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INTRODUCTION 

Climatic environment is an important factor in animal production. Adaptation 
may be related to economic loss. To enable to minimize this it is necessary to de­
termine the relation that exists between the thermal environment and the animal 
(Curtis, 1983). Exposure to a variety of environmental events elicites a wide 
range of physiological changes (Dantzer and Mormede, 1983). However despite 
fluctuating external surroundings animals need to maintain a steady state in their 
internal environment (Curtis, 1983). Homeothermic animals are characterized by 
maintaining a deep-body temperature within relatively narrow limits (Mount, 
1979). To establish constancy of body temperature at various conditions animals 
respond through their thermoregulatory mechanisms. 

Ambient temperature is a component of climatic environment. In figure 1 the 
relationship between ambient temperature, heat production and body tempera­
ture is represented. Figure 1 shows that heat production, as a physiological re-
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Figure 1. Relation between heat production, body temperature and ambient temperature. 



sponse to heat loss, remains constant when environmental temperature ranges be­
tween B and C and thus deep-body temperature remains unaffected. This zone is 
called the zone of thermal neutrality or zone of minimal metabolism. Environ­
mental temperatures above C, the upper critical temperature, will cause hyper­
thermia. Heat loss to the surrounding environment is limited causing body tem­
perature to increase. 
Environmental temperatures below B, the lower critical temperature, will cause 
an increase in heat loss to the environment which is compensated by an increase in 
heat production while deep-body temperature is maintained. At A the maximum 
of heat production is reached and below this point hypothermia occurs. 

In intensive pig production the lower critical temperature of the animals (point B 
in figure 1) depends on several factors (Close, 1981). Body weight (Verstegen, 
1971), condition (DeB. Hovell et al., 1977) and thermal insulation (Ingram, 
1964), as well as group size (Mount et al., 1973) and level of nutrition (Close and 
Mount, 1978) contribute to this. The lower critical temperature decreases as body 
weight and thermal insulation (subcutaneous fat) increases. Higher level of en­
ergy intake results in higher metabolism and elevates the line B-C in figure 1. As a 
result B decreases. Temperatures below thermal neutrality will increase mainte­
nance requirement at the cost of energy deposited in body weight gain. Overall 
efficiency of conversion of food energy into energy gain is thus lowered. Several 
studies described in literature were aimed to assess the effects of exposure to dif­
ferent ambient temperatures on metabolic rate and parameters of energy metabo­
lism (Verstegen, 1971; Thorbek, 1975; Close and Mount, 1978). 

Pigs can reduce heat loss to the environment by huddling (Mount, 1979; Boon, 
1982). The effect of a climatic environment is modified through this behavioural 
thermoregulation. To allow this mechanism as an intrinsic part of the results of a 
particular climatic environment group-housed animals were used in the experi­
ments described in this thesis. Housing of pigs in groups is common in practice. 

Climatic factors may also act as stressors to the animals. According to Curtis 
(1983) stress is any environmental situation, and a stressor any environmental fac­
tor, that provokes an adaptive respons. The response to stressors is achieved 
through neural and endocrine systems (Dantzer and Mormede, 1983; Siegel, 
1985). The neurogenic system (NS), consisting of the central nervous system and 
the adrenal medullary tissue, represents one such system; the hypothalamus-pitu-
itary-adrenalcortex axis (HPA) represents another (Siegel, 1985). The NS is a 
rapid response, to increase energy production and delivery, through catechola­
mines, epinephrine and norepinephrine. Through these amines cyclic adenosine 
mono-phosphate is produced (Siegel, 1985). The activation of the HPA is a longer 
term adjustment by the animal to environmental change (Siegel, 1985). Through 
the output of ACTH by the pituitary, the adrenal secretion of corticol steroids is 
increased (Siegel, 1985; Dantzer and Mormede, 1983). The response curve to low 
temperature is illustrated in figure 2. This curve depends on the type of applica­
tion of the stressor. It shows that low temperatures result in elevated levels of 
plasma Cortisol. Type of exposure, gradual or acute, determines the pattern by 
which this elevated level is reached. The difference in Cortisol level after a sudden 
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Figure 2. Plasma Cortisol levels in relation to time after exposure to low temperature. 

change or a gradual change to the same conditions is related to the emotional re­
sponse (Dantzer and Mormede, 1983). The gradual change specifically reflects 
the reaction to the physical property of the climatic environment (Dantzer and 
Mormede, 1983). This implies that the effects of gradual or sudden changes have 
to be taken into account. It may be obvious that in intensive husbandry climatic 
environment cannot be regarded as constant. Fluctuation in temperature and in­
crease in air velocity (wind or draught) may occur. Especially sudden changes in 
e.g. air velocity, in not properly climatically-controlled buildings may occur and 
these increases in air stream may be of lower temperature. Pigs may then be ex­
posed to draught. 

As a respons to such factors of the climatic environment metabolic rate may be 
changed but moreover metabolic adaptation can take place through the HPA-axis 
(Mount, 1979). Acclimation is defined when compensatory alterations due to a 
single environmental factor occurs (Curtis, 1983). If the climatic environment 
consists of several components that vary, the reaction of animals is referred to as 
acclimatization (Mount, 1979; Curtis, 1983). Acclimation with respect to metabol­
ic rate is a form of adaptation that is also dependent on liberal food supply 
(Mount, 1979). The importance of food intake on acclimation to the thermal ef­
fects of climatic environment was also noted by Barnett and Mount (1967), Morri­
son and Mount (1971) and Close (1981). Ad libitum feeding strategy was 
therefore applied in the experiments described in this thesis. Moreover this feed­
ing strategy is common for young-growing pigs in practice. 
Morrison and Mount (1971) found that parameters as daily gain, food conversion 
and respiratory frequency were not suitable to clearly assess time of adaptation. 
A period of 10 days was required to reach steady values in rectal temperature of 
pigs after a change in environmental temperature (Morrison and Mount, 1971). 
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Kelley (1980, 1985) stated that a wide variety of environmental stimuli may alter 
several components of the immune system. It has been demonstrated that a single 
environmental stimulus, e.g. cold air, effectively reduced resistance to disease-
causing organism in swine: Escherichia coli (Armstrong and Cline, 1977) and 
transmissible gastroenteritis virus (Shimuzu etal., 1978). 

Henken (1982) found that in pullets immunized with SRBC the humoral immune 
response was dependent on the change in thermoregulatory demand due to the 
climatic environment. An environment-disease interaction with respect to Hae­
mophilus pleuropneumoniae infections at the beginning of the fattening period of 
growing pigs was found by Hunneman (1983). Unfavourable conditions as fluc­
tuation in ambient temperature and increased levels of air velocity were found to 
be related to incidence and severity of the disease (Hunneman, 1983). It may be 
expected that the thermoregulatory demand of these environmental factors and 
the observed relation with incidence and severity of this disease in young growing 
pigs were thus related. Therefore it was decided to study to what extent the de­
gree of acclimation to various climatic conditions take place in about two weeks. 

The effect of a constant or sudden changes in climatic environment and inocula­
tion of growing pigs with Haemophilus pleuropneumoniae on health and metabo­
lism is described in the first chapter. It was studied if the effect of thermoregulato­
ry demand of pigs to the climatic environment was similar if applied at time of in­
oculation or several days thereafter. Preliminary experiments had shown that 
standardization of inoculation was acceptable and clinical signs were pathogen 
specific (Verhagen et al., 1987). Moreover pigs raised under standard practical 
conditions were preferable to SPF-pigs. Intranasal administration of the pathogen 
was preferable to intratracheal or aerosol challenge. In all experiments young 
growing pigs of about 9 weeks of age and a live weight of approximately 20 kg 
were used. In practice pigs of this age and live weight are normally transferred to 
fattening units. 

Exposure to ambient temperature at or below thermal neutrality might affect the 
level of energy metabolism. This was studied in the second series of experiments 
(chapter II). Ambient temperatures of 25 °C and 15 °C were used to represent 
temperatures within (25 °C) and below (15 °C) thermal neutrality (Bruce and 
Clark, 1979). These temperatures are below (15 °C) and above (25 °C) the tem­
perature that was found by Hunneman (1983) to be one of the climatic factors re­
lated to Haemophilus pleuropneumoniae infections. The effects on maintenance 
requirement, protein and fat deposition were studied. 
In the third chapter acclimation of pigs with regard to heat production and activity 
at both temperatures was studied. In the following chapter (IV) experiments are 
described in which an increased air velocity (draught) was applied to pigs. This 
was done periodically during night time at the temperatures that were used in the 
previous studies (chapters II and III). Draught was made by increasing air veloci­
ty from 0.2 m/s to 0.8 m/s with the temperature of the air stream 5 K lower than 
ambient temperature. By applying this draught periodically, sudden changes in 
climatic environment will then occur. Acclimation to this condition was studied, 
and the effects of occurrence of draught within nights was emphasized. Chapter V 
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deals with a serie of experiments in which temperature fluctuated during the 24 
hour period ; 25 °C during day time and 15 °C during night time. This condition 
was compared with the occurrence of draught, similar as used at constant ambient 
temperatures. Such conditions may also occur in practice. 

Gross and Siegel (1983) concluded that blood cell ratio's could be used to deter­
mine stress upon animals rather than the use of levels of corticosteroids. In the 
sixth chapter the effects of different climatic environments on these blood param­
eters was studied. 
In the last chapter (VII) an experiment is described in which a constant or chan­
ging climatic environment was compared with draught to determine the effects on 
body temperature. These effects were related to the effects of climatic factors on 
heat production and activity-related heat production. 
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CHAPTER I 

The effect of different climatic environment on metabolism 
and its relation to time of Haemophilus pleuropneumoniae-

infection in pigs 

J.M.F. Verhagen, A. Groen, J. Jacobs and J.H. Boon 

Livestock Production Science: submitted. 



Abstract 

The effect of time of inoculation of young growing pigs (liveweight 20 to 28 kg) 
with Haemophilus pleuropneumoniae was studied with respect to time of occur­
rence of climatic stress. In exp. I pigs were inoculated before the occurrence of 
climatic treatments, whereas in exp. II inoculation was after 12 days exposure to 
the climatic treatments. In each experiment 2 treatments were applied; an am­
bient temperature of 25 °C (control-group) or a fluctuation in temperature (25 °C 
during day time, 15 °C during night time), with a superimposed occurrence of 
draught (air velocity of 0.8 m/s with a temperature of 5 K lower than ambient tem­
perature; treatment-group). Draught was applied during night time, periodically 
during 2 hour periods. Pigs were housed in groups of 9 or 10 pigs and 2 groups 
were exposed to the treatments. In exp. I pigs in the treatment-group had higher 
mortality than pigs in the control-group. Increase in rectal temperature was de­
layed by 2 days compared with the control-group. Increase in specific antibody 
level was found after 12 days, and was significantly higher for the treatment-group 
at day 12 p.i.. In exp. II antibody level was increased after inoculation, but no 
significant differences were found between control- and treatment-group. Inocu­
lation affected daily gain, maintenance requirement and fat deposition during the 
first 6 days p.i. in both groups. The importance of acclimation to an unfavourable 
climatic environment on the outcome of inoculation with Haemophilus pleurop­
neumoniae is stressed. 

Introduction 

Climatic conditions in animal husbandry can induce physiological alterations 
which influence the animals' susceptibility to infectious diseases (Nielsen, 1982; 
Osborne et al., 1984; Kelley, 1985; Siegel, 1985). Schultz et al. (1984) stated that 
unfavourable conditions could cause stress and that is an important cause for pro­
voking diseases in animals. With slaughter pigs, Tielen (1974) found that the inci­
dence of micro-organism induced lung lesions was influenced by climatic factors 
during the fattening period. Draught, defined as the degree of temperature fluc­
tuation inside and outside the piggery multiplied with air velocity, had a marked 
effect on the frequency of lung lesions (Tielen, 1974). In young growing-pigs out­
breaks of Haemophilus pleuropneumoniae-infectiom on farms are frequently re­
ported to be related to unfavourable climatic conditions (Nicolet et al., 1980; Niel­
sen, 1982; Hunneman, 1983). Hunneman (1983) found that climatic factors like 
temperature and carbondioxide in the air, relative humidity and increased air ve­
locity (i. e. draught) significantly contributed to the incidence and severity of Hae­
mophilus pleuropneumoniae-infectiom in fattening pigs. Nielsen (1982) stated 
that the severity of these infections could be related to climatic factors such as 
draught. Osborne et al. (1984) noted that moment of challenge of pigs with Hae­
mophilus pleuropneumoniae in relation to stressors as heat, cold and transport 
was important since more lung lesions were found if inoculation with Haemophilus 
pleuropneumoniae was before application of the stressor compared with inocula­
tion thereafter. Apparently the difference in time between the first occurrence of 
climatic stress and the contact with antigen or pathogen affects the immune re­
sponse (Kelley, 1985) and resistance to Haemophilus pleuropneumoniae (Osborne 
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et al., 1984). Henken (1982) found that immune response to SRBC was related to 
the thermoregulatory demand of the climatic environment. 

In the present study the effect of Haemophilus pleuropneumoniae inoculation 
prior to, or after the occurrence of an unfavourable climatic condition was stud­
ied. The unfavourable climatic condition applied in this study was aimed at simu­
lating sudden and intermittent changes in climatic environment. 

Material and methods 

Animals and housing 

Young growing pigs (Dutch Large White x Dutch Landrace) were obtained from 
one commercial farm. Pigs, about similar numbers of females and castrated 
males, were approximately 10 weeks of age and kept at similar pre-treatment en­
vironment. In each experiment pigs were randomly assigned to two climatically-
controlled respiration chambers by balancing mean weight between chambers. 
Description of chambers used in these experiments is given by Verstegen (1971). 
Each chamber has a floor of non-toxic asphalt and two pens with an area of 9 m2 

per pen. About 20% of the floor is covered with slats to enable collection of 
faeces. Before start of the experiments pigs were allowed to adapt for 6 days to 
the chamber. 

Experimental design 

Experiment I 

Pigs were inoculated with Haemophilus pleuropneumoniae prior to the climatic 
treatment. Pigs in one chamber were exposed to a diurnal rhythm in ambient tem­
perature with a draught applied during the night period (=treatment-group). Pigs 
in the second chamber were exposed to a constant temperature of 25 °C (=con­
trol-group). Initial weight is given in table 1. One pig was taken out before start of 
the experiment. Per group 20 pigs were used, with 10 pigs in each pen. 

Experiment II 

Inoculation of pigs with Haemophilus pleuropneumoniae was done 12 days after 
the climatic treatment. The climatic treatments were identical to those in exp. I. 

Table 1. Initial weight (kg) of pigs in experiment I and II (n = number of pigs; mean and standard 
deviation (sd)). 

Experiment I 

control-group 

n mean sd 

20** 24.9 3.4 

treatment-group 

n mean sd 

19 24.1 3.4 

Experiment II 

control-group 

n mean sd 

18* 20.3 2.0 
18 28.1 2.8 

treatment-group 

n mean sd 

18 20.7 2.0 
18 28.7 3.4 

weight at start of climatic treatment 
weight at day 0 
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Figure 1. Experimental design of the treatment-group. 

After inoculation the temperature for both the control- and the treatment-group 
was held at 20 °C. Per group 18 pigs were used. Initial weight is given in table I. 

In both experiments the pigs in the treatment group were exposed to a diurnal 
rhythm in ambient temperature and a draught treatment was superimposed upon 
this ambient temperature (figure 1). In the treatment group the draught occurred 
during three 2-hour periods alternated with 2-hour periods of absence of draught 
(figure 1). During these draught periods air velocity was increased to 0.8 m/s and 
the temperature of the air stream lowered 5 K. In these periods draught was on 
for 4 minutes and subsequently 4 minutes off. When draught was absent air veloc­
ity was below 0.2 m/s. Relative humidity was kept at about 65% throughout each 
experiment. 

Experimental procedure 

In figure 2 the experimental procedure is illustrated. In each experiment pigs 
were weighed, blood samples were taken and rectal temperature was measured at 
the start of the experiment and at days 6 and 12 of the treatment period (exp. I 
and II) and at days 7 and 14 post inoculation (p.i.) in exp. II. At day 2, 3 and 4 in 
exp. I and days 3 and 5 p.i. in exp. II rectal temperature was determined also. 
Measurements in both experiments were made between 10.00 and 12.00 h. In 
each experiment attention was paid to clinical symptoms as a reaction to the inoc­
ulation, i.e. coughing, abdominal type of breathing, buccal breathing and sitting 
on their hind legs (Nielsen, 1982). 

Pigs were fed ad libitum. The feed contained approximately 17 kJ gross energy 
per gram and 17% crude protein. Water was available throughout the experi­
mental period. In each period intake of metabolizable energy was determined 
from intake of energy in feed and loss through urine and faeces. Protein deposi­
tion was determined similarly. Feaces and urine were collected, weighed and sam­
pled over subsequent collection periods (figure 2). After inoculation heat produc­
tion was measured continuously from gaseous exchange of oxygen and carbon-
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Figure 2. Experimental procedure. 

dioxide of pigs within a chamber. In the remaining 6-day periods heat production 
was calculated for two 48-hour periods. Principles of respiration chambers and 
procedures of measurements of heat production are described by Verstegen 
(1971). 
Energy retained was calculated by substracting heat production from intake of 
metabolizable energy. Deposition of energy in fat was calculated from energy re­
tained and energy deposited in protein (ARC, 1981). By dividing calorific values 
for deposition of fat and protein by their efficiency the amount of metabolizable 
energy for deposition can be obtained. Maintenance requirement is subsequently 
derived from ME-intake and energy gain. Calorific values per gram of fat and 
protein deposited were 39.6 and 23.7 respectively (ARC, 1981). Efficiency of uti­
lization of metabolizable energy for protein (kp) and fat (kg) deposition are as­
sumed to be 0.54 and 0.74 respectively. 

Haemophilus pleuropneumoniae (serotype 9) was obtained from the lungs of a pig 
succumbed from infection. Lungs were stored in small pieces at — 20 °C. Prior to 
the day of inoculation thawed pieces of lung were incubated on PPLO-agar plates 
at 37 °C under 10% C02 for 24 hours. Serotype was checked by agglutination to 
specific antisera. The bacteria was subsequently reincubated on PPLO-agar. 
Phosphate buffered saline (PBS, pH = 7.3) with 10% bovine serum was used to 
wash bacteria. Suspension obtained was spectrofotometrically adjusted to an ex­
tinction of 50% corresponding to 108 cfu per ml. The suspension was diluted to 
2 x 106 cfu per ml and kept on ice until time of inoculation (Jaartsveld, personal 
communication, 1986). Prior to inoculation the suspension was warmed up to ± 
30 °C. Pigs were inoculated with 1 ml per nostril between 16.00 h and 17.00 h. 
Antibody levels against Haemophilus pleuropneumoniae were determined by an 
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enzyme-linked immunosorbent assay (ELISA) ( see Verhagen et al., 1986) and 
expressed as an F-value according to Schmeer (1982). Pigs in experiment I were 
sacrified at d. 13 p.i.. After slaughtering the respiratory tract and heart were ex­
amined. In exp. II pigs were removed from the chambers at day 35 p.i.. They 
were kept and fattened elsewhere (about 100 days p.i.). After slaughter the respi­
ratory tract and heart were examined similarly as in exp. I. Differences between 
both groups were tested by Student's Mest (Snedecor and Cochran, 1976). 

Results 

In exp. I one pig in the treatment-group was removed before the start of the ex­
periment. 

Morbidity and mortality 

In exp. I coughing of pigs was noted during the first night after inoculation. In­
creased respiration rate and abdominal type of breathing were evident in the se­
cond night for animals in both chambers. In exp. I two animals in the treatment 
group succumbed during the third night post inoculation. Haemophilus pleurop-
neumoniae was cultured from the lungs of these pigs. In exp. II symptoms were 
less clear but coughing and increased respiration rate were observed during the 
third night after inoculation onwards. 

Rectal temperature 

In figure 3 data on rectal temperature are given. In exp. I pigs in the control-
group had increased rectal temperature from 39.8 °C at day of inoculation to 
40.1 °C at day 2 p.i.. Pigs of the treatment group had highest level of rectal tem­
perature at day 3 p.i. (40.2 °C) compared with day 0 (39.7 °C). Standard devia­
tion was significantly higher at day 3 and 4 p.i. than that in the control-group (fig­
ure 3). Mean rectal temperature was significantly lower at day 9 and 12 for pigs in 
the treatment-group. The two pigs succumbed at day 4 p.i. had rectal tempera­
tures above 41.5 °C at day 3 p.i.. Mean values for the control- and treatment-
group from day 0 to 12 were 39.9 °C for both groups. 
In exp. II the pattern of rectal temperature was different from exp. I. For the con­
trol and treatment-group patterns were similar and an increase was found at day 5 
p.i.. This increase was significant in the treatment-group. As an average increase 
in rectal temperature was 0.15 °C. Standard deviation was also increased at day 5 
p.i.. Mean values of rectal temperature from day 0 to 14 for the control- and treat­
ment-group were 39.9 °C for both groups. 

Post mortem examination 

Examination of the two succumbed pigs of the treatment group in exp. I revealed 
an acute fibrigenic pleuropneumoniae with foaming blood in the upper airways 
and on the snout. The results of post mortem examination of the respiratory tract 
and heart of the slaughtered pigs are given in table 2. In the first experiment 4 and 
3 pigs of the control and treatment group respectively showed fibrigenic pleurop­
neumoniae. In exp. II chronical pleuritis was found in two pigs of the control and 
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EXPERIMENT I 
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Figure 3. Rectal temperature. 

Table 2. Pathological-anatomical results at slaughter. 

8 9 10 11 12 13 14 

— DAYS P.I. 

0.13 
18 

0.19 
18 

Lungs 

Fibrigenic 
pleuropneumoniae 
Pleuritis 
Brides 
Abcesses 

Experiment I Experiment II 

Control-group Treatment-group Control-group Treatment-group 

Heart 

pericarditis 
No. of animals 

1 
20 17* 18 

1 
18 

* 2 pigs succumbed at day 4 p.i. not included 
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in one of the treatment group. In all cases lesions were found in the lobus diafrag-
maticus and the pleuritis on the corresponding pleura parietales. Fibrigenic tissue 
between the pleura viscerales and parietales (brides) was found in all groups. Peri­
carditis was found in one pig of the control-group in experiment I and in one pig in 
the treatment-group in exp. II. 

Antibody titers 

In figure 4 the average F-value of antibodies against Haemophilus pleuropneumo-
niae is presented for the control and treatment group in each experiment. In exp. 
I the F-value at day 6 p.i. and at day 12 p.i. was significantly increased compared 
with day 0. Pigs in the treatment-group had significantly higher antibody level at 
day 12 p.i. compared with the control-group. In exp. II mean antibody level was 
significantly higher at day 14 p.i. compared with day 0. Correlation between the 
index of antibody level at day 0 and the increase in antibody level from day 0 to 6 
p.i. and from day 6 to 12 p.i. were -0.67 and -0.34 respectively. In exp. II correla­
tions between day 0 and increase from day 0 to 7 and day 0 to 14 were -0.57 and -
0.32 respectively. Differences between levels of antibodies at day of inoculation 
were thus related to the increase in antibody level after infection. 

EXPERIMENT I ~x CONTROL GROUP 
—• TREATMENT GROUP 

EXPERIMENT H 

F-VALUE 

14 -

12 -

10 -

8 -

6 -

4 -

2 -

i i i i i i i i i i 
-12 -6 

' ' ' ' < ' ' ' ' ' 
0 6 

— DAYS P.I. 
* significant difference (<0.05) 
* * significant difference (<0.01) 

I I I I 
14 

— DAYS P.I. 

Figure 4. Antibody level, expressed as F-value. 

Daily gain and feed conversion 

In table 3 daily gain and feed conversion are presented per collection period. In 
exp. I daily gain from day 0 to 6 p.i. of pigs in the treatment-group was lowered by 
95 g/d compared with pigs of the control-group. During days 6 to 12 p.i. difference 
in daily gain was 55 g/d, whereas feed conversion was similar between groups. In 
exp. II pigs in the treatment group had lower daily gain during days -12 to -6 p.i. 
(74 g/d) and higher feed conversion. Daily gain and feed conversion were similar 
from days -6 to 0 p.i.. After inoculation of pigs in exp. II the treatment-group had 
higher daily gain (102 g/d). Differences were no longer present thereafter. 
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Table 3. Daily gain and feed conversion (g/d). 

Daily gain 

Days p. i. 

Exp. I Control-group 

Treatment-group 

Days p. i. 

Exp. II Control-group 
Treatment-group 

-12-6 

735 
661 

-6-0 

664 
672 

0-6 

662 
567 

0-7 

773 
875 

6-12 

819 
764 

7-14 

867 

Feed conversion 

Days p. i. 

Exp. I Control-group 

Treatment-group 

Days p. i. 

Exp. II Control-group 
Treatment-group 

-12-6 

1.63 
1.85 

-6-0 

1.98 
2.07 

0-6 

2.03 
2.36 

0-7 

2.04 
1.80 

6-12 

1.95 
1.96 

7-14 

1.99 
2.03 

Table 4. Metabolizable energy for maintenance (MEm), retained energy (RE) in kJ/kg0-75 and protein 
deposition (g) per animal per day. 

Days p.i. 
ME„ 

0-6 6-12 

Exp. I Control-group 
Treatment-group 

Days p. i. 

— 
— 

-12-6 

501 
516 

— 
— 

-6-0 

582 
561 

467 
526 

0-7 

408 
494 

515 
518 

7-14 

573 
559 

Exp. II Control-group 
Treatment-group 

Days p.i 

RE 

0-6 6-12 

Exp. I Control-group 
Treatment-group 

Days p. i. 

— 
— 

-12-6 

721 
713 

— 
— 

-6-0 

598 
676 

719 
594 

0-7 

807 
733 

724 
669 

7-14 

670 
673 

Exp. II Control-group 
Treatment-group 

Days p. i. 

Protein deposition 

0-6 6-12 

Exp. I Control-group 
Treatment-group 

128 
111 

148 
137 

Days p. i. 

Exp. II Control-group 
Treatment-group 

-12-6 

124 
121 

-6-0 

125 -
131 

0-7 

152 
149 

7-14 

160 
160 
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Heat production 

Data on heat production are presented in figure 5. Since draught was applied du­
ring the night period values of heat production of this period are shown. Pigs in 
the treatment-group in exp. I had higher values for heat production compared 
with the control-group until day 9 p.i.. As an average it was 20.4 kJ/kg075 higher 
from days 0 to 9 p.i. (p < 0.05). In exp. II the treatment of fluctuating tempera­
ture and draught prior to inoculation was associated with an increase in heat pro­
duction by 35.4 kJ/kg075 (p < 0.01). After inoculation heat production between 
both groups was not significantly different. At day 2 p.i. heat production of both 
control- and treatment-group was lower (by 92 kJ) compared with values before 
inoculation. From day 6 p.i. onwards level of heat production was similar to that 
of the periods before inoculation. 

EXPERIMENT I 

H 9 5 0 r 

(k j .kg-0 7 5 ) 

900 t 

CONTROL GROUP 
TREATMENT GROUP 

EXPERIMENT H 
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800 

750 

700 

H 950 

(kJ.kg-075) 

t 900 

850 

800 

750 

700 

/ / 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 
— DAYS P.I. 

_1_ -1 l_ 
-12-11 -10-9 - 8 - 7 - 6 - 5 - 4 - 3 - 2 - 1 0 1 2 3 4 5 6 7 

Figure 5. Heat production (kJ/kg075). 

8 9 10 11 12 13 14 
— DAYS P.I. 

Energy metabolism 

In each collection period intake of metabolizable energy (ME) and deposition of 
protein were determined. Retained energy was calculated from subtracting heat 
production from ME. Values of heat production determined over 24-hour periods 
were used for this. Maintenance requirement (MEm) was calculated for each peri­
od. Results are given in table 4. Pigs in the treatment-group in exp. I and exp. II 
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showed a decrease in protein deposition and in retained energy in the first six days 
p.i.. MEm was increased by 59 kJ/kg075 in exp. I and by 86 kJ/kg075 in exp. II. 
MEm after day 6 was similar between treatment- and control-groups. During the 
12 days prior to inoculation in exp. II there was no difference in MEm between 
both groups. 

Discussion 

Recent studies have indicated that the humoral immune response to antigen is re­
lated to time of beginning of climatic stressor (Henken, 1982; Siegel, 1985; Kel-
ley, 1985). Henken (1982) suggested that the way of acclimation by thermoregu­
latory response was related to this effect of timing. It was therefore studied if a 
particular form of climatic stress (fluctuating temperature and draught) can mod­
ulate immune response to a pathogen. Such climatic stress is known to occur un­
der farming conditions and is related to lung lesions (Tielen, 1974; Hunneman, 
1983). Moreover, difference in reaction of animals to inoculation could indicate 
that acclimation to climatic environment is important for the resistance of animals 
to infectious disease. In the present study relationship between time of inocula­
tion of pigs with Haemophilus pleuropneumoniae and climatic conditions was 
therefore studied. Post mortem findings in pigs succumbed and pigs slaughtered 
showed typical signs of this infection (Shope, 1963; Nielsen, 1982; Hunneman; 
1983). Fibrigenic pleuropneumoniae was found in pigs in exp. I in the lobus diaf-
ragmaticus. In exp. II pigs were slaughtered at the end of the fattening period. 
Post mortem findings showed that the chronic pleuritis was also only present in the 
lobus diafragmaticus. Therefore this might be ascribed to the experimental inocu­
lation. 

Pigs inoculated prior to the climatic treatment showed higher mortality and differ­
ent level of antibodies at day 12 p.i. compared with the control group. Moreover, 
a delayed response in rectal temperature increase for the treatment group was 
found and remained for 3 days at higher levels. Variation in rectal temperature of 
climatically stressed pigs was increased. Blecha and Kelley (1981) observed an in­
creased antibody level against SRBC of young weaned pigs housed at 0 °C com­
pared with pigs kept at 25 °C. Shimizu et al., (1978) similarly found an increase in 
antibody level against Transmissible Gastro Enteritis (TGE) virus in pigs housed 
at lower ambient temperatures compared with higher ambient temperatures. In 
our study inoculation at time of first occurrence of climatic stress clearly increased 
antibody level (exp. I). Inoculation after 12 days exposure to climatic stress 
showed no relation to it. This is in agreement with results from Osborne et al. 
(1984). Moreover the exposure to climatic treatment (exp. II) had no effect on 
antibody levels. Presence of antibodies after 12 or 14 days after inoculation was 
also found by Nicolet et al., (1980) and Nielsen (1982). It is concluded that re­
sponse of pigs to inoculation with Haemophilus pleuropneumoniae is affected by 
climatic environment and the response is dependent on the time difference be­
tween inoculation and first occurrence of climatic stress. 

The climatic treatment directly after inoculation resulted in increased heat pro­
duction and increased maintenance requirement and a decrease in retained en-
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ergy and protein deposition during the first six days. Exposure 12 days before in­
oculation resulted in increased heat production during the night period especially. 
This increase was not reflected in difference in energy metabolism parameters nor 
protein deposition. Results indicate that the effects of inoculation on heat produc­
tion can not be seperated from previous exposures to climatic conditions. Data of 
whole-day heat production is of limited value since an increase at night may be 
compensated by a decrease during day-time. Van der Hel et al. (1984) similar 
found that heat production and activity during one part of the day was affected by 
other parts of the day. 
The decrease in heat production of pigs in exp. II after inoculation compared with 
values before day 0 might also be related to a reduced activity of the animals. Pro­
gress of recovery from inoculation and increase in activity could well be related in 
this respect. 

From results of our study it can be derived that the effect of adverse climatic con­
ditions on the reaction of pigs to inoculation with a pathogenic micro-organism, 
i.e. Haemophilus pleuropneumoniae, is dependent on time of both inoculation and 
first application of draught. Pigs exposed to unfavourable climatic environments 
directly after inoculation seem to have more problems to cope with this compared 
to pigs that were previously exposed to such an environment. The occurrence of 
draught to pigs will cause an increase in heat loss. As a consequence animals re­
spond to heat loss by producing heat to remain homeotherm. However if body 
temperature is increased due to immunological responses as a reaction to invading 
micro-organisms heat loss by draught might be increased further. If pigs are not 
able to produce the extra heat required within short time body temperature might 
be lowered. Climatic conditions that are associated with sudden changes of the 
environment (e.g. draught) might provoke this. It may then be speculated that im­
munological defence mechanisms could be impaired being in favour of the patho­
genic micro-organisms. 
If such an effect is to occur it would implie that the removal or the inhibition of the 
bacteria is decreased, resulting in a prolonged presence of the bacteria. As a re­
sult the challenge to the animals is prolonged and could explain the increase in 
antibody level of pigs in the treatment group compared with the control group in 
exp. I. 
Immune processes and thus the reaction to pathogenic micro-organisms seem to 
depend on adaptive processes (Kelley, 1985). It is therefore important to deter­
mine the state of adaptation of animals to a climatic environment because results 
of inoculation were related to time of exposure to the climatic environment. 
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Abstract 

Group-housed young growing pigs, fed ad libitum, were exposed to two tempera­
tures, one within thermal neutrality (25 °C) and one around the lower critical 
temperature (15 °C). Pigs at 15 °C had reduced daily gain by (57 g per day) for 6 
days after initial exposure. Food intake was increased significantly after 6 days at 
15 °C but not at 25 °C. Maintenance requirement was increased by 58 kJ/kg075 

and energy retained as protein was decreased by 49 kJ/kg0-75 for the first 6 days 
after exposure to the treatment of 15 °C and thereafter both became equivalent to 
those of pigs at 25 °C afterwards. It is concluded that animals were acclimated af­
ter 6 days exposure. 

Introduction 

The effect of climatic environment on pig production can be important. The effect 
depends on the combined effects of the various components of the climatic envi­
ronment which influence heat loss. It is generally accepted that below thermal 
neutrality heat production is increased. The lower critical temperature (LCT) is 
the temperature below which pigs have to generate additional heat to maintain 
body temperature constant. This increased heat production (extra thermoregula­
tory heat production, ETH) can be considered as an increase in maintenance re­
quirement. Total heat production of pigs is composed of the maintenance require­
ment (related to the metabolic body size), normal activity, ETH and in addition 
heat production associated with the synthesis of fat and protein. Heat loss is 
therefore dependent on both environmental temperature and plane of nutrition 
(Close, 1978; Verstegen et al., 1973; Close and Mount, 1978). When food intake 
is constant, temperatures below LCT cause an increase in heat production and 
maintenance requirement (Close, 1978; Fuller and Boyne, 1972; Verstegen, 
1971). Change of food intake can also be an important response of pigs to changes 
in environment (Morrison and Mount, 1971). Moreover, alteration of group be­
haviour (huddling) is a means by which group housed pigs cope with a non-opti­
mal environment (Mount, 1979) and in these ways animals will adapt to their cli­
matic environment. 

The aim of the present experiments was to study how the duration of exposure to 
25 °C or 15 °C affects food intake and partitioning of metabolizable energy into 
heat production and fat and protein gain. 

Material and Methods 

Animals and housing 

In each experiment 2 groups of 10 pigs, about equal numbers of castrated males 
and females, were housed in a climatically controlled respiration chamber. Each 
chamber has a volume of 80 m3 and 2 pens of 9 m2 with a floor of non-toxic asphalt 
embedded in foam glass. In each experiment 20 pigs (Large White x Dutch Land-
race) of approximately 10 weeks of age were housed in the calorimeter. Mean ini­
tial weight was balanced for a more accurate comparison of the variables mea-
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Table 1. Weight of animals at start of the experiments (Mean and sem). 

Treatment 

15 °C 

25 °C 

Experiment 

I 
II 
III 
IV 

V 
VI 
VII 
VIII 

No. of 
Animals 

20 
20 
20 
19 

20 
20 
20 
20 

Mean 

21.7 
21.5 
22.5 
20.5 

22.3 
20.4 
21.5 
21.7 

Weight (kg) 
sem 

0.50 
0.42 
0.76 
0.41 

0.43 
0.55 
0.57 
0.47 

sured in the experiments. Initial mean weight and variance are given in table 1. 
Each experiment started on the second day after arrival of the pigs. Temperature 
was 20 °C until initiation of the experiment. 

Plan of experiment 

Ambient temperatures were 25 and 15 °C. Four experiments were carried out at 
each temperature in random order. Experiments at 15 °C are denoted exp. I to 
IV., experiments at 25 °C exp. V. to VIII. Temperature treatments were chosen 
to be within thermal neutrality (25 °C) and just below or around LCT (15 °C) for 
group-housed young growing pigs. Holmes and Mount (1967) stressed the impor­
tance of assessing the effects of ambient temperature in group-housed pigs as 
more relevant to farm conditions compared with estimates obtained from single-
housed animals. 

Experimental procedure 

Each experiment lasted 12 days and was divided in two consecutive 6 day collec­
tion periods. Animals were weighed at the beginning of each collection period and 
at the end of the second period. During each collection period food, food resi­
dues, faeces and urine were collected and analysed for their energy and nitrogen 
content. Nitrogen loss as ammonia in the air was estimated by continuous aspi­
ration of an air sample through a sulfuric acid solution. Ammonia content of water 
condensed on heat exchange was also determined. Energy and nitrogen balance 
were estimated for 20 pigs within the calorimeter. In each collection period gas­
eous exchange was measured in two 48-hour periods on day 2+3, 5+6, 8+9 and 
11 + 12. It was assumed that within each 6 day period metabolizable energy intake 
and accretion of protein and fat were related to food intake in the same period. In 
this way energy balance data were obtained during 4 separate two-day periods in 
each 12 day experimental period. Heat production was measured continuously by 
determining of exchanges of oxygen and carbondioxide and was calculated 
according to the formulae of Brouwer (1965). Food residues were collected and 
sampled after each respiration period to determine food intake during respiration 
measurements. 

Intake of metabolizable energy (ME) was determined from the energy values of 
the food minus losses of energy in faeces, urine, dust and food refusals. Similarly 
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protein deposition was estimated from N in food intake, faeces, urine, and NH3 in 
the air. Retained energy (RE) was calculated by substracting heat production 
from ME. Fat accretion was obtained by the following equation: 

F = (ER —23.7xP)/39.6 (1) 

where ER = energy retention (kJ/kg °-75) 
F = fat deposition (g/kg °-75) 
P = protein deposition (g/kg °-75) 

The values of 23.7 and 39.6 in equation 1 represent the calorific values of body 
protein and fat respectively (ARC, 1981). 
The efficiency of utilization of metabolizable energy for protein (kp) and fat depo­
sition (kf) are assumed to be 0.54 for protein and 0.74 for fat (ARC, 1981). The 
amount of metabolizable energy available for production was then calculated as: 

1 1 
MEp = — X 23.7 x P + — + 39.6 x F (2) 

kp kf 

Maintenance requirement, expressed per kJ/kg075, was then estimated by sub­
tracting food available for production (MEp) from total ME. 

MEm = ME-MEp (3) 

In each experiment energy metabolism was determined in this manner at each 
temperature. Values were calculated in each experimental period, each collection 
period and each respiration period. Differences between temperature treatments 
and between periods within temperature treatments were analysed by Students t-
test (Snedecor and Cochran, 1976). 

Results 

Daily gain and food intake 

In table 2 daily gain and food intake are presented as means for each experi­
mental period of 12 days and separately for each of the 2 collection periods. Over­
all mean values were not significantly different between temperatures. During the 
first collection period the daily gain of pigs kept at 15 CC was significantly lower (p 
< 0.05) than that of pigs kept at 25 °C. At 15 °C daily gain improved significantly 
(by 85 g) during the second period (p < 0.05). At 25 °C the improvement be­
tween both periods was 22 g. Although differences between temperatures in mean 
food intake were not significant, pigs at 15 °C had a greater food intake in the sec­
ond period than in the first (p < 0.05). Pigs at 15 °C had lower food intake (by 81 
g) during the first period and higher food intake (by 21 g) during the second peri­
od, compared with pigs kept at 25 °C. 
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Table 2. Daily gain and food intake (g/d) for both temperature treatments during the experimental 
period (Day 1-12) and during collection period I (Day 1-6) and collection period II (Day 7-
12). Mean(sem). 

Daily gain 

Treatment 

15 °C 
25 °C 
Difference 

Day 1-12 

596 (38) 
622 (41) 
- 26 

Day 1-6 

554 (28) 
611 (41) 

- 57* 

Day 7-12 

639 (33) 
633 (43) 

6 

Period l-Il 

- 8 5 a 

- 2 2 

Food intake 

Treatment 

15 °C 
25 °C 
Difference 

Day 1-12 

1219 (46) 
1249 (51) 
- 3 0 

Day 1-6 

1102 (18) 
1183 (50) 
- 8 1 

Day 7-12 

1337 (17) 
1316 (82) 

21 

Period III 

-235 a 

-133 

rows: superscript (a) indicates significant differences between collection periods within temperatu­
re treatment (p < 0.05) 

columns: superscript (*) indicates significant differences between temperature treatments within pe­
riods (p < 0.05). 

HEAT PRODUCTION 

9 6 0 

(kJ.kg-O-75) 

920 

880 

840 

8 0 0 

^ 25°C 

15°C 

d.2 + 3 d .5+6 d .8+9 d.11+12 
DAYS AFTER EXPOSURE 

Figure 1. Heat production (kJ/kg°75) in successive days after exposure to each temperature 
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Heat production 

Heat production data in each respiration period are presented in figure 1. Heat 
production of pigs at 15 °C was lower during the first three respiration periods 
compared with pigs at 25 °C. During the fourth respiration period heat production 
at 15 °C was similar to that at 25 °C. Over the whole experiment heat production 
was lower at 15 °C. 

ME and protein deposition 

Dailly metabolizable energy, retained energy and energy retained in protein are 
presented in table 3. Overall, intake of metabolizable energy per kg075 was not 
significantly lower at 15 °C than at 25 °C. However ME of pigs at 25 °C was sig­
nificantly higher than at 15 °C during the first period (p < 0.05). During collec­
tion period I, pigs at 15 °C had reduced protein gain but this increased in the sec­
ond collection period (p < 0.05). RE was not significantly different between 
treatments. Energy deposited in protein at 15 °C was lower than at 25 °C during 
the first 6 days after exposure, but was similar thereafter. 

Table 3. Daily metabolizable energy (ME), retained energy (RE) and energy deposited in protein 
(kJ/kg075) for both temperature treatments during the experimental period (Day 1-12) and 
during collection period I (Day 1-6) and collection period II (Day 7-12). Mean (sem). 

ME 

Treatment 

15 °C 
25 °C 

Difference 

Day 1-12 

1368 (48) 
1462 (76) 

- 9 4 

Day 1-6 

1304 (65) 
1470 (98) 

-166* 

Day 7-12 

1431 (63) 
1454 (132) 

- 2 3 

Period l-II 

-127 
16 

RE 

15 °C 
25 °C 

Difference 

15 °C 
25 °C 

Difference 

Day 1-12 

505 (60) 
579 (169) 

- 7 4 

Energy 

Day 1-12 

239 (6) 
266 (13) 

- 2 7 

Day 1-6 

463 (57) 
611 (76) 

-148 

retained in protein 

Day 1-6 

226 (10) 
275 (19) 

-49* 

Day 7-12 

567 (102) 
547 (55) 

20 

Day 7-12 

251 (6) 
257 (18) 

- 6 

Period 1-11 

-104 
64 

Period III 

- 2 5 a 

18 

rows: superscript (a) indicates significant differences between collection periods within tempera­
ture treatment (p < 0.05) 

columns:superscript (*) indicates significant difference between temperature treatments within peri­
ods (p < 0.05) 
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Maintenance requirement and fat deposition 

Maintenance requirements for both temperature treatments are given in table 4. 
Deposition of fat, expressed in kJ/kg075 was calculated from equation (2) and is 
also presented in table 4. During the first 6 day period the maintenance require­
ment (MEm) of pigs housed at 15 °C was 11% (58 kJ/kg°75) higher compared with 
pigs kept at 25 °C (p < 0.05). In the second 6 day period this difference was 
markedly reduced and MEm of pigs at the two temperatures became similar (567 
and 559 kJ/kg075 for temperature treatments of 15 and 25 °C, respectively). Fat 
gain was 41% higher in period I at 25 °C compared with 15 °C (p < 0.05). In peri­
od II the difference was 5% (not significant). 

Table 4. Maintenance requirement (MEm) and fat deposition (kJ/kg° 75) for both temperature treat­
ments during the experimental period (Day 1-12) and during collection period I (Day 1-6) 
and period II (Day 7-12). Mean and sem. 

MEm Fat 

Treatment Day 1-12 Day 1-6 Day 7-12 Period I-II Day 1-12 Day 1-6 Day 7-12 Period I-II 

15 °C 566 (11) 565 (17) 567 (18) - 2 266 (35) 237 (52) 295 (50) -58 
25 °C 533 (17) 507 (15) 559 (25) -52 323 (49) 335 (62) 311 (85) 24 
Difference 33 58* 8 -57 -98* -16 

columns: superscript (*) indicates significant differences between temperature treatments within pe­
riods (p < 0.05) 

Discussion 

The present experiments show that during the first 6 days of exposure the effect of 
a low ambient temperature is much more pronounced than during the following 6-
day period. In the present experiments a temperature of 15 °C resulted in a de­
crease of 60 g/d in daily gain in the first 6 days compared with 25 °C. Animals held 
at 15 °C clearly increased food intake after the first 6 days of exposure. This is in 
agreement with results of Christison and Williams (1982) and Mount et al. (1980). 
Animals in this study did not respond immediately to the lower temperature treat­
ment by means of increased food intake. A similar delayed response was observed 
with rats (Leung and Horowitz, 1976). Barnett and Mount (1967) reported exper­
iments in which mice took 5 days before adjusting their food consumption after 
being transferred to a cold environment. Moreover, Mount (1979) stated that a 
rise in metabolic response to cold can bring about metabolic adaptation in the 
form of an increased resting metabolism at thermal neutrality. Experiments in this 
study did not cover a period long enough to estimate this effect. Animals at 15 CC 
reached higher rates of food intake and heat production during days 11 and 12 
after exposure and had an increased maintenance requirement compared with 
25 °C. 

Mount (1979) and Close et al. (1981) indicated that activity of the animals inter­
acts with climatic environment. Therefore, food intake might be lowered due to 
reduced physical activity. The decrease in food intake is reflected in a lower in-
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Figure 2. Feed intake (g/d) and maintenance requirement (MEm, kJ/kg°75) at each temperature treat­
ment 
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take of metabolizable energy (by 166 kJ/kg0-75) during the first collection period. 
To assess the effect of reduced food intake and lowered heat production by ther­
moregulatory behaviour the net effect of both phenomena is assessed by calculat­
ing maintenance requirement (MEm). In figures 1 and 2 heat production, food in­
take and MEm are shown. During the first two respiration periods (day 2 and 3 
and day 5 and 6) MEm was significantly increased (p < 0.05) at 15 °C compared 
with 25 °C. However differences became smaller with duration of the experi­
ments. 
In these experiments adaptation of young growing pigs to a moderate deviation of 
ambient temperature from thermal neutrality was accompanied by a reduced food 
intake. The heat production at 15 °C did not cover the thermal demand at this 
temperature so that energy gain was lower (table 3) and maintenance require­
ment (MEm) increased. The results show that during days 9 and 10 maintenance 
requirements at both temperatures were similar. This equality in MEm means that 
the pigs are not distinctly different in this respect and can be considered as accli­
mated to the climatic environment. Therefore, it is concluded that acclimation to 
15 °C compared with 25 °C was completed about 8 days after initial exposure. 
The increased weight of the pigs during the experiments cannot have caused such 
an effect because an increase of 10 kg in liveweight reduces by 0.7 to 1 °C a lower 
limit of thermal neutrality (Close, 1982). 

Estimates of the maintenance requirements of pigs from data in the literature 
were reviewed by the Agricultural Research Committee (1981). For a liveweight 
range of 20 to 90 kg the estimate of MEm was 458 kJ/kg°75. Values were derived 
from measurements with individually housed pigs at different feeding levels. 
Maintenance requirements are not consistent with age and with liveweight of 
growing animals (Verstegen, 1971; Thorbek et ai, 1983), and it is desirable to 
keep pigs close to normal behaviour in order to get results more applicable in 
practice (Thorbek, 1975). For group-housed pigs of 20-25 and 25-35 kg liveweight 
Thorbek et al., (1983) calculated MEm to be 627 and 619 kJ/kg075 respectively. 
Close (1978) estimated values of 440 and 577 kJ/kg°75 at temperatures of 25 and 
15 °C for individually housed pigs at comparable liveweight. Verstegen and van 
der Hel (1976) calculated an increase in maintenance requirement of 4.5% for 
group-housed pigs (32 kg) kept at 15 °C compared with pigs kept at 25 °C. 
The difference in maintenance requirement between 15 °C and 25 °C in this study 
was 11.4%, clearly higher than found by Verstegen and van der Hel (1976). This 
discrepancy was probably due to the difference in liveweight and thus in deviation 
from the lower critical temperature. If it is accepted that pigs are acclimated in the 
second period then MEm in this period may be compared to estimates in the litera­
ture. The value of MEm of 567 kJ/kg0-75 is comparable to the estimate of Thorbek 
efa/.,(1983). 
In practice, climatic conditions in buildings that are not climatically controlled 
vary constantly and therefore the relevance of the present data to farm conditions 
may be greater than in most experiments reviewed by Close (1981). From the ex­
periments reviewed by the ARC (1981) it was concluded that the effects of devia­
tions from thermal neutrality may be greater during the first days or weeks after 
exposure compared with longer exposure to deviations. The present results also 
suggest such effects. Therefore, it is to be expected that the fluctuating conditions 
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