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ABSTRACT: Current floor space allowances were
determined in research studies conducted 10 to 20 yr
ago using pigs that were marketed at a BW of about
113 kg or less. Currently, pork producers are regular-
ly marketing pigs that weigh over 128 kg. Given this
precipitous increase in market weight, we conducted
2 experiments to determine if floor space allowanc-
es previously determined apply to pigs marketed at
greater than 128 kg. Experiment 1 was conducted at
5 university research stations throughout the Upper
Midwest region. In this experiment, we evaluated the
growth performance, salivary cortisol concentrations,
and lesion scores of pigs weighing between 27 and 138
kg provided 0.71, 0.80, 0.89, 0.98, or 1.07 rnz/pig of
floor space. Within each station, group size (range = 6
to 19 pigs) remained constant across floor space treat-
ments but pen size was altered to achieve the desired
space allocations. There were 14 replicate pens for
each treatment. Overall, increasing floor space allow-
ance increased final BW (linear, P = 0.04) and tended
(linear, P < 0.06) to increase ADG and ADFI. There

were no improvements in final BW or ADG beyond
0.89 m?/pig. The G:F was not influenced by increasing
floor space allocation. Salivary cortisol concentrations
and lesion scores were not affected by floor space
allowances. Experiment 2 focused on floor space
needs of pigs nearing market weight and was conduct-
ed at 4 research stations. Pigs weighing about 130 kg
were assigned to pens that provided 0.71, 0.80, 0.89,
0.98, or 1.07 m?/pig of floor space. Group size ranged
from 4 to 11 pigs per pen but was constant across floor
space treatments within station. The study lasted 2 wk
and there were 8 replicate pens per treatment. As floor
space allowance increased, ADG (0.86, 0.95, 0.95,
1.10, and 1.06 kg; linear, P < 0.01), ADFI (3.03, 3.26,
3.22,3.49, and 3.25 kg; quadratic, P < 0.05), and final
BW (145.6, 145.7, 146.4, 148.3, and 147.9 kg; linear,
P < 0.01) increased. Based on the results of these 2
experiments, pigs marketed at about 138 kg require
at least 0.89 m?/pig to support optimal growth perfor-
mance. However, heavier pigs (about 148 kg) at the
end of the finishing period require 0.98 m?/pig.
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INTRODUCTION

During the 1990s and early 2000s, the North Central
Regional research committee on Swine Confinement
Management and others conducted several studies to
evaluate the impacts of various floor space allowances
for growing—finishing pigs (NCR-89 Committee on
Confinement Management of Swine, 1993; Gonyou
and Stricklin, 1998; Brumm et al., 2001). These stud-
ies focused on pig performance and welfare when
provided varying floor space allowance and marketed
at about 113 kg BW or less. Using data generated in
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these studies, Gonyou et al. (2006) used the concepts
of Petherick and Baxter (1981) to develop a mathemati-
cal equation that predicted floor space requirements for
optimal pig performance based on BW. This equation
determined that a pig weighing about 113 kg needed
0.79 m? of floor space. Theoretically, this approach to
determining floor space requirements should apply to a
wide range of BW, but the equation was based on ex-
periments that studied pigs to a final market weight of
about 113 kg. The utility of this equation for pigs weigh-
ing greater than 113 kg has not been extensively studied.
Currently, pigs are marketed at much greater BW
than were studied in earlier experiments on floor space.
According to the USDA (2017), the average slaughter
weight for market hogs was 128 kg in 2016. Anecdotal
reports from industry sources (M. C. Brumm, Brumm
Swine Consultancy, Inc., Mankato, MN, personal
communication) indicate that many groups of pigs are
marketed at an average weight of 136 kg or greater. So
the primary objective of this investigation was to de-
termine if the heavy market pigs (130+ kg) common in
the U.S. swine industry today require more floor space
than has been historically provided to lighter market
pigs. We hypothesized that heavier pigs at marketing
would require increased floor space than previously
estimated to optimize growth performance and wel-
fare of pigs. A secondary objective was to determine
if the k£ values developed by Gonyou et al. (2006) still
apply to pigs marketed at modern heavy weights.

MATERIALS AND METHODS

This project included 2 experiments. Experiment
1 was designed to determine the effects of floor space
allowance on pigs from about 27 kg BW to market-
ing at an average pen weight of 134 kg or greater.
Experiment 2 was designed to specifically study the ef-
fects of floor space allowance on growth performance
of pigs weighing about 136 kg without any influences
from earlier portions of the growing—finishing period.
Experiment 1 was conducted at 5 cooperating stations
(Table 1) under a common protocol. Due to problems
with availability of pigs, Exp. 2 was conducted at 4 co-
operating stations under a common protocol. Animal
care and use procedures for these experiments were
approved by the Institutional Animal Care and Use
Committees at each respective participating university.

Experiment 1

At about 27 kg BW, pigs were blocked by weight
and assigned to pens, and pens were randomly as-
signed within weight block to floor space treatments.
Floor space treatments were 0.71, 0.80, 0.89, 0.98, and
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Table 1. Participating stations!

No.of  No.of Starting Duration of
Station replicates  pigs/pen date experiment, d
Exp. 1
Kansas 6 6or7 July 6, 2015 112
Michigan 2 11 Dec. 19,2015 114
Minnesota 2 19 Mar. 11, 2016 126
Missouri 2 10 Nov. 20,2015,and 125 and 126
Feb. 5, 2016
Ohio 2 11 Dec. 23,2015, and 105
May 11,2016
Exp. 2
Kansas 2 6or7 Nov. 27,2016 14
Michigan 2 11 Sept. 30, 2016 14
Minnesota 2 8 July 18,2016 14
Ohio 2 4or5 Apr. 13,2016, and 14
Aug. 31,2016

Experiments were conducted at the following locations: Kansas State
University, Manhattan; Michigan State University, East Lansing; University
of Minnesota, West Central Research and Outreach Center, Morris; University
of Missouri, Columbia; and The Ohio State University, Columbus.

1.07 m%/pig. Floor space allowances were determined
based on a study by Gonyou et al. (2006). Assuming
a final pig weight of 136 kg and a k value of 0.0336,
the floor space allowance of 0.89 mZ/pig was deter-
mined. Two floor space allowances greater and less
than the predicted value were selected to evaluate pigs’
response to floor space across a range of presumed
crowded and spacious space allowances. A variance
of £0.02 m%/pig in floor space allowance was permit-
ted to accommodate differences in gating and flooring
designs across stations. Floor space allowances did
not include space occupied by the feeder. Floor space
treatments were imposed from initiation of the study
until the average weight of pigs in the pen reached at
least 134 kg. Each pen group remained intact until the
end of the experiment. No pigs were removed for mar-
keting until after the experiment ended. Floor space
treatments were achieved by adjusting pen size for a
constant group size across all treatments. Group size
varied across participating stations but was constant
across treatments within a replicate at each station.
Standard management protocols observed at each
participating station were followed throughout this
experiment. Pigs had ad libitum access to dry feed
in meal form and water throughout the entire experi-
ment. Feeding programs (diet formulations, number
of phases, and phase breaks) were determined by each
station and were standardized across floor space treat-
ments with the stipulation that nutrient requirement
estimates described by the NRC (2012) were satisfied.
All stations used diets based on corn, soybean meal,
and, in some cases, dried distillers grains with solubles.
Ractopamine was not fed at any point in the experiment.
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At each station, pigs were housed in mechanically ven-
tilated barns on totally slatted floors or on partially slat-
ted floors with equal slat and solid proportions across
treatments (Ohio station). Linear feeder trough space
ranged from 9.7 cm to 4.8 cm/pig across stations but
was consistent across floor space treatments within
each station. The experiment ended when the average
BW of pigs across pens reached 134 kg or greater. If a
pig died or was removed for welfare reasons, pen size
was adjusted to maintain the appropriate floor space
allowance but feeder space was not adjusted.

Pigs were individually weighed and feed disappear-
ance was measured on a pen basis every 14 d through-
out the experiment. From these data, ADG, ADFI, and
G:F were calculated. The CV for live weight within
pens was calculated at the beginning and end of the
experiment. By suspending cotton ropes in 2 pens per
treatment at each station, saliva samples were collected
on 3 separate days throughout the experiment: when
the average weight of pigs assigned to the experiment
was about 80 kg, 2 wk before the final weight, and the
week of final weight. After pigs chewed on the ropes,
saliva was harvested and frozen for subsequent analysis
according to the procedures described by Prickett et al.
(2008). Saliva samples were analyzed for free cortisol
concentration by Salimetrics, Inc. (State College, PA)
using an enzyme immunoassay kit (Salimetrics, 2017).
During periods of normal barn activities, animal care
staff watched for signs of estrus at stations that includ-
ed gilts in the study and recorded incidence of estrus.
Incidence of mortality and morbidity were recorded
throughout the experiment. Incidence of lameness was
recorded subjectively every 14 d using the following
scale: 1 = normal walking, 2 = slight lameness and may
have an arched back, 3 = obvious limping but able to
keep up with pen mates when the group is walking, 4 =
not able to keep up with pen mates due to lameness, and
5 = can barely walk. Lesion scores as defined by Li and
Gonyou (2013) were recorded for all pigs during the last
week of the study according to the following scale: 1 =
no cut, swelling, or previous wounds have healed; 2 =
minor cut, slight swelling, or presence of scabs; and 3 =
major cut, remarkable swelling, or open wounds. Lesion
scores were recorded only at Minnesota and Ohio.

Each station provided data from at least 2 replica-
tions for each treatment. Data were tested for normal-
ity using the UNIVARIATE procedure of SAS (SAS
Inst. Inc., Cary, NC). Because data were not normally
distributed, the GLIMMIX procedure of SAS was
used to analyze performance data. The statistical mod-
els included the fixed effects of floor space treatments,
with station included as a random effect. Repeated
measures analysis was used for analysis of growth
performance and salivary cortisol data.
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Experiment 2

Pigs weighing about 130 kg were selected for this
experiment and randomly assigned to pens. Group size
was constant across treatments within station but was
not the same as in Exp. 1. Except for the Ohio station,
pigs used in Exp. 1 were not used in this experiment. At
the Ohio station, 45 pigs from Exp. 1 with BW closest
to 136 kg were selected for use in Exp. 2. Pigs were
assigned to pens so that pigs from at least 3 floor space
allowances in Exp. 1 were represented in each pen dur-
ing Exp. 2. All pigs were allowed 7 d to reestablish their
social hierarchy in pens that provided 1.07 m? of floor
space per pig. At the end of the acclimation period, pen
size was adjusted to the preassigned treatment that pro-
vided 0.71, 0.80, 0.89, 0.98, or 1.07 m? of floor space
per pig. Pigs were individually weighed at the start of
the experiment and 14 d later at the end of the experi-
ment. Feed disappearance was measured on a pen basis
when the experiment was terminated. From these data,
ADG, ADFI, and G:F were calculated. Mortality, mor-
bidity, and incidence of lameness were recorded as de-
scribed for Exp. 1. Four stations contributed data from 2
replicate pens for each floor space treatment. Similar to
Exp. 1, the UNIVARIATE procedure of SAS was used
to test normality of data and the GLIMMIX procedure
of SAS was used to analyze growth performance data.
The statistical model included the fixed effect of floor
space allowance and station as a random effect.

In both experiments, pen nested within station served
as the experimental unit in all analyses. Mean separa-
tions were achieved using linear and quadratic orthogo-
nal contrasts. Significant differences among means were
declared when P < 0.05 and trends were declared when
P <0.10. All reported means are least squares means.

RESULTS AND DISCUSSION

Experiment 1

As expected, there were differences in most re-
sponse variables among stations (Table 2). However,
with few exceptions, there were no station x floor
space treatment interactions. This lack of station X
treatment interactions suggests that the effects of floor
space were consistent across stations.

Initial BW of pigs was not different across floor
space allowances; however, increasing floor space al-
lowance increased final BW (linear, P=0.04) and tended
to increase ADG (linear, P = 0.06) and ADFI (linear, P =
0.06; Table 3). Gain efficiency was not influenced by in-
creasing floor space allowance. Initial and final CV were
not different across the floor space allowances studied in
this experiment. The duration of this experiment ranged
from 112 to 126 d across participating stations. Data
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Table 2. Pig performance over the entire growing—finishing period at each participating station (Exp. 1)

Trait Kansas Michigan Minnesota Missouri Ohio SE Station effect (P-value)
No. of pens 30 10 10 10 10 -
BW, kg
Initial 384 21.8 252 239 24.7 0.39 <0.001
Final 135.0 140.6 139.3 144.6 134.2 1.09 <0.001
Within pen CV, %
Initial 9.88 3.85 4.37 1.81 5.13 0.74 <0.001
Final 6.69 7.18 6.21 9.33 7.32 0.57 <0.008
ADG, kg 0.93 1.05 0.92 0.96 1.04 0.01 <0.001
ADFI, kg 2.48 2.36 2.57 2.40 2.76 0.04 <0.001
G:F 0.374 0.444 0.358 0.401 0.378 0.005 <0.001

presented in Table 3 represent average pig performance
over the entire experimental period. To understand the
performance responses of pigs to floor space allowances
over time, we evaluated growth performance over the
last 16 wk of the experiment. During this period, there
were no significant effects of floor space allowance on
ADG, ADFI or G:F (Fig. 1, 2, and 3, respectively).
Saliva samples were collected from pigs to deter-
mine cortisol concentration in saliva as a reliable, non-
invasive indicator of chronic stress in pigs (Parrott et
al., 1989; Parrott and Misson, 1989). The first sample
was collected when pigs weighed about 80 kg because
pigs at this weight assigned to all treatments presumably
had sufficient floor space according to the equation of
Gonyou et al. (2006). This sample served as an initial as-
sessment of baseline salivary cortisol. Subsequent sam-
ples were collected 2 wk before the end of the experiment
and in the final week of the experiment when pigs should
have experienced varying levels of crowding and pre-
sumably different degrees of stress. There were no dif-
ferences in initial salivary cortisol concentrations across
floor space treatments (Table 4). Similarly, there were
no differences in salivary cortisol among floor space
allowances 2 and 1 wk before the final weight, when
pigs should have experienced the greatest differences in

crowding among treatments. Also noteworthy, there was
not a noticeable increase in salivary cortisol the last 2 wk
of the experiment that one might expect as pigs become
more crowded with increasing BW. Likewise, Anil et al.
(2007) found no effect of floor space allocations rang-
ing from 0.64 to 0.88 m? for pigs weighing up to 116
kg on salivary cortisol concentrations. However, unlike
the current experiment, Anil et al. (2007) reported a sig-
nificant decline in salivary cortisol concentration as pigs
approached market weight regardless of floor space al-
lowance. The response of salivary cortisol to floor space
restrictions is mixed. Some researchers report an inverse
relationship between baseline salivary cortisol and floor
space allocation (Hemsworth et al., 1986; Barnett et al.,
1992) whereas others report no relationship (Meunier-
Salaun et al., 1987; Pearce and Paterson, 1993).

Gross measures of pig health were not substantially
affected by floor space allowance (Table 5). The inci-
dence of pigs that were removed from the experiment
for welfare reasons, dead pigs, and pigs with skin le-
sions or lameness were not different across floor space
treatments. Similarly, the number of days pigs required
injectable therapy was not influenced by floor space al-
lowance. Interestingly, there was a tendency for greater
numbers of pigs to die in the lowest and highest floor

Table 3. Effects of floor space allowance on pig performance over the entire growing—finishing period (Exp. 1)

Floor space allowances, m%/pig

Significance (P-value)!

Trait 0.71 0.80 0.89 0.98 1.07 SE Trt Linear Quadratic
No. of pens 14 14 14 14 14 -
BW, kg
Initial 26.7 26.8 26.7 26.9 27.0 0.40 0.98 0.59 0.90
Final 137.5 136.7 140.3 139.0 140.2 1.12 0.10 0.04 0.79
Within pen CV, %
Initial 4.85 5.14 5.06 5.17 4.82 0.75 0.99 0.98 0.71
Final 7.46 6.45 7.19 7.74 7.91 0.58 0.44 0.24 0.33
ADG, kg 0.97 0.96 0.99 0.98 0.99 0.01 0.14 0.06 0.93
ADFI, kg 2.48 2.49 2.52 2.52 2.57 0.033 0.38 0.06 0.67
G:F? 0.393 0.386 0.396 0.391 0.389 0.004 0.57 0.73 0.77

ITrt = floor space treatment effects; Linear represents the linear effects of floor space treatments; Quadratic represents the quadratic effects of floor space

treatments.

2Station x treatment interaction (P = 0.047).



Floor space allowance for heavy pigs 4921

-+0.71

-=-0.80

(.89

0,98

0.7 -=-1.07
0.6

16 14 12 10 g8 B 4 2
Time before final weight, wk

Figure 1. Average daily gain of pigs provided different floor space allowances during the last 16 wk of the experiment (Exp. 1; time effect, P < 0.01;
station effect, P < 0.01; SE 0.84).
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Figure 2. Average daily feed intake of pigs provided different floor space allowances during the last 16 wk of the experiment (Exp. 1; time effect, P <
0.01; station effect, P <0.01; SE 0.16).
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Figure 3. Gain:feed ratio of pigs provided different floor space allowances during the last 16 wk of the experiment (Exp. 1; time effect, P < 0.01;
station effect, P < 0.01; SE 0.01).
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Table 4. Effect of floor space allowance on salivary cortisol concentration (pg/dL) of pigs (Exp. 1)

Floor space allowances, m2/pig

Significance (P-value)!

Sampling time 0.71 0.80 0.89 0.98 1.07 SE Linear? Quadratic?
No. of pens 10 10 10 10 10

Initial3 0.194 0.228 0.183 0.195 0.212 0.009 0.98 0.78

2 wk before final weight 0.211 0.241 0.255 0.215 0.211 0.011 0.76 0.20

1 wk before final weight 0.216 0.165 0.211 0.169 0.203 0.009 0.73 0.29

1p_values for the statistical model were effect of floor space treatments (P = 0.77), effect of sampling time (P = 0.07), effect of station (P = 0.002), and

interaction of station and floor space treatments (P = 0.22).

2Linear or quadratic effects of floor space treatments within sampling time.

3Sample collected when pigs weighed about 80 kg.

space allocations. Other researchers (Turner et al.,
2000; Anil et al., 2007) have reported an inverse rela-
tionship between floor space allowance and incidence
of skin lesions and injury. Anil et al. (2007) reported
increased injury scores for pigs housed at 0.64 m? of
floor space compared with those provided greater than
0.8 m2, probably as a result of the greater incidence of
aggressive interactions among crowded pen mates ob-
served in their experiment. This result suggests the wel-
fare of crowded pigs was compromised but they did not
report incidence of morbidity or mortality. Similar to
our findings, other researchers reported that floor space
allowance had no significant influence on morbidity or
mortality of finishing pigs (Flohr et al., 2016). No sta-
tion recorded any incidence of tail biting or other be-
havioral vices. Because of the heavy market weight in
this experiment, we observed gilts for signs of estrus.
Animal caretakers across all stations recorded only rare
incidence of behavioral estrus. In general, floor space
allowances studied in this experiment did not compro-
mise the criteria used to evaluate welfare of pigs.

Based on the growth performance and pig welfare
data collected in Exp. 1, a clearly optimal floor space rec-
ommendation is not apparent. The equation of Gonyou
et al. (2006) estimates that 138-kg pigs require 0.91 m?
of floor space; therefore, the present study provided 2
treatments below and 2 treatments above the predicted
requirement. Our data are clear that pigs in the present
study did not respond to floor space allowances great-
er than the predicted need of 0.91 m? with improved
growth performance or welfare. Similar to our findings,
Brumm and NCR-89 Committee on Management of
Swine (1996) found that 0.84 to 0.93 m? of floor space
maximized growth performance of 136-kg barrows with
no notable improvement in performance above 1.0 m?.
Likewise, performance and welfare of pigs in the pres-
ent experiment did not significantly deteriorate as floor
space allowances declined to 0.80 and 0.71 m?.

The lack of detrimental effects of restricted floor
space allowances might be explained by the extended
period during which pigs were not crowded in this ex-
periment. The most restrictive floor space allowance
(0.71 m3/pig) would be sufficient to accommodate a

Table 5. Effect of floor space allowance on pig morbidity, mortality, incidence of lameness, and lesion scores (Exp. 1)

Floor space allowances, m%/pig Significance

Trait 0.71 0.80 0.89 0.98 1.07 o (P-value)
Morbidity and mortality

No. of pigs 144 144 144 144 138 -

No. of pigs removed 3 4 3 2 2 0.94 <0.95

No. of dead pigs 6 2 0 1 4 9.17 <0.07

No. of days pigs treated! 31 22 21 16 39 44.5 <0.29

No. of pigs with lameness score > 12 5 3 5 3 3 1.23 <0.90
Lesions

No. of pigs observed 30 30 30 30 30 -

No. of pigs with lesions? 28 15 19 18 19 45.8 <0.13

Average lesion score® 1.62 1.38 1.44 1.44 1.44 - <0.15

I'Number of days pigs required injectable therapy due to ill health.

2Lameness data for last week before final weight. Lameness scoring system was 1 = normal walking, 2 = slight lameness and may have an arched back, 3 =
obviously limping but able to keep up with pen mates when group is walking, 4 = not able to keep up with pen mates due to lameness, and 5 = can barely walk.

3Number of pigs with at least 1 lesion observed at some time during the experiment. A single pig could be counted more than once if fresh lesions ap-
peared. Only data from 30 pigs per treatment in Ohio and Minnesota are included.

“4Lesion scoring system was 1 = no cut, swelling, or previous wounds have healed; 2 = minor cut (cut does not go through the skin), slight swelling (skin
is red with inflammation), presence of scabs; and 3 = major cut (cuts through the skin), remarkable swelling, or open wounds. Floor space treatment was

not significant (P < 0.15; SE 0.147)
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Table 6. Performance of pigs 2 wk before marketing at each participating station (Exp. 2)

Trait Kansas Michigan Minnesota Ohio SE Station effect (P-value)
No. of pens 10 10 10 10 -
BW, kg
Initial 122.8 134.8 134.2 140.2 0.89 <0.001
Final 137.4 150.4 145.7 153.7 0.57 <0.001
ADG, kg 1.04 1.11 0.82 0.96 0.04 <0.001
ADFI, kg 3.67 - 2.88 3.20 0.05 <0.001
G:F 0.283 - 0.285 0.300 0.01 <0.55

IFeed intake data was lost.

pig weighing 95 kg according to Gonyou et al. (20006).
Theoretically, no pig would have experienced crowd-
ing until they reached a BW of 95 kg. So for the first 68
kg of BW gain, pigs assigned to the 0.71 m? treatment
would not have been crowded. This represents 61%
of the total gain (138 kg final weight — 27 kg begin-
ning weight) achieved by pigs in the experiment. The
acceptable growth performance during this relatively
long period with no crowding could have diluted any
negative effects of crowding on growth performance
near the end of the experiment. We anticipated this
phenomenon would occur, which was the motivation
to design and conduct Exp. 2. In fact, Gonyou et al.
(2006) recommended such an experiment to evaluate
the specific floor space needs of heavy pigs not con-
founded by earlier growth performance.

Experiment 2

The primary objective of Exp. 2 was to focus on
the floor space requirements of pigs weighing 138 kg,
not confounded by earlier space allocation or growth
performance. Significant station effects were observed
for all measured traits except G:F (Table 6). But there
were no significant interactions between station and
floor space treatments observed.

The initial BW of pigs was not different across floor
space treatments, but we observed a linear increase (P <
0.01) in final BW at the end of the 2-wk period with in-
creasing floor space allowance (Table 7). Similarly, in-

creasing floor space allowance elicited a linear increase
(P <0.01) in the ADG and G:F of pigs. A quadratic in-
crease (P < 0.05) in ADFI was observed as floor space
allowance increased, with maximal feed intake occur-
ring at 0.98 m%/pig. Brumm and NCR-89 Committee on
Management of Swine (1996) also observed that ADFI
responded in a quadratic manner to increasing floor
space allowance. Results of Exp. 2 suggest that the
optimal floor space allowance for pigs weighing about
148 kg at marketing is 0.98 m?/pig. We are aware of
only 1 report in which floor space allowance for pigs
weighing up to 136 kg was studied (Brumm and NCR-
89 Committee on Management of Swine, 1996). These
authors concluded that optimal performance of barrows
marketed at 136 kg was achieved when pigs were pro-
vided 0.84 to 1.0 m? of floor space.

Group size ranged from 6 to 19 pigs per pen in
Exp. 1 and 4 to 11 pigs per pen in Exp. 2, which is
smaller than group sizes typical of commercial condi-
tions. In a regression analysis of 20 experiments en-
compassing group sizes of 3 to 100 pigs, Turner et al.
(2003) found a linear decline in ADG of growing pigs
(31 to 68 kg BW) but no effect of group size on ADG
of finishing pigs. Group size had no discernable ef-
fect on ADFI of growing or finishing pigs. Similarly,
Schmolke et al. (2003) reported no effect of group
sizes ranging from 10 to 80 pigs per pen on growth
performance of growing—finishing pigs. More impor-
tantly, Street and Gonyou (2008) determined that the
negative effects of reduced floor space allocations on

Table 7. Effects of floor space allowance on performance of pigs 2 wk before marketing (Exp. 2)

Floor space allowances, m%/pig

Significance (P-value)!

Trait 0.71 0.80 0.89 0.98 1.07 SE Trt Linear Quadratic
No. of pens 8 8 8 8 8 -
BW, kg
Initial 133.6 1325 133.1 132.8 133.0 0.71 0.87 0.71 0.57
Final 145.6 145.7 146.4 148.3 147.9 0.64 0.02 0.002 0.99
ADG, kg 0.86 0.95 0.95 1.10 1.06 0.04 0.003 0.001 0.48
ADFI2 kg 3.03 3.26 3.22 3.49 3.25 0.06 0.002 0.003 0.014
G:F? 0.264 0.278 0.283 0.304 0.317 0.015 0.17 0.02 0.80

ITrt = floor space treatment effects; Linear represents the linear effects of floor space treatments; Quadratic represents the quadratic effects of floor space

treatments.

2Means represent 6 pens for each floor space treatment.
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growth performance were of similar magnitude for
pigs housed in groups of 18 compared with groups of
108. Consequently, we believe results of the experi-
ments reported herein are applicable to commercial
conditions where larger group sizes are common.

In Exp. 2, the floor space needs of heavy market
pigs could be studied isolated from the diluting effects
of the early growth period that were present in Exp. 1.
Results of Exp. 2 indicate that 0.98 m%/pig optimized
growth performance of pigs between the weights of 133
and 148 kg. Assuming an average BW during this 2-wk
period of 140 kg, one can calculate floor space allow-
ance estimates using k values from Gonyou et al. (2006).
To optimize ADG, Gonyou et al. (2006) suggested &
values that ranged from 0.0317 to 0.0348, which would
predict floor space needs of 0.86 to 0.94 m? for a 140-
kg pig. These floor space allowances are 88 to 96% of
the optimal floor space allowance observed in Exp. 2.
To optimize ADFI, Gonyou et al. (2006) suggested &
values of 0.0335 to 0.0358, which would predict floor
space allocations of 0.90 to 0.97 m? for a 140-kg pig.
These floor space allowances are 92 to 99% of the op-
timal floor space allowance for a 140-kg pig (0.98 m?)
determined in Exp. 2. Therefore, results of the present
experiment agree with the suggestions of Potter et al.
(2010) and Flohr et al. (2016) that the & values proposed
by Gonyou et al. (2006) may underestimate floor space
needs of heavy market pigs but that the underestimate
is slight when considering the results presented herein.

Within a reasonable range, increasing stocking den-
sity increases the total kilograms of live weight pro-
duced from fixed building assets, which increases net
revenue (Powell and Brumm, 1992) or income over
feed and facility costs (Flohr et al., 2016) for produc-
ers. Crowding finishing pigs can reduce growth perfor-
mance of individual pigs (Exp. 2; Moser et al., 1985;
NCR-89 Committee on Confinement Management
of Swine, 1993; Brumm and NCR-89 Committee on
Management of Swine,, 1996) and compromise wel-
fare of finishing pigs (Anil et al., 2007). These nega-
tive effects of reduced floor space can be substantially
mitigated by removing a portion of the heaviest pigs as
pens become most crowded. This practice is commonly
known as “topping” pens. Removing the heaviest pigs in
a pen improves growth performance of remaining pigs
(DeDecker et al., 2005; Flohr et al., 2016) likely due to
greater access to resources such as floor space and feeder
space, greater water access, and favorable alterations of
the social dynamics within the pen. For instance in Exp.
2, removing 25% of the heaviest pigs in pens assigned
to the most restrictive floor space allowance (0.71 m?)
would increase floor space for the remaining pigs to 0.94
m?%/pig, which is very close to the floor space allowance
that optimized pig performance. DeDecker et al. (2005)

Johnston et al.

removed 25% of the heaviest pigs from pens 19 d before
the end of the experiment and found a 20% improve-
ment in ADG and an 11% improvement in ADFI of the
remaining pigs in the pen. Removing 50% of the heavi-
est pigs in the pen did not further improve pig perfor-
mance. So providing adequate floor space allocation in
the early and middle portion of the growing—finishing
period and then removing 25% of the pigs in the pen in
the late portion of the finishing period can mitigate nega-
tive effects of floor space restrictions close to marketing.
In conclusion, pigs marketed at 138 kg BW opti-
mize growth performance when provided 0.89 to 0.98
m? of floor space per pig. However, the negative ef-
fects of low space allocations were mostly observed in
heavy pigs. Therefore, the use of a pig removal strat-
egy near the end of the finishing period may be an
effective strategy to diminish the negative effects of
crowding when pigs are near market weight.
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