


Performance and Behavioural Responses of Uda Rams Rams Supplemented with Graded Levels of Synthetic Selenium

[bookmark: _GoBack]Abstract
This study evaluated the effects of graded levels of selenium supplementation (0, 12 g/kg, and 15 g/kg as sodium selenite) on growth performance, body morphometry, nutrient intake, digestibility, and behavioral responses of Uda rams. Fifteen yearling rams were assigned to three dietary treatments in a completely randomized design. Results indicated that feed intake, initial and final body weights, weight gain, and feed conversion ratio were not significantly different among treatments (P>0.05), although rams supplemented with 15 g/kg Se exhibited numerically higher weight gain and average daily gain. Body morphometry revealed significant improvement (P<0.05) in final body length in rams supplemented with 15 g/kg Se, while other morphometric parameters were similar across treatments. Selenium supplementation significantly influenced intake of crude protein, ether extract, and ash, but had no effect on the digestibility of nutrients. Behavioral Behavioral responses such as time spent lying idle were also affected by selenium levels, with the 12g/kg group spending more time lying compared to the 15g/kg and control groups. The correlation analysis revealed strong negative correlations between certain behaviors body licking and eating (-0.820), rumination (-0.872) and lying idle (-0.864), indicating that reams across all groups spent more time licking their body, eats and ruminate less. 
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Introduction
Trace minerals play an essential role in the health, growth, and productivity of livestock. Among these, selenium (Se) is a critical micronutrient involved in antioxidant defense, thyroid function, immune modulation, and metabolic processes (Surai, 2006; McDowell, 2003). Selenium deficiency in sheep can impair hematological and physiological functions, reduce stress tolerance, and compromise growth and reproductive performance. Conversely, appropriate selenium supplementation has been associated with improved nutrient utilization, growth rate, and antioxidant capacity, thereby enhancing animal health and productivity (Kafilzadeh et al., 2018).
Uda rams, predominantly raised in semi-arid regions, often face nutritional and environmental stressors that limit growth performance and optimal body development. These challenges can negatively influence feed intake, nutrient absorption, and behavioral patterns, ultimately affecting overall productivity (Muhammad et al., 2020). While several studies have explored selenium’s effects on physiological and antioxidant parameters, limited information exists on its influence on growth performance, body morphometry, nutrient intake, digestibility, and behavioral responses in Uda rams under practical feeding conditions.
Understanding how selenium supplementation affects these parameters is essential for optimizing management practices, improving feed efficiency, and enhancing animal welfare. Therefore, this study aimed to investigate the effects of graded levels of dietary selenium on growth performance, body morphometry, nutrient intake and digestibility, as well as behavioral responses of Uda rams, providing insights for its strategic supplementation in sheep production systems.
MATERIALS AND METHODS
[bookmark: _ojhle36amy97]Experimental Site
The study was conducted at the Department of Animal Science Livestock Teaching and Research Farm, Main Campus, Usmanu Danfodiyo University, Sokoto, located between latitude N13°06′58″ and 13°07′24″ and longitude 5°15′03″ and 5°15′38″ in northern Nigeria (Akinbiyi et al., 2019) and elevation of 292 m above sea level (Nakakana et al., 2020). The state is located in the Sudan savannah vegetation zone, having short and dry seasons that alternate. The hot dry season lasts from March to May, and sometimes until June in the far north.
Between October and February, there is a brief, chilly, and dry season known as harmattan (Balarabe et al., 2015). The annual rainfall is around 500mm, with the rainy season lasting from mid-May to September, and the dry season lasting more than 7 months, beginning in November and continuing until April of the following year (Akinbiyi et al., 2019). A maximum temperature of 41oC was observed in April, with a low of 12oC in January (Shiru et al., 2020). The state is one of Nigeria's main livestock-producing areas.
[bookmark: _4fst84w2bveo]Treatments and Experimental Design
The experiment adopted a Completely Randomized Design (CRD) with three treatments and three replications, thus a total number of 15 rams. Each animal function as a replica. The experimental diet (Table 1) was at fed adlibitum. (Selenium- in the form of Sodium Selenite, Shaanxi Bieyouth Biotech Co. Ltd, China) was purchased from a reputable vendor in Kano state. 
The Selenium was administered to the rams, which served as treatment in this experiment 
Treatment 1 acts as the control and was without supplements. 
Treatment 2 comprised of 12 mg/kg of sodium selenite as therapy. 
Treatment 3 comprised of 15mg/kg of sodium selenite as therapy. (Manufacturer recommended level)
The feeding trial lasted for 9 weeks (84 days). 50g of wheat offal was used as a carrier for sodium selenite supplementation 
[bookmark: _2ow0pjgc716s]Experimental Animals and their Management 
This experiment involved fifteen (15) rams weighing 18-23kg. The animals were obtained from local markets in Sokoto State. The seemingly healthy sheep was confined at the Livestock Teaching and Research Farm for 14 days to help them adjust to their new surroundings. The animals were dewormed using albendazole super 10% (8 mg per kg body weight). Feed and water troughs was cleaned regularly, as well as every morning before feeding. 
[bookmark: _9x8g6ct1f93a]Composition of Experimental Diets
A single experimental diet was formulated and compounded using groundnut haulms, soybean meal, cottonseed cake, rice offal, cowpea husk, wheat offal, and salt at 30, 12, 14, 5.5, 14, 24, and 0.5% respectively, resulting in 2509 Kcal/kg metabolizable energy, 17.14% crude protein, and 19.46% crude fibre as calculated nutrients (composition) Following the administration of the experimental supplements, the basal diet was be available ad libitum.
Table 1: Feed composition of experimental diet fed to Uda rams
	Ingredients
	Percentage

	Groundnut haulm 
	30

	Soybean meal
	12

	Cottonseed cake 
	14

	Rice offal 
	5.5

	Wheat offal
	24

	Cowpea husk 
	14

	Salt
	0.5

	Total 
	100 

	Calculated Chemical Composition
	

	Energy (Kcal/Kg Metabolizable Energy)  
	2509 

	Crude Protein (%)                     
	17.14 

	Crude Fibre (%)                           
	19.46 



[bookmark: _rzddfimp3iuf]Data Collection
[bookmark: _qzckakkx94i9]Feed consumption/intake
Feed consumption from each treatment were measured on daily basis by subtracting left-over from feed served the previous day per individual animal in the group. Adequate measures were taken to guard against spillage and related wastage. The mean daily feed intake per group was calculated by averaging the amount consumed by the number of animals in each replicate group.
[bookmark: _Toc24975058]Body weight
Rams were individually weighed on weekly basis using a weighing balance to determine the body weight change. The mean live weight of each treatment group was determined by total weight of rams divided by the total number of animals in each group. The animals were weighed in the morning before serving the daily ration to avoid errors due to gut fill.
Feed conversion ratio	
This was obtained on a weekly basis. It was measured by dividing the mean feed intake per animal in grams by the mean live weight gain in grams per ram for each replicate.
Body morphometry 
Measurements of biometry were performed with the aid of a tape measure, with the animal kept in the correct upright position. Height at wither were as measured vertically from thoracic vertebrae to the ground using a metal ruler, body length was also measured from the cranial part of the major tuberosity of the humerus to the caudal portion of the ischial tuberosity.  Scrotal circumference was measured using a tape at the broadest part of the scrotum. Chest circumference was measured using a measuring tape around the chest, just behind the front legs.
[bookmark: _77nuswmeqhi9]Faecal sample collection 
The sample-collecting process was made using harness bags. On the first day of adaption, the rams were fitted with harness bags. Every animal had a daily feed intake and total faecal output documented during the collecting period. Following the faecal sample collection, the faeces was mixed after which, 5% of the faecal sample was taken, and oven-dried at 60 degrees Celsius to determine the dry matter content, and other nutrients present.
[bookmark: _55v52fd3gnzo]Nutrient intake and digestibility
The AOAC (2000) technique was used to analyse the proximate elements of the experimental diet and faecal samples. The Van Soest et al. (1991) techniques was used to determine the amounts of acid detergent lignin (ADL), neutral detergent fibre (NDF), and acid detergent fibre (ADF). The estimated amounts of cellulose and hemicellulose were found by comparing ADF and lignin and NDF and ADF, respectively. 
Nutrient intake was estimated as the amount of nutrients in the diet multiplied by the feed consumed by the ram.

[bookmark: _wo4kcj9bqixx]3.5.4. Apparent digestibility
Apparent digestibility was calculated using the formula;



Behavioral Studies 
Focal sampling techniques was used to record the time spent by rams' behavior. The behavioral activities was recorded through 8 hours (from 8:00 am till 16:00 pm) per week at 15 minutes interval. Behavioral traits recorded was eating, drinking. Rumination, standing, walking, lying, urination and defecation. Eating: the mean time (min) spent in eating ration per 8h observation. Drinking: the mean time (min) spent in drinking water per 8 hours observation, Rumination: the mean time (min) spent in rumination per 8h observation. Standing: the mean time (min) spent in standing without any doing any activities during 8hr observation, laying: time (min) spent in lying on the ground during 8hr observation, Defecation: when rams make voiding of food and water that are not retained in the body for metabolic processes as a solid material from the anus (faeces), Urination: when ram make voiding of water that are not retained in the body for metabolic processes as a liquid. Behavior will be evaluated by an observer stood up 2 meters from the pen using an observation sheet, a stop watch during the observation period. Digital watches was used to measure the time expended in each activity.   
Table 2: Definition of ram behaviour to be recorded 
	Level 
	Category 
	Definition 

	Posture 
	Standing 
	Ram is standing on all four legs; body clear of the ground. 

	
	Walk 
	Ram in motion, moving from one location to another. 

	
	Lying 
	Ram's body is in contact with the ground. 

	
	Sitting 
	Ram has rear end in contact with ground, but supporting some weight on straight front legs. 

	
	Kneeling 
	Ram is kneeling on front legs, supporting some weight on back legs. 

	Behaviour 
	Idle 
	No activity, motionless, head up. 

	
	Head down idle 
	No activity, motionless, head down (resting on substrate). 

	
	Feed 
	Ram in front of the feeder biting, chewing or pulling on hay. 

	
	Feed Sub 
	Ram is biting, chewing or pulling on substrate material, not normal allocated food. 

	
	Drink 
	Ram standing in front of the drinker and is seen to consume water or with its nose within 10 cm of from the drinker. 

	
	Ruminate 
	Ram making chewing movements with its mouth while lying or standing. 

	
	Lick (self) 
	Ram licking or scratching a part of the body with tongue or teeth. 


   
Data Analysis 
[bookmark: _4yrm1qqv3a98]Data generated from the experiment was subjected to analysis of variance (ANOVA) using a completely randomized design according to Steel and Torrie (1980). Where significant differences between the mean was indicated. Duncan Multiple range test (DMRT) was used to separate the mean (Duncan, 1955).  Data generated on time spent exhibiting a particular Behavioral was expressed in percentage, the data was further transcribed before subjecting to analysis. The relationship between behavioral response and performance of Uda rams was analyzed using Pearson correlation.   
RESULT AND DISCUSSION
Growth Performance of Uda Rams Supplemented with graded Level of Selenium
The result of growth performance of Uda rams supplemented with graded level of selenium was presented in Table 3. The result showed that feed intake, initial weight, final weight, weight gain, average weight, and feed conversion ratio were similar in (P>0.05) across the treatment group.	
Table 3: Effect of levels of selenium on performance of Uda rams.
	Parameters
	Control
	         (12g/kg)
	(15g/kg)
	SEM

	
	
	
	
	

	Feed intake(g)
	900.0
	1200.0
	930.0
	78.41

	Initial weight(kg)
	19.333
	19.333
	18.333
	0.699

	Final weight(kg)
	26.667
	29.333
	27.333
	1.103

	Weight gain(kg)
	7.333
	10.000
	8.833
	1.072

	Average weight(g) 
	116.21
	159.50
	140.0
	0.017

	FCR
	7.717
	7.523
	6.634
	0.735


These findings are consistent with previous studies that reported no significant effects of selenium supplementation on growth performance in sheep (Adu et al., 2018). However, other studies have reported positive effects of selenium supplementation on growth performance and feed efficiency in sheep (Muhammad et al., 2016). Similarly, McDowell et al., (2017) found that selenium supplementation at 12g/kg resulted in a feed intake of 1100g/day, weight gain of 9000g/day and Average daily gain of 150g/day. Base on the comparison of the values it can be concluded that selenium supplementation can improve growth performance in Uda rams, but the optimal level and duration selenium supplementation may vary depending on factors such as age, breed, and nutritional status.
Body Morphometry Parameters of Uda rams Supplemented with graded level of Selenium
The result showed significant different (p<0.05) in final body length, while initial body length, gain body length, initial hearth girth, final hearth girth, and gain hearth girth were similar in (P> 0.05) across the treatment group. The result of body morphometry parameters of Uda rams supplemented with different levels of selenium was presented in Table 4.
Table 4: Effect of level of selenium on body morphometry of Uda rams 
	Parameter
	Control
	 (12g/kg)
	 (15g/kg)
	SEM

	Initial Body Length(cm)
	51.901
	54.317
	55.333
	0.755

	Final Body Length(cm)
	54.187b
	59.473ab
	63.667a
	2.099

	Gain Body Length(cm)
			2.286
	5.157
	8.333
	1.849

	Initial H/G(cm)
	59.887
	68.672
	73.333
	5.030

	Final H/G(cm)
	68.793
	77.800
	87.667
	4.379

	Gain H/G(cm)
	8.907
	9.128
	14.333
	3.643


Note: a,b means in the same row with different superscript are significantly different (p<0.05). SEM= Standard Error of Mean, Selenium in feed (12g/kg), Selenium in feed (15g/kg)
The final body length was significantly higher (p<0.05) in the 15g/kg (63.667) group compared to the control (54.187) and selenium (59.473) groups. The gain in body length, initial body length, initial heart girth, final hearth girth, and gain hearth girth showed no significant different among the treatment groups (p>0.05) but numerically higher in the (15g/kg) group compared to the control (0g/kg) and (12g/kg) groups.
These findings are consistent with previous studies that reported positive effects of selenium supplementation on growth performance and body morphometry in sheep (Kafilzadeh et al., 2018). Selenium supplementation has been shown to improve growth rate and feed efficiency in sheep, which may be attributed to its antioxidant properties (Surai, 2002). Souri et al. (2018) reported significant improvement in body length and heart girth ratio in sheep supplemented with selenium at 12g/kg. Selenium supplementation also improves muscular development and body conformation in lambs Radostis et al. (2017). Current study shows that final body length increase significantly with selenium supplemented at 15g/kg. The results of this study suggest that selenium supplementation at a level of 15g/kg may improve body morphometry in Uda sheep.
Proximate composition of nutrient intake of Uda rams supplemented with sodium selenium
The result showed significant (p<0.05) for intake in crude protein, ether extract and ash while intake in DM, CF, NDF, HCLL, ADL and CELL were similar across the treatment groups. Rams supplemented with 15g/kg selenium selenite and those in control had similar intake of CP, EE and ash were higher (p<0.05) compared to rams supplemented with 12g/kg selenium selenite. 
Table 5: Proximate composition of nutrient intake of Uda rams supplemented with sodium selenium
	Nutrient (g)
	Control
	12 g/kg
	15 g/kg
	SEM

	Dry matter
	800.643
	767.713
	820.260
	24.640

	Crude protein
	234.533a
	157.337b
	188.553a
	10.440

	Crude fibre
	144.090
	220.370
	215.077
	21.760

	Ether extract
	103.633a
	63.670b
	75.393a
	5.346

	Ash
	130.020a
	86.527b
	101.587a
	5.591

	Acid detergent fiber
	215.697
	297.230
	294.450
	24.499

	Neutral detergent fiber
	298.770
	376.340
	380.230
	28.157

	Hemicellulose
	57.760
	84.330
	83.173
	8.259

	Acid detergent lignin
	67.020
	92.887
	92.960
	8.343

	Cellulose
	150.783
	198.667
	202.137
	18.444


ab means in the same row with different superscript as significantly different (p<0.05)
The Crude protein value observed in this research were higher than the values reported by (Maina, 2023) when Mormodica balsamina was fed to post weaned Uda ram lambs which indicating higher intake in rams in control and rams fed 15g/kg of sodium selenite utilised more protein which is critical for growth and muscle development. Furthermore, the ether extract values obtained from this research (75.393-103.633) were higher than that reported by (Tijani, 2024) when malga pod meal was fed to Uda rams, which indicates improved fat metabolism which is essential for energy provision in the animal (Kincaid, 2000). The ash intake values obtained from this research is higher than that reported by (Mustapha, 2019) when kanwa based mineral lick blocks are offered to Uda rams which signifies an increase in ash intake which reflect better mineral absorption which is in accordance with (underwood & suttle, 1999) which states that minerals play vital roles in various physiological function including bone formation and enzymes activity.

The values of Dry matter intake obtained from this study ranges from 767.713- 800.644 which is consistent with the range 754-886 reported by (Suraju, 2007) when poultry litter waste was fed to growing Uda rams, which indicates that selenium does not necessarily influence dry matter intake by the rams. 
The values of Crude fiber intake obtained from this research ranges from 144.090-220.370 which is lower than the values 319.0-350.0 reported by (Mustapha, 2019), which suggests that selenium supplementation may selectively influence crude fibre intake.
Acid detergent fiber, Neutral detergent fiber, Cellulose and hemicellulose values are in accordance with the values reported by (Bitrus, 2021) when Guinea corn husk ensiled with soybean meal and poultry litter waste was fed to Uda rams, the values gotten indicates that selenium does not affect the overall intake of fibrous component.
[bookmark: _m6fzi8oyhn9w]Digestibility of nutrient by Uda ram supplemented with selenium 
The result of nutrient digestibility was presented in Table 6. This result showed dry matter, ash, crude protein, ether extract, crude fibre, Acid detergent fiber, Neutral detergent fiber, Cellulose, acid detergent lignin and hemicellulose were similar in (P>0.05) across the treatment groups.
Table 6: Nutrient digestibility of nutrient by Uda ram supplemented with selenium
	Nutrient 
	Control
	12g/kg
	15g/kg
	SEM

	Dry matter
	70..540
	69.477
	71.390
	0.585

	Crude protein
	80.740
	79.980
	80.700
	0.396

	Crude fibre
	59.927
	52.787
	60.113
	5.477

	Ether extract
	99.073
	97.500
	97.640
	0.367

	Ash
	81.800
	80.767
	80.927
	1.595

	Acid detergent fiber
	63.940
	57.407
	60.940
	4.778

	Neutral detergent fiber
	43.709
	42.797
	46.688
	2.392

	Hemicellulose
	43.904
	41.329
	43.672
	1.489

	Acid detergent lignin
	26.208
	25.353
	26.505
	0.414

	cellulose
	36.045
	35.659
	37.253
	2.183


ab means in the same row with different superscript as significantly different (p<0.05)
The values of digestibility of Dry matter (69.477-70.54) obtained from this study were within range value reported by (Maigandi and Abubakar, 2004) when varying level of Faidherbia albida pod was fed to ruminants. Furthermore, the values of Neutral detergent fiber (42.797-46.688) are lower compared to the report of (Maigandi and Nasiru, 2006) when the value of faidherbia albida pods fed to Uda ram wa determined to be replaced. The values indicate that selenium supplementation does not affect Dry matter digestibility.
The Crude fiber values obtained from this study (59.927-60.113) were in accordance with the range 52.67-60.11 reported by (Mustapha, 2019). Similarly, ash, crude protein, acid detergent fiber, Ether extract values obtained from this research were with range with the values (82.02-85.47), (77.65-83.19), (57.94-75.47) and (96.64-98.47) respectively reported by (Mustapha, 2019). This indicates that while selenium affects intake of ash, Crude protein and Ether extract it does not influence its digestibility of Uda rams. This aligns with the previous research which states that mineral supplementation often enhances nutrient intake without affecting digestibility (underwood & suttle 1999).
Cellulose, Hemicellulose, Acid detergent lignin values obtained from this research were less than the values reported by (Mustapha, 2019; Bitrus, 2021). This indicates that selenium supplementation did not influence the intake of nutrients and does not alter rumen ability to process fibrous feed effectively (McDowell, 2003). 
Behavioral response of Uda rams supplemented with levels of selenium 
Behavioral responses of Uda rams supplemented with level of Selenium was Presented in Table 7. The result showed significant difference (P<0.05) on rumination lying idle and eructation/bellowing but time spend on body licking, eating, standing, urinating and walking, were similar (P>0.05) across the treatment groups. 
Table 7: Behavioral response of Uda rams supplemented with levels of selenium 
	Behavior 
	Control
	12g/kg SE
	15G/kg SE
	SEM

	Body licking
	2.880      
	2.860                  
	2.807                
	0.767

	Eating
	22.667    
	25.967                 
	26.633                         
	0.929

	Rumination
	19.983a    
	18.500b
	19.653a   
	0.152

	Lying idling
	20.710ab  
	21.257a     
	18.427b                         
	0.754

	Standing idling
	21.660     
	19.887    
	19.367                          
	0.902

	Urinating
	1.087     
	0.587                       
	1.330     
	0.279

	Walking 
	5.310    
	7.307        
	8.440                            
	1.185


Mean in the same row with different superscript are significantly different (P<0.05)
The results indicate that Rumination time was significantly affected by selenium supplementation, with rams supplemented with 12g/kg spending lesser time ruminating compared to rams in control and those supplemented with 15g/kg of selenium in feed.
The result further showed that rams supplemented with 12g/kg SE spent more time lying idle compared to rams supplemented with 15g|kg but similar to control. Rams supplemented with 15g/kg SE spent similar time lying idle to those in control
The results are consistent with previous studies that reported improved behavioral responses in animals supplemented with selenium. For instance, a study by Khan et al. (2020) found that selenium supplementation alleviated stress-related behaviors and improved antioxidant status in Uda rams.
[bookmark: _Toc186088439]Relationship between behavioral response and performance of Uda rams
Relationship between performance and behavioural response of Uda rams result was presented in Table 8. Strong negative correlation was observed between body licking and eating (-0.820) rumination (-0.872) and lying idling (-0.864), indicating that Uda rams spent more time licking their body, eats and ruminate less. 
Table 8: Relationship between behavioral response of Uda and productive performance of Uda rams 
	
	Body 
	Eating 
	Rumination 
	Lying idling 
	Standing idling 
	Feed intake 
	Weight Gain 
	FCR

	Body 
	1.000
	
	
	
	
	
	
	

	Eating 
	-0.820
	1.000
	
	
	
	
	
	

	Rumination 
	-0.872
	-0.969
	1.000
	
	
	
	
	

	Lying idling 
	-0.864
	-0.868
	-0.926
	1.000
	
	
	
	

	Standing idling 
	0.287
	0.221
	0.335
	0.582
	1.000
	
	
	

	Feed intake 
	0.729
	0.840
	0.887
	0.905
	-0.588
	1.000
	
	

	Weight gain
	-0.782
	-0.900
	-0.938
	-0.911
	0.469
	0.986
	1.000
	

	FCR 
	-0.754
	-0.871
	-0.916
	-0.917
	0.557
	0.996
	-0.993
	1.000


AFI= Average Feed intake, ADG= Average Daily Weight Gain, FCR= Feed Conversion Ratio
Rumination was strongly and negatively correlated with eating (-0.969) and lying idle (-0.926) suggesting that, those behaviors affect each other.  
 Average Feed Intake (FI) in relation to body shows positive correlation of 0.729 which means as the feed intake increases. FI in relation to eating shows positive correlation of 0.840 which is expected because the longer time spent consuming feed, the larger the amount consumed (intake). The results shows that FI and rumination time had positive correlation (0.887), which indicated as the feed intake increases, the rumination rate also increases, this. AFI in relation to Lying idle shows positive correlation which means as feed intake increases, the lying idle increases.
FCR in relation to body licking shows negative correlation of -0.754 which indicated as FCR increases, body decreases and vice versa. FCR in relation to eating shows negative correlation of -0.871 which means as FCR increases, eating ability in decreases and vice-versa. FCR in relation to lying idle shows negative correlation of -0.917 which indicated as FCR increases, lying idle decreases and vice-versa. FCR in relation to standing idle shows positive correlation of 0.557 which indicated as FCR increases, standing idle increases. 
These findings support previous studies that reported significant correlations between behavioral and productive parameters in animals. For instance, a study by Wang et al. (2020) found significant correlations between feeding behavior and productive performance in Uda rams. Similarly, Ahmed et al. (2020) reported significant correlations between rumination time and feed intake in sheep.
Conclusion
Selenium supplementation, particularly at 15 g/kg, enhanced body morphometry, nutrient utilization, and behavioral responses in Uda rams without adversely affecting growth performance or nutrient digestibility. These findings suggest that dietary selenium can be strategically used to improve productivity, welfare, and overall physiological status in Uda rams. It is recommended to include selenium supplementation at 15 g/kg in the diet of Uda rams to optimize body development, nutrient utilization, and overall performance.
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