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ORIENTATION OF BEEF CATTLE GRAZING FOOTHILL WINTER RANGE IN MONTANA
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ABSTRACT:  Cattle may graze foothill winter range in northern areas as an alternative to feeding hay, although this exposes them to potential thermal stress.  Consequently, cattle may orient to maximize heat gain or to minimize heat loss depending on ambient weather.  Our objective was to determine how mature cattle orient while grazing winter range.  During two winters (Winter 1 1996-1997; Winter 2 1997-1998), we recorded orientation of cattle (n = 32) at 30 min intervals from dawn to dusk three days each week for approximately 7 w.  Circular statistics, including mean vector (body orientation relative to direction) and vector length (variation around mean vector), were used to characterize orientation.  Stepwise multiple linear regression was used with mean vector and vector length as response variables, and solar radiation, net radiation, temperature, relative humidity, wind velocity, and wind direction as predictor variables.  Mean vector was approximately east-west (Winter 1, 80o, Winter 2, 100o; body perpendicular to the sun low in the winter sky), although coefficients of determination were low, especially in the second winter (Winter 1, R2 = 0.14; Winter 2, R2 = 0.03).  Vector lengths increased with increasing solar radiation, especially at cold temperatures (Winter 1, R2 = 0.24; Winter 2 R2 = 0.17), indicating more cattle were assuming the same orientation under these conditions.   Cattle oriented perpendicular to the sun’s rays intercept about 80% more direct radiation than cattle facing the sun.  On relatively warm, sunny days, radiation absorbed by cattle can range from 4 to 6x (280-420 W m-2) basal metabolic heat production (70 W m-2).  A simple energy balance model, including net radiation, ambient temperature, cattle surface temperature, latent and sensible heat loss, conduction, storage, and metabolic heat, indicates that net radiation can greatly affect thermal energy gains and losses under different weather conditions.  
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Introduction
Cattle may graze foothill winter range in northern areas as an alternative to feeding hay, although this exposes them to potential thermal stress.  Consequently, cattle may orient to maximize heat gain or to minimize heat loss depending on ambient weather.  Short-wave radiation on sunny days may counteract effects of cold ambient temperatures.  Red deer select south and southwest facing slopes during winter to maximize heat gain (Schmidt, 1993).  On a short grass prairie in Colorado, cattle grazed ridgetops and south facing slopes from September through April, and avoided draws and lowland areas, presumably to maximize absorption of short-wave radiation (Senft et al., 1985).  

By orienting perpendicular to the sun, animals maximize surface area exposed to short-wave radiation (Walsberg, 1992).  On a rangeland in northern Utah, cattle stand perpendicular to the sun on cold, sunny days (Malechek and Smith, 1976).  In feedlot pens, cattle orient perpendicular to the sun’s rays on cold, sunny days, especially in the early morning (Gonyou and Stricklin, 1981; Kennedy and Day, 1989).  During winter, sheep standing perpendicular to the sun intercept 80% more direct solar radiation than those standing parallel with the sun (Clapperton et al., 1965).  The importance of heat gain from solar radiation is often underestimated.  At -30o C, the first direct beam of radiation at sunrise stops shivering in mule deer almost immediately, and elevates skin temperatures similar to those at 30o C in summer (Parker and Robbins, 1984).  

On the other hand, large animals often orient parallel with strong winds during winter.  This minimizes the area exposed to convective heat loss associated with wind, and maximizes the boundary layer along the sides of the animal (Oke, 1987).  The boundary layer, a zone of microturbulence, increases resistance to heat loss along the sides of animals. 

A behavioral response to winter conditions, such as modifying orientation, may represent an attempt to avoid a negative energy balance.  The energy balance of an animal is the sum of heat inputs and losses:

Rabs - Loe + M - E - H - G - q = 0

(1)

where Rabs is the flux density of absorbed radiation (short- and long-wave), Loe is the flux density of emitted radiation from the animal’s surface, M is the rate of metabolic heat production per unit surface area, E is latent heat loss of vaporization, H is the rate of sensible heat loss, G is the rate of heat loss by conduction to the substrate, and q is the amount of heat storage (Formula 12.1; Campbell and Norman, 1998).

Campbell and Norman (1998) simplified this formula to:

Rabs -   Ts4 + M - E - cp gHr (Ts - Ta) = 0

(2)

where the flux density of emitted radiation from the animal’s surface, (Loe), is a function of the long-wave emissivity of the animal (), the Stefan Boltzman constant (, 5.667x 10-8), and surface temperature (Ts4, oK), and where the rate of sensible heat loss (H) is a function of the specific heat of air (cp, 29.3 J mol-1  oC -1), the sum of radiative (0.22 mol m-2 s-1) and boundary layer (0.46 mol m-2 s-1) conductances (gHr) from the animal’s surface, and the gradient between surface temperature (Ts oK) and ambient temperature (Formula 12.8; Campbell and Norman, 1998).  Campbell and Norman (1998) assumed that heat loss to the substrate by conduction (G) and the rate of heat storage (q) is negligible.  This would apply to large, hooved animals during winter, such as in our study.

Our objective was to determine how mature cattle orient while grazing winter range.  These observations were incorporated into a simple energy balance model to determine how orientation, which determines surface area exposed to solar radiation and wind, affects thermal energy gains and losses under different weather conditions

Materials and Methods
Our study site is on the Montana Agricultural Experiment Station Red Bluff Research Ranch near Norris, Montana (latitude 45 35' N, longitude 111 39' W).  Elevation is about 1600 m.  The area has sandy and silty range sites common to many foothill rangelands in the Northern Rocky Mountain region.  The gently sloping, west-facing bench is usually snowfree because of persistent, strong south winds and frequent sunny days during winter.  The dominant habitat type is Festuca idahoensis/Agropyron spicatum (Mueggler and Stewart, 1980).  There are no trees or tall shrubs to provide cover.

The study pasture was 44 ha.  This area was divided into four 11 ha pastures (blocks) for a concurrent study assessing cattle response to the presence of windbreaks (Olson et al. 2000).  Each of these pastures was divided in half; treatments (windbreak, no windbreak) were assigned randomly to each half.  Water was  provided by troughs that serviced each half of each block, and were kept ice-free with propane stock tank heaters.  Windbreaks were located in the center of each treatment pasture.  The V-shaped windbreaks, perpendicular to the prevailing south wind, were constructed of metal roofing attached to tubular corral panels, and anchored by wood fence posts at the apex and ends of the V.

Each winter (Winter 1, 1996-1997; Winter 2, 1997-1998), four pregnant, 5-7 year-old black baldy (Angus x Hereford) cows were assigned to each of the 8 small pastures (4 blocks x 2 treatments).  These cows were born on the university ranch, thus they had experience with winter conditions and terrain of the ranch.  Cattle were supplemented with 1.8 kg of protein cubes (21% CP) cubes 3 times each week.

Cattle orientation was noted via scan sampling.  Two observers were assigned to each of two blocks (16 cows each).  Observers noted orientation of each of their 16 cows for 1 s every 30 min from 0800-1700 three days each week (Altmann, 1974).  In the middle of the 8 small pastures, a weather station measured, recorded, and stored temperature, relative humidity, wind speed, wind direction, solar radiation, and net radiation every 30 min (Campbell Scientific CR 10, Logan, Utah).

Circular statistics, including mean vector (body orientation relative to direction) and vector length (variation around mean vector), were used to characterize orientation (Oriana, Version 1.0, Kovach Computing Services, Wales, UK).  Each animal was considered an experimental unit.  We assumed that “group” behavior usually affects location, but not individual orientation.  We did not separate windbreak from nonwindbreak cattle in the statistical analyses.  Stepwise multiple linear regression was used with mean vector and vector length as response variables, and solar radiation, net radiation, temperature, relative humidity, wind velocity, and wind direction as predictor variables (PROC REG; SAS, 1988).  Only predictor variables with P < .05 were included in the regression models.

For the energy balance model, we measured surface temperatures on cattle in the winter of 1999-2000 with an infrared thermometer (Cole Parmer; Model 08407-20).  We could walk within 2-3 m of these cows without altering their orientation; most were accustomed to people because they are part of a research herd.  Our infrared thermometer senses temperature of a 6.2 cm spot at 6 m.  We measured surface temperatures, first at upper back height and then at flank height, on sunny- and shaded-sides of the cow.  The time, the cow’s identity, and her orientation to solar radiation and wind were recorded.  For our initial calculations of energy balance, we averaged upper back and flank height surface temperatures on sunny and shaded sides of the cow.  To predict a cow’s  instantaneous energy balance, surface temperatures of individual cows were combined with data from the weather station. 

To parameterize the simplified energy balance equation (Formula 2 above; Campbell and Norman, 1998) flux density of absorbed short- and long-wave radiation (Rabs) was measured with our net radiometer, flux density of emitted radiation from the surface (Loe) is a function of the radiant emittance of an object (0.98 for beef cattle), the Stephan Boltzman constant (5.667 x 10-8 x oK4), and composite surface temperature measured with our infrared thermometer (oK).  Metabolic heat production per unit surface area (M) was based on measured values from two winter studies (Young, 1975; Yambayamba et al., 1996).  We assumed latent heat (E) loss via evaporation of water from the skin surface (sweating) is negligible during winter.  Latent heat (E) loss from evaporation of water from respiration averages 15 W m-2 during winter (Webster, 1974).  Rate of sensible heat loss (H) is a function of the specific heat capacity of air, resistance to heat loss, and the gradient between surface and ambient temperatures.  Specific heat capacity of air is a constant.  Resistance to heat loss was derived from the literature.  Like Campbell and Norman (1998), we assume heat loss by conduction (G) to the substrate (hoof  to soil) and heat storage (q) are negligible while standing.  We then solved (2) to determine if the animal is in net positive or negative energy balance under a particular set of conditions.

Alternatively, we set net energy balance equal to “0”, assumed an animal is trying to maintain homeostasis, measured the other variables under ambient conditions, and then estimated an animal’s metabolic need (M) for food energy or endogenous stored energy to maintain homeostasis under those conditions by rearranging (2): 

M =    Ta4 - E - cp gHr (Ts - Ta) - Rabs 
(3)

Increasing windspeeds are incorporated in the model primarily by their effect on surface temperatures via convective cooling; wind speed has minimal effect on resistance to heat loss with dry, thick winter coats. 

Results and Discussion
Mean vector (y-intercept; body orientation relative to direction) was approximately east-west (Winter 1, 82o, Winter 2, 100o; Table 1; Figure 1, e.g. 09 DEC 1997), indicating the cow’s body axis, on average, was oriented fairly perpendicular to the sun low in the winter sky.  In Winter 1, higher net radiation reduced mean vector, which would bring a cow’s body axis closer to 90o.  Conversely, higher net radiation in Winter 2 increased mean vector, which would also bring a cow’s body axis closer to 90o.  In Winter 1, higher temperatures increased mean vector, indicating that cattle were orienting more north-south under warmer conditions, possibly to reduce radiation load.  Increased wind speed increased mean vector (Figure 1, 14 JAN 1998) towards a north-south orientation.  Strong winds were always from the south.  A north-south body axis would reduce convective heat loss.  

Coefficients of determination for mean vector were low, especially in Winter 2 (Winter 1, R2 = 0.14; Winter 2, R2 = 0.03).  This may partly reflect that our analyses are based solely on direction.  Although the winter sun is low in the southern sky, it is moving across the sky during the day.  We did not analyze how cattle may have oriented specifically to this movement during the day (Gonyou and Stricklin, 1981).

Vector lengths increased with increasing solar radiation, indicating more cattle were assuming the same orientation under these conditions.  Although statistically significant, the other variables in the model were probably not biologically relevant.  Similar to the mean vector models, coefficients of determination were relatively low (Winter 1, R2 = 0.24; Winter 2 R2 = 0.17).  This also indicates that cattle orientation was strongly influenced by their environment only under certain conditions, e.g. cold and high winds (Figure 1, 14 JAN 1998).

In our energy balance model, we used a resting metabolic rate of 70 W m-2 (“A”s) based on results from Young (1975) and Yambayamba et al. (1996).  They used calorimetry to determine these rates for cattle under cold conditions.  Their measured units were kcal h-1 kg-.75 (Young, 1975) and Kj d-1 BW-.75 (Yamabayamba et al., 1996), which we readily converted to W m-2, and incorporated into the energy balance equation.  

On sunny days, net radiation often exceeded 280 W m-2 (maximum 429 W m-2 ).  Our net radiometer measures all sources of radiation, including direct, diffuse and reflected short-wave radiation, and long wave radiation from the sky and soil surface.  These radiation sources reflect what the animal actually experiences compared with a simple thermometer reading.  Net radiation exceeding 280 W m-2 would be more than 4x the resting metabolic rate of beef cattle (Young, 1975; Yambayamba et al.,1996).  On cold, clear nights, net radiation was as low as -76 W m-2, which may explain why cattle are relatively inactive at night to conserve energy. 

Results from Table 2 indicate that most cattle are in a negative energy balance during winter, but also indicate the relative importance of net radiation.  Turnpenny et al. (2000a,b) developed and then tested a model of the energy balance of sheep, cattle, and pigs.  Predicted energy balance (heat loss) of Friesian calves at their coldest temperature (3o C, 270o K) was -103 W m-2 at 0.2 m s-1 wind speed and -140 W m-2 at 1.6 m s-1.  These values are not as negative as our predicted values, but our ambient temperatures were much colder.  Their predicted values were in close agreement with their measured values for cattle.    

Merrill (1991) used a similar approach as ours to predict energy gain (loss) of elk foraging during summer.  Elk became inactive during the day to reduce the effects of high solar radiation load, and increased nocturnal foraging time.  On the other hand, cattle forage little at night during winter (personal observation), presumably to maximize heat gain during the day and to conserve energy at night.

Implications
Cattle oriented themselves to maximize heat gain on cold days and to minimize heat loss on windy days.  However, most of the time, environmental conditions did not elicit a strong response in the context of orientation, exemplified by our relatively low R2 values from our regression models.  This may reflect that cattle have a high thermal mass, that our cattle were in moderate body condition with adequate reserves, and that our cattle are under strong selection pressure (via culling) if they do not successfully calve and rebreed following a Montana winter.  Our simple energy balance model, including net radiation, cattle surface temperature, latent and sensible heat loss, conduction, storage, and metabolic heat, indicates that net radiation can greatly affect thermal energy gains and losses under different weather conditions.
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Table 1.  Regression models for orientation (mean vector (0-180o) and vector length (index, 0-1)), as response variables with solar radiation (Rsol, W m-2), net radiation (Rnet,W m-2), ambient temperature (Ta, oC), wind velocity (, m s-1), and wind direction (Wdir, 0-360o) as predictor variables.  Of the six environmental variables measured (solar radiation, net radiation, temperature, relative humidity, wind velocity, wind direction), only predictor variables with P < 0.05 are included in the models.

	
	Regression models
	R2

	Mean Vector
	
	

	  1996-1997
	Y = 100 - 0.2 Rnet + 1.6 Ta + 3.7 
	0.14

	  1997-1998
	Y =  82 + 0.002 Rnet + 0.05 Wdir
	0.03

	Vector Length
	
	

	  1996-1997
	Y = 0.24 + 0.007 Rsol - 0.0005 Rnet
	0.24

	  1997-1998
	Y = 0.32 + 0.001 Rsol - 0.008 Ta - 0.004 Wdir
	0.17
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Figure 1.  Orientation of cattle (mean vector, vector length) on four selected days during Winter 1 (1996-1997) and Winter 2 (1997-1998).  Circles indicate direction with 0 as north, 90 as east, etc.  Within circles, lines indicate orientation of body axis, length of  lines the predominance of cows with that same orientation.  These are daily composites of  32 cows observed at 30 minute intervals from dawn to dusk.  Tg is black globe temperature (an indicator of the effect of net radiation on ambient temperature), Tes is standard operative temperature (similar to wind chill index but incorporates net radiation), and  is wind velocity.
Table 2.  Thermal energy balance of black baldy (Angus x Hereford) cattle under four (1-4) different weather conditions.  “A”s represent predicted energy balance with resting metabolic rate set at 70 W m-2.  “B”s represent predicted metabolic rate when energy balance set at “0".  Windspeeds were negligible.  Rabs, M, and “balance” are in W m-2.  Ta and Ts are in oK.

	Number
	Time
	Conditions


	Rabs
	Ta
	Ts
	M
	balance

	1A
	1000
	overcast
	200
	273
	281
	70
	-203

	1B
	“
	“
	200
	273
	281
	274
	0

	2A
	1400
	partly sunny
	300
	250
	260
	70
	-55

	2B
	“
	“
	300
	250
	260
	124
	0

	3A
	2000
	cloudy
	-2
	258
	260
	70
	-225

	3B
	“
	“
	-2
	258
	260
	296
	0

	4A
	0400
	clear
	-49
	252
	270
	70
	-570

	4B
	 “
	“
	-49
	252
	270
	640
	0


