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The transport of livestock by ship is growing in importance, but there are concerns about the welfare
impact on the animals. Short sea journeys are usually completed in the vehicles that are used to transport
the animals by road, and injury and stress can result. Long sea journeys require offloading of the animals
into pens, where they are mixed and provided with feed, water and sometimes artificial ventilation. In
addition, animals are often exposed to high stocking densities, elevated temperature and ammonia con-
centration, as well as noise and changes in photoperiod and light intensity. Mortality rate is the main
measure of welfare used by the Australian live export industry for long distance shipments, and the rate
is higher at sea compared to the same period of transport on land.

Heat stress often challenges livestock when they are transported from cold to hot regions at high stock-
ing densities with no diurnal temperature fluctuation. Sheep cope with heat stress better than cattle, but
can still develop respiratory alkalosis if hyperventilation ensues. Bos taurus cattle cope less well with heat
stress than Bos indicus breeds. High ammonia concentrations may accumulate on long voyages, causing
mucosal irritation and pulmonary inflammation. Some sheep and goats do not adapt to the pellets pro-
vided after extensive grazing in Australia, resulting in inanition, often in combination with salmonellosis,
which together are the main cause of high mortality rates. Long distance transport may also result in dis-
ease transmission to the recipient country and high standards of biosecurity are necessary. It is concluded
that there are significant risks to the welfare of livestock caused by transporting them in ships, especially
over long distances.

� 2013 Elsevier Ltd. All rights reserved.
Introduction

The economic value of exported ruminant livestock worldwide
has been growing at about 4% per year (Phillips, 2008). Much of the
export process involves transportation by ship, although some
countries, such as New Zealand, have restricted this trade because
of concerns about animal welfare. The major worldwide regions
exporting livestock by ship are Australia, USA, Southern South
America, the Horn of Africa and Ireland (Phillips, 2008). Australia
is the leading exporting country, sending in 2011 a total of
2,529,028 sheep and 718,025 cattle overseas, mainly to the Middle
East and South East Asia, respectively (Fisher and Jones, 2008;
DAFF, 2012).

Livestock are transported by ship both as breeding animals,
including dairy cows, and also for slaughter as meat animals
(Phillips, 2008). Transport over short distances is usually required
to traverse a sea between the region in which they were produced
and the region in which they will be marketed (for example, the
English Channel). In such situations the livestock transporter in
which they arrive at the port is usually placed directly onto the
ll rights reserved.

s).
ship. Although no direct comparisons have been undertaken be-
tween short ship and road transport, it appears that the welfare
problems faced in the two systems of transport are similar, even
if the extent of the consequences is different.

However, long distance transport of livestock by ship poses a
different set of challenges to welfare. Here, ship transport is used
to export animals because it is the most appropriate way to move
them, compared with road or rail transport. Usually the animals
are offloaded from their vehicle because of the need to feed, water
and ventilate them in the ship if the journey lasts for several days.
For example, livestock are carried by ship from South African ports,
principally Durban, to Mauritius, a journey of 7–10 days, and the
principle welfare issues are overloading and an inability of the live-
stock to feed, drink or rest (Menczer, 2008).

Exposure to high levels of noise, handling by humans, changes
in photoperiod and light intensity, and forced movement up ramps
could also affect the welfare of animals transported by sea. How-
ever, there has been no research to identify the importance of these
components, which in the case of long distance transport can be
differentiated from handling of animals for other purposes because
of the increased risk of cumulative stress during the extended
period. The response to the various stressors relevant to ship
transport has been well studied under different circumstances, in
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particular land transport and handling for slaughter (see, for exam-
ple, Grandin, 2007).

The high cost of shipment usually necessitates high stocking
densities, similar to those found in intensive housing, which pro-
duces a need to deal with waste products. Long distances increase
the likelihood that animals will enter climatic regions to which
they are unadapted, and any risk of heat stress will be exacerbated
by the high stocking densities unless these are accompanied by in-
creased ventilation. Such journeys involve a change in diet, stock-
ing density, social grouping, microclimate and housing, compared
with their previous habitat, which was often pasture or rangeland.

In considering the welfare impact of the ship journey, it is
important to recognise that it is a part of a much longer transport
process. This usually includes mustering the animals, usually from
rangelands, holding them before loading onto a transporter, trans-
fer to an assembly depot near the port, holding for a few days to
adapt to pellets and high stocking densities before loading onto an-
other transporter to transfer to the port, offloading to enter the
ship, the ship journey itself, offloading from the ship and loading
onto another transporter, and finally travel to a feedlot, where they
remain for at least a few weeks before transport to an abattoir
(Phillips, 2008).

This paper reviews the scientific research that has been pub-
lished which examines the impact of sea transport of livestock
on their welfare. The focus has been on cattle and sheep, but a
small number of articles addressing goats are included.
International standards

There are no international regulatory standards for the carriage
of livestock by sea (Schultz-Altmann, 2008), but guidelines for the
welfare of livestock transported by ship have been developed by
the World Organisation for Animal Health (OIE)1 in 2003–2004.
These were subsequently incorporated into the OIE Terrestrial Ani-
mal Health Code (Norris, 2005), which includes minimum animal
welfare and health standards during the pre-journey, loading, jour-
ney, unloading and post journey handling stages of sea transport
(OIE, 2012). However, the recommendations are necessarily general
because of the diverse range of participant countries, and they do not
provide specific animal welfare indicators that could be measured.
Moreover, they are not compulsory for livestock exporters to follow.
Vessel loading and design

The angle of ramps from the wharf to the ship often varies with
the tide. The maximum loading ramp angle recommended for cat-
tle is 20–25�, but sheep can manage steeper ramps (Grandin,
2008). Ship design may be specified nationally; for example, the
Australian Maritime Safety Authority Marine Orders Part 43
specify that the maximum pen sizes are 21 m2 and 40.5 m2 for cat-
tle and sheep, respectively, in order to reduce the risk of crushing
injury and provide adequate access to feed and water (Schultz-Alt-
mann, 2008). Also specified are deck loading capacity, rail strength
and spacing (to avoid losing animals overboard on open decks)
(Waghorn et al., 1995), passageway width and ceiling height. How-
ever, there is no indication that these standards are evidence-
based. In particular, there is no empirical evidence for stocking
densities on board ship, although it is logical that these should
be determined from allometric relationships between bodyweight,
space availability and behaviour (Petherick and Phillips, 2009).
1 See: OIE (2012). World Organisation for Animal Health Terrestrial Animal Health
Code: Chapter 7.2. Transport of Animals by Sea. http://www.oie.int/en/international-
standard-setting/terrestrial-code/access-online/ (accessed 2 September 2012).
Ventilation

Ammonia accumulation is one of the biggest problems in highly
stocked quarters. The concentration of ammonia has been ob-
served to be positively correlated with temperature and moisture
content of the air in two voyages from Australia to the Middle East
(Pines and Phillips, 2011). Ventilation is usually only provided on
closed decks, at 20–30 air changes/h, depending on ceiling height.
Air speed, which is negatively correlated with ammonia concentra-
tion (Pines and Phillips, 2011), should be at least 0.5 m/s, but exist-
ing vessels do not always achieve this (Earley and Murray, 2010;
Pines and Phillips, 2011).

Animal welfare indicators that could be used on ships

Behaviour is one of the best indicators of welfare in a system in
which physiological indicators cannot be determined easily (Barnett
and Hemsworth, 1990). Group structure has a major impact on the
exhibition of deleterious behaviours, for example, homosexual and
agonistic behaviours in groups of rams transported from New Zealand
to Saudi Arabia (Black, 1997). After observing this problem, Black
(1997) recommended mixing wethers and rams in a ratio of 1:3.

Evaluation of welfare of livestock in long distance shipments is
difficult because there are only one or two stock people on each
shipment and possibly one veterinarian, supported by crew, to ob-
serve and care for up to 100,000 animals. Thus assessment is usu-
ally limited to gross mortality rate figures provided by the
veterinarian or observations of obvious disorders, such as limb
fracture during loading or unloading (Pines et al., 2007).

A number of suitable welfare indicators specific to heat stress and
ammonia accumulation during ship transport have been identified
(respiration rate, ammonia concentrations, wet bulb temperature
on board), but the people responsible, measurement technique, tim-
ing of measurements and position of recording instruments all need
careful consideration (Pines and Phillips, 2011). Pockets of high
ammonia concentrations are most common in enclosed spaces, on
closed decks, near the engine block and at the front of the vessel,
i.e. where ventilation is restricted or temperature is increased.
Ammonia can be measured on ships by several methods, but fresh
air calibration of the measuring device, stability of the reagent in a
moving vessel and sampling method all present logistic difficulties
(Pines and Phillips, 2011). Attempts to improve sampling methodol-
ogy have compared different measuring devices and identified rela-
tionships between ammonia and climatic variables, faecal pad depth
and sampling height above the floor on two voyages from Australia
to the Middle East (Pines and Phillips, 2011).

Cattle voyages

The main risks to cattle welfare on long distance shipments from
Australia to Asia are heat stress, respiratory disease, trauma and
conjunctivitis (Norris et al., 2003). The mortality rate for all ship-
ments from Australia during 1995–2000 was 0.2%, increasing to
0.5% for shipments to the Middle East (Norris et al., 2003). Despite
evidence that transport myopathy was sometimes responsible for
high mortality rates in cattle exported from New Zealand to South
East Asia in the 1960s (Donaldson, 1970), selenium/vitamin E sup-
plementation was not beneficial in correcting this (Andersen and
Lowe, 1971). Exports from South Australian ports have the highest
mortality rates of any Australian exports, as the cattle are cold-
adapted Bos taurus type, compared with heat-adapted Bos indicus
breeds from northern ports (Norris et al., 2003; Beatty et al., 2006).

Core body temperature, acid:base balance and immunity

Livestock on voyages between Australia and the Middle East
may be exposed to mean maximum wet bulb temperatures of
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30 �C (Pines and Phillips, 2011) to 34 �C (Beatty et al., 2006, 2007),
with little circadian fluctuation. This increases core body tempera-
ture (Tc). In the simulated ship transport study of Beatty et al.
(2006), the circadian fluctuation in Tc was increased in both Bos
taurus and Bos indicus cattle after heat exposure abated, suggesting
long term (up to 8 days) disturbance to the thermostatic regulatory
mechanisms, particularly in Bos taurus cattle. Water intake was
approximately doubled during heat exposure and this was not suf-
ficiently compensated by increased urine output, suggesting that
water was lost from the respiratory tract and from sweating. The
observed reduction in plasma osmolality may have been responsi-
ble for a reduction in heart rate in the Bos taurus cattle. Respiratory
rate approximately doubled during heat stress, resulting in respira-
tory alkalosis that manifested as reduced pCO2 and HCO�3 , but not
altered blood pH. Therefore, homeostatic mechanisms for acid:-
base balance coped during the period of heat stress, but after the
heat stress abated blood pH decreased, indicating metabolic acido-
sis (Beatty et al., 2006).

Provision of electrolytes during a voyage can ameliorate acido-
sis, increasing weight gain (Beatty et al., 2007). Hyponatraemia and
hypokalaemia also accompanied severe heat stress in simulated
transport by ship (Beatty et al., 2006), probably as a result of exces-
sive urination and sweating, respectively. Feed intake of Bos taurus,
but not Bos indicus cattle declined to negligible amounts as wet
bulb temperature increased (Beatty et al., 2006). However, intake
recovered rapidly after high temperatures abated. Thus there were
immediate and some prolonged adverse effects of typical live ex-
port temperatures from Australia to the Middle East in Bos taurus
cattle that disturbed acid:base balance and Tc regulation.

Transport of bulls from Ireland to Lebanon by ship at a mean
ambient temperature of 24 �C did not increase Tc (Earley et al.,
2011). Results from this study can thus be taken to reflect the ef-
fects of factors associated with transport rather than extreme tem-
peratures. The transported bulls had increased standing and
reduced lying times, compared to control bulls retained in Ireland.
Social interactions between the bulls, in the form of mounting,
grooming and licking, were approximately halved by the transport,
and drinking was reduced. The plasma neutrophil:lymphocyte ra-
tio was increased, which was expected as it normally increases
with stress, demonstrating a change in the immune strategy for de-
fence against infection. Lymphocytes exit the blood to concentrate
in tissues likely to be the sites of infection, e.g. skin and intestines,
and neutrophils are increased to attack pathogens that enter the
circulatory system. If this occurs over a prolonged period the ani-
mal is vulnerable to disease and its survival is threatened.

In the study by Earley et al. (2011), concentrations of gamma
interferon, a cytokine produced by lymphocytes that is part of the
immune response, were also increased by ship transportation,
which may indicate pulmonary inflammation in response to the
high ammonia concentrations (mean 70 ppm over the voyage,
and up to 187 ppm on some decks). Wind speed was low (mean
0.3 m/s and <0.01 m/s on high ammonia decks). Transported bulls
had increased red blood cell counts (RBC), observed previously dur-
ing some transport studies, and white blood cell counts (WBC) sug-
gesting a stress response. In addition there were decreased plasma
glucose concentrations, from 3.7 mmol/L for a comparable land-
based group to 3.2 mmol/L for the transported bulls, perhaps as a
result of feed intake being reduced in the transported bulls.

Shorter ship voyages from Ireland to France (23 h) have also
been monitored, both with bulls and heifers, in which the cattle re-
mained in their vehicle transporters (Earley and Murray, 2010;
Earley et al., 2011, 2012). Haematological parameters were mea-
sured at the end of the voyages and during the onward road trans-
port to destinations in continental Europe, with a control group
remaining in Ireland. A common response was loss of about 7%
of live weight in the cattle, accompanied by increased plasma
concentrations of non-esterified fatty acids and urea, probably
demonstrating reduced gut fill and a degree of undernutrition.

Typically, WBC counts were more than doubled after these
short periods of sea transport, and after a further 34 days of road
transport remained increased by approximately 20%, indicating a
stress response. Plasma cortisol concentration was unaffected after
all three journeys, and if there was an acute stress response it must
have abated before blood samples were taken on arrival in France
2 days after journey commencement. This is consistent with road
transport research, in which cortisol responses are mainly reported
in the initial 180 min (Broom et al., 1996). Plasma neutrophil:lym-
phocyte ratio was increased after some voyages in bulls and heif-
ers, demonstrating potential for stress.

On one of the heifer voyages (Earley et al., 2012) there was evi-
dence of injury and/or infection, as plasma haptoglobin (an acute
phase protein associated with reduced welfare), plasma creatine
kinase activity (a response to injury), plasma fibrinogen (an acute
phase protein also responding to injury), and WBC count were all
increased. At the same time RBC count and blood haematocrit were
reduced, as has been observed previously in some transport situa-
tions and may be related to haemodilution following a stress re-
sponse (Broom et al., 1996; Parrott et al., 1998). Other research
has found an increase in RBC count following transport, which
could arise from splenic contraction, stimulated by adrenergic
receptors in the splenic capsule, and release of erythrocytes into
circulation (Minka and Ayo, 2010).

The research demonstrates that some voyages induced injury/
infection responses (Earley et al., 2012) and others had an impact
on the immune system suggesting that the animals were stressed
(Earley et al., 2011). This was not just due to selective measures
being taken in each experiment, as in the Earley et al. (2011) exper-
iment plasma haptoglobin concentration and creatine kinase activ-
ity were not affected by transport but WBC count was increased. It
was suggested that this was due to dysregulation or inflammation
associated with pre-transport mixing and assembly of the cattle.
Similarly, only some voyages were accompanied by elevated neu-
trophil:lymphocyte ratio (for example the study of Earley et al.,
2012). Climatic conditions did not appear to explain variation in
response, which is more likely to have been due to different han-
dling techniques or to the preparation of the animals. The only re-
sponse identifiable in all voyages was loss of live weight.
Ammonia

Ammonia concentrations in ambient air during cattle ship-
ments have not been published. However, adverse physiological ef-
fects in steers of ammonia concentrations similar to those
measured on sheep voyages have been recorded. Exposure of steers
to air ammonia concentrations of 15, 30 and 45 ppm in simulated
ship transport increased pulmonary macrophage activity, com-
pared to a control group exposed to <6 ppm (Phillips et al.,
2010). At 30–45 ppm, increased lacrimation, nasal secretions and
coughing indicated irritation of mucosal surfaces, and neutrophil
concentrations in alveolar lavage increased to levels indicative of
active inflammation. A maximum air ammonia concentration of
30 ppm was recommended for cattle voyages.
Sheep and goat voyages

In the 1980s the major causes of high mortality rates in ship-
ments from New Zealand to Asia were pneumonia and inanition
(Black, 1989). More recently it has been found that three-quarters
of live export mortality in Australian shipments to the Middle East
occurs on board ship, with the rest mainly occurring at the discharge
port (Norris, 2005). A high mortality rate on these shipments was
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mainly due to the inter-related conditions, inappetence (43% of
deaths) and salmonellosis (20% of deaths) (Richards et al., 1989),
determined from an early survey to be predominantly S. Typhimuri-
um and S. Bovismorbificans (McAuliffe et al., 1978).

Inanition

Inanition on long journeys from Australia to the Middle East is
partly due to failure of rangeland sheep to adapt to pellets offered
initially in the assembly depot, where they spend about 5 days, and
on the ship. The distance that they travel to the feedlot does not
influence their predisposition to consume feed (Heazlewood
et al., 1992). Several methods have been tried to help sheep adapt
to pellets, such as inclusion of chaff or the clay mineral bentonite
both of which reduce acidosis (McDonald et al., 1988; Round,
2000). Inanition is particularly common in overfat sheep, which
have depressed appetites (Higgs et al., 1991; Richards et al.,
1991). Sodium and thiamine deficiencies have been identified on
some shipments (Black, 1990; Thomas et al., 1990). On board, feed
access and/or high stocking densities limit intake, because inappe-
tant sheep recover their appetite in the lightly-stocked hospital
pens (Black, 1996). Ammonia levels typical of ship transport of
sheep also reduce intake (see subsequent section on Ammonia).

Goats on board and in preparation for voyages from Australia
have shown inappetence problems similar to sheep (Gherardi and
Johnson, 1994). Mortality rates in goat shipments from Australia
to the Middle East averaged 1.4%, with adult goats being most at
risk (AHAW, 2011). Extending the period in the assembly depot
from 7 to 14 days reduced the incidence of inappetence in the depot
from 25% to 13% (Gherardi and Johnson, 1994), but also increased
liveweight loss. Liveweight loss in the depot was restored during
a subsequent simulated ship voyage. In another assembly depot
study with goats, neither the roughage feeding method (chaff in
troughs or hay in racks) nor the cereal content in the pellets influ-
enced feed intake or weight gain (Gherardi and Johnson, 1994).

The effects that ship motion has on sheep welfare are poorly
understood. It is possible that motion sickness contributes to inap-
petence (Phillips, 2008), with evidence from the Australian Bureau
of Animal Health (1981) that 2% of 294 sheep carcasses from ship
mortalities presented external signs of vomiting, and 2% of a fur-
ther sample of 190 carcasses presented inhaled ingesta. According
to the European Commission,2 motion sickness is most likely in cat-
tle when sea conditions have Beaufort Wind Force Scale numbers >6.

Heat stress

High temperatures, typical of those experienced by sheep travel-
ling from Australia to the Middle East, were reported to reduce feed
intake in some sheep (Stockman et al., 2011), but not as much as was
observed with cattle in similar conditions (Beatty et al., 2006). Hot
periods resulted in an initial increase in respiration rate from 50 to
250/min, with open-mouth panting and reduced respiration rate
at the greatest heat load. Core body temperature increased by a
mean of 1.5 �C and plasma creatinine and urea concentrations in-
creased during two hot periods, indicating renal dysfunction.

Blood packed cell volume, RBC and platelet counts declined as
water intake increased in response to hot conditions, suggesting
haemodilution. This may be a consequence of ‘luxury intake’ of
water to buffer the metabolic consequences of heat stress. Although
there was evidence of initial respiratory alkalosis, with increased
urinary pH, plasma pCO2 and HCO�3 , this diminished rapidly
2 See: European Commission (2002). Scientific Committee on Animal Health and
Animal Welfare: The Welfare of Animals during Transport (details for horses, pigs,
sheep and cattle). http://ec.europa.eu/food/fs/sc/scah/outcome_en.html (accessed 15
October 2007).
onreturn to normal temperatures and there was no subsequent
metabolic acidosis that was observed in cattle under similar cir-
cumstances (Beatty et al., 2006). Under typical conditions for live
export from Australia to the Middle East, it appears that sheep cope
better and recover faster than cattle. However, some shipments
present conditions more extreme than those in which the animals
were tested, but livestock responses have not been investigated.

Ammonia

Two shipments of sheep from Australia to the Middle East re-
sulted in mean ammonia concentrations of 18 ppm, measured in
air sampled at sheep head height on several decks, with individual
exposure up to 59 ppm (Pines and Phillips, 2011). Exposure of
sheep to ammonia concentrations of up to 15–45 ppm in simulated
ship transport increased pulmonary macrophage activity, com-
pared to a control group (<6 ppm) (Phillips et al., 2012a). Feed in-
take and bodyweight decreased and there was evidence of mucosal
irritation in the form of sneezing at the higher concentrations of
ammonia. A suitable exposure limit could not be proposed with
the evidence available. Most sheep avoided concentrations of
45 ppm ammonia, with no evidence of habituation to the averse-
ness of ammonia following a simulated 9-day voyage (Phillips
et al., 2012b).

Physiological responses

Observations have been made of sheep physiological responses
to journeys from England to France, or from Scottish islands to
mainland Scotland and then to Cambridge in Southern England.
These were relatively short (2–9 h) initial sea crossings, followed
by driving in a truck (Hall et al., 1999). The results may have been
influenced by the presence of one or two researchers in the truck
during the road transport, but not on the ship. Heart rate and plas-
ma cortisol concentration were reduced for sheep on the ferry,
compared with the subsequent journey on the truck. However,
although the physiological stress measures (concentrations of cor-
tisol and beta-endorphin) indicated some attenuation during ship
transport, it is not clear whether this was as rapid as if there had
been no transport at all, or whether ship transport contributed to
the total stress experienced over the entire journey.

In a study of physiological responses of newly weaned lambs to
travel in Chile, involving an initial 12 h journey by road, 26 h by
ferry and then 10 h of further road transport, all without food (Tad-
ich et al., 2009), there was a substantial increase in plasma hapto-
globin and beta-hydroxybutyrate concentrations by the end of the
ferry journey. It was not possible to distinguish the effects of the
different stages of the journey from the associated 48 h without
food. The results indicated reduced welfare and mobilisation of
body fat reserves of sufficient severity for the authors to recom-
mend that measures should be taken to reduce the stress and
exhaustion of body reserves during this journey.
Post-shipment livestock welfare

The effects of offloading heifers shipped from Ireland to France
from their transport vehicle on arrival at their destination port in
France for a 12 h rest before onward road travel has been investi-
gated (Earley and Murray, 2010). Offloading did not affect standing
time but tended to reduce plasma albumin concentrations and in-
crease plasma glucose concentrations, suggesting a degree of
undernutrition and acute stress. Thus the combined stress of off-
loading and moving to temporary accommodation, with conse-
quent increased nutritional requirements, may have resulted in a
negative effect of offloading on welfare.

http://ec.europa.eu/food/fs/sc/scah/outcome_en.html
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After delivering livestock to a feedlot, mortality rates can be
high, and typically occur soon after offloading (Scharp, 1992).

The exportation of animals to regions with a different disease
status may result in transmission of disease, such as pustular der-
matitis in sheep (Higgs et al., 1996) and foot-and-mouth disease in
cattle (Hafez et al., 1994). Livestock may also be transported to re-
gions of the world that have different standards for management
and slaughter, potentially causing concern in some members of
the community in the nation exporting the livestock. For example,
media reporting of cruel slaughter of Australian cattle in Indone-
sian abattoirs evoked an emotional response in many of the Aus-
tralian public (Tiplady et al., 2012). An informed approach to all
stakeholders in the trade, acknowledging the views of inhabitants
of recipient and exporting countries, is therefore important in con-
sidering the ethics of livestock export (Phillips, 2005).
Conclusions

The body of research reviewed confirms that there can be in-
creased mortality rates and morbidity during ship transport, and
that this impact on the welfare of livestock is partly dependent
on the context in which the animals are transported. There is a lack
of research on bruising, behavioural and stress responses during
ship transport, as well as on the additive effects of sequential
stressors. Although the motion of ships is very different to that of
road vehicles, there have been no studies comparing the two. There
is also no empirical basis for stocking densities on ships, even
though this is implicated in most of the welfare issues discussed.
Similarly, the management of heat stress on board ship, one of
the major issues for livestock entering tropical and equatorial re-
gions, is not apparently based on evidence-based studies. Finally,
there is no scientific data on carcass quality, and in particular
bruising, following ship transport, which could be collected from
slaughterhouses when the animals are killed soon after arrival.
Conflict of interest statement

Neither of the authors of this paper has a financial or personal
relationship with other people or organisations that inappropri-
ately influenced or biased the content of the paper. We acknowl-
edge the financial support of RSPCA Australia in preparing this
review.

References

AHAW, 2011. Scientific opinion concerning the welfare of animals during transport.
European Food Safety Authority Journal 9, 1–125.

Andersen, H.C., Lowe, J.S., 1971. Sea transport of New-Zealand cattle. Australian
Veterinary Journal 47, 127–128.

Australian Bureau of Animal Health, 1981. Sea Transport of Sheep. Australian
Government Publishing Service, Canberra, Australia.

Barnett, J.L., Hemsworth, P.H., 1990. The validity of physiological and behavioural
measures of animal welfare. Applied Animal Behaviour Science 25, 177–187.

Beatty, D.T., Barnes, A., Taylor, E., Pethick, D., McCarthy, M., Maloney, S.K., 2006.
Physiological responses of Bos taurus and Bos indicus cattle to prolonged,
continuous heat and humidity. Journal of Animal Science 84, 972–985.

Beatty, D.T., Barnes, A., Taplin, R., McCarthy, M., Maloney, S.K., 2007. Electrolyte
supplementation of live export cattle to the Middle East. Australian Journal of
Experimental Agriculture 47, 119–124.

Black, H., 1989. Live sheep shipments. New Zealand Veterinary Journal 37, 175.
Black, H., 1990. Gastroenteritis and inanition diarrhea of sheep transported by ship.

New Zealand Veterinary Journal 38, 122.
Black, H., 1996. Inanition, stress and immunity in the expression of salmonellosis in

the live sheep export industry. New Zealand Veterinary Journal 44, 77–78.
Black, H., 1997. Sexual and agonistic behaviour modification associated with

improved welfare of rams transported on long sea voyages. New Zealand
Veterinary Journal 45, 123–124.

Broom, D.M., Goode, J.A., Hall, S.J.G., Lloyd, D.M., Parrott, R.F., 1996. Hormonal and
physiological effects of a 15 hour road journey in sheep: Comparison with the
responses to loading, handling and penning in the absence of transport. British
Veterinary Journal 152, 593–604.
DAFF, 2012. Department of Agriculture, Fisheries and Forestry. Livestock Mortalities
for Exports by Sea. http://www.daff.gov.au/animal-plant-health/welfare/
export-trade/mortalities.n1 ‘‘sheep’’ http://www.daff.gov.au/animal-plant-
health/welfare/export-trade/mortalities#sheep (accessed 21 August 2012).

Donaldson, L.E., 1970. Muscular dystrophy in cattle suffering heavy mortalities
during transport by sea. Australian Veterinary Journal 46, 405–408.

Earley, B., Murray, M., 2010. The effect of road and sea transport on inflammatory,
adrenocortical, metabolic and behavioural responses of weanling heifers.
BioMed Central Veterinary Research 6, 1–13.

Earley, B., McDonnell, B., Murray, M., Prendiville, D.J., Crowe, M.A., 2011. The effect
of sea transport from Ireland to the Lebanon on inflammatory, adrenocortical,
metabolic and behavioural responses of bulls. Research in Veterinary Science
91, 454–464.

Earley, B., Murray, M., Prendiville, D.J., Pintado, B., Borque, C., Canali, E., 2012. The
effect of transport by road and sea on physiology, immunity and behaviour of
beef cattle. Research in Veterinary Science 92, 531–541.

Fisher, M.W., Jones, B.S., 2008. Australia and New Zealand. In: Appleby, M.C., Cussen,
V.A., Garcés, L., Lambert, L.A., Turner, J. (Eds.), Long Distance Transport and
Welfare of Farm Animals. CABI, Wallingford, UK, pp. 324–350.

Gherardi, S.G., Johnson, T.J., 1994. Period of lot-feeding of feral goats before live
export by ship. In: Proceedings of the Australian Society of Animal Production,
Perth, Australia, pp. 194–197.

Grandin, T., 2007. Livestock Handling and Transport, Third Ed. CAB International,
Wallingford, UK.

Grandin, T., 2008. Engineering and design of holding yards, loading ramps and
handling facilities for land and sea transport of livestock. Veterinaria Italiana 44,
235–245.

Hafez, S.M., Farag, M.A., Alsukayran, A.M., 1994. The impact of live animal
transportation on the epizootiology of foot and mouth disease in Saudi
Arabia. Deutsche Tierarztliche Wochenschrift 101, 397–402.

Hall, S.J.G., Broom, D.M., Goode, J.A., Lloyd, D.M., Parrott, R.F., Rodway, R.G., 1999.
Physiological responses of sheep during long road journeys involving ferry
crossings. Animal Science 69, 19–27.

Heazlewood, P.G., Kelly, A., Foot, J.Z., 1992. Effect of distance of trucking on feeding
behaviour and liveweight change of sheep during preshipping feedlotting. In:
Proceedings of the Australian Society of Animal Production, Perth, Australia, pp.
456.

Higgs, A.R.B., Norris, R.T., Richards, R.B., 1991. Season, age and adiposity influence
death rates in sheep exported by sea. Australian Journal of Agricultural Research
42, 205–214.

Higgs, A.R.B., Norris, R.T., Baldock, F.C., Campbell, N.J., Koh, S., Richards, R.B., 1996.
Contagious ecthyma in the live sheep export industry. Australian Veterinary
Journal 74, 215–220.

McAuliffe, P.R., Hardefeldt, K.W., Hucker, D.A., 1978. Health problems associated
with the export of live sheep. Australian Veterinary Journal 54, 594–595.

McDonald, C.L., Rowe, J.B., Gittins, S.P., Smith, J.A.W., 1988. Feed additives for
attracting sheep to eat a pelleted diet during assembly for live export.
Australian Journal of Experimental Agriculture 28, 719–723.

Menczer, K., 2008. Africa. In: Appleby, M.C., Cussen, V.A., Garcés, L., Lambert, L.A.,
Turner, J. (Eds.), Long Distance Transport and Welfare of Farm Animals. CABI,
Wallingford, UK, pp. 182–211.

Minka, N.S., Ayo, J.O., 2010. Physiological responses of erythrocytes of goats to
transportation and the modulatory role of ascorbic acid. Journal of Veterinary
Medical Science 72, 875–881.

Norris, R.T., Richards, R.B., Creeper, J.H., Jubb, T.F., Madin, B., Kerr, J.W., 2003. Cattle
deaths during sea transport from Australia. Australian Veterinary Journal 81,
156–161.

Norris, R.T., 2005. Transport of animals by sea. Revue Scientifique Et Technique-
Office International Des Epizooties 24, 673–681.

Parrott, R.F., Hall, S.J.G., Lloyd, D.M., Goode, J.A., Broom, D.M., 1998. Effects of a
maximum permissible journey time (31 h) on physiological responses of fleeced
and shorn sheep to transport, with observations on behaviour during a short (1
h) rest-stop. Animal Science 66, 197–207.

Petherick, J.C., Phillips, C.J.C., 2009. Space allowances for confined livestock and
their determination from allometric principles. Applied Animal Behaviour
Science 117, 1–12.

Phillips, C.J.C., 2005. Ethical perspectives of the Australian live export trade.
Australian Veterinary Journal 83, 558–562.

Phillips, C.J.C., 2008. The welfare of livestock during sea transport. In: Appleby, M.C.,
Cussen, V.A., Garcés, L., Lambert, L.A., Turner, J. (Eds.), Long Distance Transport
and Welfare of Farm Animals. CABI, Wallingford, UK, pp. 137–154.

Phillips, C.J.C., Pines, M.K., Latter, M., Muller, T., Petherick, J.C., Norman, S.T.,
Gaughan, J.B., 2010. The physiological and behavioral responses of steers to
gaseous ammonia in simulated long-distance transport by ship. Journal of
Animal Science 88, 3579–3589.

Phillips, C.J.C., Pines, M.K., Latter, M., Muller, T., Petherick, J.C., Norman, S.T.,
Gaughan, J.B., 2012a. The physiological and behavioral responses of sheep to
gaseous ammonia. Journal of Animal Science 90, 1562–1569.

Phillips, C.J., Pines, M.K., Muller, T., 2012b. The avoidance of ammonia by sheep.
Journal of Veterinary Behavior Clinical Applications and Research 7, 43–48.

Pines, M.K., Petherick, J.C., Gaughan, J.B., Phillips, C.J.C., 2007. Stakeholders’
assessment of welfare indicators for sheep and cattle exported by sea from
Australia. Animal Welfare 16, 489–498.

Pines, M.K., Phillips, C.J.C., 2011. Accumulation of ammonia and other potentially
noxious gases on live export shipments from Australia to the Middle East.
Journal of Environmental Monitoring 13, 2798–2807.



314 C.J.C. Phillips, E. Santurtun / The Veterinary Journal 196 (2013) 309–314
Richards, R.B., Norris, R.T., Dunlop, R.H., McQuade, N.C., 1989. Causes of death in
sheep exported live by sea. Australian Veterinary Journal 66, 33–38.

Richards, R.B., Hyder, M.W., Fry, J., Costa, N.D., Norris, R.T., Higgs, A.R.B., 1991.
Seasonal metabolic factors may be responsible for deaths in sheep exported by
sea. Australian Journal of Agricultural Research 42, 215–226.

Round, M.H., 2000. The effect of dietary attapulgite and bentonite on liveweight
change of export sheep. Asian–Australasian Journal of Animal Sciences 13, 113–
116.

Scharp, D.W., 1992. Performance of Australian wethers in Arabian Gulf feedlots
after transport by sea. Australian Veterinary Journal 69, 42–43.

Schultz-Altmann, A.G.T., 2008. Engineering and design of vessels for sea transport of
animals: The Australian design regulations for livestock carriers. Veterinaria
Italiana 44, 247–258.

Stockman, C.A., Barnes, A.L., Maloney, S.K., Taylor, E., McCarthy, M., Pethick, D.,
2011. Effect of prolonged exposure to continuous heat and humidity similar to
long haul live export voyages in Merino wethers. Animal Production Science 51,
135–143.

Tadich, N., Gallo, C., Brito, M.L., Broom, D.M., 2009. Effects of weaning and 48 h
transport by road and ferry on some blood indicators of welfare in lambs.
Livestock Science 121, 132–136.

Thomas, K.W., Kelly, A.P., Beers, P.T., Brennan, R.G., 1990. Thiamine deficiency
in sheep exported live by sea. Australian Veterinary Journal 67, 215–
218.

Tiplady, C., Walsh, D.A.B., Phillips, C.J.C., 2012. Public response to media coverage of
animal cruelty. Journal of Agricultural and Environmental Ethics. http://
dx.doi.org/10.1007/s10806-012-9412-0.

Waghorn, G.C., Davis, G.B., Harcombe, M.J., 1995. Specification of pen rail spacing
and trough heights to prevent escape and enable good access to feed by sheep
during sea shipments from New Zealand. New Zealand Veterinary Journal 43,
219–224.

http://dx.doi.org/10.1007/s10806-012-9412-0

	The welfare of livestock transported by ship
	Introduction
	International standards
	Vessel loading and design
	Ventilation

	Animal welfare indicators that could be used on ships
	Cattle voyages
	Core body temperature, acid:base balance and immunity
	Ammonia

	Sheep and goat voyages
	Inanition
	Heat stress
	Ammonia
	Physiological responses

	Post-shipment livestock welfare
	Conclusions
	Conflict of interest statement
	References


