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HEART RATE PATTES Th BEEF CATTLE 

fl TRODUCTION 

The 1ivin heart is an active ar most intricate 
structure the larger part of vthich is composed of countless 

muscles, fibers sind sensitive conducting pathways through 

which innumerable Impulses move sequentially and simul- 

taneously in many directions. The 1art rates or heart- 
rate-patterns represent one of the most important measure- 

ments of the activity of the heart. Changes or failure in 

activity of the heart may brIng changes failui to 

other tissues and organ functions of the body. Thus, the 
heart function i s of great sinific ance not ily to life, 
but also to the economy of living. The heart Is essen- 

tially a central pump in a rìetviork of distributing blood 

vessels which are responsible for feeding the body cells 
and removing the waste products. This distribution 
process includes all as exthanges, food and metabolito 
distribution, regulating hormones and intrinsic regulatory 
functions. 

It is recognized that heart rate is subject to miy 
factors which can modify the rato and heart-rate-patterns. 
This is true not only of exercise, excitement and nutri- 
tion, but also includes sociological and meteorological 
changea whIch will stimulate or depress the body, its 
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nerves, glands and tnperature regulating mechanisms, 

perhaps directly through the heart. These physiological 

expressions of certain enviraiments at different stages 
of life of any gtven individual may be viewed as the 

result of the environmental stress arid may direct or 

influence expression of genetic constitution to adapt fa' 
the next generation. Since beef cattle for many decades 

have been sthjected to intense selection in the interest 
of increasing performance, the high production must be 

expected to impose stresses upon many if not all of the 

organ systems of the animal, prominent among which are the 

heart and blood vessels. rililus, investigation of the 

function of these structures may be expected to yield 
information of basic importance in increasing animal 

production. The ia'esent study has been undertaken in an 

attempt to outline the heart rate and heart-rate-patterns 
as it is ruauifest In the beef animal, as well as to find 
out the problem of assessing the adaptability of beef 
calves to their environment and point out ways in which 

the necessary basic 1o:ledge should be extended in the 

improvement of livestock production. 
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LITERATURE REVIEW 

Many papers have been. concerned with heart rate or 

pulse rate of cattle. Most of the early studies of bovine 

hesrt rate were raade on dairy cattle, with only a few on 

beef cattle. Early attempts were directed toward counting 

heart rate by auscultation or by palpation of an artery in 
the coccygeal area. There have been a few measuremts of 

the R-R interval of an electrocardiogram. In the course 

of these studies it soon became apparent that there were 

fund&ntal differences In heart rates of cattle due to 

mìy factors involved. Factors capable of causing normal 

variations in heart rate which may be mentioned are: age, 

sex, breed, body temperature, environmental variations, 
seasonal variations, time of day, or excitement. Changes 

in heart rate are seen in a variety of patholo4cal 
conditions. 

This review of the literature will consider pertinent 
papers on the normal variations of the heart rate and the 

relationship of alterations under experimental conditions 
to heart rate change. The factors altering heart rate 
include exercise, excitement, disease, and drug effects. 
Brief sunmiaries will be given on heart rate changea due 

to hormone or metabolic effects. 
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ior!na1 Variation In Heart Rates of Cattle 

The wide range in heart rato of normal Individuals is 
well illustrated .n human studies (13). Similar varia- 
tions have be& found in heart rates of dairy cows. 

Blaxter (7) and Findlay (25, p. 48-52) poirLtec3. out that 
whì heart beats are obtained with a stethoscope an initial 
high rate should be disregarded. Standing increased the 
heart rate 5 to 7 beats per minute over lying. Rumination 

caused a sliht increase in rate. Eating caused a definite 
Increase in heart rate. At the end of a large meal, rates 
of over 100 beats r minute were not abnormal. In the 
work of Thomas and Moore (82) the heart rate showed a 

definite increase during the last three months of gesta- 
tion. During lactation there was a decrease in heart rate 
which was similar to the decline in milk production. Then 

nutrients were consumed in excess of requiranents, the 
heart rate ncreaed. A8 a matter of fact, heart rate 
during a twenty-four ho period can increase and decrease 
depending upon various factors involved. 

Variation of the Heart Rate due to or Size of Animal 

As a part of their electrocardiographic studies in a 

group of 25 dairy cattle rangng in age from 5 to 18 

months, Aifredson and Sykes (1) reported an average heart 
rato of 82.5 beats per minute, while the average for the 
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animals over 1; years of age was 67.3. 

IThrr (60) cited Ellinger as stating that the heart 

rate ranged from 60 to 80 beats per minute for cows. The 

range was altered during pregnaicy to 78 to 108 beats per 

minute. Calves vary irz in age fran 2 to 60 days had heart 

rates varying from 110 to 134 beats per minute. 

Dukes (24, p. 142-145) cited work of others showing 

that young cattle have a faster heart rate than mature 

cattle. This is illustrated in Table 1. 

Table 1. ChanRes in Pulse Fate with Ae 
Age Pu]se Fate 

Fetus 154-175 
Eow Born 118-148 
6-12 hours 115-136 
2-4 dajs 110-125 
2-14 days 105-115 
1 month 110-115 
3 months 90-105 
6 months 85-105 
1 year 80-98 

Data from electrocardiograms studied by Manning (50) 

on 30 Hereford calves at Oregon State University, 
Corvallis, Oregon, agreed closely with averages reported 
above for calves 6 months to a year old. The average 

values given by Manning for the heart rates of Hereford 

calves viere 104.2 beats per mirute at 500 pounds body 

weight and 95.8 beats per minute at 800 pounds body 

weight. The age of the calves ranged from 6 to 10 months 



at 500 pounds body weight and 10 to 15 months at 800 

pounds body welght. 

Observations of Van Arsdel, Krueger and Bogart (86) 

indicate that for new-born and young Hereford calves the 

heart rate varied between 110 to 165 beats per minute for 
the new born, increased during the fourth day of ae to 

130 to lO beats per minute thon gradually decreased 

until 90 days of age to a range between 75 to 115. 

Kibler of Missouri (39) conducted an investigation 
over a 16-month period to determine the influence of con- 

stant environmental temperature in a psychromotric room 

set at both 5(30 800 F with an open shed control during 

growth period using three breeds of beef calvos (Brahman, 

Santa Gertrudis and Shorthorn). He found that the pulse 
rate showed definite age effects. biadmum levels were 

reached at 4 to 6 months of age followed by a rapid de- 

crease between 6 and 8 months of age and with slight de- 

croases thereafter, At 5Q0 F ibient temperature, mcimum 

mean pulse rates were 118 in Shorthorn, 108 in Santa 
Gertrudis, and 89 ir. rahman. 

In dairy cattle it has been shown by many workers 

that the heart rate of the young dairy calf is greater 
than that of mature dairy cattle. For instance, Barnes 

et al. (3) found that the R-R interval of electrocardlo- 
grants of dairy cattle (Holstein, and Guernsey) gradually 
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Increases with the age of n1rna1 from 12 to 589 days of 

age which means that the heart rate slows as the age of 

the animal increases. The average values of the heart 
rate ranged between 63 and 118 beats per minute. 

Brody et al. (17) reported that the pulse rates of 

dairy calves (Holz tain and Guernsey) tend to follow a 

parallel ae course, with the rate in both breeds declin- 
ing from 90 at birth to about 60 at 20 moíbhs of ase. 

Platner et al. (65) reported that the pulse rate of 

dairy calves (Holstein, Jersey, and Guernsey) 30 to 244 

days old, was 92 beats per minute, while that of dairy 

cows 3 to 9 years old was 61 beats per minute. 

Variation due to Sex and Breed of Ar.imal 

Few publications are available concerning sex and 

breed differences in the heart rate of beef cattle, 
(60) citedEllinger who reported heart rates of 36 to 60 

for bulls and oxen, and 60 to 80 beats per minute for cows. 

One report from Puerto Uico by Arrillaga et al. (2) idi- 
cates that the pulse rates of native and Brabman grade 

cattle are lower than ttose of Hereford cattle. The pulse 
rates were: native cattle 46.3 ± 0.10, Brahman grades 

47.9 ± 1.30, ad hereford 50.4 ± 0.75. 

hilliams, Krueger and Bogart (91) presented data on 

14 Hereford ieifers, 11 hereford bulls, 11 Angus heifers 



and 6 Angus bulls throu their growth period from 500 to 

800 pounds dy weight (the aves raised between 8 to 15 

months). These anthors reported that the heart rate dif- 

fered siifioant1y between sexes and between individuals 

within sexes. 1'o significance could be attributed to bxed 

differences. The mean heart rate was 101.98, 105.01, 100.7 

and 106.08 beats per minute for the Hereford houera, 

Hereford bulls, Angus helf ers and Angus bulls respectively. 

The averae heart rate reported by Manning (so) agrees 

with that reported by Wil1iins et al. (91), but Manning's 

results did not agree with ';il1is et al. on the heart 

rate difference due to sex. He pointed out that there was 

a s1iit difference due to sex and this difference was 

largely due to deviations of females. 

Kibler (39) found that heifer beef calves kept in a 

psychrometric room at 50 and 80° F during their growth 

period had pulse rates that were different with respect 

to breed, age and ambient temperature. At 500 F, maximum 

moan pulse rates viere 118 in Shorthorn, 108 in Santa 

Gertrudis and 89 in Brahman, At 80° F the corresponding 

rates were 120, 110 and 950 F. At 10 to 12 months of age 

these breed differences had lar,;ely disappeared. 

Madamba et al. (49) presented daba from studies over 

a three-year peri od on pulse rate of Santa Gertrudis 

cattle in the Philippines. The mean pulse rate for the 



three-year-period was 69.7 per minute when the averao of 

atmospheric temperature was 87_970 F. The pulse ratos 
were 81.5 in the first year, 62.2 3nd 64.0 in the second 

and third year. 

Interrelationship of Heart hate and Rectal Temperature 

A great many observations have been made concerning 

the influence rì heart rates of dairy cattle by different 
thermal environments , humidity, 1iit, air movement, 

variations in. radiations fran the sun, and the long range 

weather patterns, which characterize a climate. A few 

similar observations have been made on beef cattle. ]rody 
(16) explained that weather changes probably affect the 

arimal body by a series of simultaneous consecutive reac- 
tions involving the nervous sytom, the endocrine system, 

the enzmo system, the rates of metabolic reaction (Includ- 

Ing heat production), levels of metabolites and the rate 
of the agriculturally important processes, which include 
the rate of feed consumption, milk production, and growth. 

Rectal Temperature 

Cattle belong to the homeothermic ;roup. They attent 
to maintain their body temperatures constant or at least 
within the range most suitable for optimal biological 
activity. In order to do this they must maintain a thermal 
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balance between the heat they produce or gain fran their 
environmeiit and the heat they lose to their environment. 

Various factoas are capable of changing the body tempera- 

tures which in im may change the heart ratos of animals. 
Among these factors are sex, breed of uimal, environ- 
mental temperature, humidity, time of day, exercise, 
nutritii, feeding, digestion, drinking and urinati on. 

Such changes of rectal temperathre have been pointed out 

by various investigators (25, 26, 27, 29, 31, 40, 41, 54). 

:ormal Rectal Temperature. Hewitt (28) 

with an averae value of 101.0 as normal 

for beer cows, He also cited Vooldridgo 

body temperature of dairy cows was 100.4 

an average value of 101.50 F. 

Findlay (25), citing others pointed 

ave 98.0-102.4° F 

body tuper ature 

that the normal 

to 1O2.8 F with 

out that body 

temperature of Hereford and rus cattle varied depending 
upon the ambiant temperature. At air temperature of 5()0 F 

the body temperature was 101.0 for Ani and hereford, at 
81° F the body temperature was 102.9 for Angus and 102.2 

for Hereford, at 84° F it was l0.0 for Anus and 102.8 

for Hereford, and at 90° ar 1000 F it was 104.2, 106.2 

for Angus and 102.8, 103.4 for Hereford respectively. 
Studies by V,illiams, Krueger and Bogart (00) at 

Corvallis, Oregon have shown that for beef calves through 
their growth period of 500 to 300 pounds body weight the 
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mean average rectal temperath.res were 101.89, 101.73, 

101.90 and 101.69 derees Fahrenheit for Hereford bulls, 
Hereford heif ers, Angus bulls and Angus haLVers respec- 

tively. They also indicated that there were sigiificant 
differences between individuals within sexes and within 

breeds and between sexes within breeds. o sirificance 
could be attributed to breed differences. 

Manresa et al. (52) found in the Philippines that a 

mean body tnperature of Santa Gertrudis cattle was 102.4F 

whether the average daily atmospheric temperature in shade 

was 75° F during the three-month control period or 91° F 

during the 3-day Iberia heat tolerance test. 
Studios over a three-year period in the Philippines 

by Madanba et al. (49) have sjn that the mean body tom- 

peratire of Santa Gertrudis cattle (two years old at the 

beginning of experiment) was 102.130 F when the average 

daily atmospheric temperature was 87 to 97° F. They also 
£owd highly siuificant variazione in body temperatures 
amg the different animals during the different years. 

Diurnal Variations. Kleitman et al. (40) reported that 
body temperatures and pulse rates of the humen in general 
are parallel to each other but in specific situations they 
may vary In the opposite direction. 

Kriss (41) f o.zid that rectal temperatures of dairy 
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cattle related to the time of day were practically constant 

in the morning d in the afternoon until about 2:O p.m., 

from ich time until about 5 p.m., temperature gradually 

rose. He also indicated that urinatica and drinking may 

cause temporary fluctuations in temperatures. 

Results of studies by Manresa and Erce (51) showed 

that in Jersey and Holstein Freisian cattle, afternoon 
body temperatures v:ere sijiificant1y higher than morning 

body temperatures. 

Gaalaas (27) reported that body temperature of a 

dairy cow was regularly higher in the afternoon than ±n 

the morning irrespective of season or month. The average 

body temperature of Jersey cows was 101.1 ± 0.5°F (air 
temperature, 50 to C0°F; relative humidity, high). 

Preliminary observations on the seas-ia1 diurnal 
variation i rectal temperature of local Zebu cattle in 
Tanganyika Territory by Hutchison and Mabon (31) showed 

that rectal temperatures in the morning were lower than 

in the afternoon. The differences usually exceeded 3 

degrees Fahrenheit, while the atmospheric teporature was 

usually about 12 degrees Fahrenheit higher in the s.f ter- 
noon than in the morning. The atmospheric temperature 
ranged from 64.47 - 76.920F in the morning and 70.25 - 
82.17°F in the afternoon. 
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Seasonal Variation of the Heart Rates and Rectal 

Tempe ratures 

It has been well established that atnpheric condi- 

tions ccntribute reat1y to variatiois in i.ie physiolocal 
reactions of animals and that tuicse reactions vary widely 

in different individuals and breeds of animals (16, 17, 

26, 45, 62, 63). Early experiments were desiod to study 

changes in rectal temperature or heart rate of dairy 
cattle, and sane beef cattle in dtffer-it humidity and 

thermal environments. The experiments normally were made 

under field conditiìz but some under climatically con- 

trolled room conditions. The field condition is uncon- 

trollable. The variabilities were so numerous that little 
more than the general physioloical reactions of the arii- 
mais could be studied. The climatic rooms hl which the 

temperaturo, humidity, radiation and air movement could be 

controlled were rore uefu1 to stiy the reaction of heart 
rates, rectal temp'atures, cardioresplratory behaviors, 
heat production, heat loss, metabolic rate and other 
related factors to different terperatures and humidities. 

Experiments Usina Field Conditions. Results of various 
studies under field conditions have focused attention. to 
the seasonal variations as factors affecting heart rates 
and rectal temperatures. Ralston et al. (71) reported 
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that 775 normal pulse observations taken over the entire 
year sbzcd a seasonal variatiai. The pulse rate of dairy 

cows ob served ori spring and fall pasture showed markedly 

higher rates than thos e taken during the summer. The 

pulse rate averaged 74.6 ad 71.0 beats per minute for 

April and October, respectively. During the months or 

Jurie, July and August the pulse rate was 61.3, 66.7 end 

60.5 beats per minute, respectively. 
Gaalaas (27) showed that body temperatures and 

respiration rates of Jersey cows were highly correlated 
with the ambient temperatires. The rectal temperatures 

were higher during t1 summer months than during winter. 

The average body temperatures varied 0.60 at air tempera- 

ture below 700F and showed no relationship to air tempera- 

ture; but at air temperatures above 70°F the average body 

temperature increased consistently with increases in air 
temperature. He also gave the air temperature between 

50-60°F as the basic range for detrminin. boti normal 

body temperature and 'ormal respiratory rates. The range 

average for normal body temperature was 101.1 t .5. 
Minnett and Sen (54) reported that their data showed 

a distinct tendency for the body temperature of cows to 

follow variations in aiuospheric temperaure .iring the 

cool months, but there was less corre1aon between these 

temperatures during the hotter months. Soath and Miller 
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(7r/) obtained the sair results in Louisiana there Increas- 

Ing sir teerature appeared to be a major cause of 

increases in body temperature and respiration rate of 

milking cows. Pulse rates were less affected by either 

air temperature or relative humidity than were body tem- 

peratures. The rance of air temperature was 650 - 93°F 

in the first ycar of the experiment ar 750 - 910F in the 

second ye ar. The ob ser vati oms of Mullick and Kehar (56), 

in India and Seath and iiler in the U.S.A. (77) have sub- 

stantiated the work of all the authors whose vrk is 

reported above. 

Arri11aa et al. (io) in Puerto Rico found that beef 

cattle appeared to be affected more thon dairy cattle by 

air humidity. An increase in relative humidity results 
in a significant increase in body temperature in native 

grade and Hereford cows and a significant decrease in body 

temperature of Brahman grades. 

Hutchison and Mabon (3].) draw attentii to the fact 
that in their s tudies the seasaial diurnal variatIon In 

the rectal temperature of local Zebu cattle in Tonganyika 

Territory contradicted other investiators. During sumner 

months, temperatures of the cows tered to be lower than 

in the winter, but during the summer the reactions of the 

body temperatures to milking and feeding were more rapid 

and greater in degree than in winter. 
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cperiments in a Psychrnetric Room. The comparis of 

the experimental data from psychrometric room conditions 

with those under field conditions show a;roement with the 

previously mentioned 3tudies ir that rectal teperaturos 
increase with increasin environmental temperatures. 

Results in ag'eement with these fixinfi aro reported by 

many authors (4, 5, 34, 35, 36, 37, 74, 75, 92). 

Regan and Richardson (74) observed that dairy cows 

maintained a constant rectal temperature within the range 

of 101.0 to 101.3°F provided tke ambient temperature did 

not exceed 70°F, but that above 700F, body temperature 

tended to rise to as much as 105.1°F at 100.0°F ambient 

temperature. Similar methods and results are reported by 

many authors (35, 36, 22). 

Worstell nd Brody (92) save critical ambient tern- 

peratures for normal body mperatures for various breeds 

as follows: 70°F for Holstein, 75°F for Jersey, 80°F for 
Brown Swiss, aid 950F for Brahman. Increasing tempera- 

tures affected rectal temperature variously depending i 

the breed, age, productIvity and size. 
Regan and Richardson (74) and Jib1er and Brody (35, 

36, 37) found that as the ambient temperature increased 
from 70 or 80°F, deperLng upon the breed, the is a rise 
in respiration rate and rectal temperature but a fall in 
the pulse rate. Kibler and Brody (35) found that heat 
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production and pulse rate reached minimal levels between 

40 and 60°F. This indicated that a zone or thermo-. 

aeutrality lay in this rance; below and immediately above 

the thermoneutrality zone hoat productil and pulse rate 
increased; but above 70 or 800F they decreased. Rapid 

chances in ab lent temper athres tended to accentuate the 

responses with chances in pulse rate tending to parallel 
chanCes in heat production. 

Kibler d Brody (38) presented data on dairy cattle 
(lactating Jersey and Holstein cows) which were exposed to 

diurnal temperature cycles of the following amplitude: 

10° to 40°, 4Pto 7Q), 70° to 100°, 50 to 1100, and 60° 

to 110°F with the vapour pressure ranng fr i to 25 m.m. 

Hg. Results sbow that pulse rates tended to increase with 

risng ambient temperature and with feeding and to decrease 

with falling ambient teniporature and in the periods between 

feedings. Diurnal patterns were crnfused because of 
random fluctuation and individual differences. The rectal 
temperatures md respiration rates followed the cyclic 
pattern of diurnally changing ambient temperatures. The 

rectal temperatures varied less than 20F during the 100 to 
4Q0 and 400 to 70°t diurnal temperature cycles. Increase 
in rectal temperaiire of 20 to 40F in the Jerseys and 3,50 

to 7°F In the Holsteins occurred during the 70° to 100°, 
50° to 1100, and 60° to 110°F diurnal cycles. They also 



pointed out that the rise in rectal temperature lajed 
behind that in nbient thmperature by i to 2 hours in 

Holstein and 2 to 3 hours in Jerseys. The iall in rectal 
temperature to normal levels with decreasing athit tem- 

peratures required about 9 hours in olsteins but only 

5 hours in the Jerseys. 

Feed Intake, Feed Efficiency and Rate of Gain 

Observations by many investigators (6, 39, 80, 81) 

showed that heart rate was siiÍcant1y increased when 

the plane of nutrition was raised to meet t're reuiremonts 
of heavy production. Benedict (6) found in steers and 

Blaxter (7) found in dairy cows that state of nutrition 
evidently has a pronounced effect on heart rate. Extra 

feed given to steers increased heart rate about 21 beats 
por minute because of the alteration in energy consumption 

as observed by Sykes et al. (80). Thomas (81) observed 

that for 40 producing cows the heart rate increased when 

¶LDN was consumed at 120 to 130 per cent of requirements. 
The maximum increase in heart rate was not attained until 
30 to 40 days after the increase n TDI consumption was 

initiated. A rapid decrease in heart rate usually accom- 

panied by a rapid decrease in milk production was noticed 
for the second half of the lactation period. 

Ratarasarn, Van Arsdel and Bogart (72) found that 
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heart rate of beef calves decreased 13 to 18 beats per 

minute after reoval from test (pelleted feed diet) to 

har and grain (growth diet). 
Hutchison and Mabon (31) found that lower rectal 

temperature in the moning (about 3°F) reflected inadequate 

nutritional level to maintain body tnperaturos, as ;ho 

body temperatures were significantly increased by Lioderato 

supplementary feeding. Supplementary feeding did not 
affect the afternoon rectal temperatures. 

Heart rato was associated with the rate of dam lfl 

Hereford calvos as sbovì by Williams et . (91) . The 

calves with hiìer heart rate, particu1arly the bulls, 
were more rapid gathers. Heart rato was found to be sig- 
nificently correlated with rectal temperature showing that 
fastor gaining calves have higher heart ratos and higher 

temperatures. Feed intake was observed to be a factor in 

heart rate change. 

Rectal tnperatures have been observed by 1i11iams 

(90) to be associated th rate of growth. Rectal 
temperatures were higher in the group of animals having 
hig1r rates of gain. Regression of rectal tnperature 
on body weight revealed significance for both Angus and 

Hereford bulls. Average gai.n per day showed sigrilfi cance 

only for Angus heifers when compared to rectal temperatures. 
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Other factors affectThg rato axd economy of 'ains n 

beef cattle have been well discussed by Dahmen and Bogart 

(20), Price et al. (66), :.e]ns and Bojart (59), and Pierce 

et al. (c4) 

Influence of Environment al Temper ature 

on Productivity 

The literature or! the effects of climatic factors on 

cattle production is extìsive. Several excellent reviews 

(15, 16, 25, 45, 62, 63) have discussed the influence of 

climatic environments on productivity of dairy cows. 

Brody (17) and Kibler and Brody (35) indicated the zore 

of thexnoneutrality lay between 4O and 60°F for dairy 
cows. In this zone, the rectal temperature wid respira- 
tory rate varied within relatively narrow limits and heart 
rates reach minimal levels. Brody (16) indicated that in 
this zone heat production doea ot change much and the 

heat balance is regulated principally by physical means 

such as evaporation of moisture frcüi the skin and lungs 
and increasing or decreasing the circulation of blood in 

the skin. Findlay (25) pointed out that in this zone the 
heat production of resting animals in the post-absorptive 
state is at a minimum and he recognized tL.is zone as the 
basa). metabolism state. 

As the environmental temperatiue decreased below this 
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zone the anima]. tended to respond by variations n the 

physiological reactions ich have been reported by many 

authors (16, 25, 35, 36, 36, 68, 84, 92). The physlo- 

logical changes varied with breed, we1ht, ace, size and 

tl:e productive level of animal. Decreasing environmental 

temperature was followed by increas1n heat production up 

to the highast values to mair±taiiì body temperature. 

Findlay (25) referred to the zone below the zone of 

thermoneutrality as a zone of sumrit metabolism. 3rody 

(16) stated that heat balance below the thernoreutra1 zone 

is regulated mostly by chemical nethods such as increase 

in food consumption (paralleled by water consumption) with 

a consequent increase in heat increments (SDA) and, there- 

fore, ii total heat production. Increase in milk yield 

and we1ht ¿atn may be considered as a reflection of in- 

creased feed consumption and heat production to maintain 

body temperature and of heat dissipation by altering the 

intensity of thyroid-adrenal function and thanging the 

caliber of blood vese1s. Studies by Kibler and Brody 

36) and Vorstell and Brody (92) indicated that rectal 

temperature rnained constant even though amblent tempere.- 

tures were from 700.' do to -40°F. r'espiration rate and 

moisture vaporization declined gradually with declining 

ambient temperatures. Pulse rate was closely correlated 

with heat production. This is riot surprising considering 
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that blood pumped by tbe heart supplies oxygen and nu- 

trients for heat producticri and also carries heat from the 

ii:terior to the surface for dissipation. Kibler and Brody 

estimated that at chamber temperatures below 400i' about 8 

per cent of pulse ratios was associated with increased 
heat production and with a moderate icreae in feed co:- 

sumption. The percentage rise in pulse rates was less 
than t:e corresponding heat production rates at tempera- 

tures telow therinoneutralit' which may have resulted from 

increased heat production for rnaintenace of body tempera- 

tures and decroased peripheral circulation for coservaon 
of body heat. Experirri&ìts by Worstell and Brody (92) 

showed that feed coiswnption increased 36 per ct in 
ro .-lactatin Brabrians, 26 per cent in non-lactating 
Jerseys and 8 per cent in Holsteins when the chanber tern- 

perature was decreased from 400 to 8°F; while heat produc- 

tion showed a correspondingly greater increase ir Brahrnsns, 

56 per cent, comparcd to 12 and 2 per cent in Jerseys and 

IToistein respectively. Body weight tended to increase 
somewhat, but milk producticn appeared to decline in Jer- 
seys with a decline in temperature. The Holsteins, how- 

ever, maintained a farly stable level of milk production 
under these condì tions. 

'Iorstell and Brody (92) suggested that tenperatures 
near freezinL to 60°F (00 to 16°C) represented the comfort 
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zone for dairy cattle. This is in areement with the 

early works br Dice (23), Buckley (19) and Davis (21) who 

reported that dairy cows withstd lone periods of exposure 

to temperatures as low as zero degrees Fahrenheit with 
little loss either in production or in efficiency of food 

utilizatIon. .:orste11 and i5rody also pointed out that 
beef cattle do not seem to be injured when wintering out- 
doors in the mountain states even thoigh in temperatures 
down to -40°F (difference of 140°F between rectal and 

outdoor temperatures). 

Many aii.thors have reported that as the envirmenta1 
temperature increases beyond the thennoneutrality zone 

(which has been called the upper critical temperature) 
animals beìn to have difficulty In ridding themselves of 
excess heat with a consequent rise in body tompature. 
Panting and respiration rate may increase to an astonish- 
Ing degree. Fi:ially, at the upper limit where the envir- 
onmental temperature is exceedingly hIi, death occurs. 
Brody (16) explained that the zon.e of hotter area above 

the thermoneutrality zone is shorter than the zone of cold 
area below the thenioneutrality. Again, physio1o.ca1 
changes in the upper critical temperature zone vaïied 
depending upon the species, breed, weight, ace, size and 

productive level of the animal according to Worstell and 

Brody and others (15, 16, 25, 32, 35). Many authors (35, 
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36, 37, 56, 67, 69, 74, 92) reported that increasing the 

chamber teierature to the criti cal temperature or above 

depressed food consumption and resulted in a decline in 

heat production and milk production. rihere was also a 

high percentage of insensible weit loss (69, 83, 84). 

Kibler et al. (34) reported that as environmental 

temperatures increased from 5O to 105°F, rectal tempera- 

tures increase from a noimial of 101.0°F to 108°F in 

Holstein and to 106°F in Jersey. They explained that this 
condition was not caused by increases in basal heat pro- 

duction, muscular activity, calorigenic action of feed, 
or milk production, because the heat production decreased 
by 25 to 35 per cent while the respiration rate was 4 to 5 

times as rapid as it was at 50°F. Pulse rate, like heat 
production, declines w.th rising chamber temperatures. 
Kiblor et al. (37) and others reported that whem the 
chamber temperature roached abnormally high levels (106 

to 108°F) a reducticzi of anbient tenperature to 40°F 

allowed slow recovery. The pulse rate, like heat produc- 
tion, was low at first but gradually increased to normal 

levels. Worstell and Brody (92) stated that a decline in 
feed consumption (parallel with water consumption) was 

apparently accompanied by a decrease in thyroid activity. 
Declino in feed consumption (hay; TDIc) and milk yield 
associated with heat increase may be considered as 
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Indicating a doteroratior of the animal and/or Its 

homeothermic mechanism. A decline In CO2 - combining 

capac1tj arpcars to have boon caused by a loss of CO2 

follo-ing an increase tri pulmonary ventilation rate. The 

rise in blood creatinlue apparently rLflects the acceler- 

ated endogenous rit trogen catabolism following the decline 

In feed consumption. 

Mullick and Kehar (56) and oth'3rs found that changes 

in atmospheric temperatures were negatively correlated 

with hemoglobin level. 

flegan and icha'dson (74) have scn that by increas- 
Ing chamber temperatures from 700 to 100°F causes a tre- 

mendous change In amount and composition of milk. Tern- 

peratures above 800F caused a decrcasr in milk flow, amount 

and percentage of solid non-fat, butter fat, and protein 

contert. Under the same conditi ans the time of rennet 

coagulation Is lengthened. 

Heart Rate Changes Due to Hoxione 

and Metabolic Effects 

It has long been observed that for humans, pulse 

rate is roughly proportional to the level of metabolism. 

Murlin and Greor (57) concluded that pulse rate multiplied 
by pulse pressure was a botter indication of metabolic 

levels thai.i rate alone. Moans and Aub (53) found a close 



26 

parallelism of pulse rate to basal metabolism In 60 per 

cent of their casos arid in the remainder a certain amount 

of part11e1ism. Stux ' is and Tompkins (79) found a correla- 

tiori of elevated basal metabolism and fast pulse rato with 

hperthyroidisì cnd the opposite finding, a slow pulse 

rate and low itabolic rato obtaining in the hypothyroid 

person. Lead (73) stated that pulso . -ate id pulse pres- 

sure changes may be utilized as a rouai uido to the 

changes in a patient's metabolic rate. Kleitman and 

Rani.aroop (40) found that the chances in body temperature 

of htians may be expressed as a ftnction of changes in 

heart rate and that both reflect changes in metabolic rate 
following thyroid medication. 

High heart rates are obviously related to hii basal 
metabolism of the young calf as reported by Ritzman and 

Colovos (76). llaxter (10) suggested that an increase in 

total metabolism or the cow (for the heart rate is an 

approximate index of the total not the basal metabolism) 

results in an increase in milk yield. Ralston et al. 
(71) reported that pulse rate increased after thyroxine 

was administered to dairy cows. The perccntae increase 
depended upon the initial rate before ijoctiì; the lower 

the pulse rate before Lject1on the reater the percentage 

increase. The increase in pulse rate is closely parallel 
to the increase in milk production. Sykes et al. (80) 
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produced an increase Lï hcrt rate in steers and Thomas 

(81) in dairy cows by feeding thyroprotein at different 
levels of energy intake. 

The thyroxine secretii rate per unit of body weight 

decreased with age in growing white rats (onroe and 

Turner, 55) ard mice (Hurst and Turner, 30). The blood 
plasma conceiitration of protein-bound ±odine (PBI) has 

been taken as indicaUve of thyroid function. Long et al. 
( 48 ) observed a decrease in PBI with advancing aíe in 
dairy cattle. They found 4.8 per cent in calves, 3.1 

per cent in three to four year old cows and 2.6 per cent 

in seven to eit year old cows. Lewis and Ralston (46) 

also found the following averae PBI levels in dairy cows: 

48 hours old, 13.7 per cent; two days to 12 months old, 
7.2 por cent; one to two ycars old, 6.2 per cent; and 

older cows 4.6 per cent. 

Domsey and Astwood (22) found the rate of thyroxine 
secretion higher in rats raised under cold than under 
wsrrn temperatures. They found that a. quanity of thyroid 
hormone equivalent to 5.2 microra.ms of thyroxine daily 
was required to maintain a thyroid gland of norial weight 

in young male rats kept at room tenorathres averaging 
25°C (77°F). At 10C (33.8°F), the thyroxine requirement 
was increased to 9.5 rnicrogrns, while at 35°C (95°F) the 
requirement decreased to 1.7 micrograms. Stevens et al. 
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(78) found that exposure to cold (7°C or 44.6°F) greatly 

Increased the thyroprotein hormone content of the pitui- 

tary gland and of the blood of adult female guinea pIs. 
This iricre ase in tiiyroprotein hormone content of the 

pituitary gland occurred gradually. After one week 

exposure no changes had occurred, but after 9-12 weeks 

the gland content was four times that of control animals 

at 230C (73.4°F). 

In adult male albino rats, Brovjn-Grant (18) found 

that after the maxiim.im uptake of i3l by the thyroid gland 

liad occurred, the thyroid turnover of 1131 on short (72 

hi's.) exposure to various temperatures did not change at 

160C (60.8°F) increased at 11.5° and 6.5°C and decreased 

at 2.0°C and 0°C (35.6° and 32°F). These data indicated 

a stimulation of the secretory activity of the thyroid 

glend r 6.5°C and 11.5°C end a depression of it by toni- 

peratures near the freezing point. Adrena1ectoriized rats 
e;cposed to ll.10C (51.98°F) experienced a depression of 

t1yroid function. These data indicated that there Is n 

interrelation between the thyroid and the adrenal glands 

in the response of the rat to cold. 

Blincoe (12) studied the influence of constant ambient 

temperature ori the thyroid activity and iodine metabolism 

of Shorthorn, Santa Gertrudis, and Brchrnan calves during 

growth. He found that at an aibient temperature of 500F, 
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tbiroid secretory activity of Shorthorn, Santa Gertrudis, 
and Brahmi heffers was the same axid exIbitod a decline 
after about seven months of age. A teuiiperathre of 80°F 

depressed the thyroid secretory activity of Shorthorn 

helf ers about 45 per cont and that of Santa Gertrudis 
helf ers sligixtly; while tic orahman heil'ers were unaffected. 
Increasing the anbient temperature to 100°F (38°C) 

decreased te thyroid secrotory activity of Shorthoxi 
and Santa Gertrudis heifers v?riith had been raised at 50°F 

by 60 per cent aid 30 per cent respectively. 

Other Factors A1teripg Heart Rates 

The term used to designate an irregularity of the 

rhythm of the heart beat is arrhythmia. This term does 

not necessarily mean that there is an abnormality, because 
sinus arrhythmia is fouiAd in most active manirnals TIi s 

arrhythmia is characterized by alternatii periods of 

rapid rate with periods of a slow rate. These chanes 
usually vary with rospiratlon, the periods of rapid rate 
occurring at the end of inspiration and periods of slow 
rate at the terminatIon of expiration. Wailer (89) found 

in the normal doC that durin expiration the heart boats 
at a rate of c35 boats per minu te but during lrspirati on 

about 180 to 190 beats per minute. 
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Ralston et al. (71) has made electrocardiographic 

observations of arrhythmias on dairy cattle and goats in 

which some degree of hyperthyroidism was induced. Blaxter 

(F5, 86) observed arrhythmias, abnormal heart sounds, and 

extrasystoles by auscultation in cows fed iodinated casein 

as well as in apparently noiìial cows. Similar aiorma1i- 
ties were observed by Blaxter (10) in sheep vkiich had been 

fed excessive doses of lodinated protein. Sykes et al. 
(80) observed that extra-systoles were infrequent in cows 

fed thyroproteln but that arrhytbmiaa appeared at frequent 
intervals which were not particularly regular nor associate. 
with respiration. This type of arrhythmia was usually 
absent during those periods when the cattle were not being 

fed thyroprotein. 

Interesting studies have been made by Krueger, Van 

Arsdol and Oldfield (42) at Oregon State University on 

calves from cows that received a diet or cull red beans 

and alfalfa hay obtained from an area which had had a hlgti 

incidce of white muscle. In the second year of tuis 
experiment cows dropped offspring thich exhibited cardiac 
arrhythmias, missed beats, bradycardia and other abriormali- 

tïes. One calf, E-90, was described in more detail in 
their paper. 

Holmes (29) stated that a case of myocardial fibrosis 
in a Shorthorn cow was associated with ventricular 
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extrasystoics. Asc'aitatiori of the heart revealed 

arrhythmia with missed beats and irregular occurrence of 

duplIcated secd sourds. Van Arsdel and Bort (83) 

reported that an Arus cow, (about 8 years oid) with a 

severe edema exhibited tachycardia vjith normal conduction 

sequences. 

Lanstelner and Morris (44) reported that heart rate 

a)peared to be associated with variations in the tempera- 

ture of blood. One of their exeriments was recorded on 

rabbits and cats. By injecting cool phyzio1oIc saline 

solution (22° - 36°C, below body temperature) into the ex- 

ternal jugular vein hradycardia followed and conversely 

the injection of warm salino solutIon (43° - 57°C) resulted 

In tachycardia. The heart rate decrease and increase 

varied depending upon the tencrature of the infusion. 

With cool physiologic saline, the heart rate decrease 

varied from 20 to 100 beats and the warm salino Increase 

varied 10 to 90 beats. 

It has been demonstrated by Lewis and Cotton (47) 

that when the human heart rate is thcreased by exercise 

it returns to nozia1 in from 3 to 5 minutes; A'fredson and 

Sykes (1) stated that dairy cows usually required from 

10 to 15 minutes. 



MATEFIALS AND METHODS 

The Animals 

The main body of data for this thesis comes from the 

electrocardIographic and phonorapìic rccords v;..ich were 

taken from 96 animals from three closed li:es of Hereford 

calves (Lionheart, David and Prince) born in 1955, 5C, arid 

57. Al]. calves used in this studs were maintained at tue 

Oregon Agricultural Experiment Station at Corvallis, 

Oregon. The Lionheart lir.e of cattle has beer. closed to 

any outside breeding since 1950. The Prince and David 

lines have a common origin separate from the Lionheart 

line. No outside bulls have been used for breeding in the 

Prince or David lines since 1948. Before 1950 sorne of the 

foundation cows contributed calves to both the Prince and 

David lines, but since li50 these two lines have been 

maintained separately. 
he animals used in tuis study were the experimental 

animals that were performance tested for rate of sain crid 

feed efficiency between 500 wd 800 pounds body weight, 

accorfttng to the procedure described by Dahmen and Bogart 

(20). rjtiae calves born in 1955 were desiiated by a letter 
E, those boii 1956 nd 1957 by the letters F and G 

r e spec tiv el y. 



Electrocardiogram recordings were taken on each 

an1rnl as it reached 500 pounds body weicht at bhe start 
of tt feeding test period, arid aain as it reached 800 

pounds body weight, at the end of the test period. 

Management of Calves 

The experimental animals were dropped in the spring 

1955, 1956, and 1957. Birth weights were obtained on all 
calves and weekly weights were obtained until completion 

of the test period. Rate of gain during the suckling 

period was calculated by subtracting the birth weight from 

weanir weight and dividing by the number of days from 

birth to weErling (Bogart, 14, p. 183-202; Brody, 15, p. 
484-574). 

After weaning, the calves wore placed in feeding 
pens. The calves were grouped by sexes into pens of six 
animals. From the first feeding period until attaining a 

weight of 800 pounds the calves were tied by neck chains 

at individual feeding stalls at feeding time. The feeding 

periods of approximately 3 to 5 hours twice daily were 

maintained as uniformly as possible. Calves had access 
to automatic water fountains at all times. 'ood shavings 

were used for bedding. The animals wore weighed arico 

weekly. Again, the rate of gain, feed efficiency and leed 
intake during the feeding period were calculated by the 
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method described in detail by o:art (14, p. 183-202). 

The management procedure used and recommended by flaIimen 

and Bogart (20) viere followed. The calves were fed a 

completely pelleted ration composed of two parts chopped 

alfalfa and one part concentrate. The ration was 

described in more detail by beims, Williams and Bogart 

(58). 

These calves were kept in test pens in the barn and 

were subjected to daily handling. Since the recordings 

were taken in the barn itsdf, the animals were generally 

amenable to, but untrained for, the procedures required. 

Each subject was led from the test peri to the recording 

area, hair was clipped there necessary from the body sur- 

face for electrode and microphone placement. The calf 

subsequently was left standing and unrestrained except for 

a rope halter by means of which it was tied to a post. 
Rubber mats had previously been arranged to provide in- 
sulation from the ground and to minimize artefacts due to 

60 cycle alternatlrrg current. 

Equipment and Procedure for Obtaining Data 

The instrument used was a Sanborn Twin-Bean Cardiette, 

Model 62, which is a two channel photographic type recorder 

equipped with two general purpose amplifiers for recording 
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electrocardiogr8ms and a phono-amplifier for recording 
heart sounds. .he equipment and procedure for taking 

electrocardiogram haa been described in more detai'. by 

Martning (50), Van Arsdel (85), ad Van Arsdel, irueger 
and Bogart (87). 

Rectal emperature and Ambient Temperature 

Rectal temperatures were taken before and after 
recordïng the electrocardiograi for each animal bj moans 

of 5-inch clinical thermometer inserted into the rectum 

and left in position for at least i minute. The fIrst 
readiuîg was usually recorded when the animal was in the 
pen and the second reading was made Ininedlat.ely after 
recording the electrocardiogram. Air temperature inside 
the barn, or ambient temperature, was recorded at the saine 

time from a thermometer hung within the barn near the area 
of recording electrocardiograms. 

Records 

During a three year period electrocardiogram records 
were taken on each animal born on the project for perfor.- 
mance testing to determine the rate of gain and feed 
efficiency. For the first two years records were obtained 
at both 500 and 800 pounds body weint but for the third 
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year only at 800 pounds body woiht. 
The one hundred and fifty-seven readailo EKG records 

used in this study for the 3 year period were composed of 

the following groups: 13 female and lT male calves at 

500 pounds body weight, 11 female and 21 male calves at 
800 pounds body weight for the E yoar; 13 female, 16 male 

calves at 500 pounds body wei]nt, 13 female and 15 male 

at 800 pounds body weight for the F year; while for the G 

year recordings were limited to 800 pounds body weight for 
the 14 female and 22 male calves. Additional records were 

taken from bloati;ìg animals and one animal with an 

Elsenmenger complex. 

The data used for analysis in this study were obtained 

with various leads as described by Van Arsdel, Krueger and 

Bogart (87). 

Analysis of Records 

The e1ectrocardiorarxw of beef cattle are usually 
found to show rhythmic changes not only with regard to the 
duration of the interval but also to the amplitude of the 

waves. The intervals or the rhythm chanes are dependent 

upon the animal movement, previous exercise, excitement, 
external environment and physiological effect of the heart 
itself. The complexes to be measured have, therefore, 
consistently been measured from the beginning of the record 



role throuì the end of 

various U(G leads (07). 

attempt to minimize the 

ing. For instance then 

the cardiac interval wa 

the animal was calm the 

heart rate). 

37 

the role v;hi ch c an s is ted of 

This procedure was used in an 

error which occurred during record- 

the animal moved or was excited 

short (fast heart rate). Vînen 

record had long intervals (slow 

Methods of Measuring 

The avera;e heart rate of each calf was obtained from 

EICG records b measuriri the R-R interval for at least 250 

or more heart beats on each record whenever possible. The 

R-R intervals ive the poned between ventricular contrac- 
tions (or cycle of the vetricle) and were measured from 

the peak of the R wave in one complex to the same peak of 

R in the next complex. All the measuremìts vzere carried 
out with the aid of a maiifying glass and fine needle- 
point calipers and measured to the nearest 0.01 seco:d. 
The :-R intervals and P-P (atrial) intervals allow the 

calculation of the ventricle rates (heart rates) because 
then adequate neasuremeits of both P-P or R-R inter'als 
are obtainable, they are usually identical in normal 

animals. The P wave, as ::oted above, is frequently diffi- 
cult to Identify and hence reliance is usually placed on 

the R-R interval. It is easy to calculate the heart rate 
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in terms of beats por minute. 
60 

The heart rate per minute is equal to R-R intervii 

Analysis of Data 

Var.ous metnods were used in sn attempt to study 

heart rate patterns in these calves. The distribution of 

h-h intervals, in a form oi a frequency table or histogram, 

was constructed where data of R-R intervals for each calf 

(or each record) were grouped and plotted. The abscissa 

represents time in hundredths of a second, tiie ordiate 

represents frequency of heart beats. Tuo distribution of 

R-R intervals in these histo;ras arranged themselves into 

probability curves with distinct modes and where one could 

observe the mean, range, minimum and maximum values for 

each calf. 

iIistorams are arranged in a paired manner that will 

compare the record of each calf at 500 and 800 pounds body 

weight and are rouped accordIng to sex. Each figure 

(Figures 1, 2, 3, 4, 5, aid 6) has several horizontal 

coimnon axes of time intervals and several common vertical 

axes for frequency of beat intervals. or example, in 

Figure 1 the first commoii axis is 65 (0.65 second), the 

histogram of E-1 at 800 pounds body weight has a mean of 

0.65 second, hence, the mean of E-1 is centered over the 

common axis. The histogram of h-1 at 500 pounds body 
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weight has a mean 0.61 second, thus, a histogram itself 

will be ce:tereci to the left side of the common axis. For 

R-R intervals averaging over 0.5 second the histogram 

will be on the right side of the common axis. 

When R-R intervals of electrocardiograms wore meas- 

ured, considerable fluctuations were found. Another pro- 

cedure was used to sL.idy the fluctuation and homeotatic 

levels of heart rate. The R-R intervals for ec.ch calf 

were graphed on the ordinate expressed in hundredths of a 

second aairist tota]. elapsed time expressed as consecutive 

R-R intervals (or heart beats). The mode of each record 

was used as a common axis or level of hoineostasis in the 

graph. 

These graphs were divided into 2 classes of heart 

beat patterx.s. One rpresentative call of each class ;as 

used in Figures 8 and Ba. 

Statistical Methods 

Lvaluation of the data was accomplished by ari 

analytical mode]. using the method of least squares (61). 

The model was used to determine the effect of year, sex, 

differences between 500 and 800 pounds of body weight, 

on- and off-test, line, inbreeding, oirth weight, suckling 

gain, age of calf, birth date, LIG weight, heart girth, 

date at EKG taken, rectal temperature, ambient temperature, 
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and feed intake on each of the dependent variables, 
cardiac interval, rate of ain snd feed efficiency. 
The following analytical model was used: 

Y ,/'. b1 b2 S1 r T1 Gli 4124 iXj bXwb 

' g a4dXdI2Xw2 .HXij d2Xd2 

+ T2XT2 G T3XI3 ' e 

Yhere Y, in the model, represents an individual 

measurement of either cardiac interval, rate cf gain, or 

feed efficiency. 
= effect common to all 

b1 s year effect 1056-1958 

b2 year effect 1957-1958 

S1 effect of sex difference, male or female 

W1 effect of t1 differeflce betwee:.. 500 and 800 
pounds of body weight 

T1 effect of the difference between the animal on 
test and off test 

11 = effect of the line, Lionheart - David 

12 effect of the line, Prince - David 

i : a constant proportonai to the linear relation- 
ship between inbreeding, and the dependent 
variable, Y 

iLbreeding by degree 

a constant oportional to the linear relation- 
ship between birth weight, and dependent variable, 
Y 

X birth weight (lbs.) 
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g : a constant proportional to the linear re1at1ci- 
ship between the suckling gai, and dependent 
variable, Y 

X; suckling gain (lbs.) 
a a constant proportional to the linear relation- 

ship betwcaî the a at taking EKG and dependent 
variable, Y 

Xa age at taking EKG 

d a constant proportional to the linear relation- 
ship between. birth date and dependent variable, Y 

Xd = birth date 

W2 = n constant proportional to the linear relation- 
shIp between weight when was taken and Y 

X weight when EKG was taken 

H = a constant proportional to the linear relation- 
ship between the heart girth and the dependent 
variable, Y 

= hart girth (feet) 
d2 a constant proportional to the linear relation- 

ship between the season and dependent variable, 
Y 

Xd2 = season (dass) 
T2 = a constant proportional to the linear relation- 

ship between the rectal temperature and 
dependent variable, Y 

XT2 rectal temperature (0F.) 
T3 = a constant proportional to the linear relation- 

ship betwe the ambient temperature and depend- 
ent variable, Y 

X3 ambient temperature (°P.) 
F = a constant proportional to the linear relation- ship between the feed intake and dependent 

variable, Y 
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feed iìtake (1ba. 

e random error 

These analyses were carried out by the ester Data 

Processing Laboratory at tue University of California at 

Los Aneles. 

The mean squares due to regression d those due to 

deviation from regression were determined and an analysis 

of variance run. rIhe sums of squares due to regression 

were broken down into individual degrees of freedom and a 

test was made of the hypothesis that each of the effects 

differs significantly from zero by using "students" t test. 

This procedure was followed in separate analyses for 

cardiac interval, rate of :ain, arid feed efficiency each 

as dependent variables. Tue coefficients of determina- 

tion (R2), that is, the percenta,e of the total variaticn 

in the dependent vartable accounted for by the model was 

also determined. This quantity was computed using the 

corrected total sums of squares and the corrected regres- 

sion sums of squares (Regression SS/total SS R2). 

Simple correlations of each variable with each other 

variable in the model were computed. 
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RESULTS 

Heart Rate Pattexs 

One hundred arid fifty-seven histograms were con- 

structd from the cardiac intervals of beef c1ves and 

arranged according to year, breed, line, sex, and weight 

(500 and 800 pounds) as shown in Figures 1, 2, 3, 4, 5, 

and 6, while Figure 7 includes the effect of dietary 

change . Histographlc representati on is a method used to 

portray the distribution of cardiac intervals (I-i 

intervals ) in ii.dividual calves and allows quick individual 

or group comparisons of one calf or a group of calves with 

another. Each bIstoram shows the mean, mode, ran[;e of 

distribution and frequency of the R-H intervals. Oria can 

observe the maximum, minimum arid range ( the spread of the 

curve) of each curve arid note the differences in shape or 

pattern of the bistoram. Thus, the study of these 

histogram patterns may be used for a visual estimate of 

the heart rate patterns. Historns of these calves can 

be divided arbitrarily into 9 principle groups according 

to their dominant pattern. The spread of the curve (range) 

and the fluctuation of R-R intervals also were important 

consideratIons used in determination of the patterns 

(Figures 8 and 8a, and Table 2): 
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Group I: Histogram is usually tall and narrow but 

can be otherwise. rflle most important char- 

acteristic of ti1s rip is that the dis- 

persi on of -R interval increments is 
narrow and they vary from .06 to .18 secid. 
Usually tì mean and riode coincide. A 

drawing o consecutive Ii-H intervals ap- 

proaches a straight line (Figure 8, Fo. 1, 

E-9). 

Group II: The same as Group I, except that there is 
a greater dispersion of R-R intervals. The 

rangos vary from .13 to .21 second. The 

fluctuation of consecutii beats as ex- 

pressed by R-R intervals is greater than 

in Group I (Figure 0, Jo. 2, E-2). 

Group III: Group III is similar to Group II, except 

for a greater dispersi .n of R-R intervals 
and with most of this dispersion on the 

left side of the mean or mode of the histo- 
gram. The histogram is skewed or distorted 
to that side (Fiure 8, o. 3, r-29). The 

fluctuation of the consecutive intervals 
is greater than in Group II and tìio ranges 

vary from .16 to .27 second. 
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Group IV: Histogrtu'as are flatter and exhibit a 

greater dispersion of R-T i:terva1s than 

those of Groi IL. The flucation of 

consecutive iterva1s is, of course, 

greater than :Jroup III and ranes vary 

from .21 to .36 second (Fiure 6, o. 4, 

E-10). 

Group V: Histogram patterns are similar to Group 

IV but appear flatter and have greater 
dispercion of the R-R intervals. How- 

ever, the fluctuations of consecutive 

intervals differ from those in Group IV, 

in sorne cases, that is, in Group V there 

ar e i oner interval s be tween fluctuat ionz 

(Figure 8, No. 5, G-6). The slower Tieats 

occur somewhat rhythmically or periodi- 

cally at intervals of 7 to 10 seconds. 
The ranges of the long &ìd short inter- 
vals in different &iirials will vary from 

0.2E3 to 0.48 second. 

Group VI: Similar to the preceding group except 

that the longer beats a»oar less fre- 
quently than was the case for Group V. 

The ranges vary from .34 to .51 second 

(Figure 9, ho. 6, E-31). 
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Grip VII: Histogram patterns are more symmetrical 

than those in the other croups but the 

dispersion of R-R intervals was the same 

as in the two preceding roups ((roups V 

and VI). The variation of consecutiv, 

intervals Is cu.e marked and of ter a 

langer beat occurs about every 7 to 20 

seconds. The pattern limits of lndtvid- 
ual records show a varIat.on ir range 

from .31 to .38 secid (Figure Sa, Lo. 
'7 1 

f r-LI. 

Group VIII: Jistogram patterns of some animals are 

similar to Group III and sie are similar 
to Group VII, but, both histogram pat- 

tenis in this grp show consecutive 

beat fluctuations similar to those in 
Figure Sa, No. 8, E-31. The ranges in 
this groi vary from .28 to .4]. second. 

Group IX: Histograms e similar to those of 

Groups V and VI except that they have a 

greater fluctuation of consecutive beats 
than Groups V and VI; the 1oner beas 
occur interchangeably with the short 
boats. These interchigeab1e longer 
beats are usually grouped. In each 
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group there are about 5-7 of the 1oner 

beat8. The groups of longer intervals 

appear more or less rhythmically. The 

ranos vary from .31 to .55 secd. 

By observation it cai be seen that in the first 3 

groups of histogrsm patterns the distributiun of h-Ii 

intervals re more nornial types than are the other groups 

(groups 4, 5, 6, 7, 8 end 9) because the records of most 

animals fall into these groups. The ranes are small, he 

histogram patterLs are not complicated and the fluctuations 

of I-i-R intervals are small. In Group I, the historwi pat- 

terris are more regular thon in Groups II and III. When 

two normal histograms of Group I are combined together, 

the resultinG grh will appear similar to the histogram 

patterns o Groups II, IIÏ and some in other groups. Corn- 

binations of 3 or more normal types of Group I will create 

patterns similar to Groups Iv, V and others. In additim 

to these combinations, the fluctuations of R-R intervals 

viere included to use for consideration of the patterns as 

noted above. 

Distribution of HistoTam of Heart flato Patterns 

It is evident that most of the calves at 500 los. 

body weiht (in E and F years) are in the first 3 groups 



of historam patterns i which there are 54 calves or 

88.51 per cenu. Te rernairin 7 calves or 11.49 per cent 

are distributed into several other croups: group IV, 

groups VII, VIII snd IX (Tables 2 and 3). The percentage 

of the distribution of histogram patterns into different 

groups is shown in Table It can be seen that calves 

in t1 E year at 500 lbs. body weiht comprise a reater 

percentage of Group III and a lesser percentage of Croup I 

than the calves in the F year. hen calves reached 800 

lbs. body weiht, they had quite a different distribution 

of the patterns from those at 500 pounds body weight. 

The histo.j'am patterns are distributed arid spread into 

most of the 9 groups of the patterns at 800 pounds body 

weight, with most of the calves distributed in Groups II, 

III and IV. 

In the G year (800 lbs. body weight) there was a 

marked difference from those of the E aSid F years. The 

distribution of the histogram patterns of calves in the 

G year was similar to the distributicrt of patterns of 

calves at 500 pounds body weight in F year in that there 

was an increase in the percentage of the patterns classi- 

fied In Group I mid fewer in the other groups. 



40 

Plstributlon of I-I1storn Patterns of Off-test Calves 

The animals off-west, calves which had been removed 

from the test program, differed from the other calves in 

nistogram pattern groups (Tables 2 and 3). This variation 
apears in all three jears and will in2luence compari sons 

between the 500 and 800 pounds records. About 50 per cent 

of calves in the G 'ear (66.6 per cent of all off-test 
calves) belons to the off-test group of calves. No off- 
test calves have a {;rop I histogram. The distribution of 

iiistoram patterns shows that the ¿reatest percentaes is 
in Group III and is equal in Groups II and IV (Table 3). 
The variation of tlìe distribuon was ¿reater in males than 

in females. 

Ïwent-three calves were in Groups V, VI, VII, VIII 

and IX. Nine out of 23 calves were the off-test animals 

(Table 2). Two calves are not listed as off-test calves 
and were lo-iown to be abnormal. The rem aixiiig 66.7 per 
cent of off-test calves are in Groups II, III and IV and 

are listed as normal. 

It can be seen that the most obvious difference in 
tbe distribution of the heart rate patteras betwe the 
off-test and on-test calves was that no off-test calf 
occurred in Group I (Table 3). 
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The Fifect of Line and Sex on the Distribution of 

Historen, Patterns 

The average distribution of the historn patterns 
of calves according to sox îiâ liric was shown as percent- 
ages in Table 4. l3eeause of the unfavorable ratio the 

number of' calvos was calculated as 100 ./. of the animals 

in each sex, tlieii divided into hues (20G ./.). The sexes 

in each line were then accumulated and the percentae 
recalculated on a total-animal basis (100 ./.). 

The distributicri of the histogram patterns (Table 4) 

shows that tuore was no differeìce between sexes within 
the line. A differere between lines was found. In the 

Lionheart liiìe, calves showed moro variation than those in 
the David or the Prince line. David line males bad mox 

variation than the irince line males. 

There was a sex difference at OO pounds and BOO 

pounds body weigiit. Tue distribution of hoart rate pat- 
toms ior ::emales had a greater range than for males. 

This difference did not exist in the off-test calves. The 

malo (off-test) calves were similar to ali females calvea 
according to the distribution of heart rate patterns at 
500 and 800 pounds body weight, and had greater variation 
than on-test nal.o s at 500 and 800 pounds body weit 
(Table 3). 



Table 2. Distribution of heart Rato Patterns 

E-500 E-800 -500 F-800 G-800 

hsnge Range an Rangi Range 

Group Calf in Calf in Calf in Calf in Calf in 

ko. second :o. second io. second h o. second No. second 

2- 2. .16 -13 .10 F- 1 .16 Y-27 .15 G- 2 .12 

5 .15 22 .11 2 .10 10 .10 
a a 

J 
1A 
L 

11 £ ,L. 
Ir) 

S 

20 .12 5 .13 22 .7 

22 .10 22 .12 27 .11 

30 .14 23 .7 37 .9 

44 .12 27 .11 43 .12 

47 .11 28 .13 
49 .11 29 .14 

30 .6 

31 .14 
41 .11 
42 .18 
43 .18 
49 .10 

II E- 2 .13 E- 2 .16 11_21 .15 F-22 .16 G- 8 .20 

6 .18 7 .15 33 .14 26 61 

7 .15 .1 46 .16 28 
.13 
.18 35 

.16 

.17 

13 .14 42 .17 50 .18 '- :'' .18 

24 .18 48 .15 30 .13 '53 .16 

50 .21 47 .16 91 .14 
92 .15 

*93 .14 

o, H 



Table 2, continued 

E-500 E-800 F-500 : -OO G-800 
Range 

- 
Han;e Range Range Range 

Group Calf In Calf in Calf in Calf in Calf in 
.o. second No. iecond No. second No. second No. second 

III L- 4 .19 E- 4 F-10 .19 F- 3 .21 *0_21 .17 
8 .18 20 .19 24 .25 5 .23 .24 

23 .25 21 .27 26 .22 41 .20 25 .22 
26 .18 23 .26 44 .21 42 .22 26 .22 
28 .19 26 .23 47 .22 .21 28 .18 
29 .21 *44 .18 51 .18 51 .25 29 .26 
o2 .23 47 .24 52 .16 52 .22 ',39 .18 
41 .19 53 .25 45 .14 
42 .19 47 .26 
45 .19 48 .20 
48 .23 
51 .20 

IV :-10 .30 *L_10 .32 F-10 .23 0- 3 .29 
25 .29 24 .33 21 .22 *30 .23 
43 .25 25 .21 26 .30 *49 .23 
46 .25 27 .29 31 .24 

28 .23 33 35 
*29 .21 43 .24 
30 .26 49 29 
41 .29 50 .26 
4 .27 53 
49 .28 
50 .27 

*51 .32 

C" 



Table 2. continued 
E-500 E-800 F-500 F-800 G-800 

Range Range Range Range 
Group Calf in Calf in Calf in Calf in Calf in 

Yo. second !o. second_No. second No. seod No. secd 
*E_ 6 .36 F-24 .32 G- 6 .32 

46 37 *9 .28 
34 .34 
*51 .48 

VI E-46 .34 F- 8 .43 *G_52 .51 

VII E- 1 .31 F-45 .38 F-45 .32 

VIII i-3l .4). E-3l .38 G- 4 
5 .32 5 .28 

32 .21 

IX *E._ 0 .49 F- 8 .55 f- 1 .31 
.52 

* 01f test 
Febrile coditThn 

** Bloated calf 



Table 3. DistrIbution Percentage of Histogram Patterns for Different Groups of Calves 
500 lbs. 000 lbs. Off-test 

JTisto- G- body wt. bo4y wt. calves Total graphIc E-Year F-Year Year Ave. Lumber Ave. number Ave. umbr number patterns 500 800 500 800 800 ./. F j.. F M F & M F M calves 
.1. .7. .7. ./. ./. .7. 

Group i 28.1 .3 51.7 3.7 38.9 39.3 9 15 14.5 3 7 

Group 2 18.8 16.6 13.8 18.5 27.8 16.4 4 6 20.3 5 9 l.5 3 2 29 

Group 3 25.0 27.6 25.9 16.7 32.8 9 1]. 23.2 3 13 29.6 3 4 43 

Group 4 12.5 37.5 33.3 5.5 6.5 1 3 27.5 7 12 10.5 3 3 29 

&roup 5 7.4 5.5 4. 2 1 14.8 2 2 7 

Group G 4.2 3.7 2. 2 3.7 1 3 

Group 7 4.2 .4 3.7 1.7 1 2.9 2 3 

Group B 3.1 4.2 5.5 1.7 1 2.2 2 11.1 2 1 6 

Group 9 3.4 3.7 1.7 1 1.4 1 3.7 1 3 

Tota]. number of EKG records 26 35 25 "i 13 14 157 

C" 



ab1e 4 Distribution 01' Histogram Pattexis According to Line arid Sex of Calf 

umber ____ His tographic Patteni Group 
Line nd sex v calves 12 3 4 5 6 7 8 9 

.1. .1. .1. ./. .1. .1. ./. .1. 

Li onhe art 
'orna1c 11 5.9 5.9 1.9 1.9 1.9 1.9 
a1e 23 10.1 5.0 8.9 2.5 1.2 1.2 

Average 34 6.5 5.4 5.4 2.3 0.8 0.6 0.8 0.8 1. 

Prince 
ena1e 23 11.7 7.8 15.7 3.9 1.9 3.9 

1.:ale 26 11.4 6.3 5.0 10.1 
Averae 49 11.5 6.9 3.2 7.7 0.8 1.5 

Female l7 5.9 3.9 9.6 9.8 3.9 
Wale 30 6.3 7.6 15.2 6.3 1.2 1.2 
Averae 47 6.2 6.2 13.1. '7.7 0.8 0.8 1.5 

Total Average 
Female 31 23.5 17.6 25.5 15.7 3.9 5.9 5.9 1.9 
Ta10 79 27.8 19.0 29.1 19.0 1.3 2.5 1.3 

(n 
o' 
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Figure 1. Histographlc Patterns of the Heart Rates of 
Lionheart Line Calves in the E-year (1955-56) 
at 500 and 800 lbs. Body Weight 
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Figure 2. Histographic Patterns of the Heart Rates of 

Prince Line Calves in the E-year (1955-56) 
at 500 and 800 lbs. Body Weight 
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Figure 3. Histographic Patterns of the Heart Rates of 
David Liria Calves in the E-year (1955-56) 
at 500 and 800 lbs. Body Weiit 
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Figure 4. Histographlc Patterns of the Heart Rates of 
Lionheart Line Calves in the F-year (1956-57) 
at 500 and 800 lbs. Body Weight 
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Figire 8. The Fluctuation of R-R Intervals, Heart Rate 
Patterns and Apparent Homeostatic Level 



E 3I eoo Lbs. 

____ - 

L I: S00 Lbs. 

si: 500 LbS. 

s: soo Lbs. 

il 

64 

s.... S.C. 

0 

C.ss.s.5Iv. 5 

Figure 8a. The Fluctuatiai of R-R Intervals, Heart Rate 
Patterns and Apparent Homeostatic Level 



r is: SSS 1.1.. 
N 

F Z5:S5S 1.5.. 
N 

£ 40: 555 LII. 
N 

ULQAflO CALF 

65 

232*. 

A,TEm NILIASINS SAS. 

CALF WITH £IStHNINUI$ EZ::.. 

i,iï_7, 
»A 

L- 
S.. 

N -N I.H..l$. 
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Appare.t ou:cota'c Level of Calf Tieart ates 

The heart has the ability to maintain a constant rate 
of beats or a "steady state" (much like the other organs 

or systens in tue body) . The steady state of the heart 

rate vzill be called "apparent homeostatic level". Changes 

ii the homeostatic level of the heart rate may be due to 

e i th er exo gera oua or end ogenous f actor s as se en in Figure s 

8, Ba and 10 and Tables 5, 6, 7 and 8. The meen or the 

mode of the heart rate may change due to the age, weight, 

dietary s;ate, anibi&t temperaturo, rectal temp9ratum or 

disease. Those will be disuzsed later. 
ìie classes of heart rate patterns I Figures 8 and 

Ba show the apparent honieoatatic level of the hsart rates. 
Each class or ;raph has a mode which can be considered as 

the apparent horaeosbatic level of the heart rate. It was 

found that the node is a more reliable indicator than the 
n3an in determination of the apparent homeostatic level 

of the heart rate, because the fluctuations of the R-i 

vary around the mode rather than the moan. It can be seen 

in Figure 8 and 8a that even though the duration of H-H 

intervals was continually changing this variation centered 
around the apparent homeostatic level and because it kept 
returning to this value this value becomes recoiized as 

tb e mod o Lhe mo an of the he art ra te was hi ghe r than the 
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mode br about 2 to 5 beats por minute, this ma be due to 
the excitement, exercise or ìiovement o11 ie animal. It 
has normally been found that faster heart beats ( shorter 
R-R irtervals) will occur ir each record or animal at the 
time of recording of the EKG. This is an error of the 

mean thich can be minimized &d the mean can be made to 
coincide th the rode by ncrasiriC the ssriple size of 

the rasurenents of the heart rate. 
The mode cannot be used in. an analysis b the 

statistical method becaise in my records the heart rate 
recordinof sorr calves have moro than one modo. 

and Veight Effect on the 4pparent Homeostatic Level 

of the Heart Rate 

Dy observation lt can be seen that the heart rate of 
calves at 500 pounds showed less flue tuation than calves 
at 800 pounds body weight (Table 2). The consecutive 
fluctuati orts or variabi1 ty of R-R intervals increased in 
the higher groups of the heart rate pattens Group II 
has moro fluctuation than Group I, Group III has more 

fluctuation than Group II, and so forth. About 88 .1. of 

the calves at 500 pounds are In Groups I, II and III with 
the greatest number in Group I (39 /.). rho calvos at 
800 pounds have about 85 ./. in Groups ï, II, lIT and IV 

with the majority divided among three croups as follows: 
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II (20 .1.), III (23 .1.) and IV (27 ./.). A similar 
situation occurred in the off-test group of calves where 

the distributiì ceitered in Group III (2 ./.) with 
lesser percentages ir Groups II (18 .1.), IV (15 .1.) 

and V (15 ./.). 
As descrIbed above, the fluctuation of R-F intervals 

was greater In the calves at 000 pounds whIch were also 
bigger and oleer than calves at 500 pounds body v'eiht. 
SimIlarly, the heart rate of off-test calves tended to 
fluctuate more than that of on-test calves. 

Effect of Weight Loes, Amblent Temperatures, }ectal 
Tenperatures and Removing Calf from Test Condition on the 
pparent Homeostatic Level 

It ;vas found that the fluctuation of i...R intervals 
around the mode may be associated with or influenced by 

many factors. This association can be seen from the dis- 
tribution of calves in the different heart rate patterns 
as follows: There Is a higher percentage of calves in. 

Group I at 500 pounds (39.3%) than at 800 pounds body 

weight (14.5). Th.e calves at 000 pounds in this group 
were fcw (3 calves) for E and F year but there was an 

increase i the number of Oroup I calves in the C--year. 
Most calves i Group I had thoir KG recorded at a time 
when the anbient temperatures viere below 60°F, few of 
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those ca1vt3 :ìad 1os ;e)ìt and none had unusual rectal 

temperature recordings (Appendix Tables I snd II). 

Groups II and III had more variability in conecutvo 

heart boats tharì Croup I and the percentage of calves n 

GroupslÏ (2O.3) and III (23.2) at OO poimds was :reater 

than Group I (l4.E). In contrast with the calvos at 800 

pounds, the calves at 500 pounds had a smaller percenta'e 

in Groups II and III Ghwl in Group I (Table 3). It viould 

seem that calves n Groups II and III wore affected niore 

b high ambient temperature, weight loss o removal from 

the tes t conditi ons than calves 'roup I. 

Heart patterc of Croup IV showed more fluctuation 
than was noted in Group III. More of the calves at 800 

pounds were in Croup IV than the other roups 
(27.5v). 

In the calves at 500 pounds the Croup IV percenta was 

onlj 6.5%. Most calves in Group I\' were imals that had 

been removed £roii tcst conditions, had their EIG recorded 

at a time when the mnbient temperature ws above 60F, or 

had lost weight (Tables 2, 6, 7, 8 arid Appendix Tables I, 

II and III). There viere oxly 3 calves out of 24 in Group 

IV, the history of which did not show these adverso condi- 

Lions at the time records were obtained. 

Groups V, VI, VII, VIII and IX contained many unusual 

calvos or rocordin conditions, such as calf b-31 at 500 

pounds body weight that hd a rectal temperature of 
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105.4°F, p-25 was known as a bloatod calf sud E-40 had a 

condition that is known as Eisenmener' s Syndrome (Figure 

10). 

No difference had been found hotvieen sex or 1ire for 

the fluctuations in R-R intervals. 

The results indicate that the factors of a;e, weicht, 

ambient temperatures, rectal temperaturos end disease may 

reat1y influence the fluctuatIons of heart rate and the 

homeostatic level. 

ileart Rate 

Data derived from 3 years 01 recorda are siraarized 

in Table 5 for purposes of comparLson of the heart rate 

between year, sex, a'e, weight, rectal temperatures and 

ambient temperatures. The heart rates in toms of R-R 

intervals, along with the 95 ./. confidence limits for 

means of it-H intervals are included. The average rato, 

for tie entire series, v:as 107.14 beats per nimnute for 

females and 107.35 for males at 500 pounds body weight. 

At 800 pounds body weight, the average rate was 97.77 for 

females and 100.75 for males. Calves off-test have slower 
rates thaxi calves on-test (800 los. bodr weight). The 

average rate for calves off-test was slower by 9 boats 

for females and 15 beats per minute for males. 
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The Effect of 'oar, L.e, Inbreeding cud Birth Weight on 

Heart Eate 

Thcre were no differences in heart rato between years, 

lino, degree of inbreeding, or birth weight. The mean 

heart rate for tho entire seriec, is 99.0 beats per minute, 

the average birth weight is 70.8 powids and the degree of 

inbreedfng is 0.143. 

The Effect of Sex on icart nate 

L'io confidence limits foe' the means of R-R intervals 

(Table 5 ) showed that variati on s of the he art rate are 

equally pronounced in males and females at 500 pounds body 

weight. At 300 pounds body weight, the females showed 

greater variations and slower heart rates than males. The 

mean hot rato at 500 1h. was significantly differrìt 

(r<.ol) from that at 800 lbs. body weight for both males 

and females, but thero was no significant sex difference 
at either weight (Table 5). 

However, according to the statistica]. model there was 

a highly significant negative correlation between heart 

rates at 500 and 800 pounds body weight showing that 
higher heart rates at one stage In development are asso- 

elated with lower rates at another stage of development 

(Table 13). There was no appreciable correlation between 
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sox of calf and its iart rae (Table 13). 

Effect of Removing Calf from Test Conditions 

ii1e art rates of calvos wt;re aff3cted b dietary 

changes occasioned by r emoval from the test prox'ani. .this 

ef.'ect cvn :e sen in Fiire 7, Table 5, and Table 6, all 

of which shw that a larer proportion of variation and 

slower heart rates were seen in the males thai in the 

females. It was found that off-test calves (males and 

fe!1ales) had a significantly lower heart rate nd greater 
variation thTì on-test calves (Tables 5 and 9). The dis- 
tribution of averase heort rate valucs of off-test calves 

(Figure 7) on a graph with time in days on the abscissa 

would indicate that there is some time relationship ifl- 

volved n the heart rate changes after removal from the 

test progr.ui. A hily sifficent nagatve correlation 
between on-teat calves and off-test calves showed that 
a larger proportion of the off-test calves had slower 

heart rate than the on-test calves (Table 13). 

The Effect of end Weight of Calves on Heart Rate 

The average age and weiht of calves end the associa- 
tiori of these traits with heart rates are shown in Table 

5. It can be seen that males are yowiger then females at 

the se weit yet heart rates are slrdlar. The females 
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are older than males, abcut 3, 44 and 67 days for the 
calves at similar weights of 500 and 600 pounds body 

weight &ìd off-test calves respectively. 
The ages cf calves ranted from 7 to 11 months for 

feniales and 6 to 10 months for ia1es at 500 pounds body 

weight. At 800 pounds body weight, the ages ran:ed from 
11 to 15 months for females and 9 to 13 months for nal.s. 
The o2f-tost calvos v.'e'e older than on-test calvec vrith 
the ages ranging from 12 to 17 months for females as-d 11 

to 14 months for males in the off-test groups. 
Accordir to results from the statistical model, a 

highly sinificcnt positive coire1ation was found tetwoen 
&ge of calf and its heart rate ;thich shs that as age 

increases, the L- interval increases or the heart rate 
decreases. S!milarly the treiíht and the heart girth of 
calves both increase as the animals increase in ase. A 

highly significant positive correlation was found with i 

increase cf both weight and bart girth with a decrease 
of heart rate (Table 13). 

Effect 2.: Rectal Temperature on Heart Rate 

Rectal temperatures exhibit great ivdividual variation 
(Appendix Tables I, II, III) depending on many iactors. 
The average rectal temperatures in males and females at 
800 pounds in the L-year is lower than temperature for 
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calves at 500 pounds (Table 5), but is difference due 

t weight does not exist in the F-year. Iii the G-year, 

the rectal tperaturea wore higher in the females than 

in the nales. The opposite situation occurs when the 

calves wore removed fron the test program in hich case 

the. maies n'e higher in rectal teiperature b 0.3°F than 

females. Tue rectal temperatures dId 1LOt undergo a sia- 

nificant change as the heart rate Lcroased or decreased. 
Rectal temperature of each calf Caiale or íemale) at 

500 pounds bodr woit In the E and F rears were very 

closely correlated with the ambient temperature, and 

slightly associated with heart rate (Figures 11 and 12) 

while the rectal temperature for each calf at 0O pous 
(Figuresl3 and 14) showed greater varïability in relation 

to the ambient temperature. Analysis of data indicates 
that a siìifi c ant (although small) neative correlati . 

between rectal temperatures and arnbiet teniperatures Is 

shown In Table 13. 

The Effect of Amblent Temperature on Heart Rate 

L order to et an overall picture of body reaction 

of the calves y seass, the data were tudicd on he 

heart rate respo.iso to the changing of tue abieat tempera. 

ture. Body temperature was compared by graphL-ì tho 

individual heart rato, rectal temperature and ambient 
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temperature for each calf on the ordinate against the 

abscissa of the dato of recording EKG, which was expressed 

as the "ITuniber of days from Jenusry lst!t. The graphed 

points for the individual calves were co:inected by means 

of a marked line for each measured trait to facilitate 
visua]_ separation. Data were graphed for each sex, 

weight (500 and 800 lbs.) and year (Fiures 11, 12, 13 arid 

14). The relationship of the heart rates of the E calves, 

male &ìd female at 500 pounds body weight, alorg with its 
rectal temperatures and ambient temperatures are shown in 

Figure 11. Heart rate is compared with the rectal tern- 

perature and ambient temperatura of calves at 500 pounds 

in F-year, 800 pound calves in E-year and 800 pound calves 

in F-year respectively in Figure 12, 13 and 14. 

'l1he heart rate was affected by the ambient tempera- 

tures as shown in Figure 13 aid 14. The heart rate was 

slower then the ambient temperatures reached 60°F or 

above. The comparative data of the heart rates of calves 

E(G's which viere recorded at the different ambient tem- 

peratures are presented in Tables 6, 7, and 8. 

The heart rate of calves in the E-year at a tempera- 

ture of 600F or above is presented i:i Table 7, while the 

heart rate at temperatures below 60°F are presented in 

Table O for calves at 000 lbs. in the E year. The average 

rate was 103.73 beats per minute for both males aid 



Table 5. Cuxuulative Averages of H-R Intervals, Confidence Limits of ii-R Intervals, 
Heart Rates, Rectal Temperatures snd Ambient Temperatures of Calves uring 
EKG Recording 

wt. Age R-R ConfIdence Heart Hectal Ambient 
Year and Vit. Sex lbs. days interval lirnits rate/min. temp. O} temp. OF 

E-500 lbs. 
Female 531 232 .560 .022 107.22 102.4 47.2 
Male 530 242 .552 ±.022 103.72 102.1 41.4 

F;-800 lbs. 
Female 811 398 .630 ±.067 93.90 101.7 54.1 
VIale 815 348 .591 ±.023 101.61 101.9 56.5 

:-500 lbs. 
Female 525 277 .552 X.019 108.69 102.3 43.4 
Male 534 250 .567 .O29 105.C2 102.5 42.4 

G-800 lbs. 
Female 774 379 .c26 t.03E3 95.85 102.3 62.1 
Male 792 349 .577 ±.025 103.99 101.5 58.8 

G-0ff Test 
Female 803 417 .C46 2.O43 02.88 101.9 64.6 
I!ale 825 365 .713 ±.O64» 84.15 102.1 59.1 

All Off Test 
Female 806 436 .675 ±.040 88.88 101.8 64.9 
Male 823 369 .699 X.O55 85.88 102.1 58.3 

All 500 lbs. 
Female 528 279 .560 *.O13 107.14 102.3 45.3 
Male 532 246 .558 X.Ol7 107.35 102.3 41.9 



Table 5. continued 
Wt. Age R_R* Confidence Heart Rectal Ambient 

Year and Wt. Sex lbs. da:>s interval limits* rate/min. temp. OF temp. OF 

All . Test 800 lbs. 
Female 799 394 .C14 ±.021 97.77 102.1 58.6 
Male 806 350 .595 ±.015 100.75 101.9 56.8 

* in second 

significant difference at P <.01 

*** 95 .1. confidence limits for R-R interval 



Table 6. Effect of Diet n Heart Rate and Gain or Loss of Weight of Calves at 
Temperatures of 60°F and Above Compared to Those Below 60°F 

Ou Test Off Test 
Animal Ambient Heart rate Gain or Animal Ambient Heart rate Off-test io. temp. °F per minute loss wt. lbs. No. temp. 0F per minute days 

Females at temperatures abov e 60°F 
G- 6 62.6 96.84 ±0 G- 5 66.2 97.16 1 

9 68.0 82.91 3 
22 67.2 97.83 -3 23 64.4 96.99 3 
26 64.4 86.11 14 30 68.0 91.30 1 
31 62.6 100.02 3O 93 7ô.4 93.21 2 
35 64.4 99.73 -3 

Average 96.11 92.31 

Females at temperatures below 60°F 
2'7 '46 57.2 103.14 17 
32 55.4 89.58 i13 44 58.1 88.59 3 

Average 96.23 95.87 
All Average 96.14 93.32 

Males at temperatures above 60°F 
(-11 60.8 111.65 ..18 G-21 65.4 84.46 2 

37 62.6 113.83 .20 29 68.0 77.18 7 
43 65.7 96.93 -9 39 62.6 99.27 34 
47 71.6 96.06 +10 51 60,8 66.78 10 
91 66.2 99.29 +10 52 60.8 93.37 27 
92 71.6 97.40 +5 53 66.2 103.02 6 

Average 102.52 87.34 



Table 6. ccatinued 

On Test Off Test 
Animal Amblent Heart rate Gain or Animal Ambient Heart rate Off-test 

o. temp. °F per minute loss wt. lbs. No. temp. °F per minute days 

Males at tpatures below 600F 
2 43.7 107.35 ¿26 4 50.6 73.38 2 
3 50.0 114.61 ¿63 25 52.7 91.55 2 
8 47.3 104.36 #5 34 58.1 80.00 3 

10 57.2 416 45 51.8 90.68 17 
48 50.0 102.06 e19 49 52.7 80.36 10 

Average 106.51 83.19 
All Average 104.34 85.46 

* Animal ga5.ned 14 pounds during 3 weeks period 

Significant difference at P<.01 

(D 



Table 7. Effect on Heart Rate of Gain or Loss of Weight, Feed Intake, and Time of 
Recordtng EKG at Ambient Temperaturecof 600 rnd above 60°F 

Gain or Hate 
Heart loss of of Feed Off 

Animal Ambient noctal rate per wt. Feed pa.n off. test Time EKO 
No. temp. OF temp. 0F minute lbs. mntakelbs. lbs. dayswas taken 

ia1e-8OO lbs. 
L-21 63.5 101.6 91.36 5 21.9 2.4 744 :OO P.M. 

27 61.7 101.7 96.60 -4 23.7 2.5 720 1:40 P.M. 
28 60.8 101.7 95.93 23.5 2.5 809 2:32 P.M. 
48 69.8 102.6 96.61 30 27.4 3.0 761 5:0h 1a.M. 
49 69.8 102.4 89.27 +29 23.6 2.6 761 2:0 P.M. 
47 66.2 102.5 96.50 -12 20.6 3.2 661 11:5 A.M. 
50 64.4 102.9 95.80 .9 25.0 .O 653 11:13 A.M. 
29 68.9 101.8 86.42 2.5 750 30 .0O P.i. 

Avera6e 102.2 93.56' 23.6 

Female-HO0 lbs. 
:t;- 5 66.2 102.2 83.64 .16 20.0 1.9 1,076 11:30 A.M. 

6 64.4 101.6 71.38 -37 2.1 954 5 11:40 Ä.M. 
2 62.6 102.9 92.96 -5 207 2.3 824 11:32 A.M. 

41 65.3 100.8 92.71 +16 23.3 2.0 1,092 10:00 A.M. 
10 68.0 102.1 88.32 -29 1.6 1,208 2 11:25 A.M. 
44 66.2 101.4 i1.66 1.9 1,096 2 10.40 A.M. 
5]. 71.6 101.6 80.11 2.3 978 2 3:20 P.M. 
31 71.E 101.8 93.05 2.1 858 2 10:30 A.M. 

Average 101.8 86.72 21.6 
Calf weicht gain or loss weight during week pexod in which CG was recorded 
Feed intake calculated from this period. S1iifiiìt different heart ra between the ambient temperatures 60°F or above and 

below 60°H, and between males and females. 



Table 8. ffect oì Heart Rate of Gain or Lose of Veight Feed Int&e, and Time of 

:Omale -OO lbs. 

Recording EKG at Ambient Tenperatures below 6O'F 
V 

Gain or Rate 
Heart loss of of Feed Off 

Animal Ambient Rectal rate p*" wt. Feed Cain eU'. test Time JXG 
o. teìp. 

j 
temp. °F riute bc. Intake lbs. lb.dawaa taken 

Wale..BOO lbs. 
L..22 42.8 102.3 109.18 s13 22.6 2,6 726 11:55 A.M. 

20 46.4 101.6 100.36 6 23.5 2.8 &1 11:40 ttJ. 
24 30.2 101.6 100.35 i7 17.3 2.7 699 10:25 A.L 
25 46.4 101.6 102.24 423 22.5 2.2 792 10:55 A.M. 
4 49.1 100.0 100.00 l7 22.5 2.2 824 lO:3 A.i;t. 

46 49.5 101.3 107.55 .19 2.6 3.0 708 10:35 A.. 
13 50.9 101.0 104.85 ll 28.9 3.J 72? 10:10 A. 
42 51.8 102.0 ?2Z.33 '23 24.9 2.7 668 11:15 A. 
B 102.7 -40 2.5 771 7 
7 50.0 102.3 111.17 413 26.0 2.6 800 11:40 A. 

45 5g9 101.6 lO'7.&5 17 O.3 3.0 743 lO3O A.. 

Average 101.6 104.48 24.3 

ì.VV_ i 35. 101.6 90.9G .6 23.2 2.0 1,016 ' 11:00 A.. 
23 41.9 101.8 9.53 -3 20.3 2.0 912 10:30 A.. 
26 C2.3 101.4 114.74 C 21.6 2.1 834 11:10 A.M. 

Average 101.6 ¶9.74 21.7 

t ra1f îeight gain or loss during week period In vztch EKG was recorded. 
Feed intake calculated from this per:.od. 

* C&Lf Caii 15 lbs. Ir 3 weeks period in hith EKO recorded. 

o, 
I-J 



Table 9. Analysis of Variance, the Multiple Linear 
Regression, t-Values and Partial Correlation 
Coefficients for Cardiac Interval 

Source of Sum of Meai F 
Variation D.F. Squares Squares Values 

Due to Regression 18 3424.47629 90.34868 6.2641 

Deviation about 
Regression 138 4191.26587 30.37149 

Total 156 7615.74219 

Regression Computed Partial 
- Variable Coefficient T Value Corr. Coe. 

1956-1958 -0.59197 -0.35301 -0.03004 
1957-1958 0.61137 0.36598 0.03114 
Sex 0.20149 0.15394 0.01310 
wt. at 500-800 pounds -0.78183 -0.10183 -0.00867, 
On - off test -8.88216 -5.79230 -0.44224' 
Line i - Line 3 -0.42600 -0.28991 -0.02467 
Lino 2 - Line 3 0.11713 0.08994 0.00766 
Inbreeding -5.06113 -0.69342 -0.05893 
BIrth weiit -0.07356 -1.13731 -0.09636 
Suck1ng gain 2.48921 1.06475 0.09027 
Age at EKG taken -0.00642 -0.32260 -0.02745 
Birth date 0.01436 0.71405 0.06067 
Wt. at EKG taken -0.00626 -0.29204 -0.02485 
Heart girth 5.18735 1.12282 0.09515 
Date at EKG taken 0.00321 0.58902 0.05008 
Rectal temperature -0.80138 -0.92488 -0.07849 
Ambient temperature 0.07340 1.21609 0.10297 
Feed intake 0.11836 0.49640 0.04222 

Coefficient of determination (R2) .45 

* Siuificant at F<.05 (t >1.96) 

Siificant at P<.0l (t >2.576) 
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females at temperatures below 60°F and 90.14 beats per 

minute at a teìiperature of 600F or above. One male and 

two females listed in Table 8 have slow hears rates. 

These calves may be affected by removal from the test 

program (male) or hav: : lost weight (females) at the time 

of rocordin the EK(. 

At temperatures of 60°F or above, the average heart 

rate of male calves is faster than that of female calves 

bj about 7 beats per minute end at 60°F or below there is 

a difference between the se:es of 5 beats per minute. 

Recording the EKG in the morninj or the afternoon had 

little effect or.. the heart rate as shown in Table 7. The 

average weight gain and loss preceding the period of 

recording of the EKG are shown in Table B, which shows 

that most calves gained v:eight during the period in which 

tue EKG was recorded ar had faster heart ratos than those 

listed in Table 7. L Table 7 there were more calves 

which lost weight than gained weight, also included were 

the calves which nad been removed from the test program. 

This is very much the same for the group of calve s on test, 

as sbovn in Table 6. There were more calves that lost 

weight than .ained weight at temperatures of 600F or above 

and more calves gained weight than lost weight at 

temperatures below 60°F. 
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Aralysls of data indicated a hi1y s1ificxit 
difference in h'art rate of calves ir the E-year between 

tie arbient temperaturc$ above 60°F d those below 60°F. 

There a10 was a highly significant se difference between 

ca1ve at 600F or above (P<.01). In contrast, there were 

no siiificant differences found in the G-ycar calves 

(Table 6). However, according to the lent scuare 

analysis, there was a highly sinificart positive carrela- 
tian between nbient temperature d cardiac intervals 
(Table 13) which shows that en increase of arient tern- 

peratures is associated with a decrease in heart rate. 

The Effect of Feed Intake on Heart Rate 

¶'hcre ere coraplicating factors In relatior to food 

intake, heart rate end sibient temperatures as shown in 
Table 13. There is a highly sinificart ponitie correla- 
tien between either feed intake or cardiac intervals and 

ambient temperatures. This rians that at high ambient 

temperatures there will be an 1-icreased feed intake and 

an increased feed i-take will be associated with a decrease 

in heart rato. This confounding does exist between eri 

increase in ae, weight of calf and an ircreaaed feed 

intake which aro associated with an increase of ambient 

temperature and slow heart rate at the time of recording 
the EG. 



Forty-five per cent of the variation in heart rate 
was accounted for by the indepeident variables studied 
(Table 9), which shows that much of the variation in heart 
rate is yet to be explained. 

Rate of Gain 

Pata coverinS 2 years production records of calves at 
500 pounds and 3 years productlon record3 of calves at COO 

pounds body weiCht are suniarzed in iablo 10. The data 
in the first colu.., the pro-test period (Table 10) were 
calculated from the production record3, prior to recording 
the TG at 500 pounds. Le 3econd coliuiin lists the 
average of the production records of calves from 500 to 
800 pounds (test-period). The avorae daily aizx at 500 
pounds r pro-test period was 2.23 a'id for the test period 
was 2.17 pounds for females and 2.69 aid 2.75 pounds 
respectively for males. 

Effect of Lines, Years, Inbreeding and Birth Weight on 
ìate 2L Gain 

There was no difference between lines, years arid 

deCrees of 1nbreediri for the rate of sain during the 
pre-test period or during the test period (Tables 10 arid 

11). It was found that rate of Cain had a hily 



significant positive correlation (P< .01) with birth 

weight showing that a heavier calf at birth is a better 

gaining calf during the test period. 

The Effect of Sex or: Rate of Gain 

According to the data in Table 10 it is apparent 

that males gain more per aay than females in both. the pro- 

test and the test perIod. There was a highly siificant 

sex difference for rate of gain (Table li). There was 

also a highly significant positive correlation between sex 

and rate of gain (Table 13) showing that a majority of the 

males gained more per day than did females. 

The Effect of Suckling' Gain and e of Calf on the Rate 

of Gain 

Rate of gain was affected by suckling gain of calves 

as shown in Table 11; calves having significantly higher 

gains per day durIng suckling period will have less gain 

per day during the test period. 
Suckling gain was also associated with the degree of 

inbreeding as shovrn in Table 13. A highly significant 

negative correlation as found between suckling gain and 

the degree of inbreeding, that is the calf gaining less 

per day during suckling period shov;ed a higher degree of 
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inbreeding than the faster gaining calf. 

The ace of calves at G recording was highly sig- 

nificantlj related to rate of gain of calves (Table ii). 
This shows that the older calves at the time of recording 

EKG will be the calves whIch were slower to gain. The 

negative correlatIon (Table 13) shows that rate of gain 

for the calves decreased with increasing age. 

The Effect of Weight of Calves at EKG Recording on the 

Rate of Gain 

T1e significant effect between the weIit at the 

recording of the flG and the rate of gain are very similar 

to t1 effect of the age at recording EKG, that is, the 

younger calves thich gained l'aster reached the time of 

recording at an earlier age. 

The Effect of Rectal Teniperatuie on the Rate of Gain 

The recta]. temperatures had no significant effect 
upon the rate of gain. The mean of rectal temperatures 

for the entire series was 102.11°F. 

Effect of Ambient Temperatures on the Rate of Gain 

There was confounding between rate of gain and 

ambiìt teriperatures because rate of gain data were 

collected and calculated from the entire series of 
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pre-test and test periods, but the ambient temperatures 

were collected at the time of recording EKG. These data 

may not 13e related to one another, even though there was 

a signifIcant effect between amblent temperatures and rate 

of gain (Table 10). 

The Effect of Feed Intake on the Rate of Gain 

The averases of feed intake are shown in Table 9 In 

which there is no difference between line of breeding or 

sex, but some difference was fuind between the pro-test 

and test periods. 

The Effect of Heart Rate on Rate of Gain 

10 appreciable correlations wore found between heart 

rate and rate of ain. This is the saine situaton which 

occurred with the ae and the weight of calves at record- 

Ing EKG. The data for heart rate were recorded only orie 

or two times (at 500 and 800 pounds bodr weight), but rate 

of gain was calculated from 500 to 800 pounds body welg1it. 

Forty-nine per cent of the variation In rate of ¿am 

is accounted for by the variables studied (Table li). 



Table 10. Average Daily Gain, Feed Intake and Feed Eflicloncy Subdivided into Sexes, 
Lines and Years 

Pretest Period Test Period 

Avera;e wt. 500 lbs. Average wt. 500-800 lbs. 

Average Feed Feed per Average Feed Feed per 

daily intake 100 lbs. daily intake 100 lbs. 
Line gain per day gain per day gain 

Female 
Lionheart 2.36 15.5 691 2.00 19.7 996 
Prince 1.96 15.9 864 2.23 18.7 848 

David 2.46 18.3 801 2.17 19.4 906 

Average 2.26 16.6 785 2.13 19.3 917 

1a1e 
Lionheart 2.80 17.0 615 2.75 19.2 692 

Prince 2.68 14.4 555 2.64 18.3 701 

David 2.64 15.6 625 2.81 19.3 691 

Average 2.70 15.6 598 2.74 18.9 695 

All average 2.48 16.1 691 2.43 19.1 805 

E-Ye ar 
Female 2.26 15.8 720 2,01 20.0 1013 

a1e 2.o5 14.9 604 2.80 19.9 735 

Average 2.40 15.4 664 2.40 14s9 874 

F -Year 
Femi 2.22 17.6 880 2.21 19.3 884 
Male 2.87 16.7 609 2.80 19.0 675 
Average 2.55 17.2 744 2.50 19.2 779 

All average 
Female 2.23 16.7 800 
Male 2.69 15.7 606 



Table 10, continued 

Pretest Period Test Period 
Average wt. 500 lbs. Average wt. 500800 lbs. 

Average Feea Feed per Average Feed Feed per 
daily intake 100 lbs. daily intake 100 lbs. 

Line gain per day .ain gain____ per day gain 

G-Year 
Female 2.26 18.6 846 
Male 2.74 18.2 666 
Average 2.50 18.4 756 

All average Pae 2.17 19.2 907 
Male 2.75 19.0 693 

(D 



Table 11. Analysis of 
Regression, 
Coeff ici ent 

Source of 
Variati on 

Due to Regression 
Deviation about 

95 

Variance, tI Multiple Linear 
t-Values and Partial Correlation 
for Rate of Gain 

Sum of Mean F 
D.F. Squares Squares Values 

18 20.24'? 22 1.12485 7.3229 

Regression 138 21.19770 0.15361 

Total 156 41.44492 

Variable 
Regression 
Coefficient 

Computed 
T Value 

Partial 
Corr. Coe. 

1956-1958 0.09268 0.77712 0.06601 
1957-1958 0.10967 0.92313 0.07634 
Sex 0.33980 3.65047 0.29675' 
wt. on 500-800 pounds 0.25781 0.47216 0.04016 
Ori - off test 0.01168 0.10706 0.00911 
Line 1 - Line 3 0.072 0.69407 0.05898 
Line 2 - Line 3 0.03429 0.37026 0.03150 
Inbreeding 0.34282 0.66045 0.05613 
Birth weicht 0.00460 1.00006 0.08482 
Suckling gain -0.67684 -4.08305 -0.32831 
Ago at EKG taken -0.00599 _4.22697* -0.33857 
Birth date -0.00217 -1.51466 -0.12788 
vt. at EKG taken 0.00361 2.37022 0.19778* 
Heart girth -0.36250 1.10331 -0.09351 
Date at EKG taken -0.00036 -0.92179 -0.07823 
Rectal temperature -0.00336 -0.05455 -0.00464 
Barn temperature 0.01052 2.45172* 0.20430* 
Feed intake 0.02902 1.71169 0.14419 

Coeflicient of determinatton. (R2) - .49 
* Siiificant at P< .05 (t >1.96) 

Significant at P <.01 (t >2.576) 



Feed Efficiency 

The Effect of Ycar on Feed Efficien 

The mean for feed required per 100 pounds sain in the 

pre-test period was 'reater i the F-year (880 lbs.) than 

tue i:-year (720 lbs. ) . This difference in feed require- 

nient of about 160 jounds in feed consumed was found only 

in the females and was not seen in the maies (Table 10), 

and this difference did iiot exist in the test period. In 

the test period, the feed per 100 pounds gain vas less for 

each subsequent year; the average feed per 100 pounds gair 

in E, F and G years was 874, 779 and 756 pounds respec- 

tively. The decrease in feed requirement per 100 pounds 

gain existed in both males and females. The differences 

in the average values were 129 pounds from E to F year and 

38 pounds from F to G year for females, and 60 pounds from 

E to F year d 9 pounds fran F to G year for males. 

There was no al&uifiont difference between years 

for feed per 100 pounds sain (Table 12). 

The Effect of Lines and Sex on Feed Efficic 

The differences in feed efficiency between lines 

aro shown in Table 10. Females in the Lionheart line 

during the pro-test period consumed less feed per 100 

pounds gain than females of the Prince and David lines, 
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but, in the test period the Lionheart females used ore 

feed per 10G pounds aiìì than iemales of the other two 

lines (Prince rnd David). It was also found that the 

Prince males used less feed dux.ng the pre-test period 

but more feed per 100 pounds sain during the test period. 

There was no sigìificant difference between lines for 

feed effiie ' (Tables 12 and 13). 

According to the averages, data in Table 10,males re 

more efíicient than females in conver&..on of feed to meat. 

?alos used less leed than fanales per 100 pounds aln. 

The amount of feed consumed per loo pounds of ¿am during 

the pro-test period was 300 pounds for females and 606 

pounds for males while during the test period lt was 907 

pounds for females and 693 pounds for males. 

The significance between sexes for feed efficiency 

as shown in Table 12 was at the 0.01 level of probability. 

A highly significant negati ve correlation between sexes 

is shown in Table 13, that Is, a majority of males used 

less feed than females per 100 pounds of gain. 

The Effect of Inbreeding and Birth Weight on Feed 

Efflci ency 

Ihe degree of inbreeding of calves had no appreciable 

effect upon feed efficiency. 

A highly significant negative correlation was found 
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between birth v,eiht and Leed efficiency. This shows that 

heavier calves at birth will use less feed per loo powi.ds 

gain durin; the test period than lighter calves at birth 

(Table 13). 

The Effect of Suckli Gain on Feed Efficiency 

Feed efficiency was affected by the suckling gaine 

of a calf as shown in Table 12. Calves gaining more per 

day during the suckling period used significantly more 

feed per 100 pounds gain during the test period. 

The Effect of Weight, and Heart Girth on Feed 

Eff ici ency 

The efi'ect of age of calves at time of recording EKG 

upon feed efficiency was highly significant. It is evi- 

dent that older calves at the time of recordh-ig the EKG 

(those growing less rapidly) require more feed per 100 

pounds gain. 

Again, a highly significant effect between weight at 

the time of recording CG and feed efficiency is showi in 

Tables 12 and 13, which means that calves which reached 

the weight for recoing the (G earlier (500 or 000 

pounds) required less feed per 100 pounds gain than the 

calves which reached 500 or 800 pounds later. 

It vías also found that age, weight and heart girth 



of c2.lves had a siificnt positive ccr'e1ation with feed 

efficiency, This shows that a majority of older, henvier 

calves havin b1ger heart births reeded more reed per 100 

pounds cain. A very good example is shown in Table L vihich 

demonstrates that the younger calves (male and female) at 
pre-test period necd less feed per 100 pounds gain than 

older ones during test period, even though they were gain- 

ing at the saine rate. In Table]O, the feed requirement 

is greater for the calves during the test period than 

during the pro-test period by about 107 pounds for females 

and 87 pounds for males. 

The Effect of Rectal Temperathres and Ambient Temperatures 

on Feed Efficiency 

There was no appreciable correlation between rectal 
temperatures of calves and feed efficiency. 

The ambient teiriperatures were positively correlated 
with eed required per unit of gain (Table l3). That is, 
as ambient temperatures increased, the leed needed for 
100 pounds gain Increased. 

The Effect of Feed Intake on Feed Efficiercy 

Feed intake was found to be confounded wIth many 

factors. Feed intake had a lüghly significant negative 
correlation with rectal temperatures, which meuns that 
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increasing feed intake vdll occur with decreasing rectal 

temperature. 

It was also found that there was a highly sigi.ifict 

positive correlation between feed intake and weight at EKG 

recording, and between feed i;take and age of calves at 

XG recording. This will be discussed later. 

A negative correlation v.as found betwew feed intake 

and suckling gains (Table 13), ho wing that a good gaining 

calf during the suckling period will eat less during the 

test period. 

Feed intake was found to have a highly significant 

effect on feed efficiency (Table 12) which means that 

calves with greater feed intakes required more feed per 

loo pounds rain. 

Effect Heart sate on Feed Efficiency 

A significant positive correlation between ii-R 

intervals and feed efuicienc (P<.05) was found (Table 

13). That is, the calves with a 1ow heart rate required 

somewhat more feed per 100 pounds gain. 

iinety-two por cent of the variation in feed effi- 

ciency was accounted for by the variables studied (Table 

12). It would appear that the variables considered were 

the most Important factors affecting feed efficiency. 
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Table 12. Analysis of Variance, t'e iu1tiple Linear 
Regression, t-Values and Partial Correlation 
Coefficient for Feed Efficiency 

Source of Sum of Mean 
Variaticn T).F. Squares Squares F Value 
Due to 

Re r e s s i 1 
Deviation about 

Regression 
Tot al 

18 3077725.37500 170984.74219 10.7027 

138 
156 

2204664. 62500 
5282390 00000 

15975. 83057 

Regression Computed Partial 
Variable Coefficient T Value Corr. Coe. 

1956-1958 
19 57-1958 
Sex 
wt. on 500-800 pounds 
On - off test 
Line i - Line 3 
Line 2 - Line 3 
Inbree ding 
Birth weijìt 
Suckling 
Age 
Birth date 
wt. at EKG taken 
Heart girth 
Season (Date EKG) 
Rectal temperature 
Amb i en t einperature 
Feed intake 

-16.93193 
-10. 38899 

-107 . 60331 
-110.94132 
-14. 37709 
-13.02090 

4. 10169 
-31. 57664 
-3. 51051 

223. 44031 
2. 04095 

s 40694 
-1. 47707 

104. 05210 
-0. 00241 
12. 89939 
-2. 34219 
35. 59907 

-0. 44024 
-0. 27116 
-3. 58451 
-0. 63004 
-0. 40879 
-0. 38637 
0. 13733 

-0. 18863 
-0. 4415 
4. 16725" 
4 . 46830 
1.01212 

o 98201 
-0. 01922 
0.64911 

-1. 69192 
6. 50992'" 

Coefficient of determir'ation (R2) .92 
* Significant at P(.05 (t>1.96) 

** Siificant at P(.01 (t>2.576) 

).03745 
-0. 02308 
-0. 29185 
-0.05356 
-0. 03478 
-0. 0287 
0.01169 

-0. 01606 
-0. 02928 Q33433* 
0. 35552 
0. 08584 

-0. 24794 
0. 08330 

-0. 00164 
0. 05517 

-0.14255 
0. 48471' 
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Table 13. S1p1e Correlation Coefftcients Involving Various Traits In Beef Cattle 

500-800 On-off Fx Birth Suckling . t. Hearth )ate Rectal Ambient Feed Cardiac fate oÍ Feed 

- 
Sex lbs. test calf t. gain Age EKG girth IKG texno. tent. intake interv-1 izain effic. 

ex ...)30 .066 .126 .216* j* )73 -.)27 -.373 -.1ìS -.076 ..03 -.4t 

)-CY) lbs. 
363k* 

-.0)3 .027 .o6 -.8O3 .985 .296 -.613 .t67 -.01 _.237* 

)n-off Test -.O47 .O .218's _.jtl3* 3j} 
.362 ) .)98 -.317 _.218* -.70 .3 

Fx calf -.096 -.303 .116 .321 .027 .172 -.106 .026 -.128 ..O30 .1L2 -.015 

l3irth wt. .i31. -.2l1 -.00]. .3w) .:fl. -.1S3 -.077 .123 -.2t5 

Suckling rain °9 .109 .229'* .016 .205* ..393** .03 .)62 

Age (Eko' .796 .822 -.39" _.222* .5o8 _.217* 

wt. (;.KG) 37 -.28T .6O5 .t66** .03 

Hearth girth -.3Ì4 -.238 .L75 -.362 .328' 

uate (} K() .223* _.000 _.296* -.0b7 -.069 -.12i 

Rectal temp. _.183* .26I, .171 .06t 

M;tbient teup. .367 .L27 -.010 .202* 

Feed intake .205 .lóf; 

-R interval .oSo .203 

ì.ate of ain 

Feed effic. 

* 
3ignifioant at ?<.0 

** 
Significant at F < .31 
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DISCUSS IO 

It is recou1zed that heart rate is subject to many 

influences or factors viiich can modify the rate at which 

the ìeart beats. In bodily rest, the averae rate in man 

is about seventy beats per minute. During physical exer- 

cise the heart rate flay be increased 'iree fold, with a 

greatly increased volume of blood ejected per minute as 

a consequence. iat are these factors? any researchers 

croup these factors into thermal, che:aical and nervous 

effects. 
In enera1, physioloca1 reactions are accelerated 

by heat and slowed by cold. The temperature of blood as 

indicated by miy workers has a direct effect upon the 

ttpace_mQert i_n the heart itself and in a similar way, the 

cardio-motor centers in the hind-brain which control the 

heart rate are affected. The rate of metabolic activities 
of all cells and the speed of oran activity generally, 

change in this way with variations in temperature. Such 

changes as exercise under normal conditions will elevate 
the body temperature. 

It is evident that many factors mr he variably 
related to heart rate or heart rate pattern i1ch bear ai 

the problem of assessing the adaptability of livestock to 

their environment and point cxlt ways in which the 
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necessary basic 1mow1ede should be extended i: the 

interest of livestock improvemt. 
This study covered records for three years on 

Ilereftrd calves (E, F end G years) of which previously the 

E year had been studied by Van Írsdel, Krueger and Bogart 

(87) for cardiac axis. 

Variation of Heart Rate due to e and ioight of Calf 

The hort showed a defliilte ef.fect resulting from 

changes in ae as reported by many workers (1, 3, 17, 24, 

65, 86). Sorne evaluation of heart rato change due to age 

reported in this study siìold be made even though the ae 
change in this study concex the time involved in 5rowing 

from 500 to 800 pounds body weiit, because calves had a 

faster heart rato at 500 than at 800 pounds body weight. 
The possible explanation of this change may be that the 
smaller animals have a hier metabolic rate per unit of 
body weight because of smalici' size, ¿reater cìemical ac- 
tivity or increased heat production resultirii from rapid 
growth. Ritzman and Colovos (76) indicated that high 
heart rates are obviously related to high basal metabolism 
of the yoimg calf. l-ìalston (71) and others pointed out 
that pulse rate increased after thyroxine -ías admInistered 
to dairy cows; a metabolic relationship. KIbler (39) 

stated that heart rate showed a definito ae effect and 
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slowed with increasin age. He also showed that during 

growth the heat productioi per unit surface arec of calves 

rose to a maximum level at about 6 months of age and de- 

clined with increasing age. This may be related to the 

rate of ¿rowth as indicated by Johnson and Ragsdale who 

pointed out that the instantaneous percentage rate of 

growth declined with advancing age (33, p. 16-17). 

The data available for direct comparison are those 

presented by i1liams, Krueger a-id Bogart (91). In the 
group of 25 hereford calves ranging in weight be tween 500 

and 800 pounds body weight, '1lliarns et al. reported an 

averae heart rate of 101.98 beats per minute for females 

and 105.01 beats per minute for males. These values lie 
between the average values found at the weights of 5 

and 800 pounds body weit in the present study and are 

considered to e in agreeinifit. These two methods seemed 

to give consistent results. 
Viilliams et al. (91) have noted higher heart iates 

of beef cattle as compared with the dairy cattle of com- 

parable age and have conjectured that this difference may 

be due to the increased heat production associated vrith 

rapid growth of beef cattle. 
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Variation of Heart Rate due to Line and Sex 

A siificant sex dilference was found b Uliliams 

i!.. (91) but these results were not caf1rmed in the 

present work. In the present study, a1thgh no sigrìifi- 

cant dìfferenee in heart rate was noted between lines or 

sexes, it is interesting that the heart rates of íemaies 

slowed to a greater extent and had nre variatIon at 800 

pounds body weight than did the heart rates of the males 

eve thouh tnis difference was not sDatistical1 signifi- 
C ant This phen omen on w as al s o n ote d by V i i li ama et al. 
who suggested that females are approaching their mature 

heart rate pattern whereas the bulls are still maintaining 

their more juvenile state of growth pattern. Climatic 

factors may b involved in this sex differe:ce because the 

slower growing females will have a higìer percentage of 

their observations taken under unfavorable sunwier condi- 

tions 

Variation of Heart Rate due to Ambient Tperatures 

The effect of heat on heart rate is aother physlo- 

logical difference betwe man and cattle. While the 

heart rate of the former speeds up ..s the effective tern- 

perature rises above 700 or 80°F that of the lauter tends 

to slow down, These facts are in thoroui accord with the 
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method of heat dissipati o used by each. As stated above, 

rmnts first lino of defense against a pyroxial condition 

is to swoat ard to increase the flow of blood thrah the 

capillc.ries of the skin, hence, n acceleration of th 

heart rate facilitates the elimination of heat from the 

body. Since the cow does not sweat, the dry skin of 

cattle probably has a temperature above that the body in 

a hot environment; consequently, in this case increasing 

the rate of circulation would tend to place an added 

burden upon the heat- issipatiQn mochanisni. Thus a slow- 

ing of the heart rate would be beneficial in the case of 

cattle. 

According to the data in the present study, heart 

rate of younger calves (500 lbs., smaller size) is asso- 

ciated with ambient temperature; increasing th rising 

ambient temperatures and decreasing with falling tempera- 

tures (Figures 11 and 12). It is obvious that the heart 

rates of some calves did ot follow t'rio ambient tempera- 

tures when they were below or near 320F; even thou the 

rectal temperature followed closely that of the ambient 

tenperature the heart rates wex faster Fiur 11 and 12). 

This is similar to published reports which indicate that 

it1i a drop in ambient temperature the heat production 

increased and the heart rato, associated with heat iro- 

duction, also increased. Ir this study lt has be&i found 
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that a decreased ambient temperature was associated with 

lower rectal temperatures, but the heart rates wore hiher 
than normal (107 beats per minute). This is probably due 

to other factors 1LVOlvOd and the experiment is obviously 
in ieod of further study. 

The time of day when the E(G was recorded did not 
appear to have a sinificait effect on heart rate. The 

heart rato also showed individua]. variability in response 
to the a!±ient temperature. This is not seon clearly 
because the present study did riot use the seme anim1 
(Fiuresll and 12). This may affect the estimates of 

critical ambient temperature levels. 
An increase in nbient texzerature is correlated with 

an i-crease in heart rate up to a certain critical level 
above which the heart rate will dccrease. This critical 
temperature for beef cattle may be lower than that which 

has been reported for dairy cattle. The critical tempera- 
ture for dairy cattle is about 70°F (35, 36, 37 and others). 
The critical temperature for beef cattle is uniown, but 
data in Tables 7 ar.d 8 and Fiures 13 and 14 would indice 
the critical temperaiires to be near 6O0. The difference 
between dairy and beef cattle in their reaction to aanbiìt 
temperatures iiht be explained by the anatomical differ 
ence between the dairy and beef types. The dairy typo L 

lean and angular as compared to the rotund beef type. 
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Loan and anu1ar ima1s expose more body surface than 

blocky animals. A greater body surface in Wrn results 

in greater heat dissipation. hus ftorn this point of view 

dairy type animals might be better adapted and iiiore heat 

tolerant than beef trpe animals. Most calves in the roup 

at temperatures above 600F lost weight during the week in 

which the EÇG was recorded (bein.a1nb of suzner season arid 

late fall). Tìis Is a striking difference to the group of 

calves at temperatures below 600F in which most of the 

calves gained weit during the week of the test. This 

protably lr.dicates a critical temperature for beef cattle 
similar to that reported by inaìy authors for dairy cattle 
who show that as the environ:rieital temperature increases 

beyond the eri tica]. terriperatures there i s a ris e ir: 

respiration rate and rectal temperature but a fall in the 

pulse rato. In the present study the decreased ìeart rate 
was roticed but the rectal temperature response was not 

definite1i established, Many woikers (69, 83, 64) also 

reported that as the environmental temperature increased 

beyond the thernneutrality zone or the upper critical 
temperature food consumption was depressed resulting in a 

decline in heat production and milk production along with 

a high percenta of insensible weit loss. In the 

present study beef calvos were found to have lost weight 

during the period when the ambient temper ature was above 
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CO0F. The Lood consumption in this group of calves was 

lower than that in control fi'oup (Table 8 cmbient tempera-' 

ture below 60°F) by an average of 1 pound per head per 

day. The differences between this group of beef calves 

and dairy cows cited in the literature were proab1y due 

to the younger age ol' beef calves than dairy cows, althgh 

breed and sex may also be ivolved. A hgh1y significant 

sex differerce was found in this portion of the study, 

that is females had slower heart rates than males. 

Variation in Hectal Temperature 

due to the Ambient Temperature 

The Appendix Tables I, II and III co1um 10 contains 

the recta]. temperature of each calf whi ch shows that 

individuals may vary as much as two degrees Fahrenheit. 

Statistical analysis indicated that there were rxo sig- 

r.ificant sex differences. A significant positive cor- 

relation between weight (500-'BOO pounds body weight) and 

rectal temperature was found (Table 14); that is, the 

young calves (500 pounds) had higher rectal temperature 

than the older calves (800). The possible suggestion is 

made that the younger calves probably have higher heat 

production than the older ones, although ambient tempera- 

ture effects may be involved. 
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An averc.-e rectal temperature for beef calves (lO2.F 
for males and females) is hiher than that reported for 

dairy cattle. Data available for direct comparison viere 

presented by Hewitt (28) who gave 98.O-lO2.4F with an 

average value of 101.0 for the temperature of beef cows. 

Studies by YilIiams, Krueger and Bogart (0) are also in 

agreement with the data obta.ned in the present sxy. 
Rectal temperatures were very closely correlated with 

amblent temperatures. The rise and fall of the ambient 

temperature thus apparently influences the rectal tempera... 

tures of calves at 500 pounds body weiìt. Most calves in 

this group had rectal temperatures, ambient temperatures 

and EKG recorded during fall end winter months. The 

ambient temperatures ranged from 62.1 to 21.7°F but there 
were only 3 of 61 calves in this gioup in viich FG 
recordings were made vthen the amblent tOEnperaturo was 

above 60°F. It is interesting to rate that rectal tem 

peratures of calvos in this group followed amblent tempera- 

tures closely. Even when the ambient tanperatures were 

32°F or below, rectal temperature recordings were also 
low, such as 101.0, 101.2, 101.4, 101.5. The possible 
explanation is that calves in the prese;t study were 

younger than the animals which were reported in the 

literature. Perhaps these young calves inar not have 

acieved perfect homeothermic mechanisms. One must also 



112 

consider the probability that individuals vary In adapta- 

bility and in cold tolerance and in their respo!se to the 

chaxiing of the erìvironme:ta1 teitperature because some 

calves in this group had hgher rectal temperatures when 

the miib ent temperature was lower than 320F. This problem 

needs further sthd. 
In contrast with the above situation, rectal tempera- 

tures of calves at 800 pounds bod weicht shod no con- 

sistent relationship with ambient temperatures. This was 

also true vthen the anbiit temperatwes wore above 600F. 

As will be noted (the appendix tables and Figures 13 

and 14) rectal temperature varied greatly for calvos at 

800 pounds body weight at certaLn levels of ambient tern- 

peratures (320 to 70°F). ihe rectal temperatures of 

calves in this croup lies between 101.0 and 103.1. The 

question is tthy did the rectal temperatures of calves at 
800 pounds have a great vtriation ¿nd no relationship to 

ambont temperatures? The ansv;er is probably difficult. 
Torma11y, the snirnals have a capacity to maintain body 

temperatures within ri.rrow lImits. in order to maintain 
these temperatures within these limits, the heat produced 
by metabolism must equal that lost from the body. There 

is some variation in the metabolic rate and, consequently, 
in the rate of heat producti within the body with 
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resultant variation In response to thermal conditions of 

the environment. However, balance between heat production 
and heat loss necessary to maintain a corstant body tern- 

perature is accomplished mainly throui adjusting the rate 
of heat loss. Our data Indicated that there was a very 

wide raigo of rectal tuperatures for this oup of calves. 
There are probably individual differe.ces in adjusthient or 

reu1ation of the heat production aLd heat loss from the 

body. labler and Brody (38) reported Uhat the rise in 
rectal temperature 1aced behind ambient ternporaure by 

i to 2 hours in ïolsteins and 2 to 3 hours i Jerseys. 
The fall n rectal temperature to i.ormal levels with 

decreasing embient temperatures required about 9 hours in 

1olsteins and 5 hou.rs in the Jerseys . Aalsis oi the 
data on beef cattle is difficult because of random fluc- 
tuation of the ambient temperatures between 30.2 and 

73.4°F. There were also variations in the tie of record- 
inß the data. The data also indicate that the upper limit 
of heat regulation of tbis croup of calves (Hereford) Is 
probably between 70 end 75°F. ii&i held above tiis tei- 
perature, it is probable that heat production over balances 
heat loss, tile body teneratures rise, and defiLiiite chares 
occur in characteristics of the physiology. 

There Is confounding in the data concerned with 
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amblent temperature, rectal teriperature, age of calf and 

we1ht of calf. Generally the data obtained on calves at 
500 pounds were taken vihen anbient temperatures wore low 

because most calves reached 500 pounds ir: the fall months. 

Sorno of the data obtained at 800 pounds were taken when 

the weather was cool while part of the data, particularly 
on the less rapidly gaining animals, were taken during 

the summer when temperatures were higher. 

It appears that rectal temperatures are higher in 

calvos at 500 than in those at 800 pounds body weiìt. 
It is not clear, however, regarding the association of 

ambient temperature with rectal temperature. There seen 

to be a positive association of rectal temperature with 

mient temperature in calves at 500 pounds and at tern- 

peratures below 600. IIov;ever, the drop in rectal tern- 

porature associated with increase in size from 500 to 800 

pounds and the greater fluctuations that arise in rectal 
tomperature when ambient temperature is above 60°F pro- 
dude interpietation of the results obained in the 
statistical analyses. The only way in which effects of 

weight changes and ambient temperatures can be definitely 
ascertained is through studies using ctrol1ed tornperathre 

chambers. 
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The }ffect of temo.ng Calf from Tect Conditions 

A study (72) of the effect of dietary change on the 
heart rates of beef calves in 1961 at the Oregon State 
Exeriment Station showed that a reduction iii heart rate 
occurred when calves were thanged from an ad lib pelleted 
fed diet to a hay and grain growing ration. The heart 
rate of off-test calves was slower than in calves on test 
by about 9 beats per minute for females and 15 beats per 
minute for males (Table 5). The duction of heart rates 
of calves off test as also associated with a weight loss 
in the calves (Table 6). The slower heart rate of calves 
off-test might be assumed to be the resnit of a reduction 
in consumption of TDN at tiis time. assumption can- 
riot be proved directly from our data but Thomas (81) 
indicated an opposite effect when he showed that heart 
rate increased when TDN waa increased. The variation in 
heart rate due to dietary change apeared to be greater 
in the males than the females in the present study. If 
there is a reduction in heart rate associated with reduced 
Intake of TD , one might expect a more pronounced influice 
on males than on females. The males at 800 pounds probably 
would find it more difficult to consume the quantity of 
food of lower quality necssary to satisfy the demands for 
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the growth potential whch is higher in bulls than it is 

for hoifers at this weight. 

Heart Rate Patterns and Homeostatic Levels 

Our results indicated that the heart rate patterns 

were changed by age or weight, diet, and management. The 

change of the patterns also was accornpaied with chaiges 

in apparent horneostatic levels (recoiized br mode). The 

shapes of histographic patterns agreed closely with the 

differences c1tained by averaging the heart rates. For 

instance, the hearts of calves at 500 pounds were faster 

than of calves at 800 pounds body weit. Similarly the 

histographic patterns are different in that the majority 

of calves at 500 ponds were in Groups I, II, and III in 

which the average heart rate was 103.41 beats per minute 

while at BOO pounds the majority were iii Groups II, III, 

aid IV with an average heart rate of 100.08. The diff er- 

ences can be seen clearly in the distribution of heart 

rate patterns of these calves in Tables 2 and 3. iuee 

the variation of histographic patterns was determined by 

differences in the characteristics of bistographic pat- 

terns which were arranged serially with respect to increas- 

ing variatior, the smallest variation is in the first 

group (roup I) and the <,roatest variation is in the last 
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croup (Group IX). 

The discuss±on of the results of the heart rate 
pattenìs are ot repeated here, because results were 

similar to the average heart rates which have been 

discussed. 

The significant problcm in this part concerns the 
factors thich bring about changes In heart rate patterns; 
whether by fluctuation of R-R intervals or through control 
of cardiac rhythm exerted on the heart b various mechan- 

isms. Kusachi (43) graphed the distribution of 1-R inter- 
vals in a after it had been under an anesthetic and he 

saw a combination of 3 normal types (of the his toraphic 
pattern) in the lar,e range of interval increments. His 

h1stoam would be placed in our Group IV. His correloom 
(the consecutive intervals of the heart rate) after aes- 
thetizin illustrated the remarkable respiratory fluctua- 
tion of sn athlotic animal with a large cardiac reserve. 
This fluctuation disappeared after the vagi were cut si-id 

the distributi OEi of R-R intervals was change d to what he 

called a normal tjpe. This norrn.al type, illus trated by 

Kusachi, was similar to the Group I of the his toraphic 
pattern a reported in the present study. An interesti 
parallel can be roticed in a bloater calf (F-25, Figu.re 
10) vthose heart rate was widely variable when bloated but 
reached a stable rate upon release of bas. A mar3ced vaga). 
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influence might be postulated. Further study along those 

lines miit be rewarding. 

Effect of Feed Intake, Feed Efficiency 

arid Rate of Gain in Heart Rate 

According to the results of the statistical analysis 

high food consumption is a'sociated with a slower heart 

rate. This is contrary to physiological findings that 

increased nutrition increases heart rate arid body tempera- 

ture in a calf. However, one must not confuse physiologi- 

cal findings with bookkeepers findins. These results 

were not from an individual calf but were sample observa- 

tions from many calves. Calves which wore lon,est on test 

(slow gainers) had the greatest food maintenance component 

which results in higher total feed intake fiures and lower 

efficiency. Further, these slower growing calves came off 

test in the spring and suìrnr where other factors could 

exert moro influence on the sample observation. Calves 

in ambient temperatures above the critical level then the 

EKG was taken will be affected by loss of appetite and 

loss of weight due to high temperature. It can be seen 

then that slow developing calves which remain on test until 

hot weather will have the heart rate sample influenced to 

a greater extent by other variables than will the faster 
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gaining calves which completed their test pro'an dur;nC 

more favorable weather. rrhis ti:e factor may also cause 

a sex effect because females gain more slowly thon the 

males, thus will have a greater percentage influenced by 

unfavorable riot weather. This could be an explanation for 
the greater variability seen in the female }KG records. 
There is also a possibility that this association may be 

due to the confounding of age or weight of calves between 

500 and 800 pounds with food consumption and heart rate. 
Larer calves (800 lb.) obviously consume more feed than 

smaller ones (500 lbs.). Heart rates ore higher in calves 

at 500 than in those at 800 lbs. This would tend to show 

an association of heart rate with food consumption because 

both are associaied with size. 
A sigrii1cant correlation between heart rate and rate 

of sain was not found in this study. This is probably be- 

cause the data of heart rates were not the s a as the 
daba on rate of gain. Data for heart rates were ieasured 

only one or vo tis for each calf, but data for rate of 

gain were calculated through the test period for each calf. 
The average heart rate for each measurement represented a 

sin1e sample and ay not be a good representative heart 
rate of a specific cali for a long period of time. It 
only represented the heart rate at the time of the 
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measurement or for that day. any workers have cited evi- 

denee that there were Creat variations in heart rate from 

day to day, thus i1y one or two measurement or heart rate 
would not be representative data fr comparison with rate 
of gain vthich is calculated from a record covering 3-4 

months. Heart rate should be taken many riies in order to 

establish a value for a calf if it is to be related to 

rate of ain. However, this is a statistical sample and 

should be indicative of general trends. 
A significant positive correlation betwei R-R inter- 

vals and feed efficiency was found. This relationship has 

the same weaknesses which occurs with the rate of gain. 

Feed efficiency is established during the growing period 

from 500 t,o 600 pounds while R-R interval is a sample 

established from one or two EKG records. However, one 

would expect such a relationship from slow gaining calvos 

which may be in unfavorable weather when the EKG record 
is taken. 

Thus, the question to be resolved is whether the slow 

heart rate is normal for the slow gaining calf or iother 
the slow heart rate is an expression of poor environmental 

conditions at the time of the recording. Now that the 

weight effect is Irnown, perhaps new recordings could be 

taken under constant climatic conditions instead of con- 

stant weight conditions. In this manner perhaps the other 



121 

variables could be identified. 

Efí'ect of Birth V!eijt on Rate of Gain and Feed Efficiency 

Our results are in agreement with Daumen and Bogar. 

(20) who found that birth weicht had a iificant effect 
on both rate and economy of sain in the feed lot. This 

would indicate that calves which were 1ar;est at birth 
would tend to reach a slaughter weight of 800 pounds at a 

younger age. In the present s1idy a negative correlation 
was found between birth weight and the age of calves on 

test. This indicates that the calves which are 1ar:est 
at birth gain faster, the faster )aining calves are more 

efficient and take a shorter time to roach 800 pouxds body 

weight. 

Effect of Sex on Rate of Gain and Feed Lfficiency 

The findings ïn this study show marked sex differ- 
erices in growth rate arid feed efficiìcy. Males gained 

faster and more efficiently than females. This is in 
harmony with the findings of Dahmen and Bogart (20) and 

Price ! (66). 

An interesting observation was found in present study 
in that the ability of calves to convert feed into gain 
of meat was improved continually for each of the 3 years. 
The decrease in feed required per 100 pounds sain existed 
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for both male s and female s T1±or e rias rio si 1i f ic arr t dif- 
ference between year for feed per loo pounds Cain in the 

statistical analysis. The lack of a siificant difference 

may be due to caifounding of the data or. feed efficiency 
with the viei;ht of calves at 500 and 800 pounds. Thus, 

calves at 500 pounds were much more efficient than those 

at 800 pounds. Since the number of calves at 500 differed 
from the number at 800 pounds by years, it is possible 
that this confounding prevented the true relationship from 

showing. Perhaps the decreased food consumption per unit 
of gain indicates that calves were improved by selection 
for increased feud efficiency. 

Effect of Suckling Gain on hate of Gain 

and Feed Efficiency 

Analysi s of data indicated that suckling gain had a 

high negative correlation with rate of gain. A possible 
explanation is that ¿am per day during the test-period 
may be dependent on the degree of potential fulfillment 
during the suckling period which is dependent on the 

amount of milk available from the dam. 

The higher heritability of rate of in on test than for 
gains during the suckling period (14) and the high associa- 
tion of rate of gain with feed efficiency that is goner1y 
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observed should make it possible for equal selection pres- 
sure to result in a greater ef1ect for feed-test ¿sain srid 

feed officiency than for suckling gains. Inbreedn would 

be expected to cause some depressing effect on performance 

where selection is not practiced. The negative correla- 
tion between inbreeding and suckling a1ns probably show 

that selection was not completely effective in preventing 
the depressing effect of inbreeding. The negative correla- 
tion between suckling gains and rate of ;ain on tost is 
indicative of compensation on test for adversity or advan- 

tage during the suckling period. Inbred animals generally 
are more susceptible to environmental variations than are 
non-inbred animals. It is generally recognized that the 

suckling environment of the calves in this sthdï varies a 

great deal more than the environment during the test 
period. It may be that calves on test are permitted to 
express their genetic potential whereas duri.ng the nursing 
perïod sorne of the calves find the environment :.adequate 
for expression of genetic potential. It appears evident 
that emphasis upon and proper weighing of both suckling 
and feed-test ,ains are essential in a sound selection 
program. 
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_____ of Feed Intake on Rate of Gain arid Feed. Efficiency 

There ws no correlation between feed intake aid rate 
of Lain, but feed intake had a hih].y significant positive 
correlation with feed required per uit of ;aLn. There is 
sorne confounding of efficiency arid Intake vzith the weight 
or age of calves, because as the age or weight of calves 
increase they consume more feed d are less efficient. 
It is also possible that calves that eat more feed per day 

make less use of the feed they consume thai calves with 
lower intakes. 

There were 3 independent variables related to feed 
intake, that is, weight at EKG recording, hart girth, age 

of calves at recording. All these three independent 
variables showed that calves which reached the weight for 
taking the EKG at a younger age, arid those that had a 

smaller size of heart girth need less feed per 100 pound 

gains presumably because the daily rnairtenance factor is 
reduced in faster gaining calves. Tiere aL;ain, calves that 
gain more rapidly will reach a givai weight at a younger 
age end will be more efficient than less rapidly gaining 
calves. The negative relationship between heart gtrth and 

feed efficiency noted in the present study is in agreement 
with the findings of Price et al. (66). 
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SU1MARY AD Ci GLUS ION 

One hundred and fifty-sevai EKG r9cords wore obtained 

from 96 Hereford calves at 500 and aain at 800 pounds 

body weight. The calvos were born in 1955, '56 a-id '57 

in a herd which was composed of three closed 1iios. ihe 

R-R interval was measured from the EG records for infoxa- 
tii coricerninz heart rate, heart-heat-patterns and oti-ior 

characteristic of the heart beat. 
Orte hundred and fifty-seven indiviaJ. h1storams 

were constructed to show the distributizi of cardiac 
intervals for each calf. These historarns wore divided 
arbitrarily into O principal raps accordin to their 
doìinant patterns. All histoams appear in figures in 
this study. 

The characteristic beat sequence pattern was deter- 
mined by graphing cìsecutive R-R intervals. These 

aided ir demonstrating the fluctuation of heart beats, in 
recognition of tue homeostatic levels of the beat i;.tcr- 
val, and in the division of heart-beat-patterns into the 
nine groups. A representative pattern was selected for 
each class and illustrated along with a representatIve 
histogram. 

The data were subdivided into selected groups accord- 
Ing to heart rate, animal response, or environmental 
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difference for further study. These different groupin3s 

include sex, line, on- or off-test, weight, ambient tem- 

perature and rectal temperature. 

The data were punched on coLiputer cards arid aa1zed 

ac:;ordii:. to least squares analyaLs for 21 variables, 13 

independent and 3 dependent. 

From the analyses made on the data, te fol1owi.g 

conclusions were drawn: 

1. Hoo.rt ratez differed sinificant1y between weight, 

500 and 800 pounds, or ae of calves. Lo genera]. sigriifi- 

cance could be ìttributed to sex, line or year differences 

bt't at 800 pounds body weiit, the females showed greater 

variation and slightly slower heart rates than males. The 

mean of the heart rate waz 107.17 beats per minute for 

females and 107.35 for :iales at 500 pounds body weight. 

At 800 pounds body weight, the average rate was :7.77 for 

females and 1OC.75 for ;ralea. 

According to the heaxrate-pattern, calves at 800 

pounds body weight had greater variation in the distribu- 

tion of histographic oatterns than ca1es at 500 pounds 

body weight. A sex difference was found in the pattern 

vthich s'.owed that females had a greater variation in the 

distribution of histographic pattern than males at both 

500 and 800 pounds body weight. 
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2. Tii heart ratos of calves v:re found to be 1- 
rific.t1y different between calves on-test and those 

reiìovod fri food-test (off-test). The average rate for 
calves off-test was slower by O mid 15 beats per minute 

for fe:iales and males respectively than for aniia1s on 

test. '.Tost of calves off-test had lost vight. 
The obvious difference in the distribution of the 

hcart-rate-patterns between the off-test and on-test calves 

was tbat no off-test calf occurred in Group le The fluo- 
tuati-is of R-R irtervals of calves off-test were also 
greater than calves on-test. 

3. iIert rates of younger calves (500 lbs.) are 

associated with ambient tperaturos within the observed 

temperature range of 21.7° to 62.1°F (winter and fall 
months ) except in a few instances there ambient tempera- 

tures verc 32°F or lower. In these instances tlie heart 
rate was bi.gher even tough the rectal temperature was 

low, 

Heart rates of calves at 800 pounds body weight were 

variable but were not associated with ambient ternperatres 
withir the observed temperature ronge 32° tc. 70°F (spring 
and sumner mon tha). 

4. Aribient temperatures above 60°F are associated 
with a low heart rate and concomitant weight loss in beef 
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calves. This observation suggests that the critical tern- 

peratui for beef calves ïs near 60°F ar. the comfort ze 
then might be considered to be between 32° and 60°F. 

5. The rectal tanperature exbibits :;reat individuai. 

variation depending on many factors such as ae or weight 

of calves, on or off-test and ambient temperatures. 

The rectal temperature of calves at 500 pounds body 

weit is positively associated with ambient texperature, 

but, the rectal ternperaures of calves at 800 pounds body 

weit showed no consistent relationship with ambient 

teoratures. 
6. Changes in heart-rate-pattern 'uere accompanied by 

changes in apparent horneostatic levels. This was most 

clearly seen in the heart rate oí a bloated calf which was 

widely variable and,in comparison to the normal, showed 

greatest fluctuation of R-R intervals. Upon release of 

the bloat , the heart rate pattern assumed a more normal 

appearance. This is probably attributable to a vagal 

influence. 
7. Heart rates are higher ki calves at 500 than those 

at 800 lbs. This would tend to show an asciation of 

heart rate with food conainption because both are asso- 

ciated with size, large calvos obviouslj consume more feed 

than smaller ones. 
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8. The siuificant correlation between heart rate 
and rate of gain was not found in this sb.idy. But a sig- 
nificant positive correlation between R-R intervals and 

food efficiency shied that loss efficit calves have a 

slower heart rate. 
9. Bulls gain faster than heifers. The average daily 

gain, during the toot period was 2.75 pounds for bulls as 

oonpared to an average daily tain of 2.17 pounds for 
helfe rs. 

10. Bulls viere more efficient food utilizers than 

heifers. bulls rcquLred an average of 693 pounds of 
feed to gain 100 pounds body weight during the test 
period, while heifers required an average of 907 pounds 

of feed per 100 pounds gain. 

11. Feed efficiency was improved by selection, for 
each year, in both males and females. The improvement was 

greater in Lenales than in males. 

12. Birth wei,ht ha:' a siilficant effect cxi both 
rate and economy of gain, indicating that calves larger 
at birth would tond to reach 800 pounds or slaughter 
weight at a younger age and with less feed needed per unit 
of gain. 

13. The negative correlatia between suckling gains 
arid rate of gain or feed efficiency on-test is indicative 
of compensation during the feed test period for adversity 
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or advantages experienced durtng suck1in period. 

14. The negative correlation between ir'breedlng ax. 

suckling gains probab shows that selection was not corn- 

pletely effective for this trait In preventing the 

depressing effect of inbreeding. 

15. 10 core1aton was found between feed intcke 

rate of gain, but feed inake had a highly siiificant 

positivo core1ation with feed required per unit of gain. 

1G. It would seem desirable to investigate further 

related differences in the physiology of fast end slow- 

gaining beef cattle. AmOng these might be included 

respiratory rate, rinute volwe, oxyen consumption and 

heat productIon, blood volume, cardiac output, arterlo- 

venous °2 co2 differences and the influence of drugs 

and environmental toperature on heart rate patterns. 
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APPENDIX 



Appendix Table I. R-R Intervals, Heart Ratos, Rectal Temperatures, ìd Amblent 
Temperaures of E-Calves at 500 lbs. 

EKG Taken R-R Interval 

from Wi;. ACe Unit Heart Rectal Ambient 
jan. i lbs. days mean nax. min. rwage rate/min. temp. °F temp. °F 

Female 
Lionhoar t 

1- 1 294 530 220 61.32 71 55 16 97.85 102.5 57.0 
2 350 511 291 54.72 60 47 13 109.65 102.9 40.1 
5 349 522 255 62.99 69 54 15 95.25 102.4 37.4 
6 349 525 253 49.33 56 38 18 121.63 102.5 37.4 

10 043 512 289 59.89 76 46 30 100.18 102.1 42.8 
Ave. 52 262 57.65 104.91 102.5 42.9 

Prince 
L-23 305 555 250 55.42 63 38 25 108.26 102.9 42.0 

26 333 517 246 56.32 63 45 18 105.60 103.6 44.6 
31 128 574 343 54.29 75 34 41 110.52 102.4 60.8 
32 108 514 321 52.30 63 40 23 114.72 102.6 62.1 

Ave. 540 290 54.71 109.78 102.0 51.4 

Lavi d 
E-41 012 500 288 55.28 62 43 19 108.54 102.2 42.8 

44 066 515 309 54.21 60 48 12 116.68 102.0 41.0 
45 059 546 301 53.72 59 40 19 111.69 102.2 46.4 
51 113 584 306 57.23 65 45 20 104.84 101.6 59.9 

Ave. 536 301 55.11 110.44 102.0 47.5 

t', 



Table I, continued 
-t .iui&e 

Days 
from Wt. Ae Unit Heart Rectal Ambient 

Jan 1 lb s days mean max min range rate/min. temp. °F__temp.__°F 

LI ale 
Lionhear t 

E- 4 312 519 221 58.31 65 46 19 102.90 103.0 52.5 
7 337 549 248 55.95 63 48 15 107.24 102.2 39.2 
8 338 560 243 48.2G 57 39 18 122.55 104.2 37.4 
9 337 525 236 58.74 62 53 9 102.15 102.7 42.8 

lo 356 557 210 60.25 68 54 14 99.59 102.9 50.5 
Ave. 542 232 56.44 106.89 106.0 44.5 

Princ e 
E-20 291 575 212 56.65 63 51 12 105.91 101.6 59.5 

22 265 494 185 54.82 59 49 10 109.45 101.6 59.5 
24 319 589 236 54.03 62 44 18 111.05 101.6 22.0 
25 291 500 204 60.02 69 40 29 99.97 101.6 59.5 
28 364 497 233 54.87 62 43 19 109.35 101.2 35.1 
29 066 509 300 57.36 65 44 21 104.60 102.0 39.6 
30 033 525 258 55.27 63 49 14 108.56 101.7 oô.8 

Ave. 527 233 56.15 107.04 101.6 

David 
E-42 348 532 247 49.27 60 41 19 121.78 102.2 38.3 

43 031 516 284 49.60 62 37 25 120.97 101.5 25.7 
46 364 567 232 55.24 68 43 25 108.62 103.0 32.0 
47 059 539 292 46.35 51 40 11 129.45 102.5 45.9 
48 031 505 261 50.97 63 40 23 117.72 101.8 38.3 
49 026 506 240 58.47 63 52 11 102.62 101.8 37.4 
50 045 510 256 63.54 70 49 21 94.43 101.4 27.5 

tve. O.Ob 1J.bb 1U.0 b.O - 



Appendix Table II. Fi-R Irtervala, Heart Ratos, Recta]. Temperatures and Ambient 

Temperatures of E-Calves at 800 lbs. 

JG Taken R-Rterva1 
Days 
from t. Ae Unit ileart Rectal Ambient 

Jon. 1 lbs. days mesn max. min. range rate/min. temp. OF temp. OF 

Female 
Li onhe art 

E- i 064 804 355 65.97 85 53 32 90.95 101.6 36.0 

2 162 810 437 64.54 71 55 16 92.97 102.9 62.6 

134 828 302 71.74 81 49 32 83.64 102.2 66.2 

6 134 778 o90 84.06 100 64 36 71.38 101.6 64.4 

10* 222 809 489 67.93 87 55 32 83.33 102.1 68.0 

Ave. 814 395 67.42 89.17 102.2 54.9 

Prince 
E-23 068 810 380 64.15 76 50 2 93.53 101.0 41.9 

26 106 803 385 52.29 60 37 23 114.76 101.4 52.3 

31 243 798 519 64.48 91 53 38 93.05 101.0 71.6 

Ave. 807 383 58.22 104.13 101.6 47.1 

David 
L-41 163 810 439 04.72 79 50 29 92.71 100.8 65.3 

44* 222 809 465 65.46 72 54 18 91.66 101.4 66.2 

51* 222 837 415 74.90 90 58 32 80.11 101.6 71.6 

Ave. 810 49 64.72 92.71 100.8 65. 



4ppendlx Table II cItnued 

Days 
from Vt. Age Unit Heart Rectal Ambient 

- - Jan i lbs.days me an max . °f 

Male 
Li onhoar t 

E- 4 075 830 380 60.52 70 51 19 99.14 101.8 49.1 
7 094 843 361 53.9? 62 47 15 111.17 102.3 50.0 
8* 094 787 355 69.49 101 52 49 86.34 102.7 50.0 
9* 092 810 347 54.47 62 49 13 110.15 101.9 48.2 

13 080 835 300 57.23 62 52 10 104.84 101.0 50.9 

Ave. 836 347 57.24 105.05 101.7 50.0 

Princ e 
L-20 015 806 302 59.79 65 46 19 110.37 101.6 46.4 

21 107 614 394 65.68 75 48 27 91.35 101.6 63.5 
22 012 800 298 54.96 60 49 11 109.17 102.3 42.8 
24 033 810 323 59.96 82 49 33 100.07 101.6 30.2 

25 073 875 352 58.69 67 46 21 102.23 101.6 46.4 
27 107 786 358 62.11 75 46 29 96.60 101.7 61.7 
28 128 812 362 62.71 77 49 28 95.68 101.7 60.8 
29 215 850 449 69.43 77 56 21 86.42 101.3 68.9 
30 128 825 353 65.02 78 52 26 92.28 101.7 59.9 

Ave. 816 343 61.12 99,84 101.7 51.5 

D avid 
E-42 080 762 354 48.65 57 40 17 123.32 102.0 51.8 

43 127 817 380 56.05 69 42 2? 107.05 101.6 59.9 
46 078 809 312 55.79 79 45 34 107.54 101.3 40.5 
47 141 789 374 62.50 76 52 24 96.00 102.5 66.2 
48 135 830 365 60.23 65 50 15 99.62 102.6 69.8 

I-, 

cy 



Arrnendix Table II. continued 
(G Taken R-R Intervl 

Days 
from Vt. Age Unit iIe&rt Rectal Ambient 
Jan. 1 lbs. days mean max. min. range rate/min. temp. °F temp. °F 

F-49 135 807 347 67.21 80 52 28 89.27 102.4 69.8 

50 14]. 820 352 62.63 76 49 27 95.80 102.9 64.4 

Ave. 805 355 59.01 102.65 102.2 59.4 

4' AnImal off test 



Appendix Table III. R-R Intervals, Heart Ratos, Rectal Temperatures and Ambient 
___________ _______ Temperatures of F-Calves at 500 lbs. 

ERG Taken R-Ii Interval 
Days 
from t. Ae Unit Heart Rectal Ambimt 

Jan. 1 lbs. days rnex max. min. rance rateJnin. temp. °F temp. °F1 

F em ale 
Lionhart 

F-. :i 317 560 244 53.02 62 46 16 113.16 102.2 46.4 

Prince 
i-21 355 539 283 57.65 64 49 15 104.07 101.6 40.1 

23 321 510 243 61.69 65 58 7 97.26 101.8 50.9 

24 025 535 310 55.30 70 45 25 108.50 102.1 41.9 

26 007 494 274 51.92 61 39 22 115.56 103.8 26.6 
27 32]. 506 225 55.52 61 50 11 lOc.07 102.0 49.1 
29 358 508 243 60.83 68 54 14 98.64 102.2 50.0 

Ave. 515 263 57.15 1O5.55 102.3 4.1 

David 
F-43 001 500 282 53.07 59 41 18 111.30 102.4 40.1 

45 032 536 305 54.24 78 40 38 110.62 102.0 35.6 
47 061 542 331 58.4-4 67 45 22 102.67 102.0 48.2 
49 061 525 306 54.14 59 49 10 110.82 102.3 50.0 
50 061 545 305 57.31 65 47 18 104.69 102.7 50.0 
53 018 525 251 54.59 70 45 25 109.91 102.1 35.1 

Ave. 529 297 55.43 108.34 102.3 43.2 

t-, 

Ip 



A,terdix Table III. coí.t1rued 

rc_Taken Interval - 

I)ays - --- 
rroni t. Days Unit Heart Rectal Amblent 
Jan. 1 lbs. days mean max. min. range rate/min. temp. °F temp. °F 

Mal e 
fleart 

F- 2 310 550 236 53.97 57 47 10 111.17 102.4 50.0 

o 353 554 273 52.65 57 43 14 113.96 102.5 48.2 

5 023 545 281 49.12 56 43 13 112.15 103.0 26.6 

8 343 516 227 65.28 105 50 55 92.91 102.0 46.4 

10 025 530 236 63.00 69 50 19 95.24 102.4 21.7 

Ave. 539 251 56.80 105.08 102.4 38.6 

Prince 
F-22 319 556 243 53.24 57 45 12 112.70 102.4 48.2 

28 355 524 246 59.28 66 53 13 101.21 102.0 41.9 

30 078 566 317 58.74 61 55 6 102.15 102.2 60.3 

31 039 542 268 53.39 58 44 14 112.38 102.2 44.6 

33 358 513 197 56.84 61 47 14 105.56 103.0 48.2 

Ave. 540 254 56.30 106.80 102.4 48.6 

David 
k-41 317 540 252 52.09 56 45 11 115.16 104.0 46.4 

42 324 508 247 60.41 67 49 18 99.32 101.7 44.6 

44 319 540 223 58.16 67 46 21 103.16 102.6 48.2 

46 362 530 237 55.35 61 45 16 108.40 102.6 32.0 

51 362 503 242 67.75 73 55 18 88.56 102.4 33.8 

52 032 524 275 48.26 56 40 16 124.26 102.6 36.5 

Ave. 524 246 57.00 106.48 102.6 40.2 

I-J 



Appendix Table IV. R-R Iritervals, Heart Rates, Rectal Temperatures end Ambient 
Temperatures of F-Calves at 800 los. 

TiKG Taken R-R Interval 
Days 
from Wt. Ae Unit Heart Rectal Ambient 

Jan. 1 lbs. days mean__max. min. rance rate/min. temp. °F teinp.°F 

Remai e 
LI onh art 

F- 1 089 807 382 50.25 72 41 31 119.40 102.8 55.6 

Pr in ce 
F-21 108 814 411 58.91 68 46 "2 101.85 102.6 53.6 

23 109 819 449 69.07 75 62 13 86.87 101.6 50. 
24 164 803 376 60.72 81 49 32 98.81 101.9 57.2 
26 109 800 372 53.96 66 36 30 111.19 101.3 51.4 
27 102 810 372 60.50 67 52 15 99.17 102.4 55.4 
29 122 894 373 65.31 72 53 19 91.87 101.9 53.6 

Ave. 824 381 59.88 luO.58 102.0 54.2 

David 
I_43 132 800 421 59.09 68 44 24 101.54 102.2 57.2 

45 175 814 448 58.69 79 47 32 102.23 102.8 68.0 
47 206 800 476 66.48 72 56 16 90.25 103.1 71.6 
49 206 805 451 60.10 71 47 24 99.83 102.4 71.6 
50 192 806 437 64.28 74 48 26 93.34 102.9 68.0 
53 122 806 355 55.84 81 45 36 107.45 102.3 52.7 

Ave. 805 431 60.75 99.11 102.6 64.9 

I.-' 



Aopendix Tsb10 IV. continued 
EKG Taken fl-fl Interval 

Days 
from Wt. Age Unit Heart Rectal Ambient 

Jan. 1 lbs. days mean max. min. range rate/min. temp. °F temp. °F 
M ai e 
LI onhe art 

F- 2 039 825 331 67.95 78 57 21 82.30 102.2 46.4 
3 089 808 375 55.14 65 44 21 108.81 101.8 53.6 
5 124 825 382 56.48 69 46 23 106.23 101.5 54.5 
8 078 820 318 53.82 84 41 43 111.48 101.3 49.1 

10 137 790 348 66.33 76 53 23 q046 102.5 59.0 
Ave. 814 351 59.95 101.06 101.9 52.5 

Prince 
F22 039 805 329 56.54 64 48 16 106.12 101.7 63.5 

28 095 805 352 65.57 73 55 113 91.50 103.0 53.1 
30 137 786 376 58.20 64 51 13 103.09 102.4 59.0 
31 133 790 361 58.61 69 45 24 102.37 101.8 60.8 
33 124 813 329 58.65 75 40 35 102.30 102.0 65.3 

Ave. 800 349 59.51 101.08 102.2 60.3 

David 
F-41 061 849 362 (36.43 75 55 20 90.Z2 102.1 46.4 

42 061 826 350 62.94 70 48 22 95.3 102.2 48.2 
46 102 799 373 71.53 91 54 37 83.88 102.5 52.7 
51 102 796 348 54.77 68 43 25 109.55 102.4 52.7 
52 133 830 366 58.59 69 47 22 102.41 102.4 60.8 

Ave. 820 360 62.85 96.30 102.3 52.2 

* Animal off test 
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Appendix TaUle V. R-R Intervals, Heart Rates, Recta]. Temperatures and Ambient 
Temperatures of G-Calves at 800 lbs. 
aken R-R Interval 

from Wt. Age Unit Heart Rectal Amblent 
Jan. 1 lbs. days mean max. min. ran.e rate/min. temp. OF temp. OF 

Female 
Lionhoar t 

G- 5 183 801 415 61.75 73 45 28 97.16 102.1 66.2 
6 208 748 365 61.96 79 47 32 96.84 ].02.O 62.6 
g 137 800 389 72.37 85 57 28 82.91 102.1 68.0 

Ave.. 774 377 67.16 89.87 102.0 65.3 
* 801 415 61.75 97.16 102.1 66.2 

Prince 
G-22 086 771 379 61.33 65 58 7 97.83 102.2 67.2 

23 144 800 432 61.86 72 48 24 96.99 101.6 64.4 
26 144 780 420 69.68 80 58 22 86.11 102.0 64.4 
27 086 760 357 58.34 63 52 11 102.85 101.8 51.8 
28 123 817 393 58.17 63 45 18 103.14 102.1 57.2 
30 184 798 446 65.72 77 54 23 91.30 102.1 68.0 
31 086 753 348 59.99 66 50 16 100.02 102.9 32.6 
32 123 790 381 66.98 88 56 32 89.58 102.1 55.4 
35 124 793 396 60.16 69 52 17 99.73 103.1 64.4 

Ave. 775 380 62.75 96.02 102.4 61.0 
: 805 424 61.92 97.14 101.9 b9.9 

David 
G-44 123 800 417 67.73 77 59 18 88.59 102.1 58.1 

93::- 206 800 396 64.37 69 55 14 93.21 101.5 73.4 
Ave.* 800 o6.05 90.90 101.8 

I-J 
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Aendix Table V. continued 
- 
EKG Taken H-R Interval 

Daj s 
from Wt. Age Unit Heart flectal Ambient 

Jan. 1 lbs. days mean max. min. rango rate/min. temp. 0F temp. °F 

Male 
Lionheart 

G- 2 060 005 348 55.89 60 48 12 107.35 101.8 43.7 

3 045 810 339 52.49 68 39 29 114.31 101.6 50.0 
4* 051 835 i35 81.77 100 63 37 73.38 102.4 50.6 

8 074 796 348 57.49 67 45 22 104.36 101.2 47.3 
10 086 780 343 57.87 63 53 10 103.68 101.8 57.2 

11 086 790 329 53.74 61 49 12 111.65 101.8 60.8 

Ave. 796 341 55.50 108.27 101.6 51.8 
835 335 81.77 73.38 102.4 50.6 

Prince 
G.21* 051 850 346 71.04 71 60 17 84.46 102.7 65.4 

25 051 805 330 65.54 73 5]. 22 91.55 102.9 52.7 

29 127 807 390 77.74 95 69 26 77.18 101.8 68.0 
34* 123 829 377 75.00 90 56 34 80.00 101.8 58.1 

37 158 800 390 52.71 57 48 9 113.83 102.0 62.6 

39 154 871 342 60.44 67 49 18 99.27 102.4 62.6 
Ave. 800 390 52.71 113.83 102.0 62.6 

* 332 357 69.95 86.49 102.3 61.4 

David 
G-43, 085 770 327 61.90 66 54 12 96.93 101.6 65.7 

45-.: 116 814 363 66.17 72 53 14 90.68 102.2 51.8 
4? 084 800 332 62.46 70 47 23 96.06 100.4 71.6 
48 074 800 327 58.33 67 47 20 102.86 101.4 50.0 
49* 116 800 371 74.66 90 65 25 80.36 102.0 52.7 

I-' 
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)end.tx Table V tinued 

Li ay s 
fro.úi Wt. Age Unit Heart Rectal Ambient 

Ja?. i lbs. days meen max. rnïr. rance rate/min. teip. 0F temp. 0F 

G5l* 123 810 382 B9.84 119 71 48 66.78 101.5 60.8 

52 133 840 583 64.26 97 46 51 9.37 101.5 60.8 
53* 137 819 396 58.24 65 49 16 103.02 102.4 66.2 

91 153 797 353 60.43 66 52 14 99.29 101.5 66.2 

92 206 765 407 61.60 67 52 15 97.40 101.5 71.6 
Ave. 786 349 60.94 98.51 101.3 66.0 

817 79 70.63 86.84 101.9 58.5 

Animal off test 
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