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Abstract
The objective of this study was to investigate the behaviour of White Fulani (WF) yearling calves grazing a Panicum maximum/Stylosanthes guainensis mixture under traditional management system in south western Nigeria. The effects of two biomass spatial distribution (dense and sparse) were evaluated in association with three pasture heights (10, 15 and 20 cm), with calves allowed access to the pasture for 2:00 h. The experiment was laid out in a split plot design with the two biomass spatial distribution assigned to the main plot and sward height assigned to the sub plot to give six treatments; this was replicated three times. The experiment took place from November to December, 2015. Grazing behaviour was recorded with the aid of a Chloride UK 8 channel, H.264 digital video recorder and Chloride UK IR waterproof camera fitted with 3.6mm lens. Data on grazing time, walking time, idling/resting/rumination time and time spent by the animals exhibiting self-licking behavior were collected from the recorded CCTV video player. There was a significant difference in the time spent grazing by the calves with those grazing the pasture with dense biomass at 15cm height recording more grazing time (87.33min).  Animals on the pasture with sparse biomass at 10cm height recorded more (p<0.05) idling/resting/rumination time (18.33min). The time spent by the calves walking was similar for the pasture with dense biomass at 10cm and 15cm above the ground. Occurrences of self-licking behavior by the animals were generally exhibited by the calves across treatments.  However, calves grazing in the plot with sparse biomass at 20cm height engaged in more self-licking behaviour than those in the dense biomass pasture. The differences observed in the behavioural parameters examined clearly indicated the capability of WF yearling calves to increase grazing time, reduce the time spent walking, idling/resting/rumination and self-licking time, thereby improving their efficiency of grazing. From management perspective, plots with dense pasture cut at 15cm height is suggested for optimal production of grazing calves on sown Panicum/Stylosanthes mixture under the present production systems in south western Nigeria. 
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1.0. Introduction
White Fulani (WF) cattle are the most prevalent of the cattle breeds in Nigeria. They are mainly traditionally managed by the nomadic Fulani people who occupy the Sahara and Sub-saharan Africa including the northern Nigeria (Kano, Zaria, Borno and Bauchi States) and Cameroon ( (White Fulani, 2009). They are generally managed for milk, meat and draught. However, the traditional Fulani agro-pastoralists keep the breeds mainly for milk production. 
 In Nigeria, information on the growth and lactation performances of WF cattle over the decades are available in literature (Olaloku and Oyenuga, 1977; Mrode, 1986, Campbell et al., 1996; Ige et al., 2015), but there is dearth of such information on the grazing behavior of the animals. Knowledge about grazing behaviour in terms of the time spent grazing, standing or ruminating, or grooming has been reported to be useful in extensive systems of cattle management (Reinhard et al., 2007). Adequate understanding of grazing behaviour will help farmers to devise techniques for improving pasture utilization and possibly extend the grazing season. Another merit of this knowledge is identification of areas that offer higher potential for defoliation of forages. The abundance and maturity of forages also play a prominent role in the behaviour exhibited by cattle on pasture. It is therefore, pertinent to understand the behaviour of cattle at pasture for improved livestock management, reduction of environmental effect and sustenance of a healthy livestock-pasture interrelationship (Taweel et al., 2006; Gibb, 2007, Clapman et al., 2011; Young, 2013).
Grazing behaviour of adult cattle is generally influenced by environmental factors and type of plant species present, but on the contrary, the behaviour of calves at pasture depends on climate, age, state of the teeth and type of supplemental diet offered to the calves (i.e. milk, concentrates or forages). Determining the grazing behaviour of cattle in relation to the plant species available in pasture is a challenge and of great importance. The variation in the grazing behaviour of cattle due to breed, stage of growth and level of production poses management challenges to stock managers as they strive to meet the nutritional needs of varying classes of cattle (Jennifer, 2014). 
The most important dilemma faced by herbivores in the acquisition of food is drawing a scale of preference between quantity and quality especially when feeds are scarce (Laca and Demment, 1991). The potential feeding location of ruminants is influenced by the spatial distribution of the animals themselves within the grazing environment (Dumont and Boissy, 1999). Thus, animals are constantly faced with a sequence of short-term decisions about what forage to select and where to forage. This is influenced by organization of herbage in space which varies in the quantity of herbage and in physical and chemical attributes of the plant material (Ungar et al., 1992, Wendy, 1999). The structural characteristics of the sward, i.e sward height, herbage density and maturity as well as leaf: stem ratios and green: dead material ratios may influence selection of plant materials by grazing animals’ vis-à-vis the time spent grazing, ruminating, and the vertical distance animals insert their muzzle into the sward (Laca et al., 1994; Hodgson et al., 1994). Ruminants are therefore capable of changing their effectiveness in the search for and capture of forage by recognizing the quality of the grazing environment (Mezzalira et al., 2013).
In southwest Nigeria, where human population density is increasing with an attendant decrease in available land for animal husbandry, livestock owners result to grazing their animals on natural pasture with high grazing pressures which has led to degradation of the natural grassland. There is need to establish sown pastures and grazing reserves to mitigate the effect of inadequate availability of forages from the natural pasture for sustainable livestock production in Nigeria. Studies on the behaviour of yearling calves grazing different forage types including wheatgrass, smooth brome grass and western wheatgrass (Jeffery et al., 2002) Panicum maximum cv Tanzania (Santana et al., 2013) exists. Knowledge gap exists on the behaviour of yearling calves grazing Panicum/Stylosanthes pasture. Understanding the proportion of the time spent on pasture by weaned yearling calves for actual grazing is vital for management of grazed sown pasture and will aid the monitoring of the diversity in the behaviour of the animals as they transit into adulthood. There is paucity of information regarding the behavior of WF yearling calves on pasture in Southwest Nigeria. 
2.0. Material and methods
2.1. Study site
The experiment was carried out at the Cattle Production Venture (CPV) unit, Federal University of Agriculture, Abeokuta, Ogun State, Nigeria. The location lies within latitude 7o 10’ N, longitude 3o 2’ E, and altitude 76 mm in the derived savannah zone of South-Western Nigeria. It has a humid climate with a mean annual rainfall of 1037 mm and temperature of about 34.7o C. The relative humidity ranges between 63 - 96% in the rainy season (April-October) and 55 - 82% in the dry season (November-March) with an annual average of 82% (Google Earth, 2015). 
2.1.1. Pasture sward
The pasture sward used for the experiment was established in 2013. The pasture is composed mainly of Panicum maximum (Ntchisi) intersparsed with Stylosanthes hamata and Stylosanthes guainensis which occur irregularly within the grass. Other volunteer species, such as Centrosema pubescens and Calopogonium mucunoides were also present in the pasture.
2.2. Animals and experimental design
A group of twelve yearling WF calves with average body weight of 82 kg were randomly selected from the herd. The animals were tagged for identification and held in a holding yard at the near end of the farm from where they were led to the demarcated pasture plots during the trial. The selected animals were separated from the larger herd two weeks before the commencement of the grazing trial. Split plot design was used in which two pasture spatial distribution of biomass densities (dense and sparse) were allotted to main plot and sward height (10, 15, and 20cm above ground) was assigned to the sub plot (Figure 1). These sward heights were chosen in order to expose the animals to pastures with varying quality and leaf: stem ratio. The lowest height (10cm) had pasture which was too low for easy reach by the animals, but with nutritious leaves while the highest sward height possess more stem proportion with scattered leaves. The pasture heights were maintained with the aid of a mechanical mower and the uniformity of height across the treatment was ensured using a sward stick. Areas with similar herbage density characteristics were made to cover 15 x 5 m2 designated as either dense or sparse pasture areas and constituted a block. Each of the blocks was sub-divided into a series of 5 m x 5 m2 plots, so that each block had three square shaped plots, and the blocks separated by at least 3m space. The inter-block spaces were slashed down to the ground level for ease of movement around the plots. 
The treatments comprised of plots with dense (thick) biomass maintained at 10cm, 15cm, and 20cm above ground; and plots with sparse biomass maintained at 10cm, 15cm, and 20cm height respectively to make six treatments. Each treatment was randomly assigned to plots within the dense and sparse biomass block to make up a replicate. The six treatments were replicated three times to give a total of eighteen treatments on the field. Two calves were allowed to graze uninterruptedly in each 5 m x 5m2 plot. Upon exiting from the plot, the calves were returned to the main herd for daily grazing routine. 
2.3. Procedure
The calves grazed for 3 days (Dummont and Boissy, 1999) in the experimental area to get accustomed with the test conditions before the commencement of the trials. Measurement were taken in three days per week during which animals were allowed to graze continuously for 120 minutes in each pasture type which amounted to about 30% of their daily grazing time. Outside the period of measurements, the animals were allowed to join the main herd for daily grazing routine within the farm. On measurement days, the animals were allowed to graze from 7:00 to 9:00 h on the experimental plots. 
2.4. Behavioural study
Observations for data recording took place between November and December, 2015; for 2: 00 h/day on each trial day across the treatments. Data were recorded on the 17th, 18th and 19th of November while second trial was carried out on the 9th, 10th and 10th of December, 2015. Each trial day constituted a grazing session while each trial week is herein referred to as grazing period. The behaviour of the yearling calves on the pasture was recorded with the aid of a Chloride UK 8 channel, H.264 digital video recorder and Chloride UK IR Waterproof camera fitted with 3.6mm lens. The model of the video recorder is CP-7708AV while that of the camera used was CSC-3020W. The camera was CCD type with IR distance of 25-30m. The LCD television/monitor used to monitor and record the grazing was Flatron with model number M197WAJ. The video recorder and the camera were manufactured by Chloride UK, while the Flatron monitor  was manufactured in China. All experimental animals were allowed access to the pasture plots (dense and sparse plots) for 2:00 h on every morning of the trial for the two months. Residence time was measured by clocking entry and exit times from each plot against a running time background on the CCTV monitor. The time for each behavior was expressed as a portion of the 120 minute observations (continuous sampling). The authors have read the policy relating to animal ethics and confirm that our study complies. The study was carried out according to the ethical guidelines of the college of animal science and livestock production committee on the use of animals for experiment.
2.5. Data collection
Data was collected from the recorded CCTV video player. Continous sampling technique was adopted by observing each animal continuously for 120 min per observation for each day of trial and three times per grazing period. Data were collected on the following: grazing time, idling/resting/standing time, walking time, self-licking time, and residence time for each animal was 120 minutes (Table 1). Collection of data on behavioural parameters was carried out in succession such that the proportion of occupation time spent grazing was observed first followed by idling/resting/rumination and others. For example, an animal was considered grazing when biting or chewing any of the forages or when it walked with its muzzle close to the sward. The time spent for such behaviour repeatedly within the occupation time was recorded and summed up as the time spent grazing within the access time. One observer was assigned for the data collection which spanned from January 1st to July 1st, 2016. The time spent by the calves for each grazing activity for the six, 2:00 h. grazing sessions were used for the analysis. 
2.6. Statistical analysis
The time spent by calves grazing, resting/ruminating/idling, walking and exhibiting self-licking behaviour was analyzed using General Linear Model (GLM) in R statistics (R Core Team, 2014). Means were separated using Tukey Honestly Significant Difference (‘Tukey’ HSD). 
3.0. RESULTS
Table 2 shows the main effect of sward height and spatial distribution of pasture biomass on the grazing behaviour of WF yearling calves. The effect of sward height did not (p>0.05) affect grazing time, idling/resting/rumination time, walking time and self-licking behaviour time. Although the highest grazing time (81.08mins) was recorded for plots cut to 15cm height, idling/resting/rumination time was higher (19.75mins) for plots cut to 10cm while the plots cut to 20cm height recorded the highest values for walking time (12.71mins) and self-licking behaviour time (12.75mins). 
Spatial distribution of pasture biomass (p<0.05) affected all the behavioural parameters examined except idling/resting/rumination time. Meanwhile, the highest time spent for idling/resting/rumination was recorded for sparse pasture biomass (19.42mins). The time spent grazing was (p<0.05) higher for plots with dense pasture biomass (84.89mins), while self-licking behaviour was (p<0.05) higher for plots with sparse pasture biomass (15.39mins). The time spent walking was observed to be (p<0.05) higher for plots with sparse pasture biomass (14.47mins). 
The interaction effects of sward height and spatial distribution of pasture biomass are presented in Table 3. Sward height and spatial distribution of biomass influenced (p<0.05) the behaviour of WF yearling calves. The grazing time ranged from 68.33minutes for pasture with sparse biomass cut to 20cm height to 87.33minutes for that with dense biomass maintained at 15cm height. The highest time for idling/resting/rumination was recorded for pasture with sparse biomass cut to 10cm height (23.33mins), while the lowest time was observed for pasture with dense biomass cut to 15cm height (13.33mins). Pasture with dense biomass cut to 10cm and 20cm heights recorded (p<0.05) similar values. Walking time was (p<0.05) higher for pasture with sparse biomass cut to 20cm height (16.5mins) while the lowest time was spent for the pasture with dense biomass cut to 20cm height (8.92mins). Comparable time was spent walking in the pasture with sparse biomass cut to 10cm (13.83mins) and 20cm (13.08mins) height respectively. The time spent for self-licking behaviour was (p<0.05) higher for the pasture with sparse biomass maintained at 20cm height (16.83mins) with the minimum value recorded for the pasture with dense biomass cut to 20cm height (8.67mins). The self-licking behaviour time obtained for sparse pasture at 15cm height (15.5mins) and 20cm height (16.83mins) were similar, while the value recorded for pasture with dense biomass at 15cm height (9.33mins) and 20cm height (8.67mins) were also statistically similar. 
4.0. DISCUSSION
This study revealed that WF yearling calves grazed longer in the pasture with dense biomass than that with sparse biomass. Ruminants alter their mode of grazing and modify preferences according to their grazing environment (Distel et al., 2004), relative to forage abundance and sward height.  The results obtained corroborate findings by (Bethwell et al., 2012) that larger proportion of pasture access time was spent grazing by cattle in a communal area of Eastern Cape Province, South Africa. Grazing was also more severe in the pasture with dense biomass compared to that with sparse biomass throughout the occupation time, partly due to hunger and the urge to assuage it. 
Grazing time is directly correlated with abundance of forage, intake by the animal (Baggio et al., 2008), and sward height. In this study, grazing time differed with sward heights and biomass density with the calves spending longer time grazing in the pasture with dense biomass maintained at 15cm. This suggests higher grazing efficiency, dry matter intake, and invariably improved animal production. The longer time spent by calves grazing on the pasture maintained at 15cm height was in consonance with findings by Daniel et al. (2011) in the study in which grazing time on pastures maintained at 15 and 35cm height were compared. The increase in grazing time could presumably be an attempt by the animals to offset the immediate intake rate, and to increase forage intake when the available forage resource is minimal (Laca et al., 1992). Intermittent grazing by the animals was also observed in which animals stand for few seconds in between grazing. This has been noted to critically reduce the number of bites obtainable from the herbage; the intake of the animals, with attendant increase in grazing time.
Similarly, Sarmento (2003) reported that animals grazing 10-cm-tall Marandu grass pasture demonstrated longer grazing time compared to those on the same pasture maintained in 30cm height. Animals grazing lower height sward appear to increase their grazing to compensate for low pasture height. The length of grazing time in this study increased from 10cm to 15cm sward height, but with a sharp decline at 20cm height. The fluctuation in the observed grazing time in relation to sward heights might probably be due to alterations in the leaf/stem ratio of the forages as sward height varied. At 10cm, the pasture height appears too low for easy reach by the grazing animals. The leaf: stem ratio obtainable at 15cm height was comparatively better than at other heights while at 20cm, leaves were scattered with more stems being prominent. Sarmento (2003) defined prehensible sward height as the upper fraction of the forage where a higher percentage of green leaves and little quantity of dead material is encountered. This implies that forages of medium height provide sufficient grazing resource to maximize animal intake. 
Daniel et al. (2013) and Carvalho (2005) reported that grazing time was shorter in situations of high forage density. This is not in agreement with the results obtained in this study which indicated that grazing time was longer for pasture with dense biomass than for sparse pasture. However, animals grazing in the higher density forage environment obtain higher intake within the pasture. Molan (2004) observed a reduction in the proportion of the forage available to be grazed in pastures up to 10 cm height which resulted in decreased intake and consequently influence the animals to spend more time grazing in an attempt to maintain their daily forage intake (Daniel et al., 2013). This observation conforms with findings in this study.
Length of grazing time and/or intake rate has been proposed as indicators of feeding motivation (Chilibroste et al, 2007). In the pasture with dense biomass, grazing commenced in a spontaneous manner such that the animals obtain sufficient quantity of herbage through rapid and continuous defoliation of considerable number of bites from the onset of grazing. This invariably translates to high intake rate and grazing time. The bulkiness of the grazed pasture enhanced thorough mixing of the herbage materials present in the pasture which further enhanced prehension and intake. On the contrary, grazing in the pasture with sparse biomass was observed to be less enthusiastic throughout the access time, partly, due to more widely spaced plants which underscores the longer grazing time recorded for the pasture with dense biomass. 
The animals maintained in the pasture with dense biomass at 15cm height spent more time grazing and less time resting/ruminating in agreement with the results by Chilibroste et al. (2007) and Perez-Ramirez et al. (2009). According to Daniel et al. (2013), there was a positive relationship between pasture height and forage mass and managing canopy height is a strategy to manipulate the structure of the pasture and enhancing grazing. Observations in this study indicated that sward height and spatial distribution of biomass affected the grazing behaviour of yearling calves, with longer grazing time on pasture with dense biomass at15cm height. 
Relative to the energy required for the grazing process, the energy cost of walking is negligible (Di Marco and Aello, 1998; Gregorini, 2014). In the process of grazing, defoliation is an energetically expensive component (Brosh et al., 2006). Etzenhouser et al. (1998) reported that animals alter their grazing movement to enable recognition of forages within the grazing environment as observed in this study when calves returned to previously grazed locations within the pasture for further removal of herbage. Even though the locations of the animals within the pasture were not recorded, the video footage showed that the animals learned about the grazing environment from the onset, as they seemed to identify locations that provided potential satisfactory intake, and return to such locations repeatedly within the occupation time. This observation seemed to be supported by Gregorini et al. (2014) that when forage resources are limited, animals develop an efficient and improved method of searching that allowed them to locate the most available resource and obtain high bite rates by adjusting their grazing speed. This observation was more prominent in the pasture with sparse biomass where forage resources were more limited and scattered.
Calves increased their walking time as the time spent grazing declined with increasing pasture occupation time. The walking time increased with increasing sward heights for the pasture with dense biomass which was in line with the tendency of an increasing rest/rumination time. Animals possess the capability to modify time spent exhibiting different behaviour on the pasture depending on the grazing environment. The time spent for resting/rumination by the calves was minimal across the treatments. This was in line with the report by (Young et al., 2013) that Tan sheep spent less than 10 minutes resting during grazing sessions. 
Regardless of the spatial distribution of pasture biomass and sward height, self-licking behaviour was exhibited by the calves across the treatments, while some form of allo-grooming was also observed. Self-licking is a form of comfort and maintenance behaviour, the various forms observed include the use of left hind leg to scratch the muzzle, use of mouth to scratch the withers, fore leg and sometimes the animal extends its muzzle towards its tail to scratch that part of its body. The animals were able to pair up and maintained good hygiene through the exhibition of allo-grooming, even though this was not measured in the study. The results in this study corroborates the findings by Reinhard et al. (2007) that comfort behaviour is demonstrated when grazing is shortly interrupted as observed for the pasture with sparse biomass across the various heights. The result also indicated that the proportion of occupation time spent on self-licking in the pasture with sparse biomass was higher compared to that recorded for the pasture with dense biomass across the sward heights. This could be due, in part, to lower quantity of herbage in the former pasture compared to the latter. Although there is dearth of literature on the effect of herbage abundance on self-licking behaviour by cattle on pasture, the proportion of occupation time spent for self-licking behaviour across the treatments in this study was higher than that reported from a previous study when young bulls or cows of Podolian breed were kept in a natural pasture environment (Fabio et al., 2011). The occurrence of self-licking behaviour might relate to response by individual animals to skin irritations that require immediate attention (Reinhard et al., 2007).
5.0. Conclusion
The study showed that WF calves have a strong behavioural aptitude to increase their grazing time by reducing the time spent for other activities on the pasture relative to forage abundance as a way of improving their efficiency of grazing. Thus pasture with dense biomass maintained at 15cm height is capable of ensuring optimal grazing time on Panicum/Stylosanthes mixture for good production. It was noted that self-licking behavior occurred more on the pasture with sparse biomass due to limited forage quantity to be grazed by the animals.
Occurrence of other behavioural parameters such as idling/resting/rumination and walking differed with the lowest recorded for the pasture with dense biomass at 15 and 20cm respectively, which in turn, indicates higher proportion of grazing time in these treatments. These may be connected to better management and health of the animals and should not be ignored. Maintaining WF yearlings on dense Panicum/Stylo pasture at 15cm height would promote increased grazing efficiency and consequently translate to higher animal performance. Our experimental approach provides a useful tool to further investigate bite rate features, intake, and social behaviour of WF yearlings at different production levels/ages.
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Table 1: Ethogram of behaviour parameters in the course of observation.
	Behavioural category
	Activity
	Behavioural Pattern
	Description

	Grazing behaviour
	Eating
	Eating Panicum maximum
	Eating in standing position with muzzle close to the ground

	
	
	Eating Stylosanthes Guinensis
	

	
	
	Eating other volunteer species
	

	
	Walking
	
	Walking without grazing

	
	Standing
	Standing with rumination
	Standing inactively and ruminating

	
	
	Standing without rumination
	Standing alone without rumination

	
	Lying
	Lying with rumination
	`lying on the ground while ruminating

	
	
	Lying without rumination
	Lying on the ground without rumination

	Self-licking behaviour
	
	Self-licking
	Licking of the animals’ body by itself

	Grazing session
	
	
	The time spent at pasture per observation

	Grazing period
	
	
	Number of days animals were observed in a week





Table 2: Main effect of sward height and spatial distribution of pasture biomass on grazing behaviour of   White Fulani (WF) yearling calves
	
	
	              Parameters
	
	

	
	GRAZING TIME 
	IDLING/RESTING /RUMINATION TIME 
	WALKING TIME 
	COMFORT TIME 

	                                                            minutes

	Sward Height
	
	
	
	

	10cm
	75.62
	19.75
	12.25
	12.38

	15cm
	81.08
	14.96	
	11.54
	12.42

	20cm
	76.71
	17.83
	12.71
	12.75

	SEM
	2.98
	1.60
	1.06
	1.00

	Spatial Distribution
	
	
	

	DENSE
	84.89a
	15.61
	9.86b
	9.64b

	SPARSE
	70.72b
	19.42
	14.47a
	15.39a

	SEM
	2.19
	1.36
	0.78
	0.67


a,b,c: means on the same column with different superscript are significantly different p<.0.05.
SEM: Standard Error of Mean



Table 3: Interaction effect of sward height and spatial distribution on grazing behaviour of White Fulani (WF) yearling calves
	
	
	
	
Parameters
	
	

	Spatial distribution
	Sward height
	GRAZING TIME
	IDLING/RESTING /RUMINATION TIME

	WALKING TIME
	SELF LICKING

	               minutes

	DENSE    
	10CM
	82.25ab
	16.17ab
	10.67bc
	10.92bc

	
	15CM
	87.33a
	13.33b
	10bc
	9.33c

	
	20CM
	85.08ab
	17.33ab
	8.92c
	8.67c

	SPARSE  
	10CM
	69.00c
	23.33a
	13.83ab
	13.83ab

	
	15CM
	74.83bc
	16.58ab
	13.08ab
	15.5a

	
	20CM
	68.33c
	18.33ab
	16.5a
	16.83a

	SEM
	
	3.53
	1.98
	1.33
	1.15


a,b,c: means on the same column with different superscript are significantly different p<.0.05.
SEM: Standard Error of Mean.
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