Supplemental Table S1. Least square means for categorical effects (AMS-herd and season) with corresponding SE for cow-human interaction traits 
	
	Cow-human interaction traits1

	Fixed effect
	Effect class
	N
	AVOIDIS_1
	AVOIDIS_2
	AVOIDIS_12
	TTI_1
	TTI_2
	RELBH

	AMS-herd
	1
	96
	19.7 ± 5.60
	49.8 ± 6.25
	34.8 ± 5.12
	2.48 ± 0.13
	1.98 ± 0.12
	1.99 ± 0.11

	
	2
	208
	32.3 ± 3.84
	36.0 ± 4.24
	34.1 ± 3.56
	2.61 ± 0.09
	2.01 ± 0.08
	2.25 ± 0.08

	
	3
	51
	50.9 ± 6.75
	63.5 ± 7.50
	57.1 ± 6.21
	2.09 ± 0.16
	1.57 ± 0.15
	2.17 ± 0.13

	
	4
	203
	27.3 ± 3.60
	52.1 ± 4.01
	39.6 ± 3.30
	1.89 ± 0.09
	1.58 ± 0.08
	2.22 ± 0.07

	
	5
	137
	25.9 ± 4.78
	32.0 ± 5.34
	29.1 ± 4.36
	2.37 ± 0.11
	1.99 ± 0.10
	2.78 ± 0.09

	
	6
	179
	19.6 ± 4.56
	41.0 ± 5.10
	30.4 ± 4.15
	1.70 ± 0.11
	1.40 ± 0.10
	1.87 ± 0.09

	
	7
	285
	12.0 ± 3.14
	20.3 ± 3.50
	16.1 ± 2.87
	1.63 ± 0.07
	1.47 ± 0.07
	1.84 ± 0.06

	
	8
	111
	18.3 ± 4.69
	47.9 ± 5.22
	33.0 ± 4.31
	1.65 ± 0.11
	1.40 ± 0.10
	1.65 ± 0.09

	
	9
	150
	40.2 ± 4.09
	71.7 ± 4.55
	55.9 ± 3.76
	1.85 ± 0.10
	1.58 ± 0.09
	2.66 ± 0.08

	
	10
	178
	16.9 ± 4.17
	34.4 ± 4.59
	25.6 ± 3.88
	1.44 ± 0.10
	1.44 ± 0.09
	1.69 ± 0.08

	
	11
	198
	32.6 ± 3.84
	39.9 ± 4.25
	36.3 ± 3.56
	2.51 ± 0.09
	1.94 ± 0.08
	2.45 ± 0.08

	
	12
	178
	22.9 ± 4.03
	41.5 ± 4.46
	32.1 ± 3.73
	2.15 ± 0.10
	1.78 ± 0.09
	2.03 ± 0.08

	
	13
	146
	44.0 ± 4.91
	50.5 ± 5.49
	47.3 ± 4.48
	2.50 ± 0.12
	2.14 ± 0.10
	2.55 ± 0.09

	
	14
	368
	45.7 ± 2.96
	62.0 ± 3.28
	53.7 ± 2.73
	2.45 ± 0.07
	1.98 ± 0.06
	2.47 ± 0.06

	
	15
	130
	17.1 ± 4.85
	13.3 ± 5.42
	15.4 ± 4.43
	2.46 ± 0.12
	1.78 ± 0.10
	2.26 ± 0.09

	
	16
	189
	49.5 ± 4.01
	49.0 ± 4.43
	48.9 ± 3.73
	2.01 ± 0.10
	1.55 ± 0.09
	2.17 ± 0.08

	
	17
	102
	72.0 ± 5.48
	102.7 ± 6.12
	87.4 ± 5.01
	2.88 ± 0.13
	2.39 ± 0.12
	2.60 ± 0.11

	
	18
	401
	26.4 ± 2.99
	33.7 ± 3.32
	30.0 ± 2.76
	1.39 ± 0.07
	1.24 ± 0.06
	2.10 ± 0.06

	
	19
	100
	25.4 ± 4.94
	41.2 ± 5.50
	33.2 ± 4.54
	1.85 ± 0.12
	1.64 ± 0.11
	2.06 ± 0.10

	
	20
	124
	35.9 ± 4.44
	50.9 ± 4.95
	43.3 ± 4.08
	2.30 ± 0.11
	2.04 ± 0.10
	2.14 ± 0.09

	
	21
	106
	16.1 ± 5.23
	23.1 ± 5.84
	19.7 ± 4.78
	2.17 ± 0.12
	1.72 ± 0.11
	2.39 ± 0.10

	
	22
	76
	16.4 ± 6.11
	37.7 ± 6.82
	27.1 ± 5.60
	1.88 ± 0.15
	1.61 ± 0.13
	2.11 ± 0.12

	
	23
	165
	18.5 ± 4.23
	17.2 ± 4.68
	17.9 ± 3.91
	1.90 ± 0.10
	1.50 ± 0.09
	1.91 ± 0.08

	
	24
	185
	29.9 ± 3.94
	31.3 ± 4.36
	30.5 ± 3.64
	2.62 ± 0.09
	1.99 ± 0.09
	2.30 ± 0.08

	
	25
	97
	53.3 ± 5.43
	48.7 ± 6.05
	51.2 ± 4.97
	2.60 ± 0.13
	1.86 ± 0.12
	2.41 ± 0.11

	
	P-value2
	-
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	Season
	Spring
	859
	31.1 ± 2.95
	39.1 ± 3.34
	35.0 ± 2.65
	2.34 ± 0.07
	1.85 ± 0.06
	2.16 ± 0.06

	
	Summer
	848
	27.4 ± 2.60
	54.0 ± 2.94
	40.5 ± 2.33
	1.71 ± 0.06
	1.60 ± 0.06
	2.06 ± 0.05

	
	Autumn
	2153
	41.4 ± 1.40
	45.8 ± 1.58
	43.7 ± 1.27
	2.17 ± 0.03
	1.71 ± 0.03
	2.32 ± 0.03

	
	Winter
	303
	23.1 ± 3.53
	35.6 ± 4.00
	29.5 ± 3.15
	2.33 ± 0.08
	1.82 ± 0.07
	2.28 ± 0.07

	
	P-value2
	-
	<0.0001
	0.0015
	<0.0001
	<0.0001
	0.0313
	<0.0001



1AVOIDIS_1 = Avoidance distance 1 [0-200 cm]; AVOIDIS_2 = Avoidance distance 2 [0-200 cm]; AVOIDIS_12 = Mean value from AVOIDIS_1 and AVOIDIS_2 [0-200 cm]; TTI_1 = Tolerance to tactile interaction 1 [score 1-5]; TTI_2 = Tolerance to tactile interaction 2 [class 1-5]; RELBH = Release behavior after release from fixation in the feeding gate [score 1-5]
2P-value = significance of fixed effects by F-statistics; Type III test of fixed effects

Supplemental Table S2. Regression coefficients (ß) of continuous effects for parity and DIM with corresponding SE on cow-human interaction traits 
	
	Cow-human interaction traits1

	Fixed effect
	N
	AVOIDIS_1
	AVOIDIS_2
	AVOIDIS_12
	TTI_1
	TTI_2
	RELBH

	Parity
	4166
	1.30 ± 0.46
	0.98 ± 0.51
	1.15 ± 0.43
	-0.05 ± 0.01
	-0.06 ± 0.01
	-0.03 ± 0.11

	P-value2
	-
	0.0048
	0.0558
	0.0068
	<0.0001
	<0.0001
	0.0045

	DIM
	4166
	0.00 ± 0.01
	0.00 ± 0.01
	0.00 ± 0.01
	0.00 ± 0.00
	0.00 ± 0.00
	0.00 ± 0.00

	P-value2
	-
	0.8980
	0.6890
	0.7850
	0.0032
	0.0011
	0.2020



1 AVOIDIS_1 = Avoidance distance 1 [0-200cm]; AVOIDIS_2 = Avoidance distance 2 [0-200 cm]; AVOIDIS_12 = Mean value from AVOIDIS_1 and AVOIDIS_2 [0-200 cm]; TTI_1 = Tolerance to tactile interaction 1 [score 1-5]; TTI_2 = Tolerance to tactile interaction 2 [score 1-5]; RELBH = Release behavior after release from fixation in the feeding gate [score 1-5]
2 P-value = significance of fixed effects by F-statistics; Type III test of fixed effects

Supplemental Table S3. Least square means for categorical effects (AMS-herd and season) with corresponding SE for cow-cow interaction traits 
	
	Cow-cow interaction traits1

	Fixed effect
	Effect class
	N
	ACT
	N
	RECEIP

	AMS-herd
	1
	18
	2.4 ± 0.77
	23
	1.5 ± 0.61

	
	2
	43
	2.1 ± 0.42
	39
	2.0 ± 0.36

	
	3
	32
	2.5 ± 0.46
	37
	1.8 ± 0.37

	
	4
	24
	2.7 ± 0.51
	23
	2.4 ± 0.45

	
	5
	19
	1.9 ± 0.63
	20
	1.7 ± 0.54

	
	6
	22
	2.0 ± 0.74
	23
	0.9 ± 0.61

	
	7
	46
	2.1 ± 0.41
	44
	1.9 ± 0.35

	
	8
	16
	1.6 ± 0.60
	17
	1.1 ± 0.51

	
	9
	18
	1.8 ± 0.57
	16
	1.7 ± 0.52

	
	10
	20
	1.5 ± 0.56
	18
	1.5 ± 0.50

	
	11
	35
	2.0 ± 0.43
	31
	2.2 ± 0.39

	
	12
	13
	0.8 ± 0.77
	12
	0.8 ± 0.67

	
	13
	8
	0.4 ± 0.96
	7
	0.5 ± 0.86

	
	14
	37
	2.1 ± 0.53
	42
	1.6 ± 0.41

	
	15
	15
	2.1 ± 0.68
	18
	1.9 ± 0.56

	
	16
	41
	2.1 ± 0.41
	37
	1.9 ± 0.36

	
	17
	17
	0.9 ± 0.79
	18
	0.6 ± 0.64

	
	18
	58
	2.3 ± 0.37
	65
	1.9 ± 0.31

	
	19
	13
	1.7 ± 0.65
	10
	1.9 ± 0.64

	
	20
	13
	2.0 ± 0.65
	13
	1.8 ± 0.57

	
	21
	9
	3.0 ± 0.86
	13
	2.2 ± 0.62

	
	22
	8
	1.5 ± 0.96
	8
	1.1 ± 0.82

	
	23
	6
	3.2 ± 0.97
	6
	3.0 ± 0.85

	
	24
	40
	3.1 ± 0.42
	43
	2.8 ± 0.35

	
	25
	7
	2.0 ± 0.91
	8
	1.5 ± 0.75

	
	P-value2
	-
	0.2964
	-
	0.5682

	Season
	Spring
	111
	2.6 ± 0.56
	117
	2.4 ± 0.45

	
	Summer
	107
	1.6 ± 0.38
	113
	1.2 ± 0.33

	
	Autumn
	321
	2.1 ± 0.25
	321
	1.8 ± 0.20

	
	Winter
	40
	1.7 ± 0.50
	40
	1.4 ± 0.43

	
	P-value2
	-
	0.4161
	-
	0.1675


1ACT = Initiated agonistic behaviors per actor [No.]; RECEIP = Received agonistic interactions per recipient [No.]
2P-value = significance of fixed effects by F-statistics; Type III test of fixed effects

Supplemental Table S4. Regression coefficients (ß) of continuous effects (parity and DIM) with corresponding SE on cow-cow interaction traits 
	
	Cow-cow interaction traits1

	Fixed effect
	N
	ACT
	N
	RECEIP

	Parity
	4163
	0.01 ± 0.06
	4163
	0.01 ± 0.05

	P-value2
	-
	0.8780
	-
	0.9240

	DIM
	4163
	0.00 ± 0.00
	4163
	0.00 ± 0.00

	P-value2
	-
	0.9070
	-
	0.6770



1 ACT = Initiated agonistic behaviors per actor [No.]; RECEIP = Received agonistic interactions per recipient [No.]
2 P-value = significance of fixed effects by F-statistics; Type III test of fixed effects

Supplemental Table S5. Least square means for categorical effects (AMS-herd and season) with corresponding SE for cow-AMS interaction traits 
	
	Cow-AMS interaction traits1

	Fixed effect
	Effect class
	N
	MILK-VIS
	MILK-FREQ
	MILK-EFF
	MILK-INCOMP
	N
	RUM-TIME

	AMS-herd
	1
	96
	6.5 ± 0.46
	3.2 ± 0.09
	1.7 ± 0.05
	0.01 ± 0.03
	96 
	561 ± 6.23

	
	2
	208
	3.6 ± 0.33
	2.7 ± 0.06
	2.1 ± 0.04
	-
	-
	-

	
	3
	51
	6.3 ± 0.56
	3.0 ± 0.11
	1.8 ± 0.07
	0.05 ± 0.03
	31
	506 ± 9.60

	
	4
	203
	4.7 ± 0.30
	2.8 ± 0.06
	1.9 ± 0.03
	0.03 ± 0.02
	159
	537 ± 4.47

	
	5
	137
	7.3 ± 0.39
	3.1 ± 0.08
	1.9 ± 0.04
	0.02 ± 0.03
	120
	580 ± 5.73

	
	6
	179
	4.5 ± 0.37
	2.8 ± 0.07
	1.8 ± 0.04
	0.01 ± 0.02
	179
	572 ± 5.04

	
	7
	285
	7.4 ± 0.26
	3.3 ± 0.05
	1.8 ± 0.03
	0.03 ± 0.02
	-
	-

	
	8
	111
	5.5 ± 3.39
	2.9 ± 0.07
	1.9 ± 0.05
	0.07 ± 0.02
	103
	499 ± 5.43

	
	9
	150
	4.0 ± 0.34
	2.9 ± 0.07
	1.9 ± 0.04
	-
	-
	-

	
	10
	178
	8.0 ± 0.36
	2.9 ± 0.07
	1.4 ± 0.04
	0.06 ± 0.02
	133
	554 ± 5.56

	
	11
	198
	4.6 ± 0.33
	3.0 ± 0.06
	2.0 ± 0.04
	0.03 ± 0.02
	182
	595 ± 4.59

	
	12
	178
	5.1 ± 0.34
	2.8 ± 0.06
	2.0 ± 0.04
	0.01 ± 0.02
	162
	599 ± 4.92

	
	13
	146
	5.5 ± 0.39
	3.0 ± 0.08
	1.6 ± 0.05
	0.13 ± 0.02
	100
	536 ± 6.18

	
	14
	368
	5.3 ± 0.25
	3.0 ± 0.05
	1.8 ± 0.03
	0.07 ± 0.01
	300
	466 ± 3.77

	
	15
	130
	7.1 ± 0.39
	3.0 ± 0.08
	1.9 ± 0.05
	0.03 ± 0.03
	115
	592 ± 5.80

	
	16
	189
	6.0 ± 0.35
	2.9 ± 0.06
	1.9 ± 0.04
	0.01 ± 0.02
	183
	589 ± 4.75

	
	17
	102
	7.0 ± 0.45
	3.1 ± 0.09
	1.7 ± 0.05
	0.02 ± 0.03
	102
	574 ± 6.10

	
	18
	401
	4.3 ± 0.25
	3.0 ± 0.05
	2.1 ± 0.03
	0.03 ± 0.01
	391
	611 ± 3.46

	
	19
	100
	6.4 ± 0.41
	3.4 ± 0.08
	1.6 ± 0.05
	0.03 ± 0.02
	78
	600 ± 6.18

	
	20
	124
	5.2 ± 0.37
	3.0 ± 0.07
	2.3 ± 0.04
	0.01 ± 0.02
	99
	593 ± 5.52

	
	21
	106
	4.6 ± 0.43
	2.5 ± 0.08
	1.6 ± 0.05
	-
	-
	-

	
	22
	76
	8.9 ± 0.50
	3.6 ± 0.10
	1.7 ± 0.06
	0.04 ± 0.03
	76
	575 ± 6.82

	
	23
	165
	4.7 ± 0.36
	2.8 ± 0.07
	1.6 ± 0.04
	0.02 ± 0.02
	150
	572 ± 5.10

	
	24
	185
	3.9 ± 0.34
	3.0 ± 0.06
	2.0 ± 0.04
	0.02 ± 0.02
	167
	564 ± 4.74

	
	25
	97
	3.7 ± 0.44
	2.7 ± 0.09
	2.2 ± 0.05
	-
	-
	-

	
	P-value2
	-
	<0.0001
	<0.0001
	<0.0001
	0.0003
	-
	<0.0001

	Season
	Spring
	859
	5.5 ± 0.22
	2.9 ± 0.05
	2.0 ± 0.02
	0.03 ± 0.01
	792
	577 ± 3.01

	
	Summer
	848
	5.9 ± 0.20
	3.0 ± 0.04
	1.7 ± 0.02
	0.05 ± 0.02
	463
	551 ± 3.54

	
	Autumn
	2153
	5.4 ± 0.11
	3.0 ± 0.02
	1.9 ± 0.01
	0.02 ± 0.01
	1384
	574 ± 1.77

	
	Winter
	303
	5.7 ± 0.26
	3,0 ± 0.06
	1.7 ± 0.03
	0.03 ± 0.02
	287
	554 ± 3.67

	
	P-value2
	-
	0.0414
	0.6706
	<0.0001
	0.5552
	-
	<0.0001


1 MILK-VIS = AMS visits [No.]; MILK-FREQ = Milking frequency [No.]; MILK-EFF = AMS efficiency [kg/min]; MILK-INCOMP = Incomplete milkings [No.]; RUM-TIME = Rumination time [min]
2 P-value = significance of fixed effects by F-statistics; Type III test of fixed effects

Supplemental Table S6. Regression coefficients (ß) of continuous effects (parity and DIM) with corresponding SE on cow-AMS interaction traits 
	
	Cow-AMS interaction traits1

	Fixed effect
	N
	MILK-VIS
	MILK-FREQ
	MILK-EFF
	MILK-INCOMP
	N
	RUM-TIME

	Parity
	4163
	-0.50 ± 0.04
	-0.08 ± 0.01
	-0.04 ± 0.00
	0.00 ± 0.00
	3015
	1.62 ± 0.65

	P-value2
	-
	<0.0001
	<0.0001
	<0.0001
	0.7240
	-
	0.0133

	DIM
	4163
	-0.01 ± 0.00
	0.00 ± 0.00
	0.00 ± 0.00
	0.00 ± 0.00
	3015
	-0.06 ± 0.01

	P-value2
	-
	<0.0001
	<0.0001
	<0.0001
	0.8570
	-
	<0.0001



1MILK-VIS = AMS visits [No.]; MILK-FREQ = Milking frequency [No.]; MILK-EFF = AMS efficiency [kg/min]; MILK-INCOMP = Incomplete milkings [No.]; RUM-TIME = Rumination time [min]
2P-value = significance of fixed effects by F-statistics; Type III test of fixed effects

Supplemental Table S7. Least square means for categorical effects (AMS-herd and season) with corresponding SE for daily milking robot production traits 
	
	Milking robot production traits1

	Fixed effect
	Effect class
	N
	MY
	N
	Fat%
	Prot%

	AMS-herd
	1
	96
	32.7 ± 0.95
	96
	4.48 ± 0.08
	3.54 ± 0.03

	
	2
	208
	36.7 ± 0.67
	-
	-
	-

	
	3
	31
	35.9 ± 1.45
	51
	4.24 ± 0.10
	3.67 ± 0.04

	
	4
	160
	35.2 ± 0.67
	203
	4.34 ± 0.05
	3.72 ± 0.02

	
	5
	118
	38.7 ± 0.85
	137
	4.19 ± 0.07
	3.69 ± 0.03

	
	6
	173
	31.2 ± 0.78
	174
	4.10 ± 0.06
	3.42 ± 0.03

	
	7
	-
	-
	284
	4.31 ± 0.05
	3.42 ± 0.02

	
	8
	104
	33.6 ± 0.82
	111
	3.76 ± 0.07
	3.33 ± 0.03

	
	9
	150
	34.7 ± 0.70
	-
	-
	-

	
	10
	133
	23.1 ± 0.83
	174
	4.02 ± 0.07
	3.27 ± 0.03

	
	11
	181
	37.3 ± 0.69
	198
	4.26 ± 0.06
	3.50 ± 0.02

	
	12
	160
	32.2 ± 0.74
	178
	4.18 ± 0.06
	3.42 ± 0.02

	
	13
	107
	28.7 ± 0.92
	145
	4.67 ± 0.07
	3.62 ± 0.03

	
	14
	316
	33.4 ± 0.56
	368
	3.91 ± 0.04
	3.50 ± 0.02

	
	15
	116
	39.3 ± 0.85
	129
	4.29 ± 0.07
	3.65 ± 0.03

	
	16
	180
	36.5 ± 0.71
	189
	4.13 ± 0.06
	3.43 ± 0.02

	
	17
	101
	31.4 ± 0.93
	101
	4.41 ± 0.08
	3.46 ± 0.03

	
	18
	385
	44.0 ± 0.52
	401
	3.93 ± 0.05
	3.44 ± 0.02

	
	19
	78
	34.1 ± 0.94
	100
	4.25 ± 0.07
	3.43 ± 0.03

	
	20
	99
	44.1 ± 0.84
	124
	4.12 ± 0.06
	3.47 ± 0.03

	
	21
	106
	31.1 ± 0.88
	-
	-
	-

	
	22
	74
	35.0 ± 1.05
	76
	4.43 ± 0.09
	3.43 ± 0.04

	
	23
	145
	28.6 ± 0.77
	-
	-
	-

	
	24
	167
	37.7 ± 0.71
	185
	4.16 ± 0.06
	3.51 ± 0.02

	
	25
	97
	39.8 ± 0.92
	-
	-
	-

	
	P-value2
	-
	<0.0001
	-
	<0.0001
	<0.0001

	Season
	Spring
	805
	38.1 ± 0.50
	852
	4.05 ± 0.03
	3.49 ± 0.01

	
	Summer
	765
	31.3 ± 0.44
	443
	4.21 ± 0.05
	3.46 ± 0.02

	
	Autumn
	1634
	35.3 ± 0.25
	1826
	4.18 ± 0.02
	3.39 ± 0.01

	
	Winter
	281
	34.4 ± 0.58
	303
	4.41 ± 0.04
	3.65 ± 0.02

	
	P-value2
	-
	<0.0001
	-
	<0.0001
	<0.0001


1MY = milk yield [kg]; Fat% = milk fat content [%]; Prot% = milk protein content [%]
2P-value = significance of fixed effects by F-statistics; Type III test of fixed effects


Supplemental Table S8. Regression coefficients (ß) for continuous effects (parity and DIM) with corresponding SE on daily milking robot production traits 
	
	Milking robot production traits1

	Fixed effect
	N
	MY
	N
	Fat%
	Prot%

	Parity
	4295
	0.98 ± 0.09
	3541
	0.05 ± 0.01
	0.02 ± 0.00

	P-value2
	-
	<0.0001
	-
	<0.0001
	<0.0001

	DIM
	4295
	-0.04 ± 0.00
	3541
	0.00 ± 0.00
	0.00 ± 0.00

	P-value2
	-
	<0.0001
	-
	<0.0001
	<0.0001



1MY = milk yield [kg]; Fat% = milk fat content [%]; Prot% = milk protein content [%]
2P-value = significance of fixed effects by F-statistics; Type III test of fixed effects
