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Summary
Objectives: To evaluate a method of deter-
mining the optimal feeder space allowance 
for pigs.

Materials and methods: Trial 1 used eight 
pens of 12 pigs to determine total eating 
time in pigs to estimate occupancy rates of 
a single-space feeder. Feed was provided in 
four combinations of feed form (mash versus 
pelleted) and water availability in the feeder 
(dry versus wet-dry). Eating behavior of pigs 
was video-recorded during both growing 
and finishing phases. Trial 2 used 560 pigs 
for the growing phase and 454 pigs for the 

finishing phase. Effects of feeder occupancy 
rate (< 80%, 95%, 110%, and 125% for the 
growing phase; 80%, 103%, and 125% for 
the finishing phase) on total eating time and 
growth performance were determined. 

Results: Both feed form (P < .01) and wa-
ter availability in the feeder (P < .001) af-
fected total eating time and, consequently, 
feeder occupancy rate. Pigs spent more 
time eating a dry mash diet than any other 
diet by water combination during both 
growing (P < .001) and finishing (P < .01) 
phases. As feeder occupancy rate increased 
to above 80%, either eating time (P < .05) 
or growth performance (P < .05) decreased.

Implications: When testing levels of feeder 
space allowance and identifying the opti-
mum, the designated number of pigs per 
feeder space should be determined according 
to feeder occupancy rates under different 
production settings. Optimal feeder space 
allowance should maintain both productiv-
ity and eating time of pigs. 
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Resumen - Determinar el espacio óptimo 
de comedero en base a las diferentes  pre-
sentaciones de alimento y disponibilidad 
de agua del comedero para cerdos en cre-
cimiento y finalización

Objetivos: Evaluar un método para deter-
minar el espacio óptimo de comedero para 
cerdos.

Materiales y métodos: La prueba 1 utilizó 
ocho corrales de 12 cerdos para determinar 
el tiempo total de consumo de alimento en 
cerdos para valorar los índices de utilización 
de un comedero de una sola boca. El ali-
mento se proveyó en cuatro combinaciones 
de forma de alimento (puré contra pellet) 
y la disponibilidad de agua en el comedero 
(seco contra seco-húmedo). Se video grabó 
la conducta de consumo de alimento de los 

cerdos durante las fases de crecimiento y  
finalización. La prueba 2 utilizó 560 cerdos 
para la fase de crecimiento y 454 cerdos para 
la fase de finalización. Se determinaron los 
efectos del tiempo de ocupación del comede-
ro (< 80%, 95%, 110%, y 125% para la fase 
de crecimiento; 80%, 103%, y 125% para la 
fase de finalización), se determinó el tiempo 
total de consumo de alimento y desempeño 
de crecimiento.

Resultados: Tanto la presentación del ali-
mento (P < .01), como la disponibilidad de 
agua en el comedero (P < .001) afectaron el 
tiempo total de consumo de alimento y, con-
secuentemente, el índice de ocupación del 
comedero. Los cerdos pasaron más tiempo 
consumiendo una dieta seca en puré que cu-
alquier otra dieta por combinación de agua 
durante las fases de crecimiento (P < .001) y 

finalización (P < .01). Conforme aumentó el 
índice de ocupación del comedero a más de 
80%, el tiempo de consumo de alimento  
(P < .05) o el desempeño del crecimiento  
(P < .05) disminuyeron.

Implicaciones: Cuando se prueben los 
niveles de disponibilidad de espacio del co-
medero para identificar el óptimo, el número 
de cerdos designados por comedero se debe 
determinar  de acuerdo  al tiempo de uti-
lización y los escenarios de producción. El 
espacio óptimo de utilización debe mantener 
la productividad y el tiempo de consumo de 
alimento de los cerdos.
 

Résumé - Détermination de l’espace alloué 
à la mangeoire selon le type d’aliment et la 
disponibilité de l’eau dans la mangeoire pour 
des porcs en période de croissance-finition

Objectifs: Évaluer une méthode pour déter-
miner l’espace optimal à allouer aux porcs à 
la mangeoire.

Matériels et méthodes: Dans l’essai 1, huit 
enclos de 12 porcs ont été utilisés pour dé-
terminer le temps total d’alimentation des 
porcs afin d’estimer les taux d’occupation de 
mangeoire à espace unique. L’aliment était 
fourni en quatre combinaisons de formes 

https://doi.org/10.54846/jshap/972 
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Optimal feeder space allowance 
should not only maintain perfor-
mance and welfare of pigs, but 

should also achieve the maximal potential of 
the feeder. When attempting to determine 
optimal feeder space allowance, researchers 
have opted to assign arbitrary pig-to-feeder 
space ratios and concluded their findings 
exclusively on the basis of these selected 
ratios.1,2 In fact, the maximum potential of 
a feeder, which is defined as the maximal 
number of pigs that can be fed from it, is 
primarily a reflection of the total amount of 
time that each pig needs to spend eating on a 
daily basis (total eating time). Many factors 
affect the amount of time needed for pigs 
to consume their feed,3 such as feed form 
(mash versus pelleted),4 availability of water 
in the feeder (dry versus wet-dry),5,6 body 
weight and age,7 and eating behavior8,9 of 
the pigs. The optimal feeder space allowance, 

which is defined as the maximal number 
of pigs sharing one feeding space without 
reduction in performance and well-being 
of the pigs,4,5 may vary with these influenc-
ing factors. Consequently, it is difficult for 
researchers to arbitrarily select pig-to-feeder-
space ratios in order to identify the ideal 
ratio and the optimal feeder space allowance 
for pigs at different production settings. The 
“ideal way” to determine how many pigs 
can be fed from a single-space feeder is to 
keep increasing the number of pigs until it 
results in a drop in productivity or eating 
time. This type of testing is expensive and 
time consuming. However, if a standard test 
could be developed, it would prove to be 
invaluable for both researchers and produc-
ers. That is, researchers could employ the test 
to investigate optimal feeder space allowance 
for pigs under different production settings, 
and producers could perform the test on 
farm to determine the maximal potential of 
existing feeders. The goal of this study was 
to develop and validate such a standard test. 
It was hypothesized that pigs might change 
their total eating time as they grow, and with 
feed form and water availability in the feeder 
provided, consequently changing feeder oc-
cupancy rate (percentage of the cumulated 
time period that a feeder is occupied by pigs 
over a 24-hour period)5 and optimal feeder 
space allowance. The objectives of this study 
were to determine total eating time in pigs 
fed mash or pelleted diets from feeders with 
or without a water source in the feeder (dry or 
wet-dry) during both growing and finishing 
phases; to estimate feeder occupancy rates on 
the basis of total eating time; and to evaluate 
effects of feeder occupancy rate on eating be-
havior and growth performance of pigs. Even-
tually, the optimal feeder space allowances 
that do not limit eating behavior, feed intake, 
or growth, while maintaining the maximum 
feeder occupancy rate, were estimated.

Materials and methods
The study was conducted on the 600-sow 
farrow-to-finish facility of the research farm 
of the Prairie Swine Center in Saskatoon, 
Saskatchewan, Canada. The University 
Committee of Animal Care and Supply of 
the University of Saskatchewan reviewed 
and approved the protocol for this study to 
ensure adherence to the guidelines of Cana-
dian Council on Animal Care.10

Trial 1
The first trial was to determine the total 
amount of time that a single-space feeder 

is in use by small groups of pigs fed diets in 
different forms (mash versus pelleted) from 
feeders with or without a water source in the 
feeder (dry versus wet-dry). The data were 
extrapolated to estimate feeder occupancy 
rate for pigs that were provided with each 
combination of feed form and water avail-
ability in the feeder. Ninety-six pigs (body 
weight mean ± standard deviation [SD] 
21.4 ± 2.40 kg; PIC Canada Ltd, Winni-
peg, Manitoba) were weighed individually, 
sorted, and assigned to eight pens on fully 
slatted floors, each pen providing 12.2 m2 
(1.0 m2 per pig), excluding space occupied 
by the feeder. Pigs were randomly allot-
ted (by random number generator) within 
sex and weight categories such that each 
pen housed six barrows and six gilts, and 
the average weight and variation in weight 
within each pen were similar. Two pens 
were then randomly assigned (by random 
number generator) to each of four treatment 
combinations: mash diets fed from a dry 
feeder (DM), mash diets fed from a wet-dry 
feeder (WM), pelleted diets fed from a dry 
feeder (DP), and pelleted diets fed from 
a wet-dry feeder (WP). Both the dry and 
wet-dry feeders were single-space, shelf-type 
feeders (Crystal Spring, Model # F2000; St 
Agatha, Manitoba, Canada) for growing-
finishing pigs, as described by Gonyou and 
Lou.5,11 The dry feeders had the same design 
as the wet-dry feeders except that there was 
no nipple drinker in the dry feeder. Both the 
dry and wet-dry feeders provided feed access, 
by means of gravity, on a shelf approximately 
25 cm above the feeder pan. The area of the 
feeder pan measured 38 cm × 38 cm for all 
feeders. Pigs had ad libitum access to a barley- 
and soybean-meal-based diet in a two-phase 
feeding program formulated according to 
National Research Council (NRC) stan-
dards.12 For the initial 6 weeks of the trial 
(growing phase; initial weight [± SD] = 21.4 ± 
2.40 kg, end weight = 59.4 ± 4.91 kg), the diet 
was formulated to contain 3.26 Mcal digestible 
energy (DE) per kg and 16.8% crude protein 
(CP). The diet for the second phase (finishing 
phase; initial weight = 59.4 ± 4.91 kg, final 
weight = 100.0 ± 9.66 kg) was formulated to 
contain 3.21 Mcal DE per kg and 16.1% CP. 
Pens with a dry feeder had one nipple drinker 
on the wall opposite the feeder. For pens with 
a wet-dry feeder, the only source of water 
was one water nipple located in the feeder, 
and no additional drinker was provided. Pigs 
were housed in the same mechanically ven-
tilated room. Temperature in the room was 
controlled to the thermoneutral zones for 

(en pâté versus en granules) et de disponibilité 
d’eau dans la mangeoire (sec versus mouillé-
sec). Le comportement des porcs s’alimentant 
était enregistré sur vidéo durant les phases de 
croissance et de finition. L’essai 2 a utilisé 560 
porcs dans la phase de croissance et 454 porcs 
dans la période de finition. Les effets des taux 
d’occupation à la mangeoire (< 80%, 95%, 
110%, et 125% pour la phase de croissance; 
80%, 103%, et 125% pour la période de fini-
tion) sur le temps total d’alimentation et les 
performances de croissance ont été déterminés.

Résultats: La forme de l’aliment (P < 0,01) 
et la disponibilité de l’eau dans la man-
geoire (P < 0,001) ont affecté le temps total 
d’alimentation et, par conséquent, les taux 
d’occupation à la mangeoire. Les porcs ont 
passé plus de temps à consommer une diète 
sèche en pâté que n’importe quelle autre 
combinaison de diète et d’eau autant durant 
la période de croissance (P < 0,001) que de 
finition (P < 0,01). À mesure que le taux 
d’occupation à la mangeoire augmentait au-
dessus de 80%, il y avait une diminution soit 
du temps d’alimentation (P < 0,05) ou des 
performances de croissance (P < 0,05).

Implications: Lors de l’évaluation de l’espace 
à allouer à la mangeoire pour identifier ce 
qui serait optimum, le nombre de porcs par 
espace de mangeoire devrait être déterminé en 
fonction des taux d’occupation à la mangeoire 
sous différents paramètres de production. 
L’espace optimal à allouer à la mangeoire 
devrait voir à maintenir la productivité et le 
temps d’alimentation des porcs.



Journal of Swine Health and Production — July and August 2017176

pigs.13 Light period was 12 hours daily. Room 
temperature, feeders, drinkers, and animal 
health were checked twice daily, in the morn-
ing and afternoon. Feed added to the feeders 
was recorded on a pen basis. Remaining feed 
and individual pigs in each pen were weighed 
every 2 weeks, from which average daily gain 
(ADG) and average daily feed intake (ADFI) 
were calculated. When pigs were removed 
from the trial, the date and reason for removal 
were recorded.

When pigs weighed between 35 and 45 kg 
during the growing phase, the feeder area in 
each pen was video-recorded for two con-
secutive 24-hour periods. Within each pen, 
pigs’ activities were video-recorded by two 
cameras (Panasonic WV-BP120; Osaka, Ja-
pan) installed above the feeder, a quad input 
device (Panasonic WJ-410), and a time-lapse 
recorder (Panasonic AG-6730; recording  
10 images per second). A second set of video 
recordings was taken for two consecutive 
24-hour periods in the finishing phase, when 
the pigs weighed between 90 and 100 kg, to 
determine the effect of pig size on time spent 
eating and to determine whether this effect 
was consistent across the treatments. During 
video-recording periods, the normal lighting 
schedule was maintained; however, supple-
mental low-level light (a 40-watt light bulb) 
was used to illuminate the feeder area to 
assist video-recording. The video-recordings 
were analyzed using instantaneous sampling 
at 5-minute intervals in order to determine 
time spent eating.13 All data were summa-
rized and expressed as total eating time per 
day per pig.14 Eating was defined as a pig 
having its head in the feeder.5 Eating rate 
was calculated for each pen on the basis of 
ADFI and total eating time.

Trial 2
Using the behavior data collected from Trial 1 
(Table 1), the number of pigs required to 
create various levels of feeder occupancy rate 
under each previously outlined feeding condi-
tion was calculated. Feeder occupancy rates 
were estimated using the equation

Feeder occupancy rate (%) = number 
of pigs in the pen × total eating time 

(minutes per pig per day) ÷ (24 hours × 
60 minutes) × 100%

The feeder occupancy rate was defined as 
100% when the feeder was expected to be 
used 24 hours a day by the pigs. In other 
words, 100% feeder occupancy rate means 
that the single-space feeder was occupied 
by a pig at any given time over a 24-hour 

Table 1 (Trial 1): Total eating time and estimated feeder occupancy rate of grow-
ing and finishing pigs when eating different forms of feed (mash versus pelleted) 
from single-space feeders with or without presence of water in the feeder (dry 
versus wet-dry feeders)*

Mash Pellets
SEMDry Wet-dry Dry Wet-dry

No. pens 2 2 2 2 NA
No. pigs per pen 12 12 12 12 NA

Total eating time (min/pig/d)†

Growing pigs‡ 106.5 72.5 75.9 78.6 4.6
Finishing pigs§ 105.7 63.5 65.2 64.6 4.6

Estimated feeder occupancy rate (%)¶

Growing pigs‡ 88.8 60.4 63.3 65.5 3.8
Finishing pigs§ 88.1 52.9 54.3 53.8 3.8

* Pigs in each pen were video-recorded for two consecutive 24-hour periods.
†  Total amount of time that a pig spent eating (defined as a pig having its head in the 

feeder) over a 24-hour period.
‡  Growing pigs weighed 35 to 45 kg.
§  Finishing pigs weighed 90 to 100 kg.
¶  Percent of the time that the feeder was expected to be used by pigs daily to consume 

the amount of feed that maximized growth performance, calculated using the equation
 feeder occupancy rate (%) = (number of pigs × total eating time (min/day/pig) ÷ (1440 

min/d × 100%).
SEM = standard error of the mean; NA = not applicable, descriptive variables;  

min = minute(s); d = day.

period. During the growing phase, the low-
est level of feeder stocking capacity was 
maintained at 12 pigs per feeder (referred 
to as the “standard feeder occupancy rate” 
(Table 2) for all combinations of feed form 
and water availability in the feeder, in order 
to verify results from Trial 1. This standard 
occupancy rate was equivalent to approxi-
mately 88%, 60%, 63%, and 65% feeder 
occupancy rate for DM, WM, DP, and WP 
diet treatments, respectively. In addition to 
the standard occupancy rate, three feeder oc-
cupancy rates of approximately 95%, 110%, 
and 125% for each combination of feed form 
and water availability were included to evalu-
ate the optimal feeder space allowance dur-
ing the growing phase. During the finishing 
phase, feeder occupancy rates were reduced to 
approximately 80%, 103%, and 125% for the 
DM, WM, and DP treatments due to barn 
space restrictions. For the same reason, only 
feeder occupancy rates of 80% and 125% 
were represented in the WP treatment. 
Feeder occupancy rates exceeding 100% 
were tested in anticipation that pigs would, 
to some degree, adapt to feeder crowding by 
eating faster, and to ensure that the highest 
occupancy rates would result in reduced 
productivity. During the finishing phase, all 

combinations of feed form and water avail-
ability in the feeder included a feeder occu-
pancy rate of 80%, allowing a comparison of 
feed form and water availability in the feeder 
treatments under uncrowded feeding condi-
tion.5 Table 2 outlines the number of pigs 
used to generate estimated feeder occupancy 
rates for each combination of feed form and 
water availability in the feeder during both 
growing and finishing phases. Pigs were from 
the same source as for Trial 1.

To evaluate effect of feeder occupancy rate on 
eating behavior and growth performance of 
pigs, two identical grower-finisher rooms were 
used for Trial 2, with each treatment combina-
tion represented in both rooms. The rooms 
had fully slatted floors, were mechanically ven-
tilated to achieve thermoneutral conditions, 
and were managed as in Trial 1. Pen size varied 
with the number of pigs in the pen such that 
each pig had the same floor space allowance. 
Floor space allowance was calculated on the 
basis of the predicted final weight of the pigs in 
that growth phase using this equation:

Floor area (m2) = 0.035 × BW (kg)0.667

The resulting floor space allowance was  
0.54 m2 and 0.76 m2 per pig for the growing 
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Table 2 (Trial 2): No. of pigs per single-space feeder for estimated feeder occupancy rate when feed was offered in different 
forms (mash versus pelleted) from feeders with or without presence of water in the feeder (dry versus wet-dry)

Estimated feeder occupancy rate (%)*
Mash Pellets

Dry Wet-dry Dry Wet-dry
Growing pigs (No. of pigs per pen)
Standard† 12 12 12 12
95 13 19 18 17
110 15 22 21 20
125 17 25 24 23
Finishing pigs (No. of pigs per pen)
80 11 18 18 18
103 14 23 23 ND
125 18 28 28 28

* Percent of the time that the feeder was expected to be used by pigs daily to consume the amount of feed that maximized growth per-
formance was calculated using the equation occupancy rate (%) = (number of pigs × total eating time (min/d/pig) ÷ 1440 min/d × 100%), 
where total eating time was defined as the pig having its head in the feeder. The estimated feeder occupancy rate was defined as 100% 
when the feeder was expected to be used all the time by pigs in a pen under uncrowded feeding conditions or when feeder access was 
deemed to not be limiting.

†  The standard group was designed to validate results of Trial 1 using group size of 12 pigs per single-space feeder. The estimated feeder oc-
cupancy rate was 88%, 60%, 63%, and 65% for pigs fed with dry mash, wet-dry mash, dry pelleted, and wet-dry pelleted diets, respectively.

ND = Not done due to restrictions of barn space.
 

and finishing phases, respectively. Feeders 
were the same as those used in Trial 1. As in 
Trial 1, pens with a wet-dry feeder had one 
water nipple in the feeder as their only wa-
ter source, while pens with a dry feeder were 
equipped with two nipple drinkers located on 
the opposite side of the pen from the feeder. 
Feed formulation was the same as in Trial 1 
and remained consistent across treatments.

Five hundred and sixty pigs (21.3 ± 3.43 kg) 
without visible signs of compromised health 
were randomly assigned (by random  number 
generator) within sex and weight categories, 
such that the average weight and variation in 
weight within each pen were similar at the 
beginning of the growing phase. The numbers 
of barrows and gilts within a pen were equal 
when total pig number was even, or differed 
by one when total number was odd. Two pens 
were randomly assigned (by random number 
generator) to each treatment combination 
(feeder occupancy rate × feed form × water 
availability in the feeder) for both growing 
and finishing phases. Pigs remained in the 
growing phase for 6 weeks. The pigs were 
then weighed individually and sorted by sex 
and weight. Among them, 454 pigs (60.6 ± 
7.14 kg) without obvious signs of compro-
mised health were selected for data collec-
tion in the finishing phase. These pigs were 
allocated randomly (using a random number 
generator) within sex and weight categories to 

each treatment pen without consideration of 
previous treatment during the growing phase. 
The treatments for the finishing phase were 
continued for only 4 weeks (final weight of 
pigs = 92.8 ± 9.66 kg) due to restrictions of 
barn space. Feed was weighed as it was added 
to the feeders on a pen basis. Individual pigs 
and any remaining feed in each pen were 
weighed every 3 weeks during the growing 
phase and every 2 weeks during the finishing 
phase.

During the growing phase, when pigs reached 
between 35 and 45 kg, all feeders were video-
recorded for two consecutive 24-hour periods, 
as in Trial 1. During the third week of the 
finishing phase, when the pigs weighed 
between 75 and 85 kg, feeders were again 
video-recorded for two consecutive 24-hour 
periods. As in Trial 1, video recordings were 
analyzed using instantaneous sampling at 
5-minute intervals in order to determine 
total eating time.

Data analysis
All data were analyzed using mixed linear 
regression and using the Mixed and Glimmix 
procedures of SAS (SAS Institute Inc, Cary, 
North Carolina), with pen as the experimen-
tal unit. Two separate analyses were conduct-
ed. The first analysis examined effects of feed 
form and water availability in the feeder on 

total eating time of pigs under the standard 
(growing phase) or 80% capacity (finishing 
phase). For this purpose, data from both 
Trial 1 and Trial 2 were used. For the growing 
phase, all pens containing 12 pigs were in-
cluded in the analysis. For the finishing phase, 
the data from pens containing 12 pigs in Trial 
1 and pens with 80% feeder stocking capac-
ity in Trial 2 were used. Initial analyses were 
conducted to compare differences in eating 
behavior and growth performance between 
the two trials. No significant differences were 
detected (all P > .10), and the data from the 
two trials were combined. The model includ-
ed feed form, water availability in the feeder, 
and their interaction as fixed effects, with 
trial and room serving as random effects. The 
second analysis was conducted to evaluate the 
effect of feeder occupancy rate on pigs under 
each combination of feed form and water 
availability in the feeder. In this case, only 
data from Trial 2 were used. The same model, 
but separate analyses, were conducted for the 
growing and finishing phases, respectively. 
The model included feeder occupancy rate, 
feed form, water availability in the feeder, and 
their interactions as fixed effects, with room 
as the random effect. Differences between 
means were tested by PDIFF using a Tukey 
test with adjustment for multiple compari-
sons. Significant differences were identified at 
P < .05 and trends at P < .10.
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Table 3 (Trial 1 and Trial 2): Effect of feed form (mash versus pelleted) and water availability in the feeder (dry versus wet-
dry) on performance and eating behavior of pigs using single-space feeders*

Parameter
Mash Pellets

SEM
P

Dry Wet-dry Dry Wet-dry Form† Water availability‡ Interaction
Growers
No. pens 4 4 4 4 NA NA NA NA
ADG (kg) 0.771b 0.848a 0.812a 0.825a 0.023 .35  < .001 < .01
ADFI (kg) 2.11b 2.37a 2.08b 2.16b 0.055 < .01 < .01 .04
Gain:feed 0.369b 0.363b 0.393a 0.387a 0.035  .02 .48 .98
TET (min/pig/day) 106.9a 71.6b 81.8b 79.3b 2.85  < .01 < .001 < .001
ER (g/pig/minute) 19.7c 33.4a 25.9b 27.2b 3.71 .99 < .001 < .001
Finishers
No. pens 4 4 4 4 NA NA NA NA
ADG (kg) 0.837c 0.924ab 0.882b 0.957a 0.047 .14 < .01 .81
ADFI (kg) 2.73b 3.06a 2.64b 2.79b 0.100  .03 < .01 .22
Gain:feed 0.307b 0.303b 0.334a 0.346a 0.025 .02 .79 .55
TET (min/pig/day) 106.5a 66.6b 67.0b 65.1b 2.98 < .001 < .001 < .001
ER (g/pig/min) 25.6b 46.7a 39.5a 43.4a 3.14 .06 < .001 < .01

*     Data were derived from 12 pigs/feeder in both Trial 1 and Trial 2 for the growing phase, and 12 pigs/feeder in Trial 1 and 80% feeder     
    occupancy rate in Trial 2 for the finishing phase. 

†      Mash versus pelleted feed.
‡      Dry versus wet-dry feeders.
SEM = standard error of the mean; ADG = average daily gain; ADFI = average daily feed intake; gain:feed = weight gain per unit of feed  

      intake; TET = total eating time of pigs, referring to total amount of time that pigs spent eating daily; ER = eating rate of pigs, based on  
      ADFI and TET; min = minute(s); NA = not applicable, descriptive variables.

abcd     Means within a row with no common superscript differ (Tukey tests adjusted for multiple comparisons; P < .05).

Results
A total of three pigs from three pens were 
removed from Trial 1, and 15 pigs from 12 
pens were removed from Trial 2 due to com-
promised health, with no more than two 
pigs removed per pen. There was no evidence 
that the number of pigs removed from the 
study was associated with feed form, water 
availability in the feeder, or feeder stocking-
capacity treatments.

Effects of feed form and water  
availability in the feeder
Growing phase (body weight 20 to 60 kg). 
There was an interactive effect of feed form 
by water availability in the feeder on ADG 
(P < .01; Table 3). Pigs fed DM diets gained 
less weight than pigs on any other treatment 
combination. Pigs using a wet-dry feeder 
had better gains than those using a dry 
feeder (P < .001). There was no effect of feed 
form on ADG. Both feed form and water 
availability in the feeder affected ADFI, 
with pigs fed mash diets having higher 

ADFI (P < .01) than pigs fed pelleted diets, 
and pigs using wet-dry feeders having higher 
ADFI (P < .01) than pigs using dry feed-
ers. There was an interactive effect between 
feed form and water availability in the feeder 
(P < .05) on ADFI, with pigs fed WM diets 
having higher intake than pigs on any other 
treatment. Pigs fed pelleted diets had better 
gain:feed than pigs fed mash diets (P < .05). 
Water availability in the feeder did not affect 
feed efficiency. In general, pigs fed mash diets 
spent more time eating than those fed pel-
leted diets (P < .01). Additionally, pigs using 
a dry versus wet-dry feeder had longer total 
eating time (P < .001). The primary source of 
variation was attributable to the interactive 
effect between feed form and water avail-
ability in the feeder (P < .001), with pigs fed 
DM diets spending more time eating than 
those on any other treatment combination. 
Pigs using a wet-dry feeder ate faster than 
those using a dry feeder (P < .001). Again, the 
primary source of variation was attributable 
to the interactive effect between feed form 
and water availability in the feeder (P < .001), 

with pigs fed DM diets having the lowest 
eating rate and pigs fed WM diets having the 
highest eating rate.

Finishing phase (body weight 60 to 100 kg). 
Pigs using a wet-dry feeder had higher ADG 
(P < .01; Table 3) than those using a dry feeder. 
Feed form did not affect ADG, and there 
was no interaction between feed form and 
water availability in the feeder. Pigs fed mash 
diets had greater ADFI (P < .05) than those 
fed pelleted diets. Additionally, pigs using a 
wet-dry feeder had greater ADFI (P < .01) 
than those using a dry feeder. Pigs fed pel-
leted diets had better gain:feed (P < .05) 
than pigs fed mash diets. Water availability 
in the feeder did not affect feed efficiency, 
and there were no interactive effects of feed 
form and water availability in the feeder 
on feed efficiency. Pigs fed DM diets had 
longer total eating time (P < .001) and ate 
more slowly (P < .001) than pigs on any 
other treatment. In general, pigs fed mash 
diets spent more time eating (P < .001) 
than those fed pelleted diets; and pigs using 
a dry feeder had longer total eating time  
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Table 4 (Trial 2): P values derived from data analyzed using mixed linear regression for effects of feeder occupancy rate, feed 
form, and water availability in the feeder on performance and eating behavior of pigs using single-space feeders

Parameter Occupancy* Form† Water availability‡ Occupancy × form Occupancy × water availability
Growing pigs
ADG (kg) < .001 .25 .06 .95 .04
ADFI (kg) < .001 .08 < .01 .71 .89
Gain:feed .60 < .01 .053 .74 .13
TET (min/pig/day) < .001 < .001 < .001 .16 .09
ER (g/pig/min) .08 .07 < .001 .24 .73
Finishing pigs
ADG (kg) < .001 < .01 .16 .14 < .01
ADFI (kg) < .001 .42 .31 .052 .12
Gain:feed .57 .12 .39 .44 .29
TET (min/pig/day) < .01 < .001 < .001 .04 .051
ER (g/pig/minute) .55 < .001 < .01 .06 .16

*  Percent of the time that the feeder was expected to be used by pigs according to total eating time under uncrowded conditions.
†  Mash versus pelleted feed.
‡  Dry versus wet-dry feeders.
ADG = average daily gain; ADFI = average daily feed intake; gain:feed = weight gain per unit of feed intake; TET = total eating time of 

pigs, which refers to total amount of time that pigs spent eating daily; ER = eating rate of pigs, which was based on ADFI and TET; min = 
minute(s); d = day.

(P < .001) than those using a wet-dry 
feeder. Pigs using a wet-dry feeder ate faster 
(P < .001) than those using a dry feeder; 
and pigs fed pelleted diets tended (P < .10) 
to eat faster than pigs fed mash diets. The 
primary source of variation was attributable 
to the interactive effect between feed form 
and water availability in the feeder.

Effects of feeder occupancy rate, 
feed form, and water availability in 
the feeder
The P values for effects of feeder occupancy 
rate, feed form, and water availability in the 
feeder for both the growing and finishing 
phases are presented in Table 4.

Growing phase. Across feed form and water 
availability in the feeder combinations, an 
increase in feeder occupancy rate led to a 
decrease in ADG (P < .001; Table 5). Feeder 
occupancy rate interacted with water avail-
ability in the feeder to influence ADG  
(P < .05; Table 4). Pigs using wet-dry feeders 
had a larger decrease in ADG (from 0.812 kg 
at 80% feeder occupancy rate to 0.680 kg at 
125% feeder occupancy rate, SEM (standard 
error of the mean) = 0.013; P < .001) than 
those using dry feeders (from 0.773 kg at 
80% feeder occupancy rate to 0.707 kg at 
125% feeder occupancy rate, SEM = 0.013; 

P < .05) as feeder occupancy rate increased. 
There was no interactive effect of feeder oc-
cupancy rate and feed form on ADG.

Overall, ADFI decreased when feeder occu-
pancy rate increased from 80% to 125%  
(P < .001; Table 5). There was no interac-
tive effect of feeder occupancy rate and feed 
form or water availability in the feeder on 
ADFI. Feeder occupancy rate did not affect 
gain:feed, and there was no interactive effect 
of feeder occupancy rate and feed form or wa-
ter availability in the feeder on feed efficiency.

As feeder occupancy rate increased, total 
eating time decreased (P < .001; Table 5). 
Feeder occupancy rate did not interact with 
feed form, but tended to interact with water 
availability in the feeder (P < .10; Table 4) 
with an effect on total eating time. Pigs using 
dry feeders tended to have a larger reduction 
in total eating time than pigs using wet-dry 
feeders as feeder occupancy rate increased. 
An increase in feeder occupancy rate tended 
(P < .10) to increase eating rate. There was 
no interaction of feeder occupancy rate with 
feed form or water availability in the feeder.

Finishing phase. Across feed forms and water 
availability in the feeder, ADG decreased 
when feeder occupancy rate increased (P < 
.001; Table 5). Feeder occupancy rate inter-
acted with water availability in the feeder  

(P < .01; Table 4) to influence ADG. As feed-
er occupancy rate increased, pigs using wet-
dry feeders had a larger reduction in ADG 
(0.989,a 0.653,b and 0.608b kg at 80%, 103%, 
and 125% feeder occupancy rate, respectively, 
SEM = 0.029; P < .001) than those using 
dry feeders (0.893,a 0.835,ab and 0.726b kg at 
80%, 103%, and 125% feeder occupancy rate, 
respectively, SEM = 0.029; P < .01; means 
with no common superscript differ).

Across feed form and water availability in 
the feeder combinations, ADFI decreased 
(P < .001; Table 5) as feeder occupancy rate 
increased. Feeder occupancy rate tended  
(P = .052; Table 4) to interact with feed 
form to influence ADFI, with pigs fed mash 
diets tending to have a larger reduction in 
ADFI than pigs fed pelleted diets as feeder 
occupancy rate increased. Feed efficiency 
was not affected by feeder occupancy rate.

Total eating time decreased (P < .001; 
Table 5) as feeder occupancy rate increased 
across feed forms and water availability in the 
feeder. Feeder occupancy rate interacted (P 
< .05; Table 4) with feed form. Pigs fed mash 
diets had a larger decrease in total eating time 
than pigs fed pelleted diets as feeder occu-
pancy rate increased. Feeder occupancy rate 
tended (P = .051) to interact with water avail-
ability in the feeder to influence total eating 
time. As feeder occupancy rate increased, 
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Table 5 (Trial 2): Effect of feeder occupancy rate across feed form and water availability in the feeder on performance and eat-
ing behavior of pigs using single-space feeders

Parameter
Feeder occupancy rate (%)*

SEM PSTD 95 110 125
Growing pigs
No. pens† 8 8 8 8 NA NA
ADG (kg) 0.793a 0.775a 0.737b 0.693c 0.013 < .001
ADFI (kg) 1.92a 1.83ab 1.76bc 1.65c 0.045 < .001
Gain:feed 0.414 0.424 0.420 0.422 0.008 .60
TET (min/pig/day) 86.4a 79.3b 73.7c 65.2d 1.81 < .001
ER (g/pig/minute) 23.0f 23.7ef 24.5ef 26.0e 1.28 .08

Parameter
Feeder occupancy rate (%)*

80 103 125 NA NA
Finishing pigs
No. pens† 8 6 8 NA NA
ADG (kg)‡ 0.941 ± 0.039a 0.778 ± 0.047b 0.667 ± 0.039b NA < .001
ADFI (kg) 2.72 ± 0.14a 2.30 ± 0.15b 2.14 ± 0.14b NA < .001
Gain:feed 0.342 ± 0.027 0.341 ± 0.029 0.324 ± 0.027 NA .57
TET (min/pig/day) 77.8 ± 3.48a 67.9 ± 4.16ab 57.9 ± 3.48b NA < .01
ER (g/pig/minute) 36.4 ± 2.2 35.2 ± 2.5 38 ± 2.2 NA .55

*     Percent of the time that the feeder was expected to be used by pigs according to total eating time under uncrowded conditions.
†      No. of pigs per pen for each feeder stocking capacity; described in Table 2.
‡      Mean ± standard error of the mean (SEM).
NA = not applicable; STD = standard group size (12 pigs per single-space feeder, regardless of feed form or feeder design); ADG = average    

   daily gain; ADFI = average daily feed intake; gain:feed = weight gain per unit of feed intake; TET = total eating time of pigs, referring to  
   total amount of time that pigs spent eating daily; ER = eating rate of pigs, calculation based on ADFI and TET. 

abcd  Means within a row with no common superscript differ (Tukey test adjusted for multiple comparisons; P < .05). 
ef      Means within a row with no common superscript tend to differ (Tukey test adjusted for multiple comparisons; P < .10).

pigs using dry feeders tended to have a larger 
decrease in total eating time than pigs using 
wet-dry feeders. Feeder occupancy rate did 
not affect eating rate in finishing pigs.

Discussion
In this study, we explored a novel method 
of determination of feeder space allowance 
for pigs. This method emphasizes that, in 
order for researchers to identify the optimal 
feeder space allowance, the treatment levels 
of feeder space to be examined should be 
based on the eating behavior of the pigs, and 
then feeder occupancy rate can be deter-
mined. Eating behavior can be determined 
using small groups of pigs under uncrowded 
feeding conditions. On the basis of results 
of previous studies,1,5,7 12 pigs eating from 
a single-space feeder were chosen for the 
uncrowded feeding condition. Gonyou and 
Lou5 demonstrated that there was no differ-
ence in growth performance when 12 pigs 
were fed from a single-space dry feeder versus 

a single-space wet-dry feeder, or from a single-
space feeder versus a double-space feeder. Like-
wise, Hyun and Ellis1,7 reported that there was 
no difference in growth performance between 
eight pigs and 12 pigs fed from a single-space 
feeder. Hyun and Ellis1,7 also demonstrated 
that when 12 pigs were fed mash diets from 
a dry feeder, they occupied the feeder 83% 
of the time during the growing period, and 
74% of the time during the finishing period. 
Pigs may spend less time eating and have a 
lower occupancy rate of the feeder when 
provided pelleted wet-dry diets than when 
provided dry mash diets. As a result, the 
uncrowded feeding condition was designed 
at approximately 80% or lower feeder oc-
cupancy rate across feed form and feeder 
design treatments in this study. Accordingly, 
both 12 pigs per single-space feeder and 80% 
feeder occupancy rate were considered  
uncrowded feeding conditions.

The interactive effect of feed form and water 
availability in the feeder on eating behavior 

and growth performance were determined 
during both growing and finishing phases. 
The performance data were consistent with 
previous findings3,6,15 that pigs fed from 
wet-dry feeders had higher ADG and ADFI 
than did those fed from dry feeders. By test-
ing a wide variety of feeders, Gonyou and 
Lou5 found that wet-dry feeders consistently 
produced pigs with higher ADG and ADFI 
than dry feeders, indicating the improved 
productivity was likely due to the provision 
of water at the feeder. Bergstrom et al16 dem-
onstrated that the benefit of wet-dry feeders 
to improve ADG in pigs was diminished 
when the same wet-dry feeders were used as 
dry feeders (water source removed). An in-
teractive effect between feed form and water 
availability in the feeder on ADG and ADFI 
in growing pigs was observed in the current 
study, that is, wet-dry feeders increased ADG 
and ADFI when pigs were fed mash diets, but 
not when pigs were fed pelleted diets. This 
interaction could be attributable to several 
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factors. One factor could be the increased 
feed wastage by pigs fed a dry mash diet.17 
When feeding a mash diet, water consump-
tion is much higher than when feeding a 
pelleted diet from a dry feeder,4 and the pigs 
would have to interrupt feeding more often 
in order to drink.18 This interrupted feeding 
leads to an increase in the number of times 
the pig enters and exits the feeder, increas-
ing the chance of more feed being wasted. 
In contrast, a wet-dry feeder allows pigs to 
either mix feed with water before eating (the 
water thereby acting as a lubricant) or drink 
while eating at the feeder because water is at 
the feed source.  
Either way, this will decrease feed wastage 
and the number of times that the pig must 
exit the feeder.5,19 A pelleted diet, even 
fed from a dry feeder, presumably does not 
become as sticky, according to our on-farm 
observations, so the pig is more likely to 
eat without having to interrupt its meal 
with many drinks, decreasing the total time 
required for eating and decreasing feed wast-
age and the number of feeder exits.

The current study demonstrated that both 
feed form and water availability in the feeder 
affected total eating time, and consequently, 
feeder occupancy rate. Pigs fed mash diets 
spent more time eating than did pigs fed 
pelleted diets. The provision of water at the 
feeder reduced total eating time, especially 
in pigs fed mash diets. In agreement with 
our results, Laitat et al4 noted that pigs fed 
a dry pelleted diet had shorter total eating 
time than did those fed a dry mash diet. 
Gonyou and Lou5 reported a 17% decrease 
in total eating time when water was made 
available at the feeder and mash diets were 
fed. In agreement with Laitat et al,4 results 
of the current study suggested that water 
availability at the feeder had more impact on 
eating time when pigs were fed mash diets 
rather than pelleted diets. With this infor-
mation and the data from the current study, 
it can be inferred that when pelleted diets 
are fed, eating behavior is less influenced by 
the presence of water within the feeder than 
when mash diets are fed. The possible reasons 
for this are similar to the rationale for changes 
in productivity. That is, the stickiness of the 
mash diet necessitates an increase in water 
consumption, thereby adding time to the 
meal by increasing the number of intra-meal 
intervals. When water is provided at the feed-
er, intra-meal intervals would be dramatically 
decreased when a mash diet is fed. The fact 
that consumption of pelleted diets requires 
less water likely shortens total eating time by 

decreasing the number of visits to the feeder 
required to finish a single meal. It is also true 
that pigs can consume dry pelleted diets at 
a faster rate than dry mash diets, and these 
effects may be additive. So if pigs can eat pel-
leted diets faster without requiring frequent 
water breaks, it would seem to follow that 
the dramatic effect of a wet-dry feeder on 
mash diets would not be seen when a pel-
leted diet is fed.

Due to these effects on total eating time, 
the number of pigs needed to generate a 
designated level of feeder space allowance 
differs depending on the feed form and 
water availability in the feeder. For example, 
according to results of this study, 11 finish-
ing pigs will be needed to generate 80% 
feeder occupancy rate for a single-space 
feeder when DM diets are fed, whereas 18 
pigs will be needed when WM diets are 
fed. In addition, since pigs spent more time 
eating DM diets, increasing the number of 
pigs per feeder space will result in a dramatic 
increase in feeder occupancy rate, compared 
with that when pigs are eating other diets. 
Using the traditional method of assigning 
fixed pig-to-feeder-space ratios to evaluate 
feeder space allowance when pigs are eating 
different forms of feed from feeders with or 
without presence of water in the feeder will 
result in differences in feeder occupancy 
rate, which consequently may change the 
eating behavior of the pigs and might result 
in misleading conclusions. In contrast, the 
method explored in this study suggests that 
different pig-to-feeder-space ratios should be 
based on the feed form and water availability 
in the feeder.

This study further confirmed that pigs eat 
faster as they grow.5 Although finishing pigs 
had higher ADFI, they spent a similar or 
shorter time eating, depending on the feed 
form and water availability in the feeder, 
than is spent by growing pigs. As a result, 
depending on feed form and water availabil-
ity in the feeder, 17 to 25 pigs were needed 
during the growing phase, whereas 18 to 28 
pigs were needed during the finishing phase, 
to design 125% feeder occupancy rate in the 
current study. By using designed levels of 
feeder occupancy rate instead of a set num-
ber of pigs per feeder space, the extent to 
which pigs could adapt their eating patterns 
to crowding at the feeder and the influence 
of feed form and water availability in the 
feeder on this ability could be examined.

Across all feed forms and water availability 
in the feeder treatments, ADG was greatly 

reduced during both growing and finishing 
phases as feeder occupancy rate increased. 
However, pigs fed different forms of feed 
from feeders with or without water source 
in the feeder responded differently to the 
increase in feeder occupancy rate. In general, 
pigs fed WM diets showed the greatest re-
sponse, followed by pigs fed WP diets during 
both growing and finishing phases. In con-
trast, pigs fed DM diets were not significantly 
affected by an increase in feeder occupancy. 
It is possible that, while the estimated feeder 
occupancy rate remained the same, small 
group sizes for the dry mash treatment 
allowed these pigs to be more flexible in 
modifying their eating behavior to maintain 
growth performance. This is supported by 
the fact that, in the current study, although 
total eating time decreased significantly 
regardless of feed form or water availability 
in the feeder, a pig fed a DM diet at 125% 
feeder occupancy rate still spent approxi-
mately 25 minutes per day longer eating 
than did pigs on any other treatment at the 
same feeder occupancy rate. Nielsen et al20 
found that pigs stocked at 5, 10, 15, or 20 
per feeder space and fed a dry mash diet had 
remarkably different eating behaviors, such 
as the number of feeder visits, duration of 
feeder visits, and diurnal patterns of feeder 
visits, but they had similar growth perfor-
mance, such as ADFI, ADG, and feed effi-
ciency. These results suggest that pigs may be 
able to adapt their eating behavior to feeder 
occupancy rate and maintain growth per-
formance when there are not many pigs for 
each feeder space. However, the number of 
pigs per feeder space may have been limited 
in the previous study20 and larger numbers 
of pigs per feeder space may subject pigs to 
more limitations that restrict their adaptabil-
ity to increased feeder occupancy. In other 
words, with a large number of pigs shar-
ing a single feeding space, not all pigs may 
gain access to the feeder or achieve desired 
feed intake. That might be why a dramatic 
decrease in ADG was observed in pigs fed 
other diets, but not a DM diet. Regardless of 
the interaction between feed form and water 
availability in the feeder, pigs tended to per-
form better when feeder occupancy rate was 
maintained lower than 100%. In addition, 
in the current study, across all combinations 
of feed form and water availability in the 
feeder, total eating time tended to decrease 
when feeder occupancy rate reached above 
80%, indicating that pigs were not given 
enough time to eat. These results suggest 
that pigs have limited ability to adapt their 
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eating behavior to high occupancy rates of 
the feeder in order to maintain feed intake 
and growth. This is further supported by the 
eating-rate data from the current study. As 
feeder occupancy rate increased, increases in 
eating rate were not significant, regardless of 
feed form or water availability in the feeder. 
Collectively, results of the current study 
suggest that an 80% feeder occupancy rate 
should be recommended to maintain both 
growth performance and welfare of pigs, 
regardless of the size of pigs, feed form, or 
feeder design.

Implications
•	 Under	the	conditions	of	this	study,	

when testing levels of feeder space 
allowance and identifying the opti-
mum, the designated number of pigs 
per feeder space should be determined 
according to the eating behavior of 
the pigs and the feeder occupancy rate 
under different production settings. 

•	 Both	feed	form	and	water	availability	
within the feeder affect eating behavior, 
and consequently, affect feeder occu-
pancy rate. 

•	 To	maintain	growth	performance	and	
allow enough time for pigs to eat their 
desired amount of feed, 80% feeder 
occupancy rate is recommended for 
pigs during both growing and finishing 
phases.

Conflict of interest
None reported.

Disclaimer
Scientific manuscripts published in the Jour-
nal of Swine Health and Production are peer 
reviewed. However, information on medica-
tions, feed, and management techniques may 
be specific to the research or commercial 
situation presented in the manuscript. It is 
the responsibility of the reader to use infor-
mation responsibly and in accordance with 
the rules and regulations governing research 
or the practice of veterinary medicine in 
their country or region.

References
1. Hyun Y, Ellis M. Effect of group size and feeder 
type on growth performance and feeding patterns in 
growing pigs. J Anim Sci. 2001;79:803–810.
2. Rasmussen DK, Weber R, Wechsler B. Perfor-
mance, lean meat proportion and behavior of fat-
tening pigs given a liquid diet at different animal/
feeding-place ratios. Animal Sci. 2006;82:575–580.
3. Averos X, Brossard L, Dourmad JY, de Greef  KH, 
Edwards SA, Meunier-Salaun MC. Meta-analysis 
on the effects of the physical environment, animal 
traits, feeder and feed characteristics on the feeding 
behavior and performance of growing-finishing pigs. 
Animal. 2012;6:1275–1289.
4. Laitat M, Vandenheede M, Désiron A, Canart B, 
Nicks B. Influence of diet form (pellets or meal) on 
the optimal number of weaned pigs per feeding space. 
J Swine Health Prod. 2004;12:288–295.
5. Gonyou HW, Lou Z. Effects of eating space and 
availability of water in feeders on productivity and 
eating behavior of grower/finisher pigs. J Anim Sci. 
2000;78:856–870.
6. Bergstrom JR, Nelssen JL, Tokach MD, Dritz SS, 
Goodband RD, DeRouchey JM. The effects of feeder 
design and dietary dried distillers’ grains with solubles 
on the performance and carcass characteristics of 
finishing pigs. J Anim Sci. 2014;92:3591–3597.
7. Hyun Y, Ellis M. Effect of group size and feeder 
type on growth performance and feeding patterns in 
finishing pigs. J Anim Sci. 2002;80:568–578.
8. Rauw WM, Soler J, Tibau J, Reixach J,  
Gomez Raya L. Feeding time and feeding rate and 
its relationship with feed intake, feed efficiency, 
growth rate, and rate of fat deposition in growing 
Duroc barrows. J Anim Sci. 2006;84:3404–3409.
9. Young JM, Cai W, Dekkers JCM. Effect of selec-
tion for residual feed intake on feeding behavior and 
daily feed intake patterns in Yorkshire swine. J Anim 
Sci. 2011;89:639–647.
10. Canadian Council on Animal Care. CCAC 
guidelines on the care and use of farm animals in 
research, teaching and testing. 2009. Available at 
http://www.ccac.ca/Documents/Standards/
Guidelines/Farm_Animals.pdf. Accessed 9 Febru-
ary 2017.
11. Gonyou HW, Lou Z. Grower/Finisher Feeders: 
Design, Behavior and Performance. Monograph 97-
01. Saskatoon, Saskatchewan, Canada: Prairie Swine 
Centre; 1998:77–80.
12. National Research Council. Nutrient Require-
ments of Swine. 11th ed. Washington, DC: National 
Academy Press; 2012.

13. Bruce JM, Clarke JJ. Models of heat production 
and critical temperature for growing pigs. Anim 
Prod. 1979;28:353–369.
14. Martin P, Bateson P. Measuring Behavior: An In-
troductory Guide. 2nd ed. Cambridge, United King-
dom: Cambridge University Press; 1993:84–100.
15. Myers AJ, Goodband RD, Tokach MD, Dritz SS, 
DeRouchey JM, Nelssen JL. The effects of diet form 
and feeder design on the growth performance of fin-
ishing pigs. J Anim Sci. 2013;91:3420–3428. 
16. Bergstrom JR, Nelssen JL, Edwards LN, Tokach MD, 
Dritz SS, Goodband RD, DeRouchey JM. The effects of 
feeder design and changing the source of water to a loca-
tion separate from the wet-dry feeder at 4 or 8 weeks prior 
to harvest on the growth, feeding behavior, and carcass 
characteristics of finishing pigs.  
J Anim Sci. 2012;90:4567–4575.
17. Morrow ATS, Walker N. The behavioral and 
production responses of finishing pigs to increasing 
workload to obtain feed ad libitum from hopper 
feeders. Anim Prod. 1994;59:125–129.
18. Morgan CA, Emmans GC, Tolkamp BJ, 
Kyriazakis I. Analysis of the feeding behavior 
of pigs using different models. Physi Behav. 
2000;68:395–403.
19. Bergstrom JR, Nelssen JL, Tokach MD, Dritz SS, 
Goodband RD, DeRouchey JM. The effects of two 
feeder designs and adjustment strategies on the growth 
performance and carcass characteristics of growing-
finishing pigs. J Anim Sci. 2012;90:4555–4566.
20. Nielsen BL, Lawrence AB, Whittemore CT. Ef-
fect of group size on feeding behavior, social behav-
ior, and performance of growing pigs using single-
space feeders. Livest Prod Sci. 1995;44:73–85.


