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STELLINGEN

I

Lage staltemperaturen beinvloeden vooral in het eerste deel van de mestperio-
de de eiwitaanzet minder dan de vetaanzet.

M. F. FULLER. Br. J. Nutr. 19(1965) 531-541.
Dit proefschrift

1I

Voor het verklaren van effekten van stalklimaat op de groei van groepen
mestvarkens dient men niet voorbij te gaan aan het gedragspatroon van de die-
ren onder de verschillende klimaatsomstandigheden.

Dit proefschrift

NI

De invloed van huisvesting en stalklimaat op mestvarkens dient uit veeteelt-
kundig cogpunt te worden bestudeerd met groepen dieren.

v

Het gebruik van het begrip ‘grootvee — eenheid’ (G.V.E.) voor de berekening
van ventilatienormen resulteert in een te ruime norm voor zware dieren en een
te krappe norm voor lichte dieren.

v

Jonge groeiende landbouwhuisdieren kunnen bij een lang verblijf in een be-
paald stalklimaat hun lichaamsbouw en -samenstelling hieraan aanpassen. Bij
onderzockingen naar de invioed van stalklimaat op de energicbehoefte van deze
dieren dient hiermee rekening te worden gehouden.

SuGaHARrA, M. et al,, I. An. Sci. 31(1970) 59-63.

VI

Selektie op verlaging van de voederkonversie en ook op verlaging van de ver-
houding tussen voor produktie beschikbaar voer en de produktie, wil niet zeggen
dat ook geselekteerd wordt op verhoging van de energetische efficiéntie.

VII

Bij de vergelijking van de groei van jonge landbouwhuisdieren wordt veelal te
weinig rekening gehouden met verschillen in voederopname.



VIl

De ontwikkeling van éénmansbedrijven in de melkveechouderij dient niet te
worden bevorderd,

iX

Een goede overgangsmogelijkheid van wetenschappelijk onderwijs naar ho-
ger beroepsonderwijs is meer in het belang van het wetenschappelijk, dan van
het hoger beroepsonderwijs.

Proefschrift M. W. A. YERSTEGEN
Wageningen, 3 februari 1971,
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1. INTRODUCTION

Rapid changes in the structure of pig husbandry in The Netherlands during
the last decade have focussed attention on several aspects of housing. It was
considered that information should be available on the effects of temperature,
humidity, rate of ventilation, shape of the pens, material of the floors, etc. on
the animals. Furthermore information was needed on the heat and water vapour
production of pigs to be able to construct piggeries in which a desired climate
could be produced with least costs. Knowledge of physiological data such as
heat production and water vapour production of the pig kept at optimal stali-
climates is important to ensure a correct rate of ventilation. Also it should be
known to what extent a pig needs a certain temperature inside the piggery.

In the spring of 1967 two new respiration chambers were ready for use at the
Department of Animal Physiology of the Agricultural University, Wageningen.
It was decided in a cooperative project of the Departments of Animal Husband-
ry and Animal Physiology to investigate the heat productian and energy bal-
ances of fattening pigs from 20-90 kg under different climatic conditions.
Such investigations may be necessary because they can provide data on which
the ventilation rate of a piggery can be based and they can also give information
on the effect of its climate on the energy metabolism of the pigs.

Instead of measuring the heat production of the pig one can also determine
the effect of different climatic conditions e.g. temperature on its growth. As due
to the fact that the composition of the body weight gain may depend also on
temperature (SGRENSEN, 1961 ; PreIFFer, 1968; Hicks, 1966), the results of such
experiments are difficult to interpret. Moreover, such experiments require a
rather long period, before eventually significant differences in weight as a result
of temperature effects can be noticed, a.0. due to errors in weighing. The ad-
vantage of measuring the energy balances is the possibility to investigate the
quantitative effects of small changes in temperature during a rather short time.
If the technical equipment provides facilities to change the temperatures more
or less similarly to changes which occur in a piggery, it may be possible to
detect differences in energy metabolism of pigs when the temperature is chang-
ing each day.

Determinations of the effect of climatic conditions on pigs will only apply to
practical conditions if the animals are kept in groups, or if one should know the
differences in reactions of groups of pigs and singly housed pigs. MOUNT (1960)
and Houmes (1966) have shown the importance of including groups of animals
in the investigations. It was decided therefore to study both the reactions in
metabolism of single pigs as well as groups of pigs to different climatic con-
ditions,

The main subject of this study has been the heat production of growing pigs
kept singly or in groups under normal conditions of temperature with some
variation in the level of metabolisable energy intake of the animals. The use of
different levels of metabolisable energy in some of these experiments made it pos-
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sible to compute their eventual effect on heat production, In many balance-
experiments described in the literature also different levels were used. The data
of these and of similar experiments known from the literature have been stu-
died statistically to obtain more information on this aspect.

Finally this study deals with the investigations of the influence of low temper-
atures on heat production of pigs kept singly or in groups.

During these experiments the feeding level was kept as constant as possible and
in accordance with practical feeding standards (CENTRAAL VEEVOEDERBUREAU,
1965).

2 Meded. Landbouwhogeschool Wageningen 71-2 (1971)



2, LITERATURE

2.1. INTRODUCTION

The literature on the heat production of pigs can be divided into two parts.
One part of the investigations deals with the determinations of the heat pro-
duction and energy retention of animals of different weights, fed different kinds
and amounts of feed. In all these studies the assumption has been made that
the investigations have been performed within the zone of thermoneutrality.
These studies can provide information on the feeding value of the feed and on
the requirements of the pigs. However, they can also give information on the
heat production of pigs at various weights and fed different amounts of different
kinds of feed. For comparison with these experiments on the influence of vary-
ing amounts of feed on the heat production, the results of literature need a
statistical treatment. This will be done in chapter 6.

Another part of the investigations described in the literature deals with
measurements on heat production or heat transfer in pigs of different weight
at different temperatures. In these studies the amount of feed intake in kcal
metabolisable energy is rarely given, often not even measured. Consequently
also the energy retention of the animals, equal to metabolisable energy minus
heat production is not known. Therefore it is not possible to make a distinction
between the effects on heat production and energy retention of feeding and of
environment separately. This part of the literature will be reviewed in the pre-
sent chapter.

In the literature sometimes different definitions for the critical temperature
are given depending on the feeding level of the animal concerned. In this review
the critical temperature is defined by that temperature, below which the pig or
a group of pigs of a certain weight and at a certain feeding level will increase the
heat production in order to maintain the body temperature.

For fasting heat production the definition of Bropy (1945) can be used:
Basal metabolism or fasting heat production is the metabolism of a fasting
animal, which:

a, is in a state of complete rest,
b. is kept within the zone of thermoneutrality,

¢. is not metabolizing feedstuffs or other materials which stimulate heat pro-
duction.

2.2. HEAT TRANSFER AND INSULATION OF THE PIG

Like other farm animals the pig is 2 homeothermic animal. Under different
climatic conditions it will keep its body temperature constant within a rather
small range of variation (IRVING, PEYTON and MoNsoN, 1956). The heat transfer
from the pig to its environment is determined by the heat loss, which is governed
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by evaporation (the insensible heat loss) and the three channels of sensible heat
loss: radiation, convection and conduction. Some heat is needed for bringing
up the temperature of feed and water to body temperature (2-10%; of total
heat). This aspect will, however, not be concerned in this study.

Insensible heat exchange

In all animals and also the pig, the evaporation of water at the surface of the
body cools the animal. In some species of animals the transport of water to the
surface can be increased by a special mechanism, i.¢. sweating,

Determinations of the evaporative heat loss have been made by INGRAM
(1964) with growing pigs of 3 months old. In these investigations he measured
an evaporation of 7 g water/m2. hour at -5°C and 24 g water/m?, hour at 35°C,
Compared with other farm animals (BLAXTER, 1962} this evaporative cooling
is very poor. In sheep it may rise to 60 g/m?, hour and in cattle to 70-140 g/m?.
hour. In the human it is even much higher. The capacity of heat loss by evapo-
ration from a wet pig skin, however, is not known. After artificial wetting of the
skin of the pig or smearing it with mud INGrAM (1964) found an evaporation
nearly equal to the possible evaporation from the human skin ie. 700 g/m?2.
hour. This means that the transport of water to the surface of the body of the
pig by sweating is very low.

Morrison, Bonp and HeirMAN (1967) investigated the evaporative heat loss
in two Duroc gilts of 90 kg each and found that at temperatures of 16°C to
29°C with the same absolute humidity (dew point 10°C) the heat loss from the
skin doubled.

The other pathway along which water is vaporised is the respiratory tract.
Studies from HoLmes (1966) showed correlation coefficients of 0.7 and 0.8
respectively between evaporative heat loss and respiratory rate at 30°C. In the
experiments of MORRISON, BonD and HErTMAN (1967) the evaporative heat loss
from the respiratory tract tripled when the temperature rose from 16°C to
29°C at the same absolute humidity. Under warm conditions pigs seem to in-
crease the respiratory evaporation rather than the evaporation from the skin
and INGRAM (1964} could not find evidence that pigs do sweat under environ-
mental conditions which induce sweating in other species,

Sensible heat exchange

The sensible heat exchange is characterized by the thermal gradients between
the pig and the environment as it takes place through radiation, convection,
and conduction. MoUNT (1968) discussed these three channels of heat loss.
Radiation is determined by the absolute temperatures of the baody, the surface
of the body and the surroundings and by the emissivity of the body surface and
the surroundings.

Convection depends on the surface temperature of the body, its shape, surface
characteristics, size; temperature and velocity of the air surrounding the body.

Conduction heat is the heat loss from the body of the pig to the floor or wall
with which the animals are in contact.

4 Meded. Landbouwhogeschool Wageningen 71-2 (1971)



Insulation

According to Mount (1968, p. 192) heat transfer depends on the thermal
insulation, both the specific insulation, i.e. the insulation per uait of surface
area of the organism, and the overall insulation i.e. the insulation depending on
body size, shape, posture and movement. This overall insulation of a pig
governs for a given body-ambient temperature gradient its total non-evaporative
heat-exchange with the environment.

In the pig being a bare-skinned animal the insulation of the core to the skin
is considered as internal insulation and from skin to surface as external insula-
tion. MOUNT (1968) has one objection using the terms internal and external
insulation because they are proportional to surface area and this surface area is
not the effective surface area for heat exchange by radiation, convection and
conduction. These channels being effected by posture, he prefers to use overall
insulation.

We might, however, distinguish between external and internal insulation
because the calculation of overall insulation excludes the heat lost by evapo-
ration from the skin.

Internal insulation

The internal insulation is the reciprocal of the conductance for heat transfer
from the core of the body to the skin surface. If the heat transfer via respiration
is excluded then the equation is:

Heat transfer = Ag X Cyp (Ts — Ts) wherein

Ty = body temperature

Ts = skin temperature

Ag = skin surface in m2.

C; = conductance of the tissues in kcal/°C.m?2. hour

Due to the small losses of water vapour from the skin surface to the environ-
ment in cold conditions heat flows through body and skin surface will not differ
very much.

In older mature pigs, animals which have been in the cold for a long time,
also called acclimatised pigs, the internal insulation or insulation of the tissues
has been investigated by IRVING, PEYTON and MonsoN (1956). They found an
insulation value of the tissues in the cold of about 0.21 °C.m2. hour/kcal. Com-
pared with other farm animals this internal insulation in the cold (at vaso-
constriction) is rather high (BLAXTER, 1962, p. 130).

Internal insulation can be defined as:

rectal temperature — mean skin temperature

total non-respiratory heat loss in kcal/m?2. hour

MOoUNT (1964) investigated this internal insulation in newborn pigs up to one
week and INGRAM (1964) in pigs of 3 months of age. From their investigations

Meded. Landbouwhogeschool Wageningen 71-2 (1971} 5



it is clear that interna) insulation varies with age and in piglets also with the
temperatures. MOUNT (1964) found values of about 0.05°C. hour m?/ke¢al at
5°C and 0.0°C. hour m?/kcal at 38°C. In pigs of 3 months old INGrRAM found
values of 0.10, 0.11, 0.11, 0.085, and 0.063°C. hour m?/kcal at temperatures
of = 5°C, 10°C, 25°C, 30°C and 35°C. This is about twice as much as found in
newborn pigs. The changes in internal insulation in the cold at various ages can
partly be explained by the thermal circulation index, that is according to
BuUrTON (1934).

skin temp. — environmental temperature

Index = -
rectal temperature - skin temperature

This thermal circulation is thus a measure of the ratio at which heat is
transferred from the core to the surface of the body. Below 30°C to 25°C
INGrRAM (1964) found a nearly constant circulation index in pigs of 3 months
of age, This indicated that vaso-constriction had occurred between 25°C and
30°C, and meant that the critical temperature of these Landrace pigs was
between 25°C and 30°C.

At -5°C, however, he noticed an increase due to increased skin blood flow.
At low temperatures the temperatures of trunks and extremities can undergo
cyclical changes by means of rapid vaso-dilatation and followed again by vaso-
constriction. The temperatures thus rise quickly and decrease slowly (BLAXTER,
1962, p. 132). This mechanism prevents the animal from freezing or chilling.

External insulation

As the haircoat on piglets and fattening pigs is not very dense, the external
insulation is almost completely due to the insulation of the air interface in the
coat. According to BLAXTER (1962, p. 125) this can be visualized by representing
the hair coat insulation by the insulation of a minute layer of very still air held
at the surface by cohesive forces. External insulation can be defined as:

effective environmental temperature — mean skin temp.

total non-evaporative heat loss from skin in kcal/m? hour

The effective environmental temperature is defined as that temperature which
determines with the skin temperature the heat loss through radiation, convec-
tion and conduction.

Because HoLMEs (1966) has already reviewed the literature on this subject it
will only be briefly discussed here. INGRaM (1964} investigated in his experi-
ments the external insulation in pigs of 3 months old kept at different tempera-
tures. He found it to be about 0.17°C.m?2. hour/kcal at 5°C to 0.07°C.hour m?
/kcal at 38°C. According to the author this indicates that the pigs develope a
change to a more bristle coat and the pigs tend to change their posture in order
to reduce the effective area for heat loss and thus increase the insulation in the
cold.
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QOverall insulation

The data on the overall maximum insulation found by Irving, PEYTON and
MonsoN (1956} in Alaska were about twice as much as was found by INGRAM
(1964) in pigs of three months old. The increase in maximum insulation in the
cold with increasing age may be cxplained by the deposition of more sub-
cutaneous fat as was found by SSRENSEN and MoustGaarDp (1961}, Maximum
insulation means that vaso-constriction has taken place,

Measurements on the insulation of pigs less than one week old made by
MounT (1964) showed that both 5°C and 30°C were below the critical temper-
ature, so that peripheral constriction was expected in both cases. However,
there was a difference in insulation or conductance at these temperatures. He
explains this phenomenon by a postural change at 5°C and measurements on
the effective radiating area supported his conclusion.

Another factor which might explain differences in insulation between 5°C and
20°C is the rate of heat loss to the floor. In the cold the animais adopted a more
flexed tense posture. In young growing pigs, according to TNGRAM (1964} and
WinNsLow, HERRINGTON and GAGGE (1936) cited by HoLMEs (1966), the total
insulation is nearly equal to that of the human. In experiments with animals
of 20 kg and 60 kg kept in a direct calorimeter at temperatures of 9°C, 20°C and
30°C HoLMEs (1966) noticed that the overall insulation of the pigs differed less
between 9 °C and 20°C than between 20°C and 30°C. He explained these differ-
ences in change of conductance above and below 20°C by suggesting that the
change above 20°C was mainly due to vaso-motor activity. The change in con-
ductance below 20°C would be mainly due to posture changement. This, how-
ever, means that in both 20 kg and 60 kg pigs vaso-constriction has occurred
close to 20°C. If the vaso-constriction occurred just close to 20°C then the
change in conduction or insulation below 20°C might be explained by a change
in posture and or a change in resting on the floor so that the heat loss to the
floor is reduced.

Generally we might conclude from the above mentioned literature that at the
critical temperature maximum insulation not always has been reached. Pigs still
may increase their insulation by changes in posture, way of lying on the floor
as is shown by MouNT. The change in maximum insulation in young piglets
might be also partly explained by a change in external insulation. According to
MounT (1963) the piglets in the cold seem ta develop a coat with more bristle.
With increasing age the external insulation does not vary much with the change
in environmental temperature. But with vaso constriction the internal insulation
and thus the total insulation increases a lot with lowering temperatures. Also
with increasing age and with acclimatization there seems to be a considerable
increase in overall insulation due to the deposition of subcutaneous fat. Com-
pared with other farm animals the pig has little or no ability to sweat and the
total insulation at maturation, consisting of the insulation of the tissues and the
insulation of the air interface, is at least as high as in other farm animals.
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2.3 HEAT PRODUCTION OR HEAT LOSS AND ZONE OF THERMONEUTRALITY

2.3.1. Fasting heat production

Although in practice no animals are kept in fasting conditions one can derive
some information on the energy metabolism or heat production of pigs under
practical conditions from fasting experiments. The first measurements of the
fasting heat production of pigs were made by Meisst. {1886), who was cited by
TancL (1912). TanGL himself measured indirectly heat production of two
animals weighing 50 kg and of two animals weighing 100-120 kg. The animals
of 50 kg were of the Yorkshire breed and about 7 months of age and the heavier
animals were of the Hungarian Mangalica breed and about 15 months of age.
The animals were put in an indirect calorimeter and fasting heat production was
measured at different temperatures. The lighter animals started to raise their
heat production below 20 to 23°C, and the heavier animals below 17°C. Above
these temperatures the heat production at the weights of 50 kg and 100-120 kg
was 73 kcal/W3'4, 24 hours and 64 kcal/W3'#, 24 hours, resp. after the period
of 5-9 days fasting. At 17°C the heat production of 50 kg animals was found
to be 279 more than at 23°C. Carstick and Woob (1922}, working with one
mature Large White animal of 120-180 kg in a direct calorimeter noticed a
critical temperature of about 21 °C and the heat loss above this temperature was
about 54 kcal/ W24, 24 hours and at temperatures of 18°C, 14°C and 10°C he
found an extra heat loss of 69, 22.7%, and 469, respectively. This means an
extra heat loss below the critical temperature which is nearly linear. DEIGHTON
{1929) who performed fasting trials in a direct calorimeter with 2 Large White
pigs and later on with 25 pigs of different breeds (1932, 1934, 1935, 1937) as-
sumed or concluded somewhat prematurely the critical temperature of mature
Large White animals to be near 16°C. At this temperature one of his Large
White animals lost about 65 kcal/W3/4, 24 hours at 50 and 81 kg. The second
pig was measured several times between 40 kg and 177 kg, age 218 and 702 days,
resp., and lost 92 kcal/W¥#, 24 hours and 55 kcal/W?3*, 24 hours. Compared
with the results of TANGL (1912) and CapsTick and Woob (1922) these figures at
50 kg are rather high. From his other experiments a fasting heat loss of 84 kcal/
W34, day at 50 kg and 300 days of age and 73 kcal/W?¥“. day at 100 kg and
450 days of age was computed (vaN Es, in press). During the intervals between
the experiments the animals were fed at a low feeding level. From theabove men-
tioned investigations it can be concluded that the fasting heat production or
heat loss of pigs seems to increase below 16°C to 21 °C. However, there were
differences in breeds of animals used and perhaps the kind of floor and also wall
temperatures were different. These may have influenced the results obtained.

2.3.2. Effect of air temperature on the heat production of fed animals kept singly

One of the first investigations on this aspect may have been done by vON bER
HEeDE and KLEIN (1913). They worked with pigs of 65-80 kg and put them
separately in an indirect calorimeter. In these pigs, which were fed at mainte-
nance level, i.e. not losing or gaining energy, they noticed an increase in heat
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production at 19°C and 10°C of 149; and 279 resp. as compared with 22°C.

Recent investigations on the effect of air temperature on the heat production
of single pigs have been performed by HoLMES (1966) and HoLMEs (1968) with
animals of 20 kg and 60 kg, and by PULLAR (1963) with pigs from 12 to 92 kg
of weight. All these measurements have been done in direct calorimeters and
were performed at least during some hours several times a day. It can be thought
then, that the heat loss measured in these experiments is equal to the heat pro-
duction. HoLMES (1966) measured the heat loss of growing animals kept singly
at 9°C, 20°C and 30°C in a direct calorimeter which has been described by
MOUNT et af (1967). In this experiment the pigs of 20 kg received 0.83 kg food a
day and the pigs of 60 kg received 1.83 kg food a day. Pigs of 20 and 60 kg
which were kept at 9°C lost 36 % and 199 more heat than at 20°C. Pigs of the
same weight kept at 30°C lost resp. 7% and 8 % less than at 20°C. Although the
differences in heat losses at 30°C and 20°C were not significant, the possibility
exists that the critical temperatures of the 20 kg pig might be sowewhat above
20°C and also that 30°C might be above the upper border of the thermoneutral
zone for pigs of 60 kg. With pigs of 12-26 kg and in piglets of 1 to 8.6 kg
MOoUNT (1969) measured the oxygen consumption as an indication for heat
production in a closed circuit respiratory metabolism apparatus, and he noticed
that the single piglet produced more than 50 %] extra heat at 20°C than at 30°C,
This means that 20°C is far below the critical temperature of these piglets kept
singly. PULLAR (1963) working with ad libitum fed animals in a gradient-layer
calorimeter (PULLAR, 1958) did not notice significant differences in heat loss of
animals kept at 20°C or 30°C both in pigs of 11.4 kg and 46 kg. From 46 kg to
92 kg the animals were fed restricted starting from 0.68 kg TDN at 48 kg to
1.1 kg TDN at 92 kg twice daily. At 10°C, however, he found an increase of
48 % in heat loss in pigs weighing 23 kg compared with 20°C. These differences
in heat loss between 10°C and 20°C decreased to 18% when the pigs were
reaching bacon weight (92 kg). The total heat loss of the 92 kg pig at 20°C or
30°C was found to be 4300 kcal/day. He stated that the critical temperatures for
pigs of 23 to 92 kg lie between 10°C and 20°C.,

2.3.3. Effect of air temperature on the heat production of fed animals kept in
groups

During their investigations with restricted fed animals (0.82 kg at 20 kg and
1.83 kg at 60 kg body weight) HoLMes {1966) and HoLmes and MOUNT (1968)
did not notice significant differences in heat production in groups of pigs
weighing 20 kg and kept at 20°C or 30°C in a direct calorimeter (MOUNT ef al,
1967). The heat loss per pig in these groups of pigs at 20°C was also nearly
equal to the heat loss measured at 20°C with single pigs. At 9°C, however, both
in one group of 20 kg and in two groups of 60 kg an increase was noticed of
resp. 109 and 5% and 18 % compared with 20°C. And HoLMES (1966) stated :
‘Under the conditions of these experiments 20°C was within a range of ambient
temperature in which minimal daily heat Joss might be expected to occur from
groups of pigs weighing 20 kg and 60 kg each regardless of the groups behaviour.’
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Nevertheless he noticed in one group of 60 kg pigs a significant decrease in
heat loss at 30°C compared with 20°C, In the other experiment the difference
in heat loss between 20°C and 30°C did not differ significantly from zero.

In ad libitum fed animals BonD, KELLY and HEITMAN (1963) also noticed
considerable differences in the heat output or heat production at different
temperatures. In groups of 5 animals weighing 58-60 kg they found an increase
in heat loss of 35% when the heat loss was measured at 10°C instead of at
21.2°C. Part of this extra heat loss may be caused by the higher feed intake at
the lower temperature. Also in heavier animals this interaction of feed intake
and temperatures may play an important role in thermoregulation. For instance
in the above mentioned investigations of BonD, KeLLy and HeiTMaAN (1963) one
group of animals of 124 kg body weight lost 4626 kcal/day. animal at 21 °C and
at 32°C a group of 5 animals of the same weight had a total heat loss of 3984
kcalfanimal. day.

Thus it is very difficult to examine at what temperature the ad libitum fed
animals will start to produce or lose extra heat in order to maintain their body
temperature. At low temperatures of 10°C the above quoted Californian group
of workers found an increase of 20 to 259, BoND et a/ (1952) noticed an increase
in heat loss of 10, 26 and 13 %, resp. when a group of ad libitum fed animals of
35, 45 and 135 kg kept in the Californian psyschrometric chamber at the Uni-
versity of Davis was exposed to 10°C instead of 20°C. All these investigations
in the Californian psychrometric chamber have been done during test periods
of one week. PULLAR (1963), working with groups of 4—6 small pigs from 1-2 kg
and 3-6 kg kept together in the gradient layer calorimeter, noticed an increase
in heat loss of nearly 100 9 when 15 °C was compared with 35 °C. MoUNT (1960)
found that the group of 4 piglets (1-2 kg) produced about 259, more heat at
20°C than at 30°C. When the group size was 6 he noticed an increase in heat
output of 14 %,

MouUnT and WiLLMOTT (1967) showed that a group of 4 mice lost about 140,
more heat at 15°C compared with 31°C. Single mice produced 40 % more ¢xtra
heat above this 1409, at the same conditions.

In pigs of 20 kg at 9°C instead of 20°C a group can save about 759 of the
extra heat required (HoLmes, 1966). And a group of young piglets may save
about 40%, of the extra heat required (MounT, 1960). Huddling in groups thus
seems to be an effective way of saving part of the extra heat required below
the critical temperature.

Summarising the results from the influence of temperature on heat produc-
tion or heat loss, it is clear that in general groups of pigs can save a lot of extra
heat required at low temperatures compared with single animals.

2.3.4. Effect of air movement on the heat production of pigs.
Single pigs.

In single newborn pigs MOUNT (1966) measured the heat production in the
closed circuit metabolism apparatus at Babraham. He found an increase in heat
production of about 20 to 259 above heat production at 5 cm/sec, when the
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piglets were exposed to wind-speeds of 34, 82 and 158 cmysec. at 30°C. At temper-
atures of 30°C the increase was about 10-159% at 34 cm/sec. and 82 cm/sec. and
259, at 158 cm/sec. This increase in convective heat loss was not equal to the
square root of windspeed as found by WiNsLOw, HERRINGTON and GAGGE(1936)
In man between 8 and 35 cm/sec. MOUNT and INGRAM (1963) found that in older
animals at a low temperature (15°C} sensible heat loss from the animal’s
back due to increased wind speed (8, 35, 60 and 100 cm/sec.) was higher than at
temperatures of 20°C to 35°C. They investigated the effect of windspeed on
sensible heat loss by means of a heatflow disc. Landrace pigs from 3.4-5.8 kg,
20-25 kg and 60-70 kg were used. In younger pigs the stope of increase in
sensible heat loss was steeper while in the older pigs the rate of increase showed
a tendency to become progressively less steep.

At 20°C the rise in sensible heat loss at the highest windspeed in pigs of 20 to
25 kg was about 86-90 kcal/m?®. hour. It was also found that changes in air-
speed over the lower part of the range are more effective in changing heat loss
than over the upper part of the air speed range. This was explained by the
disproportionately disruptive effect on the boundery layer of air around the pig
at different air speeds.

Groups

HoLwmes (1966) and Hormes and MOUNT (1967) compared the heat loss of a
group of pigs between 20 and 50 kg at 12°C and 20°C. They measured the heat
loss in the direct calorimeter at two levels of air velocity respectively 10 cm/sec.
and 25 cm/sec. Pigs of 25 kg showed a 109 higher heat loss during the first days
at the higher fevel. After the initial period of 4-6 days, however, the increase in
heat loss in the higher air speed decreased and the authors indicate the possibil-
ity that this decrease in heat production after the initial period of 4—6 days might
be due to a behavioural adaptation on the part of the pigs. Bonp, HEITMAN and
KELLY (1965) compared heat output at different air velocities up to about 76 ¢m/
sec. at 10°C and 20°C. In ad libitum fed animals of 65-70 kg they noticed a 129
higher level of heat output at the highest air velocity at 10°C and a 109 higher
level at 20°C. Not only the total heat loss increased but the ratio of heat flow
through the channels of heat flow i.e. radiation. convection and conduction,
changed. Radiation heat flow decreased considerably while convective heat loss
was nearly constant and evaporative heat loss increased considerably. If higher
air velocities cause an increase in heat loss, than the lower border of the zone of
thermoneutrality, i.e. the critical temperature will rise. The zone of thermo-
nfeutrality was found to be considerably smaller in young pigs when exposed to
higher air velocities (SAINSBURY, 1954, cited by SMITH, 1964).

2.3.5. Effect of different kinds of floors on the heat production

MOUNT (1967) showed that conductive heat loss to different types of floors
may be very different. He measured heat loss to different kinds of floors, i.e.
concrete floors, wooden floors, expanded polystyrene floors, and a floor with
one inch of straw on concrete.
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To each of these types of floors the conductive heat loss doubled when the
temperature was lowered from 30°C to 20°C. At 20°C heat loss to the wood was
nearly equal to the heat loss to concrete at 30°C. Substituting wood for concrete
was nearly equal to raising the floor temperature by 12°C and one inch of straw
reduced heat flow to the fioor by 417 being equivalent to a rise in floor tem-
perature of 15°C. Heat loss to the floor was estimated to increase to about 159,
of the total heat loss. This experiment, however, does not prove that total heat
production of an animal on different floors is different. If one would measure
0O, consumption of piglets on these floors (STEPHENS, 1969) then an indication
for differences in heat loss might be obtained.

STEPHENS noticed that, compared with the concrete floor, straw reduced O,
consumption of a piglet on the floor by 109 at 10°C, 279, at 20°C and 129 at
30°C. Between 1 kg and 3.2 kg the body weight did not have influence on the
ratios of O, consumption, OsINGA (1963) also showed that the heat flow from
pigs or an artificial pig to the floor differed when much or litlie straw was on
the floor. Also HAARTSEN (1967) noticed considerable differences in heat loss
from an artificial pig to different floors.

2.3.6. Effect of some other environmental factors on heat production or heat loss
of pigs

Relative humidity

In the literature investigations to show that relative humidity influences the
heat loss between 10°C and 25°C in growing pigs could not be found.

Latent heat loss or evaporative heat loss of single pigs accounts for only 209/
to 25%; of the total heat loss. The evaporation heat does not differ much between
different temperatures and different humidities below 20°C. MorrisoN, BoND
and HEITMAN (1967) also HorLmes (1966) did not find big differences in evapo-
ration heat at moderate temperatures of 9°C and 20°C. One might only expect
an influence of high relative humidity on heat loss at high temperatures when
the animals are going to pant very quickly in order to get rid of the heat, If the
animals lie on a wet floor then of course the extra evaporation might be able
to change the total heat loss. In fattening experiments there seems to be some
influence of high humidity at temperatures of 24°C on slaughter quality, SGREN-
SEN (1961) and PrEIFFER (1962).

Light

Some investigations show that light does not have a great effect on the per-
formance and growth of pigs. Experiments with pigs reared from 20-90 kg of
BRAUDE et. al. (1958), showed that there is no or only a very small negative effect
of complete darkness on growth and body composition.

NeEuMANN and GrieB (1968) cited investigations by KLocKova and EMME
(1961} who found that more hours light during the day (up to 18) increased the
thyroxin content of the blood. No direct investigations, however, are known on
the effect of light and light intensity on heat production; from the above men-
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tioned investigations a big effect can hardly be expected. A small negative effect
of complete darkness on growth might be explained by the findings of vAN
PuTTEN (1968), who claimed that animals which were in complete darkness for
some days did not sleep relaxed, as judged from their behaviour,

Generally it can be stated that environmental psychological influences, which
cause an increase in activity compared with the normal activity, will also cause
an increase in heat production, CAPSTICK and WooD (1922) showed that stan-
ding or moving can increase heat loss of a pig in a direct calorimeter consider-
ably. Im practice, however, the activity or restlessness of pigs should be reduced,
s0 that more energy is available for growth.

Compasition of the air

The standard for allowed CO, vol. % in the air (DIN, 1966) is about 0.3 vol. %.
There is, however, no evidence that higher CO, % are unfavourable to pigs.

THoRBEK and NEERGAARD (1965) measured heat production of 8 pigs during
24 hours periods at various CO; % in the chamber from 0.4 to 1.0 and no
relationship between CO, concentration in the outgoing air and heat produc-
tion could be measured. With other gases such as NH; as far as known no
measurements on the effects of concentration in the air on heat production have
been made, though in experiments with growing pigs a negative effect of NH; %,
on feed intake has been noticed.

2.4 EFFECT OF LOW TEMPERATURES ON GROWTH AND FOOD CONVERSION

As this study deals mainly with the influence of low temperatures on the
metabolism of growing pigs, only literature on the influence of low tempera-
tures on growth and feed conversion will be reviewed here. Most investigations
from the literature have been performed with ad libitum fed animals. A small
number of experiments have been performed with restricted fed animals,
SGRENSEN (1961), SGRENSEN and MOUSTGAARD (1961) and WOHLBIER, KIRCH-
GESSNER and SCHNEIDER (1958).

SORENSEN (1961) showed that Danish pigs housed in groups without straw
bedding at different constant temperatures of 3°C, 8°C, 15°C with 70% reiative
humidity (R.H.) and at 23°C and 24°C with 50 % R.H. respectively, performed
best at 15°C and 23°C. The animals were fed according to Danish feeding stan-
dards. At 8°C the feed conversion increased by 0.3 FU/kg gain and at 3°C with
0.9 FU/kg gain. At 3°C with straw bedding the animals had the same gain as
animals housed at 8°C without straw.

Lucas and CALDER (1955) performed trials in piggeries at different tempera-
tures and different feeding levels. They found that the differences in growth
between the different temperatures were much lower in animals at a high
feeding level. On the high feeding level the animals could withstand much
worse conditions of low temperatures than at the low feeding level.

WOHLBIER et af (1958) working with groups of 4 castrated pigs of the Schwa-
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bisch Hallisch breed found the best growth at temperatures of 16°C to 20°C.
The growth at 10°C was decreased by about 16 g to 94 g/day. Animals with
antibiotica supplemented to the food and housed at 10°C showed a better
digestion of protein under conditions of ad /libitum feeding.

HerrMan, KELLY and BOnD (1958) noticed an optimum temperature of 23°C
in pigs of 35-70 kg and 16°C in pigs of 80-125 kg. They kept a group of 5
during a test period of one week in the Californian psychometric chamber.
KaLicH (1961) showed that ad libitum fed animals from 40 to 80 kg had the
highest weight increase at 20°C and animals from 80 to 110 kg showed the highest
increase at 15°C.

The above mentioned investigations were done at constant temperatures, In
practice, however, the temperature is not constant during such a long period
and moreover it is difficult to distinguish between the effect of feeding level and
feed intake. Some investigations have been done by SGRENSEN and MOUSTGAARD
(1961) to study the effect of a sudden change in ambient temperature. They
noticed that a time of 14 days was needed before the animals had the same
growth of animals kept at the constant temperature of 3 °C when the tempera-
ture was suddenly changed from 19°C to 3°C. Also after a sudden change from
3°C to 19°C the animals needed some time before the growth was the same as
that of animals kept constantly at 19°C.

Bonp, KeLLy and HerrMan (1963) found that the daily weight gains and feed
conversion rates were more favourable at a constant temperature of about 21°C
than when air temperature, although averaging 21°C, cycled from about
15-16°C to 30°C or 5°C to about 30°C.

Results from several German analyses (SIEGL, 1960; COMBERG, WOLFERMANN
and RUNDFELDT, 1967) from data of growth at different temperatures in ad
libitum fed singly housed animals from 40-110 kg in selection fattening stations
have shown that the temperature at which the pigs had the best growth in weight
was between 15°C and 22°C.

Recent investigations of MANGOLD (1965} with ad libitum fed group-housed
animals showed optimum temperatures from 10°C to 21°C. In the trials of
Hicks (1966) with singly housed restricted fed pigs the critical temperatures
were found to be about 8 °C in pigs up to 45 kg and 4,5 °C or lower in pigs above
that weight. These low temperatures are even more remarkable because the pigs
were housed on a concrete floor without straw,

COMBERG, WOLFERMANN and RUNDFELDT (1967) and also PreIFrer (1962)
and SIEGL (1960) noticed that there are some differences between breeds. The
fat-type pigs did not show such decrease in growth at lower temperature as
meat-type pigs.

It may be concluded from the above mentioned investigations that there are
consistent differences in optimum temperatures. This might be due to differ-
ences in feeding, air velocity or movement, breed of animals, kind of floor,
composition of the air, or wall temperatures. Often these conditions are not
mentioned and also the breed of pigs is not even mentioned. Moreover, the
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