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ABSTRACT

Hypocalcemia is a common metabolic disorder of
transition dairy cows that is considered a gateway
disease, increasing the risk of other health disorders
and reducing cow performance. Clinical milk fever is
associated with long periods of recumbency, and it is
plausible that cows experiencing non-paretic hypocal-
cemia may spend more time lying; hence, lying behav-
ior and activity measures may be useful in identifying
at-risk cows. The objective of this study was to describe
associations among blood calcium (Ca) status at calv-
ing and lying behavior and activity measures during
the transition period in grazing dairy cows. Blood was
sampled on the day of calving (d 0), and d 1, 2, 3, and
4 postcalving, and analyzed for total plasma Ca con-
centration. Twenty-four multiparous Holstein-Friesian
and Holstein-Friesian x Jersey grazing dairy cows were
classified, retrospectively, as clinically hypocalcemic
(CLIN; blood Ca < 1.4 mmol/L at 1 or more consecu-
tive samplings within 48 h postcalving, but without
parturient paresis). These cows were pair-matched
(using milk production potential from their estimated
breeding value for milk protein, mean body weight at
wk —5 and —6 precalving, and, where possible, parity)
with 24 cows classified as subclinically hypocalcemic
(SUB; blood Ca > 1.4 and < 2.0 mmol/L at 2 con-
secutive samplings within 48 h postcalving), and 24
cows classified as normocalcemic (NORM; blood Ca >
2.0 mmol/L at 3 consecutive samplings within 72 h
postcalving). Lying behavior and activity were moni-
tored using triaxial accelerometers from —21 to +35 d
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relative to calving. Data were summarized to calculate
daily lying time (h/d), daily number of lying bouts (LB;
no./d), mean LB duration (min/bout), and the number
of steps taken (steps/d). On d 0, the CLIN group were
less active and spent approximately 2.6 h longer lying
than the SUB and NORM groups, particularly between
0200 and 1400 h. On d 0, the NORM group had fewer
LB (16.3/d) than the SUB and CLIN groups (18.2 and
19.2/d, respectively). These differences in behavior
were no longer detected 2 d postcalving, and no further
differences were observed. The day before calving, the
CLIN group spent 1.4 h longer lying down than did the
SUB and NORM groups. Further, the relative change in
steps from a precalving baseline period (d —14 to —7)
until d 0 was positively, linearly associated with blood
Ca concentration within 24 h postcalving. Future work
should consider daily and temporal changes in behavior
in individual cows to determine the potential for these
measures to allow early detection of hypocalcemia.
Key words: activity, metabolic disease, pasture, lying
time

INTRODUCTION

Hypocalcemia usually occurs when a dairy cow is
unable to adapt to the increased physiological demand
for calcium at the onset of lactation and maintain eu-
calcemia (Goff, 2008). Almost all cows experience some
degree of hypocalcemia during the first days after calv-
ing, as it can take 1 to 2 d for macromineral adaptation
to occur (Horst et al., 1994; Goff, 1999). Cows with
hypocalcemia are generally identified within the first
12 to 24 h postcalving (Oetzel, 2004; Roche and Berry,
2006; Goff, 2008).

Clinical hypocalcemia is characterized as blood Ca
concentrations <1.4 mmol/L (Lindsay and Pethick,
1983; Martin-Tereso and Martens, 2014), and subclini-
cal hypocalcemia is usually characterized as blood Ca
<2.0 mmol/L (Oetzel, 2004; Goff, 2008; Reinhardt et
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al., 2011). These thresholds do not correlate with the
appearance of clinical symptoms that accompany the
severe form of hypocalcemia known as parturient pare-
sis or milk fever (Horst et al., 1997; Martin-Tereso and
Martens, 2014). Cows are stoic animals (Fitzpatrick et
al., 2002; Weary et al., 2009); therefore, we expect that
cows experiencing subclinical or clinical hypocalcemia
may display more subtle behavioral changes, making
the conditions difficult to visually detect.

The prevalence of subclinical hypocalcemia is signifi-
cant in both housed (range: 25 to 54%; Reinhardt et
al., 2011; Ribeiro et al., 2013) and grazing cows (range:
30 to 40%; Roche, 2003; Roberts and McDougall,
2019), and is dependent on parity (Horst et al., 1997;
Roche and Berry, 2006). Milk fever, itself, has been
reported as a risk factor for other metabolic, infectious,
and reproductive disorders (Goff, 2008; DeGaris and
Lean, 2008; Martinez et al., 2012), and recent work in
housed cows indicates that cows with subclinical hypo-
calcemia within 4 DIM are more likely to experience
a disease event [e.g., displaced abomasum (Chapinal
et al., 2011), metritis (Neves et al., 2018), and hyper-
ketonemia] or herd removal (McArt and Neves, 2020).
The high incidence of subclinical hypocalcemia and
potential effects on health, due to the important role
that calcium plays in immune function and smooth and
skeletal muscle contractility (Goff, 2008; Murray et al.,
2008), support a focus on developing new approaches
to identify at-risk cows (Neves et al., 2017). Predicting
hypocalcemia and ultimately improving diagnostic and
treatment outcomes may be possible by monitoring cow
behavior, but the behavioral changes associated with
hypocalcemia must first be characterized (Weary et al.,
2009; Proudfoot and Huzzey, 2017).

Long lying times and a reduction in activity (i.e.,
paresis) are common sickness behaviors and are clinical
symptoms of milk fever (Hart, 1988). We therefore hy-
pothesized that grazing cows with subclinical or clinical
hypocalcemia spend more time lying down and have
reduced activity compared with normocalcemic cows.
The objective of the current study was to investigate
whether cows classified, retrospectively, as subclinically
and clinically hypocalcemic, but without clinical milk
fever (i.e., parturient paresis), displayed behavioral
differences pre- and postcalving compared with cows
classified as normocalcemic.

MATERIALS AND METHODS
Animal Management and Experimental Design
The Ruakura Animal Ethics Committee (Hamilton,

New Zealand) approved all animal manipulations in
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accordance with the New Zealand Animal Welfare
Act (Ministry for Primary Industries, 1999). Data
for the present study were selected from a data set of
143 spring-calving, pasture-grazing cows described by
Roche et al. (2015, 2017), which included feeding x
BCS treatments. A subset of 72 Holstein-Friesian and
Holstein-Friesian x Jersey cows were selected from 2
separate parent experiments. The BCS (Roche et al.,
2015) and feed (Roche et al., 2017) studies were un-
dertaken across 2 separate seasons (2013 and 2014, re-
spectively) and 2 locations (Scott Farm and Lye Farm;
Hamilton, New Zealand, both 37°46'S 175°18'E).

Experimental methods for parent experiments are
explained in detail by Roche et al. (2015, 2017). Briefly,
however, cows from Roche et al. (2015) were either
BCS 4.0 or 5.0 at 1 mo before calving (10-point scale,
where 1 is emaciated and 10 obese; Roche et al., 2004).
Cows within each BCS were then allocated 1 of 3 levels
of energy intake during the 3 wk preceding calving (75,
100, or 125% of estimated ME requirements), but all
cows were managed similarly postcalving (Roche et al.,
2015). In a subsequent study (Roche et al., 2017), cows
were at 1 of 2 BCS at dry-off (approximately 4.25 and
5.0 on a 10-point scale). Following dry-off, cows in both
BCS categories were managed to achieve a BCS 5.0 at
1 mo before calving. Cows within each “far off” feeding
level treatment were then allocated to 1 of 3 levels of
energy intake during the 3 wk preceding calving (65,
90, or 120% of estimated ME requirements; Roche
et al., 2017). In both studies, all cows were managed
similarly postcalving; cows were milked twice daily in a
rotary parlor and spent approximately 40 to 90 min/d
standing waiting and walking to and from the milking
parlor (~1 to 2.5 km/d walked on tracks).

Blood Sampling and Analyses

Blood was sampled by coccygeal venipuncture weekly,
from wk 4 pre- to wk 5 postcalving, and additionally
ond 0, and d 1, 2, 3, and 4 postcalving in both studies.
Blood was collected in evacuated blood tubes contain-
ing lithium heparin anticoagulant (Becton Dickinson
Vacutainer Systems, Franklin Lakes, NJ). Heparinized
samples were placed immediately into iced water and
were centrifuged within 30 min of collection at 1,500
x ¢ for 12 min at 4°C. Following centrifugation, as-
pirated plasma was stored at —20°C until assayed.
Plasma samples were submitted to Gribbles Veterinary
Pathology Ltd. (Hamilton, New Zealand) for analysis.
Blood metabolites were assayed using colorimetric tech-
niques at 37°C with a Hitachi Modular P800 analyzer
(Roche Diagnostics, Indianapolis, IN). Roche reagent
kits were used to measure plasma concentrations of
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BHB (mmol/L; reduction of NAD" to NADH during
oxidation of D-3-hydroxybutyrate to acetoacetate), Ca
(mmol/L; o-cresolphthalein complexone method), and
magnesium (mmol/L; xylidyl blue reaction). Plasma
nonesterified fatty acids (NEFA, mmol/L) concentra-
tions were measured using Wako Chemicals (Osaka,
Japan) kit NEFA HR2, measuring oxidative condensa-
tion of 3-methyl-N-ethyl-N-f hydroxyethyl aniline with
4-aminoantipyrine. The inter- and intra-assay coeffi-
cients of variation for all assays were <5.5% and <15%,
respectively, as reported in Roche et al. (2015, 2017).

Categorization of Ca Status

Blood Ca and behavior data were available from 143
cows for analysis; a subset of 72 cows was established
based on blood Ca status for statistical analysis. A cow
was classified as being clinically hypocalcemic (CLIN)
when blood Ca concentration was <1.4 mmol/L at 1
or more consecutive samplings within 48 h postcalving,
but parturient paresis was not observed (Lindsay and
Pethick, 1983). A cow was classified as subclinically
hypocalcemic (SUB) when blood Ca concentrations
were >1.4 and <2.0 mmol/L at 2 consecutive sam-
plings within 48 h postcalving (Goff, 2008). Of 143
cows, 37 were not allocated to a group due to a lack of
consecutive samples meeting the defined classification
criteria for the 3 Ca groups. Of the remaining 106 cows,
36 were identified as CLIN within 48 h postcalving,
26 were identified as SUB, and 44 were identified as
normocalcemic (NORM; serum Ca concentration >2.0
mmol/L at 3 consecutive samplings within 72 h post-
calving). The 36 CLIN cows were each pair-matched
with a SUB cow and NORM cow using EBV for milk
protein, mean BW precalving (wk —5 and —6), and,
where possible, parity. Milk protein EBV (data kindly
provided by Livestock Improvement Corporation Ltd.,
Hamilton, New Zealand) was used as a proxy measure
for milk protein production potential to pair-match
cows, as suitable milk component and volume records
were unavailable from previous lactations. Most Ca in
milk is contained in the casein micelle, and therefore,
milk protein production is a good proxy for Ca secre-
tion in milk (Gambra et al., 2013). Parity was grouped
as follows: parity 2 and 3 (n = 44), and parity 4 to 7 (n
= 28). All cows included in the study were multiparous
(i.e., approaching their second or greater lactation at
the time of calving). A lesser representation of greater-
parity cows was due to fewer animals fitting the criteria
for the SUB or NORM groups. After matching cows
based on the outlined criteria, 24 cows were available
for each blood Ca category (24 CLIN cows balanced
with 24 NORM cows and 24 SUB cows), and these
animals were used for all further analyses.
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Milk, BCS, BW, and Breed

Cows were milked twice daily, and individual milk
yields were measured at each milking from 1 to 49 DIM
using either the Westfalia Surge Metatron Milk Meter
(GEA Farm Technologies, Cambridge, New Zealand)
or the DeLaval Milk Meter (DeLaval Ltd., Hamilton,
New Zealand) for BCS and feed studies, respectively.
Milk was sampled once weekly on consecutive after-
noon and morning milkings, and a composite sample
was analyzed for milk composition by infrared analysis
(FT120, Foss Electric, Hillergd, Denmark). Energy-
corrected milk yield was calculated as follows (Nielsen
et al., 2009):

kg of ECM = [kg of milk x (383 x fat% + 242
x protein% + 780.8)]/3,140.

Body weight was recorded and BCS determined weekly
following the morning milking, or at approximately
0800 h during the nonlactating period. All BCS asses-
sors were trained and recalibrated at the start of the
experiment following the procedures set out in Macdon-
ald and Roche (2011). Animal evaluation data for cow
breed, breeding worth, and production worth (PW)
were kindly provided by Livestock Improvement Cor-
poration Ltd. Breeding worth and PW are estimated
economic values of a combination of 8 traits (milk fat,
protein, milk volume, BW, fertility, SCC, BCS, and
residual survival) that are indicators of robustness and
production efficiency (DairyNZ, 2018; Johnson et al.,
2018). Breeding values are the genetic potential of an
animal for the trait of interest, and the weighted com-
bination of all 8 EBV traits contribute to the breeding
worth (DairyNZ, 2018). Milk protein EBV was used
instead of milk production records due to the experi-
mental cows being involved in studies during previous
seasons that may have affected their historical records.

Behavioral Data and Editing

A full description of the behavioral data collection
and editing methods is given in Hendriks et al. (2019).
Behavioral data were available for the period —21 d
precalving to +35 d postcalving. In brief, each cow was
fitted with a triaxial accelerometer (IceTag or IceQube;
IceRobotics Ltd., Edinburgh, Scotland) on the lateral
side of a hind leg, and behavioral data were recorded.
Data were downloaded using the IceManager 2010
software (IceRobotics Ltd.) from the on-board memory
of the device. Two summary files were generated for
each individual cow; one file consisted of lying time
(s) and number of steps recorded at 1- and 15-min
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sampling intervals, for the IceTag and IceQube, respec-
tively, and the other file contained lying bouts (LB)
recorded by day, time stamp (hh:mm:ss), and duration
(s; Mattachini et al., 2013; Kok et al., 2015). These
summary files were used to calculate daily lying time
(h/d), LB (no./d), mean LB duration (min/bout), and
number of steps (steps/d) for each cow. Hourly lying
time (min/h) and number of steps (steps/h) were also
calculated from these summary files. An LB is defined
as the period between the activity monitor changing
from vertical to horizontal and back to vertical. Data
excluded from the analysis were data recorded on the
day that the accelerometers were removed or fitted to
the cows and incorrect accelerometer recordings due to
technical errors. In the current study, based on previ-
ously determined thresholds for IceRobotics sensors,
LB < 33 s (Kok et al., 2015) and < 2 min (Mattachini
et al., 2013) were discarded from the raw data recorded
by the IceQube and IceTag devices, respectively.

From the output data sets, the sampling dates for
each individual cow were assigned an experimental day
relative to d 0 (recorded calving date). After visual in-
spection of the data on a per-cow basis, it was evident
that a peak in LB frequency was occurring on d —1
and not on d 0 for some cows. As is common in grazing
dairy systems, farm staff collected newborn calves and
their dams once daily (Lawrence et al., 2017). Con-
sequently, a discrepancy of up to 24 h may occur for
the recording of the date of calving. Where we have
recorded data that supersedes the day of “calf collec-
tion,” we reassigned the calving day using activity data.
Previous studies report an average of 14 LB/d on the
day of calving (Huzzey et al., 2005; Borchers et al.,
2017; Rice et al., 2017). In our study, we assumed that
where LB were <14 on d 0, but were >14 LB on d —1,
was likely associated with a calving event and therefore
adjusted the calving date to reflect this. Otherwise, it
was assumed that recorded calving date was correct.
The methodology used to adjust for the discrepancy in
assignment of calving day has not been validated, and
this is a limitation of our study.

Weather Data

Daily rainfall (mm; 24-h period) and daily air tem-
perature (°C; recorded at 0900 h) data were retrieved
from the National Climate Database (NIWA, 2018) for
the duration of the 2 experiments. Data were retrieved
from station agent number 26,117 (37.8°S, 175.3°E) for
the BCS and feed studies (NIWA, 2018). The distance
from the climate station to the study site for the BCS
and feed studies is approximately 3 km.
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Statistical Analyses

Statistical analyses were performed using SAS 9.4
(SAS Institute Inc., Cary, NC). Results are presented
as least squares means (LSM) =+ standard error of the
mean in the text and tables, and mean standard error of
the difference in figures. Where we have presented LSM
for the 3 Ca groups, we have presented group mean
effects. The covariance structures selected were com-
pound symmetry or autoregressive based on the lowest
Akaike’s information criterion. All repeated measures
ANOVA models were pairwise comparison-adjusted
using Tukey-Kramer. Residuals for cow performance,
behavioral, and blood measures were checked to ensure
that assumptions of normality and homogeneity of vari-
ance were met. Study and treatment from the parent
experiments were concatenated to create a categorical
variable, study group. All data were adjusted where
appropriate, according to the reassigned calving day,
and these transformed data sets were the basis of sub-
sequent analyses.

Study group (categorical), parity (categorical; 2-3 or
4+), and difference in days between calving date and
the first day in June (calvingseasonday) were included
in all models described to adjust for different treat-
ments within the 2 studies, parity differences, and dif-
ferent calving dates.

Behawvioral Variables. Lying behavior and activity
data pre- and postcalving were first analyzed to deter-
mine mean differences in the group means between the
Ca groups for both daily and hourly data. Following this
analysis, we further investigated whether the change
in behavior from a precalving baseline period to d —1
or d 0 was associated with blood Ca concentrations.
Change in daily and hourly lying time and number of
steps taken within cow were included in these subse-
quent models. Understanding both daily and temporal
changes in behavior that precede changes in blood Ca
concentrations may provide important information for
future work in identifying cows at risk of developing
hypocalcemia. Due to differences in lying time and
steps taken between the 3 Ca groups between 0600
and 1800 h, we further investigated these associations.
Specifically, to reflect changes in behavior occurring
during the daytime, the hourly data were further sum-
marized to include only data recorded between 0600
and 1800 h, referred to herein as hourly daytime lying
time and steps taken. The linear and nonlinear associa-
tions between change in daily and hourly daytime lying
time and number of steps taken precalving (dependent
variables) and blood Ca concentrations postcalving
(independent variable) were investigated. The separate
analyses are described in detail as follows.
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Differences in Lying Time and Activity Asso-
ciated with Ca Status. Behavior data were summa-
rized for 15 periods: wk —3 and —2 precalving, d —7 to
—4 precalving, daily precalving (d —3 to —1), d 0, daily
postcalving (d 1 to 3), d 4 to 7 postcalving, and wk 2,
3, 4, and 5 postcalving. Differences in daily lying time,
daily number of LB, mean LB duration, and number of
steps taken between the 3 Ca groups were analyzed us-
ing a repeated measures ANOVA (PROC MIXED) with
cow as a random effect, period as a repeated measure,
and the fixed effect of Ca status, period, and Ca status
x period interactions. Behavior analyses included fixed
effect of daily rainfall (continuous, mm/d) and mean
air temperature at 0900 h (continuous) and interac-
tive effect of rainfall and air temperature as potential
explanatory variables.

Differences in Hourly Behavioral Variables
Within Day Associated with Ca Status. Upon
examination of the blood Ca profile, we identified d
—2 to d +2 relative to calving as the critical time for
risk of hypocalcemia, making this period suitable for
evaluating within-day associations among Ca status
and behavior and activity variables. We were unable to
adjust the data according to the exact time of calving;
therefore, within each day from d —2 precalving to d 2
postcalving, 24-h behavior data were summarized into
4-h time intervals (i.e., 0200 to 0559 h, 0600 to 0959 h,
1000 to 1359 h, 1400 to 1759 h, 1800 to 2159 h, 2200
to 0159 h). Behavior data were analyzed separately
within day for d —2 to d +2 relative to calving using
a repeated measures ANOVA (PROC MIXED) to in-
vestigate differences in lying time and number of steps
taken over a 24-h period due to Ca status. Time interval
was included as fixed and cow as random effects, and
hour as a repeated measure. On d —2 precalving and
d 2 postcalving, lying time or number of steps taken
was not different between Ca status groups within the
time periods investigated; therefore, the data are not
presented.

Linear and Nonlinear Associations of Change
in Daily and Hourly Daytime Lying Behavior
and Activity Precalving with Blood Ca Post-
calving. Linear and nonlinear associations of change
in daily lying time, daily steps taken, hourly daytime
lying time, and hourly daytime steps taken with blood
Ca concentrations 24 h postcalving were investigated.

Blood Ca data were summarized for d 0, d 1, and d
2 postcalving, and lying time and activity data were
summarized for 4 periods immediately before calving
and surrounding the calving event using PROC MEAN
on a per-cow basis for all 72 cows. A detailed descrip-
tion of the periods investigated and descriptive data
for summarized blood Ca concentrations and behavior
and activity data are presented in Supplemental Tables
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S1 and S2, respectively (https://doi.org/10.3168/jds
.2019-18111). All summarized behavior and blood Ca
variables formed the dependent and independent vari-
ables, respectively. Pearson correlations were generated
for summarized behavior variables and blood Ca using
PROC CORR, and the correlation matrix is presented
in Supplemental Table S3 (https://doi.org/10.3168/jds
.2019-18111). The strongest associations were selected
for further analysis.

The independent variable selected was the blood Ca
concentration within 24 h postcalving. The dependent
variables selected were change in daily and hourly
daytime lying time and steps taken, calculated as the
difference between the behavior on d 0 and mean pre-
calving baseline period (d —14 to —7). Blood Ca con-
centration was modeled as a continuous measure and
behavior variables as continuous effects in 4 separate
analyses (2 daily and 2 hourly daytime models). Slopes
of the estimated change in each behavior (dependent
variable) were investigated using multiple regression
analyses (PROC GLM), with blood Ca concentration
within 24 h postcalving as the independent variable.
Models included categorical effects of study group,
breed, and parity, and continuous effects of calvingsea-
sonday, breeding worth, PW, milk protein EBV, BW
wk —5 to —6 precalving, BCS wk —5 to —6 precalving,
and rainfall and air temperature, and their interac-
tions as potential explanatory variables. Variables were
checked for multicollinearity but were not highly cor-
related (variance inflation factors <10). Nonsignificant
variables were eliminated from the model one at a time
where P > 0.10, with the exception of study group
and calvingseasonday, which were forced in the model
even if not significant, to adjust for different treatments
within the 2 studies and different planned start of calv-
ing dates. The final models for all variables investigated
included the effect of study group, calvingseasonday,
and parity. Both linear and quadratic associations were
assessed for the behavior variables. The models that in-
cluded behavioral variables without adjusting for other
factors are presented in Supplemental Tables S4 and S5
(https://doi.org/10.3168/jds.2019-18111).

M:zlk, BCS, and BW. Weighted means for weekly
milk yield were calculated using daily yields on a
per-cow basis for wk 1 to 7 postcalving, using PROC
MEAN. Weighted means for milk yield were used to
calculate weekly milk component yields and ECM yield
for wk 2 to 6 postcalving. Due to inconsistent records
for milk composition data during wk 1 postcalving (co-
lostrum period), these data were excluded from ECM
yield analysis. To investigate the associations between
milk and ECM, CP and fat yield, milk protein and
fat composition, and Ca status, a repeated measures
ANOVA was performed using PROC MIXED with cow
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as a random effect, week as a repeated measure, and
the fixed effects of Ca status, week, and Ca status X
week interactions. Breeding worth and PW as prox-
ies for milk production potential were included in the
model as covariates.

To investigate the associations between BCS and
BW, and Ca status for 6 wk pre- and postcalving, a re-
peated measures ANOVA was performed using PROC
MIXED, with cow as a random effect and fixed effects
of Ca status, week, and Ca status x week interactions.

Blood Metabolite and Mineral Markers. Blood
data for minerals (Ca and Mg) were summarized into 6
periods (d —14 to —1 precalving, d 0, d 1 postcalving,
d 2 postcalving, d 3 to 7 postcalving, and d 8 to 14
postcalving). Blood data for energy metabolites (BHB
and NEFA) were summarized into 6 periods [d —14 to
—1 precalving, d 0 to 2 postcalving, d 3 to 7 postcalv-
ing, and weekly postcalving (wk 2 to 4)].

To investigate the associations between minerals and
energy metabolites, and Ca status and period, a re-
peated measures ANOVA was performed using PROC
MIXED with cow as a random effect, period as a re-
peated measure, and fixed effects of Ca status, period,
and Ca status x period interactions. Variables were
checked for skewness and normality. Blood BHB were
log-transformed for analyses, and untransformed LSM,
standard error of the mean, and standard error of the
difference are presented.
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RESULTS AND DISCUSSION

Differences in Blood Ca and Mg Between Groups

The mean and standard deviation for milk protein
EBV, wk —5 to —6 precalving BCS and BW, and num-
ber of cows by parity, breed, and study are presented
in Table 1. Descriptive data presented for the 3 blood
Ca groups indicate that our classification process was
successful in categorizing groups with balanced phe-
notypes. As intended, mean blood Ca concentrations
differed (P < 0.001) between the 3 blood Ca status
groups. The profiles presented in Figure la indicate
that our classification process was successful in catego-
rizing groups with divergent plasma Ca concentrations
at calving. A Ca status x period interaction was found
(P < 0.001); on d 0 and d 1 postcalving, the CLIN
group had a lower (P < 0.001) blood Ca concentration
(1.47 £ 0.05 mmol /L) than the SUB group, which had,
in turn, a lower blood Ca concentration (1.75 4+ 0.04
mmol/L) than the NORM group (2.16 £ 0.05 mmol/L;
P < 0.001). Mean blood Mg concentration also tended
to differ between Ca status groups during the period d
—14 precalving to d 14 postcalving (0.74 + 0.02, 0.71
=+ 0.02, and 0.78 + 0.02 mmol/L for the NORM, SUB,
and CLIN groups, respectively; P = 0.09). However, no
Ca status x period interaction occurred for blood Mg
(P = 0.64; Figure 1b).

Table 1. Mean £ SD of milk protein EBV, wk —5 to —6 precalving BW and BCS, and number of cows (n)
by parity, breed, and study for the 3 calcium groups (NORM, SUB, and CLIN)!

Ttem NORM SUB CLIN
Mean + SD
Milk protein EBV? 17.7 + 6.41 17.6 4 6.78 16.4 + 6.93
Wk —5 to —6 precalving
BW, kg 551.8 + 61.9 557.0 + 45.3 559.8 + 60.8
BCS? 4.94 + 0.44 4.93 + 0.41 4.71 + 0.54
n (cows)
Parity 2-3* 19 10 15
Parity 4+" 5 14 9
Breed (HF)” 17 13 20
Breed (HF x J)° 7 11 4
BCS study’ 11 10 15
Feed study® 13 14 9

'Cows (n = 24 per group) were classified as having clinical hypocalcemia (CLIN; blood Ca < 1.4 mmol/L
within 48 h postcalving but without parturient paresis), subclinical hypocalcemia (SUB; blood Ca > 1.4 and
< 2.0 mmol/L within 48 h postcalving), or normocalcemia (NORM; blood Ca > 2.0 mmol/L within 72 h

postcalving).
DairyNZ, 2018; Johnson et al., 2018.

*BCS on a 10-point scale, where 1 is emaciated and 10 is obese (Roche et al., 2004).
4Parity 2-3 = cows approaching their second or third parity at the time of calving; parity 4+ = cows approach-
ing their fourth, fifth, sixth, or seventh parity at the time of calving.

"HF = Holstein-Friesian; HF x J = HF x Jersey.

Cows were selected from the BCS study described by Roche et al. (2015) or the feed study described by Roche

et al. (2017).
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Figure 1. Blood Ca (a) and Mg (b) concentrations (mmol/L) dur-
ing d —14 to —1 precalving, the day of calving (d 0), d 1 postcalving,
d 2 postcalving, d 3 to 7 postcalving, and d 8 to 14 postcalving for the
3 Ca groups. CLIN = clinical hypocalcemia (blood Ca < 1.4 mmol/L
within 48 h postcalving); SUB = subclinical hypocalcemia (blood Ca
> 1.4 and < 2.0 mmol/L within 48 h postcalving); NORM = normo-
calcemia (blood Ca > 2.0 mmol/L within 72 h postcalving). Error bars
represent 2 x mean SE of the difference.

Differences in Lying Time and Activity Associated
with Blood Ca Status

Quantitative measures of lying behavior and activity
may allow early identification of clinical hypocalcemia
in grazing dairy cows in time to provide preventative
treatment and halt the progression to clinical milk fe-
ver, if hypocalcemia is preceded by changes in behavior
that occur before calving. To our knowledge, this is the
first study to investigate associations between blood Ca
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status and both pre- and postcalving lying behavior
and activity in transition cows grazing pasture.

Daily lying time, daily LB, mean LB duration, and
number of steps taken per day over the period —21
to +35 d relative to calving are presented in Figures
2a, b, ¢, and d, respectively. Overall, no association
was detected between Ca status and lying behavior
variables and activity (Table 2); however, we found Ca
status x period interactions for daily lying time (P <
0.001), daily LB (P < 0.05), and number of steps taken
(P < 0.001), and a trend (P = 0.09) for a Ca status x
period interaction for LB duration. Herein, we consider
2 distinct types of behavior, referred to as “sickness
behaviors” and “early indicators of disease.” Sickness
behaviors are well established as an evolutionary mech-
anism to support the body’s response to combat dis-
ease (Hart, 1988), and are typically observed when the
animal displays signs of clinical illness, involving highly
coordinated physiological responses (Dantzer and Kel-
ley, 2007). An expanding body of literature has been
able to demonstrate that behavioral changes can occur
well before disease diagnosis; these have been described
as early indicators of disease (Proudfoot and Huzzey,
2017). Sickness behaviors are, therefore, deemed to be
behaviors occurring from the day of calving onward,
whereas behaviors observed before parturition will be
referred to as early indicators of disease.

Lying Time and Activity as Sickness Behaviors

On the day of calving, cows in the CLIN group were
less active (3,118 + 274 steps/d; P < 0.05) and spent
~2.6 h longer lying (9.4 + 0.47 h/d; P < 0.001) than
cows in the SUB and NORM groups, which were not
different from each other (3,853 + 266 vs. 4,448 + 285
steps/d and 6.8 + 0.46 vs. 6.8 £+ 0.49 h/d, respectively;
Figure 2a and d). The longer total daily lying time on d
0 in the CLIN group was predominantly driven by this
group’s greater number of LB (Figure 2b), as the mean
LB duration did not differ between groups (Figure 2¢).
Cows in the CLIN group remained less active the day
after calving than cows in the NORM group (3,652 =+
274 vs. 4,436 + 285 steps/d; P < 0.05); however, both
groups were not different from the SUB group (3,982
=+ 266 steps/d).

Evidence indicates that sick cows generally spend
more time lying (Kaufman et al., 2016; Barragan et
al., 2018). In our study, few differences were recorded
between the SUB and NORM groups; however, the dif-
ferences we recorded in the CLIN group are consistent
with the findings of Jawor et al. (2012), who reported
that housed cows experiencing subclinical hypocalcemia
(blood Ca <1.8 mmol/L within 24 h of calving) spent
more time lying (by 2.7 h on the day after calving)
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compared with normocalcemic cows (blood Ca >1.8
mmol /L within 24 h of calving). Seprilveda-Varas et al.
(2014) defined changes in lying behavior postcalving in
grazing dairy cows; however, subclinical hypocalcemia
was defined as blood Ca <2.0 mmol/L between 3 and 22
d postcalving, thereby potentially failing to detect most
hypocalcemic cows. In addition, cows were grouped ac-
cording to the presence of 1 or more health events (i.e.,
retained placenta, metritis, mastitis, hypocalcemia, and
subclinical ketosis), making it difficult to confidently
understand differences in behavior specifically due to
hypocalcemia. Our observed increase in lying time in
the CLIN group may reflect an energy-conserving be-
havior associated with hypocalcemia (Johnson, 2002;
Jawor et al., 2012) but is more likely a result of com-
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promised movement, due to the importance of Ca for
skeletal muscle contraction (Murray et al., 2008; Jawor
et al., 2012).

Few studies have investigated the association between
blood Ca concentration and activity, and measurements
are often different. Nevertheless, we find a consistent
theme that activity declines in cows experiencing hypo-
calcemia, although the extent of the decline depends on
the extent of the hypocalcemia. For example, Liboreiro
et al. (2015) reported no associations between steps
taken pre- and postcalving, possibly due to the relative-
ly high blood Ca threshold used to define hypocalcemia
(blood Ca <2.14 mmol/L within 72 h postcalving).
Other studies, however, have reported reduced activ-
ity, such as self-grooming (Fogsgaard et al., 2012), and
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Figure 2. Daily lying time (a, h/d), lying bouts (b, no./d), mean lying bout duration (c, min/bout), and number of steps (d, steps/d) during
the period —21 to +35 d relative to the day of calving (d 0) in the 3 Ca groups. CLIN = clinical hypocalcemia (blood Ca < 1.4 mmol/L within
48 h postcalving); SUB = subclinical hypocalcemia (blood Ca > 1.4 and < 2.0 mmol/L within 48 h postcalving); NORM = normocalcemia
(blood Ca > 2.0 mmol/L within 72 h postcalving). Error bars represent 2 x mean SE of the difference.
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Table 2. Mean lying behavior, activity, and cow performance measures for the 3 calcium groups (NORM,

SUB, and CLIN)!

Variable NORM SUB CLIN P-value
Lying time,” h/d 8.66 8.82 9.13 0.59
Lying bouts (LB),? no./d 9.13 9.40 9.26 0.91
LB duration,” min/bout 61.2 63.6 63.3 0.82
Steps taken,” steps/d 3,601 3,381 3,270 0.50
Milk yield,® kg/d 26.4 26.8 26.6 0.90
ECM yield," kg/d 28.4 28.5 28.7 0.93
CP yield," kg/d 0.93 0.93 0.94 0.93
Fat yield," kg/d 1.15 1.19 1.21 0.36
Milk protein,” % 3.47 3.42 3.46 0.61
Milk fat,* % 4.45 4.41 4.46 0.91
BW,” kg 523 541 542 0.51
BCS,> units 4.59 4.63 4.64 0.78

*"Means with different superscripts are significantly different at the 5% confidence level.

'Cows (n = 24 per group) were classified as having clinical hypocalcemia (CLIN; blood Ca < 1.4 mmol/L
within 48 h postcalving but without parturient paresis), subclinical hypocalcemia (SUB; blood Ca > 1.4 and
< 2.0 mmol/L within 48 h postcalving), or normocalcemia (NORM; blood Ca > 2.0 mmol/L within 72 h

postcalving).

“Behavior summarized for the period —21 to +35 d relative to calving.

*Milk yield during the first 7 wk of lactation.

‘ECM, CP, and fat yield, milk fat and protein percentage during wk 2 to 6 of lactation.
®Mean BW and BCS for the 6-wk pre- and postcalving period.
SBCS on a 10-point scale, where 1 is emaciated and 10 is obese (Roche et al., 2004) during the 6-wk pre- and

postcalving period.

reduced number of steps taken have been reported due
to other diseases (Edwards and Tozer, 2004; Liboreiro
et al., 2015; Barragan et al., 2018). Collectively, the
literature indicates that “sick” cows walk less, perform
other activities fewer times each day, and lie for longer.

Lying Bouts as Sickness Behaviors

To our knowledge, LB on d 0 have not been reported
for cows experiencing hypocalcemia. We observed that
cows in the NORM group had fewer LB (16.3 + 0.72
no./d) on d 0 than did cows in the SUB (18.2 + 0.68
no./d; P < 0.05) and CLIN groups (19.2 + 0.69 no./d;
P < 0.01; Figure 2b), highlighting a potential effect
of blood Ca status on this peripartum characteristic.
In clinically healthy cows, LB increase substantially on
the day of calving in both housed and grazing cows
(Huzzey et al., 2005; Hendriks et al., 2019), and the in-
crease in transitioning between lying and standing posi-
tions has been hypothesized to result from discomfort
associated with calving, whereas the number of LB are
reduced in ketotic compared with non-ketotic cows. Itle
et al. (2015) speculated that ketotic cows may be less
willing to engage in behaviors that are energetically ex-
pensive, therefore transitioning less frequently between
lying and standing positions (Susenbeth et al., 2004).
In contrast, in our study, cows experiencing clinical and
subclinical hypocalcemia had more LB on d 0 than did
normocalcemic cows. Although it is difficult to explain
this increase in LB, Proudfoot et al. (2009) reported
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that cows with dystocia had a greater number of LB
than did cows with eutocia and hypothesized that this
may be indicative of greater pain. Calcium is important
for smooth muscle function; hence, low blood Ca con-
centrations may prolong labor due to weak contractions
(Murray et al., 2008; Jawor et al., 2012) and represent
a risk factor for dystocia (Correa et al., 1993; Lopez
Bernal, 2003). Although no cows in our study experi-
enced clinical dystocia and we do not have the data to
support this hypothesis, it is plausible that SUB and
CLIN cows in our study experienced more painful or
prolonged labor without clinical dystocia, contributing
to their increased number of LB on the day of calving.

In our study, cows were either subclinically or clini-
cally hypocalcemic, but without paresis, and changes in
lying behavior and activity were relatively short-lived,
with no difference evident by d 3 postcalving. In other
studies, where cows experienced subclinical disease,
changes in behavior were also short-lived or small (Ja-
wor et al., 2012; Sepiilveda-Varas et al., 2014; Liboreiro
et al., 2015). It should be noted that, in our study,
absolute values for the 3 blood Ca groups fell within 1
h of the range of postcalving lying times (range 7.5 to
8.5 h/d) reported as “normal” in literature (Sepilveda-
Varas et al., 2014). The transient behavioral differ-
ences observed in our study and the lack of differences
in blood Ca concentrations between the 3 blood Ca
groups by 3 d postcalving reflect animals self-curing
and restoring blood Ca to sufficient concentrations to
overcome the debilitating effects of hypocalcemia. The
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severity of the disease may, in part, influence whether
differences in behavior are evident after disease diag-
nosis (Sepiilveda-Varas et al., 2014), but our results
indicate that, despite relatively small observed mean
differences for the behavior measures reported, lying
and walking behavior are associated with peripartum
blood Ca status.

Lying Behavior and Activity Within Day Associated
with Blood Ca Status

Mean sunrise and sunset times in both studies were
0725 and 1720 h, respectively (Timeanddate.com,
2017). Maximal lying time and minimal steps taken co-
incided with periods of darkness (i.e., between 1800 and
0600 h), irrespective of Ca status (Tables 3 and 4); this
outcome is in agreement with other studies undertaken
in grazing dairy cows (O’Connell et al., 1989; Sheahan
et al., 2011). However, the difference between day and
night activity was less for cows in the CLIN group,
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and therefore, the association between metabolic status
and behavior was not diurnally homogeneous. On d —1
precalving, the CLIN group tended to spend more time
lying per hour (P = 0.10), due in part to a Ca status
X time interval interaction (P < 0.05; Table 3). On
the day of calving, a Ca status association with lying
time (P < 0.01) indicates that, overall, cows in the
CLIN group spent more time lying (24.5 £+ 1.59 min/h)
than did cows in the NORM and SUB groups (17.5 +
1.89 vs. 18.2 + 1.62 min/h, respectively; P < 0.05).
Temporal lying behavior and activity data indicate a
Ca status x time interval interaction (P < 0.001 and
0.01, respectively; Tables 3 and 4), where during the
early morning (between 0200 and 0600 h) and daytime
(between 1000 and 1400 h) the CLIN group spent more
time lying down (P < 0.05) and took fewer steps (be-
tween 1400 and 1800 h; P < 0.01) than the NORM and
SUB groups did (Tables 3 and 4).

In our study, differences in lying time and activity
for cows experiencing hypocalcemia were more promi-

Table 3. Mean lying time (min/h) across 4-h time intervals on the day before calving (d —1 precalving), the
day of calving (d 0), and the day after calving (d 1 postcalving) in the 3 calcium groups (NORM, SUB, and

CLIN)!

Mean (SEM) lying time, min/h

Time interval,” h NORM SUB CLIN P-value

d —1 precalving
02-05 414" (2.09) 40.5" (1.95) 48.4™Y (1.92) <0.01
06-09 8.03" (2.11) 7.40° (1.97) 8.73 (1.95) 0.89
10-13 6.30" (2.11) 3.63 (1.97) 8.03" (1.95) 0.29
14-17 7.99" (2.10) 6.26 (1.95) 7.39" (1.95) 0.82
18-21 28.4™ (2.07) 21.2"% (1.92) 29.5%* (1.91) <0.01
22-01 27.9% (2.04) 31.3% (1.89) 32.3% (1.86) 0.26
P-value <0.001 <0.001 <0.001

do
02-05 26.6™" (2.37) 25.3"" (2.17) 39.7%" (2.13) <0.001
06-09 8.95™ (2.42) 11.4%% (2.21) 16.3% (2.19) 0.02
10-13 9.32> (2.42) 12.6"* (2.21) 18.9"* (2.19) 0.01
14-17 4.85" (2.42) 7.24% (2.21) 16.6™ (2.19) <0.001
18-21 28.6 (2.39) 28.1" (2.18) 28.3" (2.18) 0.99
22-01 26.8" (2.37) 24.4" (2.16) 27.1" (2.12) 0.63
P-value <0.001 <0.001 <0.001

d 1 postcalving
02-05 37.8 (2.12) 39.4 (1.97) 38.4 (1.93) 0.85
06-09 4.39 (2.19) 5.90 (2.04) 5.45 (2.03) 0.87
10-13 14.9 (2.19) 19.3 (2.04) 17.8 (2.03) 0.33
14-17 2.79 (2.19) 6.05 (2.04) 6.90 (2.03) 0.35
18-21 29.1 (2.18) 27.8 (2.02) 30.1 (2.01) 0.71
22-01 25.5 (2.13) 23.8 (1.98) 26.0 (1.98) 0.71
P-value <0.001 <0.001 <0.001

*"Means with different superscripts are significantly different at the 5% confidence level within a row (across

groups).

Y“"Means with different superscripts are significantly different at the 5% confidence level within a column

(across time).

'Cows (n = 24 per group) were classified as having clinical hypocalcemia (CLIN; blood Ca < 1.4 mmol/L
within 48 h postcalving but without parturient paresis), subclinical hypocalcemia (SUB; blood Ca > 1.4 and
< 2.0 mmol/L within 48 h postcalving), or normocalcemia (NORM; blood Ca > 2.0 mmol/L within 72 h

postcalving).

*Time intervals include data within each hour specified (e.g., 02-05 covers the period 0200 to 0559 h).
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nent at certain times of the day and during certain
periods relative to disease diagnosis, which is consistent
with other studies investigating behavior associated
with other diseases (Huzzey et al., 2007; Itle et al.,
2015). Grazing dairy cows display behavioral synchrony
(O’Connell et al., 1989), meaning they perform similar
behavioral activities at the same time. Therefore, iden-
tifying cows that are lying down when most of the herd
are standing grazing may be an alternative and novel
approach to studying behavior in grazing dairy cows to
detect cows at risk of, or with, a disease.

Similar to the daily lying and activity data presented,
the differences in diurnal profiles were short-lived. We
detected differences within day between Ca groups on
the day before and the day of calving; however, no fur-
ther differences were evident at 1 to 2 d postcalving,.
Prospective studies are needed to determine whether
lying behavior and activity on the day of calving for
individual cows could alert producers to a cow experi-
encing hypocalcemia.
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Lying Time and Activity as Early
Indicators of Disease

Behavioral changes as early indicators of disease have
been documented in transition cows; however, research
in grazing dairy cows is limited. On the day before
calving, cows in the CLIN group spent 1.4 h longer
lying down (9.0 £ 0.47 h/d; P < 0.05) than cows in the
SUB group (7.4 &+ 0.46 h/d), which did not differ from
cows in the NORM group (7.8 + 0.49 h/d); however,
no differences in lying behavior were evident before this
(Figure 2a). This result contrasts with the study by
Jawor et al. (2012), in which cows experiencing sub-
clinical hypocalcemia were found to stand for 2.6 h
longer than normocalcemic cows during the 24-h period
before parturition. The subclinically hypocalcemic cows
in their study produced, on average, 6 kg/d more milk
during wk 2 to 4; therefore, those authors speculated
that the greater standing time might be attributed to
increased udder fill, which may have made lying down

Table 4. Mean number of steps (steps/h) across 4-h time intervals on the day before calving (1d —1 precalving),
the day of calving (d 0), and the day after calving (d 1 postcalving) in the 3 calcium groups

Mean (SEM) number of steps taken, steps/h

Time interval,” h NORM SUB CLIN P-value

d —1 precalving
02-05 14 (14) (14) 15" (14) 0.86
06-09 195 (15) 180" (14) 191" (14) 0.76
10-13 176" (15) 181 (14) 163 (14) 0 .68
14-17 142" (15) 174" (14) 165" (14) 0.31
18-21 72¢ (15) 71 (14) 55" (14) 0.64
22-01 54 (15) 41" (14) 47" (13) 0.81
P-value <0.001 <0.001 <0.001

do
02-05 43" (21) 71Y (19) 39" (19) 0.48
06-09 216" (22) 155% (20) 181" (20) 0.12
10-13 276" (22) 22970 (20) 200" (20) 0.04
14-17 317 (22) 286" (20) 207" (20) <0.001
18-21 85" (21) 54 (20) 65" (20) 0.56
22-01 87" (21) 91" (19) 68" (19) 0.69
P-value <0.001 <0.001 <0.001

d 1 postcalving
02-05 21 (19) 21 (18) 31 (17) 0.91
06-09 300™" (20) 345" (18) 237" (18) <0.001
10-13 174 (20) 101" (18) 176" (18) <0.01
14-17 350" (20) 323" (18) 303" (18) 0.22
18-21 41% (20) 51 (18) 74 (18) 0.45
22-01 77 (19) 89" (18) 83" (18) 0.90
P-value <0.001 <0.001 <0.001

**Means with different superscripts are significantly different at the 5% confidence level within a row (across

groups).

V"Means with difference superscripts are significantly different at the 5% confidence level within a column

(across time).

'Cows (n = 24 per group) were classified as having clinical hypocalcemia (CLIN; blood Ca < 1.4 mmol/L
within 48 h postcalving but without parturient paresis), subclinical hypocalcemia (SUB; blood Ca > 1.4 and
< 2.0 mmol/L within 48 h postcalving), or normocalcemia (NORM; blood Ca > 2.0 mmol/L within 72 h

postcalving).

*Time intervals include data within each hour specified (e.g., 02-05 covers the period 0200 to 0559 h).
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more uncomfortable. In contrast, we hypothesize that
the increase in lying time in CLIN cows in our study
may be attributed to weak skeletal muscle contractility,
which could reduce the desire to stand (Murray et al.,
2008). It is not possible to determine whether other
stressors or modifications in lying behavior predisposed
cows to hypocalcemia, or whether increased time spent
lying down is indicative of a change in behavior caused
by hypocalcemia (Proudfoot and Huzzey, 2017). Never-
theless, our data indicate a change in behavior preced-
ing the hypocalcemic event, which suggests that lying
and activity measures could be early indicators of this
disease.

Modeling Early Indicators of Disease Within Cow

Due to large cow-to-cow variation, a review of be-
havior and health of transition cows by Proudfoot and
Huzzey (2017) recommended that future work focus
on studying within-cow changes, as these are likely to
be more sensitive than absolute values for detecting
changes in behavior due to ill health (Ito et al., 2009).
Relative changes in behavior within cow, for example,
is the measure of choice for estrus detection (Silper et
al., 2015). To further improve our understanding of
within-cow changes in behavior over time, we investi-
gated linear and nonlinear associations between relative
change in behavior [from a baseline period (either —21
or —14 to —7 d precalving) to d —1 or d 0] and blood
Ca concentrations within 24 h postcalving. Correla-
tions for the aforementioned periods investigated are
presented in Supplemental Table S3 (https://doi.org/
10.3168/jds.2019-18111). During the preliminary stages
of our analysis, we also investigated the associations
between mean daily lying time and number of steps
taken on d 0 and blood Ca concentrations within 24 h
postcalving (data not presented). However, we detected
the strongest relationships for models investigating the
change in daily and hourly daytime lying behavior and
activity relative to d 0; therefore, we presented these
models. Several studies indicate that changes in lying
behavior (e.g., lying time and LB) may be disease-de-
pendent, with increased (Sepilveda-Varas et al., 2014)
or decreased lying behavior (Itle et al., 2015), or both,
reported due to disease (Jawor et al., 2012).

Linear and Nonlinear Associations

In the current study, the change in lying time from
a baseline period (d —14 to —7 precalving) to d 0 had
negative linear and nonlinear associations with blood
Ca concentration within 24 h postcalving (P < 0.02).
The final model, which also included calvingseasonday
and parity, explained 39% of the variation (Table 5).
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In addition, the change in hourly lying time during the
day (between 0600 and 1800 h) from a baseline period
(d —14 to —7 precalving) until d 0 had a negative linear
association with blood Ca concentration within 24 h
postcalving (P < 0.01), and the final model explained
41% of the variation (Table 6). A relative 5-min in-
crease in mean lying time per h during the day on d
0 compared with the baseline period was associated
with a decrease in blood Ca concentration within 24 h
postcalving of 0.09 mmol/L (Table 6). Change in daily
steps taken from a baseline period (d —14 to —7 pre-
calving) to d 0 was also associated with blood Ca con-
centration within 24 h postcalving (P < 0.05), and the
final model explained 36% of the variation (Table 5). A
relative increase of 1,000 steps/d on d 0 compared with
the baseline period was associated with an increase in
blood Ca concentration of 0.07 mmol/L within 24 h
postcalving. Parity was an important associated factor
in these models, which is unsurprising, considering the
well-known association of hypocalcemia with increasing
age (Horst et al., 1997).

Our results indicate that behavioral measures, such
as relative change in daily and hourly daytime lying
time and activity compared with a baseline period be-
fore calving, the time of day the behavior is recorded,
and the magnitude of change within cow at calving,
may provide useful information for the early identifi-
cation of hypocalcemia. Whether these changes in be-
havior are caused by hypocalcemia or predispose cows
to develop hypocalcemia is not known (Proudfoot and
Huzzey, 2017). Understanding the drivers of the behav-
ioral changes identified in our study has the potential
to improve our understanding of cause-and-effect re-
lationships for transition cow disease and improve the
identification and prevention of hypocalcemia on-farm.
Future work should consider a prediction modeling or
machine-based learning approach to explore the poten-
tial to detect hypocalcemia and other transition cow
diseases in individual cows.

Differences in Metabolic Indices and Milk Production
Associated with Blood Ca Status

In our study, average milk yield for the first 7 wk of
lactation did not differ between blood Ca status groups
(Table 2); however, a tendency occurred (P = 0.06) for
a Ca status x week interaction (Figure 3). Further, no
associations were detected between Ca status and ECM,
CP yield, fat yield, milk fat%, or protein% (Table 2),
nor any Ca status x week interactions for ECM yield
and milk fat % (P = 0.67 and 0.84, respectively; Figure
4a) during wk 2 to 6 of lactation. A tendency for a
Ca status x week interaction for CP yield (P = 0.07)
was driven by temporal changes. A Ca status x week
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Table 5. Regression coefficient for change (A) in daily lying time (h/d) and change in daily number of
steps taken (steps/d) from a baseline period (d —14 to —7 precalving) until the day of calving (d 0) and
associations with blood calcium (mmol/L) within 24 h postcalving, adjusted for group, calving season day
(calvingseasonday), and parity

95% confidence limits

Blood Ca,' mmol/L (24 h postcalving) Estimate SE Lower Upper P-value

A Daily lying time model
Intercept 1.55 0.27 1.00 2.09 <0.001
Calvingseasonday” 0.005 0.005  —0.004 0.014 0.297
Parity 2-3° 0.35 0.13 0.08 0.62 0.012
Parity 4+ (reference group)® 0.00 — — — —
Linear (A daily lying time), h/d —0.08 0.03 —0.14 —0.02 0.006
Quadratic (A daily lying time), h/d —0.008 0.004 —0.016 0.0002 0.015
R’ 0.39

A Daily steps model
Intercept 1.50 0.28 0.94 2.06 <0.001
Calvingseasonday” 0.006 0.005  —0.004 0.015 0.237
Parity 2-3° 0.35 0.14 0.07 0.63 0.017
Parity 4+ (reference group)® 0.00 — — — —
A Daily steps per 1,000 units,” steps/d 0.07 0.03 0.40 (x10%) 0.13 0.038
R 0.36

'Estimates for study group are not included to avoid cluttering the table. In total, 12 groups were included in
the analysis to investigate associations after adjusting for study group (treatment within study differences).
*Calvingseasonday = difference between calving date and June 1, in days, within the herd.

*Parity 2-3 = cows approaching their second or third parity at the time of calving; parity 4+ = cows approach-
ing their fourth, fifth, sixth, or seventh parity at the time of calving. Parity 4+ is the reference group for parity
effects; P < 0.05; slope is different from reference group for classification variable.

‘Steps taken per 1,000-unit increase.

interaction was detectable for milk protein percentage from each other, but no further differences appeared
(P < 0.01), where the CLIN group had a greater (P < between the groups beyond 2 wk in milk (Figure 4b).
0.05) milk protein percentage at 2 wk in milk than did Body condition score and BW profiles describing pre-
the SUB and NORM groups, which were not different to postcalving periods are presented in Figures ba and

Table 6. Regression coefficient for change (A) in hourly daytime lying time (min/h) and change in hourly
daytime number of steps taken (steps/h, between 0600 and 1800 h) from a baseline period (d —14 to —7
precalving) until the day of calving (d 0) and associations with blood calcium (mmol/L) within 24 h postcalving,
adjusted for group, calving season day (calvingseasonday), and parity

95% confidence limits

Blood Ca,' mmol/L (24 h postcalving) Estimate SE Lower Upper P-value

A Hourly daytime lying model
Intercept 1.60 0.29 1.02 2.18 <0.001
Calvingseasonday® 0.006 0.005 —0.003 0.02 0.179
Parity 2-3° 0.38 0.13 0.12 0.64 0.005
Parity 4+ (reference group)?® 0.00 — — — —
A Hourly day lying time, min/h —0.02 0.006 —0.03 —0.006 0.003
R’ 0.41

A Hourly daytime steps model
Intercept 1.51 0.30 0.91 2.11 <0.001
Cadvingscasonday2 0.005 0.005 —0.005 0.02 0.306
Parity: 2-3* 0.38 0.14 0.10 0.66 0.008
Parity: 44 (reference group)® 0.00 — — — —
AzHourly daytime steps, steps/h 0.001 0.0005 0.18 (x10% 0.002 <0.05
R 0.35

'Estimates for study group are not included to avoid cluttering the table. In total, 12 groups were included in
the analysis to investigate associations after adjusting for study group (treatment within study differences).

*Calvingseasonday = difference between calving date and June 1, in days, within the herd.

Parity 2-3 = cows approaching their second or third parity at the time of calving; parity 4+ = cows approach-
ing their fourth, fifth, sixth, or seventh parity at the time of calving. Parity 4+ is the reference group for parity
effects; P < 0.05; slope is different from reference group for classification variable.
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Figure 3. Milk yield (kg/d) during the first 7 wk of lactation
for the 3 Ca groups. CLIN = clinical hypocalcemia (blood Ca < 1.4
mmol/L within 48 h postcalving); SUB = subclinical hypocalcemia
(blood Ca > 1.4 and < 2.0 mmol/L within 48 h postcalving); NORM
= normocalcemia (blood Ca > 2.0 mmol/L within 72 h postcalving).
Error bars represent 2 x mean SE of the difference.

b. We detected no associations with Ca status (Table
2), nor Ca status x week interactions (P = 0.23 and
0.98, respectively).

In our study, mean blood NEFA and BHB were not
different between the 3 Ca groups (P = 0.46 and 0.14,
respectively). A Ca status X period interaction was
detectable for blood NEFA concentrations (P < 0.05)
driven by temporal changes (Figure 6a); however, no
differences occurred between the 3 Ca groups within
each time period. Further, we detected no Ca status x
period association on blood BHB concentration (P =
0.16; Figure 6b). Greater blood NEFA concentrations
indicate that cows were in negative energy balance
commonly experienced during early lactation; however,
their blood BHB concentrations were well below the
>1.0 to 1.4 mmol/L thresholds typically used to indi-
cate hyperketonemia (Oetzel, 2004).

In the current study, no associations were detected
between hypocalcemia and milk production, metabolic
indices, BCS, and BW measures; however, cows within
each category were balanced according to genetic po-
tential for milk protein yield, BW on wk —5 to —6 pre-
calving, and parity to try to isolate any causal relation-
ship between blood Ca status and cow behavior (Jawor
et al., 2012). Our results, therefore, do not support a
causal link between peripartum blood Ca status and
milk production in non-paretic cows. Despite the lack
of association between hypocalcemia and metabolic
health in our study, cows with subclinical hypocalcemia
are more at risk of being removed from the herd or ex-
periencing another disease event (Chapinal et al., 2011;
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Figure 4. Milk fat (a, %) and protein (b, %) during wk 2 to 6 of
lactation for the 3 Ca groups. CLIN = clinical hypocalcemia (blood
Ca < 1.4 mmol/L within 48 h postcalving); SUB = subclinical hypo-
calcemia (blood Ca > 1.4 and < 2.0 mmol/L within 48 h postcalving);
NORM = normocalcemia (blood Ca > 2.0 mmol/L within 72 h post-
calving). Error bars represent 2 x mean SE of the difference.

McArt and Neves, 2020). Our data set was not large
enough to evaluate this association, but if true, easily
applied technology for identifying subclinically affected
cows could be used to help better manage cow health
and improve cow longevity, both important attributes
in cow welfare.

CONCLUSIONS

We have characterized the behavioral differences
before, at the time of, and after calving in groups of
grazing dairy cows categorized with varying degrees
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Figure 5. Mean BCS (a, 10-point scale, where 1 is emaciated and
10 is obese; Roche et al., 2004) and BW (b, kg) during the 6 wk pre-
and postcalving for the 3 Ca groups. CLIN = clinical hypocalcemia
(blood Ca < 1.4 mmol/L within 48 h postcalving); SUB = subclinical
hypocalcemia (blood Ca > 1.4 and < 2.0 mmol/L within 48 h post-
calving); NORM = normocalcemia (blood Ca > 2.0 mmol/L within
72 h postcalving). Error bars represent 2 x mean SE of the difference.

of hypocalcemia. Groups of cows experiencing clini-
cal hypocalcemia without paresis were less active on
the day of calving, spent more time lying, and had
more LB compared with groups of cows categorized
as subclinically hypocalcemic or normocalcemic. Cows
in the clinically hypocalcemic group also spent more
time lying down during hours of darkness on the day
before calving. Changes in behavior were short-lived, as
differences were no longer present by 2 d postcalving.
Behavioral changes also occurred before calving, where
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Figure 6. Blood nonesterified fatty acid (NEFA, a) and BHB (b)
concentrations (mmol/L) during d —14 to —1 precalving, d 0 to 2
postcalving, d 3 to 7 postcalving, and wk 2 to 4 postcalving for the 3
Ca groups. CLIN = clinical hypocalcemia (blood Ca < 1.4 mmol/L
within 48 h postcalving); SUB = subclinical hypocalcemia (blood Ca
> 1.4 and < 2.0 mmol/L within 48 h postcalving); NORM = normo-
calcemia (blood Ca > 2.0 mmol/L within 72 h postcalving). Error bars
represent 2 x mean SE of the difference.

relative change in steps taken from a 2-wk baseline
before calving had a positive linear association with
blood Ca concentration around the time of calving.
Our results indicate that hypocalcemic cows, on aver-
age, exhibit behavioral characteristics different than
normocalcemic cows, but further research is required
to determine whether these differences have predictive
potential at the individual cow level.
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