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Introduction 
 
Overstocking of free stall barns, defined as housing more cows within a pen than the available 
number of stalls and (or) providing less than the recommended 0.6 m (23 in) of linear feeding 
space per cow (Grant and Albright, 2001), is a practice commonly employed by dairy producers 
to expand herd size without increasing the facility investment (Bewley et al., 2001).  The short- 
and long-term effects of this practice on dairy cow behavior, productivity, and health are not 
fully understood. However, third-party auditing organizations such as Humane Farm Animal 
Care (www.certifiedhumane.org) currently require that member farms limit the number of cows 
within a pen to a number less than or equal to the number of free stalls.  The current draft of the 
Dairy Well-Being Initiative (www.dairywellbeing.org), which represents the dairy industry 
consensus on animal welfare, contains language that would require adequate resting space to be 
available for all animals housed within a pen.  The basis for these recommendations is the 
recognition that health, productivity, and welfare of dairy cows relies on their ability to meet 
their behavioral needs each day. 
 
The behavior of dairy cows is dependent on the interaction between the cows and their physical 
environment.  In the “big picture”, the physical factors of the facility (stall design, flooring type, 
feed bunk design, environmental quality) impose baseline limitations on how the cows will 
interact with the housing conditions.  Within these limitations, the ability of cows to engage in 
natural behaviors is further dictated by management routines such as grouping strategy and 
stocking density.  The emphasis of this paper will be placed on the effects of stocking density.  
The natural behaviors that are most important to the health, welfare, and productivity of cows are 
resting, feeding, and rumination.  Each of these is discussed in separate subsections below.  In 
general, there has been a demonstrated need of 12 to 14 hours of resting time and 3 to 5 hours of 
feeding time per day (Table 1).  These time budget requirements constitute 60 to 80% of a 24-
hour period, which leaves a limited number of hours for milking and other management 
procedures. 
 

Table 1.   Daily time budget for lactating dairy cow (Grant, 2007) 
Activity Time devoted to activity per day 
Eating 3 to 5 h (9 to 14 meals/d) 
Lying/resting 12 to 14 h 
Social interactions 2 to 3 h 
Ruminating 7 to 10 h 
Drinking 30 min 
Management activities 2.5 to 3.5 h 
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Importance of Nondietary Factors on Cow Productivity 
 
A survey conducted on 47 farms in Northeastern Spain demonstrated the significant effects of 
both stall availability and stall maintenance on the productivity of dairy cows (Bach et al., 2008).  
The mean stocking density of the study herds was 90% with a range of roughly 60 to 200%. 
There was a considerable amount of variation in productivity.  Herds ranged from 20 to 34 kg/d 
(44 to 74 lbs/d) of milk per cow, despite cows being fed the same ration that was mixed at a 
common location.  Stall availability and stall maintenance explained approximately 40% of the 
observed differences in production.  A positive relationship between stall availability indicated 
each unit change in ratio of stalls-to-cows increased milk production by 7.5 kg (16.5 lbs).  
However, there was no relationship between stall availability and milk production among the 
herds with stocking densities that did not exceed 100% indicating no benefit was gained by 
understocking.  The results reported by Bach et al. (2008) are similar to those collected at Miner 
Institute.  Instead of evaluating production and stall availability, a comparison of hours of rest 
and production was made (Figure 1).  Each hour increase in resting time resulted in a gain of 1.7 
kg (3.7 lbs) of milk production.  Recent research (Fregonesi et al., 2007; Hill et al. 2007; 
Krawczel et al., 2008) has demonstrated the effect of stocking density, or stall availability on 
resting time. 
 
Effects of Stocking Density 
 
General Effects 
 
Much of the nondietary effects on productivity may be related to the behavioral effects of 
stocking density and the importance of each of these behaviors in maintaining health and well-
being.  In a broad sense, the effects of stocking density are driven by three key factors.  First, the 
competition for resources limits the ability of cows to behave in a natural manner (Wechsler, 
2007).  The severity of the overstocking will dictate the extent that the natural feeding, resting, 
and rumination behaviors are inhibited.  Each of those behaviors will be discussed in detail 
below.  In spite of the impact on behavior, there is a clear economic incentive for farmers to 
overcrowd free-stall facilities (Bewley et al., 2001) thereby spreading the fixed costs of 
production over a greater number of cows without expanding existing facilities.  Additionally, 
the free-stall usage at stocking densities of 66% and 100% reported by Wagner-Storch et al. 
(2003) suggests that some overcrowding may be possible without affecting natural behavior.  
The extent that a barn can be overcrowded will depend on social dynamic that exists within the 
herd as well as environmental factors. 
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Figure 1.  The relationship between daily milk yield per cow and time spent resting 
(Grant, 2007) 

 
Effects on Lying 
 
The effects of stocking density on lying behavior has been of interest for several decades.  The 
earliest research (Friend et al., 1977) suggested that total lying time was not affected until a 
stocking density greater than 150% was imposed.  Lying time at the densities of 100, 120, and 
150% was 14 h per day and was then reduced to 10 and 7 h per day when stocking density was 
increased to 200 and 300%, respectively.  Neither of these stocking densities is realistic in on-
farm situations, and more recent research has utilized stocking densities ranging from 67 to 
150%, which are more representative of on-farm situations.  The lying behavior of cows 
subjected to either under- (67% stocking density) or overcrowded (113%) conditions reported by 
Fregonesi and Leaver (2002) may explain why Bach et al. (2008) found no benefit to 
undercrowding.  Average time per day spent lying (10 h), lying and ruminating (5 h), and 
occupying a stall (15 h) did not differ between the under- and moderately overcrowded 
treatments.  However, there were fewer aggressive interactions per hour in the undercrowded 
pen.  These results suggest that there may not be a benefit to understocking cows beyond the dry 
and transition periods. 
 
Conversely, stocking densities of 109, 120, 133, and 150% resulted in a linear reduction of lying 
time, relative to a 100% (Fregonesi et al., 2007).  Cows spent 13 h per day lying at 100%, which 
was reduced by approximately 2 h when stocking density reached 150%.  The latency to lie 
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down was also reduced linearly.  This was one of the first reports of stocking density altering 
stall usage.  The reduction of latency to lie down when stocking density exceeded 120% may be 
misinterpreted as an increase in cow comfort, and may actually pose an increased risk of 
environmental mastitis.  Finally, a greater number of aggressive interactions per hour occurred 
with each increase in stocking density. 
 
The reduction of lying time observed by Fregonesi et al. (2007) was similar to reduction in the 
percentage of stall usage in overcrowded cows, when they were subjected to stocking densities 
of 100, 113, 131, and 142% (Hill et al., 2007.  The key differences between the work of 
Fregonesi et al. (2007) and Hill et al. (2007) were differences in group size (12 vs. 34) and 
overcrowding occurring at the stall only (Fregonesi et al., 2007) versus overcrowding at both the 
stall and feed bunk (Hill et al., 2007).  Some of the most dramatic effects of lying occurred 
between midnight and 4:00 am.  Not only was this the time period that the greatest reduction in 
the percentage of cows lying occurred, there was also a 3-fold increase in the number of cows 
standing idly in the alley. 
 
In general, the effects of overcrowding on lying are becoming the most well understood and 
predictable (Figure 2).  An unpublished analysis of the relative response of lying in relation to 
stocking density observed in 6 different search trials by Grant (2008) demonstrated that the most 
pronounced effects occur above 120%. 
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Figure 2.  Comparison of lying behavior observed by Winkler et al., 2003 (Exp 1); Fregonesi et 
al., 2007 (Exp 2); Wierenga and Hopster, 1990 (Exp 3); Matzke and Grant, 2002 (Exp 4); Hill et 
al., 2007 (Exp 5); Krawczel et al., 2008b (Exp 6).  The data reflect the proportion of lying 
behavior at 100% observed at the overcrowded treatments. 
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Importance of Resting 
 
The reduction of resting time by overcrowding is the most likely explanation of the reduction in 
performance associated with stall availability.  The priority for rest over feeding was evident in a 
recent research trial.  Cows were housed in pens containing an isolation area and a resource area 
for various portions of the day (Munksgaard et al., 2005).  Within the resource area, cows were 
able to rest, feed, or socialize.  As time in the resource area decreased, the portion of time spent 
lying increased in an effort to maintain a consistent number of hours of rest.  Research at Miner 
Institute demonstrated that overstocking results in an increasing percentage of cows standing idly 
waiting for access to free stalls (Hill et al., 2007).  This effect becomes more pronounced 
between midnight and 4:00 am, the time period when the motivation to feed was reduced and the 
motivation to lie down increased.  There is a potential for cows to spend more time waiting for a 
stall to become available than engaging in feeding over the course of a day.  Finally, depriving 
cows of lying for a relatively limited period (2 to 4 hours), which are similar to those reported in 
trial evaluating stocking density, resulted in cows attempting to recoup the lost resting time for 
the next 40 hours (Cooper et al., 2007).  Routine management practices, such as herd health 
checks or free-stall maintenance, could be sufficient to deprive cows of lying for this duration. 
 
Beyond the effects on production, there are several important health-related factors that are 
detrimentally altered by reduced lying time.  First, the predominance of concrete flooring results 
in a greater strain on the hoof when cows are forced to stand for extended periods of time (Cook, 
2002).  The negative impact of the standing time is further worsened from the softening of the 
hoof by the manure slurry covering the alleyways, which leads to an increased probability of 
infections (Guard, 2002).  These factors have been associated, either individually or in 
combination, with increased incidents of lameness.  Second, a stress response was evident in the 
concentration of cortisol in cows subjected to deprivation of lying (Munksgaard and Simonsen, 
1996) relative to control cows with unrestricted ability to lie down.  Increases in the 
concentration of cortisol are commonly associated with suppression of immune function.  Third, 
increased lying time also has a potential benefit for fetal growth.  Significantly more blood 
flowed to the gravid uterine horn when cows were lying relative to when they were standing 
during several stages throughout the gestation period (Nishida et al., 2004). 
 
Effects on Feeding 
 
Though it is a highly variable relationship, overcrowding at the freestalls tends to result in 
overcrowding at the feed bunk.  This relationship is highly dependent on the barn design (4-row 
versus 6-row) and severity of the freestall overcrowding.  The effects of spatial allowance at the 
feed bunk of lactating dairy cows have been examined for the past 3 decades (Friend et al., 1977; 
DeVries et al., 2004; Huzzey et al., 2006).  The earliest research established that reducing feed 
bunk space per cow to less than 10.6 cm (4 in) per cow reduced feeding time (Friend et al., 
1977).  More recent research suggested that the effects of decreased feeding space were evident 
at a much greater space allotment than suggested by Friend et al. (1977).  The behavioral effects 
of providing either 51 cm (20 in), slightly less than the 60 cm (23 in) commonly recommended, 
or 102 cm (40 in) of bunk space per cow were examined by DeVries et al. (2004).  Increasing the 
space allotment per cow to 102 cm (40 in), reduced the number of aggressive interactions per 
cow and increased the percentage of cows feeding during the 90 minutes following the delivery 
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of fresh total mixed ration.  Similar results were found in a comparison of 4 stocking densities 
ranging from 75 to 300% (Huzzey et al., 2006).  This study also included the evaluation of the 
same stocking density in pens utilizing headlocks or a post-and-rail feed barrier.  Feeding time 
decreased and aggression increased as stocking density increased.  The effect became more 
pronounced with each increase in stocking density.  Cows also spent more time standing idly 
waiting for access to feeding space.  One potential coping strategy that was observed was the 
shift in feeding times, which may be problematic if the ration is sorted by the first cows to feed.  
The comparison of the two types of feed barriers found that the headlocks offered protection 
against displacements and reduced aggression at the feed bunk. 
 
Effects on Rumination 
 
Unlike lying and feeding behavior, conflicting effects on rumination from increased stocking 
density have been reported.  Batchelder (2000) reported a significantly greater percentage of 
cows ruminating during the day at 100% stocking density compared to 130% (37% vs. 28%) on 
an average basis over 24 hours.  In addition to differences in the average, the peak percentage of 
cows ruminating at any point (55%) was roughly 1.5 times greater than the peak percentage 
observed at 130% (32%).  These results were not supported by the observations of Fregonesi and 
Leaver (2002).  In addition to not finding any differences between under- and overcrowded pens 
in the time spent ruminating while lying, no differences in total time ruminating (8 h) were 
observed.  There are two possible explanations for the difference in the observed effect.  First, 
the Batchelder work was not replicated, so the results should be viewed with some skepticism.  
Second, the overcrowding (118%) imposed by Fregonesi and Leaver (2002) may have been 
insufficient to affect rumination.  This is consistent with the main effects of overcrowding on 
lying becoming evident in cows housed at stocking densities above 120%. 
 
Effect on Milk Quality 
 
Unlike the associations between stall availability (Bach et al, 2008) or resting time (Grant, 2007) 
and productivity, a direct cause-and-effect relationship has not been found in designed research 
trials (Fregonesi and Leaver, 2002; Hill et al., 2007; and Krawczel et al., 2008b).  Milk 
production has consistently been reported as unaffected.  The duration of the experiment (1 or 2 
weeks for Hill et al. (2007) and Krawczel et al. (2008b), respectively) or the number of animals 
used (Fregonesi and Leaver, 2002) may have contributed substantially to the inability of those 
experiments to detect changes in milk production.  Milk quality, on the other hand, was affected 
by overcrowding (Hill et al., 2007).  Milk fat (%) was reduced by approximately 0.2% at 142% 
compared to 100%.  Somatic cell count (SCC) tended to increase above 113%.  Supporting this 
increase in SCC was a numerical increase in the number of incidents of clinical mastitis per 305 
cow-days at risk for cows housed at 142% compared to 100% (Krawczel et al., unpublished data, 
2008).  Although the number of clinical events was not statistically different, the 2.5-fold 
increase was an indication of the need for further research into the relationship between mastitis 
and stocking density. 
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Monitoring Cow Comfort in Overcrowded Pens 
 
There are three commonly used indices of cow comfort utilized on commercial dairy farms for 
herd assessments.  The Cow Comfort Quotient (now more commonly called the Cow Comfort 
Index, CCI) is calculated by dividing the number of cows lying in a stall by the total number of 
cows in contact with a stall (Nelson, 1996).  It was thought that this number would reflect the 
motivation of cows to enter and lie down in a stall.  The next index developed was the Stall Use 
Index (SUI), which sought to improve on the CCI by taking into account more cows within a pen 
(Overton et al., 2003).  Stall Use Index is calculated by dividing the number of cows lying in a 
stall by the total number of eligible cows (defined as all cows not actively feeding) within the 
pen.  Using all eligible cows was an attempt to incorporate all cows who were not engaged in 
productive behavior into the calculation of a pen’s comfort.  Finally, Cook et al. (2005) failed to 
find an association between CCI or SUI and total lying time.  As a result, they suggested 
monitoring cow comfort using the portion of cows standing in a stall, referred to as the Stall 
Standing Index (SSI), which was associated with the total time cows spent standing in stalls. 
 
The work of Fregonesi et al. (2007) demonstrated that overcrowding decreases the latency to lie 
down after entering a stall.  Similarly, Hill et al. (2007) demonstrated the substantial increase in 
the number of cows standing idly in alleyways waiting for an available stall during periods of 
peak stall usage (midnight to 4:00 am).  Between midnight and 4:00 am, the significant 
differences found in CCI did not suggest an influence of stocking density.  The SUI decreased 
significantly above 113% with the value falling below the targeted benchmark of 0.75 (Overton 
et al., 2003) at the 142% stocking density.  There were three conclusions drawn from these data.  
First, the definition of cow comfort needed to be refined to include stall availability.  Second, 
using this definition, SUI becomes the most appropriate index for assessing cow comfort due to 
the inclusion of cows standing idly in the alleys into its calculation.  Finally, cow comfort should 
be assessed at a time when cow are most motivated to lie down.  Management factors, such as 
feeding and milking times, will determine best time for individual farms to assess cow comfort.  
At Miner Institute, feeding begins at 4:30 am and milking at 4:00 am, 12:00 pm, and 8:00 pm.  
By midnight, feed has been available for approximately 20 hours and most cows have had the 
opportunity to consume a post-milking meal.  As a result, this marks the beginning of the period 
when cows are most motivated to lie down. 
 
Summary of Responses to Stocking Density 
 
The current understanding of how cows are affected by overcrowding can be separated into 
factors that have established responses and factors that require further investigation.  The 
established responses are: 

 Reduced resting time 
 Increased idle standing in alleys 
 Altered feeding behavior 
 Greater aggression/displacements at feed bunk 
 Cow comfort reflected by SUI 

Those that need further investigation are: 
 Decreased rumination 
 Less milk 
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 Lower milk fat 
 Greater SCC 

 
Take Home Messages on Overcrowding 
 
To ensure that all cows obtain adequate rest, the design of the stalls and cow management should 
facilitate 10 to 14 hour of lying time for each cow within a pen.  In addition, stalls should be 
sized to allow cows to assume all nature resting postures.  Feed bunk management should 
accommodate 5 hour per day of feeding time per cow.  This availability should reduce aggressive 
interactions and prevent slug feeding.  Stocking density at the free stalls should not exceed 
120%.  The extent to which an individual farm can overcrowd will depend on its ability to meet 
the above resting and feeding requirements.  Further attention should be paid to first-calf heifers 
and lame cows that will be the most affected by overcrowding.  Finally, the total impact of 
stocking density will be dictated by the interaction of the stocking density, grouping strategies, 
and social interactions. 
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