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Summary
Objectives: To assess the influence of group
size and diet form on performance and
feeding behavior of weaned pigs and to
determine an optimal number of pigs per
feeding space for pellets or meal provided
in a tube feeder.

Methods: During six consecutive trials,
feeding behavior and performance of
groups comprising 30 (G30), 40 (G40), or
50 (G50) weaned pigs were compared for 6
weeks after weaning. A tube feeder was
used for all groups, delivering either pellets
or meal (trough length 64 cm; two inte-
grated drinkers).

Results: Mean ADG was 5% higher when
pigs were fed pellets rather than meal (P =
.06). Whatever the diet, ADG was lower in
G50 than in G40 (P < .05). In groups fed
meal, ADG was lower in G40 than in G30
(P < .001).

Average time using the feeder was 4.7 min-
utes per hour for pigs fed pellets, and 7.3
minutes per hour for pigs fed meal (P =
.003). Overall feeder occupation rates dur-
ing the day were 139 ± 30% for meal and
93 ± 21% for pellets (P = .01), and during
the night, 91 ± 33% for meal and 54 ± 15%
for pellets (P = .03), assuming 100% is

four pigs eating simultaneously during the
observation period.

Implications: Diet form influences the op-
timal number of pigs per feeder space. For
the tube feeders in this study, the recom-
mended maximum number of pigs per
feeding space is 6.5 for pigs fed meal and
10.2 for pigs fed pellets.
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Housing design for farm animals is
increasingly directed by laws
aimed at ensuring that minimal

conditions are met related to animal welfare.
Combining high zootechnical performance
and welfare requirements is thus now con-
sidered an important challenge for scientists,
especially under the intensive breeding
conditions of modern swine production.1–4

Legislation imposing minimum standards
for protection of intensively housed pigs
provides recommendations to avoid over-
crowding. Overcrowding not only impairs
welfare (eg, it may be associated with be-
haviors such as fighting and tail biting),
but also has a negative effect on perfor-
mance. Factors such as floor space allow-
ance, animal density (ie, number of pigs
per pen), and feeder space allowance are

used to determine overcrowding. In
finisher pigs, reducing floor space allow-
ance from 1.64 m2 to 0.82 m2 per pig5 or
from 0.74 m2 to 0.56 m2 per pig6 was as-
sociated with a lower ADG. In growing
pigs weighing 15.9 kg to 41.5 kg, reducing
space from 0.66 m2 to 0.33 m2 per pig
tended to be associated with a lower
ADG.5 Similarly, weaned pigs provided
with 0.14 m2 per pig rather than 0.28 m2

per pig grew more slowly.7

Crowding is not only characterized by the
number of pigs allocated per square meter,
but is also influenced by group size. In
finisher pigs, increasing the group size from
five to 20 animals5 or from 10 to 40 ani-
mals,6 while providing the same floor space
allowance per pig, had no significant effect
on ADG. However, conflicting results were

reported for weaned pigs. Performance was
poorer when weaned pigs weighing 5.9 kg
to 34.2 kg were housed 50 or 100 per pen
rather than 25 per pen.8

The number of available feeding spaces in a
pen may also contribute to overcrowding
and thus may be associated with poorer
performance. The effects on performance
were studied in finisher pigs when the
number of pigs per feeding space and the
diet form (pellets or meal) were varied.9

For pigs fed meal ad libitum, ADG was
lower during the growth period, but not
during the finishing period, when there
were either 20 or 10 pigs per feeding space
rather than three per feeding space. For
pigs fed pellets, there was no significant
difference in ADG whatever the number of
pigs (three, 10, or 20) per feeder space.
Official recommendations about number
of pigs per feeder space are not always
clearly defined10,11 or do not distinguish
between different types of diets (pellets or
meal).12 The Swiss Federal Veterinary
Office has published guidelines concerning
the use of tube feeders for weaned pigs,
based on a study13 recommending fewer
than 60 pigs per tube feeder when fed ad
libitum.

In the present study, performance and
feeding behavior of 480 weaned pigs were
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compared according to group size (30, 40,
or 50) when either pellets or meal were fed
in a tube feeder. The objectives of the study
were to assess the influence of group size
and diet form (pellets or meal) on perfor-
mance and feeding behavior of weaned pigs
and to determine an optimal number of
pigs per feeding space according to the diet
form.

Materials and methods
Animals
Twelve groups of newly weaned pigs
(weaned at 3 to 4 weeks of age) were used
in six consecutive trials (N = 480), with the
same numbers of females and castrated
males in each group. These groups differed
by the number of pigs per group (30, 40,
or 50 in groups G30, G40, and G50, re-
spectively) and by the diet form (pellets or
meal). Each treatment was replicated twice
for a total of six trials (Figure 1). All pigs
originated from the same herd, which pro-
duced crossbred piglets from Large White
× Landrace sows and Piétrain boars.

Housing conditions
Pigs were housed in two separate, adjacent
experimental rooms, each 32 m2 and 106
m3, comprising a 20-m2 area deeply bed-
ded with sawdust and a 12-m2 unbedded
area with a solid floor. Floor space allow-
ance was kept constant during the trials,
providing 0.67 m2 per pig in G30, 0.50 m2

per pig in G40, and 0.40 m2 per pig in
G50. Space allowance was not adjusted for
mortality.

Air temperature was kept constant and
similar during the six trials. Average air
temperature was 23.6 ± 0.5˚C (automatic
collection of data, one measurement per
hour). Light cycle was on average 7:00 AM

to 7:00 PM.

Food and water delivery systems
Feeding behavior and performance data
were collected for pigs fed either 2.5-mm
diameter pellets or meal and provided with
one feeder per pen. Meal and pellets were
of the same formulation, containing 18%
crude protein, and were available ad libi-
tum from a tube-type feeder (Devos, type
2; Devos, Ruddervoordestraat, Zwevezele,
Belgium) with an integrated watering sys-
tem and a stainless steel feeding platform
(Figure 2). The 32-cm long platform was
accessible from both sides, providing a total
feeding length of 64 cm. According to

Baxter,14 the width (l) in cm between the
shoulders of a pig can be estimated from
the weight (W) in kg using the equation: l
= 6.1W0.33. For a pig of 16.5 kg (average
of initial and final mean weights of all pigs
used in the six trials), this width was 15.4
cm, and four pigs on average could thus
use one feeder simultaneously. At the be-
ginning and at the end of the 6-week
postweaning period, 5.3 ± 0.0 and 3.6 ±
0.1 pigs, respectively, could eat
simultaneously.

The Devos feeder consists of a funnel-
shaped hopper suspended above a trough,
with a water nipple on each side of the
hopper. Two movable metal rods, extend-
ing from a metal agitator ring fitted around
the lower extremity of the hopper, release
feed when pigs push with their noses on
four smaller rods on the four poles of the
agitator ring. The trough is 8 cm lower be-
neath the water nipples than directly under
the hopper, allowing pigs to eat wet feed
under the water nipples or dry feed in the
central part of the trough. The space be-
tween the bottom of the feed delivery tube
and the trough can be adjusted by a crank
handle, controlling the flow of feed.

No additional source of water was avail-
able. Drinkers were adjusted to a flow rate
of 0.50 L to 0.80 L per minute in order to
avoid water spillage; flow rate was checked
once per trial. Each pen was equipped with
one water meter.

Performance and feeding behavior
Pigs were individually weighed at weaning

(Day 0) and at the end of the trial, a mean
of 44 ± 4 days later. These weights were
used to calculate ADG. Water intake of
each group of pigs was recorded daily. Food
was stored in 25-kg bags and the hoppers
were filled by hand. At the end of each
trial, apparent food intake (including spill-
age) was used to calculate the mean
feed:gain ratio for each pen.

During the six trials, between Days 7 and
36, pigs using the feeders were videotaped
for 24-hour periods, on four occasions in
Trials 5 and 6 and on five occasions in Trials
1 through 4, with a mean interval of 7 days
between videotaping sessions. When dark-
ness came, feeders were discreetly lighted
by a 20W halogen lamp to allow nocturnal
observations. A time-lapse recorder (Time
Lapse Video Cassette Recorder AG-6040;
Panasonic, Osaka, Japan) was used so that
24 hours of observations could be recorded
on a 3-hour videotape.

Videotapes were used to make group obser-
vations. First, the number of pigs interacting
with the feeder was noted by instantaneous
sampling at 10-minute intervals, providing
an estimate of the mean number of pigs
using the feeder (N). Second, occupation
time (OT), expressed as a percentage of
observation time, was calculated as the pe-
riod of time when at least one pig interacted
with the feeder, determined on the basis of
1 minute per minute observations (1440
measurements per 24 h; one-zero sampling).15

Mean hourly time spent per pig at the feeder
(T; minutes per hour) was calculated using
the equation T = (N × 60 × OT) ÷ group
size (for group sizes of 30, 40, or 50).

lairT )puorg/sgip(stelleP )puorg/sgip(laeM
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Figure 1: Design of a study to assess the influence of group size and diet form
on performance and feeding behavior of weaned pigs and to determine the
optimal number of pigs per feeding space. Trials included a total of 480 crossbred
pigs from the same herd (equal numbers of females and castrated males) fed
either pellets or meal ad libitum from tube feeders, beginning at weaning (3 to
4 weeks of age) and ending approximately 6 weeks later. Pigs were housed in
groups of 30, 40, or 50 per pen, providing floor space allowances of 0.67 m2 per
pig, 0.50 m2 per pig, and 0.40 m2 per pig, respectively. Cells marked with an X
show the group sizes included in each trial. Floor space allowance per pig, air
temperature, and light cycle were kept constant during the trials.
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Mean daily feed intake was calculated as
the total amount of feed added to the hopper
in a pen divided by the number of days in
the trial, divided by the number of pigs in
the pen. Ingestion speed was estimated by
dividing the mean daily feed intake by the
mean daily time spent by each pig at the
feeder.

An estimate of occupation rate (OR) for
the feeders was obtained by the equation
OR = (OT ×  N) ÷ n (where n is the theo-
retical number of feeding spaces). The du-
ration of feeder overcrowding was defined
as the amount of time when the mean oc-
cupation rate was higher than 100%.

To compare diurnal and nocturnal feeding
activities, the 24-hour period was divided
into day (7:00 AM to 7:00 PM) and night
(7:00 PM to 7:00 AM). The optimal num-
ber of pigs per feeding space was calcu-
lated, taking into consideration the follow-
ing welfare constraints: the well-known
diurnal feeding preference of pigs;16 the
need to avoid overcrowding (mean 24-hour
OR < 100%); and maximal diurnal occu-
pation rate of the feeder = 100% (ie, for
720 minutes). The optimal number of pigs
per feeding space (X) was thus calculated
by the equation X = 720 ÷ (DP × 24 × T),
where DP is the proportion of time spent
at the feeder during the diurnal period
(when 24-hour OR < 100%).

Statistical analysis
Comparisons of ADG were made using
one-way analysis of covariance, adjusting
results for mean initial weights (GLM pro-
cedure, Statistical Analysis System, Release
8.2, SAS Institute Inc, Cary, North Caro-
lina). Results were compared so that the
effects of group size (30, 40, or 50 pigs)
and diet form (pellets or meal) could be
assessed. As only two values per treatment
were available for the whole test period,
daily feed intake and food conversion ratio
were not tested. Daily water intake was
compared using the least squares means
method of the Mixed procedure allowing
mixed models with repeated data (Mixed
procedure, SAS), so that the effects of
group size (30, 40, or 50 pigs) and diet
form (pellets or meal) could be assessed.

Behavioral data, including OT, N, T, and
OR, were compared using the least squares
means method of the Mixed procedure
allowing mixed models with repeated data
(Mixed procedure, SAS) so that the effects

Figure 2: Tube-type feeder with integrated watering system, allowing pigs to
eat dry or wet meal or pellets (Devos type 2; Devos, Zwevezele, Belgium).
Measurements in cm.
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of group size (30, 40, or 50 pigs), period of
the day (day or night), and diet presenta-
tion (pellets or meal) could be assessed. No
interaction term was included in the
model. The level of significance was set at
P = .05. The effect of time (ie, age of the
animals) was tested using order-two poly-
nomial regressions (REG procedure, SAS):
order-two polynomial regressions of the
mean time spent at the feeder (T, minutes
per hour per pig) according to the number
of weeks after weaning (S) were expressed
as T = a + b S + c S2.

Results
Performance
Performance data are presented in Table 1.
Overall (n = 473), the ADG of pigs fed
pellets (409 ± 80 g per day) was 5% higher
than that of pigs fed meal (389 ± 83 g per
day) (P = .06). The difference in perfor-
mance between pigs fed pellets or meal was
not significant in G30 (P = .15), but in
G40, ADG was 9% higher in pigs fed pel-
lets than in pigs fed meal (Table 1; P < .01),
and in G50, ADG was 8% higher in pigs
fed pellets than in pigs fed meal (Table 1; P
= .02). Whatever the diet, mean ADG was
lower in G50 than in G40 (Table 1): ADG
was 8% lower for G50 pigs than for G40
pigs fed pellets and ADG was 7% lower for
G50 pigs than for G40 pigs fed meal. For

pigs fed meal, ADG was 16% lower in
G40 than in G30 (Table 1). Daily water
intake did not differ, either when groups
fed pellets and groups fed meal were com-
pared, or when groups of different sizes
(30, 40, or 50 pigs per pen) were compared.

A total of seven pigs from six different
groups either died (five pigs) or were re-
moved from the study because of disease
(two pigs).

Behavior
Occupation time was different for feeders
delivering pellets and those delivering meal
(Table 2), primarily because of the higher
nocturnal activity of pigs eating meal.
When meal was fed in G50, the feeder was
occupied during > 11 nocturnal hours.
When there were 50 pigs per pen, the oc-
cupation time for the feeder delivering pel-
lets was 29% higher than when there were
30 pigs per pen (Table 2; P = .03). The
occupation times in the different groups
were not significantly different for the feed-
ers delivering meal. The differences be-
tween occupation times for day and night
were always significant when pigs were fed
pellets (P < .05), but not when pigs were
fed meal.

The difference between the numbers of
pigs using the pellet-feeder and those using
the meal-feeder was significant during the

whole 24-hour period, and particularly
between 7:00 AM and 7:00 PM (P < .01).
On average for the whole 24-hour period,
one more pig used the pellet-feeder in G50
than in G30 (Table 2). There was also a
difference of one pig using the meal-feeder
between G30 and G40, and, in G50, about
six pigs used the meal-feeder simulta-
neously. The number of pigs using the
feeders was very similar in G50 eating pel-
lets and in G30 eating meal, ie, about five
pigs on average during the day and four
during the night (Table 2). Approximately
four pigs in G40 eating meal also used the
feeder during the night, but in G50 eating
meal, approximately five pigs on average
used the feeder during the night (Table 2).
During the day, six pigs used the meal-
feeder in G40 and seven in G50 (Table 2).

When they were fed pellets, pigs spent on
average 4.7 minutes per hour (112.8 min-
utes per day) at the feeder, while pigs fed
meal spent on average 7.3 minutes per hour
(175.2 minutes per day; P < .01). The mean
time spent at the feeder did not differ be-
tween group sizes, whatever the food pre-
sentation and the period of the day (P > .05).
Whether they were fed pellets or meal, the
pigs spent less time at the feeder during the
night than during the day, and although
the difference between day and night feed-
ing times approached statistical significance
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Table 1: Initial and final weights,1 daily weight gain, feed conversion ratio, and daily feed and water intakes (mean ± SD) of
473 nursery pigs fed either pellets or meal 2

1     Initial weights at weaning (3 to 4 weeks of age); final weights on the last day of the trial.
2    Pigs were housed in groups of 30, 40, or 50 per pen (floor space allowances 0.67 m2 per pig, 0.50 m2 per pig, and 0.40 m2 per pig,

respectively), with space allowance kept constant during the trials. The same diet was provided either as pellets or meal, and was
available both wet and dry in tube feeders. ADG was compared using one-way analysis of covariance, adjusting results for mean
initial weights (GLM procedure, Statistical Analysis System, Release 8.2, SAS Institute Inc, Cary, North Carolina). Daily water intake was
compared using the least squares means method of the Mixed procedure allowing mixed models with repeated data (Mixed
procedure, SAS).

ab   Values with different superscripts, in the same row and within a treatment, differ (P < .01).
xy, xz Values with different superscripts, in the same row and within a treatment, differ (P < .001).
yz    Values with different superscripts, in the same row and within a treatment, differ (P = .03).
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for pigs fed meal, the difference was
significant only for pigs fed pellets (P <
.05).

As shown in Figure 3, order-2 polynomial
regressions of the mean time spent at the
feeder according to the number of weeks
after weaning were significant both when
pigs were fed meal and when they were fed
pellets.

The estimates of ingestion speeds were 6.2,
6.3, and 5.5 g of pellets per minute and
4.3, 3.7, and 3.9 g of meal per minute
when pigs were housed in groups of 30, 40,
and 50 per pen, respectively.

Figure 4 shows the mean occupation rates
for the feeder during the day and night for
groups of 30, 40, and 50 pigs per pen fed
either pellets or meal. An OR of 100% cor-
responds to four pigs eating simultaneously
during the observation period. The overall
mean occupation rates were 139 ± 30% for
the meal feeders and 93 ± 21% for the pel-
let feeders during the day (P = .01) and 91
± 33% for the meal feeders and 54 ± 15%
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Table 2: Occupation time,1 number of weaned pigs using the feeder, and time at the feeder (mean ± SD) for nursery pigs
fed either pellets or meal and housed in groups of 30, 40, or 50 with floor space allowance kept constant2

1     Time-lapse videotaping (Time Lapse Video Cassette Recorder AG-6040; Panasonic, Osaka, Japan) was used to observe the pigs in
each trial for 24-hour periods, on four occasions in Trials 5 and 6 and on five occasions in Trials 1 through 4, with a mean interval of 7
days between videotaping sessions.

2    Floor space allowance 0.67 m2 per pig in groups of 30, 0.50 m2 per pig in groups of 40, and 0.40 m2 per pig in groups of 50.
3    Values compared for pigs fed either a pelleted diet or meal using the least squares means method of the Mixed Procedure allowing

mixed models with repeated data (Statistical Analysis System, Release 8.2; SAS Institute Inc, Cary, North Carolina).
4     Values compared for pigs observed at the feeder during the day (7 AM to 7 PM) or at night (7 PM to 7 AM), using the least squares means

method (Mixed procedure, Statistical Analysis System, Release 8.2).
5    NA = not applicable.
ab, xy Values with different superscripts differ, in the same row and within a treatment (P < .05).

for the pellet feeders during the night (P =
.03). The proportion of the 24-hour period
when the feeder was overcrowded (ie, OR
> 100%) was relatively low for pigs fed pel-
lets and housed in groups of 30 (5% of 24
hours) and 40 (23% of 24 hours). How-
ever, in groups of 50 fed pellets and in
groups of 30 fed meal, overcrowding was
observed during nearly 40% of 24 hours.
The proportion of the 24-hour period
when the feeder was overcrowded was 65%
for groups of 40 fed meal and 77% for
groups of 50 fed meal. In groups of 50 fed
meal, the worst situation was observed dur-
ing the fourth week after weaning, when
the feeder was overcrowded for an average
of 23.5 hours of the 24-hour period (ie,
98% of 24 hours), and the mean occupa-
tion rates were 182% during the day and
132% during the night.

In groups of 30, 40, or 50 pigs fed pellets
and in groups of 30 fed meal, where over-
crowding did not occur (ie, mean 24-hour
OR < 100%), approximately 63% of the
time pigs spent at the feeder was observed

between 7 AM and 7 PM. The recom-
mended number of pigs per feeding space
(X) was determined from this value to be
6.5 pigs per feeder space when meal is fed,
and 10.2 pigs per feeder space when pellets
are fed.

Discussion
It is already known that floor space allow-
ance may influence performance in
weaned,7 growing,5 and finisher pigs.5,6 In
those studies, the floor space allowance as-
sociated with poorer results was lower than
that recommended for pigs at final weight,5

or was close to that recommended for pigs
at initial weight.6,7 Moreover, it was hy-
pothesized that, as group size increases, it
may be possible to reduce the total amount
of “free space” without having a negative
effect on performance.6 Reducing space
allowance from 0.74 m2 to 0.65 m2 had no
negative impact when 20 finisher pigs were
housed per pen on a slatted floor.6 In the
present study, the same pen design was
used for the 12 groups of pigs, ie, the pen
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Figure 3: Time (T) spent at a tube feeder (Devos type 2; Devos, Zwevezele, Belgium) according to the number of weeks after
weaning, when pigs were fed meal or pellets. T (min/h/pig) = (N × 60 × OT) ÷ group size, for group sizes of 30, 40, or 50 pigs per
pen, where N is the number of pigs using the feeder and OT is the percentage of time when at least one pig interacted with the
feeder. Pigs were videotaped for a 24-hour period with instantaneous sampling at 10-minute intervals to estimate N and one-
zero sampling to determine OT (one measurement per minute). The effect of time (ie, age of the animals) was tested using order-
two polynomial regressions of T according to the number of weeks postweaning (S), expressed as T = a + b S + c S2 (REG
procedure, Statistical Analysis System, Release 8.2; SAS Institute Inc, Cary, North Carolina). Lines represent order-two polynomial
regressions, with T= 4.17 + 2.24S - 0.32S2, R2 = 0.62 for meal and T= 3.61 + 0.99S - 0.17S2, R2 = 0.56 for pellets (P < .01).
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included a deeply bedded, 20-m2 area. The
floor space allowance per pig was thus 0.4
m2 per pig in G50, 0.5 m2 per pig in G40,
and approximately 0.7 m2 per pig in G30.
These values are in the range of, or higher
than, the usual recommendations for 27-kg
pigs,10,16,17 ie, 0.3 m2 and 0.4 m2, with 0.4
m2 being the space needed for full recum-
bency.17 The floor space allowance per pig
was thus at least equal to the recommended
values for pigs at final weight. Although
these values met or exceeded commonly
accepted standards for floor space allow-
ance, differences according to group size
must be interpreted cautiously.

The ADG of pigs in the present study re-
vealed two essential facts. First, growth per-
formance values decreased as group size
increased, whatever the diet. However, the
difference in ADG between G30 and G40
was significant only when pigs were fed
meal. Second, results obtained with pellets
were better than those obtained with meal
only when there were 40 or 50 pigs per
pen. Group size and food presentation are
thus important parameters to take into ac-
count when managing performance.

Pigs are known to prefer diurnal feed-
ing.18–23 This preference was not evident
when pigs were housed 50 per pen and
given meal in a tube-type feeder. Day and
night feeder occupation times were not
significantly different, and, in addition, the
mean number of pigs using the feeder dur-
ing the night was higher than the theoreti-
cal four feeder spaces, ie, the feeders were
overcrowded.

Our results show that the time spent at the
feeder by each pig was 1.6 times greater
when they were fed meal rather than pel-
lets, and this parameter was not influenced
by group size. Thus, diet form had a dis-
tinct effect on feeding time in weaned pigs.
Similar conclusions may be found in the
literature for pigs at other stages of growth.
Grower-finisher pigs fed meal in dry feed-
ers spent 1.2 times longer eating than pigs
using wet-dry feeders.24 Similarly, the time
spent at the feeder per day by finisher pigs
fed dry meal was 1.8 times longer than the
time spent by finishers fed dry pellets.25

Rates of food consumption in this study
are similar to previously reported values
observed with trough feeders.26,27 In other
circumstances, for example, in pregnant
sows, there was an advantage to feeding
mash instead of pellets because of the

longer time spent eating and the associated
shorter time spent performing stereotypic
behaviour during the postfeeding period.28

In finisher pigs, Gonyou and Lou24 noted
that the slower ingestion speed for meal
compared to pellets is likely to reduce the
number of pigs that can be fed from a feed-
ing space, because the total eating time is
longer. The results of the present study sug-
gest that this is also true for weaned pigs
fed from a tube-type feeder.

To avoid overcrowding at the feeder, which
may impair welfare and performance, our
recommendations are not to exceed one
feeding space for 10.2 piglets fed pellets
and for 6.5 piglets fed meal, corresponding
to 41 and 26 pigs per feeder, respectively,
for feeders with four feeding spaces. A re-
cent study13 in pigs fed pellets (A. Kircher,
written communication) in a similar tube-
type feeder also indicated that maintaining
a ratio of 10 animals per feeding space is
critical. However, the authors included
drinking spaces in this ratio, thus providing
six available feeding spaces per feeder and
not four as in the present study. To calcu-
late the maximum number of pigs per
feeder, the number of effective available
feeding spaces thus must be defined for
“communal-rectangular” troughs.29

Implications
• Diet form is an important parameter

to consider when determining the
optimal number of pigs per feeding
space.

• For tube-type feeders, the optimal
ratio of nursery pigs to feeding spaces
is 10.2:1 for pellets and 6.5:1 for meal.
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