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Effects of Growth and Environmental 
Temperature on Surface Temperatures of 

Beef Calves 

R. E. STEWART AND M. D. SHANKLIN 

IN TRODUCTION 

The dissipation of hear from rhe animal surface by convection and radiation 
must necessarily rake place in accordance with the temperature difference berween 
the animal surface and the surrounding surfaces, assuming that conduction is 
minimized by the standing posicion. Therefore, prediction of rhe convecrion and 
radiation hear transfers from and to animals ar various environmental tempera· 
cures will depend on know ledge of surface remperarures. 

The surface (hair and skin) temperatures of mature dairy cows and dairy 
heifers as affected by environmental temperature have been reported by Thomp­
son et at. in previous bulletins of rhe Environmental Physiology and Shelter 
Engineering Series (1, 2). The present report is rhe first one in which effect of 
growth on surface temperature is considered. 

The dara reported in this publication were obtained under the conrrolled 
conditions of the Psychroenergeric Laboratory, as parr of a srudy of the effect of 
environment on calf growth. 

MATERIALS AND METHODS 

Brahman (Zebu), Shorthorn, and Sanra Gerrrudis breeds were used. Three of 
each breed were placed in each test room of the laboratory. One tesr room was 
held at consranr remperarure of so• F and abour 62 percent relative humidiry; the 
ocher resr room was held at constant temperature of so• F and about 54 percent 
relative humidiry. Duration of rhe exposure co the constant condition was about 
thirteen and a half monrhs (5). The calves weighed 115·160 pounds initially and 
were about 8 co 10 weeks old. 

During the consranr-temperarure phase (in which most of the growth rook 
place) the surface temperatures were taken approximately every week. The ani· 
mals were weighed periodically by rhe Dairy Husbandry D epartment collab­
orators (7). 

Afrer completion of rhe constant-temperature phase, rhe animals were sub­
jeered to a series of environmental remperarures ranging from 65° to abour 110° 
F. The duration of rime at a given rem perature was somewhat variable, bur rhe 
sur6.cc: temperatures were obtained ar least twice during a given temperature 
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period. Table 1 shows the schedule of environmental condicions which was fol­

lowed clueing the variable-temperacute phase. 

Complete details as to laboracory arrangements and conditions were given 

br Yeck (5). 

TABLE 1~-SCHEDULE OF ENVIRONMENTAL CONDITIONS 

Test Room I 

Psyc!U'oenergetic LabOratory 
12/28/SS to 3/31/S6 

Test Room lJ 

500 F calves (all breeds)• sao F calves (all breeds)•• 

12/28-2/2 65° F 70% r .h. 
2/ 3 -2/26 80° F 42% r . h. 

1/4 -2/9 65° F 70% r.h. 
2/10-2/19 80° F 42% r.b. 

2/27-3/2 90° F 31% r.h. 2/20-3/2 90° F 31% r.b. 

50° and S0° F calves were Interchanged 3/2/56 and primary attention was given 

to the calves In Test Room U. 

• S0° F ealves represent those raised at 50° F In Test Room I from ll/1V54 to 

12/28/ 55. 

••so° F calves were raised at 80° F In Test Room n from 11/17/54 to 12/28/55. 

3/2 -3/9 
3/10-3/11 
3/12-3/16 

3/17-3/18 
3/19-3/21 
3/22-3/23 
3/ 24-3/ 25 

3/26-3/27 
3/27 
3/ 2S-3/30 

3/2 -3/16 

3/16-3/24 

3/24-4/1 

Test Room n 
Day 

S0° F calves (all breeds) 
90° F 31% r.h. 
82° F 33% r ..b. 

100° F 23% r .h. 

50° and S0° F Santa Gertrudis and S0° F Brahman 
94° F 28% r.h. 94° F 

110° F 23% r.b. 104° F 
106° F 26% r.b. 93° F 
S0° F 35% r .b. S0° F 

50° and S0° F Brahman 
105° F 25% r.h. 
Drocfped to 65° F at night 
105 F 52% r.h. 

Test Room I 

80° F calves 

Night 

31% r.h. 
33% r.h. 
30% r.h. 

28% r.h. 
26% r.h. 
28% r.h. 
35% r.b. 

27% r.b. 

26% r.b. 

Variable 70° - 80° F and about 50% r.h. 

S0° and S0° F Shorthorn - 80° F Brahman 
Variable 65° - 80° F and 45 to 75% r.h. 

50° and 80° F Santa Gertrudis - 50° F Shorthorn 
(80° F Shorthorn moved out of laboratorv) 

Variable 65° - 80° F and 45 to SO% r.h. 

Two major differences may be observed between the above schedule and previous 

test schedules. One, the dew );>:)lnt was held approximately constant at 550 F In the 

above tests Instead of the relative humidity. At uoo Fair temperatures the dew 

);>:)lnt was elevated to about 65° F. With 52% humidity at 1050 Fair temperatures, 

tbe dew point temperature was about sso F. 
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Fig. I -Phorograph of instrummt uud for mea.rurtmml of skin and hair tempera tum of 
rall!t. Tbt short tbermocouple 011 tbe md of the arm wa.r used jot· skin temperature; the long 
tbet·mocouple near rbe box u·a.r ll!ed for bair temperaturt. The box served a.r handlt and also 
a.r mount for a su•itrb. Tbermocouplts wtrt of ropper-ronsrnnratt composition. In liSt. this instfll· 
mmt was cotmected to a continuous-balance. electronic-amplified. indicating poremiometer. Sn 
Rtjtrtnct 3/or details. This imtrummt was ronsrrumd by the senior aurhor. 

The instrumenr used for rnking skin and hair remper.uures was described by 
Srewarc and Brody (3). The insrrumenc is shown in Figure 1. The instrument 
consisted of rwo copper·consranrnn thermocouples: a shore one (No. 30 A.W.G.) 
used for measuring skin temperarure and a long one (No. 24 A.W.G.) used for 
measuring hair temperarure. The rwo thermocouples were connected through a 
switch to an auromatic-balance, remperarure-compensated recording potenciomet· 
er used as an indicator and calibrated for copper-consranrnn. The scaie range was 
0°·50° C, with an accuracy of 0.5• C and a sensitivity of less chan 0.1° C. The 
calibration was checked frequendy against appropriate standards. 

The instrument was used as follows : rhe thermocouple used for skin rem· 
perature is the shorter one (see Figure 1). At a selected spor on the animal this 
thermocouple was inserred gently beneath rhe hair and moved very slowly while 
in conracr wirh the skin. On acrainmenr of rhe equilibrium remperarure on the 
porenriomerer rhe instrument was switched co rhe longer thermocouple. The 
longer thermocouple was brushed lighdy on rhe hair surface co obuin hair tern· 
perature. 

The same areas were measured on the animals as previously reponed in (3). 
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These areas were cop of back, right side. belly. and lefc side, which form che 
main body. Dewlap surface remperacures were raken on all breeds, bur navel Aap 
surface remperarures were caken only on rhe Brahman breed. 

DATA AND DISCUSSION 

EffeCt of GroWYh ar Consonr air Temperature. 

The cables of original daca for the conscanHemperarure phase ue in che 
Appendix, numbered 3 through 9. The main b<xly cemperarures in che cables were 
formed by averaging che four main body remperarures for each animal and chen 
averaging the same figures for rhe chree animals of each breed. The fkw/ap and 
11avel flap temperatures were averaged for each breed. The weights associated 
with rhe surface rempecacures represent averages for each breed for che g iven 
dare. 

The data in che Appendix cables were formed inro lease-squares relationships 
using the equation 

Y =A+ BX, 
Y = Surface Temperature, 
X = Body Weight, 

A and B = Constants. 
For each lease-squares line rhe coefficient of correlation, r, and standard er­

ror of estimate, S,.,were determined by rhe usual procedures. These values are 
listed in Table 2, rhe summary of scatiscical daca for rhe conscanc-remperacuce 
phase. 

Body weighr was chosen for correlarion rarher chan age because previous 
work has shown char age, of irself, has little effect on surface remperarures of 
cacde (1, 2). 



TABLE 2--SUMMARY OF STATISTICAL DATA FOR RELATIONS BE1WEEN 
WEIGHT AND SKIN AND HAIR TEMPERATURES 

Eauation 
7X -.61 1.0 Brahman Skin, Main Body, 800 F 38 (Avg. of 4 places on 3 animals 38 times. 

Y~92.4+.0019X +.26 1.1 Brahman Hair, Main Body, 800 38 (Avg. of 4 places on 3 animals 38 times) 
Y~94.5-.012X -.85 1.4 Brahman Skin, Main Body, soo 36 (Avg. or 4 places on 3 animals 36 times) 
Y• 76.9-.0046X -.36 2.1 Brahman Hair, Main Body soo 36 (Avg. of 4 places on 3 animals 36 times) 
Y=87.8- .029X -.75 4.6 Brahman Skin, Dewlap, sob 36 (Avg. of one place on 3 animals 36 tlm!'S) 
Y~73. 5-.018X -.64 4.0 Brahman Hair, Dewlap, soo 36 (Avg. of one place on 3 animals 36 times) 
Y=97.1-.0037X -.49 1.3 Brahman Skin, Dewlap, 800 38 (Avg. of one place on 3 animals 38 times) 
Y=92.9+.00005X +.20 1.3 Brahman Hair, Dewlap, 800 38 (Avg. or one place on 3 animals 38 times) 
Y•97 .9-.0021X -.46 1.0 S.G.3 Skin, Main Body, 800 38 (Avg. of 4 places on 3 animals 38 times) ::0 
Y~91.4+.0037X +.59 1.0 S.G.3 Hair, Main Body, 800 38 (Avg. of 4 places on 3 animals 38 Urnes) !;l 

"' Y=94.6-.0063X -.51 2.5 S.G.3 Skin, Maln Body, 500 37 (Avg. or 4 places on 3 animals 37 times) > 
Y=77.9- .0013X -.24 4.0 S.G.3 Hair, Main Body, soo 36 (Avg. of 4 places on 3 animals 36 times) "' n 
Y=99.1 - .0043X -.35 1.0 Sh.4 Skin, Main Body, 800 38 (Avg. or 4 places on 3 animals 38 times) X 

Y=91.7-.0014X - .15 1.4 Sh.4 Hair, Main Body, 800 38 (Avg. or 4 places on 3 animals 38 times) tJ:) 
c 

Y=93.6-.0033X -.46 1.3 Sh.4 Skin, Main Body, 500 37 (Avg. of 4 places on 3 anltnals 37 times) t" 

Y~77.0-.0042X -.30 2.7 Sh.4 Hair, Main Body, 500 36 (Avg. or 4 places on 3 animals 36 times) § 
Y~97.7-.00019X - .21 .9 Sh.4 Skin, Dewlap, 800 38 (Avg. of one place on 3 animals 38 times) z Y=91. 7+.0043X +.38 1.6 Sh.4 Hair, Dewlap, 800 38 (Avg. of one place on 3 animals 38 times) o-
Y~92.7-.0020X -.24 1.5 Sb.4 Skin, Dewlap, 500 36 (Avg. of one place on 3 animals 36 times) "" "' Y=79.8+.0033X +.19 3.5 Sh.4 Hair, Dewlap, 500 36 (Avg. or one place on 3 animals 36 times) 
Y=96.8-.0038X - .15 1.0 S.G. Skin, Dewlap, 800 38 (Avg. of one place on 3 animals 38 times) 
Y=92 .4+.0035X +.53 3.5 S.G. Hair, Dewlap, 800 38 (Avg. of one place on 3 animals 38 t imes) 
Y=88.8=.0063X - .31 4.6 S.G. Skin, Dewlap, 500 37 (Avg. or one place on 3 animals 37 times) 
Y=79.8-.0042X -.16 6.1 S.G. Hair, Dewlap, 500 36 (Avg. of one place on 3 animals 36 times) 
Y=96.1-.0094X -.03 1.2 Brahman Skin, Navel Flap, 800 37 (Avg. of one place on 3 animals 37 times) 
Y=92.4+.0082X +.15 1.4 Brahman Hair, Navel Flap, 800 37 (Avg. of one place on 3 animals 37 times) 
Y• 85.8-.023X - .62 5.2 Brahman Skin, Navel Flap, 500 35 (Avg. of one place on 3 animals 35 times) 
Y=77.9-.022X -.61 5.1 Brahman Hair, NavelFlap, 5o0 35 (Avg. of one place on 3 animals 35 times) 
I standard error of estimate in oF. 
2Main body measured on back, right and left sides and belly. Dewlap and navel flap measured on one side only. 
;santa Gertrud!s. 

"' Shorthorn. 
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Fig. 2-lllain lxxfJ ski11 ami hair umpn-aturtS bf all thm bmds at so• F t011Siallt air ttm­

puatrlrt. T~ rtgmsiol1 li11tS u~w dtttrmintd frbnt t~ data siXJum in tht Appmdix. T~ dt­

masing hair ttmperaturt 11/ t~ Shorthbm was aJStxiattd with ltJngtr hair in c11mparison u·ith 

t~ bt~ tu·b bmds. 

The lease-squares lines are plorred in Figures 2 to 6. Figute 2 shows rhe plotted 
data for main body skin and hair temperatures of all breeds ar so• F consram air 
temperarure. This iigute indicates that skin remperarurc of all breeds decreased 

with increasing body weighr. Hair temperatures of Brahman and Santa Geruudis 
increased wirh incre!lsing body weight. bur main body hair temperature of rhe 
Shorrhom decreased. This could be associared with rhe comparatively long hair 
maintained br rhe so• Shorthorn calves. 
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Jion lint1 wttt formtd from rht tiara in rht Apptndix. 

9 

Figure 3 shows the lease-squares lines plorre<l for main bocly surface temper· 

arures of all br~ at so• F consrwr air remperarure. Figure 3 reveals th2t at 50° 

the average trend of surface temperature was downward with increasing weight. 

The Brahman skin remperarure was significantly lower than that of other breeds, 

with the difference increasing with increasing weight. The Brahman hair temper· 

arure was likewise lower than that of the other breeds. 
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Fig. 4-Skin and hair temperatum for the Brahman bmd, 
IMVtl flap and deu•lap, at )0° and so• F (()IIJlall/ air /em· 
perature. 

Figure 4 illusrrares rhe regression lines for rhe Brahman appendage (dewlap 
and navel flap) remperarures. These regressions indicate a remarkable decrease in 
skin and hajr remperarure of rhe appendages wirh increasing weight ar 50° F. 
The facr char rhe Brahman dewlap and navel flap became quire pendulous wirh 
increasing maruriry may account for rhe rendency ro approach environmental 
remperarure. Ar so• rhere was lirde change in surface remperarure with " 'eight, 
alrhough rhe rypical downward rrend in skin temperature and rising trend in 
hair cemperature was observed. 



100 

98 

6 ~ 9 

u.: 
0 94 

I 
w 92 cr 
::> 
I- go 
<2: 
cr 
w 88 a.. 
:::?; 
w 86 
1-

84 

82 

eo 

78 

I 
I 
' I 

Ill 

(21 

(31 

(41 

-

I I I I I I 
SHORTHORN. 

II) 

I ~ (21 

-+--
(3) 

SKIN, DEWLAP, so• F. y . 97. 7 - 0.00019 X. 
HAIR, DEWLAP, eo• F. y . 91.7 + 0 .0 043 X. 
SKIN, DEWLAP, !5o• F. y. 92.7- 0.0020 X. 
t4AIR, DEWLAP, so• F. y . 79.8 + 0 .0033 X. 

- (4 ) --1-- --
~---

0 100 200 300 400 500 600 700 800 900 1000 

WEIGHT- lbs. X. 

Fig. 5 - Skin anti hair ltlltp.rarum for rh< tltu1ap oj rh< ~·borthorn brttrl 
at 50° and 80° p (()nJtanl air tnnptraturt. 

Figure 5 illustrates the regression Jines for the Shorthorn dewlap tempera­
tures at 50° and so• F. At so• the skin and hair temperatures tended to intersect 
with increasing weight, an effect usually observed at the so• F air temperature. 
At so• F the dewlap hair and skin temperatures of the Shorthorn behaved in a 
similar fashion, although with lower temperarures. This behavior of the so• F 
Shorthorns is unlike the dewlap temperature behavior of either the Brahman or 
Santa Gertrudis. The Sanra Gertrudis' dewlap temperatures (Figure 6) have the 
typical inrersecrion characterisric at so• F buc at 50° F both hair and skin tem­
peratures decreased with increasing weight similar to the Brahman. 

In examining the data in general, several conclusions may be drawn: 
I. At so• F constant temperature, increasing weight is associated with de-



100 

9 8 

>' 9 
u: 6 

0 

94 

w 
a: 92 
=> 
I­
< so a: 
w 
CL 88 
~ 
L4J 
1- 86 

84 

82 

80 

78 

76 

I I 
SANTA 

I I 
(I) SKIN, O!WLAP, 

- (Zl kAIR, OEWLAP, 

(I) SKIN, OEWL.AP, 

- (4) HAIR, OtWL AP, 

J 
< I , 

~--- --(2) -

-(3 ) 

r-- --
(4) - 1---

I I I 
GERTRUDIS . 

I I I 
ao• ' · v • ••·• - o.oo031 •• 
eo•,_ v- tz.•+ o.oo~5 •• 1--
so• F. Y • 1 1.1 - O.OO&S X. 

50• F. Y • 'ft.l - 0 .0042 •• 1--

- -· -· 1-

r--- r--
r--

r-- -- -
0 100 200 300 400 500 600 700 800 900 1000 

WEIGHT-Ibs. X. 
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breed, at )0° and so• F constant air umperature. 

creasing skin temperature and increasing hair temperature, except for Shorthorn 

nuin body hair. This is apparently true of the entire body, including dewlap and 

navel Bap. 
2. At 50° F constam temperature, the skin and hair temperature both de­

crease with increasing weigh t. This is apparently true for all pa.rts of the body, 

with the sole exception of the Shorrhorn dewlap. In the Brahman, the decrease 

in dewb p and navel Bap temperatures with increasing weight is remarkably steep. 

Similar effects were observed by Kelly tt a!., (4) with swine surface tem­

perarures as measured by dermal radiometer. 
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Effecc of Various Enviro nmental T emperatures. 

After complerion of the consram-remperarure phase, rhe calves were sub­
jeered to various air remperarures ranging from approximarely 6~ · F ro 110° F, 
as shown in Table 1. 

In considering chis ponion of rhe dan ir is necessary co define the meaning 
of rhe rerms "~o· F calves" and "so• F calves". The ~o· F calves were chose 
which were raised at ~o· F constant air temperature 2nd the so• F calves were 
raised at the constant so• F air temperature. 

T he dara are presented in Figures 7 co 10, inclusive. Average surface rem­
perature values were plorred and then connecred by inspection. Comparison of 
Figures 7 and 9, data for main body skin and hair remperarures of rhe so• F and 
~o· F calves, shows licrle difference berween rhe rwo remperature groups. The 
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~/ ~~- •• 

(7) . ~ I -'/ ~_.... ( I) , • , $RAHMAN, 0£WLAP, SKIN 

( 1)~": <f"' / f2) , o , BRAHMAN, DEWLAP, HAIR - -.. , 
I • _.. 

(3), • • SANTA GE RTRUOIS, 0£WLAP, SKI N, -
[~;~.--: t:7 (4) , 0, SANTA GE RTRVCWS, O!WLAP, HAIR. 

1i\~ 
(5). e , SHORTHORN, DEWLAP, SKIN, - -
(6L 0 , SHORTHORN, DEWLAP, HAIR 

(7), • , BAAHlolAN, NAVEL FLAP, SKIN -r--
(8), Q , BRAHMAN, WI. VEL FLA.P, HAI R -f--. 

TO 

70 •• 70 7$ 80 8$ 9('1 95 100 100 110 

ENVIRONMENTAL TEMP<. RATURE, •F. 

Fig. 8 -Skin and hair temperaturo of 80° F calveJ as a function of m vir011mmtal temperaturr:. 
Tl>t ttmperatllm arr: those taken on the dewlaps of all breeds and the nawl flap of the Brah­
llla/JS. Cun~s drauw by inspection. Dashed curveJ arr: hair temperalllres. 

Shorthorns had the highest skin temperatures and the lowest hair temperacuses 
of both groups (main body loca tion), an effect probably associated with longer 
hair coats. 

Skin and hair temperatures for the dewlaps of all calves and the navel flaps 
of the Brahmans are shown in Figures 8 and 10. As with the main body tempera· 
rures, there is little difference between the behavior of the 50° F and so• F calves. 

After reviewing the above data it must be concluded that the temperacuse 
at which a calf is raised has litrle or no effect on subsequenr surface tempera­
cures. 

Reference to preceding surface temperature work (1, 2, 3, 6) shows that the 
surface temperarures of our calves after reaching 750-900 pounds in body weight 
were very similar to those measured previously on marure stock. 
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b/ • • I 
(I), A , MAHktA.N. M.l.IN 800Y, SKIN 

-CZ),., a.tAHNAN, MAIH IOOY, KA.Itlt 

(3), e , SANTA GfftTRUOlS, WAIN IODY, I JCI N. -
{4},0, $A.frfTA GtltTRUOIS, MAINIODY, HAillt. 
(5), e , SHORTHORN, NAIN BOO'f, SKIN . -
16) ,0 , S~o«OftTHORH, WAJN BODY', HAIA. 
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ao a& 9o u 100 10$ 110 II$ 

ENVIRONMENTAL TEMPERATURE, 'F. 

Fig. 9-Main lxxiJ skin and hair tnnptratum oj 50" F tah'<S as aflemd bJ tnvironmmtal 
umptraturt. Cul"'lt1 drawn bJ inspt<tion. Dashtd tlll"'lt1 art hair ttmptralllm. 
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(1), 0. ISRA.IitMN. NAYU FLAP, HAIR 
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ENVIRONMENTAL TEMPERATURE. "F. 

Fig. 10-S*.in and hair ttiTiptralum for tht appmtlagts oftht ;o• F talm, as aff«ttd by m­

l'ironmmtalttmptraturt. Curves drawn by inspwion. Dashtd tuNJtS art hair ttmptratum. 



RESEARCH B ULLETIN 656 17 

APPENDIX 

TABLE 3--BRAHMAN MAIN BODY SKIN AND HAIR TEMPERATURE AT 50° F 
AND 80° FAIR TEMPERATURE (AVERAGE OF THREE CALVES) 

50 F 80 F 
Skin Hair Skm Hall' 

Weight, Temp. Temp. Weight, Temp. Temp. 
Date Lbs. OF OF Lbs. OF OF 

11- 19-54 139 90.5 72 .9 145 97.8 92.5 
12- 3- 54 160 92.0 74.7 165 97.1 91.3 
12-10-54 170 92.3 76.5 177 97.5 91.4 
12-17-54 183 91.7 75.6 190 98.0 92.2 
12-23-54 198 92.3 73.9 201 97.5 92.2 
12-31- 54 203 91.6 72.9 211 97.5 92.7 
1- 7- 55 217 92.5 76.1 230 97.1 92.2 
1-14-55 230 92.0 73.4 247 97.2 91.9 
1-21-55 244 92.6 76.7 262 99.1 93.8 
1-28- 55 256 91.1 75.4 277 96.1 91.4 
2- 4-55 267 91.0 75.8 292 98.8 94.6 
2 - 11-55 285 90.7 76.6 310 98.4 94.1 
2-25- 55 314 91.0 76.5 343 97.1 93.9 
3- 4- 55 362 98.1 95.1 
3- 11-55 349 90.7 78.3 378 96.2 93.6 
3- 18- 55 363 89.8 77.4 393 97.9 94.7 
3-25-55 377 90.7 76.9 406 96.5 93.0 
4 - 1-55 390 89.7 73 .9 420 96.9 93.5 
4-15-55 416 89.2 74.4 454 97.1 94.4 
4-22-55 428 87.9 76.1 470 95.6 92 .4 
4 -29-55 440 91.1 78.7 485 98.1 95.5 
5-13- 55 463 89.4 78.0 507 97.7 94.7 
5-20-55 475 88.2 74.7 518 95.2 92.3 
5-27-55 486 88.1 74.5 528 96.1 93.0 
6-20-55 525 90.5 77.7 557 95.6 93.0 
6-27-55 536 90.1 76.6 564 96.5 93 .3 
7- 11-55 552 87.8 75.0 583 98.2 94.4 
7-26-55 567 92.0 77.9 604 97.8 95.1 
8- 8-55 583 89.8 75.4 619 95.6 92.1 
9- 1-55 603 88.5 72.3 644 96.4 93.1 
9-21-55 664 95.8 93.8 
9-28-55 640 87.5 73.1 671 96.3 94.0 

10- 14-55 658 84.4 72.3 689 95.3 93.0 
10-28-55 670 85.5 74.2 703 94.9 92.6 
11-11-55 685 84.5 73.5 720 94.8 92.9 
11-25-55 700 85.0 74.0 737 93.2 91.4 
12- 10-55 715 84.1 67.8 752 96.7 94.3 
12-23-55 728 84.6 69.6 765 97.4 95.2 
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TABLE 4--BRABMAN DEWLAP SKIN AND HAIR TEMPERATURE AT 500 F 
AND 80° FAIR TEMPERATURE (AVERAGE OF THREE CALVES) 

F 
Skin Hair Skin Ha[r 

Weight, Temp. Temp. Weight, Temp. Temp. 
Date Lbs. OF OF Lbs. OF OF 

11-19-54 139 73.4 66.7 145 96.5 93.4 
12- 3-54 160 85.0 67.3 165 94.9 91.7 
12-10-54 170 79.3 69.7 177 94.5 91 .5 
12-17-54 183 82.3 72.4 190 95.5 92.0 
12-23-54 198 85.9 74.9 201 95.7 93.6 
12-31-54 203 84.9 69.1 211 96.9 91.9 
1- 7-55 217 82.5 73.5 230 95.7 92.1 
1-14-55 230 86.3 75.1 247 95.7 92.9 
1-21-55 244 83.7 70. 0 262 97 .4 93.4 
1-28-55 256 89.0 79.3 277 94.7 91.0 
2- 4-55 267 80.1 61.5 292 98.3 94.6 
2-11-55 285 83.8 67.5 310 97.1 93.5 
2-25-55 314 72.3 66.3 343 96.9 93.5 
3- 4-55 362 97.3 95.0 
3-11-55 349 81.6 70.3 378 96.2 93.1 
3-18-55 363 79.8 65.8 393 97.1 94.4 
3-25-55 377 83.7 71.0 406 94.5 92.7 
4- 1-55 390 68.1 61.3 420 95.5 93.2 
4-15-55 416 69.9 60.1 454 97.0 95.1 
4-22-55 428 72.5 61.2 470 94.6 93.3 
4-29-55 440 71.0 67.5 485 97.4 95.7 
5-13-55 463 71.5 62.1 507 96.0 92.8 
5-20-55 475 63.9 59.5 518 93.1 91.1 
5-27-55 486 67.6 57.3 528 94.7 91.7 
6-20-55 525 72.5 62.8 557 95.0 93.3 
6-27-55 536 76.6 65.6 564 94.6 92.5 
7-11-55 552 73.1 63.7 583 96.6 94.8 
7-26-55 567 74.7 67.1 604 96.9 93.9 
8- 8-55 583 77.0 60.3 619 93.7 90.8 
9 - 1-55 603 73. 7 58.1 644 93.9 92.3 
9-21-55 664 94.9 93.9 
9-28-55 640 71.6 64.1 671 94.9 93.7 

10-14-55 658 65.5 58.6 689 94.3 92.0 
10-28-55 670 69.2 64.7 703 92.9 91.9 
11-11-55 685 67.8 64.1 720 93 .7 92.6 
11-25-55 700 69.4 64. 6 737 91.7 89.7 
12- 10-55 715 65.3 59.5 752 95.1 93.8 
12-23-55 728 67.3 63.1 765 95.4 94.4 
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TABLE 5--BRAHMAN NAVEL FLAP SKIN AND HAIR TEMPERATURE AT 500 F 
AND 800 FAIR TEMPERATURE !AVERAGE OF TIIREE CALVES) 

sou F aoo F 
Skin Hair Skin Hair 

Weight, Temp. Temp. Weight, Temp. Temp. 
Date Lbs. OF oy Lbs. oy OF 

11-19-54 
12- 3-54 160 77.2 69.3 165 94.9 90.8 
12- 10-54 170 81.3 74.0 177 94 .3 87.9 
12 -17-54 183 82.5 78.5 190 94.9 92.6 
12-23-54 198 86.0 76.9 201 96.5 92.7 
12-31-54 203 82.9 72.6 211 95.9 92.8 
1- 7-55 217 78.1 72.2 230 95.3 92.3 
1-14-55 230 85.1 76.9 247 96.1 93.0 
1-21-55 244 82.0 76.4 262 97.1 93.3 
1-28-55 256 84.3 74.5 2'77 95.6 92.6 
2- 4-55 26'7 66.7 57.3 292 96.9 95.3 
2-11-55 285 82.4 74.8 310 96.3 93.3 
2-25-55 314 69.2 63.2 343 95.5 92.6 
3- 4-55 362 97.1 95.3 
3-11- 55 349 82.5 73.4 3'78 95.4 92.5 
3-18- 55 363 80.5 '70.5 393 96.3 94.1 
3-25-55 377 77.3 68.9 406 94.9 92.9 
4- 1-55 390 71.0 67.3 420 95.4 92.7 
4 -15-55 416 73.7 67.6 454 97.0 94.5 
4-27-55 428 76.7 70.0 470 94.4 92.2 
4 -29-55 440 81.2 75.3 485 97.8 95.7 
5-13-55 463 73.5 66.5 507 96.8 93.2 
5-20-55 475 68.5 64.7 518 93 .3 90.5 
5-27-55 486 70.3 63.9 528 95.4 93.1 
6-20-55 525 84.0 76.9 557 95.0 93.3 
6-27-55 536 77.5 68.1 564 95.7 92.5 
7-11-55 552 70.0 64.7 583 97.2 93.3 
7-26-55 567 85.9 77.5 604 97.2 94.2 
8- 8-55 583 71.2 60.2 619 92.6 89.8 
9 - 1-55 603 70.3 57.9 644 96.1 92.7 
9-21-55 664 96.1 93.4 
9-28-55 640 72.2 64.1 671 95.8 93.4 

10-14-55 658 62.8 57.0 689 95.5 92.9 
10-28-55 670 73.4 67.5 703 93.7 91.3 
11-11-55 685 71.2 65.4 720 94.8 93.5 
11-25-55 700 64.0 57.7 737 92.8 91.9 
12-10-55 715 65.3 59.7 752 96.6 93.7 
12-23-55 728 70.5 63.4 765 96.3 92.5 



20 MISSOURI AGRICULTURAL EXPERIMENT STATION 

TABLE 6- -SANTA GERTRUDIS MArn BODY SKIN AND HAIR TEMPERATURE AT 
soo F AND 80° FAIR TEMPERATURE ~AVERAGE OF THREE CALVES) 

Sou F sou F 
Skin Hair Skin Hair 

Weight, Temp. Temp. Weight, Temp. Temp. 
Date Lbs. OF OF Lbs. OF OF 

11-19-54 142 92.5 74.5 142 97.4 91.6 
12- 3-54 162 93,3 74.7 158 96.8 91.0 
12-10-54 175 93.5 79.1 170 96.6 90.3 
12- 17-54 190 92.4 74.1 183 96.9 90.4 
12-23- 54 201 94.3 193 97.0 90.9 
12-31-54 213 93.5 73.4 204 98.1 92.3 

1- 7 -55 230 93.7 77.0 221 98.2 92.0 
1-14-55 250 94.3 77.4 240 .96.2 91.8 
1-21-55 266 93.8 79.0 257 99.3 93.9 
1 -28-55 282 92.9 79.7 273 97.7 93.1 
2 - 4-55 297 91.2 80.3 287 98.9 94.2 
2-11-55 315 93.8 81.2 307 98.2 93.4 
2-25-55 348 91.3 78.8 339 97.6 94.3 
3- 4-55 369 90.3 77.3 358 97.6 93.5 
3-11-55 386 93.8 82.2 375 96.4 93.0 
3-18-55 402 92.8 79.7 388 97.5 94.2 
3-25-55 417 93.7 79.1 402 97.2 93.3 
4- 1- 55 431 90.9 76.0 414 96.6 92.9 
4-15-55 463 91.6 74.9 443 96.5 92.4 
4-22- 55 477 90.6 76.5 457 95.0 91.6 
4-29 -55 490 91.6 80.0 470 97 .6 94.4 
5-13-55 523 92.5 77.4 495 96.7 93.4 
5- 20-55 540 90.7 75.8 508 95.7 93.5 
5- 27-55 557 91.0 77.5 518 95.3 92.8 
6-20-55 604 93.3 78.8 559 96.5 93.3 
6-27-55 617 90.9 77.0 569 96.8 92.9 
7-11-55 640 90.5 77.0 589 97.6 93.7 
7-26-55 663 91.9 77.4 609 99.5 96.2 
8- 8-55 680 91.0 75.4 623 96.2 93.4 
9- 1-55 714 90.2 74.3 649 96.7 93.4 
9-21-55 690 95.7 93.3 
9-28-55 766 89.3 78.6 703 97.0 94.5 

10-14-55 789 90. 0 76.1 723 96.6 94.0 
10-28-55 807 88. 3 76.7 737 96.8 93.4 
11-11-55 828 89.7 79.7 755 96.3 94.0 
11-25-55 848 87.0 77.2 773 94.4 93.5 
12-10-55 870 88.6 74 .8 792 96.4 94.4 
12-23-55 890 88.1 73. 4 808 96.5 93.6 
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TABLE 7--SANTA GERTRUDIS DEWL.Al? SKIN AND HAIR TEMPERATURE AT 
500 F AND 800 FAIR TEMPERATURE IAVERAGE OF THREE CALVES) 

SOD F sou F 
Skin Hair Skin Hair 

Weight, Temp. Temp. Weight, Temp. Temp. 
Date Lhs. OF ~ Lbs. OF OF 

11-19-54 142 73.7 66.1 142 95.9 91.6 
12- 3-54 162 88.2 74.7 158 96.0 91.1 
12-10-54 175 80.6 68.5 170 94.2 91.6 
12-17-54 190 84.1) 71.2 183 95.6 92.0 
12-23-54 201 86.0 193 96.1 94.1 
12-31-54 213 84.2 74.0 204 96.7 92.7 
1- 7-55 230 82.5 82.0 221 97.1 92.0 
1-14-55 250 86.3 79.9 240 96.7 93.3 
1-21-55 266 91.0 87.4 257 98.4 94.5 
1-28-55 282 93 .4 85.2 273 97.3 93.9 
2- 4-55 297 87.9 81.8 287 98.1 95.1 
2-11-55 315 92.4 83.8 307 98.2 95.4 
2-25-55 348 89.7 83.4 339 97.8 95.5 
3- 4-55 369 89.0 81.3 358 97.8 94.7 
3-11-55 386 92.5 87.9 375 96.2 95.0 
3-18-55 402 85.1 71 .2 388 96.3 94.8 
3-25-55 417 90.1 85.9 402 97.1 94.2 
4- 1-55 431 86.5 79.5 414 97 .1 93.5 
4-15-55 463 89.7 75.8 443 96.8 93.9 
4-22-55 477 90.9 82.9 457 94.3 91.9 
4-29-55 490 90.6 83.5 470 97.4 94.7 
5-13-55 523 85.3 76.6 495 96.8 93.8 
5-20-55 540 81.3 74.5 508 95.4 93.5 
5-27-55 557 86.9 81.5 518 94.4 93.0 
6-20-55 604 91.2 79.3 559 96.5 93.7 
6-27-55 617 87.5 84.6 569 97.0 94.9 
7-11-55 640 87.5 78.5 589 97.3 94.5 
7-26-55 663 88.9 78.0 609 99.2 96.7 
8- 8-55 680 82.7 64.6 623 96.3 93.0 
9- 1-55 714 84.7 66.6 649 96.9 93.5 
9-21-55 690 95 .7 94.8 
9-28-55 766 84.9 77.3 703 96.8 95.6 

10-14-55 789 77.6 70.9 723 96.7 95.1 
10-28-55 807 79.2 78.6 737 96.7 94.9 
11-11-55 828 84.7 83.1 755 96.0 95.4 
11-25-55 848 81.3 72.3 773 95.0 93.8 
12- 10-55 870 78.3 73.8 792 96.2 96.1 
12-23-55 890 75.2 71.9 808 96.3 94.6 
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TABLE 8--SHORTHORN MAIN BODY SKIN AND HAIR TEMPERATURE AT 500 F 
AND soo FAIR TEMPERATURE (AVERAGE OF THREE CALVES) 

500 F 800 r 
Skin Hair Skin Hair 

Weight, Temp. Temp. Weight, Temp. Temp. 
Date Lbs. or Of" Lbs. or or 

11-19-54 133 93.3 73.1 115 99.3 90.6 
12- 3-54 156 93.4 74.8 128 98.5 89.9 
12- 10-54 167 91.9 75.0 137 98. 1 92.4 
12-17-54 180 93.4 73.7 146 99.0 91.8 
12-23-54 190 95.2 154 98.9 91.6 
12-31-54 202 94.7 74.1 162 99.4 92.1 
1- 7-55 220 92.2 75.6 170 98.3 91.9 
1-14-55 240 92.6 75.4 177 97.3 90.9 
1-21-55 258 94.2 79.1 185 97.8 92.6 
1-28-55 277 92.9 78.7 192 97.9 88.0 
2- 4-55 291 92.6 76.4 200 99.6 95.0 
2-11-55 309 93.3 82.1 210 97.6 92.2 
2-25-55 342 92.1 78.2 227 97.9 91.9 
3- 4-55 362 88.4 70.7 238 96.5 90.8 
3-11-55 377 93.0 80.2 247 98.0 91.8 
3-18-55 390 89.6 73.9 255 97.2 92.0 
3-25-55 404 92.0 78.2 262 96.3 90.5 
4 - 1-55 417 91.1 74.4 270 97.4 90.6 
4-15-55 444 92.6 73.7 293 95.4 89.4 
4 -22-55 457 90.7 75.0 303 96.0 91.5 
4 -29-55 470 91.6 74.4 313 97.1 93.0 
5-13-55 497 92.2 76.4 336 96.8 91.3 
5-20-55 510 90.7 73.3 348 95.9 89.4 
5-27-55 522 91.7 75.1 358 96.2 89.'1 
6-20-55 562 92.4 '16.5 386 98.3 90.0 
6-27-55 573 92.8 74.7 394 97.8 94.2 
7-11-55 593 93.0 '14.7 410 97.1 91.7 
7-26-55 613 94.4 74.5 428 99.4 93.8 
8- 8-55 631 91.8 70.7 442 97.0 90.8 
9- 1-55 655 92.1 73.7 46'1 97.9 91.5 
9-21-55 492 98.8 90.9 
9-28-55 694 93.2 75.8 500 97.9 91.4 

10- 14-55 715 91.5 74.0 523 98.9 90.4 
10-28-55 733 91.2 76 .2 543 97.4 90.3 
11-11-55 750 91.8 78.7 556 98.2 92.0 
11-25-55 761 89.4 75.2 589 95.9 90.9 
12-10-55 782 90.1 69.4 591 97.2 89.'1 
12-23-55 798 90.4 68.1 612 97.7 90.3 
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TABLE 9--SHORTHORN DEWLAP SKIN AND HAIR TEMPERATURE AT soo F 
AND 80° FAIR TEMPERATURE (AVERAGE OF THREE CALVES) 

56° F 860 F 
Skin Hair Skin Hair 

Weight, Temp. Temp. Weight, Temp. Temp. 
Date Lbs. OF OF Lbs. OF OF 

11-19-54 133 88.9 76.3 115 98.1 91.1 
12- 3-54 156 92.2 75.0 128 97.7 88.4 
12-10-54 76.1 137 97.0 92.9 
12-17-54 180 93.1 83.5 146 98.6 93.0 
12-23-54 190 93.7 154 98.0 93.7 
12-31-54 202 93.3 76.3 162 99.6 92.3 

1- 7-55 220 92.2 79.7 170 98.1 91.9 
1-14-55 240 93.3 76.2 177 96.7 90.8 
1-21-55 258 94.2 85.7 185 98.1 93 .7 
1-28-55 277 94.2 85.2 192 97.8 92.8 
2- 4-55 291 92.1 83.3 200 99.2 94.7 
2-11-55 309 93.1 86.4 210 97.4 93.1 
2-25-55 342 92.4 85.8 227 97.9 93.1 
3- 4-55 362 91.4 81.0 238 96.9 91.8 
3-11-55 377 89.1 83.6 247 97.9 93.8 
3-18-55 390 88.7 84.4 255 96.8 93 .7 
3-25-55 404 91.9 84.4 262 96.2 91.4 
4- 1-55 417 90.7 80.0 270 97.5 95.5 
4-15-55 444 91.7 77.9 293 95.9 92.5 
4-22-55 457 90.5 79.9 303 96.6 91.5 
4-29-55 470 92.6 83.2 313 97.5 96.0 
5-13-55 497 89.7 79.3 336 97.9 95 .4 
5-20-55 510 89.5 77.8 348 96.8 92.2 
5-27-55 522 91.4 81.2 358 96.5 92.8 
6-20-55 562 92.6 79.6 386 98.3 90.7 
6-27-55 573 92.0 82.5 394 97.9 94.8 
7-11-55 593 92.3 82.7 410 96.9 93.1 
7-26-55 613 94.9 84.9 428 99.9 94.7 
8- 8-55 631 93.1 79.5 442 98.5 90.7 
9- 1-55 655 93.1 81.8 467 98.5 91.1 
9-21-55 492 98.2 90.9 
9-28-55 694 92.9 83.9 500 97.7 95.2 

10- 14- 55 715 90.8 85.3 523 98.2 95.5 
10-28-55 733 91.6 85.5 543 97.5 93.8 
11-11-55 750 91.3 86.5 556 98.2 96.1 
11-25- 55 761 88.9 81.5 569 95.9 92.9 
12-10-55 782 90.3 78.9 591 97.6 95.0 
12-23-55 798 89.9 73.4 612 97.7 94.9 



SUMMARY 

Heifer calves of rhe Shorthorn, Brahman (Zebu), and Santa Gertrudis breeds 
were raised for thirteen and one-half monchs ac cons rant air temperatures of 50° 
and so• F. Three individuals of each breed were used at each remperarure. During 
this time hair and skin remperarures of the main body, dewlap, and navel flap 
(Brahman only) were raken about once a week. The data, when plorred againsr 
body weighr, show thar: 

1. At so• F consranr remperature. increasing body weighr is associated wirh 
decreasing skin temperatu re and increasing hair temperature, except for Short­
horn main body hair. The effect is probably due tO decreasing hair length in 
Br3hman and Santa G<:rrrudis breeds. 

2. At ;o• F constant remperarure, rhe skin and hair remperacures borh de­
creased \\'irh increasing '"eighr. except for the Shorthorn dewlap. 

Afrcr completion of the constanr-remperarure (or growrh) phase, both the 
50° and SO' F groups of calves (average weights ranged from 750-900 pounds) 
"·ere subjecred ro environmental rcmperarures ranging from abour 65° ro 110• F 
for varring periods of time. The hair and skin temperatures measured during chis 
phase: indicated char the previous consrant-temperarure phase had iirde or no 
effect on subsequent measurements ar orher air remperarures. The clara show(-d 
thar rhe surt:Ke rtmperarures were very similar to rhose taken in previous years 
on n1~uure cows. 

Tabks and graphs are presented which summ:\rize the numerical results. 
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