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Abstract

Our objective was to examine how short-term exposure to wind or rain, or the combination of wind and rain, influences behavioural
and physiological responses and the motivation for shelter. Twenty-four, non-lactating, pregnant Holstein-Friesian cows were individ-
ually housed and allocated one of four treatments (control, wind, rain, wind and rain) created with fans and sprinklers. Feed intake
and behavioural and physiological variables were recorded for 22 h. Motivation to use the shelter was assessed by creating a trade-
off between time spent feeding while exposed to the weather treatments and time spent in the shelter. Feeding times were manip-
ulated by placing frames with three different mesh sizes over the feed; the purpose of the smaller mesh was to increase the time
spent feeding. However, shelter use was unchanged by these costs. Cows reduced their feed intake by 62% when exposed to rain
and the combination of rain and wind. Cows spent approximately 50% of their time in the shelters in all weather treatments and
spent little time lying, especially under wet conditions (5.9, 4.4, 2.8, and 1.1 [± 1.4 h] per 22 h for control, wind, rain, and wind/rain
treatments, respectively; mean [± SED]). Rain alone, and in combination with wind, decreased skin temperature by 26%, on average.
The short-term response to wet conditions was characterised by a marked decline in lying time, feed intake and skin temperature.
Wind alone had little effect on these responses, but magnified the effect of simulated rain on feeding behaviour. These results indicate
that protection from both rain and the combination of rain and wind is likely to be important for animal welfare, but future work is
needed to understand when and how to provide protection to pastured dairy cattle.
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Introduction
Exposure to winter weather affects both the physiology (eg

change in body temperature: Bergen et al 2001; Kennedy

et al 2005) and the behaviour of cattle. If given the opportu-

nity, cattle will change their behaviour in order to mitigate

negative effects of inclement winter weather (Senft et al
1985; Olson & Wallander 2002). Behavioural responses to

winter weather can be broken down into two main categories:

seeking shelter or microclimates to mitigate weather and

changes in time budgets if no shelter is available, including

time spent lying and feeding. Cattle will seek shelter or

microclimates that reduce the effects of inclement weather,

particularly in strong winds and during heavy or persistent

rain (Houseal & Olson 1995; Vandenheede et al 1995; Redbo

et al 2001). Access to a shelter (natural or man-made) reduces

the negative effects of wind and rain and can improve weight

gain (Self et al 1963; Hidiroglou & Lessard 1971). Keeping

cattle indoors mitigates the physiological responses to winter

weather, including low body and skin temperature, compared

to counterparts kept outdoors (Tucker et al 2007; Webster

et al 2008). While it is clear that cattle will benefit from and

seek shelter, there is little experimental evidence examining

the motivation to use a shelter or the specific weather condi-

tions that influence this behaviour.

A well-designed shelter may reduce the second type of

behavioural response to winter weather: changes in time

budgets. Cattle spend less time lying down on wet, muddy

surfaces (Muller et al 1996; Fisher et al 2003). They eventu-

ally lie down on wet surfaces in cold weather, although lying

postures that minimise the amount of surface area exposed to

the surroundings are more common in these conditions

(Tucker et al 2007). Cattle will increase the time spent lying

if they are provided with a comfortable, dry substrate in cold

climates, likely reducing heat loss to the environment

(Gonyou et al 1979; Redbo et al 2001). Cattle also decrease

time spent feeding in response to cold weather (Malechek &

Smith 1976; Adams et al 1986), although this change is not

consistent across studies (eg Redbo et al 2001; Tucker et al
2007). Changes in feeding times may be influenced by many

factors, including the severity of the weather conditions, indi-

vidual energy demand, feed availability, degree of acclimati-

sation, and type of microclimate (eg sheltered feeding areas). 
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