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SUMMARY

etween and

The conditions (total complex of stressors) during transport of animals vary strongly b ol
uring transP

within transports. Adverse climatic conditions can be one of the stressors animals have to face d .
Thermoregulation of animals is discussed with respect to threshold values for optimal climatic conditions:
These thermal thresholds depend on animal related factors, and environmental conditions. The specific

transport conditions, such as food and water deprivation, high stocking density, high humidity and high alf
velocity, and their impact on thermal thresholds are described.

INTRODUCTION

One of the characteristics of transport of animals is the large variability. Different species (p1g> 08
poultry, cattle and sheep) are transported by various means (truck, boat, plane, etc.). Furthermore, the reas?
for transport varies (breeding, slaughter, production). Moreover, the conditions (presence of stressors) & s 10
transport can differ strongly between but also within transports. Consequently, there are several perspe® ;
look at (or judge) the transportation of farm animals (e.g., welfare versus economic viewpoint).

In general, the quality of a transport should be judged against the change in 'quality'/value of the
animal during transport. When transporting animals, this change in value (quality) may consist of short" g
quality and of long-time quality. The short-time quality involves the welfare, mortality rate, and body weigh
loss during transport as well as the carcass quality. The long-term quality consists of the growth rate, e
efficiency and the health status of the animals as affected by transport. Essentially, for judgement of Lransfaf as
quality similar variables are used as those applied at farm level. At the farm, conditions are optimiZ 5
knowledge and possibilities are available. During transport, one normally accepts some deviation from what
optimum conditions as duration of transport is short relative to ‘farm' life. The main question, however 15 af®
the requirements of the animals are during transport with respect to environmental conditions, and hoV
affected if these requirements are not met. Nk

Transport of animals is generally accepted as a stressful event. Many factors affect the quahty Ous of
transport. See for instance the books by and Moss (1982) and Grandin (1993). In this paper, W€ wil
the thermal environment during transport, because climatic conditions can have a large impact on transp®
quality.

CONCEPT OF THERMOREGULATION IN HOMEOTHERMIC ANIMALS

Cattle, sheep, pigs as well as poultry are homeothermic animals. Homeothermic animals Suslam:tion
constant body temperature under varying environmental conditions by balancing heat loss and heat P> Cuﬂis’
(Mount, 1979). The principles of this thermoregulation have been extensively described (Mount, 17
1983). ¢ ablf
In Figure 1, the general concept of thermoregulation is shown. Within the zone BE, animals arelow
to maintain a constant body temperature irrespective of the environmental temperature. Temper atures
point B and above point E will cause a decrease (hypothermia) and an increase ( hyperthermia) in .b, y ipto
temperature, respectively. According to the type of body temperature regulation, the zone BE is divi®®
zone (CE) where heat loss is regulated and a zone (BC) where heat production is regulated. ¢

Within the zone CE, the zone of thermoneutrality, heat production is not affected by climati® S of
condition, but depends on other factors such as feeding level, physical activity and the physiolOgiCa !




the animal. The total heat loss is kept constant by regulation of both sensible heat loss (conduction, convection
g Tédiation) and evaporative heat loss. With increasing temperature in the zone CE, the sensible heat loss
Hnm{sheS, because the temperature gradient between the animal and its environment is reduced. Therefore,
® anima needs to increase the evaporative heat loss by perspiration and/or panting.
In the zone BC, the mechanisms to reduce or to control the heat loss are depleted. Hence, with
inereg iI}g ambient temperatures the heat loss increases. In order to sustain homeothermia, the animal has to
S€1ts heat production.
: The lower limit of the thermoneutral zone (CE) is called the lower critical temperature (LCT) and the
Imit the upper critical temperature (UCT). The thermoneutral zone can be seen as a thermal indifferent
The climatic conditions in this zone are optimal for the animal (no stress). Hence, LCT and UCT are the
:S]TOId values (in terms of temperature) regarding to cold and heat stress, respectively. Above UCT animals
€Xposed to heat stress and below LCT to cold stress.
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ACTORS AFFECTING THERMAL REQUIREMENTS (THRESHOLDS)

%, Thermal requirements of animals expressed by LCT and UCT are not fixed values. As summarized by
£ " getal (1 989), both LCT and UCT of animals depend on animal related factors as well as environmental
ot lr S (e.g., feeding level, stocking density, etc.). These factors can affect LCT and UCT by influences on the

088 and/or by influences on the heat production (within the thermoneutral zone). Hence, it should be

Tea; o . :
J:js.f,d that the exact values of both LCT an UCT presented in this paper are only valid under specific
llions,

Animal related factors. Reviews of Blaxter (1989) and Christopherson (1985) demonstrated that there

1

Sia large Variation in LCT between species of farm animals. Generally, sheep and cattle have lower LCT than

S and poy]yry,

i Also within species, the thermoneutral zone 1S not. fixed. The age (and/or body weight) is an other

1980, Igelated factor affecting LCT and UCT. With increasing age both LC'Y and UCT decrease (Blaxter,

in divi)d olmes and Close, 1977). Table 1 shows the effect of age.(bod_v weight) on the thermoneutral zone of

1 the Ually housed pigs which are fed at their maintenance requirements (Verstegen, 1987). These data refer
TeSponse under standard environmental conditions (low air velocity and no high relative humidity). Both

daty Sand UCT decrease with age (body weight). However, the declir}e in LCT is larger than in UCT. These

regardow that young animals have a smaller zone of thermal neutrality and thus have more precise demands
Mg the air temperature than adult animals.

T

wﬁthEfl' Calculated age (weight) effect on lower (LCT) and upper critical temperature (UCT) and on

thermoneutral zone (UCT-LCT) of individually housed pigs fed at maintenance (420 kJ/kg®™.d)

Kind of animal Weight LCT UCT UCT-LCT
(kg) (°C) 9] 9)
Baby pig 2 31 33 2
Growing pig 20 26 33 7
Finishing pig 60 24 2 8
Finishing pig 100 23 32 9

ha\’e aki Apart from age, also the body condition of animals may affect the zone of thermoneutrality. Thin sows

Mgy avlgher LCT than fat sows (Holmes and Close, 1977, De Hovell et al., 1977). On the other hand, they

lnﬂ\len ¢ alower UCT due to improved conductivity. Similarly, the fleece thickness of sheep (shorn or not)

(199 °¢s the zone of thermoneutrality (Blaxter, 1989; Christopherson, 1985). Calculations by Webster et al.

thyy th Showeq that feather condition in poultry had a large impact on the thermoneutral range. They calculated

p()orly f Tmoneutral range in transport crates was 8-18°C for well feathered hens (or broilers) and 24-28° for
Cathered hens.

g ke conclusion, it should be realised that the intrinsic requirements regarding the air temperature during

%nditi " Vary between, but also within farm animal species, irrespective of the environmental (extrinsic)

o during transport.




Feeding level. One of the well known factors affecting LCT and UCT is the feeding level. At
thermoneutral conditions, an increase in feed intake results in an increased heat production. As described bY
Curtis (1983) such an increase in heat production at thermoneutrality leads to a reduction in both LCT and
UCT. The general response to an increased feed intake is depicted in Figure 2. The effect of feeding Jevel for?
100 kg, individually housed pig is shown in Table 2. Again, these data refer to the response under standar
environmental conditions. Table 2 clearly shows that the thermoneutral range is smaller at lower feeding le
because the effect on LCT is larger than on UCT.

It is common practice, that animals are not fed during transport, or even from some hours before
transport onwards. Quantitative information on LCT and UCT in fasted farm animals is scarce compared {0 ;
animals. Theoretically, it can be expected that fasted animals have a higher LCT and a higher UCT. Heat
production in fasted animals decreases curvilinearly with time since the last meal. This implies that the
thermoneutral range of animals during transportation is dependent upon the time interval since the last 1€

vels;

al.

4th 0
TABLE 2. Calculated lower critical temperature (LCT), upper critical temperature (UCT) and width
the thermoneutral zone (UCT-LCT) of individually housed pigs weighing 100 kg at maintenance (M; 420
kJ/kg"”.d), 2 times maintenance (2M) and times maintenance (3M) (Verstegen, 1987). R

Feed intake LCE UCT UCT-LCT

(x maintenance) cC) Ce) (°C) ===
1xM 23 32 9

2xM 19 30 11

3xM 14 28 M

affect the

Stocking density (group size). In general, variations in housing conditions are known to suS
thermoregulation of animals (NRC, 1981). An example of this is the difference in LCT between group Yer Jats
individually housed pigs: group housed pigs have a lower LCT (Verstegen, 1987). This effect on LCT1s red a
to the reduction of heat loss by huddling. In contrast to pigs (Boon, 1981), Webster et al. (1978) did not fin
reduction in heat loss between pairs and single housed calves.

In contrast to cold conditions, animals will exhibit altered behaviour for enhancing the heat
warm conditions (near UCT) (Boon, 1981). Such behavioural responses are the selection of micrOC.hmate
the adjustment of the posture (e.g. spreading of the wings in birds, Webster 1993). As long as housing hat
conditions do not interfere with the ability to perform this thermoregulatory behaviour, it can be 6-\'9‘5‘5,t
UCT will not be affected. However, under extremely high stocking densities, such as animals face dgrmga,
transport, thermoregulatory behaviour may be impaired. It can be expected that high stocking densitieS rﬂ93)
affect the UCT, because of the restriction of postural thermoregulation. Calculations by Webster €t al. J
demonstrated that restriction of postural thermoregulation results in a 12°C lower UCT for a well feath® ot
broiler (or hen) and a 4°C lower UCT for a poorly feathered hen when housed in crates used during qaﬂfglso

Apart from influences on the thermoregulatory behaviour of animals, the stocking density migh on
affect the total level of physical activity. In a study by Gorssen et al. (1994), the effect of available space
total and activity-related heat production of group housed pigeons was assessed. In this study, pigeon
housed in a metal crate and exposed to an air temperature of 36°C with water available. Results on tf’t
production and the percentage of activity related heat production are shown in Figure 3. During the 1’, D).
period, heat production was increased at the higher stocking densities (limited available space per ani™ ces if
Furthermore it was shown that the effect of stocking density on heat production was caused by diﬁerened heat
physical activity. This implies that transport of animals at high stocking densities may lead to an ele‘{a,t g, the
production and thereby both LCT and UCT might be lowered. Especially under warm climatic andluo[?si’!ies
interference of the higher activity and impaired thermoregulatory behaviour due to the high stocking e
might enhance the susceptibility to heat stress. _ sed bY ol

In conclusion, the influence of stocking density on thermoregulation (especially UCT) 15 o
effect on heat production as well as on the heat loss.
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Water deprivation. In most studies on thermal requirements of farm animals, animals Were.n()t
restricted in the consumption of water. However, during transportation, animals are commonly deprt¥ e
water for periods up to 24 hours. In cold environments, water availability is of minor importance W1
sustaining constancy of body temperature, because evaporative heat loss is minimal (Figure 1)- In hot

ard ¥
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:3:?{0nfr'lenFs, how@ver, evaporatiye heat loss is crucial (Figure 1). Research on pigeons showed that water

Witli ability is a major factor aff;ctmg UCT (Qorssen and van der Hel, 1993)' This r;searph was performed

ofh group housed pigeons, \\'h%ch were kept‘m crates used for transportation of racing pi geons. Measurements
€al production showed that in water deprived birds UCT was 32°C, whereas UCT of birds with access to

4er was above 37°C. Information on the impact of water availability on the thermal requirements of farm

Wimg]g is, however, lacking.

ey Apar't from the impact on evaporgtive heat loss, dc.epn'vation of water also withholds the b;neﬁcial

Wate 9f drinking cool water under hot en\'lronmental condition. However, the extra heat loss by drinking cold
118 only a short thermoregulation mechanism.

ong General effccts of Stressors. The speciﬁc effects Qf water and foqd deprivation, apd stocking densities
. es: thermal requlremems of ammals during transpoﬂatxop have been dlscussgdl above. These apd ther
reSultor'S (e.g._, noise, vibration) .1mposed on thg ammals during trf'msport may e1‘1c1t‘stress', Stress in ax_nmals
$1n a wide range of behavioural and physiological changes in order to maintain their homeostasis
S(;berg, 1.985). The response to stressors comprises the activation of the sympathetic-adrenomedullary
SYStem) Wh?ch involves the immediate release of calecholamuj)es? or the hypothalamic-pituitary-adrenocortical
1 Sr-n: Whlch involves the more gradual release of glucocomcmds (Dantzer apd Moméde, 1983; Moberg,
gy Oliverio, 1987). In general, the release of catecholamines .and glucocorjlicoxds In a stressed animal are
Cled to the rapid mobilization of energy reserves for metabolic processes (Dantzer and Mormede, 1983).
thej; h When agimals are stressed this also mi ght affect their ﬂ?crmzﬂ requirements §ue to an alteration of
rod €at production. Cronin (1985) showed in sows, that chronic stress due to tethering enhanced the heat
-“uction by 20%. Measurements on the effect of the acute stress of transport on the heat production of
tra:;a S are not present. However, many studies indicated that the heart-rate Qf animals are increased_ during
odgor-l (e.g., Stephens and Perry, 1990; Schouten et al 1994). Hcan-rglc is strongly correlated with the heat
Oducqon of animals (Dauncey and James, 1979) and is thus used as an indirect method to measure heat
1 Clion under field conditions. Another indication for an enhanced energy expenditure during transportation
€N found in 6-d-old calves (Schrama et al., 1994). Transported calves had an increased heat production
8 the first days after transport.
ang UCTIf finimals, which are stressed during Lransponalion, have'an enhanced energy expenditure, their LCT
i“CFeaS .Wl]l be lowered similar to the effect of an increased feed intake. The finding in young calve§ of an
by - 1 LCT by 0.9°C/d during the first 5 days after transport (Schrama et al., 1993), supports this
€s1s. Besides the effect on heat production, stress might also influence the thermoregulation during
Ortation by effects on the heat loss.

anSp

%@gﬁm& Under most conditions there is a continuous net loss of heat from the animal's
Conduction, convection, radiation, and evaporation (Figure 1). The rate of this heat loss depends on the
requirz demand of the cnvironmcql ('cool.ing' power of environment). Up till this part of the paper the thermal
Clinyg; énemS were discussed only in relation to air temperature. I:lmwcvcr, several other components of the
€nvironment determine UCT and LCT, such as air velocity and vapour pressure (humidity).

logg, Air velocity influences both LCT and UCT. An increase in air velocity will result in an enhanced heat
(l9g; Onséquenlly, this leads to a higher LCT and UCT. This has been demonstrated in pigs by Verstegen et al.
W ai; his Study, using operant supplementation hcat'ing, showed that the preferred air temperature increased
LI Se(‘;el(_’Cltyi Heat production measurements at various temperatures in young calves revealed that LCT :
Velo:, - With air velocity (Holmes and McLean, 1975). Under hot environmental conditions, the impact of air
ngeliy On heat loss may have a positive effect on the animals during transport by reducing the heat stress.
Sy ilisr’ It can be expected that very high air velocities w1'11 have a negative impact. Updcr normal husbandzy
health 1S, draught (movement of cold air at a high speed) is known to have a negative impact on the animals'
trag Status (Verhagen, 1987; Scheepens, 1991). Knowledge on the optimal levels of air velocity during

Ort are lacking,
loss. ", Vapour pressure (or relative humidity) is another climatic component which affects the animal's heat
vy, 4Pour pressure is of minor importance at cold conditions. However, it is of major importance under hot
hot o nn,’e_'mal conditions, since it determines the ability to lose heat by evaporation of water. Therefore, under
the 3 tWons both air temperature and relative humidity (vapour pressure) determine the thermal demand of
Mg . lr(’f_lmem (‘cooling' power of environment). In the temperature-humidity index (THI), the effects of these
Wet "Matic factor on the animal's heat balance are combined by weighing the dry (T, = air temperature) and
emperatyre (T,). According to Ingram (1965) the THI for pigs is:
THI=065xT,+035x T,

bog
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and for cattle:

THI=035xT,+0.65xT,
In 1-d-old chickens, THI was estimated as (Henken et al., 1987):

THI=081 xT,;+0.19x T, :
These equations show that the importance of dry as compared to wet bulb temperature differs between species
This contrast is related to differences in the ratio between evaporation by sweating and by panting. Cattle a" .
more susceptible to a high humidity as compared to pigs and poultry. The relative humidity does not affect
LCT. However, relative humidity is of importance for UCT, because it determines the amount of heat an
can loss to environment by evaporation. In air saturated with moisture, UCT (expressed as dry bold
temperature) is lower than in dry air.

THERMAL THRESHOLDS (REQUIREMENTS) DURING TRANSPORT

Quantitative information on thermal thresholds (UCT and LCT) is import. These thresholds Prowde
objective guidelines on optimal climatic conditions for animals during transport. ;

Lambooy et al. (1987) simulated a 2-d transport of 100 kg pigs at three ambient temperatures usmgad
climatic respiration chambers. Pigs were non-fed and kept at a stocking density of about 0.5 m*/animal, but
access to water. In this study, heat production was observed to be lowest at 16°C compared to both 8 and cT
24°C. This suggests that LCT was below 8°C and UCT below 24°C. Van der Hel et al. (1991) assesséC
of 1-d-old chickens during transport. In this study, the animals were housed in commercial cardboard chi
boxes, and deprived of water and feed. Based on 24-h heat production measurements, UCT was fount 10 .
between 36 and 37°C. Based on literature data, the calculated thermoneutral range for well and poorly
feathered hens in transport crates was 8-18°C and 24-28°C, respectively (Webster et al., 1993).

Apart from these studies, their is little quantitative information on thermal thresholds for th :
environmental conditions encountered during transport. The qualitative aspects of the major factors affectin®
thermal thresholds were dealt with in the section above. Food deprivation and high air velocity are factors
having a lowering effect on LCT and UCT. Hence, they increase and reduce the risk of exposure to cold a7 2
heat stress, respectively. Stocking density and the general response to stressors enhance the risk of heat S.Ue
but lower that of cold stress. In contrast to other factors, water deprivation and high relative humidity malﬂ d
affect UCT, by reducing the possibility of heat loss through evaporation. Consequently, water deprivation
high humidity make the animals more prone to heat stress. For providing objective guidelines for pri actic
(transporters, and vehicle designers) more research is needed on thermal requirements of animals Uﬂder,
environmental conditions which they face during transport. For a good application in practice, contributin
factors should not be studied separately under optimal conditions. The factors should be studied as part ©
total complex, because interaction between factors will be of major importance.

€

MICRO-CLIMATE DURING TRANSPORT

or

The micro-climate around the animal determines whether they are exposed to climatic stress (cold
heat) or not. Figure 4 gives temperature data of a simulated air transport of 1-d-old chickens (Henken et a&&
1987). The temperature outside the chicken boxes, which was representative for temperature inside the 8 {he
was below UCT. The temperature inside the boxes was, however, 10 to 15°C higher. During some pen 2 asurC
temperature inside the boxes reached levels above UCT. These data clearly show that it is important t0
the climatic conditions near the animals for a proper judgement of the micro-climate.

The temperature within a vehicle (crate) is determined by the balance between the heat pfoducand the
inside and the heat lost from the vehicle (crate). The former depends on the heat production per animéa®
number of animals within the vehicle (crate). Factors affecting the animal's heat production have beet
discussed previously. Regarding the stocking density it should be realised that apart from its impac'[ on cate)
and LCT, it also directly influences the temperature in the vehicle (crate). Heat is lost from the vehicle (¢ ¢
by conduction through the construction and by ventilation. Both types of these losses depend on the o
gradient with the outside. P g5

and

The importance of heat loss from crates has been shown by Henken et al. (1987). The boX b
po

stral

well as the loading configuration affected the temperature within the chicken boxes during air trans
thereby mortality rate. In naturally ventilated trucks, movement of the vehicle is the major factor det
the heat loss by ventilation. An example of the rapid build up of heat in a stationary vehicle was demon
in poultry by Kettlewell and Mitchell (1993). They found that the temperature within the crates during 2
transport break can rise by 10°C within 30 min.




Alike temperature, vapour pressure (humidity) within a vehicle (crate) depends on factors affecting
Yepour Production inside and those affecting the loss of vapour from the vehicle. However, in contrast to
emperature, vapour is only dissipated from the vehicle (crate) by ventilation.

CONSEQUENCES OF THERMAL STRESS

b Temperatures below LCT as well as above UCT cause thermal stress in animals. During Lragspon
%t colg and heat stress can occur. With regard to mortality rate during transport, heat stress is more important
a0 cold stress. As is shown in Figure 1, temperatures above UCT will lead to changes in body temperatures

Sty COnsequently may result in an increased mortality rate during transport. A.t temperatures be]ox}' LCT (cold

°55) animals are still able to maintain body temperature constant by increasing the heat production. As long

o hypoth‘?ﬂ’nia does not occur, cold stress is of minor importance for the mortality rate during transport.

quoa Vl\{ever, cold stress during transport might lead to an impaired health status after transport as well as meat

ity,

The stress imposed on the animals depends on the deviation from the @eshold value. In Figure 5, the

fheat stress (temperatures above UCT) on mortality rate in 1-d-old chickens is depicted (Henken et

). A larger deviation from UCT leads to a higher mortality. Furthermore, these results demonstrate that

ation of the exposure is a major determinant affecting the mortality. Hence, the ability of an animal to

With a stress depends on the magnitude of the stressor and the dul‘;tion of thi's stressor. Simil@'ly, Warriss
Joury OWles (1993) demonstrated in broilers that the number of dead birds at armival increased with the
€Y time,

Conge A major problem of heat stress during transport is_ the fact that animals are ficprived'of wal_er’_ Asa

logg qu_enée, heat stress often exposes animals to deh;’drqtlorl due to the dependeng)f upon evaporative heat

Van + US risk of depletion of body water reserves has for instance been demonstrated in pigeons (Gorssen and

. °r Hel, 1993; Figure 6). In pigeons deprived of water, the dry mattC{ ?ont‘ent of 1h§ br.east. part (breast

" appending muscles) increased at high temperatures (al?ox'c 33°C; Figure 6), indicating the

Fhe nce of dehydration. In pigeons with access to water lhl'S did not oceur. In contrast to the short term effect

logy . €SS such as on meat quality and on survival rate during transport, little lnfonnfatlon is present on the

Chicy M effects. The importance of the long term effect of heat stress has bc}:]envdznjo'nst‘rated in ';d-tildhs t

Streg nls (Van der He] et al., 1992). Apart from a high mortality rate during t t?‘- exposure period, the hea

tony 450 resulted in a higher mortality rate during the 2-w period after The exposure to hxgh ambient

Perfy, alures, In general, little information is present on the long term effects of transportation on the

ance of animals (e.g., growth rate, health status).

impaﬂ 0

the gy,

¢
ONCLUSIONS

linm s Wilhin the thermoneutral zone, climatic conditions are optimal fo_r Lhe apimal. Thc upper and lower
lhfegh 'S Zone are the thresholds values regarding thermal stress. Quantitative mfoxmalm on these thcm@l
S eny; for animats during transport is scarce. Thermal thresholds are not ﬁ.\'ed \'alqes. Anxrjlal rcléted as well
vanabl °Mmental factors affect thermal thresholds. Thermal Lhreshold§ Qf animals dgrlng tr‘an.spor} \s}l'l)be

OWled €Cause of the large variability in conditions between and Wl[hl'nl transports; More quzvmlltauv\c fei
.high st 8 on the short- and long-term effects of specific transport conquns (eg., fpod and water dcpm atl?n,
Meraey: 08 density) is needed in order to meet the requirements of the animals during transport. Especially,
fr()rn thlon effects should be considered. The impact of thermal stress on animals is dependent on the deviation
®shold value and the duration of the exposure (transport).
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