
THERMOREGULATION IN HENS EXPOSED 

TO MEASURED CHANGES OF TEMPERATURE 

E .  A .  S h e v e l ' k o  UDC 612.55.-019 : 598.6 

Among the warm-b looded  animals ,  b i rds  p o s s e s s  the highest  body t e m p e r a t u r e  and the highest level  
of energy me tabo l i sm .  A re l a t ive ly  s table  homoio the rmia  is  obse rved  only in l a rge  b i rds  [2], while in 
sma l l  b i rds  the va r i a t ions  of body t e m p e r a t u r e  may  r each  10-12 ~ , despi te  t he i r  wel l -developed chemica l  
the rmoregu la t ion  [3, 8]. Of the m e c h a n i s m s  of physical  the rmoregula t ion ,  the absence  of pe r sp i r a t ion  is 
indicated by the w e l l - m a r k e d  polypnea [6]. Inves t iga tors  have exp re s sed  highly con t rad ic to ry  views on 
whether  or  not b i rds  exhibit va somoto r  reac t ions  and respond to cold by shiver ing [4-7]. 

The object  of the p resen t  invest igat ion was to study t h e r m o r e g u l a t o r y  reac t ions  in hens.  

EXPERIMENTAL METHOD 

Exper iments  were  c a r r i e d  out on 8 Leghorn hens.  Changes in body t e m p e r a t u r e  (in the rec tum) and 
skin t e m p e r a t u r e  (comb, do r s um  beneath  the left wing, and leg, in the hollow of the p lantar  sur face) .  The 
functional capaci ty  of the chemica l  and physical  t h e r m o r e g u l a t o r y  m e c h a n i s m s  was evaluated f rom the 
changes in body t e m p e r a t u r e  during s tandard heat ing and cooling (exposure of 1 h to a t e m p e r a t u r e  of 36- 
37 ~ or 2-5~ In some expe r imen t s  the r e sp i r a t i on  ra t e  was counted and the e l ec t romyograph  (EMG) of the 
m u s c l e s  in the l a te ra l  region of the thigh was r eco rded .  Respi ra t ion  was r eco rded  by means  of a rubber  
cuff connected by  pneumatic  t r a n s m i s s i o n  to a p iezoe lec t r i c  c rys t a l .  A 4-channel  EEG-4 e lec t roencepha lo -  
graph  with an ink-wr i t ing  mechan i sm was used for  the r ecord ings .  The musc l e  potent ials  r ecorded  with 
needle e lec t rodes  (distance between e lec t rodes  1-1.5 cm) were  fed into the input of a type UBN ampl i f i e r  
and r eco rded  on photographic f i lm by a type MPO-2 osci l lograph.  The t e m p e r a t u r e  and the oxygen con-  
sumption were  de te rmined  per iodica l ly  over  a per iod of 1-2 h dur ing adaptat ion to the l abora to ry  su r round-  
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Fig.  1. Changes in body t e m p e r a t u r e  of 
hens in var ious  pa r t s  during cooling. 1) 
Rectal  t e m p e r a t u r e ;  2) skin t e m p e r a t u r e  
beneath  the wing; 3) comb; 4) leg. 

ings and then fo r  s e v e r a l  hours  in the cour se  of the e x p e r i -  
men t  at in te rva l s  of 1 h between de te rmina t ions .  The r e s -  
p i ra t ion  and EMG were  r eco rded  at in te rva ls  of 5-10 rain. 

EXPERIMENTAL RESULTS AND DISCUSSION 

During exposure  to heat  (11 exper iments ) ,  heat dyspnea 
developed s tepwise  between the 4th and 10th minutes ,  and it 
was subsequent ly  observed  with shor t  b r eaks  throughout the 
per iod of exposure  in the chambe r .  The body t e m p e r a t u r e  
ro se  f rom the or iginal  level  (41.5 �9 0.1 ~ by 1.1 ~ (42.6 
0.4 ~ a f t e r  30 rain and by 1.5 ~ (43 =~ 0.3 ~ a f t e r  1 h. The skin 
t e m p e r a t u r e  beneath  the wing ro se  by  the s a m e  degree  (Fig. 1). 
The body t e m p e r a t u r e  at the momen t  dyspnea began was 0.5 ~ 
higher than i ts  or iginal  level (P = 0.01). The reac t ion  of 
polypnea was thus l e s s  pe r fec t  in the hens than, for  example ,  
in c a r n i v o r e s .  At the s a m e  t ime ,  heat dyspnea in hens is 
one of the pr inc ipa l  m e c h a n i s m s  for  ac t ive ly  ra i s ing  the heat 
loss ,  for  the vasomoto r  r egu la to ry  res  during ove rhea t -  
ing was hardly  brought  into operat ion.  The axial  gradient  - 
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Fig. 2. Changes in bioelectr ieal  activity of the 
thigh musc les  of a hen exposed to the weak ac-  
tion of cold. K) Calibration 50 V; I) initial EMG; 
II) 10 rain; II1) 15 rain; IV) 30 min; V) 40 rain; 
VI) 50 rain; VII) 60 min after  beginning of expo- 
sure  in a r e f r ige ra to r .  Body tempera ture  in pa-  
rentheses .  

Fig. 3. Changes in bioelect r ical  activity of the 
thigh muscles  of a hen during severe  exposure 
to cold. D Initial EMG; ID 10 min; II1) 30 rain; 
IV) 45 min after  beginning of exposure in a r e -  
f r igera tor .  Rest of legend as in Fig.  2. 

the difference between the body tempera ture  and skin 
tempera ture  - was stable (on the average  1.8 ~ before 
and 1.7 ~ after  heating). For  animals with a well-  
developed vasomotor  thermoregula tory  mechanism,  
disappearance of the axial gradient during exposure 
to heat is a charac te r i s t ic  feature [1]. In hens a 
vasomotor  reaction to exposure to heat was observed 
only with the blood vesse l s  of the comb. The comb 
tempera tu re  rose  by 1.8 ~ (37.7 ~ 0.4 ~ after  30 rain, 
and by 2.6 ~ (38.5 �9 0.8 ~ after  1 h f rom its initial 
level (35.9 • 0.1~ The axial gradient relat ive to the 
skin of the comb fell slightly (5.6 ~ before and 4.5 ~ 
after  exposure to heat). 

Hence, vascular  react ions to overheating ap- 
peared over  a limited a rea  and were of low intensity. 
As a result ,  the body tempera tu re  of the hens rose  
significantly during exposure to modera te  external 
heat, despite the presence  of a polypnea reaction.  

During controlled exposure to cold (22 experi-  
ments) the body tempera tu re  was pract ical ly  un- 
changed: after  30 rain it fell to 41.1 �9 0.2 ~ and after 
1 h to 41.0 �9 0.2 ~ Lengthening the exposure in the 
chamber  to 2 h did not affect the resul t .  The r e s i s t -  
ance to cold was due mainly to highly active chemical  
the rmoregu la to ry  react ions.  The oxygen consump-  
tion of hens may exceed its initial level by 2.5 t imes 
as the tempera ture  falls below the thermoneutra l  
point (26 ~ [8]. 

The resul ts  of investigation of the e lec t romyo-  
g ram showed that the musc les  are  undoubtedly a 
powerful source of increased heat formation during 
cooling. F rom 10 to 15 rain af ter  the beginning of 
exposure to cold, volleys of intensified spike activity 
(100-300 ttV, 40-60 cps, 0.5-1.5 sec) began to appear 
on the EMG, superimposed against the background of 
weaker potentials (25-50 ~V), close in amplitude to 
the original background (Fig. 2). The paroxysmal  
cha rac te r  of the increased activity is typical  of 
shivering.  With an increase  in the intensity of the 
cold (moistening the feathers  with water ,  application 
of ice bags) the attacks of shivering increased  (Fig.3). 
In these cases ,  the body t empera tu re  fell by 1-3 ~ 
The thermoregula tory  react ion was brought into 
operation before  the body tempera tu re  fell. The 
shivering could be detected by palpation, and at the 
end of the exposure, visually. The appearance of 
shivering was preceded by a marked increase  in 

the rmoregu la to ry  muscle  tone (to 100 ttV). However, throughout the period of exposure to cold (except the 
f i rs t  10-15 rain) the intervals between shivering attacks were longer than the intervals  of increased  the rmo-  
regula tory  musc le  tone. 

The efficiency of chemical  thermoregula t ion  in the hens was probably due to the small  relat ive body 
�9 surface  and the high insulating proper t ies  of the feathers .  In addition, during cooling per ipheral  vasocon-  
s t r ic t ion played a definite role .  At the end of exposure to cold a marked fall was observed in the t empera -  
tu re  of the legs - by 13 ~ (P < 0.01) and the comb - b y  8 ~ (P < 0.01), and this natural ly  led to a reduction of 

946 



the heat loss.  The development  of vasoconst r ic t ion  in an a rea  covered by fea thers  was not si~aificant.  The 
de c r e a se  of skin t empe ra tu r e  beneath the wing by 0.8 ~ (P > 0.05) suggested m e r e l y  a tendency for  the r e -  
action to appear .  Consequently, during the action of cold, the vasomotor  react ion was c l ea r ly  brought in- 
to  operat ion in the ex t reme  par ts  of the body, the efficiency of the chemica l  t he rmoregu la to ry  mechanism 
was increased,  and this helped to maintain the normal  level  of the body t em p e ra tu r e  during exposure to 
modera te  degrees  of cold. 
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