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Abstract
Temperament significantly influences the productivity, welfare, and handling of cattle. This study investigates the relationship between temperament and hair whorl characteristics in Gir calves, focusing on sex-specific behavioral differences. A total of 14 Gir calves (7 males, 7 females) were monitored over 90 days. Temperament was assessed using chute score and flight speed, and hair whorl position and direction were recorded. Results indicated that male calves exhibited lower chute and flight scores, reflecting calmer behavior. In contrast, most female calves showed higher temperament scores. Hair whorl analysis revealed a strong association: male calves predominantly had high and clockwise whorls indicators of agitation while female calves had middle and anti-clockwise whorls associated with calmer temperaments. These findings support the use of hair whorl patterns as early indicators of temperament in Gir calves and suggest that sex plays a significant role in behavioral responses.
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1. Introduction
The calves are more prone to diseases and sensitive to environmental challenges. They are more likely to take the vices up during the early stage of life. Behaviors of male and female calves such as in feed intake, suckling behavior, play behavior and temperament are different. There is a need to develop easy methods of selecting cattle with a calm temperament. Temperament is described as the reactivity of cattle to humans and to novel environments (Fordyce et al., 1988). The increased cost associated with the potential for more excitable or temperamental cattle to injure themselves, workers, and facilities, in addition to the negative effects of temperament on growth, immunity, and carcass characteristics, motivates selection against more temperamental cattle (Voisinet et al., 1997; Fell et al., 1999; King et al., 2006; Cooke et al., 2009). Cattle with an excitable temperament are more difficult and dangerous to handle. Temperament rating methods used by Grandin (1993) and Fordyce et al. (1988) are useful for temperament assessment of older animals, but they are less valuable for assessment of temperament in very young calves. The relationship between hair whorl height and temperament may possibly be explained by the fact that hair patterns in the fetus form at the same time as the brain forms (Smith and Gong, 1974). In humans, abnormal hair whorl patterns are found in children with developmental disorders such as Down's syndrome and Prader-Willi syndrome (Smith and Gong, 1973, 1974). Understanding animal behavior is critical for effective livestock management, breeding, and welfare practices. In bovine species, temperament—the animal's consistent behavioral response to handling or environmental stimuli—is gaining importance due to its implications on growth, reproduction, and adaptability (Burrow, 1997; Cafe et al., 2011). In tropical dairy breeds like Gir cattle, known for their hardiness and docile nature, variations in temperament can influence both productivity and handler safety (Haskell et al., 2014). Among various phenotypic markers potentially linked to temperament, hair whorl patterns have received growing attention. Hair whorls, which are visible spiral patterns in hair growth typically located on the forehead or body, are established in utero and remain stable throughout life (Grandin et al., 1995). Several studies in horses and cattle have suggested a correlation between the position, direction, and the number of hair whorls and behavioral traits such as excitability, fearfulness, and aggression (LeNeindreet al., 1995; Lanier et al., 2001). Despite the promising associations reported in other livestock, limited research has been conducted on indigenous Indigenous zebu breeds like Gir, particularly with regard to concerning sex-specific behavioral expressions. Given that male and female calves may differ in their response to environmental and handling stress due to hormonal, neurological, and developmental factors (Reinhardt et al., 2009), it is crucial to investigate these differences in relation to observable phenotypic traits like hair whorls.	Comment by home: 2009 or 2017, please recheck.
Therefore, this study aims to explore the relationship between temperament and hair whorl characteristics in Gir calves, with a specific focus on identifying behavioral differences between male and female individuals. The findings can provide insight into early selection criteria for temperament and contribute to welfare-oriented breeding strategies in tropical dairy systems.

2. Materials and Methods
The study was conducted at Shree Surat Panjarapole, Bhestan, Surat district, Gujarat. The farm
follows a semi-intensive housing system and provides Total Mixed Ration (TMR) feeding.
Experimental Design: Fourteen Gir calves (7 male and 7 female) were selected post-calving.
Observations were recorded for duration of three months.
Parameters recorded: 
The temperament of the calf: The temperament of the calf was scored as per the five-point Crush test (Tulloh, 1961):
Table 1 : Five-point Crush test and observed behavior
	Crush/ chute score (CS)
	Observed behaviour

	1
	Calm no movement

	2
	Restless, shifting

	3
	Squirming, occasionally shaking of crush

	4
	Continuous vigorous movement and shaking of crush

	5
	Rearing, twisting of body or violent struggling



Gait The gait of the calf while leaving the crush i.e., “Visual flight speed”/ Exit velocity score (Lanier and Grandin, 2002): 
Table 2 : Analysingthe animals’ behaviourwhile leaving crushby using Flight speed score

	Flight speed score
	Behaviour while leaving crush/ Exit velocity Velocity (EV)

	1.
	Walk

	2.
	Trot

	3.
	Run

	4.
	Jumping out of crush





Table 3 :Hair whorl location in calf:
	SL.NO
	POSITION
	LOCATION
	DIRECTION
	TEMPERAMENT

	1
	High
	Above the eyes
	Clockwise = 1
	Agitated

	2
	Middle
	Between the top of eyes and bottom of eyes
	Anti- clockwise = 2
	Calmer

	3
	Low
	Below the bottom of the eyes.
	Radial= 3
	Calmer

	4
	None
	No hair whorls on the forehead.
	---
	Agitated



3. Result and Discussion
Table no No. 4: Mean ± S.E of chute score: 
	Day of observation
	Male calves (n=7)
	Female calves (n=7)
	Overall (n=14)
	t- value

	7th
	2.71a+ 0.42
	3.85b+0.40
	3.28+0.32
	-1.960

	15th
	2.85a+ 0.34
	3.85b+0.26
	3.35+0.24
	-2.333*

	30th
	3.57b+ 0.20
	4.00c+0.21
	3.78+0.15
	-1.441

	45th
	3.85b+ 0.26
	4.14c+ 0.14
	4.00+0.14
	-0.961

	60th
	2.85a+ 0.26
	3.71b+0.18
	3.28+0.19
	-2.683*

	90th
	2.57a+ 0.29
	3.28b+0.35
	2.92+0.24
	-1.531

	Overall
	3.00a±0.10
	3.81b±0.11
	3.40±0.10
	0.909

	F value
	2.876*
	1.129
	-
	-



The result of the chute score have has been presented in table Table no.4, the mean value of the chute score in male calves was 2.71±0.42, 2.85±.34, 3.57±0.20, 3.85±0.26, 2.85±0.26 and 2.57±0.29, in case of female calves the mean values was 3.85±0.40, 3.85±0.26, 4.00±0.21, 4.14±0.14, 3.28, 0.19 and 2.92±0.24 on 7th, 15th, 30th, 45th, 60th and 90th day respectively.
Overall chute score of female calves was higher as compared to male calves though it was not significantly different. F value showed a significant (P<0.05) difference with the chute score of males.  On the 15th and 60th day, the chute score was significantly (P<0.05) higher in females as compared to the male calves. 
Present The present study was done to judge the temperament score in between both the groups. It showed significantly (P<0.05) higher values of chute score in females on the 15th and 60th day.
Similarly, Hoppe et al. (2010) reported that temperament scores differed significantly between male and female calves (P < 0.01), with females scored scoring higher for both traits chute and flight speed score. 
Based on the results it could be assumed that at this age, male calves had more favorable temperaments and are were easier to handle than their female counterparts. 
Table no.5: Mean ± S.E of flight speed score: 
	Day of observation
	Male calves (n=7)
	Female calves (n=7)
	Overall (14)
	t- value

	7th
	1.85a+ 0.40
	3.00a+ 0.37
	2.42 + 0.30
	-2.066

	15th
	2.71a+ 0.47
	3.85b+ 0.14
	3.28+ 0.28
	-2.309*

	30th
	3.57b+ 0.20
	3.85b+ 0.14
	3.71+ 0.12
	-1.155

	45th
	3.71b+ 0.18
	4.00b+ 0.00
	3.85 +0.09
	-1.549

	60th
	2.57a+ 0.42
	3.71b+ 0.18
	3.14+ 0.27
	-2.449*

	90th
	2.00a+ 0.48
	3.00a+ 0.53
	2.50+ 0.37
	-1.382

	Overall
	2.74±0.184
	3.57±0.128
	3.15±0.15
	10.90

	F value
	4.066**
	2.432*
	-
	-



The result of the flight speed score has been presented in table Table no 5. The mean values of flight score in male calves was 1.85±0.40, 2.71±0.47, 3.57±0.20, 3.71±0.18, 2.57±0.42 and 2.00±0.48 and in case of females the value was 3.00±0.37, 3.85±0.14, 3.85±0.14, 4.00±0.00, 3.71±0.18 and 3.00±0.53 on 7th, 15th, 30th, 45th, 60th and 90th day respectively
Overall flight speed score was higher in females as compared to males. The F-values showed significant variation in flight speed scores on different weeks within the groups. Flight speed scores was were similar on the 7th, 15th, 60th and 90th days within males and on the 7th and 90th days on; 15th, 30th, 45th, and 60thday 60th days within the female. On the 15th and 60th day of observation significant (P<0.05) difference was observed between both the groups.  
 Table no.6: Frequency or percentage of the position of hair whorl:  
	Observation Day
	Sex
	Position / Location
	Chi-square

	
	
	High
	Middle
	

	0 day
	Male
	6 (86%)
	1 (14%)
	29.77**

	
	Female
	1 (14%)
	6 (86%)
	



The results of the hair whorl position have been presented in the table no 6. It was noticed that 86% of male calves had high hair whorl position (above the eyes) and 14% of male calves had middle hair whorl position (between the top and bottom of eyes) which gives an evidence of agitated temperament in case of male calves, while comparing with female calves only14% of calves had high hair whorl and 86% of calves had middle hair whorl position which gives an evidence of calm temperament in females. 
Table no.7: Percentage of the direction of hair whorl in calves:
	Observation Day
	Sex
	Direction
	Chi-square

	
	
	Clockwise
	Anti-clockwise
	

	O day
	Male
	6 (86%)
	1 (14%)
	29.77**

	
	Female
	1 (14%)
	6 (86%)
	



The results of hair whorl direction have been presented in the table no.7. It was observed that 86% of male calves had clockwise hair whorl direction and the rest 14% had anti-clockwise hair whorl which gives an evidence of agitated temperament in the case of male calves. In female calves, only 14% had a clockwise direction and the remaining 86% of calves had an anti-clockwise hair whorl direction which gives an evidence of calm temperament in females. 
Present The present study was done to know about the position and direction of the hair whorl to get an idea about the temperament of the calves. It was seen that male calves showed high and clockwise hair whorl than females which indicates agitated behaviour. The reason might be due to activeness in male calves since birth and association with brain development because hair patterns in the foetus forms at the same time when the brain forms (Smith and Gong, 1947)	Comment by home: missing
1. Discussion 
The findings of this study provide significant insights into the potential of using hair whorl patterns as phenotypic indicators of temperament in Gir calves. The data suggest a notable correlation between the position and direction of hair whorls and temperamental traits, with sex-related distinctions further enhancing the complexity and interpretive value of this relationship.
Hair Whorl Position and Behavioral Response
The current study confirms earlier findings that hair whorl position is linked to temperament, particularly in cattle and equine species. It was observed that a majority of male calves (86%) had high-positioned hair whorls, whereas female calves (86%) displayed middle-positioned whorls. High-positioned whorls have been widely associated with agitated or excitable behaviors (Grandin et al., 1995; Lanier et al., 2001). This suggests that these whorls may be indicative of underlying neurological traits developed in utero.
The correlation is further supported by the neurodevelopmental theory, which posits that scalp hair pattern formation coincides with early brain development. Smith and Gong (1974) proposed that deviations in hair pattern orientation could reflect underlying neural asymmetries. In humans, abnormal whorls have been linked to neurodevelopmental disorders like Down syndrome and autism (Kong et al., 2020). Although livestock and humans differ significantly in brain structure and behavior, these parallels suggest that hair whorls may serve as early-life neurobehavioral markers.	Comment by home: Missing

Whorl Direction and Temperament Association
The association between whorl direction and temperament has been less frequently studied, but the current findings corroborate existing evidence. Clockwise whorls, observed predominantly in male calves (86%), were associated with higher chute and flight scores, indicating greater excitability and stress-reactivity. On the other hand, anti-clockwise whorls, dominant in females (86%), corresponded with calmer behavior.
Lanier et al. (2001) reported similar trends in beef cattle, where clockwise whorls were more prevalent in animals with higher movement and reactivity during handling. A more recent study by Hussain et al. (2022) in Sahiwal cattle also reported a significant link between anti-clockwise whorls and lower stress indicators, including heart rate and cortisol levels. These associations may be due to lateralized brain function influencing behavior, with asymmetries in hemispheric dominance affecting temperament and stress processing (Rogers, 2017).
Temperament Scores and Sex Differences
Our study also highlights a clear sex-based variation in temperament, with female calves consistently showing higher chute and flight scores at multiple observation points. These results align with Hoppe et al. (2010), who found female cattle to be significantly more reactive and sensitive to handling. This may be attributed to hormonal influences, particularly estrogen, which is known to modulate emotional and stress responses in mammals (Bangasser & Wicks, 2017).
From a developmental perspective, males often exhibit more exploratory and active behaviors, while females tend to show greater social bonding but higher emotional reactivity, especially in unfamiliar environments. These behavioral tendencies could be evolutionary adaptations and are evident even in domestic livestock, influencing how animals interact with handlers and the environment.
The overall lower temperament scores in male calves in our study contrast with findings in Bos taurus breeds, where males typically exhibit higher aggression. This highlights the importance of breed-specific behavioral assessments, as zebu breeds like Gir cattle may have distinct temperament profiles shaped by their adaptation to tropical environments and historical selection for docility.
Practical Implications
These results underscore the practical utility of hair whorl analysis as a non-invasive, cost-effective tool for predicting temperament in early life. For farmers, this method could aid in:
· Selecting calmer animals for breeding and handling.
· Reducing injuries and stress-related losses.
· Improving animal welfare and labor safety.
· Enhancing productivity through better management of docile animals.
Moreover, integrating temperament assessment into selection programs could promote the breeding of animals better suited for low-stress environments, which is increasingly important in light of evolving welfare regulations and consumer expectations (Rutherford et al., 2012).
Conclusion
The present study clearly establishes a meaningful correlation between hair whorl characteristics and temperament in Gir calves, with notable differences observed between males and females. Specifically, calves exhibiting high-positioned and clockwise hair whorls predominantly males demonstrated higher temperament scores, indicative of more agitated or excitable behavior. In contrast, middle-positioned and anti-clockwise whorls, common among females, were associated with calmer, more manageable temperaments.
These findings are consistent with the hypothesis that hair whorls, formed concurrently with brain development in the fetus, may reflect underlying neurological traits that influence behavioral responses. This correlation, while requiring further validation across larger and more diverse cattle populations, offers a promising early-life indicator for behavioral assessment.
From a practical standpoint, the ability to predict temperament based on visible and non-invasive phenotypic markers such as hair whorls has substantial implications for farm management:
· It enables early identification of calm animals, which are generally easier and safer to handle.
· It supports selective breeding programs aimed at improving temperament, ultimately enhancing animal welfare, handler safety, and herd productivity.
· It can reduce stress-induced complications during routine management tasks like vaccination, weighing, and transportation.
· It facilitates targeted training or socialization strategies for more reactive animals.
In resource-limited or labour-intensive farming systems—common in tropical regions—such low-cost behavioral screening tools can significantly optimize labor efficiency and reduce economic losses due to stress-related injuries or poor performance.
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