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ABSTRACT 

The objective of this thesis was to determine the effects of bedding dry matter on lying 

behaviour of Holstein cows. Over time bedding becomes wet with urine, feces and milk, but no 

research is available to guide recommendations for farmers regarding how often bedding should 

be replaced. I carried out two replicates of an experiment testing the effects of varying dry matter 

content of sawdust bedding systematically over five treatment levels. One replicate was 

conducted during the summer and one in the winter to test if the effects of damp bedding varied 

with season.  The five bedding treatments averaged (± SD) 89.8 ± 3.7, 74.2 ± 6.4, 62.2 ± 6.3, and 

43.9 ± 4.0, and 34.7 ± 3.8 % dry matter.  Over the course of the trial, minimum and maximum 

temperatures in the barn were 2.6 ± 2.0 and 6.8 ± 2.2º C in the winter and 13.3 ± 2.5 and 22.6 ± 

4.1º C in the summer. In both seasons, five groups of three non-lactating cows were housed in 

free stalls bedded with sawdust.  Following a five day acclimation period on dry bedding, groups 

were exposed to the five bedding treatments in a five by five Latin square.  Each treatment lasted 

four days, followed by one day when the cows were provided with dry bedding.  Stall usage was 

assessed by 24 hour video scanned at five minute intervals averaged over two days.  Responses 

were analyzed in a mixed model with group as the observational unit.  Bedding dry matter 

affected lying time, averaging 10.4 ± 0.4 hours per day on the wettest treatment and increasing to 

11.5 ± 0.4 hours per day on the driest bedding.  Lying time varied with season, averaging 12.1 ± 

0.4 hours per day across treatments during the winter and 9.9 ± 0.6 hours per day during the 

summer, but season and bedding dry matter did not interact.  These results show that wet 

bedding reduces lying time in a dose dependent manner during both winter and summer seasons. 
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CHAPTER 1: General Introduction 

Dairy Industry Today 

In 2007, milk ranked third in terms of agricultural commodities in Canada and 

first in the United States (FAOStat, 2010). Canada’s milking herd is made up of about 

982,800 milking cows (Statistics Canada, 2009) while in 2007 the United States had just 

over nine million milking cows (USDA, 2007).  These cows produced around eight 

million and 84 million metric tons of milk in Canada and the United States, respectively 

(FAOStat, 2009).       

Over the last 50 years, food animal production systems have become highly 

mechanized which enabled intensification of animal production.  This gave rise to indoor 

facilities where animals are rarely provided access to the outdoors (Fraser, 2008).  For 

example, chickens have been moved from outdoor “free range” housing systems to 

indoor battery cages.  Similarly, few pigs are provided access to the outdoors and are 

instead confined sometimes in gestation and farrowing crates.  Dairy systems sometimes 

include the use of pasture, but a large proportion of herds are housed continuously 

indoors (i.e. zero grazing). 

 

Animal Welfare Science 

One important concern regarding animal welfare is whether the animal is able to 

live a reasonably natural life, engaging in those natural behaviours that it is highly 

motivated to perform (Fraser, 2008). The passing of California’s 2008 Proposition Two 
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ballot initiative1, requiring that farm animals should be able to move freely, provides an 

example of the public’s concern over the confinement of animals in agriculture.  More 

generally, the growth of welfare labeling systems, such as the “BC SPCA Certified” 

labels on eggs and other agricultural products, suggests that consumers are searching for 

reassurance that these products are coming from animals that have been treated 

humanely.  

Different groups of stakeholders have varying views of animal welfare (Fraser et 

al., 1997).  For example, producers may be especially concerned about the health of their 

animals and the effects of poor health on production.  Consumers, however, may be more 

concerned about how the animals feel and if they are able to live natural lives and exhibit 

natural behaviours.  Fraser et al. (1997) described animal welfare science as a threefold 

concept, comprised of: 1) the affective state or an animal’s ability to experience positive 

and negative emotions, 2) the biological functioning of the animal, and 3) the ability to 

exhibit behaviours as the animal would in its natural environment.  

Assessment of welfare requires consideration for all three areas.  Clearly, 

maintenance of biological functioning and good health must be a concern.  For example, 

lame cows often show reduced milk production (biological functioning; Green et al., 

2002).  Lameness is also painful (affective state), and lame cows have difficulty showing 

normal reproductive behaviour (natural behaviour; Walker et al., 2008). Welfare 

scientists try to optimize all three aspects of animal welfare, although any one specific 

experiment may focus on just a single aspect. 

 

                                                 
1 In the United States, citizens of 24 states and the District of Columbia can collect signatures for a change 
to their state’s legislation and have the general public vote on the issue in question.  If the general public 
votes to pass the proposed initiative it becomes law (US History Encyclopedia, 2010).   
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Lying Behaviour and Dairy Cows 

Most dairy cows are housed indoors in tie stall or free stall barns. In tie stall 

systems, cows are restricted to individual stalls where they are fed individually and are 

either milked directly in the stall or walked to a milking parlour.  In free stall systems, 

cows are housed in groups, have a number of stalls to choose from for lying, and feed 

from a common feed bunk. 

Producers are faced with numerous decisions regarding how to design and 

manage these facilities. These decisions have typically been made with little or no 

scientific basis, in part because little information is available. However, there is now a 

growing body of research on the effects of stall design and maintenance on cow 

behaviour, including the amount of time cows spend using stalls for lying or standing.  

Cows spend about half of their time lying down (Metz, 1985; Dechamps et al., 

1989; Haley et al., 2000) and are motivated to maintain this lying time (Jensen et al., 

2004; Jensen et al., 2005).  Several studies have shown that lying time is valuable to dairy 

cattle, and when prevented from lying cows will “work” to lie down in order to maintain 

lying time (Jensen et al., 2004; Jensen et al., 2005). Munksgaard et al. (2005) found that 

cows spent the highest amount of time regaining lost lying time following restriction 

from lying, feeding, and social contact.  This finding suggests that cows are motivated to 

maintain lying time even if it results in decreased time spent on other behaviours.  Cows 

compensated for lost feeding time by increasing their feeding rate (Munksgaard et al., 

2005), but this is not possible for lying.  Dairy cows exhibit behaviours such as swinging 

their heads, stamping their feet, and repositioning their bodies when deprived of lying for 

even short periods of time (Cooper et al., 2007).   
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Stall Design and Stall Use 

Time spent lying is dependent on the design of the lying area. Dairy cattle 

housing systems are designed to keep animals healthy, but at a minimum in cost and with 

minimal labour to keep cows and stalls clean. These contrasting goals have resulted in the 

use of restrictive hardware that can negatively affect stall usage, including lying times 

(Tucker et al., 2004; Tucker et al., 2006) and standing times in the stalls (Tucker et al., 

2005; Bernardi et al., 2009; Fregonesi et al., 2009).  Various hardware elements are 

intended to keep stalls clean by restricting cows from lying too far forward or standing in 

the stalls and urinating and defecating on the stall surface.  Hardware used in the stall 

includes stall partitions, the brisket board, and the neck rail (Figure 1.1).   

Tucker et al. (2004) reported how dairy cattle increased lying times by one hour 

per day when provided wide stalls compared to narrower stalls, possibly due to reduced 

contact with stall partitions.  Furthermore, the brisket board, which indexes the cow 

within the stall and prevents her from lying too far forward in the stall, can reduce lying 

time by one hour per day (Tucker et al., 2006).  

Similarly, several studies have shown that the placement of the neck rail affects 

stall use.  Neck rails placed in very restrictive positions reduce the amount of time cows 

spend standing fully in the stalls (Tucker et al., 2005; Bernardi et al., 2009; Fregonesi et 

al., 2009).  Standing in the stalls can be preferable for cows kept in intensive free stall 

systems because the stall surface provides a softer and drier place for standing than the 

alleys (Tucker et al., 2005).  Bernardi et al. (2009) demonstrated that increased time spent 

standing fully in the stalls resulted in reduced lameness, suggesting that less restrictive 
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neck rails are most beneficial for lame cows.  Thus despite any benefits associated with 

improved stall and cow cleanliness, producers must keep in mind that restrictive stall 

designs can reduce lying times, reducing the health of cows and increasing injuries.   

Lameness 

Lameness is expensive for dairy producers (Esslemont and Kossaibati, 1996), and 

has been associated with decreasing milk production by about 360 kg per lactation 

(Green et al., 2002), poor reproductive performance such as increased calving interval 

(Sprecher et al., 1997; Sogstad et al., 2006), and increased involuntary culling from the 

herd (Booth et al., 2004; Bicalho et al., 2007).  Moreover, lameness causes pain, reducing 

welfare for the dairy cow (Webster, 1986). 

Increased standing time has been associated with increased incidences of 

lameness (Galindo and Broom, 2000).  Additionally, lame cows change their lying 

behaviour and may spend more time lying down to relieve pain experienced while 

standing (Juarez et al., 2003, Chapinal et al., 2009).  Lame animals have been shown to 

spend over four hours per day more time standing in the free stall than sound cows when 

housed on mattress stalls (Cook et al., 2004).  Therefore, reducing standing time in the 

stalls, for example as a result of restrictive neck rails, could potentially cause cows pain, 

especially in lame cows because these animals would be forced to spend more time 

standing on hard alley surfaces rather than in stalls.   

Mastitis 

Aspects of stall design can have other effects on biological functioning.  As 

described above, hardware elements such as the stall dividers, brisket boards, and neck 

rails, are used to keep manure in the alley rather than on the stall surface.  Manure in the 
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stalls could aide in bacterial growth on the stall surface (Zehner et al., 1986).  Although 

wider stalls have been associated with increased lying time they have also been 

associated with decreased stall cleanliness; more fecal matter was present on the stall 

surfaces of wide stalls compared to narrower stalls (Tucker et al. 2004).  This decrease in 

cleanliness has been attributed to increased lying and standing with all four feet in the 

stalls.  This is likely a consequence of cows being able to stand and lie diagonally in the 

wide stalls and an increased occurrence of cows urinating and defecating on the stall 

surface (Tucker et al., 2004).  Furthermore, while the direct effect of brisket boards on 

stall cleanliness has not been thoroughly examined, Tucker et al. (2006) reported that 

stalls become soiled when cows defecate while lying down more often than when 

standing up in the stall.  Bacterial counts on the stall surface are associated with bacterial 

counts on teat ends of cows, potentially increasing the risk of mastitis (Rendos et al., 

1975; Hogan et al., 1999; Zdanowicz et al., 2004).  

Fregonesi et al. (2009) recorded stall and udder cleanliness when cows were 

tested with neck rails placed at varying distances from the back end of the stall to restrict 

how far forward cows can stand in the stall.  Stalls and udders became dirtier as the neck 

rail became less restrictive (Fregonesi et al., 2009).  These results were similar to a study 

by Tucker et al. (2005), and suggested that the decrease in stall and udder cleanliness 

most likely occurs because the neck rail ensures that when the cow stands up, she must 

take a step backwards, out of the stall.  This restricts urination and defecation to the alley 

rather than to the stall surface.  Decreased stall surface soiling results in increased udder 

cleanliness (Rendos et al., 1975; Zdanowicz et al., 2004). 
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Effects of Management on Lying Time 

In addition to stall design, management factors can affect stall use.  For example, 

lying time is decreased when cows are overstocked and there is insufficient lying space 

for the number of cows housed in the pen (Wierenga and Hopster, 1990; Fregonesi et al., 

2007a).   

Overstocking 

Barns housing twice as many cows as there are free stalls should in theory allow 

all cows to achieve adequate lying times as cows typically only lie down for about 12 

hours per day.  However, dairy cows are herd animals and tend to synchronize their 

behaviour (DeVries and von Keyserlingk, 2005) including lying times (Fregonesi et al., 

2007a).  Fregonesi et al. (2007a) showed that as stocking density increased, or as the 

number of stalls per cow decreased, lying time also decreased.  Cows engaged in more 

aggressive interactions and tried to displace each other from the free stalls (Fregonesi et 

al., 2007a).  Feed is typically delivered to dairy cattle while they are being milked so that 

when they return to their pen after milking, they are motivated to remain standing 

(Fregonesi et al., 2007a).  As Fregonesi et al. (2007a) described, this period of standing 

after milking is traditionally thought to improve udder health as it allows time for the teat 

ends to close, thereby minimizing bacteria that enter the teat canal and hopefully reducing 

mastitis.  However, in Fregonesi et al.’s (2007a) study, latency to lie down also 

decreased; cows lie down upon returning from the milking parlour rather than eating 

feed.  Therefore, when cows are overstocked at the free stalls, cows choose to forego 

eating fresh feed and instead claim a lying stall. 
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Quality of the Lying Surface 

As described by Tucker et al. (2005), dairy cattle are descendants of animals that 

most likely make decisions about where to lie down based on the quality of the ground 

rather than making decisions based on “overhead spatial constraints”, such as the neck 

rail.  This idea suggests that dairy cattle behaviour may be particularly affected by the 

quality or type of the lying surface.  Dairy cattle have also been shown to decrease lying 

time by 1.5 hours per day when there are insufficient amounts of bedding material on the 

stall surface (zero kg of sawdust versus 7.5 kg of sawdust on top of mattresses; Tucker 

and Weary, 2004) or when the stall surface is not maintained and becomes uneven 

(Drissler et al., 2005).  Drissler et al. (2005) reported reductions in lying time of about 1.2 

hours per day when sand bedding levels in free stalls were not maintained.  Similarly, 

cows housed in tie stall barns also spend more time lying down as the depth of both straw 

and sawdust bedding increases (Tucker et al., 2009).   

Lying time has also been affected by different types of bedding material and the 

cows’ previous exposure to these different materials (Tucker et al., 2003).   Tucker et al. 

(2003) found that cows lacking prior experience with sand bedding preferred to lie on 

sawdust while cows with experience on sawdust and sand did not show a distinct 

preference for either material.  However, cows chose to lie on sawdust or sand over 

mattresses (Tucker et al., 2003).  These results agree with other literature suggesting that 

cows prefer to lie on softer surfaces (Fulwider and Palmer, 2004).   

 

Effects of Environment on Lying Time 

In addition to the effects of management on lying time in dairy cows, changes in 
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lying behaviour are also dependent on environmental factors, such as ambient 

temperature (Keys et al., 1976; Shultz, 1984; Manninen et al., 2002; Cook et al., 2007).  

Intensively housed dairy cattle typically do not suffer from cold stress as the housing 

environment usually provides sufficient protection from the cold.  Dairy cattle have a 

lower critical temperature ranging between -10 and -30ºC, depending on their stage of 

lactation, and they can increase caloric intake to maintain body heat (Young, 1981).   

In contrast, cows have more difficulty in coping with high temperatures, 

especially when combined with high humidity. The temperature humidity index (THI) 

can be used to combine these elements into a single index (Ravagnolo et al., 2000).  

Cows have been shown to spend less time lying down and become “heat stressed” when 

the THI is 72, corresponding to 25ºC at 50% humidity (Ravagnolo et al., 2000).  

Temperatures above this level can have more detrimental effects on dairy cow welfare.  

Even short-term heat stress (THI > 72) has been shown to decrease milk production 

(Ominski et al., 2002).  

Several studies have shown that dairy cattle spend more time standing in the alley 

and less time lying in the stall when environmental temperature increases (Keys et al., 

1976; Shultz, 1984; Manninen et al., 2002; Cook et al., 2007).  For example, Keys et al. 

(1976) reported reductions in lying time greater than seven hours per day when maximum 

temperatures were 15ºC in the winter and 30ºC in the summer.  Igono et al. (1987) 

suggested that cows spend more time standing in the alley because this behaviour allows 

them to maximize evaporative cooling compared to when they are lying in stalls next to 

other heat-producing cows.   

In addition to differences in temperature, different seasons result in changes in 
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day length.  Longer photoperiods have been shown to increase milk production in 

lactating dairy cattle (Dahl et al., 1997; Miller et al., 2000).  The effects of natural 

photoperiod on the lying behaviour of dairy cows have not been studied, but one study 

has suggested that artificial changes in photoperiod have no effect on lying behaviour 

(Tanida et al., 1984).   

 

Lying Behaviour 

While recording behaviours under different circumstances can help to identify 

how different stall elements or environmental factors affect stall usage, it is also 

important to consider factors such as how cows lie down are affected by stall design and 

the stall surface.  Examining behaviour and observing cows in their natural settings can 

provide a better understanding of how intensive housing systems affect dairy cow 

behaviour.   

Lying Down 

Research has shown that stall design affects how a cow physically maneuvers 

from the standing to lying position (Ceballos et al., 2004).  Ceballos et al. (2004) 

compared dairy cow behaviour when cows were housed in an open area versus a more 

restrictive lying area (the free stall cubicle).  Using three dimensional kinematic analysis, 

this study illustrated that cows provided an open lying area made use of more lunge space 

than that typically provided in the free stall and thus cows were able to move more 

naturally. 

In addition to how cows physically lie down, previous work has shown that dairy 

cows spend different amounts of time investigating the lying surface before actually 
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choosing to lie down (Krohn and Munksgaard, 1993; Tucker and Weary, 2004).  For 

example, a study by Krohn and Munksgaard (1993) showed that cows spent five times 

longer examining the lying area when restricted to tie stalls compared to when cows were 

able to lie down on pasture.  Tucker and Weary (2004) reported that cows spent more 

time head-swinging before lying down when the lying surface was covered with zero kg 

of sawdust compared to 7.5 kg of bedding.  In this same study, cows spent 1.5 more 

hours per day lying down on the heavily bedded treatment, suggesting that more bedding 

was preferable to the cows and that head-swinging occurs for longer periods when the 

lying surface is undesirable (Tucker and Weary, 2004).   

Lying Bouts 

Previous work has reported that less suitable lying surfaces typically result in 

fewer lying bouts and less total lying time rather than shorter lying bouts (Tucker and 

Weary, 2004).  Despite lying down more as described above, the study by Tucker and 

Weary (2004) showed that cows lie down less often (about 1.5 fewer lying bouts per day) 

in stalls with no bedding compared to stalls with 7.5 kg of bedding.  However, the length 

of individual lying bouts remained constant across treatments.   

Hernandez-Mendo et al. (2007) compared the lying times of cows housed in free 

stalls with those housed on pasture.  Although cows restricted to pasture reduced their 

lying times by approximately one hour per day, they had three more bouts each day, 

compared to cows kept continuously in free stall barns.  These results, combined with 

those of Tucker and Weary (2004), suggest that pasture may be a more suitable lying 

place and thus cows are more willing to transition between the standing and lying 

postures, despite the reduction in total lying time.  Hernandez-Mendo et al. (2007) also 
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suggested that standing is less aversive to dairy cows on pasture and so cows reduce the 

overall amount of time they spend lying on pasture compared to when in a free stall barn; 

cows in a free stall barn may choose to lie down longer to avoid standing on hard floors.    

Resting Behaviour 

 Resting behaviour in cattle is defined as when the animal lies with its head flat on 

the side, or when the head is positioned back against its neck or on the ground (Krohn 

and Munksgaard 1993).  While stall design and the stall surface affect how cows 

physically lie down, dairy cows have been shown to change their lying posture dependent 

on their overall housing environment rather than on the actual lying surface. Krohn and 

Munksgaard (1993) described the lying behaviour of dairy cows when kept on pasture, on 

deep-bedded loose housing, or in tie stalls with concrete or straw-covered lying surfaces. 

Cows spent the majority of time exhibiting “resting” postures when kept on pasture and 

the least amount of time displaying these behaviours when kept in tie stalls.   

Interestingly, despite the overall decline in resting behaviour in tie stall housed 

cows compared to pasture, there was little change depending on the different lying 

surfaces provided in the different tie stall treatments.  Presumably, the differences in 

lying posture arose because of tethering in the tie stall rather than the actual lying surface 

(Krohn and Munksgaard, 1993).  Similarly, work by Bolinger et al. (1997) agrees with 

Krohn and Munksgaard (1993), reporting that cows changed their lying posture 

depending on whether or not they were restricted from lying down beforehand.  Cows 

showed differences in posture as a result of lying deprivation and not as a consequence of 

differences in lying surface (Bolinger et al., 1997). 
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Lying Time and Bedding Dry Matter  

Different types of bedding materials have different dry matter levels, and so a 

producer’s choice of bedding and bedding management may result in a range of dry 

matter levels.  Bedding dry matter appears to affect lying times in dairy cattle, but to date 

there has been limited work in this area.   

Bedding becomes wet for a variety of reasons, including urination and defecation 

on the stall surface, manure tracked into the stall on the hooves of cattle, leaked milk, or 

even as a result of poorly maintained barns and leaky roofs.  Keys et al. (1976) found that 

cows spent less time lying down on wetter bedding, but the different options were also of 

different bedding materials and it is impossible to ascertain whether cows chose to lie on 

one type of bedding because of its dry matter content or because of some other 

characteristic such as smell, insulating characteristics, or softness. 

 Fregonesi et al. (2007b) examined how dairy cows adjusted their behaviour when 

exposed to two different dry matter levels in sawdust bedding.  In this study, cows spent 

five hours per day less lying in the stall on bedding containing 26.5% dry matter (wet 

bedding) compared to 86.4% dry matter (dry bedding).  Thus cows are clearly able to 

distinguish between two extreme levels of bedding dry matter.  

A recent survey of dairy farms in British Columbia (Ito, unpublished) showed that 

dairy cows are typically housed on a range of dry matter levels intermediate to the two 

options tested in the study by Fregonesi et al. (2007b). Thus, there is need for additional 

work that investigates intermediate levels of bedding dry matter more reflective of 

conditions observed on commercial dairy farms.  Furthermore, while Fregonesi et al., 

(2007b) showed that cows decreased their lying time on wet bedding compared to dry 
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bedding, this study was conducted during the cool winter months; it is not known 

whether cows would also avoid wet bedding in warmer weather. 

 

Objectives 

The objectives of the current study were: 1) to determine the effects of various dry 

matter levels of sawdust bedding, 2) to assess the impact of season, and 3) to assess the 

interaction between bedding dry matter and season on the lying behaviour of Holstein 

dairy cows. 

 

Hypothesis 

 It was hypothesized that dairy cows would spend less time lying down as dry 

matter of the sawdust bedding decreased and that cows would spend the most time lying 

on the driest bedding and the least time lying on the wettest bedding.  It was also 

hypothesized that cows would respond more to wet bedding during the winter compared 

to the summer, due to the difference in ambient temperature. 
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Figure 1.1.  The elements typically found in a free stall include 1) stall partitions, 2) the 
neck rail, 3) the brisket board, and 4) the stall base, which is sometimes covered with 
bedding such as sand illustrated above. 
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CHAPTER 2: Effects of Sawdust Bedding Dry Matter on Lying 

Behaviour of Dairy Cows: A Dose Dependent Response2 

Introduction 

 The lying surface provided for dairy cows can affect lying behaviour.  The type 

(Keys et al., 1976; Tucker et al., 2003), amount (Tucker and Weary, 2004; Drissler et al., 

2005), and dryness (% DM; Fregonesi et al., 2007b) of bedding can affect how much 

time cows spend lying down.   

Bedding becomes wet when cows urinate and defecate, leak milk, and enter the 

lying area with dirty, wet hooves. Rain can enter the barn from the sides or through the 

open doors, and feed-line soakers can add moisture to bedding.  Wet bedding can reduce 

the amount of time cows spend lying in free stalls. Fregonesi et al. (2007b) found that 

dairy cows show a strong preference for dry bedding; cows spent five hour per day less 

time lying down when they only had access to stalls with wet bedding compared to when 

they had access to stalls with dry bedding.  In the same study, cows spent more time 

standing outside of the stall when restricted to wet bedding compared to when they had 

access to dry bedding.  Yet, Fregonesi et al. (2007b) compared two extremes of moisture 

content (86.4 vs. 26.5% dry matter) and it is unknown how cows respond to intermediate 

moisture levels more typically found on commercial farms. 

 Several studies have examined the effect of season on lying behaviour, and for the 

most part, these studies focused on the obvious difference in temperature between 

seasons.  Lactating dairy cows spend less time lying down when the temperature is high 

                                                 
2 A version of this chapter has been published.  Reich, L. J., D. M. Weary, D. M. Veira, and M. A. G. von 
Keyserlingk. 2010. Effects of sawdust bedding dry matter of lying behavior of dairy cows: A dose-
dependent response. J. Dairy Sci. 93:1561-1565. 
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(Keys et al., 1976; Shultz, 1984; Cook et al., 2007), perhaps because standing improves 

their ability to use evaporative cooling.  Cows might use conductive cooling by lying 

down on wet surfaces, but to our knowledge this idea has not been tested. There may be 

other differences between seasons that cause changes in behaviour.  For example, 

photoperiod affected milk production (Dahl et al., 1997) and may affect lying behaviour 

as well. 

The objectives were to determine 1) the effects of a range of moisture levels in 

sawdust bedding, and 2) the interaction between season and bedding moisture on the 

lying behaviour of Holstein dairy cows. 

 

Materials and Methods 

Animals, Housing and Diet 

The study was conducted at the University of British Columbia’s Dairy Education 

and Research Centre in Agassiz, British Columbia, Canada during August and September 

2008 (summer) and replicated in January and February 2009 (winter).  For each of the 

two replicates, 15 pregnant, non-lactating Holstein dairy cows were randomly assigned to 

five groups of three animals.  Cows entered the experiment at the beginning of a target 60 

day dry period.  For the summer replicate, groups were balanced for mean (± SD) parity 

(2.2 ± 1.1), days to expected date of calving (56.1 ± 9.3 days), body weight (723 ± 67 

kg), and body condition score (3.3 ± 0.4; scored from one to five following Edmonson et 

al., 1989).  For the winter replicate, groups were balanced for mean parity (2.3 ± 1.4), 

days to expected date of calving (59.1 ± 15.7 days), body weight (727 ± 116 kg), and 

body condition score (3.3 ± 0.3).    
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Lameness affected standing behaviour, especially for cows housed on mattresses 

(Cook et al., 2004), so cows were only included in the experiment if they were not 

clinically lame (i.e., gait score < 3; Flower and Weary, 2006).  Any cow that became 

lame over the course of the experiment was removed.  Cows were cared for according to 

the guidelines of the Canadian Council on Animal Care (1993). 

 The replicates were carried out in a naturally ventilated wooden frame barn (width 

= 38 m, length = 156 m) with a north-south orientation and curtained sidewalls. Each 

experimental pen measured 9.5 m wide by 12.3 m long with 12 stalls configured in 2 

rows tail-to-tail.  Nine stalls were blocked with chains to prevent cows from entering 

them and so that each pen had three stalls available for the three cows.  The bed of each 

stall was 2.6 m in length.  Stalls were separated (1.2 m center-to-center) with Y2K free 

stall partitions (Artex, Langley, British Columbia, Canada).  The neck rail was positioned 

1.2 m above the stall surface, and 1.5 m from the rear curb of the stall.  The brisket board 

(Poly Pillow, Promat Ltd., Seaforth, Ontario, Canada) was positioned 1.7 m from the rear 

curb of the stall.  The stall was covered with a geotextile mattress and bedded with 0.1 m 

kiln-dried sawdust (approximately 7.5 kg/stall).  The rest of the flooring in the pen was 

covered with textured rubber.  The alleys were 3.5 m wide at the feed bunk and 3.0 m 

wide between the two rows of stalls.  Alleys were scraped six times per day with an 

automatic scraper.   

Each pen had headlocks positioned 60 cm center-to-center at the feed bunk with a 

total of 9.5 m of bunk space per pen.  Cows were given ad libitum access to a total mixed 

ration (TMR) consisting of 44.4% grass silage, 19.1% corn silage, 27.8% ryegrass seed 

straw, and 8.7% concentrate mix on a dry matter basis.  The composition of the TMR was 
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46.6% dry matter and contained (on a dry matter basis) 13.4% CP, 35.9% ADF, and 

55.6% NDF.  Fresh feed was provided once daily at 0800 hours and feed was pushed up 

twice daily.  A self-filling trough was used to provide water ad libitum.   

Treatments and Experimental Design 

 Five moisture levels were tested for both replicates: four were prepared by mixing 

1.7, 4.0, 9.0, and 15.5 L of water with 7.5 kg of sawdust in a cement mixer and the fifth 

consisted of kiln-dried sawdust without any added water.  Bedding was replaced twice 

daily at 0800 and 1800 hours, and samples were collected before and after the bedding 

treatments were placed in the stalls.  Samples were taken from each stall, pooled within 

treatments, and frozen in plastic bags until they were oven-dried at 55º C for two days.  

Bedding samples from the five treatments were (± SD) 34.7 ± 3.8, 43.9 ± 4.0, 62.2 ± 6.3, 

74.2 ± 6.4, and 89.8 ± 3.7 % dry matter.  To correspond with the earlier literature on 

bedding moisture, bedding treatments will hereafter be referred to in bedding dry matter. 

 Groups were acclimatized to the test pens for five days on kiln-dried sawdust and 

were then exposed to each of the five treatments using a five by five Latin square design.  

Groups remained in the same pen throughout the course of the replicates and treatments 

changed within each pen.  Each group was tested on each treatment for four days, with 

one day between each treatment on kiln-dried sawdust.   

Behaviour 

 Behaviour was recorded 24 hours per day using two cameras (Panasonic WV-

BP334 24V) placed above the feed bunk and above the stalls for each pen.  The cameras 

were attached to a video multiplexer (Panasonic WJ FS616C) and time-lapse recorder 

(Panasonic AG 6540; Panasonic, Mississauga, Ontario, Canada).  Red lights (100 W) 
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were hung adjacent to the cameras to facilitate video recording at night.  Cows were 

marked with unique symbols using hair dye to identify individuals within each group if 

necessary.  Video recordings were scanned at five minute intervals; each scan recorded if 

the cow was lying in the stall, lying in the alley, perching (standing with two hooves in 

the stall), standing with four hooves in the stall, standing elsewhere in the pen, or feeding 

(when the cow’s head was in the headlock and ears were past the feed barrier).  

Behaviour was recorded for two of the four days during each treatment period.  During 

the summer replicate, behaviour was recorded on day one and four of each treatment 

period.  Due to difficulties with recording during the winter replicate, behaviour was 

recorded for two days chosen at random for each experimental period.  Results were 

compared between different days of the experimental period for each season, and days 

within each experimental period did not have an effect on behaviour.   

Temperature 

 A data logger (HOBO Temperature/Relative Humidity Data Logger, Onset 

Computer Corporation, Pocasset, MA) that recorded temperatures every three minutes 

was placed in the center of the barn to record daily minimum and maximum 

temperatures.   

Statistical Analysis   

 The UNIVARIATE procedure (version 9.1, SAS Institute, 2003) was used to 

screen the data for outliers and normality.  One cow, treated for lameness and identified 

as an extreme outlier for time spent standing fully in the stall, was removed from the data 

set. The remaining data were averaged by group (the experimental unit) and treatment, 

such that each group contributed one observation for each treatment level in the statistical 
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analysis.   

 The MIXED procedure (version 9.1, SAS Institute, 2003) was used to test the 

fixed effect of season (one degree of freedom), dry matter treatment (continuous, one 

degree of freedom) and the season by dry matter interaction (one degree of freedom), 

with group specified as a random effect. The interaction between season and dry matter 

treatment was never significant and will not be discussed further. 

 The REG procedure (version 9.1, SAS Institute, 2003) was used to calculate the 

coefficients of determination between lying time and temperature and day length, 

separately for each season. Temperature and day length are two obvious sources of 

variation within and between seasons.  

 

Results 

Bedding Dry Matter 

Cows spent more time lying in the stall when sawdust bedding was drier (Figure 

2.1A; P = 0.011).  Cows spent 10.4 ± 0.4 hours per day lying in the stall on the wettest 

bedding (34.7% dry matter) versus 11.5 ± 0.4 hours per day on the driest treatment 

(89.8% dry matter). When bedding was wet, cows appeared to compensate for reduced 

lying time by spending more time standing idle in the alley (not including feeding time).  

With drier treatments time spent standing in the alley decreased by about 13% (Figure 

2.1B; P = 0.015) because cows spent more time lying in the stalls. No other behaviours 

varied with the bedding dry matter.  Cows averaged 1.5 ± 0.1 hour per day perching in 

the stall, 0.2 ± 0.1 hour per day standing in the stall, and 5.5 ± 0.1 hours per day feeding 

(Appendix 1, Table A1.1 and Appendix 2, Table A2.1).   



 

27 
 

During the summer replicate, three of the cows occassionally lay down in the 

alley, but none of the cows in the winter replicate ever exhibited this behaviour.  Because 

only a few cows showed this behaviour and it occurred on a variety of treatments during 

different treatment periods, lying in the alley was attributed to differences among cows, 

rather than bedding dry matter or season, and will not be discussed further. 

Season 

The average (± SD) minimum and maximum temperatures were 2.6 ± 2.0º C and 

6.8 ± 2.2º C, respectively, for the winter replicate and 13.3 ± 2.5º C and 22.6 ± 4.1º C, 

respectively, for the summer replicate.  There were seasonal effects on lying in the stall 

and standing in the alley.  The time cows spent lying in stalls was 2.2 hours greater in the 

winter than in the summer (P = 0.0003; Figure 2.1A), and cows spent 1.4 hours less time 

standing outside of the stall in the winter months (P = 0.0146; Figure 2.1B).  There were 

no seasonal effects on perching or standing in the stall, but cows averaged 5.0 ± 0.2 hours 

per day feeding in the winter versus 5.8 ± 0.2 hours per day  in the summer months (P < 

0.0001; Figure 2.1C).   

 There was no effect of temperature on lying time within either winter or summer 

and no effect of day length on lying time during the winter.  As day length increased 

during the summer, cows tended to spend less time lying down (R2 = 0.12, P < 0.09; 

Appendix 3, Figures A3.1-4).   

 

Discussion 

Bedding Dry Matter  

The results confirmed that wet sawdust bedding reduces the amount of time cows 
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spend lying down in the stall, and supports previous studies (Keys et al., 1976, Fregonesi 

et al., 2007b).  Cows spent 1.1 hours per day less time lying on the wettest treatment 

compared to the driest.  These results support other studies examining stall design and 

cow comfort.   

Changes in stall design and management typically increased or reduced lying 

times by zero to three hours per day; examples include changes in bedding materials 

(Tucker et al., 2003), stall width and length (Tucker et al., 2004), amount of bedding 

material (Tucker and Weary, 2004), neck rail placement (Tucker et al., 2005), stall 

surface and depth of bedding material (Drissler et al., 2005), brisket board (Tucker et al., 

2006), and stocking density (Fregonesi et al., 2007a).  Yet, in a study comparing moisture 

levels, Fregonesi et al. (2007b) reported a decrease of five hours per day in lying time on 

wet bedding (26.5% dry matter) compared to dry bedding (86.4% dry matter).  The 

smaller difference between treatments in the current study may be partially due to 

differences in the moisture levels used. The lowest dry matter (34.7 ± 3.8% dry matter) 

was still about 8% drier than the ‘wet’ treatment (26.5% dry matter) in Fregonesi et al. 

(2007b). 

Bedding materials containing low percentages of dry matter (29% dry matter in 

dewatered manure solids; Keys et al., 1976, and 26.5% dry matter in sawdust bedding; 

Fregonesi et al., 2007b) reduced lying times relative to bedding materials containing high 

percentages of dry matter (81% dry matter in sawdust and 90% dry matter in dehydrated 

manure solids; Keys et al., 1976, and 86.4% dry matter in sawdust; Fregonesi et al., 

2007b). The current study examined the effects of intermediate levels of dry matter in 

sawdust bedding and showed a decrease in the amount of time cows spend lying in the 
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stall as the dry matter of sawdust decreases.  Yet, this decrease in lying time was modest 

until dry matter dropped below approximately 60% dry matter, suggesting that cows may 

not have a strong preference for drier bedding when all options are relatively dry (i.e., 

between 60% dry matter and 90% dry matter).   

Effect of Season 

 Lying time was lower in the summer than the winter. Dairy cattle are known to 

spend less time lying down when heat stressed (Shultz, 1984), or mildly heat stressed 

(i.e., THI > 68; Cook et al., 2007). There was no relationship between temperature and 

lying time within either season, suggesting that some other seasonal factor was involved. 

There was no relationship between lying time and day length during the winter, but lying 

times tended to decrease as day length increased during the summer replicate.  Thus 

when dairy cows are not heat stressed, day length may be a better predictor of lying time 

than temperature.  

Dry matter intake is known to decrease as a result of heat stress (West, 2003).  

Dry matter intake was not measured, but the time spent feeding was lower in the winter 

than summer. If cows had been heat stressed during the summer, the opposite result 

would have been expected (i.e., decreased feeding time during the summer).   
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Figure 2.1.  Time (hours/day) spent A) lying in the stall, B) standing in the alley, and C) 

feeding, shown separately for summer and winter replicates.  Data were averaged from 

five groups, for two days on each treatment using a Latin-square design.     
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CHAPTER 3: Conclusions 

Contributions 

 Stall design (Tucker et al., 2004; Tucker et al., 2006) and especially stall surface 

(Tucker et al., 2003; Tucker and Weary, 2004) are important factors affecting the amount 

of time cows spend lying down.  Furthermore, lying time is an important behaviour that 

cattle are motivated to perform (Jensen et al., 2004; Jensen et al., 2005).  One aspect of 

the lying surface that affects lying time is bedding moisture (Keys et al., 1976; Fregonesi 

et al., 2007).  Moisture levels in bedding can increase when cows urinate or defecate in 

the stall, when cows leak milk, or because of leaky barns.   

According to results of a survey of British Columbia dairy farms in 2008 (Ito, 

unpublished), moisture contents of bedding ranged between the more extreme dry matter 

levels tested in the studies by Fregonesi et al. (2007) and Keys et al. (1976).  Fregonesi et 

al. (2007) compared two extreme dry matter levels and demonstrated that cows reduced 

their lying time by about five hours per day on very wet bedding (26.5% dry matter) 

compared to dry bedding. Similarly, a study by Keys et al. (1976) compared two different 

dry matter levels in bedding materials, but examined two types of manure solids 

(dewatered manure solids at 29% dry matter and dehydrated manure solids at 90% dry 

matter).  While cows spent less time lying on wet bedding compared to dry bedding, it 

was not clear if cows changed their lying time in response to bedding dry matter or 

because the dewatered manure solids had a more noticeable odor than the dehydrated 

manure which may have discouraged cows from choosing to lie down (Keys et al., 1976).  

Although these two studies have provided some insights into the effects of bedding dry 

matter on lying behaviour, the moisture levels examined were extreme (26.5% dry matter 
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versus 86.4% dry matter in Fregonesi et al., 2007; 29% dry matter versus 90% dry matter 

in Keys et al., 1976).   

The purpose of this thesis was to examine a range of dry matter levels in sawdust, 

a commonly used bedding material, between the two extremes that have been previously 

tested.  My study showed that cows decrease the amount of time they spend lying down 

when bedding dry matter decreases, but this change is relatively moderate when bedding 

is above about 60% dry matter.   

Another aim of my study was to compare the effects of a range of dry matter 

levels on the lying time of dairy cows across summer and winter seasons.  This was in 

response to gaps in the previous literature.  Previous work on the effects of season have 

reported that cows typically spend less time lying down during the summer compared to 

the winter (Keys et al., 1976; Cook et al., 2007), perhaps because standing up allows 

cows to cool off by increasing evaporative cooling (Igono et al., 1987). While the cows 

observed in my study spent less time lying down overall during the summer compared to 

the winter, the effect of bedding moisture did not vary with season.  

If the effect of season was due to differences in ambient temperatures, we might 

also expect that cows’ lying behaviour would vary in response to changes in ambient 

temperature even within the summer season. However, I found no effect of temperature 

on lying behaviour within the summer, suggesting that other factors may be at play; one 

potential factor is day length.  Previous work has shown that day length can affect dairy 

cattle reproduction, lactation, and immunology (Collier et al., 2006), but the results of 

this thesis suggest that day length does not have a major effect on lying time. 
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Future Research 

 Future research should focus on the longer term health implications of reduced 

lying time as a result of poor housing conditions.  The cows in this study reduced their 

lying time by about one hour in response to the wettest treatments, but it is not clear what 

the longer term effects of reduced lying time would be on the animals’ welfare.  As 

reviewed above, previous work has shown that cows compensate for lost lying time 

(Munksgaard et al., 2005) and spend more time standing when deprived of lying down 

for approximately two hours (Cooper et al., 2007).  Increased standing outside of stalls 

also occurs when cows are provided with an undesirable stall surface (Tucker et al., 2006; 

Fregonesi et al., 2007).  Additionally, Colam-Ainsworth et al. (1989) compared two 

identical herds of dairy heifers and reported a higher incidence of lameness in the herd 

housed in free stalls with less bedding.  The authors attributed increased lameness to 

increased standing times, most likely as a result of insufficient bedding (Colam-

Ainsworth et al., 1989). 

If the stall surface is wet, cows may also be less motivated to lie down to alleviate 

the pain associated with lameness.  Lame cows have been shown to lie down more often 

(Juarez et al., 2003; Chapinal et al., 2009), presumably to avoid standing on hard alley 

surfaces.  Therefore, examining the longer term effect of small reductions in lying time, 

such as one hour per day, on the development of lameness could provide producers with 

more motivation to change bedding more often.  I strongly encourage future research in 

this area.   

Another long term effect to examine is how wet bedding affects mastitis 

prevalence.  According to a study by Zehner et al. (1986), the cleanliness and dryness of 
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bedding are important factors in controlling bacterial growth, and bedding moisture and 

the amount of nutrients have been shown to impact the amount of bacteria on the stall 

surface (Zdanowicz et al., 2004).  If damp or wet bedding is associated with higher levels 

of bacterial growth, we can assume that cows kept on damp or wet bedding would be at 

higher risk of becoming infected with mastitis-causing bacteria.   

Some of the reasons bedding becomes wet include leaky barns or rain entering the 

barn through open doors.  Cows also track manure into stalls and urinate and defecate on 

the stall surface.  However, to maintain consistent dry matter levels throughout my 

experiment, treatments were applied using fresh sawdust and clean water and bedding 

was changed twice daily.  In the study by Keys et al. (1976) the authors suggested that 

cows may have chosen to lie down less on the wettest bedding material because of 

possible odor.  An interesting experiment would be to see how cows would respond to 

declining bedding quality if sawdust bedding was not changed as often as it was in my 

trial, but rather bedding dry matter declined as a result of natural soiling.  Perhaps cows 

would be more sensitive to wet bedding if it was wet as a result of soiling and also had a 

stronger odor.   

Previous work has shown that poor quality lying surfaces result in a decreased 

number of lying bouts (Tucker and Weary, 2004).  While I recorded behaviour using time 

lapse video, which provides an excellent estimate of daily lying time, lying bouts could 

not be recorded using this form of data collection.  Therefore future research should 

investigate the effects of wet bedding on the number of lying bouts.   

The placement of the video cameras did not allow for the observation of dairy 

cow behaviour as they approach the stall (e.g. head swinging behaviour).  However, I 
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would predict that cows spend more time head-swinging and more time investigating the 

stall surface before lying down; cows have been shown to spend more time investigating 

the stall surface and more time head-swinging before lying down on less preferable lying 

surfaces (Krohn and Munksgaard, 1993; Tucker and Weary, 2004).  These may be useful 

indicators to include in future analysis of how bedding quality affects lying behaviour.   

More research is needed to determine exactly how seasonal factors affect lying 

behaviour when dairy cattle are kept in moderate climates and are therefore not heat 

stressed.  Season had an impact on the amount of time cows spent lying down; however it 

was unclear if this behavioural change was a result of temperature.  Dairy cows have 

been reported to shift their behaviour as a result of mild heat stress at a THI of 68 or 

around 21ºC (Cook et al., 2007).  While maximum daily temperatures recorded during 

the summer experiment reached above 21ºC, THI was never above 67, suggesting that the 

cows in my experiment were not mildly heat stressed.  Additionally, linear regression 

analysis showed no relationship between temperature or day length and lying time within 

either season, but there was an obvious difference between the two seasons.  Both day 

length and temperature varied with season, and this study covered only a narrow range of 

temperature and day length within season.   

Controlled experiments may be necessary to study each seasonal variable 

individually and determine which is responsible for altering lying behaviour when cows 

are not heat stressed.  To answer this question, temperature could be variable within 

season and day length could be controlled with artificial photoperiods in an enclosed 

barn.  Similarly, temperature could be held constant and artificial lighting could be used 

to simulate changes in day length.   
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Summary 

The results of this thesis support the recommendation that dairy producers be 

encouraged to change sawdust bedding when it falls below 60% dry matter.  Previous 

stall surface assessments have focused on the type and amount of materials used 

(Nordlund and Cook, 2003), but little focus has been placed on evaluating the dry matter 

of the lying surface.  Therefore, producers must be made aware that wet bedding has the 

potential to decrease lying time, similarly to restrictive hardware elements and bedding 

material type.  Different types of bedding materials inherently have different dry matter 

levels (e.g. dehydrated manure and dewatered manure; Keys et al., 1976), so 

consideration of bedding dry matter, even when bedding is freshly placed in the stall, is 

an important factor in good stall management.   

Research over the last few years has also examined the effects of moving neck 

rails to less restrictive positions to allow cows to stand in the stalls rather than in the 

alleys (Tucker et al., 2005; Bernardi et al., 2009; Fregonesi et al., 2009).  Several studies 

have also reported improved locomotion scores with less restrictive neck rails (Bernardi 

et al., 2009).  While these studies did not report changes in lying time, they did report 

increased soiling of the stall surface (Tucker et al., 2005; Bernardi et al., 2009; Fregonesi 

et al., 2009).  As these experiments were carried out on a research farm, the environment 

was highly controlled and stalls were most likely maintained to a greater extent than most 

commercial dairy farms.  Therefore, producers should be cautioned that while moving the 

neck rails to less restrictive positions may reduce lameness, increased stall maintenance is 

necessary to keep bedding dry and maintain lying times.  Overall, the results from this 
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master’s thesis suggest that minimizing wet lying surfaces will likely increase lying 

times.   
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APPENDIX 1: Behavioural Measures 

Table A1.1. This table shows the hours per day (mean ± SE) cows spent performing each 

behaviour on each bedding dry matter level, averaged across seasons. 

 
 Behaviours (Mean ± SE) 

Bedding  
Dry Matter 

(%) 

Lying in 
Stall 
(h/d) 

Standing in 
Alley 
(h/d) 

Perching in 
Stall 
(h/d) 

Standing in 
Stall 
(h/d) 

Feeding 
(h/d) 

34.7 10.4 ± 0.4 6.2 ± 0.3 1.4 ± 0.1 0.2 ± 0.1 5.6 ± 0.1 
43.9 10.9 ± 0.4 6.0 ± 0.3 1.4 ± 0.1 0.2 ± 0.1 5.3 ± 0.1 
62.2 11.2 ± 0.4 5.3 ± 0.3 1.4 ± 0.1 0.3 ± 0.1 5.6 ± 0.1 
74.2 11.0 ± 0.4 5.6 ± 0.3 1.6 ± 0.1 0.2 ± 0.1 5.4 ± 0.1 
89.8 11.5 ± 0.4 5.4 ± 0.3 1.4 ± 0.1 0.2 ± 0.1 5.4 ± 0.1 
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APPENDIX 2: Behavioural Measures by Season 

 
Table A2.1. This table shows the hours per day (mean ± SE) cows spent performing each behaviour on each bedding dry matter level, 

by season. 

 

 Behaviours by season (Mean ± SE) 

Bedding  
Dry Matter 

(%) 

Lying in Stall 
(h/d) 

Standing in Alley  
(h/d) 

Perching in Stall  
(h/d) 

Standing in Stall  
(h/d) 

Feeding  
(h/d) 

 Summer Winter Summer Winter Summer Winter Summer Winter Summer Winter 

34.7 9.5 ± 0.6 11.3 ± 0.4 6.8 ± 0.6 5.6 ± 0.4 1.3 ± 0.2 1.6 ± 0.2 0.2 ± 0.1 0.3 ± <0.1 5.9 ± 0.2 5.3 ± 0.2 

43.9 9.9 ± 0.6 12.0 ± 0.4 6.4 ± 0.6 5.5 ± 0.4 1.5 ± 0.2 1.4 ± 0.2 0.2 ± 0.1 0.2 ± <0.1 5.8 ± 0.2 4.9 ± 0.2 

62.2 10.1 ± 0.6 12.4 ± 0.4 6.0 ± 0.6 4.7 ± 0.4 1.3 ± 0.2 1.6 ± 0.2 0.3 ± 0.1 0.3 ± <0.1 6.1 ± 0.2 5.0 ± 0.2 

74.2 9.6 ± 0.6 12.4 ± 0.4 6.7 ± 0.6 4.6 ± 0.4 1.4 ± 0.2 1.8 ± 0.2 0.2 ± 0.1 0.2 ± <0.1 5.7 ± 0.2 5.0 ± 0.2 

89.8 10.6 ± 0.6 12.3 ± 0.4 6.1 ± 0.6 4.8 ± 0.4 1.3 ± 0.2 1.5 ± 0.2 0.2 ± 0.1 0.2 ± <0.1 5.8 ± 0.2 5.1 ± 0.2 
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APPENDIX 3: Linear Regression for Seasonal Effects 
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Figure A3.1. Day length did not have a significant relationship with the amount of time 

cows spent lying in the stall during the winter.  
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Figure A3.2. Cows tended to decrease their lying time as days became longer during the 

summer. 
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Figure A3.3. Maximum temperatures for each treatment period were not significantly 

related to the amount of time cows spent lying in the stall during the winter. 
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Figure A3.4. Maximum temperatures for each treatment period did not have a significant 

relationship with the amount of time cows spent lying in the stall during the summer. 
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APPENDIX 4: Animal Care Certificate 
 

   
  THE UNIVERSITY OF BRITISH COLUMBIA 

 

ANIMAL CARE CERTIFICATE  

Application Number: A05-1906  

Investigator or Course Director: Marina Andrea G. von Keyserlingk  

Department: Land and Food Systems 

Animals:       
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Title:   Evaluation and Validation of Cow Comfort on B.C. Farms 

  
Funding 
Agency:   Natural Sciences and Engineering Research Council of Canada 
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The Animal Care Committee has examined and approved the use of animals for the 
above experimental project. 

This certificate is valid for one year from the above start or approval date (whichever is 
later) provided there is no change in the experimental procedures.  Annual review is 
required by the CCAC and some granting agencies. 

A copy of this certificate must be displayed in your animal facility.  

Office of Research Services and Administration 
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