



Effect of seasonal variations and breed differences on physiological and behavioural parameters of Ghungroo and Large White Yorkshire (LWY) piglets in Sundarban region of West Bengal, India
ABSTRACT
Aims: The present study was carried out to analyze the effect of season and breed variations on physiological and behavioural parameters of Ghungroo and Large White Yorkshire (LWY) piglets under intensive system of housing.
Place and Duration of Study: The study was conducted for a period of six months in Sundarban region of West Bengal, India. 
Methodology: To investigate the physiological and behavioural parameters, a total of 12 (6 males and 6 females) piglets of each grower weaned (2 months age) Ghungroo and LWY piglets were selected for two seasons namelywinter and summer. Those selected animals were kept in intensive housing. Physiological and behavioural parameters were recorded during both the winter and summer seasons.
Results: Physiological values such as rectal temperature, respiration rate and pulse rate were significantly different (P<0.05) between the seasons (summer and winter). These values were significantly higher during the summer season (P<0.05). Similarly, relative humidity and temperature-humidity index (THI) values were also significantly different (P<0.05) between those seasons. The THI values were significantly higher during the morning, noon, and afternoon of the summer season, followed by the winter season, indicating that Ghungroo and Large White Yorkshire (LWY) pigs experienced thermal stress during summer. Behavioral patterns such as the time (in minutes) spent in standing, sleeping, roaming, and lying also varied significantly (P<0.05) between summer and winter. Additionally, the frequency of urination, defecation, fighting, eating and drinking activities also varied significantly (P<0.05) between the seasons.

Conclusion: It can be concluded that breed-specific physiological and behavioral responses to seasonal change need to be established to optimize the rearing management of Ghungroo and LWY piglets. Implementation of appropriate environmental modifications and management practices based on seasonal needs can optimize welfare and productivity results in both breeds, particularly in regions where seasonal temperature fluctuation is high. Further investigation of nutritional and housing interventions based on each breed's particular seasonal needs may result in more sustainable and productive pig rearing.
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1. INTRODUCTION
A discrete and cumulative expression of animal behaviour has an apparent and mixed functioning. The development of better production system is made possible by farmers and experts through learning and acquaintance of the animal behaviour which empower them to impart easement to livestock and proficiently harnesses the domesticated animals to serve human [1]. Physiology is also influenced by environments [2] for example in order to diagnose and treating any diseases, the information of body temperature is very crucial [3], and any alteration in body temperature of sow can deduce the circumstances for estrus of sows [4]. For cognition of the biological, physiological and behavioural needs, it is crucial to assure the high welfare of animals [5]. Pereira et al.[6]proclaimed that the assessable indicators of stress i.e. heart rate, respiratory rate, body temperature or behavioural indicators must be recorded in animal trials to bestow the elite animal welfare. The learning of behavioural pattern in pig production is crucial because each and every single animal at disparate ages behave diversely owing to the consequences and inter-linkage of stimuli which are either genetical or non-genetical disparities and which eventually influences the performance attributes of animal [7].
Pigs are more responsive to high environmental temperatures as they lack perspiration and do not pant so well in comparison to other species of farm animals. They acknowledge heat stress by soliciting a complex of physiological, behavioural and anatomical mechanisms directed towards easement of heat loss to, or diminishing heat gain from, the environment [8].The temperature surpassing which an adaptive response take place (also called the critical temperature or inflection point temperature) may proficiently varies relying on which physiological or behavioural parameter is studied. Burgeoning lean pigs produce more heat from their consumed feed. This, in coalescence with confined housing, makes it arduous for the pigs in intensive systems to modulate their heat balance. Although pigs in outdoor can opt their individual environment (e.g. shadow, mud pool, evade from other pigs), pigs in indoor compelled to adapt with the confined environment [8].
On exposure to high ambient temperatures, pigs maintain homeothermy with the help of behavioural, physiological and metabolic acclimatizations that have detrimental impact on growth performance [9,10]. High ambient temperature, nevertheless, is not the factor that deleteriously affects swine production alone. Owing to escalation of animal production and the presumed lower ability of modern genotypes to adapt to environmental issues, pigs are frequently encountered with hygienic challenges [11]. Moreover, the coalition of high relative humidity and high ambient temperature, that generally takes place in tropical and subtropical areas, assists to proliferate and propagate the vectors and/or pathogens, leading to a higher environmental pathogenic pressure. This is followed by the invigoration of the immune system and accordingly, in the generation of pro-inflammatory cytokines and neuro-endocrine unification that, in succession, generally have a detrimental effect on growth and feed efficiency [12,13].
The differences in respiration rate, rectal temperature, heart rate and skin surface temperature can measure the physiological alterations on exposure to environmental stress [14]. Pigs express natural behavioural responses towards thermal stress, which comprise huddling together and trembling when cold, look around for shade, wallowing in water, and altering from diurnal to nocturnal feeding pattern when heat stressed during the day time [15]. Pigs possess a thick subcutaneous adipose tissue layer and lesser sweat glands; hence pigs control their body temperature through behavioural thermo-regulation in lieu of sweating [16].To intensify dissipation of heat, they enhance direct contact with cool surface, improving their lying position, increased excretion, and wallowing in their excreta [17].
Keeping in view the above mentioned literature, the study was aimed to assess the impact of seasonal variations and breed differences on the physiological and behavioral characteristics of Ghungroo and Large White Yorkshire (LWY) piglets reared under the unique agro-climatic conditions of the Sundarban region of West Bengal, India. The present study was focused to generate breed-specific information that will aid in improved management and welfare practices appropriate for local environmental conditions.

2. MATERIALS AND METHODS
The present study was carried out at pig farm of Tagore Society for Rural Development, Sundarban, West Bengal, India over a period of 6 months i.e. from December 2020 to May 2021. Sundarban is the largest delta, largest tidal mangrove forest in the world. The Sundarban region is located between 21◦32´ and 22◦40´N latitude and 88◦30´N and 89◦00´E longitude. The delta formed by the confluences of Ganga, Brahmaputra and Meghna rivers across south Bangladesh and West Bengal, India. The Sundarbans’ floor varies from 0.9 to 2.11 metres (3.0 to 6.9 ft) above sea level. Ordinarily, the climate ranges from 34℃ and 20℃, and the rainfall is extremely high. So, the weather is almost always moist and with the humid air from Bay of Bengal blowing constantly carrying 80% humidity.

2.1Details of the Experimental Animals
For the purpose of present investigation, two batches of each 12 grower weaned healthy Ghungroo piglets (6 males and 6 females) and 12 grower weaned Large White Yorkshire piglets (6 males and 6 females), all aged 2 months, were selected for two seasons namely summer and winter. Those selected animals were kept in intensive housing. Physiological and behavioural parameters were recorded during both the winter (December-February) and summer (March-May) seasons. Managements related to feeding, watering, housing etc. for all two different grower weaned breeds were followed as per the routine guidelines of the farm. 
2.2 Physiological parameters of Ghungroo and LWY piglets

Physiological parameters (rectal temperature,  pulse rate and respiration rate) were taken at weekly interval for thrice in a day i.e., morning(8-9 am), forenoon (1-2pm)and evening (4-5 pm) for both summer and winter seasons. 

2.2.1 Rectal Temperature (RT): Rectal temperature was taken with a digital thermometer by having the thermometer in contact with the rectal mucosa for approximately 2 minutes and in degree Celsius [18].
2.2.2 Pulse rate (PR): The rhythmic dilation of an artery that results from beating of the heart is called pulse and the number of times the heart beats per minute is called pulse rate. Pulse rate was measured by palpating the coccygeal artery and expressed in rate/min [18].
2.2.3 Respiration rate (RR): The respiratory rate is the rate at which breathing occurs. Respiration rate were taken by visual observation of the inward and outward abdominal movement and reported in rate/min. [18]

2.2.4 Dry Bulb Temperature (Tdb): It refers to the measurement of ambient air temperature. Dry-bulb temperature was measured with a normal thermometer freely exposed to the air placed in a shaded and well-ventilated area [19]
2.2.5 Wet Bulb Temperature (Twb): Wet Bulb temperature was measured by using a thermometer whose bulb is covered with water saturated wet muslin cloth and exposed to airflow [19].
2.2.6 Relative humidity (RH): Relative humidity was measured with the help of a psychrometer, where readings from the wet and dry bulb thermometers are used to determine humidity with the assistance of a psychrometric chart [20].
2.2.7 Temperature-Humidity Index(THI):After determining the dry and wet bulb temperatures, THI is evaluated using the formula, THI=0.72 (Tdb+Twb)+ 40.6,where TdbandTwb are Dry Bulb and Wet Bulb temperatures respectively [21].
2.3 Behavioural parameters of Ghungroo and Large White Yorkshire (LWY) piglets

Different behavioural activities of grower male and female piglets such as standing, sleeping, roaming, drinking frequency, urination frequency, defecation frequency, fighting tendency and frequency of fighting were studied.

The activities of the pigs were recorded by constant observation without disturbing them. The recording was done for 12 hours period both manually as well as through CCTV camera surveillance. For the quantitative description of behavioural activities, all the records were coded in a special type of score card developed for this purpose. 

2.4 Statistical analysis

The statistical significance of differences in means was assessed using SPSS software version 21.0.Two way ANOVA was used for determining the variation in physiological and behavioural parameters with respect to breed and season. 

3. RESULTS AND DISCUSSION
3.1 Physiological responses in Piglets in different seasons
Large White Yorkshire (LWY) piglets had significantly (P<0.05) higher pulse rate than Ghungroo piglets in both summer and winter seasons (Table 1). It was found that in both Ghungroo and LWY (male and female), the pulse rate (per min.) was significantly (P<0.05) higher in morning, noon and afternoon in summer compared to winter. In Ghungroo and LWY piglets, the respiration rate (per min.) was significantly (P<0.05) higher in the morning, noon and afternoon in summer compared to winter (Table 2). Significantly (P<0.05) higher respiration was observed in LWY than Ghungroo piglets. The rectal temperature (0F) was significantly (P<0.05) higher in the morning, noon and afternoon in summer compared to winter in case of both Ghungroo and LWY piglets (male and female) (Table 3). Highest rectal temperature (P<0.05) was observed in LWY. 

Table 1.  Mean ±SD of Pulse Rate (per min.) of Ghungroo and LWY piglets of different sexes in different seasons
	Pulse Rate (per min)


	BREED
	SEASON (Mean ±SD)

	
	
	SUMMER
	WINTER
	OVERALL

	Morning
	Ghungroo
	83.17a*±1.99
	82.33±2.06
	82.75±1.34

	
	LWY
	84.35b*±1.70
	82.69±2.70
	83.52±1.35

	
	Average
	83.76±1.86
	82.51±2.35
	83.13±1.41

	Noon
	Ghungroo
	86.33a*±1.87
	84.33±2.67
	85.33±1.39

	
	LWY
	87.00b*±1.81
	84.67±1.77
	85.83±1.20

	
	Average
	86.67±1.83
	84.50±2.23
	85.58±1.40

	Afternoon
	Ghungroo
	84.35a*±2.32
	81.50±1.93
	82.92±1.47

	
	LWY
	85.67b*±2.23
	82.00±2.09
	83.83±2.14

	
	Average
	85.01±2.03
	81.75±1.98
	83.38±0.99


[N.B. * indicates 5% level of significant (horizontally) whereas unlike superscripts (a,b) indicates level of significant (vertically)]
Table 2.Mean ±SD of Respiration Rate (per min.) of Ghungroo and LWY piglets of different sexes in different seasons
	Respiration Rate
	BREED
	SEASON (Mean ±SD)

	
	
	SUMMER
	WINTER
	OVERALL

	Morning


	Ghungroo
	33.17a*±1.34
	32.50±2.11
	32.83±0.67

	
	LWY
	34.50b*±1.93
	32.83±2.48
	33.66±0.96

	
	Average
	34.83±1.63
	34.66±2.26
	34.74±0.81

	Noon
	Ghungroo
	37.35a*±1.67
	36.83±1.99
	37.09±0.81

	
	LWY
	38.29b*±1.48
	37.50±2.43
	37.89±0.72

	
	Average
	37.82±1.55
	37.16±2.18
	37.49±0.78

	Afternoon
	Ghungroo
	36.83a*±1.93
	35.50±2.62
	36.16±0.88

	
	LWY
	37.67b*±2.06
	36.50±1.93
	37.08±0.91

	
	Average
	37.25±1.95
	36.00±2.26
	36.62±0.98


[N.B. * indicates 5% level of significant (horizontally) whereas unlike superscripts(a,b) indicates level of significant (vertically)]
Table 3.Mean ±SD of Rectal Temperature (0F) of Ghungroo and LWY piglets of different sexes in different seasons:
	Rectal temperature (0F)
	BREED
	SEASON (Mean ±SD)

	
	
	SUMMER
	WINTER
	OVERALL

	Morning
	Ghungroo
	102.83a*±0.47
	101.51±0.61
	102.17±0.23

	
	LWY
	103.63b*±0.56
	101.91±0.60
	102.77±0.28

	
	Average
	103.23±0.52
	101.71±0.63
	102.47±0.26

	Noon
	Ghungroo
	103.27a*±0.49
	102.52±0.88
	102.89±0.23

	
	LWY
	104.22b*±0.5
	102.68±0.82
	103.45±0.30

	
	Average
	103.74±0.50
	102.60±0.84
	103.17±0.17

	Afternoon
	Ghungroo
	102.32a*±0.66
	101.15±1.07
	101.73±0.35

	
	LWY
	103.37b*±0.88
	102.54±0.92
	102.95±0.41

	
	Average
	102.84±0.76
	101.84±1.02
	102.34±0.38


[N.B. * indicates 5% level of significant (horizontally) whereas unlike superscripts (a,b) indicates level of significant (vertically)]
3.2 Seasonal variations in Pig Sty

There were significantly (P<0.05) higher dry and wet Bulb readings (°C) in morning, noon and afternoon in summer compared to winter season (Table 4). In the two seasons (summer and winter) analysis of data revealed that wet bulb readings in the noon was significantly different (P<0.05). There were significantly (P<0.05) lower Relative Humidity (%) in morning, higher in the noon and afternoonin summer compared to winter season (Table 5). There were significantly (P<0.05) higher Temperature-Humidity Index (THI) readings (°C) of pig sty in morning, noon and afternoon in summer compared to winter season (Table 6). In the two seasons (summer and winter) analysis of data revealed that temperature-humidity readings in the morning and noon were significantly different (P<0.05). 

Table 4.Mean±SD of Dry Bulb readings (Tdb) (0C) and Wet Bulb readings (Twb) (0C) in summer and winter seasons of pig sty
	PARTICULARS
	TIME
	SEASON (Mean ±SD)

	Dry Bulb Temperature(Tdb)(0C)
	
	Summer
	Winter
	Total

	
	Tdb Morning(M)


	22.08a*±1.28
	21.17a±1.17

	21.62±1.26



	
	Tdb Noon (N)


	25.50b*±1.05

	24.00b±1.14

	24.75±1.30



	
	Tdb Afternoon(A)
	24.92a*±1.68
	22.67a±0.98
	23.79±1.76

	Wet Bulb Temperature(Twb)(0C)
	Twb Morning


	19.33a*±1.37


	18.67a±1.17
	19.00±1.26



	
	Twb Noon


	22.33b*±1.08

	20.22b±1.22

	21.27±1.56



	
	Twb Afternoon
	19.58a*±1.88
	18.42a±0.73
	19.00±1.49

	


[N.B. * indicates 5% level of significant (horizontally) whereas unlike superscripts (a,b) indicates level of significant (vertically)]
Table 5.Mean ±SD of Relative humidity (RH) readings (%) in summer and winter season

	PARTICULARS
	SEASON (Mean ±SD)

	Relative Humidity (RH) (%)


	Summer
	Winter
	Total

	Morning


	70.58b*±2.65
	83.50b±7.23

	77.04±8.51



	Noon


	74.83b*±1.94

	70.06b±1.77

	72.44±3.06



	Afternoon
	64.67a*±2.71
	58.92a±5.16
	61.79±4.95


[N.B. * indicates 5% level of significant (horizontally) whereas unlike superscripts (a,b) indicates level of significant (vertically)]
Table 6. Mean ±SD of Temperature-humidity index (THI) readings in Summer and Winter seasons

	PARTICULARS
	SEASON (Mean ±SD)

	Temperature Humidity Index (THI)
	Summer
	Winter
	Total

	Morning


	69.94a±1.74
	69.76a±1.72

	69.85±1.65



	Noon


	75.04b*±1.52

	72.44b±1.68

	73.74±2.05



	Afternoon


	72.64b*±2.52
	70.18b±1.21
	71.41±2.28




[N.B. * indicates 5% level of significant (horizontally) whereas unlike superscripts (a,b) indicates level of significant (vertically)]
3.3Behavioural variations in Pigletsin different seasons

Table 7 revealed that Mean±SD of behavioural parameters of Ghungroo and LWY (both male and female) piglets of different seasons. In case of standing (minutes), scrutiny of table showed that in summer season, the Ghungroo piglets used to stand for a significantly (P<0.05) long time (242.92±14.93) compared to winter season (223.08±10.39). And, the LWY piglets used to stand for long (P<0.05) time in summer season (254.50±11.90) compared to winter season (233.42±6.27). It was also observed that LWY piglets used to stand for a long (P<0.05) time both in summer and winter season, compared to Ghungroo piglets respectively. In case of sleeping (minutes), it was seen that in summer season, the Ghungroo piglets used to sleep for a long (P<0.05) time (127.67±15.48) compared to winter season (106.25±12.48). Similarly, the LWY piglets used to sleep for a long (P<0.05) time in summer season (118.42±13.48) compared to winter season (102.42±13.32). Ghungroo piglets used to sleep for a long (P<0.05) time both in summer and winter, compared to the LWY piglets respectively. In case of roaming (minutes), in summer season, both Ghungroo and LWY piglets used to roam for a long (P<0.05) time compared to the winter season. The LWY piglets used to roam for a long (P<0.05) time in summer and winter compared to Ghungroo piglets, respectively. In case of lying (minutes), the Ghungroo piglets used to lie for a long (P<0.05) time (188.25±5.02) compared to summer season (176.42±3.50). Similarly, the LWY piglets used to lie for a long (P<0.05) time in winter season (193.83±1.11) compared to summer season (184.08±2.23). The LWY piglets used to lie (P<0.05) for a long time in both summer and winter season, compared to Ghungroo piglets respectively. In case of eating and drinking (minutes), in summer season, the Ghungroo piglets used to eat and drink for a long (P<0.05) time compared to winter season. Similarly, the LWY piglets drank water for a long (P<0.05) time in summer season compared to winter season but ate (P<0.05) less in summer than winter season. LWY piglets used to drink for a long (P<0.05) time both in summer and winter season, compared to Ghungroo piglets respectively. In case of urination (minutes), in summer season, both Ghungroo and LWY piglets used to urinate for a long (P<0.05) time compared to winter season. LWY piglets used to drink water for a long (P<0.05) time both in summer and winter when compared to Ghungroo piglets, respectively. In case of defecation(minutes), in summer season, the Ghungroo piglets used to defecate for a long (P<0.05) time (14.25±1.21)compared to winter season(11.39±2.10) The LWY piglets also used to defecate for a long (P<0.05) time in summer season (16.17±4.04) compared to winter season (12.24±1.97). LWY pigs used to defecate for a long (P<0.05) time both in summer and winter, compared to Ghungroo piglets respectively. In case of fighting (minutes), in summer season, both Ghungroo and LWY piglets used to fight for a long (P<0.05) time when compared to winter season. LWY piglets used to fight for a long (P<0.05) time in both summer and winter season, compared to the Ghungroo pigs, respectively. 

Table 7. Mean ±SD of behavioural parameters of Ghungroo and LWY piglets (both male and female) summer and winter season

	        Particulars
	Breed


	Season (Mean ±SD)

	Standing

(minute)


	
	SUMMER
	WINTER
	OVERALL

	
	Ghungroo
	242.92a*±14.93
	223.08a±10.39
	233.00±5.19

	
	LWY
	254.50b*±11.90
	233.42b±6.27
	243.96±3.13

	
	Average
	248.71±5.95
	228.25±3.13
	238.48±2.97

	Sleeping

(minute)

	
	Ghungroo
	127.67a*±15.48
	106.25a±12.48
	116.96±6.24

	
	LWY
	118.42b*±13.48
	102.42b±13.32
	110.42±6.67

	
	Average
	123.04±14.96
	104.33±12.77
	113.68±6.38

	Roaming

(minute)

	
	Ghungroo
	179.08a*±14.04
	173.00a±18.71
	176.04±7.02

	
	LWY
	186.75b*±7.82
	176.92b±13.26
	181.83±3.91

	
	Average
	182.91±3.91
	174.96±6.63
	178.93±1.95

	Lying

(minute)

	
	Ghungroo
	176.42a*±3.50
	188.25a±5.02
	182.33±1.75

	
	LWY
	184.08b*±2.23
	193.83b±1.11
	188.95±0.55

	
	Average
	180.25±0.63
	191.04±0.55
	185.64±0.27

	Eating
(minute)

	
	Ghungroo
	70.02b±10.0
	62.56a±12.5 
	66.29±09.38

	
	LWY
	54.30a* ±7.19
	85.13b±15.0 
	69.72±10.23

	
	Average
	62.16±5.03
	73.85±13.47
	68.01±8.95

	Drinking

(frequency)

	
	Ghungroo
	35.33a*±2.67
	22.08a±2.87
	28.70±1.43

	
	LWY
	37.17b*±5.49
	25.42b±3.42
	31.29±1.33

	
	Average
	36.25±4.33
	23.75±3.21
	30.00±1.60

	Urination

(frequency)

	
	Ghungroo
	33.67a*±3.82
	21.00a±2.34
	27.33±1.17

	
	LWY
	35.75b*±3.47
	23.25b ±2.77
	29.50±1.38

	
	Average
	34.71±3.72
	22.12±2.62
	28.41±1.31

	Defecation

(frequency)

	
	Ghungroo
	14.25*±1.21
	11.39a ±2.10
	12.82±0.60

	
	LWY
	16.17*±4.04
	12.24b±1.97
	14.20±0.98

	
	Average
	15.21±3.40
	11.81±1,99
	13.51±0.99

	Fighting

(frequency)

	
	Ghungroo
	21.75a*±3.28
	14.75a±4.51
	18.25±1.64

	
	LWY
	23.00b*±3.30
	16.17b±5.08
	19.58±1.51

	
	Average
	22.37±3.22
	15.46±4.70
	18.91±1.61


[N.B. * indicates 5% level of significant (horizontally) whereas unlike superscripts (a,b) indicates level of significant (vertically)]

The behavioral results in the study was in alignment with the study by Zupan et al.[22] where they stated that the environmental stimuli in the novel object test (but not in the novel arena test) caused distinct behavioral responses in gilts of Landrace × Yorkshire and Landrace/Yorkshire × Landrace/Duroc when compared to barrows. This was also consistent with a review by Forkman et al.[23], who found that an individual's particular responses depend on the type of novelty-related stimulus because of changes in environmental or motivational factors. Increased heart rate is usually accompanied by vagal withdrawal [24].In a study by Podder et al.[25], rectal temperature and pulse rate of Ghungroo pigs were affected by group and season but not affected by group × season interaction, which were usually greater during summer than winter. Respiration rate was also affected by group × season interaction, during summer and rainy season but not in winter among the groups. All behaviour activities (standing, resting and roaming time, urination, fighting and drinking frequency) were influenced by group, season and group × season interaction, except eating time which was only seen to be affected by season. Ghungroo pigs experienced heat stress during summer, which was reflected in physiological, blood-biochemical and behavioral alterations. The average summertime ambient temperature (27.33-29.51°C) was higher than the pigs' comfort zone (22°C), according to an experiment by Pathak et al. [26]. Relative humidity (RH%) was significantly (P<0.01) higher in the morning (86.60-91.10%) as well as outdoors (87.26-91.10%).  It came to light that during the summer, the experimental animals' temperature humidity index (THI) was an indicative measure of thermal stress (79.55-82.56). In the summer, physiological indices such as respiration rate and rectal temperature of crossbred (50% Hampshire × 50% local) pigs of Assam, India were considerably higher, while Hampshire pigs showed non-significantly higher values. Huynh et al.[27] found that while RH has a little impact on heat stress in growing pigs, ambient temperature has a significant impact on the physiological changes and performance of the pigs. Nevertheless, the average daily growth of the pigs was reduced when high temperature and high RH were combined. According to the experiment by Parkunan et al.[28], Ghungroo's respiratory rate and rectal temperature did not significantly change with the seasons, however LWY's respiration rate significantly increased (P<0.05) in the summer. However, compared to spring and summer, the LWY's rectal temperature decreased significantly (P<0.05) throughout the winter. Govindasamy et al. [29] observed that during the summer, there was no significant difference between Hampshire and crossbreed pigs, while native pigs had considerably lower rectal temperature. Hampshire had a significantly higher skin surface temperature, but there was no discernible difference between native and crossbred pigs. The respiration rate and heart rate of native pigs were much lower than those of crossbred pigs, with Hampshire having the highest [29].Significantly higher duration and frequency of lateral and half-lateral lying positions was observed in Hampshire in summer and winter seasons followed by crossbred and indigenous pigs, while the duration and frequency of sternal lying were significantly higher in indigenous pigs followed by crossbred and Hampshire pigs. Similarly, indigenous pigs showed higher duration and frequency of standing and physical activity in both the seasons. Only in the summer season, wallowing behaviour was noticed while in the winter season huddling and shivering behaviour were observed in all the genetic groups. In animals, there is a correlation between respiration rate and the surrounding temperature and microenvironments [26]. Thus, when animals are exposed to high ambient temperatures, they have an increased rate of respiration and perspiration [30]. However, it was well-documented that porcine sweat glands are non-functional [16]. Respiration rate (RR) is the first sign of heat stress and can be affected by temperatures as low as 21.3°C [30] or a THI of 73 [31].Higher RR in LWY pigs in the study could be the mechanism to dissipate more heat from the body by evaporating to the surrounding. Lower respiratory rate of Ghungroo pigs corroborates with the finding of Moyo [32] in indigenous Windsnyer pigs of South Africa, which might be due to better adaptability of indigenous pigs to the agro-climatic condition of the region. An increase in RR was also reported in pigs exposed to high heat load [33,34] and in various cattle breeds [35]. Heart rate is a stress marker that can be changed in response to thermal stress. LWY had higher PR in summer than indigenous Ghungroo pigs which could be an attempt to dissipate excess heat to its surroundings by increasing blood flow to its peripheral tissues. A similar observation was earlier observed and documented by Madzimure et al. [33] who reported higher HR in LWY than in indigenous Windsnyer pig in South Africa. Similar findings were also reported in sheep breeds reared in the Indian semiarid regions [36] and in other farm animals [37].Pigs exposed to heat stress had a higher rectal temperature (RT) [8]. Lower RT in indigenous pigs indicates that indigenous pigs might have a better thermoregulatory mechanism to dissipate heat from the body than exotic. However, in some studies RT in indigenous and exotic pigs under heat stress did not differ [33,38]. 
In pigs, THI above 80 is more stressful[36]. In present investigation, the THI during summer was less than 80. The study is not in agreement with Parkunan et al. [28], who stated that the respiratory rate and rectal temperature had no effect on season in Ghungroo, suggesting that it can withstand the variation of environmental conditions without any external physiological changes. However, the study had similar result in the respiratory rate of LWY which was increased significantly during summer. Increase in respiration rate is the first physiological indicator of heat stress along with increased water-to-feed ratio, followed by decreased heat production and feed intake [39].Comparing both the breeds, Ghungroo pigs had less heat stress than LWY pigs. By virtue of their heat tolerance, resistance to local diseases, longevity, good health, and capacity to use low-quality food in a scavenging raising system, native pig breeds typically demonstrate resilience to hot and humid tropical climates [40,41].The calculated THI revealed an inclement weather for the productive and reproductive performances of pigs during April to October since 2012–18. It is well described that when THI exceeds from 72, the productive and reproductive performances of animals gets affected. Moreover, pigs lack a well-developed cutaneous thermoregulatory mechanism; it makes them more uncomfortable with the changing environment. The trend of increasing THI (>72) during different hour of a day indicated the stress level in pigs. THI above 72 was also seen during the months of January, February, March, November and December at some hours of a day [42]. The comparison of THI from 2012 to 2018 revealed an average increase of THI during last four years in the study area [42].
Previous research has shown that when pigs are exposed to low temperature, they may increase heat production through muscular shivering thermogenesis [43], conserve heat through changing posture to reduce the body surface exposed to cold [44], build nests, huddling together, and select favorable microhabitats [43,45].More time in lying postures was observed during heat stress than cold stress and the highest lying behavior was observed in Hampshire followed by crossbred in a study by Govindasamy et al.[29] which contradicts the present study as lying period of both Ghungroo and LWY pigs were more in winter than summer. In previous studies, it is found that heat-stressed sows show reduced standing posture [46] and consistently increase lying postures, especially lying laterally [47].Standing time was observed highest in LWY than Ghungroo pigs, which is not in alignment with the study by Govindasamy et al.[29].The fact that LWY pigs spent more time in lying could indicate that they were attempting to cool down to a comfortable temperature through evaporative cooling[48]. However, activity like drinking, urinating, defecating and fighting were significantly lower in Ghungroo pigs than LWY pigs in both the seasons. These behavioral responses indicate better homeostasis and adaptability of indigenous Ghungroo pigs than LWY pigs. A review by Fornós et al. [49] revealed that pigs eating faster with bigger meals eat more feed, gain more weight, and are fatter than pigs eating less, slower, and with smaller meals. However, the feeding rate and the meal size didn’t affect the feed efficiency of pigs. Remuset al. [50]observed that feeding behavior had no correlation with growth performance or protein and lipid deposition in growing or finishing pigs. Pathak et al. [51] found that growth performance varied with the seasons and during the warm season feed intake was a major limiting factor to growth rate but increasing energy density of diet could help to minimize the effect. The FCR values were better (P<0.01) during winter as compared to summer season which might be due to the conducive thermal environment during winter season that helped to maintain feed intake and body metabolism of pigs [52]. 
4. CONCLUSION

The present investigation gave insights into how altered environmental conditions can affect two different pig breeds. Seasonal variability was observed to drastically impact numerous physiological parameters and behaviours such as postural behaviour (standing), resting behaviours (sleeping, lying), locomotor behaviour (roaming), ingestive behaviours (eating, drinking), social/agonistic behaviour (fighting) and eliminative behaviours (urination, defecation). The findings proved that both Ghungroo and LWY piglets do experience adaptive reactions to seasonal stressors, but with significant breed differences. Ghungroopiglets, with an indigenous adaptive benefit, were more resilient in thermoregulation and behavioural fluctuations in summer months than LWY piglets, which suggested breed-specific adaptability towards tropical climate. On the contrary, LWY piglets, which are raised more widely in temperate areas, had higher physiological markers of stress during extreme summer, which would affect growth rates and welfare if not managed well. These results highlight the need for breed-specific management practices to reduce the impact of environmental stressors and improve welfare and productivity.
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