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ABSTRACT

There has been little in-depth research on measures of feeding behavior in dairy cattle
and how management and housing influence these measures. Thus, the first study of this
dissertation determined which objective measures of feeding behavior are most repeatable and
sengitive to treatment differences. The remaining studies focussed on assessing how management
and design of the feeding area affect the behavior of group-housed dairy cows. To determine
which management practice has the greatest effect on stimulating cows to feed, two management
practices, feed delivery and milking, were separated and changes in feeding behavior were
monitored. The results indicated that the daily feeding pattern of group-housed dairy cows is
primarily influenced by the timing of feed delivery. A follow-up study investigated the effects of
changing the frequency of feed delivery on the behavior of lactating dairy cows. More frequent
delivery of feed improved access to feed for all cows, particularly during peak feeding periods,
and reduced the degree of feed sorting, which in turn could reduce the between-cow variation in
the composition of feed consumed. The last two experiments determined the effects of feed area
design on dairy cattle behavior. Changes in behavior were monitored when cows were provided
with more feed bunk space than typically provided. Increased bunk space resulted in more space
between cows and fewer aggressive interactions while feeding, allowing cows, especially
subordinate ones, to increase their feeding activity. The final study of this dissertation
determined if the addition of partitions (feed stalls) between adjacent cows would further limit
competition at the feed bunk. The addition of feed stals resulted in a further reduction in
aggressive interactions and a further increase in feeding time compared to providing extra bunk
gpace. This research clearly demonstrates that the provision of increased bunk space, particularly
when combined with feed stalls, improves access to feed and reduces competition at the feed
bunk, particularly for subordinate cows. These findings provide insight into how one can manage
and design the feeding environment to increase access to feed, reduce competition at the feed
bunk, and reduce the between-cow variation in the composition of feed consumed.
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CHAPTER 1: General introduction

1.11IMPORTANCE OF FEED INTAKE

One of the most important challenges that any animal faces to ensure its every day
surviva is obtaining a supply of food (Sitter, 1999). The consumption of food is a complex
activity that consists of a series of actions or behaviors. Initialy, the animal must search for food,
and then be able to recognize a potential food source and move towards it. Once the animal has
approached the food source, it must undertake a sensory appraisal of the food. Finaly, it must
initiate the behaviors associated with prehension and ingestion (McDonald et a., 2002). Feeding
behavior and digestive tract physiology in animals are closely related. Ruminants are herbivores
whose digestive tract is highly developed to include a unique mode of digestion that allows them
to efficiently access energy from fibrous feeds compared to other herbivores. This digestive
system enables them to consume large quantities of cellulose and other plant polysaccharides and
is characterized by pre-gastric retention and fermentation by symbiotic microbes (Van Soest,
1994; Cheeke, 1999). There are many species of ruminants, including traditional wild species
such &s deer, elk, and moose, and many domesticated species including sheep, goats, and cattle
(Van Soest, 1994).

The unique digestive system of cattle allows them to efficiently utilize feeds that humans
are unable to utilize, and in turn produce products, such as milk and meat, that humans are able
to consume (Van Soest, 1994). Over the years, humans have taken advantage of this and have
utilized cattle to produce much of their food. The feeding management of domesticated cattle
assumes that when there are increased opportunities to feed, the animal will increase its daily
production (McDonald et al., 2002), and thereby increase the food supply to humans. Thus, many

cattle are fed ad libitum, that is, given unlimited opportunity to consume feed (Forbes, 2000).



This management practice is used both when feeding cattle that are housed intensively (e.g.
lactating cows housed in a free-stall barn or beef cattle housed in a feedlot), or those housed
extensively on pasture. Despite this freedom of access to food, there are situations in which
animals over or under eat (Forbes, 1995). Underfeeding restricts production and can negatively
affect health. Overfeeding can increase feed costs, result in excess excretion of nutrients, and
may also have adverse health affects (NRC, 2001).

Genetic selection practices have given rise to modernday dairy cattle that are capable of
producing quantities of milk in excess of what can be maintained by nutrient intake, particularly
soon after calving. Parturition signals the onset of lactation, a time of high nutrient demand.
However, the periparturient period corresponds to a time when most dairy cattle are unable to eat
sufficient amounts of feed to meet this increase in nutrient demand. The dairy cow is able to
compensate for this short-term fall in nutrient intake by metabolizing body tissues. However, this
also increases the risk of the animal succumbing to disease (Phillips, 2002).

The failure to obtain sufficient nutrients during this time of the production cycle indicates
that there are factors regulating the feeding behavior of these animals. Even though lactating
dairy cattle may be given unlimited access to feed there are severa factors, both physiological
and external, that may affect the decision of whether cows will initiate or terminate a feeding
event. The control mechanisms governing feed intake in farm animals can be divided into three
levels. At the level of the digestive system, the quantities of digesta (e.g. gut fill) may determine
whether or not an animal can ingest more feed. At the metabolic level, concentrations of
nutrients, metabolites, and hormones may stimulate the nervous system to start or stop feeding.
Finally, there are external influences, such as management and housing variables that will aso

influence food intake (McDonald et al., 2002). It is necessary to understand how each of these



three levels affects feeding behavior in dairy cattle. This information will improve our ability to
design rations & well as housing and management systems that are conducive to maintaining
optimum feeding behavior and, in turn, nutrient intake, which is essential for maximizing
lactation, prevention of disease, and cattle well-being.

To date, many researchers have evaluated the internal factors (metabolic and nutritional)
that contribute to the physiological regulation of feeding behavior (see reviews by Allen, 2000;
Ingvartsen and Andersen, 2000) The identification of these physiological factors is necessary for
the formulation of rations that help maximize feed intake, particularly for those early lactation
cows whose energy demands often cannot be met (Ingvartsen and Andersen, 2000). In the past,
however, far fewer researchers have evaluated the externa influences (e.g. housing and
management) on feeding behavior. Therefore, this introduction provides a review of the
scientific literature on the feeding behavior of dairy cows, with a particular emphasis on how
externa factors regulate feeding behavior. Additionally, to understand how feeding behavior is
affected by various regulatory mechanisms, one must be able to quantify this behavior.
Therefore, a summary of the methodologies available for measuring the feeding behavior of

dairy cattle is also provided.

1.2 MEASURING FEEDING BEHAVIOR
The feeding behavior of nost animals can be recorded as events that include bites or
visits to a feeder (Mayes and Duncan, 1986; Nielsen, 1999). Vidits to a feed source or feeder are
usually interspaced by numerous short intervals that in turn are interspaced by long intervals.
Langton et al. (1995) gives the example of a bird pecking with many short intervals between

pecking events. These short intervals are followed by a longer nonfeeding interval indicating



cessation of the previous bout or meal (Mayes and Duncan, 1986), prior to the initiation of a new
bout of pecks or the next meal. Researchers have suggested that the meal, rather than an
individual feeding event, is a more biologically relevant unit describing animal feeding behavior
(Sibly et al., 1990; Tolkamp et al., 2000). Therefore, the chalenge is to objectively separate
feeding events into medls.

Identifying which intervals are between meals, versus shorter gaps within a meal, can be
problematic. The difference between intervals within meals compared to those between meals
has been called the ‘meal criterion’. The mea criterion has been defined as the longest non
feeding interval that is till considered an interval within a meal (Tolkamp and Kyriazakis,
1999a; Yeates et al., 2001). Unfortunately many researchers have determined the meal criterion
using arbitrary methods (e.g. Wangsness et al., 1976; Sowell et a., 1999; Gibb et al., 1998)
making it difficult to assess the validity of their results. If the mea criterion is calculated
guantitatively, categorizing feeding events into meals is more easily repeatable (Slater and
Lester, 1982; Berdoy, 1993). A standard quantitative technique of grouping events into meals
allows for comparison of feeding patterns both within and between experiments (Y eates et al.,
2001).

Two methods traditionally used to quantitatively calculate meal criteria are the log
survivorship anaysis (e.g. Slater and Lester, 1982) and the log frequency analysis (e.g. Sibly et
a., 1990; Langton et al., 1995). These methods both fit a ‘brokenstick’ model to the log
transformed frequency (cumulative frequency for the logsurvivorship analysis — where
cumulation starts with the longest interval) distribution of the intervals between behaviora
events (see Figure 1.1) (Tolkamp and Kyriazakis, 1999a). In both cases the issue of splitting

behavior into bouts is generally regarded as a problem that can be solved quantitatively by



considering behavioral events as occurring according to Poisson processes, that is, purely at
random. Moreover, these models assume the probability of initiating an event is independent of
the time since the last event of the same type (Tolkamp et a., 1998). The frequency distribution
of the intervals between such events can be described with a negative-exponential equation
(Slater and Lester, 1982; Sibly et al., 1990; Langton et a., 1995).

The frequency distribution of betweenfeeding intervals for many species cannot be
described with just one negative exponential. Intervals between feeding events are often analyzed
using & least two processes (e.g. Mayes and Duncan, 1986; Sibly et al., 1990; Berdoy, 1993;
Langton et al., 1995). Two frequency distributions are considered to be the result of a fast
process, resulting in intervals within bouts, and a slower process, resulting in intervals between
bouts (Slater and Lester, 1982; Sibly et a., 1990; Langton et al., 1995). These distributions,
whose frequencies are logtransformed before modeling, are then described with negative
exponentials. The parameters obtained, after fitting either the log-survivorship (Figure 1.1a) or
the logfrequency (Figure 1.1b) curves with negative exponentia distributions, are used to
estimate a separation point between the two distributions, which is the meal criterion (Slater and
Lester, 1982).

Survivorship curves show the cumulative frequency of intervals with a length > t on the
Y-axis against interval length, t, on the Xaxis (Tolkamp et a., 1998). Several methods have
been used to estimate a meal criterion from this logsurvivorship curve, including visua
assessment. However, the subjective manner of this technique is cause for concern. For example,
Metz (1975) visualy examined logsurvivorship curves and concluded that 20 min was an
appropriate criterion for cows, while Dado and Allen (1993), using the same method, concluded

that a 7.5 min criterion was appropriate. The limitations of this technique resulted in a move



towards more objective methods to calculate meal criteria from these curves (Slater and Lester,
1982).

Regardless of this, there is a mgor flaw in the use of log-survivorship analysis for the
determination of a meal criterion. Sibly et al. (1990) raised objections over the use of this
methodology on the basis that cumulative frequencies are not independent and, thus, are not
suitable for statistical analysis (Tolkamp et al., 1998). For this reason, Sibly et a. (1990) and
Langton et a. (1995) proposed the use of logfrequency distributions that also assumed the meal
criterion to occur at the intersection point between the twvo negative exponential curves, but
avoided the complication of using dependent observations.

This refined log-frequency analysis (Sibly et al., 1990; Langton et a. 1995) is suitable for
analyzing bouts of behavior where the probabilities of both the start of an event within a bout as
well as the bouts themselves are independent of the last event or bout (Tolkamp et a., 1998).
However, this technique fails to take into consideration satiety (Tolkamp et al., 1998; Tolkamp
and Kyriazakis, 1999a; Y eates et a., 2001). The satiety concept predicts that the probability of
an animal initiating a meal increases with time since the last mea (Metz, 1975; Simpson and
Ludlow, 1986). As the duration of nonfeeding increases, hunger motivation will increase the
likelihood of the start of a new meal (Simpson and Ludlow, 1986). This would trandlate into few
short and few long intervals between meals (Tolkamp and Kyriazakis, 1999a). This contradicts
the assumption that the probability of an animal initiating an event is independent of the last time
since the last event. In the negative-exponential distribution, the model predicts that the
frequency is highest for the shortest interval length, and decreases exponentially with increasing

interval length (Tolkamp et a., 1998).



Another criticism of negative exponential modeling is that it conflicts with the idea that
the behavior of animals in intervals within meals differs from that in intervals between meals
(Tolkamp et a., 1998). For example, Simpson (1990) showed that locusts typically perch a
certain distance away from the food source between meals but remain near the food source and
do not perch during intervals within a meal. Similarly, cows often ruminate and rest between
meals, but fail to undertake these behaviors during intervals within a meal (Metz, 1975).
Moreover, during very short intervals it is physically impossible to engage in typical between
meal behaviors (e.g. lying). Thus, it is difficult to believe that very short intervals could be
intervals between meals as the negative-exponential models would predict (Tolkamp et a.,
1998).

Taking into consideration the shortfalls of both the logfrequency and the log
survivorship analyses Tolkamp et al. (1998), Tolkamp and Kyriazakis (1999a), and Y eates et a.
(2001) proposed a method that objectively defined a biologically meaningful meal criterion.
Based on the satiety concept, they argued that the probability of an animal initiating a meal was
not likely to be constant; rather it would increase with increasing time since the last meal. Their
proposed model allows for a low frequency of short intervals between meals (Tolkamp et a.,
1998; Tolkamp and Kyriazakis, 1999b).

Tolkamp et a. (1998) noticed that the frequency distribution of intervals was extremely
skewed. These researchers then logtransformed the intervals between feeding events to
normalize the data (see Figure 1.2a). The frequency distribution of the logtransformed intervals
showed two normal distributions: one distribution of within meal intervals and a second
representing between meal intervals (see Figure 1.2b) (Tolkamp et al., 1998). These researchers

then applied a double Gaussian model, fitting a mixture of two normal distributions to the log



transformed intervals. The curves of the distribution were modeled and maximum likelihood
estimates of the parameters were obtained (Figure 1.2b). The meal criterion was calculated to be
the point where the minimum numbers of intervals were mis-assigned, that is, where the two log
normals cross (Tolkamp et al., 1998).

The concept of alog-normal distribution is not unique in biological systems (Tolkamp et
al., 1998). For example, the intervals between vocalizations in turkeys (Schleidt, 1965) and the
intervals within bouts of pecking by chicks (Machlis, 1977) can both be described using a log
normal distribution. However, Tolkamp et a. (1998) appears to be the first to propose a
biologica mechanism (e.g. satiety) to account for the log-normal distributions of intervals
between medls.

The research by Tolkamp and colleagues (Tolkamp et a., 1998; Tolkamp and Kyriazakis,
1999a; Y eates et al., 2001) was based on the behavior of group-housed cows that were restricted
to eating from feeding stations and thus, may not account for all of the competitive interactions
that occur during feeding in commercia loose-housed systems. Further research is needed to
assess whether this method of determining meal criteria can be applied to data obtained from
group- housed animals fed in more competitive, commercial type environments.

The measurements used to describe feeding behavior are those describing the time course
of food intake (Nielsen, 1999). The measurements that are typically used include meal size,
frequency, and duration (Senn et a., 1995; Nielsen, 1999). These measurements all require a
meal criterion to discriminate between meals. Meal frequency (meals/d) is calculated by counting
the number of intervals per day that exceed the length of the meal criterion and adding one. Meal
duration (min/meal) is calculated as the time from the beginning of the first feeding event until,

but not including, an interval between events that exceeds the med criterion. Meal size (kg/meal)



is the total amount of feed ingested during each meal. Authors have argued that cow feeding
events are clustered in meals (Tolkamp and Kyriazakis, 1999a), which can be biologicaly
identified (Tolkamp et a., 2000), and therefore should be used in the analysis of feeding
behavior. Unfortunately, there has been no research on the within cow repeatability of various
measures of feeding behavior. This is important since measures of feeding behavior that are
highly repeatable will be most sensitive for detecting treatment differences. Further, future

research will be limited if it is based on measures that are only weakly repeatable.

1.3 DAIRY CATTLE HOUSING

Modern-day dairy cattle (Bos taurus) were likely domesticated (circa 6200 BC) from the
now extinct wild ox, or aurochs (Bos primigenius) (Clutton-Brock, 1999). Since that time they
have been traditionally housed on pasture and met their nutritional needs by grazing and
browsing. With the intensification of the dairy industry and the increased productive capabilities
of dairy cattle, there has been a move to exclusively house dairy cattle indoors and feed them
conserved feeds. Phillips (2001) suggests that housing of cattle has become an economic
necessity in many parts of the world, particularly North America and Europe. Increases in
populations of both man and domestic animals have increased the pressure for the best land to be
used for cropping rather than grazing. In many countries, cows are housed indoors for at least
part of the year because grass and other crops for grazing will only grow during certain times of
the year. Housing cattle also increases the opportunity to mechanize milking and other aspects of
routine animal care. Further, and probably most importantly, housing dairy cattle allows for more
control of their diet (Phillips, 2001). To maintain the high level of production that modern-day

dairy cows are capable of, they must consume a nutrient dense diet (consisting of conserved feed



sources) to meet their requirements. In North America and in parts of Europe, where the grazing
season is short, the indoor housing of dairy cattle is the most efficient way to provide this type of
diet throughout the day.

There are two common systems for housing dary cattle indoors. 1) individual
confinement in tie stalls and, 2) group housing. In the tie stalls, cows are tethered in an individual
stall, where they lie, stand, receive food and water, and are often milked. In the group-housed
system, cows are permitted free movement at al times except during milking when they are
confined in the parlor. In this latter system, cows eat, drink, stand, and lie down in common
areas. In group-housed systems, such as dry lot dairies, the lying area may consist of an open
area containing a bedding pack where animals can lie anywhere they want. In an effort to
conserve space, reduce labor, and reduce the impact of environmental factors on the cows (e.g.
moisture) many modern group-housed systems now make use of individual lying cubicles (free
stalls) for the animals to lie down in.

Traditionally in North America, most dairy operations have employed the use of tie-stall
housing systems. In the past few decades this trend has been changing. Recent surveys in the
United States indicate the number of operations using free stals rose from 24.4% of al
operations in 1995 to 30.8% in 2001 (USDA, 1996; 2002). Concurrently, the number of
operations using tie stalls declined from 61.4 in 1995 to 52.5% in 2001 (USDA, 1996; 2002).

Despite the move towards group-housed facilities, much of the research to-date on dairy
cattle feeding behavior has been completed with individually housed animals. This may be due to
the ease with which accurate data can be obtained (i.e. individual feed intake, feeding time) for
tie-stalled cows. Over the years, several researchers (e.g. Heizer et a, 1953, Harb et al., 1985;

Empe et a., 1993; Haley et a., 2000) have compared tie-stall to group-housing systems,
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focusing primarily on differences in feed intake and milk production Unfortunately, the findings
of these studies are quite variable, most likely as result of methodological differences and

weaknesses (i.e. few animal numbers, lack of treatment replicates).

1.4 SOCIAL INFLUENCE ON FEEDING BEHAVIOR

Despite no clear answer as to whether or not feeding behavior differs between tie-stall
and loose housing, there is a distinct difference between the two systems that could influence
their behavior. In loose-housing systems animals have the opportunity to exercise and perform
normal social behavior (Boe and Faerevik, 2003). It is believed that socia behavior in group-
housed systems can play a major role in the modulation of feeding activity (Grant and Albright,
2000). Specifically, both behavioral synchronization and competitive behavior have the potential
to influence the feeding behavior of lactating dairy cows.

Under traditional extensive grazing systems, cattle will often synchronize their behavior;
that is, many animals in the group will feed, ruminate, and rest at the same times (Miller and
Wood-Gush, 1991; Rook and Huckle, 1995). On modern dairy operations, cows also synchronize
their behavior, particularly when feeding. Curtis and Houpt (1983) describe that when cows are
fed in groups the initiation to feed by one animal will often stimulate the other animals regardless
of whether they show signs of hunger. Despite this, researchers have indicated that the
synchronization of behaviors may be reduced when cattle are group-housed indoors. O’ Connell
et a. (1989) compared the behavioral patterns of dairy cows on pasture and during confinement
in aloose-housing type system. They roted that the mgjority of grazing in pasture occurred in the
3 h immediately after the cows returned from milking, with approximately 90% of the animals

feeding. When fed indoors, animals responded to the delivery of fresh feed, however, less than
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40% of the animals were observed to feed at this peak time. Miller and Wood-Gush (1991)
performed a similar experiment to O’ Connell et al. (1989), noting a high degree of synchrony in
the outdoor-housed cattle, with approximately 90% of the cows feeding together at certain times.
In contrast, this synchrony was reduced when the animals were housed indoors, with only a
maximum of 60% of the cows feeding at a given time. Even though the loss of synchronization
indoors is a widely accepted concept, few researchers have tested why this occurs. Miller and
Wood-Gush (1991) suggested that synchrony between animals may break down in housed cattle
in which competition for resources may lead to animals feeding and resting at different times to
avoid excessive aggression. Based on this, it could be hypothesized that those management and
housing aspects that reduce competition have the potentia to allow for more synchronized
behavior. Unfortunately, there has been little research to verify this.

Cattle are gregarious animals that organize themselves into hierarchies according to their
willingness and ability to fight for resources (Friend and Polan, 1974; Phillips and Rind, 2002).
Grazing dairy cows will often compete for the best available grazing area (Phillips and Rind,
2002). Miller and Wood-Gush (1991) found that indoor housed cattle showed a higher level of
agonistic behavior compared to cattle kept on pasture. Reduced incidence of agonistic behavior
on pasture is viewed to be the result of increased socia space and, therefore, more opportunity to
avoid dominant individuals (Boe and Faerevik, 2003). For group-housed dairy cattle, it has been
shown that the majority of aggressive displacements seem to be caused by competition for a
resource (e.g. feeding place) (Wierenga, 1990). Severa other researchers have indicated that
increased aggressive behavior is associated with the feeding area, specifically around the time of
feed delivery (Friend and Polan, 1974; Jezierski and Podluzny, 1984; Miller and Wood-Gush,

1991). Empel et a. (1993) noted that there was a high incidence of fighting for feed access in a
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loose-housing system. These latter researchers also noted that the incidence of aggressive
behavior decreased in the hours after delivery of feed.

Increased competition anong cows at the feeder may lead to increased incidence of
injuries while feeding (Grant and Albright, 2001) any may cause some cows to modify their
feeding times to avoid aggressive interactions (Miller and Wood-Gush, 1991). Manson and
Appleby (1990) demonstrated that when a competitive situation exists at the feed bunk, dominant
cows spend more time eating than cows of lower social rank. In this case, subordinate cows
would likely be most limited in their access to feed during peak-feeding times (Friend and Polan,
1974). It has also been suggested that feed access may be more important than the actual amount
of nutrients provided (Albright, 1993). It follows that allowing cows to access feed when they
want to feed will allow them to maximize their feed intake.

Wierenga (1990) suggested that both management and housing can affect the
relationships between animals, and therefore, can affect the roles of social dominance when
animals are kept indoors. Since both social hierarchies and competition for feed affect feeding
behavior (Grant and Albright, 2001), it follows that both feeding management and feed area
design in group-housed dairy systems have the potential to influence the feeding behavior of

lactating dairy cattle.

1.5FEEDING MANAGEMENT
The grazing behavior of cattle has been studied for many years. In a paper on the
behavior and grazing habits of cattle, Johnstone-Wallace and Kennedy (1944) cited a report from
1797 describing the grazing habits of cattle. Since that time, many other researchers have

reported on the behavior of the grazing ruminant (e.g. Hardison et al., 1956; Sheppard et al.,
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1957; Ruckebusch and Bueno, 1978; Rook and Huckle, 1995). It has been concluded that grazing
cattle typically display feeding patterns in which the majority of grazing occurs during the
daylight hours (Castle et al., 1950; Sheppard et al., 1957; Hafez and Bouissou, 1975). Further,
cattle are described as having a crepuscular grazing pattern (Albright, 1993), in which the most
continuous grazing periods occur around sunrise and sunset (Castle et al., 1950; Sheppard et al.,
1957; Hafez and Bouissou, 1975). Similarly, severa researchers have shown a diurnal pattern of
feeding activity, with peaks occurring around the time of sunrise and sunset, in beef feedlot cattle
(Ray and Roubicek, 1971), tie-stall housed dairy cattle (Vasilatos and Wangsness, 1980), and
free-stall housed dairy cattle (DeVries et a., 2003). For housed dairy cattle, times of peak
feeding activity are aso often associated with the time of feed delivery and milking. Both
Vasilatos and Wangsness (1980) and Haley et al. (2000) reported that when animals were housed
individually in tie stalls they tended to eat most during the day; with peak feeding activity
occurring immediately following milking and feed delivery. These responses to milking and
feeding have also been demonstrated in cows that are free-stall housed who consume feed in a
group setting (e.g. Tanida et al., 1984; Wagner-Storch and Palmer, 2003; DeVries et a., 2003).
The natural tendency for cows to continually sort their feed and push it away while eating
from a feed bunk results in much of the feed being tossed forward where it is no longer within
reach of the animal. Thus producers commonly push the feed closer to the cows (pushup) in
between feedings as a means of ensuring that cows have continuous access to the feed. It is
commonly believed that the pushing up of feed aso acts as a stimulant for feeding activity. In an
observational study by Menzi and Chase (1994), it was noted that the number of cows feeding
increased after feed pushup, however they concluded that feed pushrups had “minor and brief

effects” in comparison to milking on the feed bunk attendance. In a more recent study DeVries et
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al. (2003) demonstrated that the large peaks in feed bunk attendance corresponded to times of
milking and delivery of fresh feed, with the response to feed pushtup being substantially less.

It is interesting to note that in many studies (e.g. Vasilatos and Wangsness, 1980;
DeVries et a., 2003), as well as at commercia free stall dairies, the management practices of
milking and feeding typically occur at the same time. Further, these activities typically occur in
the early morning and late afternoon, which are the times when dairy cattle are traditionally
believed to engage in most of their feeding activity. This makes it difficult to determine whether
it is the management practice of feed delivery, the act of returning from milking, or an innate
crepuscular behavior which is acting as the primary influence determining the daily feeding
pattern of lactating dairy cows.

During the past few years there has been increased interest in determining the effects that
frequency of feed delivery has on lactating dairy cattle. Previous research in this area has been
focused on the effects on milk production and dry matter intake (DMI) (see, for example,
Gibson, 1984; Nocek and Braund, 1985; Shabi et a., 1999; Dhiman et al., 2002). Gibson (1984)
summarized 35 experiments on the effects of frequercy of feeding on lactating dairy cows, and
noted variable results. This variation was attributed to differences in methodology, for example:
experimental procedures, breeds of cows, diet composition and feeding level. Furthermore, the
majority of the experimental conditions described by this researcher (e.g. individual tie-stall
housing, low milk production) may not be applicable to today’s high production, modern dairy
operations. Since the review by Gibson (1984), there have been severa additional studies on the
effects of frequency of feed delivery on dairy cattle (e.g. Nocek and Braund, 1985; Shabi et al.,
1999; Dhiman et al., 2002). Unfortunately, the findings varied between studies and, furthermore,

they were all undertaken with individually- housed animals.
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It can be surmised that the frequency of feed delivery may have different effects for
group- housed cattle, specifically due to the synchronization of behavior that exists in that setting.
In arecent study by Phillips and Rind (2001), the effects of frequency of feed delivery on group-
housed cattle were investigated by comparing once daily to four times a day feed delivery. The
results indicated no change in feed intake or time spent feeding. Unfortunately, these authors
based their feeding behavior data on only 1 d of observations per treatment and there is
considerable day-to-day variation in feeding behavior (Dado and Allen, 1994). Further, the DMI
and production level of the cows were very low in comparison to that observed on many modern
dairy operations. Cows with low DMI and milk production may not have the same motivation to
feed and, therefore, may not respond to increased frequency of feed delivery by increasing their
feeding time as much as cows with high DMI and milk production. With the exception of the
Phillips and Rind (2001) study, there is little indication in the literature as to the effect of
frequency of feed delivery on the behavior of group-housed lactating dairy cattle, necessitating

further quality research in this area.

1.6 FEED AREA DESIGN
One of the specific objectives of cattle housing is to provide a comfortable environment
and adequate food and water supplies to meet the behaviora and physiological needs of the
animals (Phillips, 2001). It has been suggested that well designed systems alow for normal
feeding behavior, which in turn alow for improved cow comfort and well-being (Grant and
Albright, 2000). There are severa components of the feeding environment that potentially
influence cow comfort and the ability of cows to access feed when they want to, including the

amount of available feed bunk space and the physical design of the feeding area.
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1.6.1 Feed bunk space

The amount of feed bunk space allocated per cow may affect the feeding behavior of
cows. It has been typically recommended that each cow have approximately 0.6 m of linear feed
bunk space to ensure that all animals can feed ssimultaneously (Grant and Albright, 2001). Some
researchers have suggested that this recommendation is overly cautious, given that cows can
show similar feed intake and milk production with space alotments much lower than the
recommended level (e.g. Friend and Polan, 1974, Friend et a., 1977; Menzi and Chase, 1994). In
fact, some researchers have concluded that grouped cows can be kept with as little as 0.2 m of
feed bunk space/cow without adversely affecting DMI or milk production (e.g. Friend et a.,
1977; Colliset d., 1980).

However, the tendency for dairy cattle to synchronize their behavior, including their
feeding behavior, lrings into question work advocating the use of only 0.2 m of linear bunk
space/cow. It can be speculated that lack of feed bunk space may be a contributing factor to the
loss of synchrony when cattle are group-housed indoors. For example, Friend and Polan (1974)
reported that only 66% of cows could eat at one time when provided with 0.5 m of feed bunk
gpace and DeVries et a. (2003) showed that less than 70% of animals fed simultaneously when
given 0.6 m of feed bunk space/cow. These findings suggest that gace availability, and the
associated increase in competitive behavior, limits the ability of cows to synchronize their
feeding behavior, particularly during popular eating times. Based on this, it would be interesting
to know if increasing the amount of fed bunk space above that typicaly given could increase
the ability of cows to access feed at peak feeding periods, particularly those subordinate cows
who may be most affected by competition.

1.6.2 Feed barrier design
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Fence-line feeding is commonly used when feeding group-housed dairy cows at
commercia dairies. This type of feeding system was developed to alow for good feed access
while preventing the animals from walking and defecating on the feed. However, the design of
the physical barrier separating the cows from the feed may have unintended consequences, such
as limiting the cows' ability to freely access feed and increasing the frequency of aggressive
interactions at the feeder. This is of particular interest since work undertaken with other
domesticated species, such as pigs, indicates that the configuration of feeding spaces can have
profound effects on feeding competition (e.g. Andersen et al., 1999).

Since the introduction of free-stall housing systems, two types of feed-line barriers have
become common: headlocks, which are self-locking stanchions that provide metal bar divisions
between the necks of cows, and post and rail, which provides an open feeding area with a meta
neck-rail to prevent cows from moving into the feed bunk (see Figure 1.3). In modern dairy
systems, cattle are commonly separated from their feed by a post-and-rail feed barrier system,
which allows the cows to move their head to and from the feed as well as from side to side. For
cattle, that often displace one another while feeding by swinging and butting with the head,
modifications that restrict contact between the head of a cow and the head and/or body of an
adjacent cow may be particularly effective in reducing competition. A barrier design that
provides some sort of separation between cows (e.g. headlocks) may reduce competition by
making it harder for cows to displace each other from the feed bunk. Unfortunately, there has
been little research to substantiate this idea. In fact, very limited data are available comparing
different feed barrier designs used in dairy cattle housing.

Some researchers (e.g. Batchelder, 2000; Brouk et al., 2003) have compared headlocks to

more open feed barriers such as the post-and-rail design, but have focused on the effects on DMI
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rather than feeding or socia behavior. Batchelder (2000) compared headlocks to a post-and-rail
barrier at two different stocking densities (0.72 and 0.55 m of linear bunk space/cow), and found
that DMI was 3 to 6% higher when using the post-and-rail barrier design. In contrast, Brouk et
al. (2003) found no difference in DMI between the two barriers. In both these studies, limited
treatment replicates were used, and thus the results should be regarded with caution. Further,
these researchers did not investigate how the barrier design affects the feeding and social
behavior of the cows. Two studies have recently been completed (Endres et a., 2005; Huzzey et
a., 2006) comparing the effects of these barriers on the feeding and social behavior of dairy
cattle. In the study by Endres et a. (2005), no effect of barrier on feeding time was found,
however, Huzzey et a. (2006) found that cows were able to increase their feeding time with the
post-and-rail barrier. Despite this, the researchers in both studies found that the use of the
headlock barrier significantly reduced the incidence of aggressive displacements at the feed
bunk. Unfortunately, aggressive behavior was still noted during both experiments between cows
fed using the headlock barrier, indicating that the neck division may not provide full protection.
It has been suggested that cows may feel more protected when a physical separation
exists between them at a feed bunk (Konggaard, 1983). This extra protection may create a more
comfortable feeding environment, allowing cows to feed when they want to, which in turn, may
alow them to maximize their feed intake. Several pig researchers have shown that larger (i.e.
more than just the neck) dividers between adjacent feeding animals can have profound effects on
reducing feeding competition. For example, Baxter (1986) found that aggressive behavior was
reduced when pigs were fed with a head-barrier system and, further, virtually eliminated
aggressive behavior when the head and shoulder barrier was installed. Andersen et a. (1999)

also studied the effects of different feeding arrangements (body partitions, shoulder partitions,
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and no partitions) on aggressive behavior of pigs. They found that a feeding arrangement with
body partitions resulted in the least aggression and displacements at the feed trough.

Beyond the studies comparing headlock barriers to open post-and-rail type barriers, there
are limited data on how the configuration of feeding spaces affects dairy cattle. Bouissou (1970)
compared the effects of different types of physical barriers on the feeding times of hungry cows
positioned side-by-side at the feed bunk. This researcher found that divisions at the feed bunk
separating the bodies and, particularly, the heads of adjacently feeding cows allow subordinate
cows to feed for longer periods of time. Unfortunately, this research was conducted using only
two animals at a time, so the effects of the divisions in a larger group of cows are unknown.
Further, the cows in that study were horned, which may explain why the head separations were
the most effective treatments.

Since the study by Bouissou (1970), no research has addressed the effects that large
divisions (i.e. head and/or body) between adjacent cows may have on the feeding and social
behavior of group-housed cattle. This research is essential to firstly understand how feed area
design influences the behavior of dary cattle, and secondly to make recommendations to

improve feeding conditions at the feed bunk.
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1.7 OBJECTIVES
This review has identified some important gaps in the literature on dairy cattle feeding
behavior. In particular, there is a lack of research on the management and design of the feeding
areafor lactating dairy cows that are housed in social environments where competition for food
resources occurs. For this reason, the overall objective of this dissertation was to determine how
feeding management and feed area design influence the behavior of group-housed lactating dairy
cows. | addressed this objective using a four step approach:
1) define feeding behavior measures and determine which of these measures are most
repeatable and reliable for detecting treatment differences,
2) assess the factors controlling the feeding patterns of group- housed lactating dairy cows,
3) assess the effects of feeding management on the behavior of group-housed lactating dairy
cows, and

4) assess the effects of feed area design on the behavior of group-housed lactating dairy cows.
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Figure1.1. (a) Logsurvivorship and (b) log-frequency curves showing the fast process (line
with small dashes), slow process (line with large dashes), and the combined curve. The meal
criterion is the interval at which the dow and fast process lines intersect. Note that the change
from the log survivorship curve to the log-frequency does not dramatically impact the criterion
interval.
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Figure 1.2. (a) The frequency distribution of the log-transformed intervals between feeding
bouts. (b) The frequency distribution of the log-transformed intervals fitted with a mixture of two

normal distributions, effectively separating the within meal intervals and the between meal
intervals. The meal criterion is the log interval at which the two curves intersect.
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Figure 1.3. Example of front view and cross-sectiona view of a portion of a headlock (a) and a
post-and-rail (b) feed barrier (adapted from Huzzey et al., 2006).
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CHAPTER 2: Measuring the feeding behavior of lactating dairy cowsin early to peak
lactation'’
2.1 INTRODUCTION

Promoting feed intake by lactating dairy cattle is critical in terms of improving milk
production, health, and body condition of the animal (Grant and Albright, 1995). Research in this
area requires knowledge of both nutrition and behavior (Nielsen, 1999); however, the difficulty
in manually collecting behavioral data at the time of feeding has limited the extent of this
research (Friggens et a., 1998). The use of time-lapsed video recordings (Vasilatos and
Wangsness, 1980; Menzi and Chase, 1994) and recent advances in the development of
computerized recording systems have resulted in a renewed interest in obtaining information on
feeding behavior (Gibb et al., 1998).

Grant and Albright (2000) reviewed much of this literature and concluded that
management factors such as grouping strategy, feeding system design and apparatus,
composition and physical characteristics of the feed being consumed, as well as socia hierarchy
and competition for food and water all influenced the feeding behavior of cattle. However, there
has been little work on more basic issues such as the tempora patterning of feeding, and how
feeding bouts are divided into meals. This basic work can provide a solid basis for future applied
studies by showing what measures of feeding behavior are most repeatable and how alternative
measures are correl ated.

Animals typically divide their feeding time into a series of meals separated by nor
feeding intervals (Forbes, 1995), and this is also the case with dairy cows (Tolkamp et a., 1998;

2000). However, identifying which intervals are between meds, versus shorter gaps within a

A version of this chapter has been published. DeVries, T. J., M. A. G. von Keyserlingk, D. M. Weary, and K. A.
Beauchemin. 2003. M easuring the feeding behavior of lactating dairy cowsin early to peak lactation. J. Dairy Sci.
86:3354-3361.
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meal, can be problematic. Consider the types of intervals that can occur between visits to the
feed bunk. In some cases the cow may smply lift her head for a few seconds. In others she may
withdraw from the bunk for less than a minute or so when, for example, she is displaced by a
dominant cow and must move to another location on the bunk or she may leave for severa
minutes when she visits the water trough elsewhere in the pen. Finaly, in cases where she goes
to lie down in a stall she may be away for an extended period of time.

In their pioneering work determining which intervals are between meals and which are
within meals, Tolkamp and colleagues (Tolkamp et al., 1998; Tolkamp and Kyriazakis, 1999;
Yeates et al., 2001) used the distribution of a large sample of intervals to define objectively the
meal criterion (i.e. the minimum interval between visits to consider the next feed bunk visit as
being part of a new meal). These authors argued that previous approaches to this problem (e.g.
Slater and Lester, 1982; Sibly et al., 1990; Langton et al., 1995) had assumed incorrectly that the
probability of an animal initiating a meal was independent of the time since the last meal.
Tolkamp et al. (1998) showed that this issue could be more appropriately addressed by plotting
the frequency distribution of intervals (typically log transformed) and using discontinuities in the
distribution to determine objectively which intervals were within meals and which were between
mesls.

The research by Tolkamp and colleagues (Tolkamp et al., 1998; Tolkamp and Kyriazakis,
1999; Yeates et a., 2001) was based on the behavior of cows restricted to eating from specific
feeding stations and thus, may not account for al of the competitive interactions that occur
during feeding in commercial loose-housed systems. One aim of the current study was to
replicate this work using free-stall housed cows fed via a feed bunk. In addition, no work has

examined the within cow repeatability of various measures of feeding behavior. This is
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important, as future research will be limited if based on measures that are only weakly
repeatable. Thus, a second aim of this study was to use repeated observations of various
measures to determine which of these measures are most repeatable. Finally, a third objective of

the current study was to describe changes in feeding behavior from early to peak lactation.

22 MATERIALSAND METHODS

2.2.1 Experimental Design

Ten primiparous and 11 multiparous lactating Holstein cows, which had a 305-d milk
production of 11,000 + 2916 (mean £ SD) kg, were housed bgether as a single group and
monitored using the GrowSafe feed bunk monitoring system from early to peak lactation. The
cows were housed in a free-stall barn located at The University of British Columbia Dairy
Education and Research Centre (Agassiz, BC, Ganada) and were managed according to the
guidelines set by the Canadian Council on Animal Care (1993). Each animal had accessto a free
stall that was filled with deep-bedded sand. For the entire experiment the cows were fed a TMR
consisting of 20% corn silage, 20% grass silage, 7% afalfa hay, 3% grass hay, and 50% grain
concentrate mash on a DM basis. The TMR was formulated according to the NRC (2001)
nutrient requirement recommendations for high producing dairy cows. Cows were fed from a
feed bunk (0.6 m of space/cow) with access via a neck rail. Animas were fed daly at
approximately 0600 h and 1515 h and were milked at approximately 0530 h and 1530 h daily.
Feeding behavior of all cows was recorded for a minimum of 8 d for three time periods between
early and peak lactation. Data collection during Period 1, Period 2, and Period 3 began when
cows were at 35 £ 16 DIM (mean = SD), 57 + 16 DIM, and 94 + 16 DIM, respectively. The

experiment was conducted between September 23, 2001 and December 6, 2001.
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2.2.2 Feeding Behavior Data Collection

An electronic feed bunk monitoring system (GrowSafe Systems Ltd., Airdrie, AB,
Canada), originaly described by Sowell et a. (1998), and modified and validated by
Schwartzkopf-Genswein et al. (1999) was used in this study. It was modified further in the
present study to alow for data transfer from the reader panel to the computer via radio
frequency. Its use with cattle fed via a feed bunk also required instalation of the antenna mats
(each 7.2 m long and 0.75 m wide) directly onto the floor of the feed bunk adjacent to the
tombstone; thereby, allowing the feed to be delivered on top of the mats. All experimental
animals were fitted with a passive transponder, which was encased in a plastic ear tag (All Flex,
Inc., Dallas TX) and attached to the bottom of the neck collar. When a cow placed her head
under the neck rail and over the feed such that the transponder came within 50 cm of the antenna
mat, a signal was immediately transmitted to the reader panel. The reader parel continued to
record the presence (a ‘hit’) of each transponder every 6 s for as long as the transponder was
within the read range of the antenna. The data (transponder number and time stamp) were
downloaded continuously via radio frequency to a computer housed approximately 100 m from
the panel. The computer was equipped with GrowSafe feed bunk monitoring software version

6.38.

2.2.3 Feeding Behavior Analysis

The med criteria were caculated using the frequency distribution of the logo-
transformed interva lengths between hits for each individual animal for each time period. The
three time periods were chosen to capture possible changes in feeding behavior from early to
peak lactation. Although a minimum of 8 d of feeding behavior data were collected for each

period, in the case of Periods 1 and 3, extra days (2 and 8, respectively) were collected to provide



an increased sample size of intervals to better calculate the meal criterion The scanning interval
employed by the GrowSafe system results in a high frequency of hit intervals at 6 s and multiples
of 6. On alogy scale these were most evident at 6, 12, and 18 s and these intervals distorted the
frequency distribution in such a way that it could not be modeled statistically. Therefore, hit
intervals less than 1.3 logio s (~19 s) were removed prior to analysis. Mea criteria were
calculated by fitting a mixture of two normal distributions to the distributions of log-
transformed hit intervals. The software package MIX 3.1.3 (Macdonald and Green, 1988) was
used to fit these mixture distributions using the method of exact maximum likelihood. This
method used the mixed probability density function:
9(X| P, K, 8) = pr (x|, p1, s 1)+ ..+ pif(X], b k)

where g is aweighted sum of k component densities. In the present study, k = 2, represented the
two distributions of intervals: those within meal and those between meals. When fitting the
distribution, the population of inter-meal intervals (left-hand distribution) was left truncated due
to the removal of the intervals less than 1.3 logio S. The meal criterion was determined as the
point where the distribution curve of inter-meal intervals intersected the distribution curve of the
intra-meal intervals. Individual meal criteria were calculated for each cow for each time period
and a pooled criterion was calculated using the intervals from al cows for al time periods. The
calculated meal criteria were used to calculate meal frequency (meals/d), smply by counting the
number of intervals that exceeded the criterion and adding one. Meal duration (min/meal) was
calculated as the time from the first hit until, but not including, a hit interval that exceeded the
criterion. Total daily mea time (min/d) was simply the sum of these meal durations. These
measures were calculated using the GrowSafe feed bunk monitoring software. In addition to

these derived measures based on the meal criterion, we aso recorded the number of hits (feeding
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activity). For example, if a cow were at the feed bunk continuously for 6 h, 3600 (21,600
secondg/6 seconds hit™?) hits would be recorded. Feeding intensity was calculated by dividing the

number of hitg/d by the total daily meal time.

2.2.4 Statistical Analyses

The individual anima was considered the observational unit in all analyses. Due to
technica difficulty with the GrowSafe equipment, data were not collected for d 6 of Period 1.
After a vast number of iterations, the MIX software was unable to fit the individual interval
distribution for 2 cows in Period 3, resulting in no meal criterion for these animals for this
period. The feeding behavior measures collected or calculated for the entire period (e.g. for meal
frequency, total daily mea time, meal duration, feeding activity, and feeding intensity) were
averaged to generate period means for each cow. All data were analyzed using the regression
procedure of SAS (1985). To determine how the derived measures of behavior (i.e. meal
frequency, etc.) were affected by the use of different estimates of the meal criterion, measures
based on the individual criteria were regressed within cow onto those based on the pooled
criterion, testing for slope and intercept effects. Linear regression was also used to determine the
within cow repeatability of the repeated measures of feeding behavior. The data for each of the
measures were regressed from Period 1 to Period 2 and from Period 2 to Period 3. To determine
if cows changed their feeding behavior from one period to the next, the regression estimates of
slope and intercept for the relationships of the individual behavioral measures for Periods 1 and 2
and for Periods 2 and 3 were tested. For al regression analyses, the intercept was ested for
difference from zero, to determine if cows changed on average, and the sope was tested for

difference from one, to determine the extent of the change relative to the initial value.
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23RESULTS
2.3.1Meal Criteria

Meal criteria were calculated separately for each cow for each time period. The values
varied among cows ranging from 8.4 min to 52.7 min; moreover, mea criteria varied among
periods ranging from 30.8 £ 8.9 (mean = SD) min in Period 1 to 26.4 + 9.4 (mean £ SD) min in
Period 3.

The use of the pooled criterion (27.7 min) versus the individual meal criteria resulted in
very similar estimates of meal frequency and total daily meal time. The relationships between
pooled and individual estimates for Period 1 are illustrated in Figure 2.1. The line equations and
coefficients of determination were also calculated for Periods 2 and 3 for meal duration (y =
1.09x — 34.89, R? = 0.95; and y = 0.94x + 23.66, R = 0.86, respectively) and for meal frequency
(y = 0.75x + 2.02, R = 0.39; and y = 0.96x + 0.31, R = 0.77, respectively). In every case the
coefficient was significant (P < 0.01). In addition, the intercept did not differ from zero and the
dlope did not differ from one (P > 0.1). Furthermore, all analyses reported below were completed
using both an individual criterion and a pooled criterion and the results were similar from both
approaches. We therefore used the pooled meal criterion (Figure 2.2) in all subsequent analyses.
Using this criterion, we found an average meal frequency of 7.3 £1.5 (mean £ SD) meas/d, meal

duration of 47.1 + 13.0 min/meal, and total daily meal time of 332.3 + 69.2 min/d.

2.3.2 Repeatability of Feeding Behavior Measures
Linear regression was used to determine the within cow repeatability of the different
measures of feeding behavior. For each variable, and for comparisons of both Period 1 to Period

2 and Period 2 to Period 3, coefficients of determination were significant (P < 0.05), but the
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extent of repeatability varied considerably depending upon the measure of feeding behavior
(Table 2.1). The within cow repesatability was highest for feeding activity and feeding intensity.
For example, the high degree of consistency in feeding activity is shown in Figure 2.3. Other
measures, like total daily meal time (Figure 2.4) showed only moderate repeatability across time

periods, and repeated measures of meal frequency were only marginally related.

2.3.3 Changes in Feeding Behavior from Early to Peak Lactation

Cows changed aspects of their feeding behavior between Period 1 and Period 2 (Table
2.2), and again between Period 2 and Period 3 (Table 2.3). Regressions between the first two
periods showed intercepts significantly higher than zero for total daily mea time, med
frequency, and meal duration, indicating general increases in these behaviors across cows.
Additionally, cows with lower meal frequencies and feeding intensities during Period 1 showed
greater increases during Period 2, compared to those cows having higher meal frequencies and
feeding intensities during Period 1, as indicated by the slopes for these line equations being
significantly less than one.

Cows showed different changes in feeding behavior across Periods 2 and 3. In particular,
we found that cows with high feeding activity (hits/d) and feeding intensity (hits/mea min) in
Period 2 showed proportionally greater increases during Period 3 as indicated by slopes
significantly higher than one for these measures. In contrast, for total daily meal time and meal
frequency, intercepts tended to be above zro and slopes less than one. This was attributed to
cows with high values during Period 2 showing reduced durations and frequencies during Period

3, and cows with low values during Period 2 showing increased values during Period 3.
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2.4 DISCUSSION

24.1Meal Criteria

The literature has lacked a cohesive definition of mea criterion (Grant and Albright
1995). For example, using a subjective assessment of meals and visual observations, Sowell et
al. (1999) defined the meal criterion as 5 min for beef feedlot cattle. Gibb et al. (1998) defined
meal criterion as 20 min for beef feedlot cattle, but did not specifically state how this value was
determined. In the current study, the use of the frequency distributions shows a first peak
corresponding to intervals within meals and the second peak representing the intervals between
meals. This distribution thus provides an objective and biologically relevant basis for identifying
meal criterion; namely the interval where the two distributions intersect (Tolkamp et al., 1998).
This meal criterion, calculated on an individual animal basis or on a group basis, is then used to
determine the derived measures of feeding behavior. The present results showed that although
individual cows differed to some degree in their meal criterion, using a pooled criterion (27.7
min) across cows and periods had little effect on the between time period analysis of the feeding
behavior measures. Thus, athough using a pooled criterion will result in some loss of detail, for
some studies at least this pooled estimate will be adequate. However, in some cases where there
is considerable variation in criteria (e.g., between cows or time periods), or when there are
specific predictions concerning the treatment response of the criterion based measures it would
be recommended to used individual criteria

Tolkamp et al. (1998), Tolkamp and Kyriazakis (1999), and Y eates et al. (2001), using a
data set collected from animals trained to feed from predetermined feeding stations, also reported

a bi-modal frequency distribution of logtransformed intervals. These authors calculated meal
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criteria ranging from 26.4 to 63.7 min, which was similar to the 8.4 to 52.5 min range found in
the current study.

Tolkamp et al. (2000) reported that lactating dairy cows from early to mid lactation had
an average meal criterion of 44.7 min, consumed 6.1 meals/d, and had a meal duration of 36.9
min/meal resulting in a total daily meal time of 225.1 min/d. These researchers used the same
method described in the current study for estimating meal criterion, and the cows they used were
similar in production levels and DMI to the cows used in our study. The longer meal criterion
used by Tolkamp et a. (2000) trandated into a lower meal frequency, but did not increase the
meal duration or total daily meal time to the same levels as in the present study. This difference
may indicate that the cows in our study had more nonfeeding within meal intervals, perhaps due
to increased disruption by other cows in our system compared to the electronic feeding gates and
pre-assigned feeding stations used by Tolkamp et al. (2000).

The effect of reduced socia interactions at the feeder may aso explain differences
between values obtained in our study and those from studies where cows were kept in tie stalls.
Vasilatos and Wangsness (1980) found that early to peak lactation cows housed in atie-stall barn
consumed 12.1 meals/d at 20.9 min/med, for a total daily meal time of 253 min/d. These values
are considerably different from those obtained in all three time periods in the present study. In
another study, Dado and Allen (1995) found that early lactation cows housed in tie stalls, with
similar milk production and diet to the cows used in the present study, consumed 11.9 meals/d at
25.9 min/meal, for a total daily meal time of 294 min/d. Even though the value for total daily
meal time is close to that found in the present study, the values for meal frequency and duration
are quite different. It can be theorized that with less social disruption in tie stalls, we would

expect fewer within meal disruptions, trandating into more frequent, shorter meals, as seen in
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both of these previous studies. Additionally, the meal criteria used in these studies were not
defined in the same way as the present study, which may account for some of the variability

between the results.

2.4.2 Repeatability of Feeding Behavior Measures

Measurements typically used to describe feeding behavior include meal frequency and
duration (Senn et a., 1995; Nielsen, 1999). Researchers (Vasilatos and Wangsness, 1980; Dado
and Allen, 1994; Nielsen, 1999) have tried to examine the relationships between feeding
behavior variables, but to our knowledge no previous work has attempted to measure the
repeatability of any measure of feeding behavior in dairy cattle. In the current study we used a
sensitive within cow test and found that all measures were significantly related between time
periods. We aso found that the non-derived measures (e.g. hit frequency) showed far superior
repeatability than the derived measures (e.g. meal frequency). Thus, even though cows organize
their feeding bouts into meals, measures based on meals (e.g. meal frequency and duration) tend
to be variable, and will likely prove to be relatively insensitive as measures to assess treatment
differences. Since the highest within cow repeatability was seen in the feeding activity and
intensity measures, we recommend that researchers use these measures in the future to assess
treatment effects on feeding behavior, except when researchers have specific predictions

concerning the treatment response of the criterion based measures.

2.4.3 Changesin Feeding Behavior from Early to Peak Lactation

There was substantial betweencow variation for al measures of feeding behavior for al

three time periods. Examples of this can be seen in Figures 2.3 and 2.4 for the measures of
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feeding activity and total daily mea time. This high betweentcow variability indicates that
relatively little can be learned from comparing the absolute values of these measures in different
studies, or even the values from different cows within a study. Thus, we used within-cow
regression analysis to compare time periods.

Previous research on feeding behavior of dairy cows has typically not mnsidered the
effects of differences in stage of lactation. In this present experiment, we measured the feeding
behavior of the same group of cows at three different time periods from early to peak lactation.
The relationships between the individual behaviora measures for Periods 1 and 2 (Table 2.2) and
for Periods 2 and 3 (Table 2.3) indicated several changes in dairy cattle feeding behavior from
early to peak lactation. The total daily meal time was increased from Period 1 to Period 2. This
was not surprising since DMI has been shown to be continually increasing from the beginning of
lactation to approximately 9 weeks into lactation (Kertz et a., 1991). The results from the
comparison between Periods 2 and 3 indicated there was no overall increase or decrease in tota
daily meal time. Rather, it appears that the animals stabilized their feeding behavior between
Period 2 and 3. In terms of meal frequency, there was a proportional increase in the number of
meals per d, with the cows that had fewer meals per day during Period 1 having the greatest
increase. Again, meal frequency was relatively stable between Periods 2 and 3. The increased
total daily meal time and meal frequency from Period 1 to 2 also trandlated into an increase in
meal duration, and this measure also remained stable between Periods 2 and 3. Friggens et al.
(1998) studied the effects of stage of lactation on the short-term feeding behavior of dairy cows.
These authors found no significant effect of stage of lactation for any of the behavior measures
(visits to feed bin, duration of the visit, and food intake per visit). They aso reported that even

though DMI dropped in the later stages of lactation, there was no associated change in feeding
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behavior. The difference between these findings ard those from the current study may have been
due to different measures of feeding behavior and no definition of meal criterion (Friggenset a.,
1998).

In addition to the changes over time in the behavioral measures calculated with a meal
criterion, changes were aso detected in the measures derived from the hits produced by the
GrowSafe system. The feeding activity of the cows remained unchanged from Period 1 to Period
2; however, from Period 2 to 3 there was a proportional increase (40% per cow) in feeding
activity. The change in total daily mea time from Period 1 to 2 associated with no change in
feeding activity, resulted in cows proportionally reducing their feeding intensity during Period 2.
This indicates that even though they were spending more time in activities associated with
eating, they were not spending any more time consuming feed at the feed bunk. The increase in
feeding activity from Period 2 to Period 3 associated with no change in total daily meal time
trandated into a proportional increase (67%) in feeding intensity in Period 3. These increases in
feeding activity and intensity indicate that during this peak production period, cows were
gpending more of their meal time actually at the feed bunk and reducing the intra-meal intervals

away from the bunk.

2.5 CONCLUSIONS
The use of the logip-normal model described by Tolkamp et al. (1998) alows for the
identification of a biologically relevant meal criterion for studying the feeding behavior of
lactating dairy cows in early to peak lactation with unrestricted access to the feed bunk. This
criterion provides an objective basis for calculations of meal frequency, meal duration, and total

daily meal time and we recommend that this technique be employed in future research on feeding
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behavior. Also, the measures of feeding activity and intensity obtained using the electronic feed
bunk monitoring system can provide more repeatable and potentially more sensitive measures of
responses to treatments that affect feeding behavior. The high amount of between-cow variability
for al measures necessitates the use of within-cow tests when testing for changes in feeding
behavior. In addition to this, studies of treatment effects on feeding behavior should control for

daysin milk.
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Table 2.1. Regression coefficients for the relationship between time periods for different
measures of feeding behavior. All relationships are significant at P < 0.05.

Measure Period 1* vs. Period 22 Period 2 vs. Period 33
Feeding activity* 0.91 0.90
Feeding intensity’ 0.85 0.91
Total daily meal time® (min/d) 0.72 0.75
Meal duration (min/medl) 0.55 0.50
Meal frequency (meals/d) 0.34 0.22

L23patafor each variable were calculated for 21 cows averaged for three 8-d time periods where cows were
on average 35, 57, and 94 DIM, respectively.

“The total number of data points that the feed bunk monitoring system recorded per day.

>The number of hits/d divided by the total daily meal time.

sum total length of time (min) included in the meals/day.
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Table 2.2. Intercepts and dopes of line equations from the regression of feeding behavior
measures in Period 1' versus Period 2°. P-values are from tests of the hypotheses that the
intercept = 0 and slope = 1.

Measure Intercept + SE P Slope £ SE P

Feeding activity® 78.54 + 69.73 0.27 0.92 + 0.06 0.22
Feeding intensity’ 0.34+0.25 0.20 0.73+0.07 0.001
Total daily meal time® (min/d) ~ 114.23+34.27  0.004 0.80+0.11 0.10
Meal duration (min/med) 19.86 + 6.08 0.004 0.71+0.15 0.07
Meal frequency (meals/d) 3.84+1.15 0.004 0.48+ 0.15 0.003

L2Dpata for each variable were calculated for 21 cows averaged for two 8-d time periods where cows were on

average 35 and 57 DIM, respectively.

3Thetotal number of data points that the feed bunk monitoring system recorded per day.
“The number of hits/d divided by the total daily meal time.

°Sum total length of time (min) included in the meals/day.
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Table 2.3. Intercepts and slopes of line equations from the regression of feeding behavior
measures in Period 2* versus Period 3%. P-values are from tests of the hypotheses that the
intercept = 0 and slope = 1.

Measure Intercept + SE P Slope £ SE P

Feeding activity® 67.24+112.38 0.56 1.40+0.11 0.001
Feeding intensity’ -0.50+0.35 0.17 1.67 +0.12 0.001
Total daily meal time® (min/d) ~ 68.18 + 37.17 0.08 0.79+0.11 0.06
Meal duration (min/medl) 8.07 £ 9.96 0.43 0.89+0.20 0.58
Meal frequency (meals/d) 3.04+1.70 0.09 0.53+0.23 0.05

L2Data for each variable were calculated for 21 cows averaged for two 8-d time periods where cows were on
average 57 and 94 DIM, respectively.

3Thetotal number of data points that the feed bunk monitoring system recorded per day.

“The number of hits/d divided by the total daily meal time.

°Sum total length of time (min) included in the meals/day.
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Figure 2.1. The relationship of (a) total daily meal time (min/d) and (b) meal frequency

(meals/d) calculated with a pooled meal criterion (27.7 min) and with individual meal criterion.
Meal frequency and total daily meal time were calculated for 21 cows averaged for 8 d starting at
an average 35 DIM.
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CHAPTER 3: Time of feed delivery affects the feeding and lying patterns of dairy cows?’

3.1 INTRODUCTION

Grazing cattle typically display a diurnal feeding pattern, consuming the majority of their
daily intake during the daytime (Hafez and Bouissou, 1975). Intensively housed dairy cattle have
been reported to exhibit similar patterns. Haley et a. (2000) showed that individually housed
cows in tie stalls tended to eat the maority of their food during the day, with peak feeding
activity occurring immediately following milking and feeding. Similar responses to milking and
feeding have also been demonstrated for cows in free stall housing (e.g. Tanida et a., 1984;
DeVrieset a., 2003a; Wagner-Storch and Palmer, 2003).

On many commercia dairy farms, fresh feed is delivered to the pen while cowsare away
for milking. The presence of fresh feed when cows return from milking is thought to stimulate
cows to feed rather than to lie down, thereby potentialy reducing the risk of mastitis by
providing more time for the teat canals to close before they contact the stall surface (Tyler et al.,
1997; Johansson et al., 1999). Unfortunately, little is known about what factors actualy stimulate
cows to move to the feed bunk. Moreover, there is aso limited work on the effect of providing
fresh feed upon return from milking on latency to lie down after milking. Thus, the objective of
this experiment was to evaluate the effect of when fresh feed is delivered relative to milking on

the feeding and lying behavior of lactating dairy cows.

3.2MATERIALSAND METHODS

3.2.1 Animals, Housing, and Diet

2A version of this chapter has been published. DeVries, T. J. and M. A. G. von Keyserlingk. 2005. Time of feed
delivery affects the feeding and lying patterns of dairy cows. J. Dairy Sci. 88:625-631.
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Nineteen primiparous and 29 multiparous (parity = 2.9 + 0.8; mean = SD) lactating
Holstein dairy cows were used in the study. The animals were 1085 =+ 17.9 DIM at the
beginning of the data collection period. The cows were housed in afree-stall barn located at The
University of British Columbia Dairy Education and Research Centre (Agassiz, BC, Canada) and
were managed according to the guidelines set by the Canadian Council on Animal Care (1993).
The cows were fed ad libitum a TMR consisting of 17% corn silage, 17% grass silage, 7% alfafa
hay, 9% 4" cut grass hay, 15% energy blend, and 35% concentrate mash on a DM basis. The
composition of the TMR was 51% DM and contained on a DM basis 18% CP, 32% NDF, 19%
ADF, and 1.0% Ca, and 0.5% P. The TMR was formulated according to the NRC (2001) nutrient
requirement recommendations for high producing dairy cows. Cows consumed their feed from a
feed bunk with access via a pendulous feed rail and had 0.55 m of feeding space per animal. In
addition, each cow had access to a free stall that was deep bedded with sand. The animals were
milked between 0500 and 0530 h in the morning and between 1700 and 1730 h in the afternoon.
The animals were milked in a double-12 parallel milking parlor and were moved to and from the
parlor together in their respective groups. Milk yields were automatically recorded at each
milking.

Samples of the TMR were taken at each feeding and from the feed refusals each day of
the experiment. Dry matter of the samples was determined by drying in a hot air oven at 60 °C
for 3 d. The DMI for each group for each day on treatment were recorded by subtracting the DM
weight of the orts from the DM weight of the fresh feed. The daily orts averaged 7.5 + 4.4 (mean

+ SD) % of the fresh feed provided over the course of the experiment.

3.2.2 Experimental Treatments and Design
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The 48 lactating cows were used in a 2 x 2 cross-over design replicated over time. The
animals were divided into 4 equal groups of 12 cows, which were balanced according to
projected 305 d milk production (10,610.4 + 1859.9 kg; mean + SD), average DIM (108.5 +
17.9), and average parity (2.2 = 1.1). Each group was subjected to each of 2 treatments. The
treatments were: 1) milking and feed delivery times coinciding and 2) delivery of feed 6 h after
milking. Feed refusals were removed immediately prior to the delivery of fresh feed for each day
for both treatments, at 0515 h and 1115 h respectively. Feed push up occurred twice daily: 6 h
after feeding for each group. Feeding and pushing up feed a 6-h intervals ensured that feed was
available to the cows for al hours in the day in which they were in their respective pers.

All groups were housed together for 1 wk prior to the experimental phase to allow for
social adaptation. Initially, the 2 treatments were applied to the first 2 groups of cows for a 3-d
adjustment period followed by 7 d of data collection. After this was completed, the treatments
were switched between the groups. Again, animals were given a 3-d adjustment period followed
by 7 d of observations on the new treatment. This same procedure was then repeated with the 2

remaining groups of cows.

3.2.3 Behavioral Recording

The lying and feeding behavior, and number of aggressive interactions for all cows were
recorded for 7 d per treatment. Lying and aggressive behavior were monitored using time-lapse
video equipment. The animals were videotaped using 2 video cameras (Panasonic WV-BP330;
Osaka, Japan) per pen, a time-lapse videocassette recorder (Panasonic AG-6540) and a video
multiplexer (Panasonic WJ-FS 216). For each pen, a video camera was located 6 m above the

feed bunk and another camera was located 10 m above the free stalls. Red lights (100 W), hung
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adjacent to the cameras, were used to facilitate recording at night. Individual animals were
identified with unique alphanumeric symbols made with hair dye (Clairol’s Nice and Easy # 122,
Natural Black, or Clairol’s L’image Maxiblonde, depending on hair color; Stamford, CT) on
their backs. Feeding behavior was monitored for the entire experiment using an electronic feed
bunk monitoring system (GrowSafe Systems Ltd., Airdrie, AB, Canada) that recorded individual
cow presence (hits: areading that occurs every 6 s for the duration of time the cows is feeding) at
the feed bunk. This system has previously been described (DeVries et al., 2003b) and validated
(see Appendix 1: DeVrieset a., 2003c).

3.2.3.1 Measuring feeding behavior. The feeding behavior of individua cows was
guantified using measures of feeding time, as this has previously been described as the most
repeatable and sensitive measure of feeding behavior (DeVries et al., 2003b). Since the scanning
interval of the electronic monitoring system was 6 s, we were able to convert the number of hits
into feeding time (i.e. number of hits x 6 /60 s min = min feeding time). Total daily feeding
time was calculated for each cow for each treatment day. Feeding time was also calculated for
the 60-min period following the return of the last cow from milking (appearance of the last cow
to enter the pen after milking marked the beginning of this period) and following the provision of
fresh feed (when delivered at 1130 h and 2330 h). These 60-min periods were identified in this
study and in a previous study (DeVries et a., 2003a) as the times when the largest concentrations
of cows are present at the feed bunk.

3.2.3.2 Measuring lying behavior. Daily lying times were obtained from the video
recordings, using instantaneous scan sampling once every 10 min (Fregonesi et al., 2004). In
addition, we monitored the length of time it took cows to lie down upon return from the milking

parlor (i.e. latency to lie down). This was quantified by continuously watching the video
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recordings fom the time the cows returned from the parlor until they lay down in one of the
stalls.

3.2.3.3 Measuring aggressive behavior. Aggressive displacements at the feed bunk were
recorded during the 60- min period following the return from milking and following the provision
of fresh feed (when delivered at 1130 h and 2330 h). A displacement was noted when a butt or a
push from the actor (instigator) resulted in the complete withdrawal of the reactor’s head from

beneath the feed rail (DeVrieset d., 2004).

3.2.4 Data Analyses

For the andyses of feeding behavior, DMI, milk yield, lying behavior, and displacements
from the feed bunk, the pen was considered as the experimental unit, with measures from
multiple days and cows averaged to create one observation per pen per treatment. Treatment
effects on the feeding behavior measures, DMI, milk yield, lying behavior measures, and number
of displacements were tested by one-sample paired t-tests with 3 degrees of freedom.

Overall, treatment response was tested wsing the pen as the experimental unit. However,
to determine if cows with higher feeding times were more affected by treatment we used a
within-cow test. Feeding times (60 min after milking and feeding) during the two treatments
were compared using the regession procedure of SAS (1985). A test of the intercept term
(difference from zero) revealed the mean effect of treatment, and a test of the slope (difference

from one) assessed if the response to treatment varied in relation to the initial value.
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3.3RESULTS
3.3.1 Feeding Behavior, Feed Intake, and Milk Yield

When animals were fed 6 h after milking they increased their total daily feeding time by
12.5% (Table 3.1). This change was predominantly driven by an 82% increase in feeding time
during the 60 min following the delivery of fresh feed and a 26% decrease in feeding time during
the 60 min after milking. Figure 3.1 illustrates the presence of fewer animals feeding during the
time period immediately following the return from milking when no fresh feed was delivered at
that time. Further, we noted a substantial increase in the number of animals feeding after the
delivery of fresh feed at 1130 h and 2330 h compared to when they were fed at milking time.

Since there were significant changes in feeding time when cows were fed 6 h after
milking, we used linear regression to determine how the individual cows responded to the
treatment after they returned from milking (Figure 3.28) and after they received fresh feed
(Figure 3.2b). The coefficient of determination was statistically significant (P < 0.001) for both
relationships, indicating that cows were relatively consistent in feeding times across treatments.
For feeding time after milking, the intercept (2.40 + 1.55; mean + SE) was not significantly
greater than zero (P = 0.13), but the slope was less than one (0.58 + 0.09; P < 0.001). For the
feeding time after delivery of fresh feed, the intercept was greater than zero (12.53 + 2.61; P <
0.001) and the slope was not different than one (1.00 £ 0.15; P = 0.99).

There was no difference in DMI when groups had fresh feed upon return from milking
compared to when they were fed 6 h after milking (22.9 + 0.4 kg versus 22.2 + 0.4 kgcow/d; P =
0.3). Additionally, there was no difference in milk yield when groups had fresh feed upon return
from milking compared to when they were fed 6 h after milking (38.1 + 0.6 kg versus 37.1 + 0.6

kg/cow/d; P = 0.3).
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3.3.2 Lying Behavior

Cows spent on average 12.3 d lying down, regardless of treatment (SE = 0.32, P = 0.9).
However, the distribution of lying time throughout the day was affected by the timing of fresh
feed delivery. Those cows that were fed 6 h after milking showed 4 peaks of lying activity
compared to the 2 extended periods of lying activity observed for the cows provided fresh feed
upon return from milking (Figure 3.3). Moreover, cows that did not have fresh feed upon return
from milking showed an average latency to lie down of 45.1 min, versus 65.7 min for cows with

access to fresh feed upon the return from milking (SE = 0.83, P < 0.001).

3.3.3 Aggressive Behavior at the Feed Bunk

During the 60 min after milking, cows physically displaced one another from the feed
bunk at a frequency of 1.03 displacements per cow when provided access to fresh feed and 0.67
displacements per cow when fresh feed was provided later (SE = 0.11; P = 0.1). During the 60-
min observational period after the delivery of fresh feed, we observed no significant differencein
the frequency of displacements at the feed bunk when cows were fed a the time of milking
compared to when they were fed 6 h after milking (1.03 versus 1.11 displacements/cow; SE =

0.11, P=05).

3.4 DISCUSSION

Cows spent 26% more time feeding during the hour after the return from milking when
provided access to fresh feed compared to when they did not have fresh feed upon the return
from milking. However, providing fresh feed 6 h after milking increased feeding time by 82%

during the hour after feed was delivered, such that daily feeding time was 12.5% greater when
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cows were fed in this way. To our knowledge, this is the first published evidence that separating
times of milking and delivery of fresh feed affects the pattern of feeding and increases total daily
feeding time.

There was substantial variation among cows in their response to treatment. Cows that had
the highest feeding time post- milking when fed at the time of milking had the greatest decreases
in feeding time post milking when feed was delivered 6 h after milking. Alternatively, all cows
showed a similar increase in feeding time during the first hour after feeding when fed 6 h post
milking. This substantial increase in feeding time by all cows during the first hour after the 6 h
delayed delivery of fresh feed indicates that the delivery of fresh feed is a much stronger
stimulus to get cows to feed than does the return from the milking parlor.

It is also interesting to note that when the cows were fed 6 h after milking, they shifted
their daily feeding pattern. Previously, dairy cows have been described as aepuscular feeders,
being influenced by the timing of sunrise and sunset (e.g. Albright, 1993). However, the results
of this study indicate that the daily feeding pattern of dairy cows kept indoors is more affected by
the timing of fresh feed delivery thanby the time of day.

Group feed intakes were used to calculate the average DMI per cow per treatment, and
we found no effect of trestment on this measure. We aso found no effect of treatment on the
milk yield of the cows. However, this study was designed to test predictions concerning feeding
behavior, and does not provide a strong test of intake or milk yield differences. The regression
analysis on the measures of feeding behavior indicated that cows varied in their response to
treatment, and this same variation may aso have occurred in individua DMI. The effect of

trestment on DMI and milk yield could be properly assessed in a future study using equipment
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that accurately measures individual DMI and longer treatment periods to assess the effect of
these treatments on milk yield.

Despite the increase in feeding time when cows were given fresh feed 6 h after milking,
they did not change their total daily lying time. This result indicates that the increase came out of
the time cows otherwise spent idle waiting for feed or for access to the feeding area. It must be
noted, however, that cows did change their pattern of lying. The latency to lie down after milking
decreased by 20 min when cows were provided fresh feed 6 h after milking compared to those
that had access to fresh feed immediately after milking. Schultz (1985) found that when feed
was scarce upon returning from the milking parlor considerably more cows were observed lying
down within 15 min compared to when feed was abundant. Unfortunately, this author only
reported percentage of cows lying at a specific time after milking and not the latency to lie. Tyler
et a. (1997) found that cows, which had access to feed after milking stood on average for 48 min
compared to cows which stood for only 21 min when they did not have access to feed. The fact
that cows in the current study all had access to feed upon return from milking (even though it
may have been delivered 6 hearlier), may explain why the latency to lie down was greater than
that reported by Tyler et al. (1997). Johansson et al. (1999) found that the percentage of cows
lying down immediately after milking was affected by the time of feeding. They compared
feeding a 1.5 h prior to milking, a the same time as milking, and 1.5 h after milking and
reported that the delivery of feed at milking caused a lower percentage of cows to lie down
within the first hour after milking. In contrast, those cows fed 1.5 h after milking had the highest
percentage lying within the first hour after milking. Unfortunately, comparison of our work with
that study is difficult since the cows that were fed 1.5 h after milking did not have any food

available when they returned from the parlor. As previousdy mentioned, the cows in our study
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had feed available for al the time during the day in which they were in their respective pen.
Also, Johansson et a. (1999) reported only the percentage of cows lying within a 1-h period and
did not measure the latency to lie down.

The practical significance of management practices that affect latency to lie following
milking is not fully understood. The common belief is that the longer the animal stands after
milking, the lower the risk for bacterial penetration of the teats when the cow eventualy lies
down. McDonald (1975) measured the dilation of the teat at O, 2, 4, 6, and 8 h after milking and
found that the teat was most constricted at 2 h after milking. Schultze and Bright (1983) injected
the teat of lactating dairy cows with a bacterial endotoxin at different time periods after milking
and found high penetrability during the first 30 min. This penetrability was much reduced by 2 h
after milking. Unfortunately, as with the study by McDonald (1975), no intermediate samples
were taken, so it is difficult to assess the exact time within the first 120 min after milking when
the teat is most constricted and the risk of penetrability by bacteriaislowest. In the present study,
due to the restricted length of the treatment periods and the total number of animals, it was
impossible to test for any treatment effect on the incidence of mastitis. This effect could be
ascertained in a future study designed to test the effect of the length of latency to lie following
milking on the incidence of mastitis.

In the present study, there was a endency for cows to engage in fewer aggressive
interactions at the feed bunk after the cows returned from milking when they did not have access
to fresh feed. Johansson et a. (1999) found that tie-stall housed dairy cows, given no feed 1.5 h
after milking, showed fewer social interactions during this period. They attributed this finding to
the cows spending more time performing behaviors associated with food searching. In the free

stall environment used in the present study, food-searching behavior by an individual cow will be
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influenced by socia interactions with other cows at the feed bunk. In our study, the failure to
deliver fresh feed immediately after milking corresponded with a trend for fewer displacements
after milking. This trend may have been the result of there being less feed available to fight over
at this time and a reduction in the time spent searching for feed. As a result, these cows reduced
their time spent at the feed bunk at this time, resulting in a decreased latency to lie down

compared to those that had fresh feed delivered.

3.5 CONCLUSIONS
Shifting the time of feed delivery away from milking time increased daily feeding time
and altered feeding and lying patterns. These results indicate that the delivery of fresh feed has a
greater impact on stimulating cows to feed than does the return from milking. The results aso
indicate that the daily feeding pattern of group-housed dairy cows is largely influenced by the

timing of fresh feed delivery.
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Table 3.1. Total daily feeding time and for the 60-min period following the return from milking
for both treatments and for the 60-min period following the delivery of fresh feed for when cows
were fed 6 h post- milking*. The least-square SE and P values for the test of treatment are
provided.

Treatment
Feed delivery and Feed delivery 6 h
milking time coincide after milking SE P
Daily (min/d)? 191.9 2159 341 0016
Return from milking 156 116 0.39 0.006
(min)® ' ' ' '
Delivery of fresh feed 15.6 28.3 133 0.007
(min)* ' ' ' '

'Datawere averaged for 7 d per treatment for 4 groups of cows (12 cowsper group).

2Average feeding time per cow per day.

3Average feeding time per cow during the 60 min following the return from the milking parlor.
“Average feeding time per cow during the 60 min following provision of fresh feed.
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Figure 3.1. Percentage of cows per group present at the feed bunk over a 24-h period
(percentage for each 60-s interval during the day) for 2 treatments: 1) cows were milked and fed
at 0530 and 1730 h, and 2) cows were milked at 0530 and 1730 h and fed at 1130 h and 2130 h.
Data were averaged for 7 d per treatment for 4 groups, each containing 12 cows. Data are
presented from 0400 h, since this was a time of low feeding activity for both treatments.

66



g 9
< a
o
‘%__5 50 1
2% y = 0.58x + 2.40
= 2
& 7 R?=0.48
%
Qc
0 304
eg *
=
i3 o A
23 104 'S
B *
O T T T T 1
0 10 20 30 40 50 60

Feeding time (min) after milking when feed was
delivered at the time of milking

y =1.00x + 12.53
R? =0.49

Feeding time (min) after feed delivery when
feed was delivered 6 h after milking

O T T T T T 1
0 10 20 30 40 50 60

Feeding time (min) after feed delivery when feed was
dedlivered at the time of milking

Figure 3.2. The relationship of feeding time (min) during the 60-min period following (a) the
return from milking and (b) the delivery of fresh feed measured on dairy cows provided with
either fresh feed upon return from milking or fresh feed 6 h after milking. Feeding time was
averaged for 7 d per treatment for 48 cows (4 groups of 12) fed twice a day.
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Figure 3.3. Percentage of cows per group lying over a 24-h period (percentage for each 10-min
interval during the day) for 2 treatments: 1) cows were milked and fed at 0530 and 1730 h, and
2) cows were milked at 0530 and 1730 h and fed at 1130 and 2130 h. Data are averaged for