cows were seen standing to be mounted (P =0.013; 75%) than
on the 2nd (56.3%) and first (25%) PP estrus periods. This study showed that a higher
percentage of estrus cows at third or more estrus stood for mounting compared to the
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other two PP estrus periods. This result agrees with studies on dairy cows housed
continuously (24).

Meanwhile, the cows displayed no significant different in the expression of flehmen
behavior (P=0.655), vulva mucous discharge (P=0.367), mounting but not standing
(P=0.264), and head to head mounting (P=0.448) over the three PP estrus periods.
Moreover, all equally exhibited behaviors of resting the chin on the back of another
cow, sniffing the vulva of other cows, and mounting or attempting to mount other cows
on the day of estrus. Kyle et al. (20) reported that there were unclear behavioral signs
of estrus at the first PP estrus in lactating cows. This may be due to the fetal origin
producing high E2 concentrations at the late stage of pregnancy, leading to
refractoriness of the hypothalamus to estrogen hormone concentration at the 1st estrus
post-partum as noted by Boer et al. (3). Alternatively, the fewer signs of estrous
expression before ovulation at the 1st PP may be due to the E2 concentrations in the
blood. Forde et al. (12) illustrated that the low LH pulse frequency across the initial
estrus post-partum is accompanied by a reduction in ovary follicular development.
Boer et al. (3) also found the developed follicles to be a dominant and may not produce
adequate E2 to stimulate the typical signs of behavioral estrous expression.

Frequency of expression of behavioral estrus signs during the three postpartum
estrus periods: The cows exhibited no differences (P=0.184) in the frequency of the
secondary signs of behavioral estrus such as resting the chin on the back of another
cow (P=0.162), sniffing vulvas, and mounting or attempting to mount other cows
(P=0.218) over the different PP estrus periods (Table 3). Further, they showed no
significant (P=0.104) changes in the frequency of the number of total social
interactions during the three PP estrus phases although there was (P=0.071) increased
licking frequency during the third or more PP estrus period. There were also no
significant (P=0.248) changes in the frequency of caressing manifestation during the
three phases. These results are inconsistent with Roelofs et al. (30) who noted no
significant changes in the secondary estrous signs at 3h-interval observations in
lactating cows. Furthermore, similar to the findings of this study, no significant
changes in secondary estrous behavioral signs were seen in a study conducted on
lactating dairy cows (35 and 36).

There was a higher (P=0.010) expression of butting of other cows in the third or
more PP estrus compared to the first and second as well as (P<0.001) udder sniffing
for that period (2.8+£0.8) compared to the first (0.5+0.3) or second (0.8+0.4). The cows
showed higher (P=0.016) frequency of total agonistic expression interaction behaviors
in the third or more (10.8+1.9) PP estrus than in the first (6.5£1.0) or second (6.1+0.7).
In a study on a synchronized dairy, Kerbrat and Disenhaus (18) found similar
frequencies of social expression and agnostic interactions. This study revealed that the
frequency of total of agonistic interactions expression was significantly higher in the
>3 PP estrus compared to the other two periods.
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Table 1: Dry matter intake, feeding duration, and feed visits 3DB, day of estrus
(0), and 3DA and between.

Feeding Oe Days from estrus SED P-value
behavior No. -3 -2 -1 0 1+ 2+ 3+ E Days Eno.
no. X
Days
DMI 1t 220 218 220 199 221 218 216 0.612 0485 <0.001 0.184
(kg/d) E
2 218 224 218 20.0 222 228 229
E
>34 241 220 237 207 228 223 229
E
Feeding 1% 35 32 33 27 32 31 34 0415 0.847 <0.001 0.390
duration E
(h/d) 2¢d 31 34 35 27 34 36 32
E
>3d 38 37 33 27 34 33 33
E
Feed 1t 281 267 262 252 27.0 27.6 29.2 4958 0.756 0.049 0.243
visits/d E
2 288 30.3 29.8 256 316 305 285
E
>3 299 272 279 26,6 27.3 275 288
E

first (n=29), second (n=22) and third or more (n=10) postpartum estrus periods.

Table 2: Expression of signs during behavioral estrus of 1st (n=16), 2nd (n=15)
and >3rd (n=8) postpartum estrus periods.

Behavioural expression (0/1) PP estrus P
value
1tE 2N E >3 E
Flehmen 5/16 (31.3%) 4/16 (25%) 3/8 (37.5%)  0.655
Mucous discharge from the 2/16 (12.5%) 4/16 (25%) 3/8 (37.5%) 0.367
vulva
Restlessness 10/16 (62.5%)  14/16 (87.5%) 15/8 (93.8%)  0.002
Mounting but not standing 9/16 (56.3%) 10/16 (62.5%) 7/8 (87.5%) 0.264
Mounting or attempting to 10/16 (62.5%)  11/16 (68.8%) 7/8 (87.5%) 0.448
mount head side other cows
Standing to be mounted 4/16 (25%) 9/16 (56.3%) 6/8 (75%) 0.013
Sniffing the vulva of another cow  16/16 (100%) 16/16 (100%) 8/8 (100%) N/A
Chin resting on the back of 16/16 (100%) 16/16 (100%) 8/8 (100%) N/A
another cow
Mounting or attempt to mount 16/16 (100%) 16/16 (100%) 8/8 (100%) N/A

other cows

E= estrus; 1st E=first PP estrus; 2nd E=second PP estrus; and >3rd E=third or more PP estrus.
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Table 3: Frequency of behavioral estrous signs during 1st (n=16), 2nd (n=15)
and >3rd (n=8) postpartum estrus periods.

Behavioral estrus signs PP Estrus P
value
1st E 2nd E 23rd E
Sexual Interaction
Vulva sniffing of another cow 19.6+5.2 28.31£7.3 34.6£7.4 0.184
Resting chin on the back of another cow 12.9+3.8 23.6+6.8 21.9+3.3 0.162
Mounting or attempt to mount other cows  5.8+1.8 8.1+2.0 10.4+2.1  0.218
Social Interaction
Caressing 2.6+0.4 2.4+0.6 4.4+1.6 0.248
Licking 4.8+0.8° 3.7+0.6° 6.2+1.1*°  0.071
Total Social Interaction 9+1.1 6.1+1.1 10.5+2.6  0.104
Agonistic Interactions
Head-to-head butting 3.7+0.8 2.8+0.5 4.5£1.0 0.129
Butting of other cows 2.3+0.4° 2.3+0.3° 3.5£0.8%  0.010
Sniffing the udder 0.5+0.2° 1.0+0.3° 2.8£0.82  0.001
Total Agonistic Interaction 6.5+1.0° 6.1+0.7° 10.8+1.9*  0.016

Means within rows with different superscript letters are significantly different (P < 0.05).
E= estrus; 1st E=first PP estrus; 2nd E=second PP estrus; and >3rd E=third or more PP estrus.

Conclusions

On the day of estrus, high-lactating Holstein Friesian dairy cows housed in cubicles
spend more time walking, less time lying down, and have fewer lying bouts. In
addition, during the day of estrus, there was lower DMI intake, less feeding durations,
and reduced feed visits. This study found that the proportion of observed estrus was
higher with increasing postpartum estrus numbers, and that estrus behavior and activity
increased while silent estrus decreased.
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