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CHAPTER 1: GENERAL INTRODUCTION
The term “transport losses” refers to pigs that die or become non-ambulatory (fatigued or
injured) at any stage of the marketing process (Ritter et al., 2009a). A fatigued pig is defined as a pig
that refuses to walk or keep up with its contemporaries and is without obvious injury, trauma, or
disease (Ritter et al, 2005). Fatigued pig etiology is thought to be stress induced. By understanding
the fatigued pig syndrome etiology it may be possible to reduce and / or eliminate stressors that can
act individually or in concert that ultimately affect the pig at the time of marketing and in turn reduce
transport losses (Ritter et al., 2005). Often, if given enough time, a fatigued pig can recover (Ellis et
al., 2003; Ritter et al., 2005). Identified stressors include the pig, people, facility design,
transportation and the environment (Anderson et al., 2002; Ellis et al., 2003; Johnson et al., 2010).
In North America, research has begun to address the effects of facility design (Berry et al., 2007;
Ritter et al., 2007a) and management strategies (Johnson et al., 2010; Ritter et al., 2007b) on pig
transport losses at market. Johnson et al. (2010) studied the confounded effects of pre-sorting and
pen size on the stress responses and transport losses in market weight pigs. The large pen, pre-sorted
treatment had a 66 % reduction in transport losses compared to the small pen, not pre-sorted
treatment. However; it was difficult to ascertain whether the reduction in transport losses was due to
pre-sorting, pen size, or a combination of both. Therefore; the facility design and management
strategies of pre-sorting and pen size were separately looked at in the current studies. The objective
of the two research trials was to determine the effects of pre-sorting prior to loading and grow-tofinish pen size on the incidence of stress responses at loading and unloading and transport losses in
market weight pigs.
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THESIS ORGANIZATION
This thesis is organized into 5 chapters. The first chapter is a general introduction to
transport losses in market weight pigs in the United States. The second chapter is a
literature review of on-farm factors that affect the incidence of transport losses in market
weight pigs. The third chapter is a research study titled “Effects of pre-sorting prior to
loading on the stress responses at loading and unloading and transport losses from market
weight pigs.” The fourth chapter is a research study titled “Effects of pen size on the stress
responses at loading and unloading and transport losses from market weight pigs.” The fifth
chapter is a general summary of both research studies. Both research studies were prepared
according to The Professional Animal Scientist guidelines and include an Abstract,
Introduction, Materials and Methods, Results and Discussion, Implications and Literature
Cited.

EXPECTED OUTCOMES
Two Animal Industry Reports, two peer reviewed abstracts to be presented at the
American Society of Animal Science, two National Hog Farmer Research Reports, and three
manuscripts from this thesis are to be submitted to The Professional Animal Scientist.
Chapter 2, the Review of Literature, will be part of a larger manuscript titled “Transport
losses in market weight pigs II: A review of on-farm factors.” The second manuscript to be
submitted is titled “Effects of pre-sorting prior to loading on the stress responses at loading
and unloading and transport losses from market weight pigs,” and the third is titled “Effects
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of pen size on the stress responses at loading and unloading and transport losses from market
weight pigs.”

PRACTICAL IMPLICATIONS
The results from this research are expected to aid the U.S. swine industry in
identifying on-farm factors that affect the incidence of transport losses in market weight
pigs, with the potential end result of lowering overall transport losses throughout the
industry.
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CHAPTER 2: LITERATURE REVIEW

INTRODUCTION
“Transport losses” refer to pigs that become non-ambulatory or die at any stage of
the marketing process. Examples of transport losses in market weight pigs include; “nonambulatory pigs” (fatigued and injured), “dead on arrival” (DOA), “dead in yard” (DIY) and
“dead in pen” (DIP). A thorough review of the definitions, incidence and economical
impacts of these transport losses have been assembled by Ritter et al. (2009a). Transport
losses represent three challenges for the U.S. swine industry including: 1) animal well-being,
2) increased rules and regulations, and 3) direct financial losses to producers and packers.
Therefore; improving the well-being of pigs during transport and reducing the incidence of
dead and non-ambulatory pigs is a priority for the U. S. swine industry (NPB, 2007). For
this to be accomplished it is first essential to understand what the marketing process is and
why this process may present many unfamiliar stimuli to the pig. We may then understand
the causes of transport losses that occur on the farm and identify strategies to reduce these
losses under commercial conditions. The objectives of this review are to 1) define the
marketing process and what makes it unfamiliar for the pig 2) review on-farm factors that
affect or may affect transport losses in the market weight pig and 3) review work that has
been completed evaluating pre-sorting prior to loading and pen design in the grow-finish
stage.
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THE MARKETING PROCESS
Definition of the Marketing Process
The marketing process is defined as the movement from the grow-finish environment
to stunning at the harvest facility. Prior to marketing, pigs that have reached targeted
weights (~120-130 kg) are identified from pen mates. Market weight pigs are sorted from
pen mates at the time of loading. More recent facility design systems provide the capability
to pre-sort pigs ahead of the time of loading and may allow for feed withdrawal to these
pigs, though water is still provided ad libitum. Pigs are moved from their home pen, up a
loading chute, and onto a trailer for transport to the harvest facility. Therefore, by
identifying potential stressors that may occur during each stage of the marketing process, we
may be able to reduce transport losses at the time of marketing.
Unfamiliarity of the Marketing Process
How a pig responds to stimuli is based on cues that are received from the
environment and processed using their senses. Curtis et al. (2001) completed an in depth
review of the pig senses. These authors reported that pigs have a very acute sense of smell,
are relatively sensitive to a thermal environment, and have a relatively wide peripheral
vision area of approximately 310 degrees. Heffner and Heffner (1990) conduced that pigs
have a sound frequency of reasonable detection ranging from 40 Hz to 40 kHz. The
marketing process may expose the pig to a barrage of unfamiliar stimuli processed through
the senses and that stimuli may result in an innate survival response by the pig (Grandin,
1997). Talling et al. (1996; 1998) reviewed uniform and intermediate sounds at the farm,
transport, abattoir and white noise. Results from two studies support two hypotheses about
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the pig’s perception of sound. First, that pigs habituate to specific loud unfamiliar
mechanical sound and second, that avoidance is greater and habituation takes longer for
intermittent sound with a short rise time than constant sound with a long rise time. In
addition, the authors noted a large amount of individual variation in strength of aversion to
sound. Other examples of unfamiliar stimuli within the handling and loading experience on
farm are walking up an inclined chute, close interaction with humans, and mixing with
unfamiliar pigs.

KNOWN FACTORS THAT AFFECT TRANSPORT LOSSES IN THE MARKET
WEIGHT PIG
Multi-factorial Challenge
Transport losses are multi-factorial and involve people, pig, facility design,
management, transportation, slaughter facility, and environmental factors (Anderson et al.,
2002; Ellis et al., 2003; Ellis and Ritter, 2005; Ritter et al., 2009a). By identifying different
factors within the marketing stages that may be potential stressors to the pig, we may
attempt to reduce stressors placed upon the pig at the time of marketing, and subsequently
reduce transport losses in market weight pigs.
Additive Stressors
Stressors that impinge upon a pig may vary in time, intensity, mode, and degree of
novelty (Coleman et al., 2002). The pig has developed mechanisms to deal with both acute
and chronic stressors. The “additive stressor model” concept was proposed by Broom and
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Johnson in 1993. Using marketing as an example, if a pig is subjected to multiple stressors
within a short period of time, and time is not allowed for rest and recovery in between each
subsequent stressor application, the pig baseline physiological levels may rise and the pig
may not be able to recover. In the most severe of cases, the pig may become fatigued, nonambulatory or even die. This model was applied to chicks by McFarlane et al. (1989) and
pigs by Hyun et al. (2005). Both of these examples report that multiple concurrent stressors
have additive effects on negative growth performance. Ritter (2009b) studied the additive
effects of handling intensity, transport floor space, and distance moved during handling and
applied these potential stressors in a simulated transportation process. The authors reported
that as the number of stressors applied to the pig increased, rectal temperature, blood lactate,
and loin muscle lactate increased linearly (P ≤ 0.01) and blood pH, bicarbonate, and base
excess decreased linearly (P < 0.01; Ritter et al., 2009b).
Previous Research on Factors Linked to Transport Losses in Market Weight Pigs
Some work has been carried out in recent years in an attempt to identify on-farm
factors that affect the incidence of transport losses in market weight pigs. Previous research
evaluating the effects of previous handling, feed withdrawal, handling tool and intensity,
group size in movement from home pen to trailer, aisle width, distance moved from home
pen to trailer, and loading ramp design on the incidence of transport losses in market weight
pigs has been completed. The results from each of the above mentioned factors will be
discussed.
Previous Handling. Stewart et al. (2008) evaluated previous handling effects (moving pigs
out their home pen to the load-out area on the day before loading) on transport losses. The
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authors reported that previous handling significantly (P < 0.0001) reduced open-mouth
breathing (19.1 % vs. 29.7 %) and skin discoloration (1.9 % vs. 5.0 %) during loading, while
tending (P = 0.08) to reduce total transport losses (0.1 % vs. 0.4 %) compared to pigs that
were not previously handled.
Feed Withdrawal. Ritter (2007b) compared pigs fasted for 0 or 24 h prior to loading in a

controlled commercial trial in which both treatments were compared within 210 trailer
compartments. The authors reported that 24 h feed withdrawal reduced total transport losses
by 50 % compared to the control treatment (0.4 % vs. 0.2 %; P = 0.31), however these
results were not statistically significant. In a small field trial involving 14 loads of pigs,
Stewart et al. (2008) compared pigs fasted for 0 or 16 h prior to loading and reported that 16
h feed withdrawal significantly (P = 0.04) reduced transport losses (0 % vs. 0.4 %).
Handling Tool. Correa et al. (2008) compared different moving procedures during the
loading process; 1) movement from home pen to truck using an electric prod and sorting
board, 2) movement from home pen to truck using a paddle and sorting board, and 3)
movement from the home pen using a paddle and sorting board and the use of a compressed
air prod in the ramp. Pigs moved using the electric prod and sorting board had a 3 %
fatigued pig percentage upon arrival at the harvest facility compared to 0 % of pigs moved
using the paddle and sorting board during loading.
Handling Intensity. Benjamin et al. (2010) evaluated handling intensity effects by moving
pigs either “aggressively” or “gently” through a course. Moving pigs “aggressively” meant
that handlers moved pigs through a 300 m handling course and up a high ramp with frequent
use of an electric prod. Moving pigs “gently” was defined as moving pigs through the same
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course, but pigs were moved up a lower loading ramp, pigs were moved at a moderate pace
and a plastic cane was used to aid pig movement in place of an electric prod. Pigs that were
moved aggressively had a higher (P < 0.001) percentage of open-mouth breathing, skin
discoloration, vocalization and non-ambulatory pigs (10 % vs. 0 %).
Group Size in Movement to Trailer. Berry et al. (2009) evaluated group size effects when
moving pigs in (small [groups of 4] vs. large [groups of 8]) during loading on stress
responses (during loading and unloading) and transport losses at the plant. Pigs moved in
small groups had lower (P = 0.01) open-mouth breathing (8.2 % vs. 18.6 %), skin
discoloration (6.7 % vs. 15.0 %) and muscle tremors (0.1% vs. 0.6%) during loading and
lower (P = 0.01) open mouth breathing (2.8 % vs. 4.6 %) and skin discoloration (0.4% vs.
0.9%) at unloading. Furthermore, pigs loaded in small groups had lower (P = 0.01) rates of
dead on arrival (DOA; 0.19 % vs. 0.56 %) and non-ambulatory pigs (0.4 % vs. 0.7 %) at the
plant resulting in fewer (P = 0.01) total losses (0.6 % vs. 1.3 %) than pigs loaded in large
groups.
Aisle Width. Anderson et al. (2002) evaluated the physiological responses of market weight
pigs to different handling practices and followed these pigs to the harvest facility. Pigs that
became wedged in a narrow passageway were more susceptible (P < 0.05) to becoming nonambulatory than those that did not become wedged (Anderson et al., 2002). Therefore,
wedging in movement from the home pen to the trailer has been identified as a major
stressor for pigs.
Distance Moved During Loading. Two field studies (Ritter et al., 2007b; 2008) evaluated
distance moved during loading effects on stress responses and transport losses. Pigs were
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either moved a short distance (0 to 30.5 m) or a long distance (60.0 to 91.4 m) from the pen
to the exit of the building. Both studies reported that pigs moved long distances during
loading had greater (P < 0.0001) percentages of open-mouth breathing during loading (24.9
% vs. 11.0 %) and trended (P = 0.09) for higher rates of non-ambulatory pigs during loading
(0.32 % vs. 0.08 %) than pigs moved short distances. However, the distance moved did not
affect transport losses at the plant in either study (1.5% vs. 1.4%; P = 0.45).
Loading Chute. Berry et al. (2007) compared two loading system designs on performance
and well-being parameters for the finisher pig at the time of marketing. The first design was
a traditional metal covered chute (T) that offered a 19o angle to the bottom deck of a trailer.
The second design was a prototype loading gantry (P) that was aluminum covered, had a
flooring covered with epoxy to mimic cement flooring, and had a hydraulic lift that could be
raised to the bottom deck (7o angle) or top deck (18o angle) of a trailer. Pigs from first cuts
and close-outs were evaluated during the study. The first cut was defined as the first group
of pigs marketed from a particular site, and close-out was defined as the last group of pigs
marketed from a particular site. Loading system influenced well-being parameters for both
first cut and close out pigs at the time of marketing. Pigs loaded on the prototype loading
gantry experienced fewer (P < 0.001) electric prods, slips, falls, vocalizations, and pile ups.
The authors reported that from the first cut, pigs loaded using the prototype loading gantry
trended (P =0.06) towards fewer total dead pigs (0.4 % vs. 0.6 %) and resulted in
significantly lower (P = 0.03) total losses (1.2 % vs. 1.6 %). No differences were reported
(P < 0.05) for pigs marketed in the close-out loads.
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PEN DESIGN AND PRE-SORTING
Pre-sorting Prior to Loading
Chevillon (2000) and Tarrant (1989) have recommended the use of resting pens near
the loading area to allow pigs to rest and recover from the stress associated with being
removed from the pen and moved to the loading area. Placing pigs in resting pens for 2 h
prior to loading allowed heart rates to return to baseline values, reduced loading time, and
resulted in a 25 % reduction in transport deaths (Chevillon, 1998; Chevillon, 2000).
Therefore, resting pens may have important implications for minimizing stress and
improving animal well-being, and thus may be an effective management strategy to reduce
transport losses under commercial conditions.
Autosort. Auto-sort technologies offer producers many potential advantages over
conventional grow-to-finish buildings in regard to minimizing stress on the pigs during
loading and transportation. Auto-sort barns utilize large group sizes (~500 pigs), allow pigs
to move freely throughout the building, weigh pigs daily prior to entering food courts,
identify market weight pigs, and sort market weight pigs into a loading pen near the barn
exits prior to loading. In theory, auto-sort systems may reduce transport losses because pigs
are not sorted from pen mates during loading, not moved long loading distances, and are not
mixed during transport. Recent survey data has, in fact, suggested that auto-sort systems
may reduce transport losses (Brumsted, 2004; Rademacher and Davies, 2005). Rademacher
(2007) compared pigs raised in pens with auto-sort systems of 500 pigs per pen to pigs
raised in conventional grow-to-finish housing with 35 pigs per pen. At the time of
marketing, pigs from the conventional pens were 4 times more likely (0.29 % vs. 0.07 %) to
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have a fatigued pig and 5 times more likely (0.5 % vs. 0.1 %) to have a DOA than pigs
coming from buildings with auto-sorting technology.
However, the results of these surveys should be taken with caution as there are
several confounding factors in these data sets. If controlled studies demonstrate that autosort systems reduce transport losses in relation to conventional barns, then it is of equal
importance to determine if the reduction in losses is due to pre-sorting pigs prior to loading,
reduced loading distances, and/or not mixing unfamiliar pigs during transport. Despite the
potential reduction for dead and non-ambulatory pigs, many pork producers have expressed
frustration with auto-sort systems due to the learning curve of the software, the time required
to train the pigs, the up keep of the system, difficulties associated with identifying and
treating sick pigs, and potentially negative effects on growth performance traits (Gonyou
and Whittington, 2006; Rademacher, 2007). Therefore, several large production systems in
the U.S. are currently utilizing large pen configurations (≥ 200 pigs / pen) during the growto-finish period and site personnel are manually pre-sorting market weight pigs from pen
mates prior to loading by using internal swing gates.
Pen Size
In conventional finishing buildings, pigs are placed into pens of ≤ 30 as weaned or
feeder pigs, and usually these pigs do not leave their pens until they are marketed (Gonyou,
2004). As a result, pigs marketed from conventional finishing buildings have limited
exercise and changes to their environment during rearing. In recent years, grow-to-finish
facility design has trended from housing pigs in smaller groups to larger social groups of
100 to 1000 pigs / pen (Street and Gonyou, 2008). Conflicting reports are available noting
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positive and negative aspects in terms of both productivity and well-being. Whittington and
Schneider (2004) report that large pens allow for pigs to choose an appropriate climate zone
within the large pen and increase the pigs’ ability to avoid more aggressive pigs.
Additionally, large pens may provide benefits to the producer, such as reduced maintenance
costs due to less gating in the large pen designs (Whittington and Schneider, 2004).
Street and Gonyou (2008) scored pigs on a scale of 0 (no injury present) - 5 (score
increased with increasing severity) for lesions that were raised in small pens (18 pigs / pen)
and large pens (108 pigs / pen). Although flank and tail bite scores were not affected by
group size (P < 0.05), lameness scores (0.03 vs. 0.02; P = 0.012) and leg lesion scores (0.17
vs. 0.13; P = 0.02) were greater in pigs from the large group housing. Further, Street and
Gonyou (2008) reported that small-group pigs had a greater overall ADG than large group
pigs (1.07 kg / pig/day vs. 1.04 kg / pig/day; P = 0.039) and these differences were most
evident during the first 2 wk of the study when pigs were 10 to 11 wk of age. Similarly,
Turner et al. (2003) reported that ADG had a negative linear relationship with increasing
group size in the weaner (-0.00036 kg / pig/day; P < 0.001)) and grower stages (-0.00048 kg
/ pig / day; P < 0.05)), however; there was no difference (P < 0.05) between group sizes in
the finisher stage. Finally, in agreement with both Street and Gonyou, 2008 and Turner et
al. (2003), Moody (2010) recently completed an on-farm trial that compared average daily
gains of large (271 pigs / pen) vs. small penned pigs (34 pigs / pen). Preliminary results
report that large pens had a significantly reduced (P = 0.004) average daily gain (J. Moody,
The HANOR Company, Spring Green, WI, personal communication).
Although much research has occurred to understand the effects of large pen housing
on productivity and well-being in the grow-to-finish pig, little is known about how pen size
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affects the incidence of transport losses in the market weight pig. One study by Johnson et
al. (2010) compared the effects of two different facility designs on stress responses (during
loading and unloading) and transport losses at the packing plant. The new (NEW) design
had 192 pigs / pen and internal swing gates that were used to manually pre-sort market
weight pigs on the day before loading. The traditional (TRAD) design had 32 pigs / pen and
it was not feasible to pre-sort pigs prior to loading. The NEW pens had lower incidences of
open mouth breathing (22.6% vs. 30.2%; P < 0.0001), skin discoloration (13.0% vs. 16.4%;
P = 0.0005) and muscle tremors (0.3% vs. 0.7%; P = 0.0292) at loading and unloading
(open mouth breathing [14.0% vs. 8.6%; P < 0.0001], skin discoloration [3.6% vs. 2.1%; P
= 0.0007] and muscle tremors [0.6% vs. 0.3%; P = 0.05]). Further, NEW pens had fewer
dead pigs on arrival (0.0 % vs. 0.2 %; P = 0.0059), non-ambulatory pigs (0.7 % vs. 0.3 %; P
= 0.04) and total losses (0.3 % vs. 0.9 %; P = 0.0031) at the plant compared to TRAD pigs.
The effects in this study were confounded; hence it was difficult to ascertain if the reduction
in transport losses was due to pen size, the implementation of pre-sorting, or was a
combination of both factors.

SUMMARY
This literature review discussed the unfamiliarity of the marketing process for the
market weight pig and the known factors that affect the incidence of transport losses in
market weight pigs. Before beginning to study the effects of certain factors on transport
losses, we must first understand what the marketing process is, what makes this process
unfamiliar to the pig, and the pig itself. By understanding how the pigs interacts with its
environment and new, unfamiliar stimuli we may then begin to identify what factors act as a
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stressor to the pig at the time of marketing, and attempt to minimize or eliminate them.
Though work has been done examining on-farm factors that affect transport losses in the
market weight pig, there are gaps in the literature that need to be evaluated, including presorting prior to loading and pen size through the grow-finish period. Though a study
completed by Johnson et al. (2010) reported a 66 % reduction in transport losses in pigs
from large pens that were pre-sorted, this study was confounded in design and the authors
were unable to determine whether the reduction in transport losses was a result of pen
design, pre-sorting, or a combination of both factors.

LITERATURE CITED
Anderson, D. B., D. J. Ivers, M. E. Benjamin, H. W. Gonyou, D. J. Jones, K. D. Miller, R.
K. McGuffey, T. A. Armstrong, D. H. Mowrey, L. F. Richardson, R. Seneriz, J. R.
Wagner, L. E. Watkins, and A. G. Zimmermann. 2002. Physiological responses of
market hogs to different handling practices. p. 399 in Proc. of the Am. Assoc.of
Swine Vet., Kansas City, MO.
Benjamin, M. E., H. W. Gonyou, D. J. Ivers, L. F. Richardson, D. J. Jones, J. R. Wagner, R.
Seneriz, and D. B. Anderson. 2001. Effect of animal handling method on the
incidence of stress response in market swine in a model system. J. Anim. Sci.
79(Suppl. 1):279. (Abstr.)
Berry, N. L, 2007. Loading system effect on performance, handling and meat quality
attributes of finisher pigs. PhD Diss. Iowa State University, Ames.

16

Berry, N. L., M. Ritter, E. Brunton, W. Stremsterfer, B. Hoag, J. Wolfe, N. Fitzgerald, M.
Porth, D. Delaney, and T. Weldon. 2009. Effects of moving market weight pigs in
different group sizes during loading on stress responses and transport losses at the
packing plant. J. Anim. Sci. 87 (Suppl. 3)14. (Abstr.).
Broom, D., and K. G. Johnson. 1993. Stress and animal welfare. Chapman and Hall, Oxford,
UK.
Brumsted, M. 2004. Automatically sorted, large pen finish barns reduce death loss during
transportation to market. p. 47 in Proc. of the Am. Assoc. of Swine Vet., Des
Moines, IA. (Abstr.)
Chevillon, P. 2000. Pig welfare during pre-slaughter and stunning. Proc. of l Conferência
Virtual Internacional sobre Qualidade de Carne Suína, Embrapa, Brazil.
Chevillon, P. 1998. Mortality rate during pig transport and welfare of pigs. Techni Porc.
21(5):13-18.
Coleman, G. J., P. H. Hemsworth, M. Hay, and M. Cox. 2002. Modifying stockperson
attitudes and behaviour towards pigs at a large commercial farm. App. Anim. Behav.
Sci. 66:11-20.
Correa, A., H. Gonyou, S. Torrey, N. Devillers, J. P. Laforest, and L. Faucitano. 2008.
Effect of different moving devices at loading on incidence of downers, and carcass
and meat quality in market weight pigs. p. 36 in Proc. Joint Ann. ASAS.
Indianapolis, IN.

17

Curtis, S. E., S. A. Edwards, and H.W. Gonyou. 2001. p. 41 in Biology of the Domestic Pig.
W. G. Pond and H. J. Hersmann, ed. Cornell Univ. Press. Ithaca, NY.
Ellis, M., F. McKeith, D. Hamilton, T. Bertol, and M. Ritter. 2003. “Analysis of the current
situation: what do downers cost the industry and what can we do about it?” p. 1 in
Proc. of the 4th Am. Meat Sci. Assoc. Pork Quality Symp., Columbia, MO.
Ellis and Ritter. 2005. Impact of animal handling and transportation conditions on losses of
slaughter weight swine during transport. 36th Ann. Mtg. Amer. Assoc. Swine Vet. p.
199-202.
Gonyou, H., L. Whittington. 2006. A review of large group housing. Prairie Swine Centre.
Gonyou, H. 2004. Managing grow-finish pigs in large groups. Adv. Pork Prod. 15:91.
Grandin, T. 1997. Assessment of stress during handling and transport. J. Anim. Sci. 75: 249257.
Heffner, R. S., and H. E. Heffner. 1990. Hearing in domestic pigs (Sus scrofa) and goats
(Capra hircus). Hearing Research. 48:231-240.
Hyun, Y., M. Ellis, S. E. Curtis, R. W. Johnson. 2005. Environmental temperature, space
allowance, and regrouping: additive effects of multiple concurrent stressors in
growing pigs. J. Swine Health Prod. 13 131-138.
Johnson, A. K., L. J. Sadler, L. M. Gesing, M. Faga, C. Feuerbach, H. Hill, R. Bailey, and
M. J Ritter. 2010. Effects of facility design on the stress responses and market losses
of market weight pigs during loading and unloading. Prof. Anim. Sci. 26:9-17.

18

McFarlane, J. M., S. E. Curtis, R. D. Shanks, S. G. Carmer. 1989. Multiple concurrent
stressors in chicks. 1. Effect on weight gain, feed intake and behavior. Poul. Sci.
68:501-509.
National Pork Board. 2007. Animal Welfare Homepage.
http://www.pork.org/PorkScience/Animal Welfare.aspx?c=. Accessed Dec. 15, 2007.
Rademacher, C., and P. Davies. 2005. Factors associated with the incidence of mortality
during transport of market hogs. p. 186 in Proc. of the Allen D. Leman Swine Conf.,
St. Paul, MN.
Rademacher, C. 2007. Comparing performance in autosorts to conventional finishing barns.
p. 319 in Proc. North Am. Vet. Conf. Orlando, FL.
Ritter, M. J., M. Ellis, N. L. Berry, S. E. Curtis, L. Anil, E. Berg, M. Benjamin, C. Dewey,
B. Driessen, P. DuBois, J.D. Hill, J.N. Marchant-Forde, P. Matzat, J. McGlone, P.
Mormede, T. Moyer, K. Pfalzgraf, J. Salak-Johnson, M. Siemens, J. Sterle, C. Stull,
T. Whiting, B. Wolter, S.R. Niekamp, and A.K. Johnson. 2009a. REVIEW:
Transport losses in market weight pigs: I. A review of definition, incidence, and
economic impact. Prof. Anim. Sci. 25:404-414.
Ritter, M., M. Ellis, M. Benjamin, E. Berg, P. DuBois, J. Marchant-Forde, A. Green, P.
Matzat, P. Mormede, T. Moyer, K. Pfalzgraf, M. Siemens, J. Sterle, T. Whiting, B.
Wolter, and A. Johnson. 2005. The fatigued pig syndrome. J. Anim. Sci. 83(Suppl.
1):258. (Abstr.)

19

Ritter, M. J., M. Ellis, C. R. Bertelsen, R. Bowman, J. Brinkmann, J. M. DeDecker, K. K.
Keffaber, C. M. Murphy, B. A. Peterson, J. M. Schlipf, and B. F. Wolter. 2007a.
Effects of distance moved during loading and floor space on the trailer during
transport on losses of market weight pigs on arrival at the packing plant. J. Anim.
Sci. 85: 3454-3461.
Ritter, M. J. 2007b. Effects of animal handling and transportation factors on the welfare,
stress responses, and incidences of transport losses in market weight pigs at the
packing plant. PhD Diss. University of Illinois, Urbana-Champaign.
Ritter, M. J., M. Ellis, D. B. Anderson, S. E. Curtis, K. K. Keffaber, J. Killefer, F. K.
McKeith, C. M. Murphy, B. A. Peterson. 2009b. Effects of multiple concurrent
stressors on rectal temperature, blood acid-base status, and longissimus muscle
glycolytic potential in market weight pigs. J. Anim. Sci. 87: 351-362.
Ritter, M. J., M. Ellis, R. Bowman, J. Brinkmann, S. E. Curtis, J. M. DeDecker, O.
Mendoza, C. M. Murphy, D. G. Orellana, B. A. Peterson, A. Rojo, J. M. Schlipf, and
B. F. Wolter. 2008. Effects of trailer design, season, and the distance pigs are moved
during loading on transport losses of market weight pigs. p. 1in Proc. of 59th Annual
Recip. Meat Conf. U. of Illinois, Champaign-Urbana, Ill.
Stewart, G., M. Ritter, M. Culbertson, G. Mann, and R. Wofford. 2008. Effects of previous
handling and feed withdrawal prior to loading on transport losses in market weight
pigs. p.359 in proc. of 2008 Am. Assoc. Swine Vet. San Diego, CA.

20

Street, B.R. and H. W. Gonyou. 2008. Effects of housing finishing pigs in two group sizes
and at two floor space allocations on production, health, behavior, and physiological
variables. J. Anim. Sci. 86:982-991.
Talling, J. C., N. K. Waran, C. M. Wathes, J. A. Lines. 1996. Behavioral and physiological
responses of pigs to sound. Appl. Anim. Behav. Sci. 48:187-201.
Talling, J. C.; N. K. Waran; C. M. Wathes; and J. A. Lines. 1998. Sound avoidance by
domestic pigs depends upon characteristics of the signal. Appl. Anim. Behav. Sci.
58:255-266.
Tarrant, P. V. 1989. The effects of handling, transport, slaughter and chilling on meat
quality and yield in pigs – a review. Irish J. of Food Sci. and Tech. 13:79-107.
Turner, S. P., D. J. Allcroft, and S. A. Edwards. 2003. Housing pigs in large social groups: a
review of implications for performance and other economic traits. Livest. Prod. Sci.
82:39-51.
Whittington and Schneider. 2004. Considerations for large group housing of finishing pigs.
Adv. Pork Prod. 15: 109.

21

CHAPTER 3: EFFECTS OF PRE-SORTING PRIOR TO LOADING ON
THE STRESS RESPONSES AT LOADING AND UNLOADING AND
TRANSPORT LOSSES IN MARKET WEIGHT PIGS

A paper to be submitted to The Professional Animal Scientist
L. M. Gesing*, A. K. Johnson*2, J. T. Selsby*, C. Feuerbach†, H. Hill†, M. Faga†, A.
Whiley†, R. Bailey&, K. J. Stalder*, and M. J. Ritter§

*Department of Animal Science, Iowa State University, Ames, IA, 50011,
†

Iowa Select Farms, Iowa Falls, IA, 50126,

&

JBS Swift and Co., Marshalltown, IA 50158 and
§

Elanco Animal Health, Greenfield, IN, 46140

ABSTRACT
The objective of this study was to determine the effects of pre-sorting prior to
loading on stress responses and transport losses at the harvest facility in the market weight
pig. A total of 5,802 pigs (n=33 loads) were used in a randomized complete block design
with two treatments. The pre-sorted (PRE) and non pre-sorted (NON) treatments both had
292 pigs / pen (0.65 m2*pig-1). For PRE internal swing gates were used to manually pre-sort
pigs approximately 18-h prior to loading, while NON pigs were sorted from pen mates at the
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time of marketing. Treatments were assigned to trailer decks in an alternating manner. Data
were analyzed using generalized linear mixed model methodology and loading time was
analyzed using mixed model procedures. Loading time differed (P < 0.01) between
treatments with NON taking longer to load compared to PRE. During loading, PRE pigs
had fewer (P < 0.01) incidences of open mouth breathing and skin discoloration compared to
NON pigs. However, the incidence of muscle tremors and non-ambulatory pigs at loading
and open mouth breathing, skin discoloration, and muscle tremors at unloading were not (P
> 0.05) different. There were no (P > 0.05) differences between treatments for total losses at
the harvest facility. Two PRE and zero NON pigs were classified as dead on arrival. In
conclusion, pre-sorting market weight pigs reduced loading time and some stress responses
on farm; however, there were no observed treatment differences for stress responses or
transport losses at the harvest facility.
Keywords: market weight pig, pre-sort, transport losses

INTRODUCTION
In North America, research has begun to address the effects of facility design (Berry
et al., 2007; Ritter et al., 2007a) and management strategies (Ritter et al., 2007b; Johnson et
al., 2010) on pig transport losses at marketing. Johnson et al. (2010) reported pigs loaded
from large pens (192 pigs / pen) that were manually pre-sorted from pen mates the day
before loading had 66% fewer dead and non-ambulatory pigs at the packing plant compared
to pigs loaded from small pens (32 pigs / pen) that were sorted from pen mates during
loading. However, it is unclear if the reduction in transport losses was due to pen size and /
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or pre sorting before marketing. The objective of this study was to determine the effects of
pre-sorting prior to loading on stress responses and transport losses at the harvest facility in
the market weight pig.

MATERIALS AND METHODS
Animals

The protocol for this study was approved by the Iowa State University Animal Care
and Use Committee. Pigs were transported to three commerical wean-to-finish facilities
located in the Midwest at approximately 17 d of age and were marketed at 195 ± 16 d of
age. These pigs were from a standard commercial terminal genetic line and were selected to
be free of the HAL-1843 mutation, which is known to impact pre-harvest mortality and pork
quality (Murray and Johnson, 1998; Fàbrega et al., 2002). Thirty three loads of mixed sexed
market weight pigs (n = 5,802; BW = 120.3 kg ± 5.3 kg) were used in this study.
Production Sites
Sites were identical in design and had the same feed and water delivery systems.
Each site was a wean-to-finish facility, divided into two, naturally ventilated rooms. Each
room had fully slatted concrete floors (2.5 cm wide by 1.3 m long), a 64 cm wide center
aisle and pens (7.3 m long by 2.9 m wide) and pigs were provided 0.65 m2*pig-1 of pen floor
space. Pens were divided by steel gates and the back gates of each pen had the ability to
swing freely or be locked in a closed position (as previously described by Johnson et al.,
2010). Pigs were fed a standard finishing diet that met or exceeded the pigs’ nutritional
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requirements for this phase / weight (NRC, 1998). Pigs were provided ad libitum access to
feed and water via a wet / dry feeder (1.4 m high x 43.2 cm wide x 1.5 m long; with a 12 cm
deep pan). Water flow rates were 1.5 L / min, which met the recommended guidelines for
grow-to-finish pigs (NPB, 2009). Pigs were observed daily beginning at 0800 h to ensure
pig health and facility maintenance.
Treatments

Both treatments were housed within each room at each site (Figure 3.1). One side of
the aisle was assigned to the large pen configuration that was to be pre-sorted (n = 2 pens /
room), while the other side was assigned to the large pen configuration that would not be
pre-sorted (n = 2 pens / room; Figure 3.1). Treatment locations were alternated between the
two rooms at each site allowing both treatments to be equally represented on each side of the
barn. Floor and feeder space (32 pigs / feeder) allowances were standardized across the two
treatments. To create the large pen configuration, the back swing gate of nine consecutive
pens remained open throughout the grow-to-finish period, and each large pen housed 292
mixed sex pigs. Two days prior to loading, market weight pigs from both treatments were
marked on the back with a red (NON) or green (PRE) animal safe crayon (Prima Spray-on,
Prima Tech, NC, U.S.). Observers collecting data were blinded to pigs receiving treatments.
Marking was accomplished by the primary caretaker walking through each pen and marking
pigs that visually appeared to be in the targeted market weight window (approximately 121
kg).
Large No Pre-sort (NON). Pigs that had been pre-determined to have reached the
targeted market weight in NON pens (marked with a red paint stick) were sorted from pen

25

mates during loading. Sorting was completed by a marketing crew consisting of four
experienced persons (range of 2 to 6 yr of practical swine production and loading
experience) shutting all the internal gates immediately prior to sorting. Pigs identified as
having reached the target market weight were removed from their home pen and loaded onto
the trailer. Immediately after sorting and loading was completed, all internal gates were reopened to return to the large pen configuration.
Large Pre-sort (PRE). Pigs that had been pre-determined to have reached the targeted

market weight in PRE pens (marked with a green paint stick) were pre-sorted from pen
mates by the same four person marketing crew as previously described. The back swing
gates were used to sort market weight pigs and locked to separate sorted pigs from their pen
mates 18-h before loading. Feed and water were provided ad libitum during this period. At
the time of loading, pre-sorted pigs were moved onto the trailer and after all loading was
completed, all internal swing gates were re-opened to return to the large pen configuration.
Pig Handling and Loading Procedures

Loading for transport to the harvest facility took place between 1800 and 0800 h.
Pigs were moved from their home pen to the loading ramp by the same four-man loading
crew that pre-sorted the pigs and all the handling methods were based on the production
system’s standard operating procedures. Groups of four to six market weight pigs were
removed from their pen, moved down the center aisle of the building and onto the transport
trailer using sorting boards and if necessary electric prods. The covered loading ramp used
to load pigs onto the trailer was 91 cm wide and 4.9 m long, incorporating a 14 degree angle
at all sites. Each loading ramp had 4.5 cm. wide × 1.9 cm. long cleats that were spaced 20.3
cm. apart.
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Transport Trailers and Transport Floor Spaces

Data collection occurred from December 23, 2008 to March 25, 2009. Aluminum
straight-deck trailers (Wilson Trailers, Sioux City, IA) owned and operated by the
production system were used. During this time period, air vents were partially covered and
were in compliance with the National Pork Board’s Transport Quality Assurance program™
recommended transport trailer set-up procedures (NPB, 2008). Fresh wood shavings were
used as bedding to cover the trailer floor at ~2.5 cm in depth. Each trailer had four upper
deck compartments and five lower deck compartments (all compartments in the trailer were
stocked according to the production system’s current standard operating procedure of 0.41
m2*pig-1; approximately 176 pigs / load). During loading, treatments were assigned to
trailer decks in an alternating pattern, and both treatments were represented within each
trailer load of pigs. Immediately after loading was complete, pigs were transported 84.8 ±
7.2 km (~1 h) to a commercial harvest facility. Drivers unloaded the trailers at the harvest
facility using livestock paddles. Unloading at the harvest facility took place between 1900
and 0900 h.
Length of Time to Pre sort the Market Weight Pig

Equal numbers of pigs from each treatment were removed from their home pen and
marketed over three time points. These different marketing groups are typically referred to
as “cuts.” Length of time to pre-sort market weight pigs during these cuts from each site
were recorded by one person using a stopwatch. The total number of pigs that were sorted
from each pen / cut / site was also recorded. First cut was defined as the first group of pigs
that had reached their targeted market weight from one particular site (approximately 23%
of pigs, 177 d of age; marketed over 1 d). Intermediate cuts were defined as the second and
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third groups of pigs that had reached their targeted market weight from a particular site
(approximately 30% of pigs, 195 d of age; over 2 d), and final cuts were defined as the
remaining pigs that reached their targeted market weight from each site (approximately 47%
of pigs, 204 d of age; over 1 d). Length of time (sec) to pre-sort these pigs by cut will be
reported descriptively. The following calculation was completed to determine the time to
pre-sort;
Time to pre-sort a market weight pig = Total time (sec) to pre-sort a pen ÷ Total number of
pigs in a pen.
Event Times and Environmental Conditions Inside the Trailer

The timing of all events (loading, waiting period at the farm before transport,
transport, waiting period at the harvest facility before unloading, unloading and total time
from loading to unloading) were recorded. Loading was defined as the time interval from
when the first pig was removed from the barn pen to the time in which the last trailer
compartment gate was closed. Waiting period at the farm was defined as the time from
when the last trailer compartment gate was closed to the time the trailer left the farm.
Transport was defined as the time interval from when the trailer left the farm to the time in
which the trailer arrived at the harvest facility. Waiting period at the harvest facility before
unloading was defined as the time interval from when the truck arrived at the plant to the
time in which the driver started unloading the trailer. Unloading was defined as the time
interval from when the driver started unloading the trailer to the time in which the last pig
exited the trailer. For each of these events, the mean, standard deviation, and range
(minimum [MIN] and maximum [MAX] times) in min were calculated. Loading time by
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treatment was defined as the time interval when the first pig stepped onto the trailer to the
time when the last trailer compartment gate was closed. All swing gates in NON were
closed immediately prior to loading, therefore this was not included in loading time.
Each trailer was equipped with two electronic data loggers for temperature and
relative humidity (HOBO; Hobo Pro series, Janesville, WI). The data loggers were affixed
inside the trailers, one on the upper deck and one on the bottom deck in the compartment
closest to the truck. Both data loggers were located on the right hand side of the trailer when
viewing the trailer from the rear (1 m from the trailer floor level, 31 cm from the front of the
trailer). Ambient temperature (oC) and relative humidity (RH, %) were recorded in 1-min
intervals for all events (loading at the farm to unloading at the harvest facility).
Environmental parameters were calculated to determine the mean, standard deviation, and
range (minimum [MIN] and maximum [MAX]) for temperatures and RH by event for this
trial.
Stress Responses and Losses During Loading and Unloading

Physical signs of stress were recorded by 3 trained observers (defined as a person
that had previous experience viewing and scoring stress responses of market weight pigs)
during loading (1 at the farm site) and unloading (2 at the plant). During loading and
unloading the following measures were recorded: 1) open-mouth breathing frequency
(defined as the pigs upper and lower jaw being held open, the top lip could be pulled back
exposing gum and/or teeth and pigs were seen to be panting [inhalation and exhalation of the
flanks was pronounced]), 2) skin discoloration (defined as a blotchy red appearance that was
typically visible on any body part of the pig), and 3) muscle tremors (defined as muscular
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contractions that were typically observed on the flanks / limbs of the pig). At loading farm
non-ambulatory (defined as pigs at the time of loading that were unable to move or maintain
the same walking speed as the other pigs within the group; Anderson et al., 2002) was also
recorded. Harvest facility employees identified dead pigs on arrival (DOA) and nonambulatory pigs. Trained Iowa State University personnel at the harvest facility classified
non-ambulatory pigs into two categories: fatigued and injured. Fatigued pigs were defined
as non-ambulatory or slow moving pigs that displayed physical signs of stress (open-mouth
breathing, skin discoloration, and / or muscle tremors). Injured pigs were defined as pigs
with a compromised ability to move due to an injury or structural unsoundness. Total losses
at the plant were defined as the sum of dead and total non-ambulatory (summation of
fatigued and injured) pigs at the harvest facility.
Statistical Analysis

The effects of pre-sorting before marketing on the stress responses during loading
and unloading and transport losses at the plant were compared in a randomized complete
block design, where the trailer load of pigs was the blocking factor and the trailer deck was
the experimental unit. All data were evaluated for normal distribution prior to analysis using
PROC Univariate of SAS (SAS Inst. Inc., Cary, NC). Data used to evaluate the physical
signs of stress during loading and unloading (open mouth breathing, skin discoloration and
muscle tremors) and transport losses (non-ambulatory pigs) failed to meet the assumption of
normally distributed data. These data were analyzed by using PROC GLIMMIX of SAS
(SAS Inst. Inc., Cary, NC). The model included the fixed effect of treatment and the random
effects of date nested within site and the trailer load of pigs, which was nested within date
and site. The number of pigs transported was used as a linear covariate. A Poisson
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distribution was noted and used in the evaluation using the GLIMMIX procedures. Further,
the I-Link option was used to transform the mean and standard error values back to the
original units of measure. At unloading, dead pigs on arrival was so low that statistical
analysis was not warranted and a summary of this data is presented. Loading time data
were analyzed using PROC MIXED of SAS (SAS Inst. Inc., Cary, NC). The model
included the fixed effect of treatment and the random effects of date nested within site and
the trailer load of pigs, which was nested within date and site. Number of pigs transported
within a deck was used as a linear covariate. A P – value of ≤ 0.05 was considered to be
significant.

RESULTS AND DISCUSION
Event Times

Mean times for loading, waiting at the farm before transport and transport were 42,
7, and 61 min, respectively. Mean waiting time at the harvest facility before unloading was
22 min but varied across loads (3 to 98 min). Mean unloading time was 25 min, which
included time needed to remove DOA’s from the trailer (Table 3.1).
Environmental Conditions Inside the Trailer

Temperatures inside the trailer increased when the trailer was not moving (i.e. during
waiting period at the farm before transport and waiting period at the harvest facility before
unloading). During transportation, temperature inside the trailer dropped by approximately
2 oC (Table 3.2). Overall relative humidity in the trailer was 72.0%. Relative humidity was
lowest at loading (68.2%) and greatest when the trailer was waiting to be unloaded at the
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harvest facility (74.7%). Relative humidity rose by approximately 5% after the trailer was
loaded at the farm and waiting to begin transport (Table 3.2).
Length of Time to Pre-sort

In this trial the following parameters were used to pre-sort market weight pigs: 1) a
four person crew pre-sorted all barn cuts approximately 18 h prior to loading, 2) the
marketing crew was paid a flat rate for each event, and 3) feed was not withheld from presorted pigs prior to loading. On average, the time required to pre-sort pigs from first,
intermediate and final barn cuts / site was 24, 15, and 5 sec / pig, respectively. When
adjusting these times to a truckload basis of 176 pigs, first barn cuts took 4200 sec (70 min)
to pre-sort, intermediate barn cuts, 2640 sec (44 min), and final barn cuts 900 sec (15 min).
These variables used for length of time to pre-sort may change based on the type of
production system. For example, it may not be useful to pre-sort pigs in the final barn cut,
as the majority will be going to market and only a few will be identified as light (defined as
pigs that have yet to reach market weight) or cull pigs. Also, depending on barn cut and
system, it may be possible for 2 to 4 persons to pre-sort pigs rather than 4 persons. Several
production systems that pre-sort pigs prior to loading withdraw feed after pigs are pre-sorted
but water is provided ad libitum. Typically, any feed consumed by pigs in the hours up to
marketing may not be fully digested and therefore will be discarded at slaughter. The
balance between length of time pigs are pre-sorted and feed is withdrawn needs to be
carefully evaluated as long periods of feed withdrawal may negatively affect carcass weight
(Kephart and Mills, 2005). Finally, the number of pigs that are loaded on the trailer for
market would also affect the amount of time required to pre-sort.

32

Length of Time to Load a Trailer Deck

Previous work conducted by Chevillon, (1998, 2000) reported that allowing pigs a 2
h resting period prior to transport reduced loading times. In agreement with Chevillon
(1998, 2000) loading times differed (P< 0.001) between treatments with NON pigs (21.7
min / deck) taking longer to load compared to PRE pigs (17.4 min / deck). It should be
noted that NON pigs at the time of loading had all the swing gates closed to change the large
pen configuration to small pen configurations. If these back swing gates had not been
closed, it could be hypothesized that loading times for NON pigs would be greater than
those reported in this study.
Stress Responses and Losses During Loading and Unloading

Fatigued pigs are in a metabolic state of acidosis characterized by high blood lactate,
low blood pH, and decreased bicarbonate values (Anderson et al., 2002; Ivers et al., 2002).
However, controlled research has demonstrated that rectal temperatures, blood lactate, and
blood pH values from pigs that have been aggressively handled return to baseline values
within 2 h post-handling (Anderson et al., 2002; Hamilton et al., 2004). Chevillon (1998,
2000) reported that pre-sorting for 2-h prior to loading allowed heart rates to return to
baseline values and resulted in a 25% reduction in transport deaths. Therefore, resting pens
may have important implications for minimizing stress and improving pig well-being and
may be an effective management strategy to reduce transport losses under commercial
conditions. In this study during loading, PRE pigs had fewer incidences of open mouth
breathing (P < 0.0001) and skin discoloration (P < 0.0001) compared to NON pigs,
demonstrating that allowing PRE pigs resting time after being sorted was beneficial.
However, the muscle tremors and non-ambulatory incidences at loading and open mouth
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breathing, skin discoloration, and muscle tremors incidences at unloading were low in
general and were not (P > 0.05) different between treatments (Table 3.3).
There were no pig mortalities from the time that market weight pigs were identified
(marked using colored paint) until the pigs were removed from their pens during loading for
either treatment. There were no (P > 0.05) differences between PRE and NON pigs for the
incidence of fatigued, injured, total non-ambulatory, and total losses at the harvest facility
(Table 3.4). During the marketing process only two pigs were classified as DOA in the PRE
treatment, while there were no DOAs for the NON treatment at the harvest facility. It is
important to note that the total transport losses observed in this study were 0.33% (PRE) and
0.27% (NON). While the total losses seen for PRE are similar (0.30%) to values reported by
Johnson et al. (2010) for large pens that pre-sorted prior to loading, the total losses in this
study for both treatments were only about one-third as high as total losses (0.89%) from the
small pen, not pre-sorted treatment from the same Johnson et al. (2010) study. Additionally,
when comparing the total loss percentages from the present study to losses on a national
level, the estimated national average for total losses from a summary of 23 commercial field
trials is 0.69% (Ritter et al., 2009), or about twice as high as total losses recorded from the
present study.
Previous work by Chevillon (1998; 2000) reported that pre-sorting reduced transport
losses; therefore if a producer has higher than average transport losses for their grow-tofinish site, they may wish to consider pre-sorting. However, a cost / benefit calculation is
recommended to determine if profits would be made. Variables within the calculation could
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include: number of persons needed to pre-sort, wage per person, time to load, and incidence
of transport losses at the harvest facility.

IMPLICATIONS
By implementing pre-sorting prior to loading, stress responses during loading (open
mouth breathing and skin discoloration) in the market weight pig were significantly reduced
and it took less time to load the trailers. However, there was a monetary and time
commitment to pre-sorting pigs prior to marketing. The effects of pre-sorting did not carry
over to the harvest facility as there were no benefits reported in regards to reduced stress
responses or improved transport losses for market weight pigs in the winter months in the
Midwestern United States. It should be noted that the transport losses observed in this trial
were about one-half of the estimated national average. The results from the current study
suggest that the management tool of pre-sorting prior to loading may not be a useful strategy
to further reduce transport losses at sites where transport losses are already low. Additional
research is necessary to determine if pre-sorting prior to loading is an effective management
strategy to reduce dead and non-ambulatory pigs at the harvest facility for farms that are
experiencing transport losses above the U.S. estimated national averages.

LITERATURE CITED
Anderson, D. B., D. J. Ivers, M. E. Benjamin, H. W. Gonyou, D. J. Jones, K. D. Miller, R.
K. McGuffey, T. A. Armstrong, D. H. Mowrey, L. F. Richardson, R. Seneriz, J. R.
Wagner, L. E. Watkins, and A. G. Zimmermann. 2002. Physiological responses of

35

market hogs to different handling practices. p. 399 in Proc. Am. Assoc. Swine Vet.,
Kansas City, MO.
Berry, N. L, 2007. Loading system effect on performance, handling and meat quality
attributes of finisher pigs. PhD Diss. Iowa State University, Ames.
Chevillon, P. 1998. Mortality rate during pig transport and welfare of pigs. Techni
Porc.21(5):13-18.
Chevillon, P. 2000. Pig welfare during pre-slaughter and stunning. Proc. of l Conferência
Virtual Internacional sobre Qualidade de Carne Suína, Embrapa, Brazil.
Fàbrega, E., A. Diestre, D. Carrión, J. Font, and X. Manteca. 2002. Effect of the halothane
gene on pre-slaughter mortality in two Spanish commercial pig abattoirs. Anim.
Welf. 11:449- 452.
Hamilton, D. N., M. Ellis, T. M. Bertol, and K. D. Miller. 2004. Effects of handling intensity
and live weight on blood acid-base status in finishing pigs. J. Anim. Sci. 82:2405.
Ivers, D. J., L. F. Richardson, D. J. Jones, L. E. Watkins, K. D. Miller, J. R. Wagner, R.
Seneriz, A. G. Zimmermann, K. A. Bowers, and D. B. Anderson. 2002.
Physiological comparison of downer and non-downer pigs following transportation
and unloading at a processing plant. J. Anim. Sci. 80(Suppl. 2):39. (Abstr.).
Johnson, A. K., L. J. Sadler, L. M. Gesing, M. Faga, C. Feurbach, H. Hill, R. Bailey, K. J.
Stalder, and M J. Ritter. 2010. The effects of facility system design on the stress

36

responses and market losses of market weight pigs during loading and unloading.
Prof. Anim. Sci. 26:9-17.
Kephart, K. B. and E. W. Mills. 2005. Effect of withholding feed from swine before
slaughter on carcass and viscera weights and meat quality. J. Anim. Sci. 83: 715-721.
Murray, A. C., and C. P. Johnson. 1998. Impact of the halothane gene on muscle quality and
pre-slaughter deaths in Western Canadian pigs. Can. J. Anim. Sci. 78:543-548.
National Pork Board. 2009. PQA Plus Producer Assurance Book. Table 9.1. “Water
requirements by phase.” Page 90.
National Pork Board. 2008. Animal Welfare Homepage.
http://www.pork.org/PorkScience/AnimalWelfare.aspx?c=30. Accessed Oct. 15,
2009.
NRC. 1998. Nutrient requirements of swine. 10th ed. Natl. Acad. Press, Washington, DC.
Ritter, M. J., M. Ellis, C. R. Bertelsen, R. Bowman, J. Brinkmann, J. M. DeDecker, K. K.
Keffaber, C. M. Murphy, B. A. Peterson, J. M. Schlipf, and B. F. Wolter. 2007a.
Effects of distance moved during loading and floor space on the trailer during
transport on losses of market weight pigs on arrival at the packing plant. J. Anim.
Sci. 85:3454-3461.
Ritter, M. J., J. E. Swan, M. H. Gillis, K. D. Miller, J. D. Muegge, D. H. Mowrey, T. A.
Armstrong, W. C. Weldon. 2007b. Effects of ractopamine on transport losses in
market weight pigs. J. Anim. Sci. 85(Suppl. 1):127-128. (Abstr.).

37

Ritter, M. J., M. Ellis, N. L. Berry, S. E. Curtis, L. Anil, E. Berg, M. Benjamin, C. Dewey,
B. Driessen, P. DuBois, J. D. Hill, J. N. Marchant-Forde, P. Matzat, J. McGlone, P.
Mormede, T. Moyer, K. Pfalzgraf, J. Salak-Johnson, M. Siemens, J. Sterle, C. Stull,
T. Whiting, B. Wolter, S. R. Niekamp, and A. K. Johnson. 2009. REVIEW:
Transport losses in market weight pigs: I. A review of definition, incidence, and
economic impact. Prof. Anim. Sci. 25:404-414.

38

TABLES AND FIGURES
Table 3.1. Descriptive statistics from a study evaluating pre-sorting effects on the stress
responses and transport losses in market weight pigs. Event times during the marketing
process in the Midwest from December 2008 to March 20091.
Range

1

Event time, min

Mean

SD2

MIN3

MAX4

Loading5

42

9

28

68

Waiting period at the farm before transport6

7

3

3

13

Transport7

61

4

51

71

Waiting period at the harvest facility before unloading8

22

23

3

98

Unloading9

25

13

11

53

Total time from loading to unloading10

157

31

100

225

Number of trailer loads within a day

3.3

1.3

2

6

Based on 33 trailer loads of market weight pigs (defined as a pig that has reached a target
weight of ~120-125 kg).
2
SD abbreviation for standard deviation.
3
MIN abbreviation for minimum.
4
MAX abbreviation for maximum.
5
Loading was defined as the time interval from when the first pig stepped on the truck to the
time in which the last trailer compartment gate was closed.
6
Waiting period at the farm was defined as the time from when the last trailer compartment
gate was closed to the time the trailer left the farm.
7
Transport was defined as the time interval from when the trailer left the farm to the time in
which the trailer arrived at the harvest facility.
8
Waiting period at the harvest facility before unloading was defined as the time interval
from when the truck arrived at the plant to the time in which the driver started unloading the
trailer.
9
Unloading was defined as the time interval from when the driver started unloading the
trailer to the time in which the last pig exited the trailer.
10
Total time from loading to unloading defined as the summation of the previously described
categories for events.
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Table 3.2. Descriptive statistics from a study evaluating pre-sorting effects on the stress
responses and transport losses in market weight pigs. Internal trailer temperature and
relative humidity during the marketing process in the Midwest from December 2008 to
March 2009.1
Range
Temperature in the trailer by event, oC

Mean

SD2

MIN3

MAX4

Loading5

2.0

2.5

-10.9

10.8

Waiting period at the farm before transport6

6.1

4.3

-4.9

15.8

Transport7

4.3

4.5

-9.3

11.8

Waiting period at the harvest facility before unloading8

5.5

4.0

-5.9

12.9

Unloading

4.0

4.7

-7.3

12.1

Load average: temperature

4.4

4.0

-7.7

12.7

Loading

68.2

10.4

48.4

88.2

Waiting at the farm before transport

73.3

9.1

49.7

88.6

Transport

74.0

8.2

56.8

90.4

Waiting at the harvest facility before unloading

74.7

10.1

51.2

93.7

Unloading9

69.9

11.1

53.7

92.8

Load average: relative humidity

72.0

9.78

52.0

90.7

Relative Humidity in the trailer by event, %

1

Based on 27 trailer loads of market weight pigs (defined as a pig that has reached a target
weight of ~120-125 kg); 6 trailer loads had to be removed from the data set because of a
HOBO on one of the decks malfunctioning.
2
SD abbreviation for standard deviation.
3
MIN abbreviation for minimum.
4
MAX abbreviation for maximum.
5
Loading was defined as the time interval from when the first pig was removed from the
barn pen to the time in which the last trailer compartment gate was closed.
6
Waiting period at the farm was defined as the time from when the last trailer compartment
gate was closed to the time the trailer left the farm.
7
Transport was defined as the time interval from when the trailer left the farm to the time in
which the trailer arrived at the harvest facility.
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8

Waiting period at the harvest facility before unloading was defined as the time interval
from when the truck arrived at the plant to the time in which the driver started unloading the
trailer.
9
Unloading was defined as the time interval from when the driver started unloading the
trailer to the time in which the last pig exited the trailer.
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Table 3.3. Stress response least square means (SE) at loading and unloading from pre-sorted
versus not pre-sorted market weight pigs.
Treatment
Measure, %

NON1

PRE2

Number of trailer decks3

33

33

Number of pigs

2920

2882

Open mouth breathing4

12.3 ± 1.7

6.1 ± 0.9

< 0.0001

Skin discoloration5

15.3 ± 3.7

8.1 ± 2.0

< 0.0001

Muscle tremors6

0.2 ± 1.0

0.1 ± 0.1

0.23

Farm non-ambulatory7

0.0 ± 0.0

0.1 ± 0.0

0.53

Open mouth breathing

0.3 ± 0.1

0.3 ± 0.1

0.69

Skin discoloration

0.1 ± 0.1

0.1 ± 0.1

0.45

Muscle tremors

0.3 ± 0.1

0.3 ± 0.1

0.96

P-value

Stress responses at loading

Stress responses at unloading

1

Large pens, not presorted (NON) had 292 mixed sexed pigs per pen, housed at 0.65 m2*pig. Pigs were sorted immediately prior to loading.
2
Large pen, pre-sorted (PRE) had 292 mixed sexed pigs per pen, housed at 0.65 m2*pig-1
Pigs were pre-sorted 18 h before market.
3
Trailer deck was the experimental unit for facility design treatments.
4
Open mouth breathing is defined as the pig’s upper and lower jaw being held open, the top
lip could be pulled back exposing gum and / or teeth and pigs were seen to be panting.
5
Skin discoloration is defined as a blotchy red appearance that was typically visible on any
body part of the pig.
6
Muscle tremors are defined as contractions that were typically observed on the flanks /
limbs of the pig.
7
Farm non-ambulatory is defined as pigs at the time of loading that were unable to move or
maintain the same walking speed as the rest of the group.
1
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Table 3.4. Transport losses least square means (SE) at the harvest facility for the market
weight pig when pre-sorted and not pre-sorted prior to marketing.
Treatment
Measure, %

NON1

PRE2

Number of trailer decks3

33

33

Number of pigs

2920

2882

Fatigued4

0.1 ± 0.1

0.1 ± 0.1

0.94

Injured5

0.1 ± 0.1

0.1 ± 0.1

0.88

Total non-ambulatory6

0.3 ± 0.1

0.3 ± 0.1

0.88

Total losses7

0.3 ± 0.1

0.3 ± 0.1

0.68

1

P-value

Large pens, not pre-sorted (NON) had 292 pigs/ pen housed at 0.65 m2*pig-1. Pigs were
sorted immediately prior to loading.
2
Large pens, pre-sorted (PRE) had 292 pigs / pen housed at 0.65 m2*pig-1. Pigs were presorted 18 h prior to market.
3
Trailer deck was the experimental unit for facility design treatments.
4
Fatigued pigs were defined as non-ambulatory or slow moving pigs that displayed physical
signs of stress (open-mouth breathing, skin discoloration, and/or muscle tremors).
5
Injured pigs were defined as pigs with a compromised ability to move due to an injury or
structural unsoundness.
6
Total non-ambulatory pigs were defined as pigs unable to move or keep the same walking
speed as the rest of the group (Anderson et al., 2002).
7
Total losses at the plant were defined as the sum of dead and non-ambulatory (fatigued and
injured) at the harvest facility.
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Figure 3.1. Schematic barn diagram for the large pen, pre-sorted (PRE) treatment and the
large pen, not pre-sorted (NON) treatment used in the study determining pre-sorting effects
on market weight pigs from three grow-finish facilities in a large Midwestern pork
production system.

LARGE PEN, NOT PRE-SORTED (NON)

LARGE PEN, PRE-SORTED

LARGE PEN, NOT PRE-SORTED (PRE)

LARGE PEN, PRE-SORTED
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ABSTRACT
The objective of this study was to determine the effects of two grow-to-finish pen
sizes on stress responses and transport losses in the market weight pig. A total of 4,522 pigs
(n= 26 loads) from three conventional grow-to-finish sites were used in a randomized
complete block design. Small (SP) and large pens (LP) were created within each room at
each site by either opening or closing internal swing gates. The SP treatment group had 36
pigs / pen, while the LP treatment group had 324 pigs / pen. Floor space and feeder space
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were standardized across treatments. Market weight pigs from both treatments were sorted
from pen mates at the time of loading. At marketing, pigs from each pen size were assigned
to separate trailer decks in an alternating manner. Loading time was analyzed using PROC
MIXED of SAS and stress responses were analyzed using PROC GLIMMIX of SAS.
Loading time differed (P < 0.01) between treatments with LP taking longer to load
compared to SP. The SP pens had lower (P < 0.01) incidences of open mouth breathing
(OMB) and skin discoloration (SD) during loading compared to LP, but there were no
differences (P < 0.05) in the incidence of muscle tremors (MT) or non-ambulatory pigs at
loading. At the harvest facility, LP had a lower incidence of SD (P < 0.01) than SP;
however, there were no differences (P < 0.05) between treatments for OMB or MT. There
were no differences between treatments for fatigued, total non-ambulatory, or total losses.
Two LP and no SP were classified as injured and no pigs from either treatment were dead on
arrival. In summary, there appears to be no pen size effect on the incidence of transport
losses.
Key words: fatigued, injured, pen size, pig

INTRODUCTION
Swine transport losses present financial, legislative, and well-being challenges to the
U.S. swine industry.

In financial loss terms, when expressed on a per pig-day basis,

transport losses from the trailer to the harvest facility are greater than in any other
production phase (Rademacher and Davies, 2005); estimated at $50 to 100 million annually
(Ellis et al., 2003).

Legislatively, non-ambulatory livestock are being considered for
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increasing rules and regulations. Finally, improving the well-being of the grow-finish pig
during transport is a priority for the U.S. swine industry (NPB, 2007).
Transport losses are multi-factorial and consist of pig, people, management,
transportation, processing plant, environmental, and facility design factors (Ritter et al.,
2009). Research addressing pen size for the grow-to-finish pig has occurred (Turner and
Edwards, 1998; Spoolder et al., 1999; Street and Gonyou, 2008). Potential benefits of the
large pen configuration include: providing the pig the opportunity to choose a
microenvironment, the ability to avoid aggressive interactions in the home pen, and reducing
aggression at mixing during transport (Spoolder et al., 1999; Whittington and Schneider,
2004; Ritter, 2007). Johnson et al. (2010) reported that pigs raised in large pens that were
pre-sorted prior to loading had a 66 % reduction in total transport losses compared to pigs
raised in small pens that were not pre-sorted prior to loading. It is unclear, however; if the
reduction was due to the large pen size or pre-sorting prior to loading. Little is known about
how large pen facility designs directly or indirectly impact the incidence of transport losses
at the time of marketing. Therefore, the objective of this trial was to determine the effects of
two grow-to-finish pen sizes on the stress responses and transport losses in market weight
pigs.
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MATERIALS AND METHODS
Animals
The protocol for this study was approved by the Iowa State University Animal Care
and Use Committee. Pigs were transported to three commerical grow-to-finish facilities in
the Midwest at ~18 d of age and were marketed at 199 ± 9 d of age. These pigs were from a
standard commercial terminal genetic line and were selected to be free of the HAL-1843
mutation, which is known to impact pre-harvest mortality and pork quality (Murray and
Johnson, 1998; Fàbrega et al., 2002). Twenty-six loads of market weight pigs (n = 4,522;
BW = 122.0 kg ± 10.6 kg) were used.
Production sites
Sites were identical in design and had the same feed and water delivery systems.
Each site was a wean-to-finish facility, divided into two, naturally ventilated rooms.
Barrows and gilts were split between rooms, with gilts housed in one room and barrows in
the other to facilitate split sex feeding. Each room had fully slatted concrete floors (2.5 cm
wide by 1.3 m long) and a 64 cm wide center aisle. Pens measured 7.3 m long by 2.9 m
wide, providing 0.59 m2*pig-1. Pens were divided by steel gates and the back gates of each
pen had the ability to swing freely or could be locked in a closed position (as previously
described by Johnson et al., 2010). Pigs were fed a standard finishing diet that met or
exceeded the pigs’ nutritional requirements for this phase / weight (NRC, 1998). Pigs were
provided ad libitum access using a wet dry feeder (1.4 m high x 43.2 cm wide x 1.5 m long;
with a 12 cm deep pan).

Water flow rates were 1.5 L/min, which is within the
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recommended guidelines for grow-to-finish pigs (NPB, 2009). Pigs were observed daily at
0800 h to ensure pig health and facility maintenance.
Treatments
Both facility designs were housed within each room at each site (Figure 4.1). One
side of the aisle was arranged in the large pen configuration (n = 2 pens / room), while the
other side of the aisle was arranged in the small pen configuration (n = 18 pens / room).
Treatment locations were alternated between the two rooms at each site allowing both
treatments to be equally represented on each side of the barn. Floor space and feeder space
(36 pigs / feeder) allowances were standardized across the two treatments. Two days prior
to loading, market weight pigs from both treatments were marked on the back with a red
(SP) or green (LP) animal safe paint (Prima Spray-on, Prima Tech, NC, U.S.). Observers
collecting data were blinded to treatments. Marking was accomplished by the primary
caretaker walking through each pen and marking pigs that visually appeared to be at the
target market weight window (~121 kg.).
Small pen (SP). Internal swing gates remained closed throughout the grow-to-finish
period to create the small pen facility design. Pigs were housed in single sex pens of 36
pigs. Pigs that had been pre-determined to have reached the target market weight (marked
with a red paint stick) were sorted from pen mates during loading.
Large pen (LP). The internal swing gates of nine consecutive pens remained open
throughout the grow-to-finish period to create the large pen facility design. Pigs were
housed in single sex pens of 324 pigs. All eight swing gates were closed immediately prior
to sorting and loading. Approximately equal pig numbers were in each newly closed small
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pen. Pigs that had been pre-determined to have reached the target market weight (marked
with a green paint stick) were sorted from pen mates during loading. Immediately after
market weight pigs were sorted out of home pens, the back swing gates in LP were reopened and secured against the wall to re-create the large pen facility design.
Pig Handling and Loading Procedures
Loading took place between 1800 and 0700 h. All pigs were moved from their home
pen to the loading ramp by the same four-person marketing crew following the production
system’s standard operating procedures. Groups of four to six pigs were sorted from the pen
and moved down the center aisle of the building, and onto the transport trailer by using
sorting boards and if necessary electric prods. The covered loading ramp used to load pigs
onto the trucks was 91 cm wide and 4.9 m long with a 14 degree angle at all sites. Each
loading ramp had cleats 4.5 cm. wide and 1.9 cm. high that were spaced 20.3 cm apart.
Transport Trailers andTransport Floor Spaces
Data collection occurred from July 21 and August 19, 2009. Aluminum straightdeck trailers (Wilson Trailers, Sioux City, IA) owned and operated by the production system
were used. During this time period air vents remained open and in compliance with the
National Pork Board’s Transport Quality AssuranceTM recommended transport trailer set-up
procedures (NPB, 2008). Fresh wood shavings were used as bedding to cover the trailer
floor at a depth of approximately 2.5 cm. Each trailer had four upper deck compartments
and five lower deck compartments (all compartments in the trailer were stocked according to
the production system’s current standard operating procedure of 0.42 m2*pig-1;
approximately 174 pigs/load). During loading, treatments were assigned to trailer decks in
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an alternating pattern, and both treatments were represented within each trailer load of pigs.
Immediately after loading was completed pigs were transported 84.8 ± 7.2 km (~1 h) to a
commercial harvest facility. Drivers unloaded the trailers at the harvest facility by using
livestock paddles. Unloading at the harvest facility took place between 2000 and 1000 h.
Event Times at Transport and Environmental Conditions Inside the Trailer
The timing of all events (loading, waiting period at the farm before transport,
transport, and waiting period at the harvest facility before unloading, unloading and total
time from loading to unloading) were recorded. Loading was defined as the time interval
from when the first pig was removed from the barn pen to the time in which the last trailer
compartment gate was closed. Waiting period at the farm was defined as the time from
when the last trailer compartment gate was closed to the time the trailer left the farm.
Transport was defined as the time interval from when the trailer left the farm to the time in
which the trailer arrived at the harvest facility. Waiting period at the harvest facility before
unloading was defined as the time interval from when the truck arrived at the plant to the
time in which the driver started unloading the trailer. Unloading was defined as the time
interval from when the driver started unloading the trailer to the time in which the last pig
exited the trailer.

For each of these events, the mean, standard deviation, and range

(minimum [MAX] and maximum times [MAX]) were calculated.

Loading time by

treatment was defined as the time interval when the first pig stepped onto the trailer to the
time when the last trailer compartment gate was closed. Swing gates in the large pen facility
design were closed prior to the beginning of loading; therefore the time to complete this was
not included in time to load.
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Each trailer was equipped with two electronic data loggers (HOBO; Hobo Pro series;
Janesville, WI). The data loggers were affixed inside the trailers, one on the upper deck and
one on the bottom deck in the compartment closest to the truck. Both data loggers were
located on the right hand side of the trailer when viewing the trailer from the rear (1 m from
the trailer floor level, 31 cm from the front of the trailer). Ambient temperature (oC) and
relative humidity (RH, %) were recorded at 1 min intervals for all events (loading at the
farm to unloading at the harvest facility). Environmental parameters were averaged to
determine the mean, standard deviation, and range (minimum [MIN]) and maximum [MAX]
temperatures and RH for each event.
Stress Responses and Losses During Loading and Unloading
Physical signs of stress were recorded by two trained observers (defined as a person
that had previous experience viewing and scoring stress responses from market weight pigs)
during loading (1 at the farm site) and unloading (1 at the plant). During loading and
unloading, the follows measures were recorded: 1) frequency of open-mouth breathing
(defined as the pig’s upper and lower jaw being held open, the top lip could be pulled back
exposing gum and/or teeth and pigs were seen to be panting [inhalation and exhalation of the
flanks was pronounced]), 2) skin discoloration (defined as a blotchy red appearance that was
typically visible on any body part of the pig), and 3) muscle tremors (defined as muscular
contractions that were typically observed on the flanks/limbs of the pig). At loading, nonambulatory pigs (defined as pigs at the time of loading that were unable to move or maintain
the same walking speed as the other pigs within the group (Anderson et al., 2002) was also
recorded.

Harvest facility employees identified dead pigs on arrival (DOA) and non-
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ambulatory pigs at the time of unloading. Non-ambulatory pigs were defined as pigs unable
to move or keep the same walking speed as the rest of the group (Anderson et al., 2002).
Iowa State University personnel at the harvest facility classified non-ambulatory pigs into
two categories: fatigued and injured. Fatigued pigs were defined as non-ambulatory or slow
moving pigs that displayed physical signs of stress (open-mouth breathing, skin
discoloration, and / or muscle tremors).

Injured pigs were defined as pigs with a

compromised ability to move due to an injury or structural unsoundness. Total losses were
defined as the sum of dead and non-ambulatory (summation of fatigued and injured) pigs at
the harvest facility.
Statistical Analysis
The effects of housing pigs in different pen sizes throughout the grow-to-finish
period on the incidence of stress responses during loading and unloading and transport
losses at the plant were compared in a randomized complete block design, where the trailer
load of pigs was the blocking factor. The trailer deck was the experimental unit. All data
were evaluated for normal distribution, an assumption of the analysis of variance, prior to
analysis using PROC Univariate of SAS (SAS Inst. Inc., Cary, NC). Data used to evaluate
the physical signs of stress during loading and unloading (open mouth breathing, skin
discoloration and muscle tremors) and transport losses (non-ambulatory pigs) failed to meet
the assumption of normally distributed data. These data were analyzed by using PROC
GLIMMIX of SAS (SAS Inst. Inc., Cary, NC). The model included the fixed effect of
treatment and the random effects of date nested within site and the trailer load of pigs, which
was nested within date and site. The number of pigs transported was used as a linear
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covariate. A Poisson distribution was noted and used in the evaluation using the GLIMMIX
procedures. Further, the I-Link option was used to transform the mean and standard error
values back to the original units of measure in order to better understand the results. At
loading, the incidence of muscle tremors and farm non-ambulatory was so low that
statistical analysis was not warranted and a summary of this data are presented descriptively.
At unloading, dead pigs on arrival and injured pigs was so low that statistical analysis was
not warranted and a summary of this data are presented descriptively. Loading time data
were analyzed using mixed model analyses (PROC MIXED of SAS; SAS Inst. Inc., Cary,
NC). The model included the fixed effect of treatment and the random effects of date nested
within site and the trailer load of pigs, which was nested within date and site. Number of
pigs transported was used as a linear covariate. A P-value of < 0.05 was considered to be
significant.

RESULTS AND DISCUSSION
Event Times
Mean times for loading, waiting at the farm before transport and transport were 38,
6, and 59 min, respectively. Mean waiting time at the harvest facility before unloading was
15 min but varied over loads (4 to 64 min). Unloading times averaged 18 min (range from 8
to 41 min, Table 4.1).
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Environmental Conditions Inside the Trailer
Temperature inside the trailer was highest waiting at the farm after loading and prior
to transport (23.8 oC) and lowest at unloading at the packing plant (21.9 oC). Once the
transport process began, the temperature began to drop throughout transport (22.6 oC; Table
4.2). Relative humidity inside the trailer increased when the trailer was not moving (i.e.
during waiting period at the farm before transport and waiting period at the packing plant
before unloading). Overall relative humidity in the trailer was 77.5 %. Relative humidity
was lowest during transport (76.2 %) and greatest while waiting at the farm after loading
and prior to transport (78.5 %, Table 4.2).
Time to Load a Trailer Deck
Loading time differed (P = 0.0047) between housing facility design systems with the
LP pigs taking longer to load a trailer deck (21.1 ± 2.3 min) compared to the SP pigs (18.9 ±
2.3 min). Unpublished results collected from a previous trial using the same three sites that
compared a large pen system design with no pre-sorting reported similar mean times to load
a trailer deck (21.7 min; Gesing et al., 2010). However; Johnson et al. (2010) conducted a
similar trial at these sites that compared a small pen, not pre-sorted treatment and reported a
mean loading time of 22.2 min; over 3 min longer than the current trial. A possible reason
for the decrease in loading times between Johnson et al. (2010) and the current study could
be the implementation and review of training for all personnel involved in the marketing
process that took place in the intermittent time period. Further research would be needed to
determine why the difference existed in loading times between SP and LP in the current
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study, and whether this difference occurred in movement from the home pen to the alley,
movement from the alley to the trailer or it was a combination of both.
Stress Responses During Loading and Unloading
The SP pigs had fewer incidences of open mouth breathing (P = 0.0015) and skin
discoloration (P = 0.01) at loading than LP pigs (Table 4.3). Due to the low incidence of
muscle tremors statistical analyses were not appropriate and are presented in only a
descriptive form. Two pigs were classified as exhibiting muscle tremors in the SP facility
design and no pigs exhibited muscle tremors in the LP facility design at loading. There were
no non-ambulatory pigs from either facility design at the time of loading. At unloading skin
discoloration was higher (P < 0.0001) for SP pigs but no differences (P > 0.05) were
observed between facility designs for open mouth breathing or muscle tremors (Table 4.3).
At loading there was a higher incidence of open mouth breathing and skin discoloration
observed for pigs in LP, while at unloading a higher incidence of skin discoloration was
observed in SP. According to the trial protocol, all back swing gates in the LP housing
facility design were closed immediately prior to loading. To accomplish this, the loading
crew entered the large pen and proceeded to close all eight swing gates in the pen.
Furthermore, the crew moved approximately equal numbers of pigs into each newly formed
small pen. This whole process suggests a greater amount of handling was placed upon LP
pigs at loading compared to SP pigs, and in turn may explain the higher open mouth
breathing and skin discoloration incidences that were observed in LP pigs at loading.
One possible reason for SP pigs displaying higher skin discoloration incidences at
unloading may have been due to these pigs being mixed with a higher ratio of unfamiliar

56

pigs on the trailer. Bradshaw et al. (1996) compared pigs mixed and not mixed during
transport to a harvest facility. Mixed pigs had 3 times higher activity levels (descriptively
presented) and higher salivary cortisol levels (P < 0.01) in the middle of the journey,
suggesting a higher stress response in these pigs. Another possibility may be that SP pigs
were taking longer to recover from the exertion of the marketing process than LP pigs.
Transport losses at the harvest facility
There were no pig mortalities from the time that market weight pigs were identified
(marked using colored paint), until the pigs were removed from their pens during loading.
There were no differences (P < 0.05) between SP and LP pigs for the incidence of fatigued
(0.30 ± 0.39 vs. 0.21 ± 0.44), total non-ambulatory (0.34 ± 0.37 vs. 0.31 ± 0.38), and total
losses at the harvest facility (0.34 ± 0.37 vs. 0.31 ± 0.38; Figure 4.2). There were no injured
pigs from SP and two from LP and no dead on arrivals from either housing facility design
treatment. Johnson et al. (2010) compared two treatments: small pens containing 32 pigs /
pen that were not pre-sorted and large pens containing 192 pigs / pen that were pre-sorted
prior to loading. These authors reported a 66 % reduction in total transport losses from pigs
housed in a large pen facility design that were pre-sorted. However; this group was unable
to ascertain if the reduction in transport losses was due to the large pen size or pre-sorting.
Furthermore, the incidence of total losses from small pens was 0.89 % (Johnson et al.,
2010). In the present study, the incidence of total transport losses from pigs housed in the
small pen facility design was considerably lower (0.34%). Gesing et al. (2010) studied the
effects of pre-sorting prior to loading on transport losses in pigs from two large pen
configurations (~292 pigs / pen; one treatment pre-sorted; one treatment not pre-sorted).
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The incidence of total transport losses in the not pre-sorted pigs was similar (0.27 %) to total
losses from pigs in the large pen facility design from the current study. In addition, total
transport losses from the large pen, pre-sorted group from Gesing et al. (2010) were similar
(0.33 %) to incidences of total transport losses from both housing facility designs in the
current study. Total transport losses observed in the current trial were approximately onehalf the percentage of total transport losses recorded in a summary of 23 commercial field
trials (Ritter et al., 2009). One reason for why these sites had inherently low overall
transport losses may be a result of the continual on farm training and experience received
from the marketing crew, truck drivers, and plant personnel who performed all loading and
handling of pigs at the time of marketing. All members of the marketing crew had extensive
experience with handling pigs and were PQATM Plus trained (NPB, 2007). Similarly,
truckers and plant personnel were TQA PlusTM trained (NPB, 2008).

IMPLICATIONS
Pigs raised through the grow-to-finish period in small pens took less time to load a trailer
and appeared to have a lesser incidence of acute stress at loading. However; this did not
carry over to unloading, as pigs from small pens had a greater incidence of skin
discoloration at the harvest facility. When grow-finish swine facilities are experiencing
inherently low incidences of total transport losses compared to the national averages,
implementing changes in the grow-finish facility design (small to large pens) may not be
useful in reducing transport losses even further. Therefore, further research would be useful
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on grow-finish sites that are experiencing transport losses greater than the estimated national
average.
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TABLES AND FIGURES
Table 4.1. Descriptive statistics from a study evaluating pen size effects on the stress
responses and transport losses in market weight pigs. Event times during the marketing
process in the Midwest from July to August 20091.
Range
Mean

SD2

MIN3

MAX3

Loading5

38

13

23

66

Waiting period at the farm before transport6

6

2

3

11

Transport7

59

5

45

67

Waiting period at the harvest facility before unloading8

15

17

4

64

Unloading9

18

10

8

41

Total time from loading to unloading10

136

23

110

205

Number of trailer loads within a day

3.7

2.1

1

7

Event time, min

1

Based on 26 trailer loads of market weight pigs (defined as a pig that has reached a target
weight of ~120-125 kg).
2
SD abbreviation for standard deviation.
3
MIN abbreviation for minimum.
4
MAX abbreviation for maximum.
5
Loading was defined as the time interval from when the first pig was removed from the
barn pen to the time in which the last trailer compartment gate was closed.
6
Waiting period at the farm was defined as the time from when the last trailer compartment
gate was closed to the time the trailer left the farm.
7
Transport was defined as the time interval from when the trailer left the farm to the time in
which the trailer arrived at the harvest facility.
8
Waiting period at the harvest facility before unloading was defined as the time interval
from when the truck arrived at the plant to the time in which the driver started unloading the
trailer.
9
Unloading was defined as the time interval from when the driver started unloading the
trailer to the time in which the last pig exited the trailer.
10
Total time from loading to unloading defined as the summation of the previously described
categories for events.
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Table 4.2. Descriptive statistics from a study evaluating pen size effects on the stress
responses and transport losses for market weight pigs. Internal trailer temperature and
relative humidity during the marketing process in the Midwest from July- August 2009.1
Range
Temperature in the trailer by event, oC

Mean

SD2

MIN3

MAX4

Loading5

22.3

3.2

17.8

36

Waiting period at the farm before transport 6

23.8

3.7

18.7

31.0

Transport7

22.6

2.2

16.0

26.6

Waiting period at the harvest facility before unloading8

22.4

2.0

18.6

27.1

Unloading9

21.9

2.1

17.6

27.9

Load average: temperature

22.6

2.6

17.7

29.7

Loading

78.4

13.1

31.5

96.7

Waiting at the farm before transport

78.5

12.3

31.2

96.1

Transport

76.2

9.7

37.0

86.3

Waiting at the harvest facility before unloading

76.5

10.9

33.9

91.8

Unloading

78.0

7.7

43.2

89.2

Load average: relative humidity

77.5

10.1

35.4

92.0

Relative Humidity in the trailer by event, %

1

Based on 25 trailer loads of market weight pigs (defined as a pig that has reached a target
weight of ~120-125 kg); 1 trailer load had to be dropped because a HOBO on one of the
decks malfunctioned.
2
SD abbreviation for standard deviation.
3
MIN abbreviation for minimum.
4
MAX abbreviation for maximum.
5
Loading was defined as the time interval from when the first pig was removed from the
barn pen to the time in which the last trailer compartment gate was closed.
6
Waiting period at the farm was defined as the time from when the last trailer compartment
gate was closed to the time the trailer left the farm.
7
Transport was defined as the time interval from when the trailer left the farm to the time in
which the trailer arrived at the harvest facility.
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8

Waiting period at the harvest facility before unloading was defined as the time interval
from when the truck arrived at the plant to the time in which the driver started unloading the
trailer.
9
Unloading was defined as the time interval from when the driver started unloading the
trailer to the time in which the last pig exited the trailer.
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Table 4.3. Stress response least square means (SE) at loading and unloading from small (n =
26 loads) versus large (n = 26 loads) pen size market weight pigs.
Treatment
Measure, %

SP1

LP2

Number of trailer decks3

26

26

2260

2262

Open mouth breathing4

18.2±0.1

22.9±0.1

0.0015

Skin discoloration5

22.7±0.1

26.4±0.1

0.01

Open mouth breathing

4.2± 0.3

3.3± 0.7

0.13

Skin discoloration

5.8±0.5

3.0±0.5

< 0.0001

Muscle tremors6

0.3±0.5

0.3±.05

0.74

Number of pigs

P-value

Loading

Unloading

1

Small pens (SP) had 34 single sexed pigs per pen, housed at 0.59 m2*pig-1.
Large pens (LP) had 324 single sexed pigs per pen, housed at 0.59 m2*pig-1.
3
Trailer deck was the experimental unit for facility design treatments.
4
Open mouth breathing is defined as the pigs upper and lower jaw being held open, the top
lip could be pulled back exposing gum and/or teeth and pigs were seen to be panting
[inhalation and exhalation of the flanks were pronounced.
5
Skin discoloration is defined as a blotchy red appearance that was typically visible on any
body part of the pig.
6
Muscle tremors is defined as contractions that were typically observed on the flanks / limbs
of the pig.

2
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Figure 4.1. Schematic barn diagram for the small pen (SP) facility design treatment and the
large pen (LP) facility design treatment used to determine the grow-to-finish pen size effects
on market weight pigs from three grow-finish facilities in a Midwestern pork production
system.

SMALL PENS

LARGE PEN

LARGE PEN
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Figure 4.2. Total transport losses by housing facility design. Market weight pigs from both
housing facility designs were sorted from pen-mates at the time of loading.
0.34

Transport losses (%)

0.31

2

1

Treatment
1
2

SP facility design consisted of 36 pigs / pen (0.59 m2*pig-1).
LP facility design consisted of 324 pigs / pen (0.59 m2*pig-1).
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CHAPTER 5: GENERAL CONCLUSION
Transport losses in market weight pigs present financial, legislative, and well-being
challenges to the U.S. swine industry. By first understanding the pig, and the unfamiliarity
of the marketing process research may begin to identify potential stressors that impinge
upon a pig throughout this process, and attempt to lessen or eliminate these stressors.
Although some work has been reported which evaluated on-farm factors affecting transport
losses in market weight pigs; considerable gaps in the scientific literature remain. Those
gaps include pre-sorting prior to loading affects and grow-to-finish pen size environmental
affects. Johnson et al. (2010) reported a 66 % reduction in transport losses in pigs raised in
large pen configurations that were pre-sorted, however, the researchers could not determine
if the transport losses reduction resulted from pre-sorting, pen size, or a combination of both
factors. The objective of the first trial in the present study was to determine the effect of
pre-sorting on stress responses and transport losses in market weight pigs. Although presorted pigs had a lower acute stress response at the time of loading, there was no difference
between pre-sorted and not pre-sorted pigs at the harvest facility. The objective of the
second trial in the present study was to determine the grow-to-finish pen size effects on the
stress responses and transport losses in the market weight pig. At loading, pigs from small
pens had a lower incidence of open mouth breathing and skin discoloration, however; at
unloading pigs from small pen had a greater skin discoloration incidence than their large pen
counterparts. There were no differences observed in the present study for any transport loss
measures between pigs originating from large and small pen sizes.
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Overall transport losses from both treatment groups in both trials were approximately
one half of the estimated national average reported from a summary of 23 commercial field
trials (0.69 %; Ritter et al., 2009). The relatively very low overall transport losses
experienced amongst all treatments in the present study makes it is questionable whether
using intervention strategies such as pre-sorting prior to loading and large pen size is
beneficial on production sites that are already experiencing low transport losses compared to
the national average.
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