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The widespread adoption of advanced technology, like automatic milking systems in the United States, allows cows to establish individual milking, feeding, and resting schedules, setting them apart from others. However, it is unknown how cow parity affects cow behavior, stress, and system efficiency. We hypothesized primiparous (PR) cows would spend more time in and around the milking robot (AMS), receive greater agonistic interactions, and show elevated physiological stress behaviors compared to multiparous (MU) cows. The study aimed to evaluate the impact of cow parity on behavior and welfare near and inside the AMS. Twenty-four lactating-Holstein dairy cows [12 primiparous (3.0 ± 0.2 yr) and 12 multiparous (6.1 ± 1.9 yr)] housed in the same pen at a guided traffic AMS facility were marked and observed for 6-consecutive days (91 to 102 of lactation). Study cows were identified by specific colored-paint markings, their milk yield and visits, their behavior, Heart Rate-Variability (HRV), and activity were recorded inside the commitment pen (CP) and the AMS. Statistical calculations were performed using JMP Pro 16.1.0, and P ≤ 0.05 was considered significant. Multiparous cows produced more daily milk yield than PP cows (47.30 Vs 33.79 kg), while parity showed no effect on daily milking frequency or milk yield per visit. Primiparous cows spent significantly more time inside the CP than MP cows (68.87 vs 24.38 m), while MP cows approached the AMS entry more often than the PR cows (4.83 vs 2.03), MU cows displaced other cows more inside the CP than PR cows (6.90 vs 2.59). PR cows showed lower HRV (RMSSD: 9.23 vs 17.58 ms) and (SDRR: 19.58 vs 33.64 ms) values than MU cows, whereas MU cows showed a lower Low-Frequency to High-Frequency Ratio (4.39 vs 8.65) than PR cows inside the CP. MU cows spent more time (m) lying (698.06), particularly at night (396.57), than PP cows (556.96, 286.68), while MP cows exhibited more prolonged total lying bouts than PP cows (93.06 vs 71.32 m). Overall, cow parity influenced behavior, activity, and stress indicators of primiparous more than multiparous cows and impacted the overall efficiency and success of the AMS
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Introduction

In recent years, the dairy industry has experienced an increase in the implementation of automated technologies (Cogato et al., 2021). Automatic milking systems (AMS) are one of the most significant technological advances in the current dairy industry. AMS relies on cows voluntarily entering the milking stalls as individuals apart from the herd without the guidance of farm staff (Salfer et al., 2018). As a result, it is critical to understand the interactions between cows and their environment that influence behavior and movement through the AMS facility to achieve system success (Jacobs et al., 2012: Siewert et al., 2019). Motivation to enter the milking stall and negative social interactions can hinder cow welfare and the efficiency of AMS farms (Jacobs and Siegford, 2012). Negative interactions in AMS facilities can increase standing time, decrease lying time, decrease rumination rate, and increase agonistic behaviors (Fadul-Pacheco et al., 2021), thus potentially causing milk production complications resulting from competition for food, lying space, and access to AMS milking robots (Bøe and Færevik, 2003; von Keyserlingk et al., 2008; Fadul-Pacheco et al., 2021).

Facility design dictates cow traffic throughout the AMS facility and can influence cows’ daily milking visits, resting, and feeding schedules (Jacobs and Siegford, 2012). Some researchers have identified the importance of waiting areas outside AMS stalls to reduce social competition to enter the milking system (Hermans et al., 2003; Melin et al., 2006; Rodenburg and House, 2007; Jacobs et al., 2012). Commitment pens (CP) are gated areas in front of milking stalls designed for cows to wait to enter the milking stalls on their own accord but cannot leave until milking is complete (Jacobs et al., 2012; Rodenburg, 2017).

Farmers with AMS have expressed that parity has an impact on AMS efficiency (Siewert et al., 2019). Research has shown differences in trends between primiparous and multiparous cows across different traffic flow systems, which subsequently impact milk production. For example, in guided-flow systems, primiparous cows yielded less milk compared to their multiparous counterparts (Spolders et al., 2004; Siewert et al., 2019). Cow parity can also influence the expression of agonistic behaviors, like displacement, blocking, and hesitation, causing stress prior to entering the milking robots (Jacobs et al., 2012; Lobeck-Luchterhand et al., 2014). Based on these findings, behaviors expressed inside the CP may differ across parity, potentially impacting long-term behavior, welfare, and milk production.

Thus, the objective of this study was to evaluate the impact of cow parity on behavior and welfare near and inside the AMS. We hypothesized primiparous (PR) cows would spend more time in and around the AMS, receive greater agonistic interactions, and show elevated stress behaviors compared to multiparous (MU) cows around and inside the AMS in a guided traffic barn.





Materials and methods

Prior to the start of the study, all protocols were submitted to and approved by the Clemson University Institutional Animal Care and Use Committee (AUP#2021-0064).




Animals, housing, and AMS

Twenty-four lactating Holstein dairy cows were selected for the current study from a larger herd (120 lactating dairy cows) housed in the LaMaster Dairy Farm AMS facility at Clemson, SC, USA. Cows were enrolled in the study when they reached day 97 of lactation and continued for 6 consecutive days until day 102 of lactation. Cows were divided into 2 groups (n = 12/group) balanced for the stage in lactation, with each group having access to two AMSs. Group A consisted of 12 primiparous (PR) cows (mean age 3.0 ± 0.2 yr), and group B contained 12 multiparous (MU) cows (mean age 6.1 ± 1.9 yr and parity 4.1 ± 1.9). The cows were selected based on the expectation that they would be lactating for the full duration of the trial, and were allowed 6 milking permissions per day.

The AMS entrance and exit gate design for cow traffic flow was the same between the groups. Both AMS were left-handed milking robots, forcing clockwise cow traffic. The Holding area (HA) had an automatic selection gate that enabled access to the CP of the AMS. Gates only opened to a commitment pen (CP) if cows were granted permission based on their last milking time, and exit gates only opened toward the feed alley if the milking was complete. There were two selection gates, one granting access to the holding area (the area next to the CP) and one for exiting the CP post milking. All gates and alleys were of equal lengths for both groups.

The AMS (Delaval VMS V300), feeding alley, stall layouts, and management practices were identical for both groups. The AMS was operational 24/7 except for the extent of 3 20-minute robot cleaning cycles (0400, 1230, and 2000 h). Feeding of a PMR occurred twice daily (0730 and 1530 h) and diet feed and chemical composition and feeding schedule were identical for both groups. Cows were offered a concentrate pellet during the milking process; the amount of concentrate was dependent upon the individual projected milk yield. Footbaths were present in the CP exit alley containing a 5% copper sulfate solution.





Experimental procedure

Six Wyze Cam v3 cameras (Wyze labs, Inc, Seattle, USA) recorded behavior for each group 24 h/d for 6 consecutive days. Cameras were focused on the CP in front of the AMS, CP entry gate, the AMS itself, and the AMS exit and entrance gates. Focal cows were identified on video by specific colored paint markings using livestock paint (LA-CO Industries, Inc, IL, USA) across their back. Parity was identified by colored livestock paint down the spine from the shoulder to the tail head. Primiparous cows were marked with red livestock spray paint, and multiparous cows were marked with blue livestock paint. Focal cows were equipped with a Polar H10 heart rate sensor (Polar Electro Europe BV, Fleurier, Switzerland), a data transmission watch, and a triaxial accelerometer (Onset HOBO PendantG acceleration data loggers) to record Heart Rate Variability HRV (Hopster and Blokhuis, 1994) and activity data (Wolfger et al., 2015). The number of daily milking visits, total milk per visit, and daily milk yield (kg) were recorded for each of the focal cows.




Cow behavior

Individual cows were identified on video by the specific paint-colored markings and cow behavior within the commitment pen, and AMS was recorded.

In the Commitment pen, the time taken for focal cows to enter the CP from the holding area (i.e., Entry duration; duration of time from the start of selection gate opening to the time of gate closing behind the focal cow) was recorded for each milking visit. Behavioral observations were recorded throughout the duration of time spent inside the CP before entering the milking robot. The observation began after the entry selection gate closed behind the cow, and the time of entry was recorded. All behaviors (i.e., exploration, displacement, idling, tail swishing, etc.) were recorded for each cow, and the quantity and duration of each behavior was noted. The number of displacement events inside the CP was recorded for focal cows. Displacement is defined as an interaction between 2 cows when 1 cow initiates physical contact (actor), causing another cow (reactor) to back out or leave the AMS entry alley, therefore, losing their place in line to get milked (Witaifi et al., 2018). Once cows entered the milking robot, the total time inside the CP was recorded. All behaviors observed and recorded are described in an ethogram of CP behaviors (Table 1.1).


Table 1.1 | Ethogram of behaviors observed in AMS commitment pen.



In the AMS, cameras were located outside each milking stall, focused on the cow’s hindlegs. Behavioral observations while inside the milking stall (i.e., stepping, kicking, hoof lifting, idling, etc.) were recorded for focal cows. The duration of each successful milking event, frequency of each behavior, and total milk yield per visit were recorded. Durations of each event were summed to create the total duration for each event type for each 24-h period for 6d. The time taken for the cow to exit the AMS milking stall [i.e., duration of time from the start of AMS exit gate opening to the time of exit gate closing behind the focal cow (Jacobs and Siegford, 2012)] was also recorded. All behaviors observed and recorded are described in an ethogram of AMS behaviors (Table 1.2).


Table 1.2 | Ethogram of behaviors observed in AMS milking robot.







Heart rate variability

A Polar heart rate monitor was used for recording heart rate (HR) and HRV parameters. The monitor consisted of an electrode chest belt with a built-in Polar H10 HR sensor secured around the thorax of focal cows. The belt was fixed with the HR sensor located proximal to the elbow on the left side of the body. Electrodes were moistened with a non-spermicidal, multi-purpose lubricant to augment contact between electrode and skin to increase conductivity and enhance data transmission of the device. A wristwatch receiver was linked to individual HR sensors and attached to the cow’s collar. Belts and watches were fixed on focal cows 12 hours prior to observations to allow for habituation. HRV data collection started at 0000 h on the second day and through the 6th day of observation.

The HRV monitor recorded changes in electrical potential to detect maximum, minimum, and average HR, and beat-to-beat (RR) intervals. Data were transmitted from HR sensor transmitter to wristwatch receivers that received and sorted the data. This data were downloaded onto a personal computer via a polar interface (Polar ProTrainer Equine edition) for statistical analysis. Kubios HRV software, version 2.2 (Biomedical Signal Analysis Group, Department of Applied Physics, University of Kuopio, Finland, 2014), was used to analyze HRV data. Data were detrended to remove long-term trend components, and artifact correction was made following procedures established by Schmidt et al. (2010). The most informative time and frequency domain measures were obtained for the analysis of HRV in the current study.

HR measured in beats per minute (BPM) represents the average heart rate per minute throughout the recorded time period. Heart rate variability is defined as irregular time intervals between successive heart beats (Moss, 1995). The variation between heart beats is a result of rhythmic oscillation of the components that regulates cardiac activity. Akselrod (1995) and Cerutti et al. (1995) reported the function of rhythmic oscillation is to maintain cardiovascular homeostasis within a defined range and coordinate responses to challenges. HRV describes the antagonistic influences of both the sympathetic and vagal branches of the Autonomic Nervous System (ANS) on the sinus node of the heart. In the current study, HRV variables, such as the root mean square of successive beat-to-beat intervals (RMSSD) and the standard deviation of the beat-to-beat interval (SDRR), were calculated by determining the difference between consecutive inter-beat intervals before squaring and summing them, and these values were averaged, and square root was obtained (Von Borell et al., 2007; Ali et al., 2017). Therefore, a decrease in HRV values indicates a shift toward sympathetic dominance, indicating a stress response, whereas increased HRV values indicate parasympathetic dominance or a resting state (Mestivier et al., 1997).

Moreover, HRV data were also analyzed using the autoregressive model of power spectral analysis (as described by Bernasconi et al., 1998), estimating the spectral distribution of intervals between heartbeats. Generally, there are two major peaks: the first one is the low frequency (LF) component attributed to the sympathetic activity, and the other one is known as the high frequency (HF) component that reflects the vagal activity (Pagani et al., 1986; Akselrod, 1995; Bernasconi et al., 1998). Therefore, the LF/HF ratio resembles the sympathovagal balance (SVB) (Pagani et al., 1986; Akselrod, 1995; Bernasconi et al., 1998). In the current study, HR and HRV data were labeled and averaged for each cow based on location (inside AMS and inside the CP).





Activity data

An acceleration data logger (Onset HOBO PendantG acceleration data loggers, Onset Computer Corporation, Bourne, MA) was firmly attached to the HRV chest belt on the right dorsal side near the withers to prevent changes in logger orientation. Activity data were recorded starting at 2400 h on 1d of observation through the 6d of observation. The loggers were attached at the same time as the HRV chest belts were fixed on the focal cows. The accelerators were oriented so that the Y-axis captured sideways movement, the X-axis captured forward and the backward movement, and Z-axis captured vertical movement. Various daily activity variables were recorded and split by daytime hours (0630-1830 h), nighttime hours (1831-0629 h), and total activity/day. We documented cow lying time (min), lying frequency, duration of lying bouts (min), idle time (min), and acceleration activity (g) for each cow.

The raw accelerometer data, consisting of the date, time, and the related impulse in the X, Y, and Z dimensions, were downloaded from the devices (HOBOware Graphing & Analysis Software, Bourne, MA) at the end of each 6-day observation period. Data on cows’ vertical (az: dorsoventral movement across vertical levels), horizontal (ax: craniocaudal movement within the same vertical level), and lateral movement (ay: mediolateral movement within the same vertical level), during light hours were obtained directly from loggers. Cows’ total-triaxial activity (As) was calculated by summing and averaging raw movement data using the following formula.

	

Acceleration data were post-processed using MATLAB (MATLAB and Statistics Toolbox Release 2012, The MathWorks, Inc., Natick, MA). To accurately calculate lying time (min), lying frequency, duration of lying bouts (min), idle time (min); the data (az: dorsoventral movement across vertical levels) from the observational period were smoothed from noisy components by removing all minor acceleration fluctuations using a loop function. Data smoothing included passing of the raw acceleration values (Aj) through an asymmetrical 3 point-moving average low-pass filter (i = the middle point in the 3 point-moving average low pass filter) and through a step function to define thresholds used to remove minor fluctuations (t = threshold values of minor fluctuations, i.e., between 0.001 and 0.043 g). After processing the data, lying events were recognized by detecting massive shifts in acceleration in the z-axis of activity. In order to precisely detect acceleration shifts due to lying and define thresholds for minor fluctuations in the z axis, timestamped videos of cows while lying were obtained and compared with the corresponding activity data. Using this approach enabled us to define shifts in z axis acceleration caused by lying down, and remaining non-lying fluctuations were used to define threshold levels for data smoothing as shown in the following equations.

	






Statistics

All statistical calculations for milk yield, AMS behavior, CP behavior, and cow activity and HRV were preformed using JMP Pro 16.1.0, and P ≤ 0.05 was considered evidence of statistical significance. Evaluation of data with a Shapiro-Wilk’s test (P>0.05) and a visual inspection of histograms revealed that data from all measurements were normally distributed. To describe the influence of parity on the response variables of interest (milk production, AMS behaviors, CP behaviors, HRV, and activity) during the six days of observations, general linear mixed models were developed that related the response variables (i.e., daily milk yield, idle, laying time, etc.), to the fixed effect of parity and the random effects of day of observation and individual cow. If parity was found to have significant effects on the response variables, the nature of the effects was further studied using T-tests (i.e., Fisher’s Protected Least Significant Difference Test). Since more than one observer contributed to data collection, inter-observer reliability with the primary observer was calculated using Cohen’s kappa Agreement coefficient (K), following Landis and Koch (1977). A power analysis was executed, employing CP time as a determinant factor to identify a medium effect size (Cohen’s d = 0.5) with a two-tailed alpha level set at 0.05 and a desired power of 0.80. The analysis revealed that to attain adequate statistical power for the variable of interest in our study, a minimum sample size of 10 cows would be necessary. In anticipation of potential attrition or data loss, we opted to enlist 12 cows for each group, thereby ensuring that our study maintains a robust sample size capable of detecting meaningful effects. Inter-observer reliability was measured during the observer-training period before data collection occurred when trainees simultaneously observed the same videos. Inter-observer agreement was considered good [Kappa = 0.96 (P< 0.001), CI (0.90, 0.99)].






Results




Milking production and frequency

Multiparous cows produced more daily milk yield than PP cows (P = 0.021), while parity showed no effect on daily milking frequency or milk yield per visit (Table 2).


Table 2 | Comparison of primiparous and multiparous daily milk robot visits and milk yield.






Commitment pen behavior

Primiparous cows spent significantly more time inside the CP than MP cows (P = 0.001; Table 3), while MP cows approached the AMS milking robot more often than the PP cows (P = 0.030). Tail-swishing was observed more frequently in MP cows than PP cows (P = 0.040), while PP cows idled more inside AMS and CP than MP cows (P = 0.001). MP cows displaced other cows (Displacement-actor; DP-A) more inside the CP than PP cows (P = 0.032; Table 3). However, parity did not significantly influence CP entry duration or exploratory behaviors.


Table 3 | Comparison of primiparous and multiparous cow behavior inside AMS commitment pen.







AMS behavior

Multiparous cows spent more time inside the milking robot (P = 0.023; Table 4) and stepped more often during the milking process (P = 0.013) than PP cows. On the contrary, PP cows took significantly more time to leave the milking stall after milking than MP cows (P = 0.002). However, parity did not show a significant influence on kick frequency or idle time inside the AMS milking robot (Table 4).


Table 4 | Comparison of primiparous and multiparous cow behavior inside AMS milking robot.







Heart rate variability




Commitment pen HRV

PP cows showed lower RMSSD (P = 0.023) and SDRR (P = 0.012; Table 5) values than MP cows, whereas MP cows showed a lower LF/HF ratio than PP cows inside the CP (P = 0.003). However, there was no significant difference in heart rate between PP and MP inside the CP (Table 5).


Table 5 | Comparison of primiparous and multiparous cow HR and HRV parameters in the AMS commitment pen.







AMS milking robot HRV

Table 6 showed that PP cows had lower RMSSD (P = 0.025) and SDRR (P = 0.019) values inside the AMS milking robot than MP cows. Parity also significantly influenced the LF/HF ratio, as PP cows had higher LF/HF ratios than MP cows (P = 0.018). However, parity did not impact HR values in cows inside the AMS milking robot (Table 6).


Table 6 | Comparison of primiparous and multiparous cow HR and HRV parameters in the AMS milking robot.








Activity data




Lying time, frequency, and bout duration

Parity had a significant impact on total and nighttime lying time (Table 7.1), as MP cows spent more time lying (P = 0.003), particularly at night (P = 0.030) than PP cows. However, parity had no impact on lying time during daytime hours. PP cows laid down more frequently in total (P = 0.020) and during daytime hours (P = 0.040) than MP cows (Table 7.2). However, there was no parity impact on nighttime lying frequency (Table 7.2). MP cows exhibited longer lying bouts than PP cows (P = 0.010). However, parity showed no influence on the duration of lying bouts during daytime or nighttime (Table 7.3).


Table 7.1 | Comparison of primiparous and multiparous cow lying time (min).




Table 7.2 | Comparison of primiparous and multiparous cow lying frequency.




Table 7.3 | Comparison of primiparous and multiparous cow lying bouts duration (min).







Idle time and acceleration

Parity significantly affected total and daytime idle time. PP cows were observed idling for longer durations than MP cows in both totals (P = 0.021) and daytime hours (P = 0.032; Table 8.1); however, no differences were recorded during the nighttime period. PP cows exhibited greater total (P = 0.031) and daytime (P = 0.041) acceleration activity than MP cows (Table 8.2). However, parity had no significant effect on cow nighttime acceleration activity.


Table 8.1 | Comparison of primiparous and multiparous cow idle time (min).




Table 8.2 | Comparison of primiparous and multiparous cow acceleration activity (g).










Discussion

The potential for increased milk production exists when using Automatic Milking Systems (AMS) compared to traditional parlor systems that milk cows twice daily (De Koning et al., 2002; Rotz et al., 2003; Wade et al., 2004). The number of milking events per cow in an AMS can vary, depending on the cow’s parity and, subsequently, its set milking intervals, motivation to access the milking stall, cow traffic, and the frequency of fetching overdue cows by farm staff. Efficient operation of the AMS is crucial to ensure that each cow achieves its designated number of daily milking events, maximizing milk production. It is important to consider cow’s parity, welfare, and behavioral needs, as factors that result in cows spending more time in or near the AMS may reduce their time at the feed bunk or lying in stalls (Uetake et al., 1997). Therefore, the aim of this study was to assess how cow parity affects behavior and welfare in the vicinity and within the Automatic Milking System.




Milk production and frequency

It is well established that cows higher in parity produce more milk than cows of lower parity, but this can vary based on many factors, including but not limited to; facility traffic flow, type of milking system, and feed provided (Beauchemin and Rode, 1994; Deming et al., 2013; Neave et al., 2017; Siewert et al., 2019). In the current study, parity influenced daily milk yield, as MP cows produced more milk than PP cows during the observation period. Adrien et al. (2012) reported that total milk production at 60 DIM was greater in multiparous cows than primiparous cows. Siewert et al. (2019) also found that multiparous cows produced greater daily milk yield than primiparous cows within a similar DIM range (89-118 DIM) to the current study.





Cow behavior inside commitment pen

The current study showed that parity significantly impacted time spent inside the CP, AMS approach attempts, tail swishing, idle time, and displacement behavior. PP cows spent greater durations inside the CP prior to milking, and PP also stood idle significantly longer than MP cows in the CP. This is consistent with Solano et al. (2022), who reported that PP cows spent longer waiting times than MP cows before entering the milking stalls in early and mid-lactation and attributed these findings to the mixed grouping of PP and MP cows inside the CP, competing for AMS entry.

Similarly, Dijkstra et al. (2012) stated that submissive cows, like first lactation cows, are forced to spend greater time waiting to milk due to the dominant structure dairy cows have been known to express. Another study reported that lower-ranking cows generally had to wait longer in the CP than dominant cows before accessing the AMS (Halachmi, 2009). Primiparous cows are lower in social ranking than MP cows, which prevents them from entering the milking robot as quickly as other cows inside the CP. This is likely a stressful situation for PP cows as they are unable to feed, drink, or lie down in this area (Dijkstra et al., 2012; Norring et al., 2012). The lack of locomotion activity permitted in the restricted space of CPs accounts for our findings of longer idle times in PP cows inside the CP than MP cows. However, no previous research has investigated the influence of parity on cow idle time, specifically inside the CP. However, some studies have observed an effect of parity on idle time within other areas of the barn. Gomez and Cook (2010) reported reduced idle time in PP cows within free stalls, possibly related to social competition and increased feeding time. Thus, the influence of parity on idle time cows inside the CP waiting to milk should be further investigated in the future as it can influence daily feeding and resting activity and negatively impact milk production.

Parity also significantly influenced the number of AMS approach attempts, tail swishing, and displacement behavior in MP more than PP cows in the CP. The number of times the cows approached the AMS milking robot was recorded while confined in the CP, waiting to access the milking robot. This behavior was evaluated to assess the cow’s motivation to enter the milking robot. MP cows made more AMS approach attempts and entered through the gates faster than PP cows in this study, suggesting MP cows were more motivated to milk. If cows are highly motivated to approach the AMS, waiting times inside the CP could be reduced, thus preventing prolonged stress (Dijkstra et al., 2012; Norring et al., 2012) and potentially increasing milk production. However, various social interactions can also interfere with cow motivation to approach AMS milking stalls, like head-butting and displacement agonistic behaviors.

Time spent inside the CP can be influenced by factors like competition to enter milking stalls, leading to agonistic behaviors. Halachmi (2009) reported dominant cows would not wait in the pre-established milking queue, instead would displace lower-ranking cows until they reached the head of the line to milk. However, most research investigating parity influence on agonistic behavior has focused on displacement in feed bunk or free stall areas. Val-Laillet et al. (2009) reported restricted feed space resulted in significantly greater DP-A behavior in MP cows. Whereas Westin et al. (2016) discussed how social competition could also impact lying behavior, with lower-ranking cows receiving more displacements from lying stalls. Primiparous cows are typically socially inferior to MP dairy cows due to being smaller in size, younger, and unfamiliar with preestablished social groups in the facility (Nogues et al., 2020; Fadul-Pacheco et al., 2021). Thus, these reports support the current findings of MP cows displaying greater DP-A behavior in the AMS CP. The area outside AMS robots can cause substantial social competition as cows are competing to enter the milking stalls. Similarly, in the current study, we hypothesized to see MP cows displace lower-ranking cows, like PP cows, more frequently in the CP. This behavior was attributed to the higher dominance status of MP cows and their better familiarity with the milking process in the AMS robots.

Tail swishing is a natural cow behavior performed in situations that irritate the cows (Weary et al., 2011). In the current study, we observed tail swishing inside the CP as a sign of annoyance or irritation to other cows inside the CP while waiting to enter the milking stalls. However, previous research generally evaluated tail swishing as an annoyance to flies (Wehrend et al., 2006; Weary et al., 2011; Perttu et al., 2020). We found MP cows tail-swished more frequently than PP cows inside the CP, thus, suggesting MP cows were more irritated while waiting or competing to enter milking stalls. Although there is no previous research with similar findings as the current study, other studies have found increased tail-swishing could be a sign of cow agitation or a response to fear, stress, or painful stimuli (Eicher and Dailey, 2002; Willson et al., 2021).





Cow behavior inside milking robot

MP cows were observed stepping more frequently and spending greater time milking inside AMS milking stalls than PP cows in the current study. We also found PP cows took significantly longer to exit the milking stalls post-milking than MP cows. Castro et al. (2012) reported the average time spent in the AMS was approximately 7 min per cow. Similar to current findings, Sitkowska et al. (2016) found MP cows spent greater time (383 s) than PP cows (361 s) in the milking robot. They also reported the average milking time accounted for 70% of MP cows and 66% PP cows (Sitkowska et al., 2016). Considering MP cows typically produce higher milk yield per visit than PP cows (Johnson et al., 2003), we would expect longer AMS times in MP cows (Kliś et al., 2021). We also observed greater stepping frequency in MP cows in the present study, which agrees with Gygax et al. (2008), who reported cows stepping in the AMS >95% of all milking events, and that the stepping rate increased in cows of higher parity. Although the milking process can be stressful, stepping behavior is considered a minor stress response in cows (Lupoli et al., 2001; Gygax et al., 2008), indicating that MP cows were more stressed than PP while milking in AMS. In the present study, PP cows took significantly longer to exit the milking robot than MP cows once the milking process was complete. This could be due to a multitude of reasons, including crowding at AMS exit gate, desire to receive more feed concentrate, or lack of understanding when milking in the novel AMS environment. While little research has been conducted investigating the effect of parity on AMS exit duration, Jacobs and Siegford (2012) reported cows were more likely to hesitate when other cows were near the exit gate. Conversely, Jacobs et al. (2012) found parity did not influence exit hesitation in their study. However, investigating possible influences of factors such as parity on AMS exit duration would be beneficial as occupying AMS for longer durations creates longer waiting times for other cows and can hinder maximum milk production, system efficiency, and cow welfare (Rodenburg, 2013).





Heart rate variability in commitment pen

The findings of the present study suggest that PP cows were more stressed while waiting to be milked in the CP. PP cows exhibited lower RMSSD and SDRR values and higher LF/HF ratios than MP cows. RMSSD accounts for short-term, high-frequency components of HRV, strongly reflects the vagal tone, and is highly correlated to LF/HF ratio (Kleiger et al., 1992; Hagen et al., 2005; Gygax et al., 2008). Lower RMSSD values indicate increased cow stress levels (Hagen et al., 2005; Von Borell et al., 2007; Buck et al., 2013). Although previous research has not investigated HRV parameters while cows were explicitly waiting in the CP, other studies have reported similar parity effects on HRV values. Kovács et al. (2013) reported that MP cows showed lower levels of stress than PP cows. Another study reported that SDRR tends to be lower in PP cows than in MP cows in all behavioral patterns (Buck et al., 2013). Such a lower HRV in PP cows suggests that these cows might not have enough training time or sufficient experience milking in AMS, resulting in greater stress responses while waiting in AMS CPs (Szentléleki et al., 2015). Although previous studies reported significant differences in HRV parameters when cows wait to milk and inside the AMS, for instance, Jurkovich et al. (2017) reported a higher sympathetic tone during periods before milking in AMS, suggesting cows were more stressed.





Heart rate variability inside milking robot

Parity significantly impacted multiple cow HRV parameters while milking in AMS. The current study found PP cows had lower RMSSD and SDRR values and higher LF/HF ratios, which suggests that PP cows were more stressed than MP cows inside the AMS. This is consistent with other research findings of PP cows being more susceptible to AMS technology than MP cows. For instance, Kovács et al. (2013) reported MP cows had higher SDRR values than PP cows, thus suggesting PP cows were more stressed while milking in AMS. Whereas Hagen and colleagues (2005) found the only factor that influenced HRV parameters while milking was cow body weight, thus, suggesting PP and MP cows would likely differ in stress during the milking process solely due to MP cows being larger in size. Moreover, mechanisms that cause such physiological stress should be further examined to control for cow-level effects of stress when milking in AMS (Frei et al., 2022).





Lying time, frequency, and bout duration

Increased cow daily lying time is often associated with parity and stage in lactation (Vasseur et al., 2012; Westin et al., 2016). Westin et al. (2016) reported higher parity cows spent 0.5 h/d more lying time than PP cows. Norring and colleagues (2012) also found that daily lying time increased with cow age and parity. However, other researchers reported a weak correlation between parity and daily lying time (Charlton et al., 2016). Our results partially agree with the previous research findings, as MP cows spent more time lying down in total, particularly during nighttime hours (1831 – 0629h), than PP cows. A possible explanation could be that cows in AMS farms spend considerable amounts of time waiting in the CP to milk, thus, limiting the available time to lay down, especially for PP or lower-ranking cows (Melin et al., 2006; Halachmi, 2009; Westin et al., 2016). Moreover, MP cows in the current study spent less time waiting to enter the milking stalls, which may allow them more time to rest longer than PP cows.

In the present study, PP cows performed higher daily and daytime lying frequencies than MP cows. Charlton et al. (2016) reported moderate correlations between parity and lying bout frequency, and Westin et al. (2016) found lying frequency was influenced by parity with higher frequencies in younger cows. Other researchers also observed a complex interaction between parity and lying bouts, where PP cows performed higher lying bout frequencies than older cows (Vasseur et al., 2012). It is plausible PP cows laid down more frequently than MP cows because of a lack of understanding of AMS procedures, as PP cows are fetched to milk more regularly than MP cows (Gednalske, 2021).

MP cows in the current study showed longer daily lying bouts than PP cows, which agrees with previous research. Charlton and colleagues (2016) also found a moderate correlation between parity and mean lying bout duration. Similarly, Vasseur et al. (2012) reported cow parity being moderately positively correlated with mean lying bout duration. At the same time, other researchers observed no effect of parity on daily lying bouts (Hart et al., 2013). Nonetheless, shorter and more frequent lying bouts may indicate increased cow discomfort (Bell et al., 2009; Dippel et al., 2009; Charlton et al., 2016).





Idle time and acceleration activity

Inactive standing or idle time was considered when cows were resting or standing without engaging in any other activity or interaction (Hagen et al., 2005). The majority of previous research investigating inactive standing was conducted in terms of feeding space/activity or stall flooring type effect on cow idle time. For instance, DeVries and Von Keyserlingk (2006) found feeding competition had no influence on PP cow standing time, and Rushen et al. (2007) reported cows standing idle longer in facilities with concrete flooring. No research has found a parity effect on daily idle time. However, in the present study, we found a parity influence on daily and daytime inactive standing, as PP cows spent greater time standing idle than MP cows. The elevated idle times reported in PP cows might suggest overcrowding or social competition in the AMS CP, as primiparous cows are typically lower ranking than MP cows (Olofsson, 1999; DeVries et al., 2004; Huzzey et al., 2006; Proudfoot et al., 2009).

While acceleration activity has yet to be extensively evaluated in dairy cows in AMS farms, one study found acceleration (g) activity varied greatly among individual cows (Yin et al., 2013). The accelerometers used in this study recorded three-dimensional movement used to monitor cow behavior within the AMS facility remotely. In the current study, we found PP cows showed greater daily and daytime acceleration (g) activity than MP cows. No previous research has investigated the impact of parity on cow acceleration. However, activity data are consistent with the reported lying and idling durations from the present study, indicating that PP cows were more active and performed more locomotory behaviors than MU. These findings could be attributed to the fact that primiparous cows are smaller in size and produce less milk than MP cows (Beauchemin and Rode, 1994; Neave et al., 2017), and spend less time milking (Castro et al., 2012), lying (Lobeck-Luchterhand et al., 2014), and standing (Gomez and Cook, 2010), enabling them to perform more activity throughout the day.






Conclusion

In the current study, primiparous cows spent more time idling in the commitment pen, waiting to enter the milking robot, unlike multiparous cows, while the latter performed more displacement agonistic behaviors and attempted to approach the milking robot gate more frequently. Moreover, primiparous cows showed increased HRV-related stress levels in the commitment pen and milking robot than multiparous cows, spent less total time lying, and performed more frequent and shorter lying bouts compared to the multiparous cows. Overall, findings from the current study suggest that cow parity influenced behavior, activity, and stress indicators of primiparous more than multiparous cows and impacted the overall efficiency and success of the AMS. However, it was also noted that multiparous cows exhibited greater stepping than primiparous cows inside the milking robots which indicates higher levels of stress. Separate grouping or advanced training of primiparous cows may be possible interventions to lessen the social competition when milking and reduce possible impacts on their behavior and welfare. However, it should be noted that only one experimental herd and a single barn design were included in the current study, thus, providing a very specific description of events. In the future, the inclusion of numerous experimental herds and differing group sizes may help lead the industry to an ideal solution to promote optimum group mixing and cow behavior within the AMS. Since this study was part of a more significant trial running on the farm, cows were assigned for testing on 97 DIM; further investigation is still needed to test the influence of parity on cow behavior in AMS in different stages of the lactation cycle.
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Behavi

Stepping

Hoof lifting

Kicking

Idling

Description

Shifting weight from one hind foot to the
other, lifting the hoof less than 4 in

Lifting one hind hoof more than 4 in

Quick movement, often directed at teat-cups or
AMS robot arm

Cow standing idle, not performing any of
behaviors listed in the ethogram

Citation

Gygax
et al., 2008

Gygax
et al,, 2008

Gygax

et al,, 2008

Fogsgaard

etal, 2012
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Variable Primiparous Multiparous

Total 556.95 + 12.51 698.06 + 16.38 0.003
(310.2, 741.5) (44.6, 948.0)

Day 270.89 + 6.64 302.29 +9.56 0.090
(126.4, 365.9) (121.3, 403.1)

Night 286.68 + 5.84 396.57 £ 10.53 0.030
(211.6, 374.0) (206.6, 576.3)

Parity: Primiparous (Cows in 1 lactation), Multiparous (Cows in >2" Jactation).
Data are presented as means + SEM (min, max).
P-values <0.05 are considered significant.
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OEBPS/Images/table6.jpg
Parameter parous us P-value
HR (beat/min) 86.26 + 1.14 80.69 + 1.06 0.296
RMSSD* (ms) 6.58 +0.43 15.63 + 051 0.025
SDRR" (ms) 13.58 + 0.91 27.85 + 1.10 0.019
LF/HF® 9.88 +0.16 658 +0.12 0.018

Data are presented as means + SEM. P-values <0.05 are considered significant.
Parity: Primiparous (Cows in 1°* lactation), Multiparous (Cows in 22" Jactation).
*RMSSD: Root mean square of successive beat-to-beat differences.

“SDRR: Standard deviation of beat-to-beat intervals.

LF/HF: Low Frequency/High Frequency ratio, resembles sympathovagal balance (SVB).
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Variable Primiparous Multiparous

Milk 249 £ 0.07 2.79 £0.07 0.093
visit frequency (1.0, 3.0) (1.0, 6.0)

Milk yield/ 14.20 £ 0.40 17.57 £ 0.33 0.366
visit (kg) (6.76, 21.42) (12.82, 22.41)

Milk yield/ 33.79 £ 0.86 47.30 £ 0.76 0.021
day (kg) (19.74, 45.99) (32.49, 57.22)

Parity: Primiparous (Cows in 1** lactation), Multiparous (Cows in >2™ Jactation).
Data are presented as means + SEM (min, max).
P-values <0.05 are considered significant.
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Variable parous parous  P-value
Total 1.62 + 0.03 111 £0.02 0.031
Day 0.97 £ 0.02 0.64 £ 0.02 0.041
Night 0.41 £ 0.02 032 £0.02 0532

Parity: Primiparous (Cows in 1% lactation), Multiparous (Cows in >2™ Jactation).
Data are presented as means + SEM.
P-values <0.05 are considered significant.
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Variable Primiparous Multiparous P=

value

AMS time (m) 6.66 + 0.22 9.03 £0.21 0.023
(4.1,93) (6.0, 12.6)

Stepping 7.28 + 0.55 10.53 + 0.68 0.013
frequency (2.0, 18.0) (3.0, 20.0)

Kicking 0.26 £ 0.05 0.50 + 0.12 0.055
frequency (0.0, 2.0) (0.0, 4.0)

Idle time (m) 4.08 +0.21 3.15 £ 0.20 0.132
(1.3,7.1) (0.7, 6.5)

Exit duration (s) 37.59 + 6.48 18.61 £ 1.30 0.002
(438, 232.8) (5.3, 46.2)

Parity: Primiparous (Cows in 1** lactation), Multiparous (Cows in >2" Jactation).
Data are presented as means + SEM (min, max).
P-values <0.05 are considered significant.
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Variable Primiparous Multiparous P-

value
CP time (m) 68.87 +4.43 2438 +2.33
(30.6, 158.2) (4.3,78.3) 0.001
Entry duration (s) 11.15 + 1.40 6.93 £0.28
(2.3, 54.7) (3.3, 12.6) 0.085
Approach AMS* 2.03 £0.09 4.83 £0.22
(1.0, 4.0) (1.0, 9.0) 0.030
Tail Swish* 3.64 £0.59 6.70 +0.38
(0.0, 16.0) (0.0, 22.0) 0.040
Idle time (m) 2949 +£2.12 7.31£0.72
(3.5, 76.8) (1.7, 28.0) 0.001
Exploration* 4.39 £0.28 4.53 +£0.51
(0.0, 9.0) (0.0, 14.0) 0.563
Displacement- 259 £0.15 6.90 +0.26 0.032
Actor* (0.0, 5.0) (4.0, 12.0)

Parity: Primiparous (Cows in 1** lactation), Multiparous (Cows in >2" Jactation).
Data are presented as means + SEM (min, max).

P-values <0.05 are considered significant.

*Behavior recorded as a frequency.
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Variable Primiparous Multiparous

Total 7132 +4.61 93.06 + 3.42 0.010
(32.3, 145.5) (45.1, 135.0)

Day 36.56 + 2.63 4429 + 2.25 0.120
(12.6, 76.9) (24.3, 81.1)

Night 4141 £ 3.49 59.57 + 2.75 0.420
(26.3, 90.0) (36.6, 101.3)

Parity: Primiparous (Cows in 1" lactation), Multiparous (Cows in >2" Jactation).
Data are presented as means + SEM (min, max).
P-values <0.05 are considered significant.





OEBPS/Images/table8a.jpg
VEEL]E Primiparous Multiparous

148.32 + 2.08 118.23 + 1.82

Total (78.6, 187.6) (64.7,179.2) 0.021
7424 + 142 49.63 + 1.30

Day (26.9, 93.2) (19.8, 71.7) 0.032
46.36 + 1.31 5278 + 1.19

Night (49.8, 88.3) (28.2, 86.5) 0.352

Parity: Primiparous (Cows in 1** lactation), Multiparous (Cows in >2™ Jactation).
Data are presented as means + SEM (min, max).
P-values <0.05 are considered significant.
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Behavi Description Citation
Approach Voluntary approach of focal cows to the AMS Uetake
AMS entry area, regardless of if it was a successful or | et al., 1997

unsuccessful milking event.

Displacement- | Interaction between 2 cows, when 1 cow Witaifi
Reactor initiates physical contact (actor) causing a focal etal., 2018
(DP-R) cow (reactor) to back out or leave AMS entry

alley, therefore, losing their place in line to

get milked.
Displacement- | Interaction between 2 cows, when a focal cow Witaifi
Actor (DP-A) initiates physical contact (actor) causing etal, 2018

another cow (reactor) to back out or leave
AMS entry alley, therefore, losing their place in
line to get milked.

Idling Cow stands idle, not performing any of Fogsgaard
behaviors listed in the ethogram. etal, 2012
Exploration: ‘When tongue touched equipment or the Krohn,
Licking ground or when muzzle touches fixtures of 1994;
or Sniffing equipment or on other cows. Herskin
etal, 2004
Tail swish Visible sideways flicking of the tail. Schwanke

et al,, 2022
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Variable Pri arous Multiparous P-value

Total 890 +0.18 (56, 121)  6.10 % 0.13 (4.9, 9.2) ‘ 0.020
Day 530 + 0.08 (2.6, 7.6) 2.90 + 0.05 (1.1, 5.6) ‘ 0.040
Night 3.10 + 0.04 (1.3, 4.6) 2.60 + 0.04 (1.2, 4.3) ‘ 0.230

Parity: Primiparous (Cows in 1*' lactation), Multiparous (Cows in >2" Jactation).
Data are presented as means + SEM (min, max).
P-values <0.05 are considered significant.
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Parameter Primiparous Multiparous  P-value

HR (beat/min) 8323 £ 0.98 79.58 £ 0.78 0.360

| RMSSD? (ms) 9.23 +£0.43 17.58 £ 0.51 0.023
SDRR" (ms) 19.58 + 0.91 33.64 £ 1.10 0.012 ‘
LF/HF® 8.65 +0.16 4.39 £ 0.12 0.003 ‘

Data are presented as means + SEM. P-values <0.05 are considered significant.

Parity: Primiparous (Cows in 1*' lactation), Multiparous (Cows in >2" Jactation).
*RMSSD: Root mean square of successive beat-to-beat differences.

“SDRR: Standard deviation of beat-to-beat intervals.

LF/HF: Low Frequency/High Frequency ratio, resembles sympathovagal balance (SVB).





