
Introduction

Humane care and treatment of food producing animals
have become integral to the management and mar-

keting of food products of animal origin. In Canada, con-
cern for farm animal welfare has resulted in the devel-
opment of a series of Recommended codes of practice for
the care and handling of animals. The transportation code
is one example (1). The European response to public con-
cern for food animals in transit has been to move rapidly
toward regulation. Great Britain passed the most recent
Transport Order in 1999 (2), the 4th revision in 10 y (3).
Space allowance for animals during transport is a primary
determinant of humane transportation, and the estab-

lishment of standards for swine is a necessity for the
development of codes and regulations. 

Manitoba is in a period of swine expansion. On
April 1, 2001, the breeding sow herd was estimated to be
271 000, a 63% increase since April 1, 1995 (Honey J,
Manitoba Agriculture and Food, personal comunica-
tion). In the past 6 y, Manitoba has seen a dramatic
rise in the number of feeder and slaughter pigs exported
to the United States (Figure 1). In the calender year
2000, 1 440 000 isowean (5 kg body weight (BW),
17 to 18 d old) and nursery (25 kg BW) pigs, and over
900 000 slaughter pigs, were exported to the United
States (4). This is a fraction of the actual number of pig
movements, as accurate data for movement within
Manitoba and to other provinces in Canada are not
readily available. 

Age- and site-segregated pork production is a complex
process that has been widely adopted in Canada in the
last 10 y. The process involves separating the piglets from
the sow environment, usually at around 17 d of age, and
moving them to an isolated location, thereby preventing
the vertical transmission of specific pathogens (5). The
term isowean has been recommended to describe this
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management practice (6). Isowean was previously trade-
marked by the Pig Improvement Company (PIC; Canada
head office, Airdrie, Alberta); however, the PIC has
removed all trademark restrictions from the use of the
term isowean (6). In Canada, the transition of single loca-
tion production units to isolated weaning and multi-
site production requires pigs to be transported more
often in their lifetimes and at a young age.

Livestock hauling in Canada is an important and
competitive sector of the livestock industry. With the cost
of transport being calculated in units of per hundred-
weight per kilometer, there is a motivation to load the
animals as tightly as reasonably possible. The trend
toward centralization of slaughter facilities, the inter-
national movement of slaughter animals, larger facilities,
and fewer of them will continue to provide challenges for
the humane transportation of animals, as the average
slaughter animal will travel further to slaughter. In
western Canada, cull sows and boars are primarily
exported to the USA, where facilities are available to
slaughter this class of animal. 

The transportation of slaughter-weight pigs has been
reviewed recently (7). Welfare of slaughter pigs in tran-
sit has been measured by mortality, carcass bruising,
serological measurements of physiological stress, and
behavioral observations. Overcrowding, higher ambient
temperatures, and feeding within 4 h of transport have
been associated with increased mortality (7). Pork qual-
ity appears to be a relatively insensitive measurement
of animal welfare and crowding during transport of 
slaughter-weight pigs; it does not appear to be dramat-
ically affected by a trip of 2.5 h at densities up to 285 kg
BW/m2 (8). In Europe, the maximum recommended
floor pressure for transporting market pigs of 90 to
100 kg live weight is 250 kg BW/m2; however, this is
often exceeded in commercial transport (9). In a recent
survey in Great Britain, there was an increase in mortality
when market hogs were transported at a density greater

than 238 kg BW/m2 (10). In the pig code (11), the
space recommended for market hogs weighing from
95 to 104 kg is 0.34 m2 (279–305 kg BW/m2), when
the temperature is below 16°C; 0.38 m2 (250–274 kg
BW/m2), when the temperature is from 16 to 23°C;
and 0.41 m2 (232–254 kg BW/m2), when the temperature
is above 24°C. In addition, there is a recommendation to
avoid transporting pigs when the temperature is above
30°C. There is no information in the pig code on the
appropriate minimum space allowance in transport for
nonmarket weight pigs, such as isowean piglets, young
feeder pigs, underweight slaughter pigs, replacement
gilts, and cull boars and sows. 

Developing a standard
As animals increase in size, their weight increases as a
function of their length cubed, while the floor space they
require increases as a function of their length squared
(12). On a weight per unit area of trailer floor, fewer kilo-
grams of weaned piglets than of slaughter-weight swine
can be loaded. When attempting to compare various
recommendations of minimal space allowance, it has
been shown that conversion of recommended minimum
space allowance into maximal pressure points (mass
per unit area) and plotting the maximal pressure points
vs individual animal weight on a Cartesian chart may
allow direct comparison of data from several sources
(13). This technique can adjust for the common con-
vention of describing space allowance in a table where
a weight range of animals is assigned a minimal space.
Briefly, to summarize a tabular recommendation, the
maximal floor pressure consistent with the recommen-
dation is the value attained by dividing the top end of the
weight range by the minimal allowed space. An equation
describing maximal floor pressure consistent with the rec-
ommendation can be generated by using curve-fitting
software. In preference to tabular descriptions where a
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Figure 1. Total number of swine exported from Manitoba
to the United States by quarter, from the first quarter of 1990
to the last quarter of 2000 (4). No seasonality of exports is
apparent. Swine identified as weanlings include both piglets
at 17 d of age (4.5 kg) and nursery pigs at around 25 to 30 kg.
Slaughter swine include market weight pigs and cull sows
and boars.

Figure 2. Graphical representation of the stocking density
recommendation contained in the Canadian code of practice for
pigs (11). Minimal space per animal is given on on the basis
of a weight range and a temperature range. Point A is where a
104-kg animal is allowed 3.7 ft2 when the temperature is
below 23°C. All the values within the trapezoid could be
considered in agreement with this reference.



fixed area is recommended for a certain weight range, it
has been recommended that standards and regulations for
minimum space allowance be described as an equation
when legislating animal welfare standards on farm (14).

Unlike many minimum space allowance standards
for other species, the pig code gives both a weight and
a temperature range (11). This recommendation describes
an area instead of discrete points on the maximal load-
ing pressure chart (Figure 2). 

Previous research has suggested that there should
be a curvilinear mathematical function that accurately
describes the relationship between the floor space
required in transit and the body weight of the pigs
(12,13). Several equations have been proposed, based on

body measurements, and have been reviewed recently (7).
During the development of the transportation code (1),
it became apparent that the loading pressure recom-
mendations for pigs were insufficient because of the
small range of weights of animals included in the pig
code (11). Since the time that the pig code was written,
market hog weights in Canada have increased, with
the mean weight of slaughter hogs in Manitoba being
112 kg BW in 2000 (4). Maximum body weight range for
which transportation space allowance is given in the pig
code is 104 kg (11). Minimum space allowance recom-
mendations for pigs in transit are required for all weights
of swine being transported, including weaned piglets, cull
animals, and breeding stock.
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Table 1. Recommendations for safe load levels for the transportation
of sub-market weight pigs

Minimum space
Maximal loading 

Weight (lb) ft2 m2 Weight (kg) pressure (
BW/m2)

10a 0.7 0.065 4.54 69.75
20 0.9 0.0836 9.07 108.5
30 1 0.0929 13.6 146.5
50 1.5 0.1394 22.7 162.8
60 1.7 0.1579 27.2 172.3
70 1.8 0.1672 31.2 189.9
80 1.9 0.1765 36.3 205.6
90 2.1 0.1951 40.8 209.3

100 1.2 0.2044 45.4 221.9
110 2.3 0.2137 49.9 233.5
120 2.5 0.2323 54.4 234.4
130 2.6 0.2415 59 244.1
140 2.8 0.2601 63.5 244.1
150 2.9 0.2694 68 252.6

104b 305
170 281
204 276

249.5 283

aThis standard up to 150 lb was developed for Manitoba Pork Council in 1997 in imperial dimensions and
the metric equivalents are calculated equivalents

bThis point is the maximum loading pressure in compliance with the pig code (11). Other maximal pres-
sure recommendations above 150 lb are from current practice in Manitoba

Table 2. Minimum space allowance for pigs in transit by road and air
(reference number in parenthesis)

Australia (15)a EU Directive 95/29 (16)b

Space Maximal loading Space Maximal loading 
allowance pressure allowance pressure

Weight (kg) (m2/head) (kg BW/m2) (m2/head) (kg BW/m2)

15 0.13 115.4
25 0.15 166.7
50 0.22 227.3 0.35 142.9
75 0.29 258.6

100 0.35 285.7 0.51 196.1
125 0.42 297.6
150 0.48 312.5
175 0.55 318.2
200 0.61 327.9

EU — Council of Europe Committee of Ministers
aReference indicated pigs need about 10% more floor area in a truck when the ambient temperature in the
stock crate exceeds 25°C

bThis refers to minimal space allowance for pigs by air. The reference includes a single recommendation
for pigs by road “All pigs must be able to lie down and stand up in their natural position.” This reference
states that in order to comply with these minimum requirements to lie down, the loading pressure for pigs
of around 100 kg should not exceed 235 kg BW/m2



In 1997, the Manitoba Pork Council approached one
of us (SB) to develop a recommended loading stan-
dard for submarket weight swine, as the pig code (11)
made no recommendation on space for pigs less than the
94 kg BW. A table was produced, based on extensive
experience in transporting pigs from 4.5 to 68 kg BW in
western Canada and the mid western USA (Table 1). This
guideline has been used successfully for several years in
the local animal transportation industry. At about this
time, 2 other minimum space allowance standards for a
range of pig weights were published; one from Australia
for land transportation (15) and one from Europe for air
transportation (16) (Table 2). 

Further information related to the safe carrying capac-
ity of trailers for cull sows was collected by direct
interview with 2 other commercial swine transporting
companies operating in Manitoba. The owner of the
1st company indicated that it was his company’s common
practice to load 159, 181, and 227 kg BW sows at 240,
249, and 280 kg BW/m2, respectively. The shipping
coordinator at the 2nd company indicated that the com-
pany’s common practice was to load 190 kg BW sows at
no more than 273 kg BW/m2, and 240 kg BW sows at no
more than 305 kg BW/m2.

To allow comparison of our data with other pub-
lished data, the data were plotted on the same loading
pressure/animal weight graph (Figure 3). A curvilinear
relationship between body mass and maximal floor
pressure represented by a power function was to be
expected (12,13). From Figure 3, it can be seen that the
data from the Canadian source and the Australian code
cover substantially different weight ranges, with the

Australian code making no recommendation below 50 kg
BW. However, where the 2 recommendations overlap in
the 50 to 75 kg BW range, there is excellent agree-
ment. The European data were not in agreement with the
other standards and did not have good internal agreement.
This standard would allow for 25 kg BW pigs to be
loaded at a significantly higher loading pressure than
50 kg BW pigs, which is inconsistent with scientific
principles related to the changing space requirements
of animals as they grow. The data from this source
were not considered further.

The maximum floor pressure values from the Canadian
and Australian data were calculated and analyzed using
a curve-fitting program to derive an equation of best fit
by linear regression (CurveExpert 1.3; Daniel G. Hyams,
Starkville, Mississippi, USA). Previous studies pre-
dicted that the function describing the relationship
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Figure 3. Scatter plot of tabular data from the 3 sources in
Table 1 for Manitoba data and Table 2 for Australian and
European data (reference in parentheses). The Manitoba and
Australian recommendations are in excellent agreement
between 50 and 75 kg body weight (BW) considering that they
were arrived at independently. There is some divergence
between the recommendations for pigs in excess of 125 kg and
the Australian source gives no recommendations below 50 kg.
The point marked A is the maximal loading pressure from the
pig code where 104 kg BW pigs are loaded at 305 kg BW/m2

(11). The 4 data points from the European reference show
poor internal agreement as the (x,y) point (25 kg BW, 167 kg
BW/m2) is significantly above the line visualized by con-
necting the other 3 points.

Figure 4. Graphical representation of results of data pre-
sented in Tables 1 and 2 subjected to linear regression and the
Randall power model (references in parentheses). The Manitoba
model is a hoerl equation where y = (37.53)(0.9969)W(W0.5008)
and is derived from the data in Table 1 with the point (104 kg,
305 kg BW/m2) excluded. The Australian data most closely fit
a hoerl equation where y = (46.81)(0.9985)W(W0.423) is derived
from the data in Table 2 and extrapolated down to 5 kg BW.
Statistical information on these 2 models is given in Table 3.
The Randall formula is a power equation, y = (100)(W0.225),
which is a conversion to a pressure based equation of the orig-
inal area based equation, A = 0.01M0.78, where A is the mini-
mum area in m2 and M is mass in kg BW (13). In all the models
depicted graphically, y is the loading pressure in kg BW/m2

and W is the average animal weight in kg. The area within the
trapezoid approximates the recommendation from the pig
code (11).

Table 3. Statistical characteristics of best fit power
and hoerl approximations of data in Tables 1 and 2

Australia (15) Manitoba

Statistic Hoerl Power Hoerla Power

sx 2.277 5.289 9.278 25.304
CC 0.9987 0.991 0.9903
0.9205

sx — standard error of the mean; CC — correlation coefficient 
aRegression analysis of data presented in Table 1. If the single point represented
by the 1993 code of practice (11) (104 kg, 305 kg/m2) is removed from this data



between body mass and the floor space required for
swine should be a power formula (12). Power formulas
have the format of y = axb, where, in this application, y is
the maximal floor pressure in kg BW/m2, x is the weight
of the average animal in kg, and a and b are constants.
The maximal pressure points calculated from the beef
code of practice form a line that conforms extremely well
to a power function (13). The Canadian pressure recom-
mendation for maximum stocking density for loose-
loaded horses in moderate body condition is described
by a power formula (17). The Australian and Canadian
swine data, when considered independently and together,
provided a better fit with a hoerl function than with a
power function (Table 3, Figure 4). Hoerl functions
have the format y = a(bx)(xc), where, in this application,
y is the maximal floor pressure (kgBW/m2), x is the
weight of the average animal (kg), and a, b, and c are
space constants. Curve-fitting by linear regression
attempts to minimize the difference between data points
and the line described by the function. Regression mod-
els are divided into families according to their typical
behavior. The power and hoerl models are both in the
power law family of regression models.

Confirmation and consultation
The lines depicted in Figure 4 represent 3 alternative
hypotheses of what the approximate maximal loading
pressure for swine in transit should be. This information
was presented to the Canadian committee then working
on a national code of practice for farm animal transport.
Experts on this committee from the trucking industry had
extensive experience in transporting cattle and pigs.
Their consensus opinion was that the power formulae for
cattle, where increasing individual animal body weight
allowed for loading increased live animal mass per
floor are of trailer, was compatible with experiential evi-
dence; however, it was unsafe to load cull sows and boars
at additional live animal mass per trailer compartment as
you could safely load market hogs under similar con-
ditions. The expert opinion was that cull sows should not
be loaded in excess of 300 kg BW/m2 (60 lb BW/ft2) and
that due consideration had to be given to the general body
condition of the group of sows. If this opinion of max-
imal loading pressure accurately represents the needs of
cull breeding swine, the power model (12) is probably an
inappropriate mathematical model to describe the min-
imum space requirements for cull sows and boars.

In the pig code (11), the 3.7 ft2 given a 104 kg BW
market hog is equivalent to a loading pressure of
305 kgBW/m2. When this datum is considered in context
with current practices in Manitoba, it appears to be an
outlier (Figure 3) and is in excess of other more recent
scientific publications (8–10). This datum point was
excluded from the set of data used in the regression
analysis to arrive at the final recommendation.

Discussion
There is scientific agreement that when loading ani-
mals in a group, large individuals of a species can be
safely transported at a higher floor pressure than can
small individuals. The relationship between average
animal weight and safe transportation pressure in weight

per unit area is not linear and is increasingly nonlinear
at decreasing animal weight. To assure the safety of
swine in transit in Canada, there is a need to describe
minimum space requirements for a wide range of indi-
vidual animal weights. One method of describing min-
imal space allowance for animals loaded in groups is
by a mathematical function that graphs maximal recom-
mended floor pressure against average individual animal
weight.

The data provided in this study have a closer fit to a
hoerl formula than the power formula suggested by
Randall (12). The latter has been widely adopted in
the development of some national codes of practice,
and the Australian code is in close agreement with this
standard at swine weights above 100 kg. For swine
weighing between 50 and 150 kg, Canadian current
practices and the Randall prediction model are in fair
agreement (Figure 4). However, for pigs weighing less
than 50 kg and more than 150 kg, there is significant
divergence, with our (Manitoba) hoerl model providing
for considerably more space on a unit live weight basis
than the previously suggested power model (12). To be
fair, the Randall model is a general scientific prediction
based on morphometric measurements of the space
requirements for cattle, calves, and swine, and it makes
no claim for animals weighing less than 20 kg.

The recommendation presented in this paper is derived
largely from current field practice of swine haulers,
not from objective scientific principles. It has previously
been demonstrated that 100 kg pigs loaded as a group can
rest simultaneously in sternal recumbency, if loaded
at 250 kg BW/m2 or less (9). This proposed standard rec-
ommends a maximum floor pressure of 276 kg BW/m2

for 100 kg pigs which probably allows standing room
only for this class and size of pig and would represent
overcrowding for trips in excess of 3 h. Market pigs of
this size loaded at 281 kg BM/m2 prefer to stand on trips
of  3 h, without evidence of adverse effects (18). In the
present study, the truckers perception of the needs of the
pigs was the primary determinant of reasonable maximal
loading pressure. Animal transporters may be comfort-
able loading 50 to 150 kg pigs at floor pressure levels
that would allow for standing room only, for short trips.
The same animal transporters may consistently allow
weaned pigs, unthrifty pigs, and cull sows space to lie
down, as it is a perceived need of the class of animal. 

A possible explanation for the additional space
requirements of cull breeding swine in addition to what
could be explained by a simple increase in body size,
compared with market-weight pigs is that the latter are
very uniform in size and body condition and may rep-
resent an optimum physiologic state. As breeding swine
age, a wide range of mature body size and body condi-
tion develops, presenting as a nonuniform load by the
time they are transported as cull sows and boars. Cull
breeding swine may also have an increase in lameness
and a decrease in general ambulatory ability, so that they
require more room to get up and down. These physio-
logical realities result in cull animals needing more
space on a unit weight basis than do the same animals at
the peak of youth, as represented by market weight.
Through the consultative process in the development of
the transport code (1), individuals directly involved in
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livestock transportation identified this physiologic
requirement of cull sows and boars.

The data presented provide evidence that the maxi-
mal loading pressure for the movement of pigs by road
increases with body mass to an optimum and that further
increases in body size do not translate into less space
required on a per unit BW basis. The recommended
maximal loading pressure under ideal conditions for
swine loaded in groups can be described as a hoerl
model with the formula y = (37.53)(09969)W(W0.5008).
This maximal loading pressure recommendation is pre-
sented as a hypothesis requiring further testing and
validation or improvement. Mathematical models are not
a substitute for human judgment and experience.

We consider these recommendations of loading pres-
sure to be usable maximums in purpose built equip-
ment with no concurrent risk of heat stress in the pigs.
Multideck aluminum punch-out trailers, designed for
swine and used in western Canada, have large ventilation
holes positioned to assure equal ventilation of all decks.
Some “cattle” trailers produced by the same manufacturer
have removable decks, to allow for triple decking of
swine and double decking of cattle. The pattern of ven-
tilation ports in dual purpose cattle trailers are primar-
ily placed to prevent cattle from getting their feet
entrapped in the ports. This pattern may not allow equal
ventilation of all decks when hauling swine. 

Further research into the space allowance needs of
swine in transit by road is required. Animal care com-
mittees reviewing research proposals may be required to
evaluate whether a certain crowding challenge is likely
to be acceptable on humane grounds. The graphical
representation given in Figure 4 may be of assistance in
making decisions in the absence of complete informa-
tion. The presentation of minimal space requirement con-
cepts in the form of loading pressure charts is an aid to
clarity, avoids internal contradiction within tabular
standards, and assists animal handlers in understanding
the needs of animals.
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