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The cl imatic elements in Kerala pose serious problems for animals 
especially working animals through its effect on body temperature, 
respiration and rate of heart beat. Normal temperature of adult horses 
ranged between 37.7"C to 38.5"C (Campbell and Lesley, 1977; West 1979). 

In domestic l ivestock increased respiratory activity is an important 
means of heat dissipation at high temperature. It is usually the first 
visible sign of response to heat stress. Increase in the rate of respiration 
causes an increased heat loss. The greater the volume of air that could 
be breathed in, warmed and humidified, the greater the resultant heat 
I oss. 

Various workers have reported that the respiratory rate is enhanced 
with the increase in air temperature in cattle, sheep, goat, and buffaloes 
(Regan, 1951; Beakley and Findlay, 1955; Bianca, 1959; Mullick and 
Kehar, 1958, Taneja, 1969). 

Many workers have reported that the heart rate decreases with 
rise in air temperature from 5"C to 40"C (Kibler and Brody, 1949; 1950; 
1951). This decrease however accompanied changes in heat production 
and feed consumption and were not therefore directly attributed to 
temperature. Riack and Lee (1948) using cl imatic chamber reported tE~at 
no positive effect of increasing air temperature or humidity could be 
noticed on the heart rate of Jersey calves. 

Kibler and Brody (1953) observed only minimum changes in the 
heart rate of cattle. Worstell and Brody (1953) reported that the decline 
in heart rate occurred with rise in environmental temperature above 30°C. 
Bianca (1959) reported that the heart rate responded to humid heat 
by a rise. When exposed to thermal stress the heart rate slowly showed a 
tendency to decl ine. The cardiac acceleration became reduced during 
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the earlier part of exposure; it remained high, however, during the later 
part and finally the heart rate showed a tendency to decrease. As a 
result of these changes the heart rate for any given time of exposure to 
heat stress became less. Similar reports in equines could not be traced. 

lViiaferiats and Nl~thods 

The adult horses in the equation section of the Department of 
Anima! Management, College of Veterinary and Animal Sciences were 
utilized for the experimental ~Norlcs. The four animals were stationed 
in the conventional stables Nell protected from inclement weather. 

T{~e physiological norms like body temperature, respiration rate and 
heart rate were recorded t~Nice daily during the ear{y morning and evening 
hours. 

The observations were collected only during the cold humid 
climatic conditions of the year nG►nely .June, July and August (Somana-
than, `{ 980). 

Correlation bet~n~een the anima{ responses and the tuvo important 
clip?atic variables ambient temperature and relative humidity were 
worked out, to {<now the relationship between them. The regression of 
t{~e anima! responses on the clim?tic variables were also Nor?<ed out to 
have an idea of the extent of influence of the c?imatic variables on the 
physiological norms under the agroclimatic conditions prevailing at 
Mannuthy. 

RQsu{is and Disc~.~ssion 

The average meteriologica? data for the period of June, July and 
.^-,ugust are given in TQbie 1. tNhen tabulated they were found to agree 
with Somanathan (1980) and hence can be considered as a study of 
body responses under cold humid conditions. 

l3cdy tem/~erature: 

The mean recta{ temperature for the period under study was found 
to be 37.32+0.0289 in tfie morning and 37.41 +0.0289 in the evening 
hours of the day (Table I {). 

The mean body temperature observed in the present study was in 
agreement with thy; roports oY Campbell and Lesley (1977) whereas the 
observed va{ue was ~ got in agroemont with Mil?er and Robertson (1989) and 
U1/est (1979) who observed an average body temperature o`r 38 to 38.2"C 
in eq.~ine~. 

The ambient temperature decreased gradual ly from July to August. 
On the contrary the relative humidity increased from July to August. 
Body temperature followed the trend of ambient temp; rature positively 
and relative humidity negatively in the morning and evening. The 
difference observed between months were signi~ leant (P ~ O.Ob). 
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Table 

Meteriological data observed during the study (1983) 

Parameters June July August 

Maximum 
temperature °C 30.92 + 0.4~ 161 29.02 + 0.3G41 28.50 + 0.2658 

Mimimum 
temperature °C 24.35 -+- 0. i 878 23.22 fi 0.2802 23.75 + 0.11 ?_7 

Morning RH% 93.25 -F- 0.314.9 95.75 + 0.4738 90.75 + 0.1251 

Evening RH% 78.25 + 0.8995 81.75 + 2.1373 83.25 + 1.7144 

Average Rainfall mm 27.1 1 G.9 37.0 

1,Nind velocity-l:mjh 4.3 3.4 3.1 

Table i I 

Mean body temperature, respiration and pulse or` horses 

Morning Evening 

Body temperature °C 37.32+O.U29 37.41 -;-0.028 

Respiration/min. 18.G0+0.251 21.49+0.029 

Heart rafie/min. 3%.10+0.121 39.85+0.1G4 

Tzble I I 

Mean maximum daily temp.° C and RH~~, rectai temperature, respiration 
rate and I~eart rate 

June July August 

Maximum temp. "C 30.9 29.0 28.5 

R F-i °0 78.2 81.7 83.?_ 

Rectal temp. `C 37.5 37.4 37.3 
Respiration rate/min. 22.6 22 5 20.3 

Heart race/%yin. 40.3 39.2 40.0 
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Table IV 

Correlation coefficient and regression coefficient of body responses on 
relative humidity 

Norms 

Correlation with re- Regression with 
lative humidity relative humidity 

Morning Evening Morning Evening 

Body temperature 
Respiration 
per minute 
Heart rate 
per minute 

-0.5059 

-0.4455 

-}- 0.0289 

--0.1397 

-0.1209 

-f- 0.055 6 

-0.03 -0.0024 

-0.2063 -0.0201 

-{- 0.0066 -I- 0.0052 

Table V 

Correlation coefficient and regression coefficient of body responses on 
ambient temperature 

Norms 
Correlation with 
ambient temperature 
Morning Evening 

Regression with 
temperature 

Morning Evening 

Body temperature 
Respiration 
per minute 
Heart rate 
per minute 

-~- 0.0438 

-I--0.1014 

-~-0.0938 

-{- 0.5900 

-}- 0.4780 

+ 0.2655 

-f-0.0015 

-I-- 0.1035 

+ 0.0462 

-~-0.021 1 

+0.3026 

-F-0.0943 

Table VI 

Prediction equations for body responses on relative humidity 

Parameters Prediction equation 

Morning RH Vs morning rectal temp. 
Evening RH Vs evening rectal temp. 

Morning RH Vs morning respiration rate 
Evening RH Vs evening respiration rate 

Morning RH Vs morning heart rate 
Evening RH Vs evening heart rate 

-0.03 x + 40.17 
-0.0024 x -}- 37.60 

-0.2063 x -}- 38.25 

-0.0201 x -}- 23.11 

0.0066 x -~- 36.48 
0.0052 x -}- 39.43 
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Table VII 

Prediction equations for body response on ambient temperature 

Parameters 
Morning ambient temperature Vs 
Morning rectal temperature 
Evening ambient temperature Vs 
Evening rectal temperature 
Morning ambient temperature Vs 
Morning respiratory rate 
Evening ambient temperature 1/s 
Evening respiratory rate 
Morning ambient temperature Vs 
morning heart rate 
Evening ambient temperature Vs 
evening heart rate 

Prediction equation Y 

0.0054 x -f- 37.19 

0.0211 x -}- 36.78 

0.1035 x + 16.14 

0.03026 x -~- 12.57 

0.0462 x + 36.002 

0.0943 x ~ 37.07 

The correlation coefficient for body temperature on relative 
humidity when observed was found to be 0.5059 in the morning and 
—0.1397 in the evening showing a negative trend between these two 
parameters. The negative correlation was highly significant in the 
morning than in the evening (Table IV). This clearly indicated that the 
increase in relative humidity, commonly observed during the cold humid 
period of climate; depressed the body temperature in the morning. The 
trend was improved in the evening because of a rise in the ambient 
temperature. 

The corresponding regression coefficient for body temperature 
was also found to be negative for both morning (0.03) and evening 
(-0.0024) . 

Prediction equations were worked out seperately for morning 
and evening body temperature according to corresponding relative 
.humidities (Table VI). 

The correlation coefficients between body temperature and 
ambient temperature were found to be 0.0438 in the morning and 0.59 
in the evening (Table V). 

The results obtained from the present observations was in agree-
ment with majority of the earlier workers. (Regan, 1951; Mc Dowell 
et al. 1953; and Alim and Ahmed, 1956). They have reported rise in 
body temperature in response to increased ambient temperature in cattle. 
A corresponding value for equines could not be collected. 

The negative correlation observed in the present study when the 
relative humidity was high and is in agreement with Mullick (1960) in 
cattle. 

~lol. 16, No. 2, Dec. 1985 



24- Cherian, Francis Xavier, Sasesndran and Rajagopalan 

According to Findlay (1953) the real effect on body temperature was 
due to the combined effect of relative humidity as weft as ambient temper-
ature. 

Respiration: 
Average rate of respiration per minute was found to be 18.60 +_ 

0.2514 in the morning and 21.49 +_ 0.2947 in the evening. The mean 
values observed in the present study was much higher than early 
observations (Miller and Robertson, 1959; Breazile, 1971; West, 1979). 
They all observed a much lower respiratory rate of 8 to 12 per minute. 

The respiratory rate followed a different trend than body temperature• 
It vas maximum during July and tf~en gradually decreased to August. 
The difference observed in the rate of respiratioi~ between morning and 
evening was found to be highly significant (PL0.01). The difference 
observed between tfze months in the rate of respiration also was found to 
be significant. (PL0.05). 

Correlation coefficient between rate of respiration and relative 
humidity was found to be —0.4.455 in the morning and —0.1209 in the 
evening. 

The effect of relative humidity v~ras found to be significant and 
negatively correlatzd in the morning indicating a low rata of respiration 
in the early morning hours, when the humidity is high, whereas this trend 
is reduced towards evening because of the reduced rate of relative 
humidity. The corresponding values for regression coefficient in the 
morning and evening were --0.2063 and —0.0201 respectively. 

A correlation coefficient of 0.1014 and 0.4780 were observed 
between respiration and ambient temperature in the morning and evening 
respectively indicating a positive correlation bet~.Neen these two parameters 
especially in the evening. Correspondingly U regression coe}`ficient of 
0.1035 and 0.3026 were observed in the morning and evening respectively 
(Table V}. 

The results obtained in tfle p3'ese~~t study was in general agreement 
with earlier wor(cers. (Alcaide, 1953; Beakely and Findlay, 1955; Mullicic 
and I<ehar, 1958). 

Heart rate: 

A mean heart rate value of 37.10 + 0.1 ?_13 per min;.Ete ar,d 39.85 -~-
0.1647 ~~✓ere observed in the morning and evening respectively. (.Table 11). 

A significant difference could b~ observed between the morning 
and eveni~~g heart rate per minute (~f O.Oi j whereas the difference when 
examined between months was riot found io be significant. 
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A correlation coefficient of 0.0289 and 0.0556 were observed in 
the morning and evening between heart rate and relative humidity 
indicating a very little relationship between the two parameters. Rate of 
heart beat was therefore found to be independent of the influence of 
relative humidity. 

Correspondingly the values for regression coefficient were 0.0066 
and 0.0052 in the morning and evening respectively for the heart beat 
when relative humidity was taken into consideration. 

When the effect of temperature was taken on heart rate the 
correlation coefficient was found to be 0.0938 in the morning and 0.2655 
in the evening. This also indicated an independent rate of heart beat 
irrespective of the influence of temperature. 

The corresponding values of regression coefficient of heat rate or 
ambient temperature was found to be 0.0462 and 0.0943 respectively 
for morning and evening hours. 

Many workers have reported that the heart rate decreases with 
rise in air temperature (Kibler and Brody, 1949; 1950; 1951; Kibler 
et a/. 1949). Various authors have claimed that the heart rate of cattle 
is largely unaffected by environmental temperature. Beakley and Findlay 
(1955) have observed a rise in heart rate with increasing environmental 
temperature above 20`C and with increasing humidity above 30°C. They 
have also observed that the heart rate declined on continued exposure to 
such atmosphere in case of non—sweating animals. 

No reports could be collected about a highly sweating and highly 
homeothermic animal like horses, but the result of the present study 
indicated a thoroughly independent and steady action of heart irrespective 
of the influence of ambient temperature and relative humidity. This may 
be probably due to the fact that horses use the respiratory rhythm as 
the chief homeothermic mechanism. 

Summary 

The mean body temperatures of the horses in the morning and 
evening were found to be 37.32 + 0.029 and 37.41 + 0.028 respectively. 

The respiratory rate per minute in these animals for the morning and 
evening were 18.G0 ± 0.251 and 21.49 + 0.294 respectively. 

The rate of heart beat per minufie in the morning and evening was 
37.10 ± 0.121 and 39.85 + 0.164 respectively. 

The physiological norms observed during the study showed con-
siderable variation from earlier reports. 

In the morning hours the relative humidity influenced the body 
temperature negatively whereas the ambient temperature influenced the 
body temperature significantly in the evening. 
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Similarly the respiration rate per minute was influenced by relative 
humidity (negative) and by ambient temperature in the evening. 

Whereas the rate of heart beat was practical ly unaffected by the 
ambient temperature or relative humidity. 

From the study it is concluded that in a highly homeothermic 
animal l ike horse a fairly independent and steady action of the heart 
could be observed irrespective of the climatic influence. Ti~ese animals 
use other physiological functions like tl~e respiratory rhythm as the chief 
homeothermic mechanism. 

crva ~tn~o 
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