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Introduction

There is currently a serious concern about farm animal welfare in western countries: the vegan and anti-species movements call into question rearing animals. Moreover, consumers want to know how their food is produced. Identifying positive relationships between welfare and productivity might reassure consumers and encourage producers to improve animal welfare in their farms. Moreover, relationships between welfare and routinely recorded data (date of birth, calving date, date of insemination, milk production, milk quality, date of culling…) might help in selecting herds for welfare assessment [START_REF] Sandgren | Using a national dairy database to identify herds with poor welfare[END_REF][START_REF] De Vries | Exploring the value of routinely collected herd data for estimating dairy cattle welfare[END_REF]. This has been extensively studied in dairy cows (for a review: [START_REF] De Vries | Invited review: Associations between variables of routine herd data and dairy cattle welfare indicators[END_REF]. For example, in their meta-analysis, [START_REF] Lopez-Gatius | Effects of body condition score and score change on the reproductive performance of dairy cows: a meta-analysis[END_REF] and [START_REF] Bedere | Meta-analysis of the relationships between reproduction, milk yield and body condition score in dairy cows[END_REF] animals with an intermediate or low BCS. A severe loss (>0.5 points on a 5 point scale) in BCS during early lactation and a low BCS (BCS ≤ 2) at nadir was related to an increase in days open and to a reduction of conception rate compared to a slight BCS loss and BCS ≥ 2.5 at nadir [START_REF] Chagas | Invited review: New perspectives on the roles of nutrition and metabolic priorities in the subfertility of high-producing dairy cows[END_REF][START_REF] Bedere | Meta-analysis of the relationships between reproduction, milk yield and body condition score in dairy cows[END_REF]. However, if days open is a good indicator of the effects of BCS or change in score on reproductive performance, the measurement of conception rate at first service produced variable results among studies. Likewise, lameness [START_REF] Hernandez | Effect of lameness on the calving-toconception interval in dairy cows[END_REF][START_REF] Hernandez | Comparison of the calving-to-conception interval in dairy cows with different degrees of lameness during the prebreeding postpartum period[END_REF] and disease [START_REF] Fourichon | Effect of disease on reproduction in the dairy cow: a meta-analysis[END_REF][START_REF] Raboisson | Diseases, reproductive performance, and changes in milk production associated with subclinical ketosis in dairy cows: a metaanalysis and review[END_REF] were clearly related to reproductive performance: affected cows had longer calving to first service interval and required more AIs to become pregnant than healthy cows. The response to the approach of a human was positively associated with conception rate at first service [START_REF] Hemsworth | Relationships between humananimal interactions and productivity of commercial dairy cows[END_REF]. However, most studies have focused on only one specific aspect of welfare rather than considering welfare as a whole.

A protocol allowing the overall assessment of animal welfare at the herd level was developed in Europe in the Welfare Quality project [START_REF] Botreau | Definition of criteria for overall assessment of animal welfare[END_REF]Welfare Quality, 2009;[START_REF] De Vries | Evaluating results of the Welfare Quality multi-criteria evaluation model for classification of dairy cattle welfare at the herd level[END_REF]. This protocol was used in the winter of 2010-2011 in 131 French dairy farms and conducted to identify the main welfare problems and associations between welfare and milk production [START_REF] Coignard | Description and factors of variation of the overall health score in French dairy cattle herds using the Welfare Quality assessment protocol[END_REF][START_REF] Coignard | Does milk yield reflect the level of welfare in dairy herds?[END_REF][START_REF] De Boyer Des Roches | The major welfare problems of dairy cows in French commercial farms: an epidemiological approach[END_REF]. [START_REF] Coignard | Does milk yield reflect the level of welfare in dairy herds?[END_REF] identified positive associations between milk yield and low levels of aggression between cows and good emotional state of the herd. However, milk yield was also associated with low welfare principle scores for Good health assessed by the occurrence of diseases and injuries.

In dairy systems, production performance refers to milk yield and composition but is also related to reproductive performance and longevity. Calving and insemination dates are routinely recorded in most countries. Sangden et al. (2009) and[START_REF] De Vries | Exploring the value of routinely collected herd data for estimating dairy cattle welfare[END_REF] have already explored the relationship between reproductive performance and welfare measured at the herd level. However, they did not consider confounding factors in their models. Therefore, the objective of this study was to investigate the relationship between cow reproductive performance and welfare scores measured at the herd level through the Welfare Quality Protocol, in French commercial dairy herds, taking into account confounding factors for reproductive performance recorded in the national database.

Materials and methods

The study was carried out in 2010 and 2011 using only remote observations; ethical review was not required for this kind of work in 2010 and animal studies were compliant with all applicable provisions established by the European Directive 2010/63/EU. However, approval was sought and granted by the VetAgro Sup Ethics Committee for Experiments on Animals (France, agreement number CEEA18) on 5 March, 2019.

Dairy farms and welfare assessment

This investigation was conducted in the 131 French commercial dairy farms previously studied by de Boyer des [START_REF] De Boyer Des Roches | The major welfare problems of dairy cows in French commercial farms: an epidemiological approach[END_REF]. The farms were selected to be representative of the diversity of French dairy systems. They were visited once during the winter, between December 2010 and March 2011.

Animal welfare was estimated using the Welfare Quality (WQ) assessment protocol for dairy cattle (Welfare Quality, 2009). Briefly, 11 welfare criteria were assessed using one to seven measurements (Table 1). Each criterion was evaluated on a scale of 0 (lowest score) to 100 (highest score). These criterion scores were then grouped into four principle welfare scores giving the highest importance to the worst criterion. The four principle scores (good feeding, good housing, good health and appropriate behavior) were also expressed on a scale of 0 (lowest score) to 100 (highest score). Finally, the farm was assigned to an overall welfare category according to their principles scores. Overall welfare was considered to be excellent (at the highest level), if all the scores were >55 with two principle welfare scores >80, enhanced (good), if the principle welfare scores were all >20 with two principle scores >55, acceptable (above or meets minimal requirements), if the four principle welfare scores were >10 with at least three principle scores > 20. In the other situations, welfare was considered to be very low and the term used to describe the herd was not classified (poor welfare).

Data recorded and reproductive performance of the cows

The following data were extracted from the national performance database (Système National d'Information Génétique): cow breed, dates of calving, parity, milk production during the first 3 months of lactation, insemination dates, breed of the bull used, type of semen (sex sorted or not). Rank 1 to 3 artificial inseminations (AI) performed between the 1 December 2010 to the 31 March 2011 were selected. During this period, cows are housed in France and welfare was considered to be unchanged. In April, most of the cows are put out to grass and this might change their welfare situation. When first service occurred before 20 days postcalving or >200 days post-calving, the cows were excluded from the study. When two AIs were separated by an interval shorter than 5 days only the second AI was used and included in the analysis. The use of these inclusion criteria meant that only the data from 124 herds of the 131 were used. The exclusion of the remaining seven herds was due to the fact that an eligible AI was not observed during the period.

Two parameters were calculated to estimate reproductive performance: the calving to first service interval (CFSI) and the calving rate after AI (CR). A cow was considered to be pregnant if its subsequent calving occurred during an interval which was compatible with the average length of pregnancy for the breed ± 2 standard deviations (SD; as evaluated by [START_REF] Marceau | Can routinely recorded reproductive events be used as indicators of disease emergence in dairy cattle? An evaluation of 5 indicators during the emergence of bluetongue virus in France in 2007 and 2008[END_REF]. Cows culled between AI and the end of pregnancy were considered to be non-pregnant as recommended by the International Committed for Animal Recording1 .

Statistical analysis

The statistical unit was the AI. The overall welfare category, each principle and each criterion scores were taken into account in the analysis. As previously proposed by Coignard et al. (2014), the quantitative evaluations of each principle and criterion welfare scores were split into two categories: the first category corresponded to the lowest scores (i.e. scores lower than or equal to the first quartile) observed at cow level and the second category corresponded to the scores above the first quartile. This methodology was chosen to investigate the effects of high welfare impairment rather than to compare the best half to the worst half of herds since in the herds included in this study welfare variability was low (absence of enhanced and low number of poor welfare scored herds).

The relationships between CFSI and the welfare indicators (i.e. overall welfare category, principles and criteria scores) were evaluated using multivariate Cox proportional hazard models. Models were adjusted to take into account the factors likely to influence CFSI: cow breed (Prim'Holstein vs. Montbéliarde and other breeds), parity (primiparous vs. multiparous), season of calving (spring and summer, autumn, winter), mean milk production during the 3 months after calving, season of insemination (autumn vs. winter) and two interactions: parity*milk production and breed*milk production. These factors were selected because they have already been associated with CFSI in the literature [START_REF] Crowe | Parturition to resumption of ovarian cyclicity: comparative aspects of beef and dairy cows[END_REF].

The following model was used:

ℎ , = ℎ * exp + ) ~ 0,
where ℎ is the hazard function at time t for the probability of AI after a calving for the ! "# cows of the $ "# herd, ℎ is the unspecified hazard function, is a matrix containing all adjustment variables previously cited, is the vector of coefficients associated with these variables and and is a herd random effect. It was assumed to be normally distributed with a mean of 0 and a variance % .

Mixed logistic regression was used to analyze the relationships between CR and welfare indicators. As previously described, the models were adjusted for factors likely to influence CR [START_REF] Walsh | A review of the causes of poor fertility in high milk producing dairy cows[END_REF] : cow breed, parity, season of calving, mean milk production during the 3 months after calving, season of insemination, rank of AI (1, 2 or 3), interval between calving and AI, type of semen (sex-sorted vs. not sorted) and crossbreeding (bull breed different from the cow breed), parity*milk production and breed*milk production. The model used was:

& ~'( ) * ! + ln . + 1 -+ 1 = + * + * ~ 0, 2 ~ 0,
where the outcome & is the binary variable representing the occurrence of a calving for the cow ! in the herd $, is a matrix containing all adjustment variables previously cited, is the vector of coefficients associated with these variables, * is the random nested effect for a cow ! in a herd $ and is a herd random effect for the herd $. The random effect * and were assumed to be normally distributed with a mean of 0 and a variance % 2 and respectively.

The quality of the models was estimated using the Akaike Information Criterion (AIC).

The model containing the most variables with the lowest AIC was retained. Sixteen Cox proportional hazard models were constructed: for each reproductive performance: one for the overall welfare category, four for each welfare principle scores and 11 for each criteria score.

Each welfare score was taken into account alone, and its introduction in the multivariate models aimed to evaluate its effect corrected for the other variation factors susceptible to influence reproductive performance.

All statistical analyses were performed by using R software2 . Cox models were performed using the survival package3 [START_REF] Therneau | Modeling Survival Data: Extending the Cox Model[END_REF] and mixed logistic regression using the lme4 package [START_REF] Bates | Fitting Linear Mixed-Effects Models Using lme4[END_REF]. The effect of each welfare score in the different models was evaluated using drop 1 function of stat package and ANOVA function of car package.

Results

Characteristics of the sample studied

The Briefly, the main welfare problems highlighted by the median of criterion welfare scores were Absence of pain induced by management procedures and Absence of disease. In the first quartile, the Good feeding score was low mainly due to a low Absence of prolonged thirst score which was attributed when there were too few drinkers (>15 cows by drinking point). The absence of prolonged hunger score was also low in the first quartile, which was related to >23% of cows being very thin (<2.5). The good housing score was low when comfort around resting was not adequate. This was related to a long time taken to lie down and to a high percentage of cows which had dirty lower legs. Ease of movement score was high in all the farms because all the cows were loose-housed. The good health score was low in the first quartile mostly related to dehorning practices (disbudding without anesthetic or analgesic), to disease, essentially due to a high percentage of cows with somatic cell counts > 400 000 cells/mL and finally to small integument alterations and lameness. for the whole sample.

Relationship between animal welfare and CFSI

When introduced in the multivariate model the overall welfare category was significantly related to CFSI (P=0.02). CFSI tended to be associated with the criterion C6

(absence of injuries, P=0.06) and C9 (expression of social behavior, P=0.07; Table 4). For the overall welfare category and C6 (absence of injuries), the higher the welfare category/score the shorter was the CFSI (-11 to -7 days). The relationship was the opposite for C9. CFSI was shorter in the herds where high levels of agonistic interactions were observed between cows (-2 days).

Among the covariates, only breed, season of calving and season of AI were significantly related to CFSI. Median CFSI was shorter in Montbéliarde and other breeds compared to Prim'Holstein cows (72.0 vs. 83.0 days; P < 0.001), when calving occurred in autumn compared to spring/summer (72.0 vs. 98.0 days; P < 0.0001) and when insemination occurred in autumn compared to winter/spring (73.0 vs. 77.0 days; P < 0.0001).

Relationship between animal welfare and CR

The variables crossbreeding and type of semen were not retained in the multivariate model because their contribution to model quality was not significant.

The overall welfare category was not related to CR (P=0.54). CR was significantly related with the P2 criteria (good housing, P=0.05; Table 5) and this effect was explained by the relationship between CR and C3 (comfort around resting; P=0.05). Two trends were observed: CR tended to be related to C1 (absence of prolonged hunger; P=0.07) and C6 (absence of injuries; P=0.09). For all these associations the higher the score, the higher was the CR (odds ratio 1.21 to 1.24).

Among the covariates taken into account in the models, breed and milk yield were significantly associated with CR. CR was lower in Prim'Holstein cows than in Montbéliardes and other breeds (OR=0.40; P<0.0001) and was reduced in lower producing (≤26.3 kg/d) vs higher producing cows (>32.8 kg/d; OR=0.66; P=0.002).

Discussion

This study aimed to assess the relationship between welfare measured at the herd level and reproductive performance in a population selected to reflect the diversity of French dairy farms. We considered potential confounding factors of our two indicators of reproductive performance: calving to first service interval (CFSI) and calving rate (CR). In most of our herds, cows go to pasture for the grazing period. This is likely to affect their welfare: access to food and water, comfort around resting, cleanliness, integument alterations, lameness, diseases, somatic cell count, expression of social behavior might be modified when grazing. We therefore limited our observations to the indoor period. This reduced the size of our dataset. However, the number of inseminations selected was high enough to investigate relationships between welfare and reproduction performance considering known confounding factors.

The herds included in our sample were slightly larger in size than the average French herd (51 vs. 41 dairy cows, [START_REF] Agreste | Produits agroalimentaires : Bovins, In: Graphagri[END_REF] only parity from 1 to 3. In our analysis, all the culled cows were considered to be not pregnant and we included all ranks of lactation (range from 1 to 13). This might have reduced our estimation of CR [START_REF] Walsh | A review of the causes of poor fertility in high milk producing dairy cows[END_REF].

In our study, none of the herds were classified as excellent after welfare was evaluated and only five herds were not classified (poor welfare, considered to be unacceptable). The absence of excellent herds has already been observed by de [START_REF] De Vries | Evaluating results of the Welfare Quality multi-criteria evaluation model for classification of dairy cattle welfare at the herd level[END_REF] in a sample of 196 herds in The Netherlands even though they were selected to have a wide range of levels of animal welfare. This could mean that the level of dairy herd welfare is low in Europe or that the system of evaluation is not adapted to current dairy cow rearing practices. The low number of poor welfare farms might be explained by the fact that herd recruitment was voluntary in our study. Consequently, the relatively low variability in the welfare score in our sample might have reduced the statistical power of our investigation.

The calving to first service interval was related to the overall welfare category calculated with the Welfare Quality Protocol: the median CFSI was reduced by 11 days in the herds with the best score (enhanced and acceptable in our study) compared to the worst (poor welfare).

This is in favor of a positive relationship between welfare and productivity.

However, CFSI was not significantly associated with the principle or criterion scores were significantly associated to CFSI. Two welfare criteria tented to be associated with CFSI:

Absence of injuries and expression of social behavior. The higher the score for Absence of injuries, the shorter was the median CFSI. Lameness is taken into account in this criterion and a negative relationship with CFSI has already been observed by [START_REF] Fourichon | Effect of disease on reproduction in the dairy cow: a meta-analysis[END_REF] in their meta-analysis and by [START_REF] Hernandez | Effect of lameness on the calving-toconception interval in dairy cows[END_REF] in 837 Holstein cows. For [START_REF] Hernandez | Comparison of the calving-to-conception interval in dairy cows with different degrees of lameness during the prebreeding postpartum period[END_REF], calving to conception interval was increased in lame cows which may be related to an effect on CFSI but also on conception rate. Moreover, [START_REF] Sandgren | Using a national dairy database to identify herds with poor welfare[END_REF], explored the potential of using information recorded in the national database for use as indicators of animal welfare and they identified a relationship between calving interval with a score for injuries and inflammation and animal cleanliness (the better the score the shorter was the calving interval).

This is in agreement with our observation.

Herds with a high frequency of agonistic interactions (taken into account in C9, expression of social behavior) tended to have a shorter CFSI. We can hypothesise that, the shorter the CFSI, the higher was the probability to observe cows in heat in the herd. Indeed, agonistic interactions between cows are observed when they are in oestrus [START_REF] Orihuela | Some factors affecting the behavioural manifestation of oestrus in cattle: a review[END_REF][START_REF] Kerbrat | A proposition for an updated behavioural characterisation of the oestrus period in dairy cows[END_REF][START_REF] Roelofs | When is a cow in estrus? Clinical and practical aspects[END_REF].

Surprisingly, the criterion absence of prolonged hunger estimated by the proportion of very thin cows, was not related to CFSI even though low body condition score at calving and high BCS loss after calving are known to increase the length of postpartum anoestrus in dairy cows [START_REF] Chagas | Invited review: New perspectives on the roles of nutrition and metabolic priorities in the subfertility of high-producing dairy cows[END_REF][START_REF] Crowe | Parturition to resumption of ovarian cyclicity: comparative aspects of beef and dairy cows[END_REF][START_REF] Bedere | Meta-analysis of the relationships between reproduction, milk yield and body condition score in dairy cows[END_REF]. This might be related to the methodology used to estimate this criterion in the Welfare Quality protocol. BCS was evaluated on a sample of lactating and dry cows and pregnant heifers. A very lean cow corresponding to a BCS < 2. The criterion was noted at a herd level and the score is lower than 20 (as in our first quartile) if between 20% to 100% of cows are very lean. In high producing dairy herds, a physiological loss of BCS is observed after calving. A proportion of 20% of thin cows is perhaps not detrimental enough to affect CFSI if only observed in early lactating cows. It might be of interest to differentiate between two criteria in the Welfare Quality Protocol: very low BCS observed in dry cows, pregnant heifers, late lactating vs. early lactating cows. Therefore, it seems that an improvement in animal welfare is likely to reduce the interval between calving and insemination even though no specific aspect of animal welfare seems to have a prominent effect.

In our study, CR rate was not related to the overall welfare category. However, a significant relationship was observed between the principle good housing, the criterion comfort around resting and CR. In our study, this was not related to the type of housing (cubicles vs. straw bedding, data not shown). To our knowledge, the link between cow comfort and CR has not been previously documented. The score for comfort around resting was the main factor which influence the good housing score in our study. The other parameter taken into account to calculate the P2 principle (good housing) is ease of movement which was high in all our herds because all the cows were reared in loose housing systems. CR also tended to be associated with absence of prolonged hunger and absence of injuries which is in agreement with previous observations: low body condition score, lameness and claw disorders have been shown

to be related to low conception rate [START_REF] Fourichon | Effect of disease on reproduction in the dairy cow: a meta-analysis[END_REF][START_REF] Hernandez | Effect of lameness on the calving-toconception interval in dairy cows[END_REF][START_REF] Lopez-Gatius | Effects of body condition score and score change on the reproductive performance of dairy cows: a meta-analysis[END_REF][START_REF] Hernandez | Comparison of the calving-to-conception interval in dairy cows with different degrees of lameness during the prebreeding postpartum period[END_REF][START_REF] Bedere | Meta-analysis of the relationships between reproduction, milk yield and body condition score in dairy cows[END_REF]. All the association or trends observed were positive: CR was higher when welfare scores were high. However, CR seemed only to be related to certain specific aspect of welfare aspect (comfort around resting) and this needs further investigations to be understand.

Finally, CFSI was more closely related to animal welfare measured at herd level than CR. Therefore, the CFSI seems therefore to be more relevant when selecting herds before conducting visits for on farm welfare assessment.

The other risk factors for poor reproductive performance identified in this work have often been observed in other studies. CFSI was related to cow breed, season of calving and season of AI as observed for French cattle in general (Le [START_REF] Mezec | Fertilité des principales races laitières[END_REF]. CR was related to cow breed and milk yield. The breed effect observed in this study has already been described in the French and in the European cattle populations (European Food Safety Authority, 2009;[START_REF] Mezec | Fertilité des principales races laitières[END_REF]. The positive association between milk yield and CR (increase of CR with the increase in milk yield) is not consistent with the generally accepted idea that there is a negative relationship between milk yield and reproductive performance. However, some authors have highlighted potential bias in this association [START_REF] Leblanc | Assessing the association of the level of milk production with reproductive performance in dairy cattle[END_REF]. In our study, the lower category of milk production during the three first months of lactation was very low (≤26.3 kg/d). Animals which produce less than this might have an alteration in health or a nutritional deficiency if the diet is insufficient/unbalanced.

Conclusions

We identified positive associations between good welfare and reproductive performance. CFSI was shorter for the cows bred in herds with enhanced and acceptable overall welfare category and a trend was observed for the association with absence of injuries. CR was not related to overall welfare category but was significantly higher in the farms with a high comfort around resting score. Our study suggests that CFSI might be reduced by better animal welfare. This result is likely to encourage dairy producers to improve welfare on their farms.

Moreover, a long CFSI which is routinely recorded, could be used as a criterion to help in the identification of herds where it would be appropriate look more closely at animal welfare.

Tables Table 1 The Welfare Quality protocol in dairy cattle: observations used to estimate the four principles (P) and the 12 criteria (C) welfare scores. 

  reported significant associations between body condition score (BCS) at calving, BCS change between calving and first service, BCS at nadir and number of days open. Days open were significantly reduced in animals with high BCS at calving showed a significant reduction in days open vs.

  Parity ranged from 1 to 13. Maximum and mean daily milk production during the first 3 months of lactation were respectively 32.8 ± 7.8 and 30.1 ± 7.3 kg/d. The main cow characteristics recorded for the cows are presented in Table3. Crossbreeding was used for 16.4% of the AIs (n=649/3951) and sex-sorted semen was used for only 75 AI of the 3951 performed.The median of CFSI was 76 days (mean 81.5±27.7 days; n=2172) and CR was 34.5%

	enhanced (n=1145/2755; 41.6%) and acceptable (n=1526/2755; 55.4%) welfare. Only 3.0%
	(n=84/2755) were bred in the poor welfare herds. The welfare scores observed for the 2755
	cows are described in Supplementary material S1. The sample was comprised of mainly
	Montbéliarde (50.9%) and Prim'Holstein (45.7%) cows. Reproductive performance was for the
	Prim'Holstein, Montbéliarde and other breeds respectively 83, 72, 73 days for the CFSI median

The low appropriate behavior score in the first quartile was related to a high number of head butts or other aggressive events per cow per hour (low score for expression of social behaviors), to the low percentage of cows which could be touched or approached within less than 50 cm (low score for good human-animal relationship) and finally, to negative terms attributed to describe cow behavior (low score for positive emotional state).

The number of cows per herd inseminated during the observation period ranged from one (in one herd) to 56 (in one herd). Most of the cows were bred in the herds classified as and 27.1, 40.9 and 43.2% for the CR. The result from the 95 cows (3.4%) classed as other breeds were grouped with the Montbéliarde cows since their reproductive performance was similar.

  ). We included mainly Prim'Holstein and Montbéliarde cows in our study which are the main two French dairy breeds (66 and 17% of the French population, (France Génétique Elevage, 2016).

The reproductive performance of the cows enrolled in this study were close to that observed for the French cow population (Le

[START_REF] Mezec | Fertilité des principales races laitières[END_REF]

. Mean CFSI was slightly shorter than that observed in the French cow population (98 days for Prim'Holstein and 80 for Montbéliarde cows, (Le Mezec, 2017)). The high proportion of Montbéliarde cows in our sample reduced the mean CFSI observed. Moreover, we excluded CFSIs over to 200 days from our analysis. CR was slightly lower than that observed in the French population (37.1% in Prim'Holstein cows and 49.2% in Montbéliarde ones,

[START_REF] Mezec | Fertilité des principales races laitières[END_REF]

). However, Le Mezec calculated the calving rate without taking into account culled cows. Moreover, they included

Table 2

 2 Welfare scores a recorded in 124 herds according to the Welfare Quality protocol assessment Scores were estimated on a scale of 0 (poor score) to 100 (best score)

	Variable	Minimum	First	Median	Third	Maximum
			quartile		quartile	
	Good feeding (P1)	3.5	14.6	43.5	64.8	100.0
	Absence of prolonged hunger (C1)	2.5	27.9	49.3	100.0	100.0
	Absence of prolonged thirst (C2)	3.0	3.0	60.0	100.0	100.0
	Good housing (P2)	35.2	51.6	59.4	66.2	79.8
	Comfort around resting (C3)	0.0	26.1	38.6	49.2	70.9
	Ease of movement (C5)	95.0	95.0	95.0	95.0	95.0
	Good health (P3)	13.4	25.5	29.5	35.8	52.4
	Absence of injuries (C6)	8.7	39.1	55.7	69.2	100.0
	Absence of disease (C7)	11.9	26.6	33.4	44.9	86.1
	Absence of pain induced by	2.0	20.0	20.0	28.0	100.0
	management procedures (C8)					
	Appropriate behavior (P4)	6.5	26.6	37.4	44.7	69.0
	Expression of social behaviors (C9)	0.0	20.5	41.3	61.7	95.8
	Expression of other behaviors (C10)	0.0	77.2	82.3	86.5	100.0
	Good human-animal relationship (C11)	13.7	33.5	41.6	51.0	69.6
	Positive emotional state (C12)	1.3	34.9	49.0	66.5	93.3

a

Table 3 512

 3 Characteristics of the 2,755 dairy cows included in the study.

	513
	514
	Variable

Table 4 517

 4 Associations between overall welfare category, principles and criteria scores (measured at herd 518 level) and calving to first service interval (CFSI) in 124 French dairy herds (n= 2172 AI1). The 519 scores were introduced one by one in a multivariate model taking into account breed, parity, 520 season of calving, season of AI, milk production and interactions between milk 521 production*breed and milk production*parity.

	522					
				CFSI		
		Score	n		HR	95% CI	P
				median		
	Overall welfare category	Acceptable	1202	76	Ref	-
		Enhanced	907	75	0.93	0.78 -1.12	0.02
		Poor welfare	63	86	0.68	0.86 -1.06
	Good feeding (P1)	≤14.6	573	75	Ref.	-
							0.65
		>14.6	1599	76	1.05	0.86 -1.28
	Good housing (P2)	≤52.0	601	79	Ref.	-
							0.26
		>52.0	1571	74	1.12	0.92 -1.35
	Good Health (P3)	≤25.5	561	80	Ref.	-
							0.14
		>25.5	1611	75	1.16	0.95 -1.41
	Appropriate behavior	≤26.7	576	77	Ref.	-
							0.67
	(P4)	>26.7	1596	76	0.96	0.79 -1.17
	Absence of prolonged	≤28.9	552	82	Ref.	-
							0.19
	hunger (C1)	>28.9	1620	74	1.15	0.94 -1.40
	Absence of prolonged	≤3.0	573	75	Ref.	-
							0.65
	thirst (C2)	>3.0	1599	76	1.05	0.86 -1.28
	Comfort around resting	≤26.8	601	79	Ref.	-
							0.26
	(C3)	>26.8	1571	74	1.12	0.92 -1.35

See: International Committee for Animal Recording,

International Recording Guidelines. https://www.icar.org/index.php/icar-recording-guidelines/ (Accessed 17 March 2019).

See: The R Project for Statistical Computing https://www.r-project.org (Accessed 19 March 2019)

See : Therneau T., 2015. A package for survival analysis in R. version 2.38 https://CRAN.Rproject.org/package=survival. (Accessed 21 March 2019)
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Appendix: Supplementary material

Supplementary data associated with this article can be found in the online version at