


Supplementary Material
Table S1. Recording sheets used to collect environmental parameters, superficial skin temperature and behavioural data inside the pens.
	Date:           

	Time
	Pen N°
	Pen T
	Pen H
	Pen floor T
	Video of goat (ID)
	Images of goat (ID)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Legend: To measure the temperature of the pen floor, use a thermal camera from 80 cm and position it perpendicular to the floor.
After recording a 10-minute video (from 1.5 metres), assess the superficial skin temperatures of all the goats.
All images should be taken from 80 cm. Before starting with the pen, take one image of the pen number. 
Take images of the goat ID (i.e., painted number). 
Take the images perpendicular to the body region.
Take images of the carpus and front hoof in a single frame.
Table S2. Recording sheets used to collect environmental parameters and behavioural data at pasture.
	Date:

	Time
	Shade T
	Shade H
	Shade ground T
	Shade radiation
	Sun T
	Sun H
	Sun ground T
	Wind speed
	Sun radiation
	Loin Taver
	Notes

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


Legend: To measure the temperature of the pen floor, use a thermal camera from 80 cm and position it perpendicular to the floor.
Assess the superficial skin temperatures of the loin region of all the goats.
All images should be taken from 80 cm. 
Take the images perpendicular to the body region.
 
Table S3. Recording sheets used to collect clinical examination data inside the pens.
	Before milking

	Date
	Time
	Pen T
	Pen H

	
	
	
	

	Goat ID
	Lung auscultation (ID)
	Udder palpation (ID)
	Udder Before Milking Taver
	Rectal T
	BCS
	Health issues?

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	After milking

	Goat ID
	Udder After Milking Taver

	
	

	
	

	
	

	
	

	
	

	Non-lactating goats (morning check)

	Goat ID
	Lung auscultation (ID)
	Rectal T
	BCS
	Health issues?

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Table S4. Descriptive statistics of Pen THI classes and Barn THI of the previous 12h classes expressed as frequencies and percentages.
	Name
	Categories
	July 19th
	July 20th

	
	
	M
	E
	M
	E

	Pen THI classes
	Acceptable
Moderate
Severe
	5 (29%)
12 (71%)
0 (0%)
	0 (0%)
0 (0%)
17 (100%)
	17 (100%)
0 (0%)
0 (0%)
	0 (0%)
0 (0%)
17 (100%)

	
	
	July 24th
	July 25th

	
	
	M
	E
	M
	E

	
	Acceptable
Moderate
Severe
	17 (100%)
0 (0%)
0 (0%)
	0 (0%)
0 (0%)
17 (100%)
	5 (29%)
12 (71%)
0 (0%)
	0 (0%)
17 (100%)
0 (0%)

	
	
	August 8th
	August 9th

	
	
	M
	E
	M
	E

	
	Acceptable
Moderate
Severe
	17 (100%)
0 (0%)
0 (0%)
	0 (0%)
17 (100%)
0 (0%)
	17 (100%)
0 (0%)
0 (0%)
	0 (0%)
11 (65%)
6 (35%)
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	July 19th
	July 20th

	
	
	M
	E
	M
	E

	
	Acceptable
Moderate
Severe
	0 (0%)
17 (100%)
0 (0%)
	0 (0%)
0 (0%)
17 (100%)
	0 (0%)
17 (100%)
0 (0%)
	0 (0%)
0 (0%)
17 (100%)

	
	
	July 24th
	July 25th

	
	
	M
	E
	M
	E

	
	Acceptable
Moderate
Severe
	0 (0%)
17 (100%)
0 (0%)
	0 (0%)
0 (0%)
17 (100%)
	0 (0%)
17 (100%)
0 (0%)
	0 (0%)
17 (100%)
0 (0%)

	
	
	August 8th
	August 9th

	
	
	M
	E
	M
	E

	
	Acceptable
Moderate
Severe
	17 (100%)
0 (0%)
0 (0%)
	0 (0%)
17 (100%)
0 (0%)
	17 (100%)
0 (0%)
0 (0%)
	0 (0%)
17 (100%)
0 (0%)



Table S5. Univariable Linear Mixed Effects Regression (LMER) model for the SSTs, with Pen THI classes as the fixed effect and goat ID as the random effect. The ‘acceptable’ category of Pen THI classes serves as the reference.
	Variable
	Pen THI classes
	Estimate (CI)
	Wald test p-value
	ANOVA p-value
	R2M/R2C
	AIC

	Eye Tmax
	Moderate
	0.74 (0.52-0.95)
	<0.001
	<0.001
	0.551/0.551
	429

	
	Severe
	1.84 (1.61-2.07)
	<0.001
	
	
	

	Flank Taver
	Moderate
	2.44 (2.02-2.86)
	<0.001
	<0.001
	0.634/0.661
	708

	
	Severe
	4.34 (3.90-4.79)
	<0.001
	
	
	

	Loin Taver
	Moderate
	3.14 (2.63-3.65)
	<0.001
	<0.001
	0.675/0.689
	771

	
	Severe
	5.61 (5.08-6.15)
	<0.001
	
	
	

	Carpus Taver
	Moderate
	5.88 (4.83-6.92)
	<0.001
	<0.001
	0.474/0.546
	1079

	
	Severe
	7.49 (6.39-8.59)
	<0.001
	
	
	

	Hoof Taver
	Moderate
	6.05 (5.26-6.84)
	<0.001
	<0.001
	0.704/0.733
	964

	
	Severe
	9.52 (8.69-10.35)
	<0.001
	
	
	

	Udder Before Milking Taver
	Moderate
	0.73 (0.31-1.14)
	<0.001
	0.001
	0.144/0.144
	190

	Udder After Milking Taver
	Moderate
	0.78 (0.29-1.27)
	0.002
	0.003
	0.122/0.122
	213


Legend: CI = confidence interval; R2M = marginal R-squared; R2C = conditional R-squared; AIC = Akaike Information Criterion.
Notes: Udder SSTs were recorded in the morning when the THI never reached severe levels.



[bookmark: _Hlk208409275]Table S6. Univariable Linear Mixed Effects Regression (LMER) models for the SSTs, with Barn THI of the previous 12h classes as the fixed effect and goat ID as the random effect. The ‘acceptable’ category of Barn THI of the previous 12h classes serves as the reference.
	Variable
	Barn THI of the previous 12h classes
	Estimate (CI)
	Wald test p-value
	ANOVA p-value
	R2M/R2C
	AIC

	Eye Tmax
	Moderate
	1.12 (0.88-1.36)
	<0.001
	<0.001
	0.610/0.610
	400

	
	Severe
	2.40 (2.13-2.67)
	<0.001
	
	
	

	Flank Taver
	Moderate
	3.66 (3.27-4.06)
	<0.001
	<0.001
	0.758/0.784
	618

	
	Severe
	6.08 (5.63-6.53)
	<0.001
	
	
	

	Loin Taver
	Moderate
	4.60 (4.13-5.07)
	<0.001
	<0.001
	0.791/0.802
	680

	
	Severe
	7.78 (7.24-8.32)
	<0.001
	
	
	

	Carpus Taver
	Moderate
	8.53 (7.52-9.54)
	<0.001
	<0.001
	0.612/0.688
	1005

	
	Severe
	11.36 (10.21-12.51)
	<0.001
	
	
	

	Hoof Taver
	Moderate
	7.39 (6.45-8.32)
	<0.001
	<0.001
	0.718/0.722
	956

	
	Severe
	12.45 (11.39-13.52)
	<0.001
	
	
	

	Udder Before Milking Taver
	Moderate
	1.45 (1.17-1.74)
	<0.001
	<0.001
	0.578/0.578
	140

	Udder After Milking Taver
	Moderate
	1.58 (1.21-1.94)
	<0.001
	<0.001
	0.499/0.499
	173


Legend: CI = confidence interval; R2M = marginal R-squared; R2C = conditional R-squared; AIC = Akaike Information Criterion.
Notes: Udder SSTs were recorded in the morning when the THI never reached severe levels.



Table S7. Univariable Generalised Additive Models for Location, Scale and Shape (GAMLSS) with inflated beta distribution to test the association between behavioural states and Pen THI.
	Variable
	Estimate (CI) Mu
	p-value Mu
	Estimate (CI) Nu
	p-value Nu
	LRT
	Pseudo-R2
	AIC

	Walking proportion
	0.002 (-0.02-0.02)
	0.808
	0.02 (-0.02-0.06)
	0.306
	0.569
	-0.008
	-126

	Standing proportion
	-0.02 (-0.05-0.01)
	0.144
	0.05 (0.01-0.09)
	0.018
	0.019
	0.075
	108

	Sternal recumbency proportion
	0.07 (0.01-0.12)
	0.024
	-0.003 (-0.05-0.05)
	0.894
	0.074
	0.023
	237

	Rumination while standing proportion
	-0.07 (-0.12- -0.02)
	0.004
	0.13 (0.07-0.18)
	<0.001
	<0.001
	0.155
	199

	Rumination while proportion
	0.01 (-0.05-0.07)
	0.715
	0.02 (-0.03-0.07)
	0.497
	0.743
	0.002
	256

	Feeding proportion
	0.04 (0.01-0.07)
	0.008
	-0.06 (-0.11- -0.01)
	0.011
	0.001
	0.040
	341

	Drinking proportion
	-0.07 (-0.14-0.01)
	0.078
	-0.06 (-0.13-0.02)
	0.163
	0.067
	0.108
	54


Legend: CI = confidence interval; mu (μ) = Location Parameter; nu (ν): Zero-Inflation Probability; LRT = Likelihood Ratio Test; Pseudo-R2 = pseudo R-squared; AIC = Akaike Information Criterion.







Table S8. Univariable Generalised Additive Models for Location, Scale and Shape (GAMLSS) with inflated beta distribution to test the association between behavioural states and Barn THI of the previous 12h.
	Variable
	Estimate (CI) Mu
	p-value Mu
	Estimate (CI) Nu
	p-value Nu
	LRT
	Pseudo R2
	AIC

	Walking proportion
	-0.004 (-0.04-0.03)
	0.829
	0.05 (-0.01-0.11)
	0.112
	0.261
	-0.020
	-125

	Standing proportion
	-0.02 (-0.06-0.02)
	0.273
	0.06 (0.002-0.12)
	0.044
	0.066
	0.051
	113

	Sternal recumbency proportion
	0.01 (-0.08-0.10)
	0.811
	-0.003 (-0.07-0.07)
	0.941
	0.963
	0.0003
	242

	Rumination while standing proportion
	-0.08 (-0.14- -0.01)
	0.024
	0.14 (0.07-0.22)
	<0.001
	<0.001
	0.099
	212

	Rumination while proportion
	0.02 (-0.06-0.11)
	0.604
	-0.02 (-0.09-0.06)
	0.662
	0.792
	0.002
	256

	Feeding proportion
	0.06 (0.02-0.11)
	0.007
	-0.07 (-0.13- -0.001)
	0.048
	0.004
	0.033
	343

	Drinking proportion
	-0.08 (-0.18-0.01)
	0.099
	-0.13 (-0.25- -0.007)
	0.040
	0.019
	0.160
	54


[bookmark: _Hlk209706855]Legend: CI = confidence interval; mu (μ) = Location Parameter; nu (ν): Zero-Inflation Probability; LRT = Likelihood Ratio Test; Pseudo-R2 = pseudo R-squared; AIC = Akaike Information Criterion.








Table S9. Univariable Zero-Inflated Negative Binomial (ZINB) model to test the association between event behaviours and Pen THI.
	Variable
	Estimate (CI) - count model
	p-value
	Estimate (CI) - zero-inflated model
	p-value
	LRT
	Pseudo R2
	AIC

	Vocalisation
	-0.09 (-0.19-0.02)
	0.098
	0.026 (-0.11-0.17)
	0.712
	0.001
	0.068
	198

	Self-grooming
	-0.06 (-0.09- -0.03)
	<0.001
	-0.11 (NA – NA) 
	NA
	0.002
	0.037
	335

	Self-rubbing
	-0.14 (-0.24- -0.04)
	0.004
	-0.64 (-1.74- 0.46)
	0.252
	0.013
	0.062
	141

	Negative interactions
	0.02 (-0.06-0.10)
	0.687
	-0.24 (-0.59-0.11)
	0.175
	0.058
	0.013
	440


Legend: CI = confidence interval; LRT = Likelihood Ratio Test; Pseudo-R2 = pseudo R-squared; AIC = Akaike Information Criterion; NA = not applicable.














Table S10. Univariable Zero-Inflated Negative Binomial (ZINB) model to test the association between event behaviours and Barn THI of the previous 12h.
	Variable
	Estimate (CI) - count model 
	p-value
	Estimate (CI) - zero-inflated model
	p-value
	LRT
	Pseudo R2
	AIC

	Self grooming
	-0.07 (-0.15-0.01)
	0.097
	0.24 (-0.49-0.97)
	0.520
	0.001
	0.040
	334

	Vocalisation
	-0.11 (-0.23-0.01)
	0.062
	0.01 (-0.15-0.17)
	0.921
	0.014
	0.042
	203

	Negative interactions
	0.01 (0.03-0.23)
	0.009
	0.29 (-57.62-9.21)
	0.146
	0.053
	0.013
	439

	Scratching objects
	-0.18 (-0.32- -0.05)
	0.009
	-0.32 (-0.87-0.22)
	0.248
	0.095
	0.034
	145


Legend: CI = confidence interval; LRT = Likelihood Ratio Test; Pseudo-R2 = pseudo R-squared; AIC = Akaike Information Criterion.





	



Figure S1: Stacked bar graph of the behaviour observed at pasture in the morning (M, 9:00 AM), in the late morning (LM, 11:00 AM), in the early afternoon (EA, 1:00 PM), in the afternoon (A, 3:00 PM) and in the late afternoon (LA, 5:00 PM).
[image: Immagine che contiene testo, schermata, Policromia, design

Il contenuto generato dall'IA potrebbe non essere corretto.]
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