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Enoironmental Physiology 
With Special Reference to Domestic Animals 

VII. Influence of Temperature, 50° to 5° F and 50° to 95° F, 
on Heat Production and Cardiorespirator y 

Activities of Dair y Cattle 

H. H. KTBL£R ,\;>;0 SAMUEL BRODY 

ABSTRACT 
This report presents data on the effects of slowly and rapidly decreas­

ing and increasing temperatures from 50' to 5'F and from 50' to 95'F 
on rectal temperature, pulse rate, respiration rate, heat production com­
puted from oxygen consumption and carbon dioxide production, methane 
production, and pulmonary ventilation rate in lactating and non-lactating 
Jersey and Holstein cows. Rectal temperature was constant below 70'F 
and rose above 70' F. Respiration rates of 20 to 30 per minute at 50'F de­
creased to 10 to 15 at 5•F and increased to over 100 at 95°F. Heat produc­
tion and pulse rate reached minimal levels between 40' and 60'F indicating 
that the zone of thermoneutrality lay in this range; below and immediately 
above the thermoneutrality zone these functional responses increased; and 
above 70• or 80' F they decreased. Rapid changes in temperature tended 
to accentuate these responses. Extreme changes in temperature produced 
acclimatization effects which lasted several weeks. 

ORIENTATION 
A preceding bulletin (1)* reported data on the influence of environ­

mental temperature (both slowly rising, 50' to 105' F, and rapidly rising, 
50" to lOO"F) on rectal temperature, cardiorespiratory activities and heat 
production in Jersey and Holstein cows; the present bulletin is an extension 
of these observations to another group of similar cows for slowly decreas­
ing temperature, 50' to 5' F, followed by increasing temperature, 50' to 
95'F. Theoretical considerations and references to the literature may be 
found in the preceding bulletins (2, 1). 

The effects of various changes in environmental temperature, and the 
relations of the involved factors in the heat balance of the dairy cow may 
be discussed more readily if these factors are listed and classified as shown 
in Table 1. Table 1 lists the components in heat production and heat dissi­
pation under the laboratory conditions. Heat dissipation is largely, but not 
entirely, determined by environmental temperature. Radiation, convection, 
and conduction losses increase, of course, with increase in the gradient be-

•sce list ot numbered references to literature, on page 19. 
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'I' ABLE I.-COMPONENTS OF HEAT PRODUCTION AND AVENUES OF HEAT DISSIPATION 

HEhT PRODU 

BASAL HEAT PRODUCTION 

CALORIGENIC EFFECTS OF: 

Endocrine Stimulation 
Muscular Activity 

Tensing or muscles 
Exercise 
Shivering 

Feed ISDAl 
Productive Processes 

Gestation 
Lactation 

RADIATION 

To Walls, Floors, Ceiling 

CONVECTION 

To Air Passing Over Body 
To Air Passing Through Lungs 

CONDUCTION 

To Floors, Stanchions, Feed, and Water 

VAPORIZATION 

From Respiratory Tract 
From Skin 

OsmoUc or diffusion moisture 
SWeat 

tween body temperature and chamber temperature.+ Evaporative cooling, 
however, increases with increasing ambient temperature, the extent of in­
crease depending on the sweating ability of the animal. The anima.! also 
can make limited respiratory and circulatory adjustments, grow or shed 
hair as required, consume more or less feed, and employ other temperature 
regulating mechanisms. Heat production by the animal must of necessity 
be varied to balance heat dissipation if th.; anima:! is to maintain normal 
body temperature. 

The results of the earlier tests (1 ) show that as the chamber te.mpera­
ture was increased from 50• to 105•F, the rectal temperature increased 
from the normal 101•F to 108•F in the Holstein and to 106•F in the Jersey 
cow. This condition was not caused by increases in basal heat production, 
.muscular activity, calorigenic action of feed, or milk production. On the 
contrary, the heat production decreased by 25 to 35 per cent (1), and the 
milk production and feed consumption (12) decreased by still greater per­
centages. The rise in rectal temperature with increasing chamber tempera­
ture resulted, for the most part, from the decrease in temperature gradient 
between surface temperature and environment, which reduced the heat loss 
by radiation, convection, and conduction to such an extent that the cows 
were unable to compensate for this deficiency, by increased respiratory and 
surface vaporization.* Although the respiration rate at 100•F was 4 to 5 
times as rapid as at 5o•F and the pulmonary ventilation rate was up 2 to 3 
times, the rectal temperature still continued to rise. 

tAt environmental temperatures slightly above 100°F, the heat losses by 
radlatlon, convection, and conduction are negative; the animal receives heat from 
the environment. 

•In man, increased cooling by vaporization ot sweat prevents a rise in rectal 
temperature at these envl.ronmental temperatures. 
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A ThiS 
This bulletin is mainly concerned with reporting t he influence of de­

creasing temperature on the following processes: 
1. Heat production; how much extra heat is produced to maintain the 

normal internal temperature of the cows at the lower environmental tem­
peratures and, incidentally, how is this related to feed consumption and 
milk production? 

2. Changes in the rates of activity of several heat dissipating mechan­
isms (respiration rate, ventilation rate, pulse rate, rectal temperature) and 
the critical temperatures at which these changes occur. 

3. Relation of body size and lactational level to the rates of heat pro­
duction and heat dissipation. In large size, which appears to be a liability 
at high temperature, an asset at low temperature? 

4. Location of the lower limits of thermoneutrality for lactating dairy 
cows. 

5. Quantitative respiratory-exchange data (carbon dioxide and 
methane production, and oxygen consumption) for animal shelter design, 
and for computing evaporative cooling from insensible weight loss data as 
explained in the appendix. 

METHODS 
Animals:-As in the previous tests (1) twelve dairy cows were divided 

into an Experimental group and a Control group. Each cow in the Experi­
mental group was matched as closely as possible with respect to body 
weight, milk production, age, and previous history (3) with a cow in the 
Control group. Each group included three lactating Jerseys, two lactating 
Holsteins, and one non-lactating, non-pregnant Holstein. The milk yield 
level of this winter group was, however, considerably below that of the pre­
ceding summer group. 

Temperature Control :- The two groups were housed separately in air 
conditioned chambers (4, 5) the control group being maintained at 50•F, 
except for a short period during which time the temperature was lowered to 
4°F. The Experimental group was subjected to a gradual lowering of 
chamber temperature from 50• down to 5°F, followed by rapid increases 
from 50• to 95•F. The temperature schedule and related information are 
given in Table 2. 

Measurements :-The following data were obtained at each chamber 
temperature level, as indicated in Table 2, with the cows standing quietly: 

1. The rate of heat production was computed from the rate of oxygen 
consumption and carbon dioxide production as measured by an open-circuit 
mask method, involving analysis of room air and of metered exhaled air.* 
The rate of heat production was also computed from oxygen consumption 
data, obtained by the closed-circuit mask method. The two methods, open­
circuit and closed-circuit, were previously described (1). 

2. The pulmonary ventilation rate was measured by both open- and 
closed-circuit mask methods. 

*The methane in the exhaled air was also determined. 
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TABLB 2 TllloiPERATtlRB C AJ.Et.'DA.R AND TEST SCKBDULll .-
Chamber RelaUn 

Temperature HUmldlty Dote NUmber Of .,...,. 

Level °F % 1948-49 Closed-CfrcuJt Q)en.Clrcult 
To and 

!!llll. Contr. J!XD. Contr. From lne1u41nr I!J<D. Contr. EXI>. Contr. 

&2 &3 71 89 OCt. 25 Nov. 7 10 10 2 2 
41 50 85 eo Nov. 8 Nov. 21 10 10 2 2 
32 50 70 83 Nov. 22 Dee. & 10 9 2 1 
23 50 79 68 Dec. 6 Dee. 19 11 10 2 s 
12 49 85 81 O.e. 20 Jan. 2 8 3 2 I 

' a 49 88 &5 Jan. 3 Jan. 10 5 8 1 I 
5 50 83 53 jan. 17 Jan. 23 5 5 I I 

20 35 81 41 Jan. 24 Jan. 25 2 2 I I 
34 20 75 40 )an. 26 jan. 28 3 3 2 
&0 4 58 7T jan. 31 Feb. U 9 8 2 s 
50 • 65 Feb. 14 Feb. 20 & 2 

12 78 Ftb, 14 1 
19 74 Feb. 1& 1 
28 70 Feb. 16 1 
38 68 Feb. 17 1 
35 83 Feb. 18 1 

50 50 80 89 Feb. 21 Feb. 27 5 4 2 
85 so 85 60 Feb. 28 Mar. 8 5 5 1 I 
69 50 88 61 Mar. 7 Mar. IS 5 5 2 1 
74 50 80 55 Mar. 14 Mu. 20 5 6 2 1 
10 50 58 64 Mar. 21 Mar. 27 5 4 2 I 
84 51 80 64 Mar. 28 Mar.29 2 2 I 
90 51 80 S5 Mar. 30 ~r. 31 2 2 1 

" so 48 64 ~·- I ~·- 2 2 1 
50 64 ~~- I 1 
56 65 r. 4 1 1 

' No temperature control ttom Jan. 11 to 18 due to power rall\ll't. 

•The temperature was fncreued trom 4 to 50 °F during this period u shown by the foUow1n&daUy obaer .. 
vatJons tn the table. 

TABLE 2A - - BODY WEIGHTSf, LBS. AT THE BEGINNINO AND END OF EXPERIMENT . . 
E:merlmental Control 

Cow ~no!;;- End Cow End 

J-502 797 849 J-957 864 M6 
J-508 854 947 J-97t 644 1027 
J-IIIS3 835 913 J-977 908 887 
H-138 1221 1230 H-125 1207 1275 
H-109 1200 1272 H-H 1180 1447 
H-14 1441 1597 H-5 1400 1586 

1For more complete body weteht d1t:a ae-e Ref. 3. 

3. The respiration rate (without mask) was counted from flank move­
ment counts. 

4. The rectal temperature was determined with clinical mercury ther­
mometers. 

5. The pulse rate was counted manually by placing the index finger on 
the saphenous artery of the hind leg. 

The reliability o! the respiratory exchange data (venWation rate, tidal air, 
oxygen consumption, carbon dioxide production, methane production, a.nd 
heat production) slllrered somewha t from mechanical difficulties associated 
with the extreme temperatures employed. 

The closed-circuit metabolism apparatus apparently requires moditlca­
tlon for use at both high a.nd low temperatures. For these tests a thermostat 
a.nd heating col! were used to prevent freezing of the water seal. At low 
temperatures. condensation from the exhaled air collected around the rubber 
Inspiratory check valves a.nd prevented their complete closure (drains have 
now been installed) . The sudden change In Inspired air from the relatively 
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cold dry room air to the warm humid oxygen-rich spirometer air may have 
affected the animals physiologically. The efficiency of the soda lime used 
as a carbon dioxide absorbent may also have been unfavorably affected by 
excessive moistur e condensation at low temperature. 

The open-circuit respiratory exchange apparatus was not affected by 
chemical factors or changes in temperature of inspired air as no chemicals 
were used and the animal inspired room air at the existing temperature and 
humidity. Nor was moisture condensation a problem since the exhaled air 
after leaving the mask was heated to approximately 100°F and maintained 
at this temperature white it was passing through the apparatus. Unfor­
tunately, however , difficulties of a mechanical nature developed during this 
winter experiment . The expiratory check valve became defective and was 
replaced by a new valve which had to be built while the experiment was in 
progress, and a teak in a pipe tine was found (and repaired). These dlffl· 
culties arose during the early part of the experiment white the temperature 
of the experimental chamber was being lowered from 50• to 5°F (Table 2). 
The new valve was installed in time to make one set of measurements at the 
s• level. Earlier measurements, however, may have been affected by the 
defective action of the valve that was replaced. 

DATA AND DISCUSSION 
The da ta for the different temperature levels are given in Tables 3 to 

11. Different aspects of the heat production data (Figs. 1 to 3) and of the 
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Fig. 1.- Heat production per square meter of surface area in Jersey and 
Holstein cows for decreasing temperatures from so• to s•F and for increasing 
temperatures from so• to 100°F. Note the thermoneutrality zone from 40• to 
so•F. 
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cardiorespiratory data (Figs. 4 to 8) are presented graphically. Figs. 1, 2, 
and 4 include supplementary data from the preceding bulletin (1). Tables 

7 to 11 and Figs. 6 to 8 which report valuable data but do not contribute 
greatly to the discussion are presented in the appendix. 

Heat Production :-One of the aims of this research, the location of the 
temperature range of "thermoneutrality" for lactating dairy cows, Is real­

ized in Fig. 1. The zone of minimal heat production (at normal rectal 
temperature) occurred at chamber temperatures from 40• to 60"F. De­
creasing the chamber temperature increased the heat production (and heat 

dissipation, since rectal temperature remained constant) by about 25 per 
cent in Holstein cows and by about 35 per cent in Jersey cows. This breed 

difference in the rate of heat production and dissipation per square meter 
may be attributed to differences in body size; the temperature gradient 
between internal organs and external environment is steeper in the smaller 

cows, the Jerseys, than in the larger cows, the Holsteins. The increasing 
steepness in temperature gradient with decreasing body size may explain 

the reported (6) 275 per cent increase in heat production in guinea pigs 
on reduction in room temperature from 88• to 32"F. Increasing the cham­
ber temperature (Fig. 1) from 60" to so•F increased the heat production of 

our cows slightly;• increasing the chamber temperat ure above SO"F de­
creased the heat production as discussed in the preceding bulletin (1). 

Comparison of the heat production data for the Experimental cows at 
different chamber temperatures with those for the Control cows at 5o•F 

chamber temperature is made in Fig. 2 by plotting the ratios of Experi­
mental to Control data. The mismatching withi.n pairs caused by differ­
ences in advancing stages of lactation and gestation, as well as in heredity, 

is reduced by averaging the ratios computed for the individual pairs. Fig. 
2 represents separate averages for three pairs of lactating Jersey cows, 

t wo pairs of lactating Holstein cows, and a single pair of dry Holstein cows. 
The similarity of these ratio heat production curves (Fig. 2) with the 

absolute Experimental group heat production curves (Fig. 1) indicates that 

the changes in heat production levels are not caused by extraneous factors 
but are directly or indirectly associated with changes in environmental tem­
perature. 

The corresponding relative changes in body weight for the Experi­
mental and Control cows (bottom section, Fig. 2) were very slight except 

at chamber temperatures above 85"F. 
. Fig. 3 presents the average values of heat production per animal (from 

Tables 3 and 4) for the 1948-49 winter data. During this winter experi­

ment the temperature of the Experimental chamber was (1 ) gradually 
lowered from 50" to 5"F; (2) rapidly brought back up to 50"F ; (3) main­
tained at 50"F for four weeks; (4) ra ised from 50" to 95•F. The tempera­

ture of the Control chamber was maintained at the 50•F level except for 
a four-week period, during which time it was lowered rapidly and held a t 

4"F for two weeks (to bring out the effect of low temperature on unac-

•This rise In heat production may have been caused , In part, by a change to 
better quality hay which increased mllk production. 
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Fig. 2.-Comparison of heat production data (upper sections) and body 
weight data (lower section) for Experimental cows at various temperature levels 
with data for Control cows at 50°F, by means of computed ratios for correspond· 
lng time Intervals. Dilferent cows were used in the winter and summer tests. 
This chart summarizu data tor 24 cows covering test periods at controlled lab­
oratory conditions totaling approximately 11 months. 



10 l\'IJSSOURI AGRICULTURAL EXPERIMENT STATION 

TABLE 3.- AVERAGE1 HEAT PRODUCTION PER COW 
FOR E.\CH TEMPERATURE LEVEL, AS OBTAINED BY THE OPEN CIRCUIT METHOD 

Temperature Exper. Contr. Exper. Contr. Exper. Contr. £xpQr. Contr. £);ler. Contr. Exper. Contr. 
Level, °F. J-502 J-957 J-508 J-979 J-933 J-977 H-136 H-125 H-109 H-95 H-14 H-5 

Expcr. Contr. Stat Procluct!on, £:!L!!!:. 
52 53 654 508 669 552 59'1 624 858 846 876 834 798 792 
41 50 582 534 528 531 549 423 762 789 798 693 807 741 
32 50 726 384 684 546 663 444 921 786 909 750 801 738 
23 50 750 576 l~~ 638 771 578 951 874 915 848 873 868 
12 49 732 546 666 627 516 924 798 990 834 741 774 
8 49 762 564 672 568 642 528 864 894 840 '840 792 
5 50 780 812 582 672 678 564 954 810 948 864 870 888 

20 35 732 618 60<1 618 686 60<1 984 678 906 786 858 738 
34 20 660 699 546 825 816 828 
50 4 717 896 600 778 606 702 993 1040 888 1020 828 1004 
50 4to50 648 585 570 873 858 735 
50 50 693 579 582 882 831 747 
65 50 690 648 486 690 462 366 786 774 852 846 744 816 
69 50 660 534 630 690 585 618 867 750 876 882 711 822 
74 50 678 612 654 720 657 600 936 744 942 774 774 834 
80 50 666 540 639 672 681 534 840 738 795 846 774 876 
84 51 666 516 600 780 774 654 
90 51 558 558 756 648 750 846 
95 50 570 546 468 546 648 612 

56 786 834 660 894 I 1044 948 
Heat Production, B. T. U. / hr. 

52 

I 
53 2595 2016 2655 2190 2369 2476 3405 3357 3476 3309 3166 3143 

41 50 2309 2119 2095 2107 2178 1678 3024 3131 3186 2750 3202 2940 
32 50 2881 1524 2714 2167 2631 1762 3655 3119 360'1 2976 3178 2928 
23 50 2976 2286 2786 2532 3059 2294 3774 3468 3631 3365 3464 3444 
12 I 49 2905 2167 2619 2643 2488 2047 3666 3166 3928 3309 2940 30'11 
8 

I 
49 1 3024 2238 2666 2214 2547 2095 3428 3547 3333 3333 3143 

5 50 3095 2428 2309 2666 2690 2238 3785 3214 3762 3428 3452 3524 
20 35 2905 2452 2381 2452 2524 2381 3905 2690 3595 3119 3405 2928 
34 20 2619 2774 2167 3274 3238 3286 
50 4 2845 3555 2381 3087 2405 2766 3940 4127 3524 4047 3286 3884 
50 4to50 2571 2321 2262 3464 3405 2916 
50 50 2750 2297 2309 3500 3297 2964 

I 3238 65 50 2738 2571 1926 2738 1633 1452 3119 3071 3381 3357 2952 
69 50 2619 2119 2500 2738 2321 2452 3440 2976 3476 3500 2821 3262 
74 50 2690 2428 2595 2857 260'1 2381 3714 2952 3738 3071 30'11 3309 
80 50 2643 2143 2536 2666 2702 2119 3333 2928 3155 3357 30'11 3476 
84 51 2643 2047 2381 3095 30'11 2595 
90 51 2214 

1 3119 

2214 3000 2571 2976 3357 
95 50 2262 2167 1857 2167 2571 2428 

56 3309 2619 3547 4143 3762 

lSee Table 1 for the number of observations in each average. 

climatized cows), then brought back to 50°F. The curves of Fig. 3, con­
sequently, exhibit temperature-reversal and acclimatization effects, and 
cannot be compared with the curves of Fig. 1 and 2, except for the period 
of gradually decreasing chamber temperature, 50• to 5°F, represented in 
all three curves. Some of the acclimatization effects, however, are worth 
noting. 

The decrease in heat production for decreasing temperature, 50• to 
40•F, was caused, apparently, by the change from the usual herd conditions 
and management to laboratory conditions, since a similar decrease occurred 
in both the Experimental and Control groups during the first weeks of the 
e.xperiment. The greater rise in heat production with decreasing chamber 
temperature, 50• to 4•F, in the Control cows (tight side of Fig. 3) in com­
parison with the Experimental cows (left side of Fig. 3) was due, apparent­
ly, to the relatively greater rapidity with which the Control chamber tem­
perature was lowered. 
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lhe chart indicate a period of vaJiable temperatm·e due to a power failure. The asterisk and daggers ..... 
indicate transitional tempe•·ature pel'iods (see Table 2). 
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TABLE 4.--AVERAGE1 HEAT PRODUCTION PER COW 
FOR EACH TEMPERAT URE LEVEL C LOSED CffiCUIT METHOD • 

Temperature &xper. Contr. Exoer. Contr. Exper. Contr. S)Q)er. Contr. Exper. Contr, Bxper. Contr. 
Level, °F. J-502 J-957 J-508 J- 979 J-933 J-977 H-136 H-125 H-109 H-95 H-14 H-5 

Exper. Contr. Heat Production, ~· 

52 53 686 587 865 632 617 585 801 892 777 774 766 836 
41 50 666 598 644 570 714 528 833 833 803 721 786 757 
32 50 723 677 727 607 805 572 848 791 844 762 821 792 
23 so 868 595 832 578 923 589 1024 710 1021 784 981 806 
12 49 854 582 727 608 786 527 1000 765 1004 710 1008 744 

8 49 824 647 844 636 820 614 995 828 1105 814 1046 794 
5 50 821 662 797 599 857 547 1038 755 1008 819 1013 817 

20 35 768 902 756 788 690 632 962 966 980 1050 940 1108 
34 20 765 802 768 762 708 912 973 921 969 949 839 966 
50 4 646 1117 617 881 600 932 873 1117 848 1084 822 lOll 
50 • 837 543 600 909 826 756 

12 1152 778 787 1206 1082 949 
19 1005 747 816 lll8 957 885 
28 800 803 616 910 992 987 
36 947 708 669 9?4 888 878 
35 869 710 733 874 954 960 

50 50 663 686 546 656 549 586 797 819 843 864 621 868 
65 50 633 637 544 576 499 546 738 777 718 794 731 760 
69 50 647 644 566 611 582 592 707 743 702 863 725 755 
74 50 669 602 655 636 598 602 865 759 807 795 672 780 
80 50 655 632 543 652 769 551 830 695 757 737 738 746 
84 51 574 592 808 696 677 603 668 727 749 722 653 678 
90 51 694 598 550 674 562 568 574 718 817 810 818 846 
95 50 532 582 557 710 944 706 

50 579 749 661 835 774 795 
56 754 608 687 739 880 810 

Heat Production B T U Jhr . . . 
52 53 2722 2329 2839 2508 2448 2321 3178 3539 3083 3071 3039 3317 
41 50 2651 2373 2555 2262 2833 2095 3305 3308 3186 2861 3ll9 3004 
32 50 2869 2686 2885 2409 3194 2270 3357 3139 "3349 3024 3258 3143 
23 50 3444 2361 3301 2286 3662 2337 4063 3085 4051 3111 3893 3198 
12 49 3389 2309 2885 2405 3039 2091 3968 3036 3984 2817 4000 2952 
8 49 3270 2567 3349 2524 3254 2436 3948 3286 4385 3230 4151 3151 
5 50 3258 2627 3162 2377 3401 2170 4119 2996 4000 3250 4020 3242 

20 35 3047 3579 3000 3127 2738 2508 3817 3833 3889 4166 3730 4397 
34 20 3036 3182 3047 3024 2809 3619 3861 3655 3845 3766 3329 3833 
50 4 2563 4432 2448 3496 2381 3698 3464 4432 3365 6301 3262 4012 
50 • 2528 2155 2381 3807 3278 3000 

12 4571 3087 3123 4785 4214 3766 
19 3988 2964 3238 4436 3797 3512 
28 3174 3186 2444 3611 3936 3916 
36 3758 2801 2655 3885 3524 3484 
35 3448 2817 2909 3468 3785 3809 

50 50 2631 2722 2167 2603 2178 2325 3162 3250 3345 3428 2464 3444 
65 50 2512 2528 2159 2286 1980 2167 2928 3083 2849 3151 2901 3016 
69 50 2567 2555 2246 2424 2309 2349 2805 2948 2786 3424 2877 2996 
74 50 2655 2389 2599 2524 2373 2389 3432 3012 3202 3155 2686 3095 
80 50 2599 2508 2155 2587 3081 2186 3293 2758 3004 2924 2920 2980 
84 51 2278 2349 2413 2762 2686 2393 2651 2885 2972 2865 2591 2690 
90 51 2754 2373 2182 2874 2230 2254 2278 2849 3242 3214 3246 3357 
95 so 2111 2309 2210 2817 3746 2801 

50 2297 2972 2823 3313 3071 3155 
56 2992 2413 2647 2932 3492 3214 

lSee Table 1 for the number of observations in each average. 

•The temperature was Increased from 4 to soOp during this period as shown by the following daily ob­
servations. 

A striking feature of the curves for the Experimental group (Fig. 3) 
is the long continued (four-week) decrease in heat production at constant 
chamber temperature following the rapid increase in chamber temperature 
from 5• to 50°F. Acclimatization after a major change in environmental 
temperature, apparently, is a function both of the duration of the earlier 
conditioning temperature and of the rapidity and extent of change in tem-
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perature. The heat production might have continued its decline over a 
longer period if the temperature had not been raised at the end of the 
four-week period; the heat production in rats (7), for example, decreased 
in eight days from 650 to 540 calories per square meter per day, and con­
tinued to decr~ase for twenty days after a 25' F decrease in temperature. 

Pulse Rate:-The pulse rate curves (upper sections of Figs. 4 and 5) 
have very similar trends to t he corresponding heat production curves (com­
paring Fig. 2 with 4, and 3 with 5). This similarity is not surprising,* 
considering that the blood pumped by the heart supplies oxygen and nutri­
ents for heat production, and also carries heat from the interior to the sur­
face of the body for dissipation. Other factors which affect pulse rate, t 
likewise affect heat production (see Table 1)-though perhaps not to the 
same degree-and so contribute to the complexity yet also to the general 
parallelism of the curves. 

The pulse ratio chart (Fig. 4, upper section) corresponds to the heat 
production ratio chart (Fig. 2) and was computed by the same method. 
Minimal pulse ratios (at normal rectal temperature) occurred from approxi­
mately 40' to 60' F chamber temperature. In view of the close correlation 
between pulse rate and the heat production, it seems probable that these 
limiting temperat ures for minimal pulse rate marked the boundaries of the 
zone of thermoneutrality for these lactating Jersey and Holstein cows. 

The slight rise in the pulse ratios (Fig. 4) from 60' to 70' F was fol­
lowed by a rapid fall at chamber temperatures above 70' F. This fall in 
pulse ratios was associated with (1) increasing rectal temperature at cham­
ber temperatures above 70' F (Fig. 4, center section); (2) decreasing heat 
production at chamber temperatures above SO'F (Fig. 2); (3) decreasing 
hay consumption at chamber temperatures above 85'F in Je.rsey cows and 
above SO' F in Holstein cows (12); (4) decreasing milk (FCM) production 
at variable critical temperatures for individual cows, but more pronounced 
in Holstein than Jersey cows (12). The rise in pulse ratios at 100' F cham­
ber temperature was caused in part by a decrease in pulse rates in the 
Control group (the 100' F period was short and only two observations were 
made on each cow); the pulse rates in the Jersey cows actually decreased 
(see Table 3, Ref. 1). An earlier parallel increase in pulse rate and heat 
production occurred in the dry cow (Ref. 1, Fig. 5a) at chamber tempera­
tures above 70'F. 

The rise of approximately 8 per cent in pulse ratios (Fig. 4) at cham­
ber temperatures below 40' F was associated with increased heat production 
(Fig. 2) and moderately increased hay and TDN consumption (3) . That 
the percentage rise In pulse ratios was less than in heat prbduction ratios 
(Fig. 2) at chamber temperatures below thermoneutr.:lity may have re­
sulted from increased heat production for maintenance of normal body tem­
peratures and decreased peripheral circulation for conservation of body 
heat. 

*The close correlation between pulse rate and heat production has been gen­
erally known for a long time (8 ) . 

tSee for example references 9, 10, 11 for the e1fects of feed and other factors 
on pulse rate. 
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Pulse Rate~~ 
?2.8 88.0 65.8 69.8 66.0 70.6 65.2 88.8 64.0 64.4 63.4 5M 
65 .8 59.4 60.4 66.8 62.6 59.8 65.6 82.2 63.4 61 .6 58.6 55.4 
69.2 64.2 65.0 67.6 66.4 63.6 66.0 86.0 64.2 62.? 55.8 52.7 
72.7 65.2 66.7 6?.2 69.3 62.4 65.1 62.0 68.2 62.8 60.4 55.8 
70.5 63.3 66.6 69.3 66.0 60.7 64.4 63.3 69.8 60.7 61.8 56.0 
71.2 64.0 6e.8 67.7 70.0 65.0 66.4 63.2 67.2 63.3 63.2 57.0 
71.2 63.6 67.2 74.4 68.4 63.2 64.0 61.2 69.2 64.0 61.2 58.4 
72.0 66.0 66.0 73.0 71.0 66.0 64.0 62.0 70.0 66.0 64.0 51.0 
74.7 67.3 16.7 67.3 67.3 65.3 66.7 65.3 69.3 68.7 u.s 64.7 
69.8 70.8 65.1 74.5 64.11 70.11 65.6 66.2 68.2 70.7 57.11 88.2 

• 66.8 65.6 61.6 61.2 65.6 58.4 
12 74.0 76.0 72.0 70.0 73.0 72.0 
u 72.0 76.0 73.0 68.0 70.0 66.0 
28 70.0 78.0 72.0 64.0 72.0 86.0 
38 ?0.0 70.0 72.0 88.0 72.0 72.0 
35 72.0 78.0 88.0 68.0 66.0 70.0 

50 50 68.8 68.5 68.8 76.5 63.2 69.5 66.0 63.8 67.6 69.0 57.8 70.8 
65 so 70.0 63.2 66.4 72,8 82.4 68.4 60.4 81.6 66.0 69.2 57.2 66.0 
89 50 69.2 65.2 71.6 73.0 64,4 70,4 61.2 64.4 74.4 87.2 59.6 67.6 
74 50 71.6 67.0 72.4 72.2 67.2 70.2 64.0 85.0 89.6 67.3 58.8 66.0 
80 50 72.8 87.5 74.0 . 71.5 71.2 69.5 64.0 66.0 88.0 70.0 85.2 67,0 .. 51 70.0 67.0 71.0 73,0 70.0 70.0 56.0 67.0 65,0 69,0 52.0 66.0 
90 51 70.0 66.0 64.0 74.0 64.0 71.0 57.0 65.0 69.0 71.5 60.0 67.0 
95 50 64.0 66.0 61.0 64.0 88.0 61.0 

50 66.0 73.0 70.0 68.0 71.0 70.0 
56 70.0 74.0 72,0 66.0 72.0 64.0 

- --Rttsoiratfon Rate I!!! Minute 
52 53 43.6 21.8 30.0 24.0 28.7 29.7 30.3 29.3 28.0 27.6 30.3 22.0 
41 so 29.4 19.6 24.4 23.8 20.8 23.0 27.4 25.4 25.6 25.0 27.0 20,6 
32 50- 25.2 19.3 22.4 20.9 17.7 22.4 23.4 28,7 22.5 23.8 20.8 20.2 
23 50 22.4 19.2 19.8 22.4 15.6 21.2 19.4 26.8 20.0 24.8 18.5 19.6 
12 49 19.4 20.7 18.4 25.3 12.8 25.0 16.6 30.3 18.5 22.7 15.9 20,0 
8 49 17.8 18.3 16.8 21,0 11.2 19.7 18.4 24.0 16.0 2{.3 14.2 18.3 
5 50 18.2 20.4 16.8 24.4 10.0 18.4 14.2 27,6 16.2 23.2 14.8 21.6 

20 35 22.5 18.0 17.5 22.0 11.5 18.0 18.0 16.0 16.5 23.0 16.0 18.0 
54 20 22.7 14.0 21.3 18.0 16.0 14,7 tt.3 15.7 23.3 15.0 18.0 16,0 
50 4 29. 1 . 12.3 25.8 13,1 24.8 10.2 30.2 12.4 30.1 13.1 2U 11.5 
50 • 3LO 27.2 25.2 38.4 34.0 )0.4 

12 11 ,0 12.0 9.0 11.0 12.0 10.0 
19 12.0 1&.0 11.0 14.0 12.0 13.0 
28 12.0 16,0 11.0 12.0 12.0 12.0 
36 14.0 17.0 12.0 14,0 15.0 15.0 
35 13,0 16.0 12.0 u .o 15.0 u.o 

50 50 33.2 19.2 25.2 23.5 25.6 11.0 30.4 18,0 28.8 19.2 28.0 19.2 
65 5Q 46.8 20.2 35.4 23.2 34.4 17.6 32.0 21.8 28.6 20.8 36.2 19.8 
89 50 43.6 20.S 37.6 25.6 42.0 18.4 42.0 23,4 36,4 26.2 41.2 21.8 
74 50 59.6 22.3 54.0 27,5 53.6 21.3 52.4 25.7 75.2 26.7 44.8 23.8 
80 so 66.4 22.2 56.8 24.8 76.8 20.6 52.4 25,8 82.8 27.5 44.0 24.7 
84 51 84.0 23.0 62.0 25.5 88.0 21.0 60.0 25.0 102.0 27.5 88.0 26.0 
90 51 92.0 21.5 79.0 24.5 91.0 22.0 73.0 26.0 103,0 27.0 75.0 24.5 
95 50 03.0 87.0 94,0 98.0 106.0 91.0 

50 20,0 24.0 20.0 30.0 26,0 24,0 
56 23.0 27.0 20.0 24..0 28.0 24..0 

lSee Table 1 for tbe number of obaernUOilS In each avera,ae. 

•The temperature was tncruaed h"om 4 to S0°F during thts peri od u ahown by the following daJly ob· 
aervatJons. 
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Fig. 4.- Ratios of pulse rate, rectal temperature, and res­
piration rate data in Experimental cows at environmental tem­
peratures from 5" to 100"F to data for Control cows at 50°F. 
The method of computing the ratios for the dilferent curves is 
explained in the legend to Fig. 2, and the curves are discussed 
in the text. 
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Fig. 5.-Pulse rate, rectal temperature, and respiration rate of Experi­
mental cows (left-hand sections) and of Control cows {right-hand sections) 
in relation to environmental temperature shown at top of chart and to time 
at bottom of chart. The symbols in the temperaure scale are explained in 
the legend for Fig. 3. 

The pulse rate curves (Fig. 5) which are strikingly similar to the heat 
production curves (Fig. 3) were plotted from the same 1948-49 winter data. 
The remarks concerning acclimatization effects noticeable in the heat pro­
duction curves of Fig. 3 are equally applicable to the pulse rate curves of 
Fig. 5. 

Rectal Temperature:- Fig. 4, center section, indicates that rectal tem­
perature in the Jersey and Holstein cows was constant at chamber tem­
peratures from 70• to 5°F and increased at chamber temperatures from 
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TABLE 6 AVERAGE1 RBCTAL TB~IPERATURB, °F FOR THE DIPFEJIBI>'T TEMPERATURE LEVELS ·-·- • 
Tt~rature E>per. Contr. Bxper. Contr. ~r. Contr. BJpor. Contr. EJpor. Contr. lhq)tr. Contr. 

lAvel. 0P. J- 502 J-947 J-508 J-V/9 J-9133 J-V/7 H-136 H-125 H-109 H-9S H-H H-S 

E:xper. Contr 

52 53 101.3 100.7 100.6 100.8 100.4 100.5 100.8 101.0 100.6 100.7 100.7 100.4 
41 50 101.1 10D.5 100.6 100.7 100.2 100.4 100.8 100.9 100.3 100.5 100.4 100.2 
32 so 101.0 100.5 10D.5 100.7 10D.4 100.3 100.S 100.9 100.6 100.7 100.6 100.4 
23 50 101.4 100.S 100.5 100.8 100.4 100.6 100.5 10D.7 100.5 100.7 100.6 100.0 
12 49 100.8 100.6 100.3 100.8 100.2 100.4 100.5 100.9 100.2 100.5 100.S 10D.l 
8 49 101.3 100.8 101.0 100.8 100.3 100.7 100.7 101.2 100.1 100.6 100.7 100.2 
5 50 101.0 100.7 100.6 100.7 100.5 100.5 100.8 100.6 100.6 100.8 100.8 100.4 

20 35 101.2 100.8 100.4 100.8 100.7 100.1 100.4 100.8 99.9 100.8 IOO.S 99.8 
14 20 101.5 101.0 100.1 100.9 100.7 100.5 100.4 99.7 100.5 101.1 100.1 99.7 
50 4 101.1 101.0 100.1 101.2 100.7 100.3 100.S 100.1 100.5 101.1 100.4 100.S 
50 • 101.3 100.6 100.5 100.8 100.8 100.3 

lZ 101.1 100.8 99.2 100.2 100.5 100.6 
19 101.0 100.7 100.0 101.0 100.4 101.2 
28 101.0 101.8 100.8 101.3 100.8 100.0 
36 100.9 101.1 99.7 100.7 100.4 99.9 
35 101.2 101.4 99.7 99.0 100.9 100.4 

50 50 101.1 100.8 100.8 101.0 100.7 100.4 100.8 100.7 100.8 101.0 100.8 100.4 
8S 50 101.1 100.8 101.0 101.0 100.7 100.1 100.9 101.1 100.7 100.9 100.5 100.4 
69 50 101.2 100.8 101.0 101.1 100.6 100.3 100.9 100.6 100.9 100.7 100.6 100.4 
14 50 101.7 100.8 101.1 100.8 100.8 100.6 100.8 100.6 101.8 100.9 100.7 100.1 
80 so 101.6 100.9 101.2 100.8 101.1 100.6 101.4 100.8 102.8 100.9 101.2 100.0 

•• 51 102.5 100.9 101.S 101.8 101.6 100.4 102.9 100.7 102.9 101.4 100.8 100.1 
90 51 103.0 100.9 102.9 101.2 103.0 100.6 103.8 101.2 103.9 101.1 101.8 100.2 
115 so 105.0 103.1 103.8 105.1 104.2 103.6 

so 101.0 101.6 100.2 101.0 101.0 101.0 
58 100.8 101.6 100.7 100.8 101.0 100.1 

lSee Table 1 for the number of obltrvatJons 1n each a:vengt. 

•1'bt temperature was incrOUOd trom 4 to 50°P durtng thls periOd U shown by the following dally ob­
aervatlons. 

70" to 100•F. The rectal temperatures of the Jersey cows lagged behind 
those of the Holstein cows with rising chamber temperatures. Fig. 5, cen­
ter section, shows similar trends for the 1948-49 winter data. In general, 
it appears that for the range of chamber temperatures shown, increased 
heat dissipation at temperatures below thermoneutrality was balanced by 
increased heat production; and that above 10•F, decreased beat dissipation 
was not balanced by decreased heat production. 

Respiration Rate:- The respiration rate ratios (Fig. 4, lower section) 
responded consistently to changes in ambient temperatures. At a chamber 
temperature of 5•F, the respiration rate was approximately four-tenths 
that at 50•F, and at 95•F, the respiration rate was over four times that 
at 50•F. The greatest rise occurred above 70°F. At low temperatures 
there was no evidence of breed difference in respiratory response, but at 
high temperatures, especially in the 75• to go•F range, the Jersey cows 
bad much higher rates. These higher respiration rates in the Jersey cows 
probably explain, in part, their superiority over the Holstein cows in their 
ability to dissipate heat at high temperatures. 

The trends for the 1948-49 winter respiration rate data are shown in 
Fig. 5, lower section. Minimal rates of 10 to 15 respirations per minute 
were observed at 4 •F, and maximal rates of over 100 respirations per min­
ute were observed at 9o•F. Above 95• the respiration rate decreased. 
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CONCLUSIONS* 

Gradually decreasing temperatures from 50" to s•F caused: 
1. No significant change in rectal temperature. 
2. An increase in heat production of 30 to 35 per cent in lactating 

Jersey cows and of 20 to 30 per cent In lactating Holstein cows; this in­

creased heat production was associated with decreased milk (FCM) pro­

duction and some increase in feed consumption (Ref. 3, Tables 3, 5, 7), so 

that the extra heat was the result of increased muscular tone (there was 

little visible shivering) and/or increased specific dynamic action of feed. 

3. A greater increase in heat production and clissipation in the Jersey 

than in the Holstein cows which was t>resumably associated with body size 

differences. 
4. A greater decrease in milk (FCM) production in the Jersey than in 

the Holstein cows which was presumably associated with increasing diver­

sion of feed for maintenance of normal body temperature .. 
5. A progressive decrease in respiration rate to minimal value of 10 

to 15 per minute at s•F. 
6. An increase in pulse rate of approximately 8 per cent. 

Gradually increasing temperatures from so• to lOO"F caused: 
1. An increase in rectal temperature at environmental temperatures 

above 1o•F. 
2. A decrease in heat production of 20 to 30 per cent above 10• to 

SO"F, associated with decreasing feed consumption, milk production, and 

presumably thyroid activity. 
3. A progressive increase in respiration rate to more than four times 

the rate at so•F. 
4.. Changes in pulse rate tending to parallel changes in heat production. 

Rapid changes in environmental temperature tended to accentuate 

functional response. 
Acclimatization of heat production and pulse rate levels to extreme 

changes in environmental temperature required as much as four weeks un­

der some conclitions. 
Under the conclitions of our tests, the thermoneutrality zone was found 

to be from 40• t<> so•F for lactating Jersey and Holstein cows. 

•The discussion on the physiologic etl'ects of changing temperature are re­
stricted to the conditions of approximately constant relative humidity, air move­
ment. and Ught. As this experiment included no data !or gradually Increasing 
temperature, a further anatysls was made of such data from the preceding e.x­
periment (1, 12). In our opinion, that part of the present (1948-9) data for 
rapidly rising temperature, 5• to 50" and 50• to 95" F., Is not comparable to the 
former (1948) data for gradually rising temperature, and is her e discussed only 
with reference to acclimatization effects. The observed dltl'erences In heat pro­
duction obtained by the open- and closed-circuit methods are shown on the charts 
and indicated here as ranges In percentage values. These are exploratory ex­
periments with few animals and require turther substantiation. 
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APPENDIX 
Data on oxygen consumption, carbon dioxide production, methane pro­

duction, pulmonary ventilation rate and metabolic weight loss as measured 
by the open-circuit respiratory exchange apparatus, and heat production per 
unit surface area as computed from both the open-circuit and closed-circuit 
data are given in Tables 7 to 11. 

Table 9 records the rate of "metabolic weight loss." Some explanation 
of these metabolic weight loss data and how they may be used in determin­
ing the rate of evaporative weight loss may be useful. Since metabolic 
processes involve the oxidation of body fuel, the weight of the oxygen so 
utilized would tend to increase body weight were it not for the exhalation 
of carbon dioxide (and methane in cows). The metabolic weight loss, then, 
is the difference between the weight of the carbon dioxide and methane 
exhaled* and the weight of oxygen consumed. The rate of metabolic weight 
loss decreased with increasing temperature. At 50°F chamber temperature 
the loss amounted to about 4 pounds per day for a Jersey cow and to about 
5 pounds per day for a Holstein cow, decreasing to practically zerot at 
too• to 105•F. 

The rate at which the body loses weight, the rate of insensible loss, 
as measured on sensitive scales, comprises two factors: (1) the rate of 
metabolic weight loss and (2) the rate of evaporative weight loss from the 
skin and respiratory tract. This total evaporative weight loss can be esti­
mated by subtracting the metabolic weight loss for a given period from the 
insensible weight loss for the same period. The data in Table 9 on metabolic 
weight loss will be used in a later report in conjunction with data on insen­
sible loss to estimate total evaporative weight loss. 

Figs. 6, 7, and 8 present daily records of pulse rate, rectal temperature, 
and respiration rate. 

*There may be some anal loss of carbon dioxide and methane which the mask 
method does not measure. Actual weight losses may thus be somewhat greater 
than reported in Table 9. 

tThe few negative values of metabolic weight loss in Table 9 at too• to 
105 •F apparently represent temporary effects produced by the restrictive action 
of mask-type apparatus on the freedom of respiration in panting animals. 
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TABLE 7.--AVERAGFf OXYGEN CONSUMPTION AND CARBON DIOXIDE PRODUCTION 
PER COW FOR EACH TEMPERATURE LEVEL I OPEN CIRC111T METHOD> . 

21 

Temperature 
Level °F. 

Exper. Contr. Exper. Contr. Expoer. Contr. E~r. Contr. Exper. Contr. Bxper. Contr. 
J-502 J-957 [ -50S J-979 J-933 J-977 H-136 H-125 H-109 H-9S H-14 H-5 

Exper. Contr. ~Consumption, liters~~ 

52 53 131 102 134 Ill 122 126 178 170 182 169 174 1S8 
41 50 116 107 105 lOS 110 86 154 156 161 139 160 148 
32 so 144 102 138 110 133 89 183 156 180 150 IS9 146 
23 50 ISO 115 141 128 1S4 116 189 176 182 169 174 17S 
12 49 146 110 132 132 128 104 184 159 198 16S 148 IS3 

8 49 154 113 136 111 127 104 153 173 178 167 168 157 
5 50 154 125 116 133 134 112 189 160 168 171 176 180 

20 35 148 123 119 123 128 119 195 134 180 156 172 147 
34 20 132 138 110 164 163 165 
50 4 142 179 119 155 120 139 198 20S 176 202 164 199 
so 4to50 129 117 114 173 170 148 
50 so 138 115 116 175 165 148 
65 50 137 130 97 137 91 75 !55 156 173 168 148 162 
69 50 130 105 126 140 116 123 172 149 1H 175 142 162 
74 so 134 125 131 144 131 121 186 148 188 153 !55 166 
80 50 132 109 128 133 134 109 167 148 159 168 I S4 174 
84 51 134 103 119 156 154 130 
90 51 113 113 126 132 151 189 
95 50 116 109 92 Ill 131 122 

56 156 166 131 177 209 168 

52 53 126 96 127 107 109 114 176 160 194 IS4 180 155 
41 50 114 102 105 104 104 78 142 160 153 134 167 146 
32 50 148 100 131 103 126 85 186 !56 186 145 !56 147 
23 so 145 111 135 124 154 108 195 166 180 166 170 162 
12 49 149 103 13t 133 124 98 184 158 193 165 142 1S3 
8 49 143 !OS 124 115 135 lOS 147 16S 181 174 164 157 
5 so 159 Ill 113 144 133 110 201 161 183 170 163 165 

20 35 134 123 126 127 128 117 213 147 198 165 166 160 
34 20 135 144 100 164 166 166 
50 4 147 171 129 157 128 139 198 204 192 20S 168 212 
50 4to50 133 121 128 192 176 151 
50 50 147 123 124 194 163 156 
65 50 152 123 l OS 146 92 71 156 146 156 172 150 170 
69 50 132 l OS 122 129 120 121 170 164 174 190 146 169 
74 50 142 110 135 137 136 112 188 142 193 ISS 154 163 
80 50 142 100 125 138 146 98 177 142 153 175 158 176 
84 51 126 11 9 130 151 156 136 
90 51 103 105 106 116 141 163 
95 so 104 113 99 99 118 124 

56 166 162 129 180 202 194 

1Sce Table 1 for the number of observations in each average. 
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Tem.pu:ltur. 
lA•el, 0P. 

.S:xper. CO<l1r 

52 53 
41 50 
32 50 
2S 50 
12 49 
8 49 
5 50 

20 35 
34 20 
80 4 
50 4105 
50 50 
85 80 
89 50 
74 50 
80 50 
114 5I 
80 51 
95 50 

56 
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TABLE 8.-·AVERAOB1 MBTHAN.II PRODUCTION PER COW 
FOR EACH TEliPBRATURJ: LEVEL I OPEN CmCUlT JdETHODI . 

Expo r. Cocu:r. l:xper. Contr. &leper. Contr. B-r. Contr. £xper. Contr. 
J-502 J-9$7 J-508 J-0'19 J-IISS l·t'17 H-136 H-125 H-109 H-95 

u .... .2!!. t>oul! 
11.4 6.3 13.2 B. I 9.0 5.4 20.8 11.0 20.8 u 
9.7 6.6 11.0 11.2 e. a a.a 12.5 12J 18.1 12.5 

10.7 11.2 10.0 10.7 10.8 t.8 18.8 12.1 22.7 16.8 
t.O 9.2 12.0 10.0 16.9 10.8 15.4 15.3 16.6 16.3 

12.2 5.6 11.3 12.4 9.8 9.0 11.8 12.4 15.4 17.0 
11.4 9.2 7.0 10.7 18.0 11.0 11.8 14.3 28.8 13.6 
14.8 6.8 9.5 12.4 11.9 10.9 19.7 10.7 16.5 12.7 
19.0 10.2 9.7 9.4 5.3 12.4 13.8 14.3 21.4 18.5 

17.2 10.7 8.8 12.7 13.2 
9.6 13.5 10.8 14.6 11.2 12.7 11.0 18.1 16.2 19.4 

12.5 7.3 11.8 lt.2 19.8· 
13.2 10.0 11.9 24.0 16.0 
12.4 7.8 10.2 8.8 9.2 3.2 7.0 9.4 9.5 12.9 
8.4 1G.7 10.2 8.2 9.2 13.3 11.8 15.8 13.8 12.9 

10.2 7.8 9.4 u.s 0.7 8.& 17.0 11.7 17.8 9.4 
18.3 9.8 10.0 11.9 13.6 7.1 23.2 9.7 13.2 14.8 
u 12.2 8.3 17.0 12.7 
6.5 5.5 8.5 13.1 4.6 

12.8 14.0 H.O 5.6 7.1 
14.6 16.5 8.2 a.e 12.1 

1Stt Table 1 tor the aumbu ot obsern.tioraa tn eaeb averqt. 

~r. CO<l1r. 
H-14 B-5 

22.3 8.4 
17.5 15.4 
15.6 18.1 
14.4 12.3 
13.7 9.0 
20.4 18.8 
23.8 8.0 
12.7 14.8 

12.2 
9.9 17.7 

12.2 
14.5 
14.3 10.0 
12.0 18.8 
12.7 14.8 
10.0 14.6 
10.7 
20.4 
12.4 

18.0 



Temperature 
Level °F 

Exper. Contr 
52 53 
41 50 
32 50 
23 50 
12 49 
8 49 
5 50 

20 35 
34 20 
so 4 
50 4to50 
50 50 
65 50 
69 50 
74 so 
80 50 
84 51 
90 51 
95 50 

56 
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TABLE 9.--AVERAGE1 METABOLIC WEIGHT LOSS PER COW 
FOR EACH TEMPERATURE LEVEL (OPEN CmCUIT METHODl . 

~ ~,:"'or. ~~ntr. I ~,:"'"r. ~-ontr. ~-><per. ~~ntr. Exper. Contr. Exper . Contr. 
-502 -957 508 -979 -933 -9'77 H-138 H-125 H-109 H-95 

WINTER 1948-49 DATA, r-ams£!!:. hour 

70 49 89 57 47 49 109 81 119 68 
68 54 68 63 56 36 70 102 83 75 
95 60 69 55 67 48 120 94 127 85 
79 61 75 69 96 56 126 87 103 97 
95 51 84 83 72 51 110 94 110 102 
71 59 56 76 99 69 81 89 123 115 

105 45 64 104 81 65 141 97 104 101 
68 74 88 82 77 70 152 110 149 117 

90 96 47 99 104 
114 91 98 99 98 85 120 119 139 136 
88 77 99 147 119 

103 88 88 151 97 
113 63 76 99 58 35 91 73 68 109 
81 86 88 81 77 72 99 122 105 135 
97 44 87 74 89 53 118 79 126 94 

103 49 71 92 108 43 127 77 84 117 
65 97 93 88 97 
49 51 36 49 66 
49 77 78 41 51 

116 94 74 109 109 

1See Table 2 for the number of obServations in each average. 

J-212 J-205 1- 202 IJ-204 IIJ-994 IJ-504 II H-83 I H-100 H-118 B-132 
Slll!MER 1948 DATA, grams 2!!: ~ 

60 60 114 
70 50 67 52 84 59 51 57 106 99 100 97 
80 59 98 96 97 123 
85 55 80 68 77 98 83 101 98 144 96 181 
90 57 82 91 67 115 65 61 77 121 68 112 
95 57 64 Ill 49 114 64 116 62 151 74 144 

100 49 52 ~ 56 42 
105 49 5 12 -23 10 
60 57 45 87 102 95 

58 92 97 92 79 127 
66 81 77 90 39 121 
85 89 113 76 129 
95 Ill 82 83 50 76 

101 35 29 -36 10 

23 

Exper. Contr. 
H-14 B-5 

1~3 86 
113 89 
96 93 
97 79 
80 89 
96 98 
87 75 
91 117 

101 
105 148 

99 
107 

96 lll 
95 114 
91 95 

100 109 
91 
94 
90 

128 

B-100 H-90 

88 75 
96 

114 61 
67 67 
28 86 
41 
-6 
60 

77 
54 
64 
56 
58 

1See Ref. 1, Table 4 for the number of observations in each average. The lut five llnesofdatarepresent 
single observations. 
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Tempera6ur• 
Lovtl, p 

Exper Contr 

52 53 
.1 so 
32 so 
2S 50 
1Z 49 
8 49 
5 50 

20 35 
Sf 20 
so 4 
50 4to5 
50 50 
65 so 
89 50 
74 '50 
80 so 
84 51 
80 51 
85 50 

56 

81 
81 
90 
80 
79 
58 
96 

106 

109 
106 
119 
122 
121 
154 
186 
148 
156 
191 

MISSOURI ACRICULTURAL ExPERIMENT STATION 

•a 78 65 65 65 96 99 104 92 
55 53 60 55 •s 80 97 83 81 
69 78 58 77 55 97 91 104 78 
68 80 77 83 64 96 103 97 96 
83 77 78 M 86 93 108 98 85 
72 88 81 60 73 88 108 83 94 
72 88 88 76 70 93 112 107 108 
89 73 78 79 83 11• 119 124 110 
81 85 73 96 9S 
88 ~8 82 94 70 166 100 133 94 

94 103 us 120 
92 85 158 128 

93 84 98 90 76 165 92 106 127 
81 85 97 130 83 154 104 128 127 
87 137 105 169 69 207 88 199 103 
71 128 86 188 63 217 98 208 117 

181 199 203 214 
!Sf 201 218 252 
178 226 232 235 

98 95 80 115 125 
1s.. Table 1 for tbe au..mbtr ot obatrnuon.s ln eacb ave.raa•. 

105 78 
eo 74 
87 75 
83 98 
73 88 
1. 80 
99 110 
93 94 

~· _!*' 
113 

-
140 104 
138 103 
152 96 
168 105 
183 
196 
230 

134 
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Temperature 
Level, °F 

&xper. Contr. Caljsq. meter/day (Open-Circuit MethOd) 

52 53 3865 2869 3804 3160 3436 3428 3996 3965 4118 3951 3381 3414 
41 50 3461 3080 3031 3023 3158 2354 3549 3111 3732 3211 3419 3189 
32 50 4255 2934 3895 3065 3767 2458 4260 3718 4221 3526 3354 3151 
23 50 4356 3260 3968 3544 4344 3185 4318 4165 4213 3950 3613 3662 
12 49 4266 3049 3124 3656 3537 2836 4198 3795 4508 3850 3004 3246 
8 49 4429 3135 3779 3060 3597 2892 3476 4118 4078 3867 3426 3310 
5 50 4478 3387 3245 3651 3760 3076 4352 3872 4316 3961 3554 3690 

20 35 4168 3379 3342 3354 3531 3251 4459 3208 4125 3571 3494 3049 
- 34 20 3608 3794 2958 3903 3708 3421 

50 4 4087 4861 3331 4153 3364 3796 4521 4874 4059 4583 3377 4125 
50 4to50 3701 3238 3155 3975 3922 2993 
50 50 3923 3161 3195 3997 3776 3000 
65 50 3900 3500 2653 3718 2549 1970 3603 3620 3861 3730 3013 3333 
69 50 3699 2847 3418 3643 3214 3287 3932 3501 3970 3857 2875 3347 
74 50 3811 3231 3524 3758 3570 3186 4270 3441 4243 3351 3124 3383 
80 50 3728 2834 1 3422 3509 3672 2814 3851 3398 3603 3654 3108 3553 
84 51 3722 ' 

2754 3229 3576 3531 2834 
90 51 3166 I 3003 4094 3030 3445 3383 
94 50 3285 

4123 1 
2983 2584 2583 3003 2461 

56 4281 3460 4062 4423 3812 
Caljsq meter /day fClosed~CircWt Method> 

52 53 4054 3316 : 3781 3617 3551 3214 3731 4180 3653 3673 3251 3604 
41 so 3979 3449 3705 3246 4107 2939 3880 3924 3755 3404 3330 3258 
32 50 4237 3849 4140 3407 4574 3166 3913 3742 3920 3582 3438 3382 
23 50 5042 3368 ! 4703 3200 5200 3246 4714 3670 4701 3651 4060 3400 
12 49 4977 3250 . 4746 332-7 4322 2897 4544 3638 4571 3278 4128 3120 
8 49 4790 3596 4444 3487 4594 3363 4539 3946 5041 3748 4266 3319 
5 50 4714 3664 4818 3255 4752 2963 4735 3609 4590 375S 4138 3395 

20 35 4373 4931 4211 4277 3631 3424 4360 4570 4462 4771 3828 4578 
34 20 4356 4385 4278 4136 3931 4941 4409 4357 4412 4312 3416 3991 
so 4 3683 6060 3425 4703 3331 5040 3975 5235 3877 4871 3353 4153 
50 • 3638 3006 3321 4139 3776 3084 

12 6196 4134 4244 5617 4712 38113 
19 5406 3969 4400 5201 4246 3630 
28 43~ 4267 3322 4238 4402 4049 
36 50 37S1 3607 4536 3940 3601 
35 4674 3772 3952 4071 42331 3938 

50 so 3753 3681 2981 3510 3014 3137 3612 3814 3830 3841 2519 3546 
65 50 3578 3441 2970 3104 2753 2939 3383 3634 3254 3501 2961 3105 
69 50 3626 3433 3071 3226 3197 3149 3247 3468 3181 3774 2931 307{ 
74 50 3760 3184 3529 3318 3249 3196 3946 3510 3635 3448 2712 3164 
80 50 3667 3317 2908 3.405 4146 2904 380S 3200 3430 3183 2400 3026 
84 so 3207 3127 3246 3623 3644 3171 3062 3339 3417 3099 2630 2731 
90 51 3938 3181 2960 3498 3043 2997 2684 3298 3753 3476 3271 3407 
95 50 3066 3159 3075 33S9 4375 2839 

50 3055 3867 3468 3844 3296 3202 
56 3955 3121 3497 83S8 3728 ·3257 

1See Table 1 for the number ot observations in each average. 

•The temperature was increased from 4 to 50°Fduring this period as s hown by the following daily d), .. 
servatlons. 
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CHAMBER. TEMPERATURE, "f 

:!:_ ___ CONTROL 
801--.- EXPERIMENTAL J-957 ) 
70~ I .I/""\ A ~! A ~·-.' v-

·-- \JI.. _,... '""" ' J· -"' v . !.'~,_-- ""'"'\'{h., I .>:··~~ \ ~{ 
~ ~ ~ ~ ·; ..,. ... , ~ .. -.- ...... - .. ""'- -rl ' - ... "' .,., Y ....... ,, '• y 

Fig. 6.-Comparlson of the daily pulse rates of the Experimental cows 
(continuous curves) and of their matched Control cows (broken curves). 
The asterisk In the temperature scale Indicates a transitional temperature 
period; the dagger Indicates a lowering of room temperature at the end of 
the experiment (see Table 2). 
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CHAMBER TEMPERATURE 'f 
CON ~) ~0 7~ ~ 

4 I ~0 ~6 

£XP. )2 41 I 32 23 12 8 ~ 65 9 74 8o 951 

'F -!. ----CONTROL I 
104 t- - EXPERIMENTAL 
10? 

-502. 

~ .A h ./""> _.A.-k' ~ ,,..-
~ r-~.r. • "' 

~~ 

"-'" J - !oa~-~ lch _.., 
"' 

,... ~\A,.. ' · · ~ rv'" 
100 

. v J-J9'J-v f-. 

I 

104 I I II 
H ~ .orJ.AJ. 'l'v I 

Fig. 7.-Similar curves as in Fig. 6 but for dally rP.Ctal temperature 
measurements. Note that rectal temperature Is constant below a room 
temperature of approximately 70°F but rises rapidly for hlgller room tem­
peratures. 

27 
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CHAMBUl. TEMPERATURt 'F 
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Fig. 8.-Similar curves as in Figs. 6 and 7 but for daily respira­
tion rates. Note that respiration rate rises with rising chamber tem­
perature over the entire tempera ture range from 5• to 95' F. Results 
ot a. preceding study (1) indicate that respiratory rate reaches a. 
maximal value at about 95•F and decreases with f urther rise in 

chamber temperatures. 
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