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ABSTRACT

Insulation afforded by the pelage is thought to be a fac-
tor influencing the winter maintenance requirements of preg-

nant beef cows" Two experiments were conducted in consecu-

tive winters to deLermine if there were differences in
pelage characteristics among breed crosses.

Hair weight per unit area, hair length, and hair depth

lrere measured throughout the winter on pregnant beef cows

from fifteen breed crosses, which varied in their propor-

tions of nritish (Hereford, Angus, or Shorthorn) and exotic
(Charolais or Simmental) parentage. Ultrasonic determina-

tions of subcutaneous fat thickness were also measured

rnonthly.

In both experiments, the standard breed cross, Hereford x
Angus, had shorter hair length (p=0.04), coupled with thick-
er subcuLaneous fat (p=0,0001), than all other breed cross-

es. Breed crosses of predominantly exotic origin had longer

hair length (p=0.0001 ) , deeper pelage depth (p=0.0001 ) ,

heavier hair weight (p=0.05), and thinner subcutaneous fat
depth (p=0.0002) at. the beginning of the winter than British
breed crosses and Hereford x Àngus. Exotics may have com-

menced growth of the winter pelage earlier than British
breed crosses because of low condition as suggested by low

uIÈrasonic subcutaneous fat measurements.
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Younger cows had longer hair length, greater hair weight,

and thinner ultrasonic subcutaneous fat depth at the begin-

ning of the winter than older co!¡s" The difference in hair
weight between ages may be strictly a consequence of a dif-
ference in body size coupled with a stable hair follicle
population, but the differences between ages in hair length

and ultrasonic subcutaneous fat depth suggest that younger

cows commenced growLh of the winter pelage earlier than old-
er cows 

"

The experiments did not extend late enough into the

spring to compare the time of cessation of winter hair
growth and the onset of spring shedding in the different
breed crosses"
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GENERÀL I NTRODUCTI ON

The role of the pelage in climatic adaptation of beef

cattle suited to production in the tropics has been well es-

tablished, but relatively few comparative studies have been

conducted on pelage differences among beef cattle selected

for production in Western Canada.

Hereford, Angus, and Shorthorn breeds have long been the

mainstay of the Canadian beef industry, and the Hereford x
Angus cross, noted for its lifetime reproductive capabili-
ties, overwinters well even under harsh range conditions"

The introduction of rapidly-growing, lean-carcassed Euro-

pean breeds in the 1 960's and early 1 970's spawned a new in-
terest in crossbreeding to enhance production. Various

crosses of the new European and the traditional British
breeds have been previously evaluated in the initial phases

of the Foreign CattIe Breed Evaluation (f.C.B.E.) program,

in terms of reproductive capability (Fredeen et aI. 1981),

performance of calves (Fredeen et al-. 1982), and carcass

characteristics (Rahnefeld et aL 1985), but, to date, a

large scale study of t.he comparative winter hardiness of

these breed crosses has not been completed.

Fifteen breed crosses of pregnant beef cows, varying in
their proportions of British (Hereford, Angus, or Shorthorn)

and exotic (Charolais or Simmental) parentage, were assessed

for comparative winter maintenance requirement,s in phase IV

of the F.C.B.E. program. The purpose of the present study
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vras to examine pelage parameters which estimate insulative
quality of these breed crosses over the winter, and to de-

termine the effect of breed cross upon pelage parameters and

upon the time of spring shedding, which appears to be depen-

dant upon the degree of cord stress. The study consisted of

two experiments, conducted during consecutive winters, on

cows penned under feedlot conditions" The pelage parameters

measured at monLhly intervals throughout the winter were

hair weight per unit area, hair fibre length, and pelage

depth.



LÏTERÀTURE REVIEW

1.1 INTRODUCTION

The ability of an animal to seasonally adapt to a cold

environment is determined in part by the extent to which

heat loss can be reduced by an increase in insulation (Scho-

lander et al. 1950). Thermal insulation can be discussed

in terms of internal and external insulation"

1 "1.1 Internal I nsulat ion

Internal insulation is composed of the outer tissues of

the body, the skin and the subcutaneous fat. The insulation
offered by sparsely-haired skin can be altered by vasomotor

control of capillary blood flow (Goodall 1955). Nay and

Hayman (1963) found that there vrere highly significant dif-
ferences in skin thickness of dairy cattle between summer

and winter. The actual thickness of the skin layer itself
may afford some small degree of insulation"

The thickness of the subcutaneous fat layer also plays a

role in insulation (Mount 1979) " Subcutaneous fat is of

particular importance in arctic marine mammals, where it is
the principal insulating material (Scholander et a1. 1950),

but in t,errestrial mammals it is thought to be primarily an

energy source (rolk 1974),
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Dowling (1955) reported that certain strains of cattle,
such as the early maturing Bos indicus, are disposed to lay

down more subcutaneous fat than others, which acts as pas-

sive insulation and is of importance in cold adaptation.

Webster et al" (1970), however, found no differences in

skin and subcutaneous fat insul-ation among heifers housed

indoors at 20"C, housed throughout the winter in outdoor

pens with shelter, and housed throughout the winter in out-

door pens without shelter, even Lhough the winter was se-

vere. In this study, heifers consumed an average of 9"0,

11.3, and 10.9 g hay per kg body weight in the control,
sheltered, and exposed groups, respectively, while all heif-
ers were offered a standard amount of grain daily.

1 "1 "2 External Insulation

External insulation is provided by the pelage. Seasonal

pelage changes to alter insulative quality are usually quite

conspicuous (Gessaman 1979) 
"

The degree to which the volume of the pelage can be Ín-

creased in t.he winter is limited by the relative body size

of the animal (Scholander et aI. 1950; Herrington 1951;

Hart 1956; FoIk 1974) " Scholander et aI" (1950) demon-

strated that in mammals smaller than a fox, a thick pelage

would severely hamper mobility" The Iimit of effective in-
sulation per unit thickness is reached rapidly in animals

with a large relative surface area, and may actually con-

tribute to heat loss (tterrington 1951i Folk 1974). Thus,
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smarr animals, which have a large ratio of surface area to
body síze, are unabre to greatLy increase their pelage (Her-

rington 1951 ). In larger mammals, however, the relative
contribution of pelage insuration increases as the absolute

size of the animal increases (Scholander et aI. 1950; Hart

19s6).

The maximum insulative capacity of the winter pelage is
dependent upon physiological regulation of the pelage in re-
sponse to photoperiod or the need to conserve heat (Turner

1964) , and upon genetic capacity for hair growth (nianca et
aI. 19741 " This is crearly evident in the inherent pelage

growth differences between the temperate B. taurus type of

cattle and the tropical B. indicus (Turner 1964; Bianca et

al. 1974; Mount 1979). Brody (1956) referred to the wilson
rule which states that there exists a gradient from thick,
wooly coats in cold crimates to short, smooth coats in trop-
ical crimates. Differences in inherent coat qualities among

breeds within a specíes have also been observed (schreger

and Turner 1960; Bianca et al. 1974; Dragnev and Zdravkov

1977) "

The foJ-lowing sections include a review of hair coat

growth characteristics, physiological regulation of hair
coat in response to environmentar conditions, and methods

used to assess hair coat insulative quality.



1"2

1"2"1

HAIR FOLLICLE. CYCLE

Morpholoqy

Histological studies of the skin of Ayrshire cattle
(Findlay and Yang 1950), beef cattle of the Aberdeen Angus,

Devon, Hereford, and Shorthorn breeds (Carter and Dowling

1954), various crosses of B" taurus cattle (lyne and Heide-

man 1959), as well as over 1300 cattle of twenty different
breeds from various regions of Europe (.¡enkinson and Nay

1972), have firmly established bhe presence of a singte type

of hair follicle that is common to all cattle. While the

formation of both primary and secondary hair follicles is
observed in other domestic mammaÌs, such as sheep (lyne and

Heideman 1959), in cattle, only a primary hair follicle is
found (rindlay and Yang 1950).

The hair foIIicle in cattle is always associated with an

apocrine (sweat) gland, a holocrine (sebaceous) gland, and

arrector pili muscle (rindlay and Yang 1948, 1950; Carter

and Ðowling 1954; Lyne and Heideman 1959; Jenkinson and Nay

1972) " The medulla of the hair fibre is usually narro?Í (ny-

der 1973), and is more apparent in hair fibres of the sum-

mer, compared to the winter, pelage (DowIing 1959a). No

branching of foIIicIes (lyne and Heideman 1959) or grouping

of follic1es (Carter and Dowling 1954), as found in sheep,

has been observed in cattle"



1 "2"2 Hair Growth Cvc1e

Individual hair follicles and their associated hair fi-
bres experience phases of growth and rest in a cyclical
fashion (DowIing and Nay 1960; EbIing and Johnson 1964; Roth

1965; Schleger 1966; Meyer et al. 1980), which allows for
the replacement of worn hairs and the provision of morpholo-

gically distinct coats for summer and winter (nyder and Kay

1973) 
"

The phases of the hair follic1e growth cycle are widely

viewed as three-fo1d: anagen, which involves the regenera-

tion of the fotlicle after the shedding of the old hair fi-
bre and the active growth of the new hair fibre; catagen,

the transitional phase which allows for the retrogression of

the follicle and keratinization of the hair root; and telo-
9êD, which is the inactive, resting phase (eUting and John-

son 1964; Roth 1965; Ryder 1973). Others authors have fur-
ther subdivided these three main phases into either six
(Neurand et al. 1980), or eleven (schreger 1966) phasesr or

have proposed renaming the phases of the folticle cycle
(chase 1 965) .

The growth of cattle hair occurs in a diffuse manner, in

that there is never complete synchrony of follicular activi-
ty in the entire pelage (nUting 1965). The average rate of

growth is two complete cycres per forricre each year (Hayrnan

and Nay 1961; Turner and Schleger 1970). The cyelical na-



Lure of hair follicle
and Schelger 1970) "

season and follicular
tail in the next sect

I
seasonally-regulated ( Turner

of the relationship between

activity is discussed in de-

growth is

The nature

cyclical
ion.

1.3 SEÀSONALTTY OF THE

1"3"1 Effect of Season

PELAGE

Upon Follicle Activity

The average rate of hair production of two hairs per foI-
licIe per year is not constant throughout the year, but

rather, varies markedly with the season. Dowling and Nay

(1960) reported a variation in the percent ot active folti-
cles from an average of 27% in winter and 36% in summer, to
an average of 47% in spring and 72% in autumn. Ebling
(1965) reported that, although never quiescent in cattle,
the hair coat is most stable in winter, when the majority of

foIIicles are in the resting phase, while the summer coat

contains a high proportion of active follicIes.

Turner and Schleger (1970), by measuring the percentage

of new hairs as opposed to previously-grown hairs on shaved

cattle skin, guantitatively determined the rate of hair re-
placement and the length of the hair cycle throughout the

year. They found that the rate of replacement of hairs was

highest in spring and summer and that the length of time

during which each hair grer¡¡ $¡as shorter in summer than in
autumn. Hairs initiated during the late summer to early au-

tumn had a growth phase two-and*a-half to four times longer
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than that of those initiated during the late winter and

spring (Turner and Schelger 1970l' " Besides having a Ionger

growing phase, the hairs initiated during autumn were found

to be morphologically different from those initiated during

spring (nowling 1958; Neurand et a1. 1980). Follicles pro-

duced a thick hair fibre in spring, which grew for a short
period, while in late summer to early autumn follicles pro-

duced a thinner hair fibre with a longer actively-growing
phase (oowling and Nay 1960)" Two distinct pelages are thus

found during the year! summer pelage with short, thick hair
and winter pelage with long, thin hair.

1.3"2 Photoperiodic Control of Hair Growth and Sheddinq

Yeates (1955) demonstrated that photoperiod rvas the major

regulating factor of the hair coat cycle of cattle by re-
versing daily photoperiodic patterns to simulate the de-

creasing daylength of the opposite hemisphere, which was ap-

proaching winter. The animals exposed to this light regime

developed coats which were characteristic of winter pelage,

despite the onset of warm environmental temperatures"

By eliminating the effects of photoperiod, first through

the imposition of a light regime simulating equatorial re-
gions (Yeates 1957), then by performing experiments under

actual equatorial conditions (Yeates 1977), it has been dem-

onstrated conclusively that changes in photoperiod are nec-

essary to induce cyclicity in the hair coat of cattle"
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Equatoriar photoperiod eriminated the natural coat cycre of

the cattle. Instead, a short-term change in coat type oc-

curred, and the change observed depended upon the time of
year that the cattle v¡ere subjected to the equatorial photo-

period. The short-term change in coat was followed by the

retention of an intermediate length pelage (yeates 1957)"

The increase in the insulative quatity of the pelage dur-
ing the winter is a function ot both a longer growth cycle

and reduced shedding" Àlthough there is continuous shedding

of hair throughout the year, in temperate cl-imates cattle
undergo cycres of diffuse shedding interspersed with periods

of profuse shedding (Yeates 1955). The seasonal cycle of
pelage changes is characterized by two major peaks of shed-

ding, in the spring and in the autumn (oowling and Nay

1960). During these peaks, the entire pelage is armost com-

pletely replaced (Hayman 1965).

Lengthening photoperiod stimulates the spring shed

(Yeates 1955), while decreasing photoperiod triggers the

less dramatic autumn shed (Hayman and Nay 1961). The onset

of spring shedding has been reported to occur ten to twelve

weeks (yeates 19S5), five to ten weeks (Hayman and Nay

1961), and six to nine weeks (Neurand et aI, 1980) totlow-
ing the winter sorst.ice in a temperate environment" The du-

ration of the spring shed, the time during which the change

from full winter to full summer pelage occurs, is approxi-
mat.ely f our months (Hayman and Nay 1961). Less t ime i s re-
quired for the autumn shed (Hayman and Nay 1 961 ). Autumn



shedding has been reported

in October (Neurand et a1.

11

to begin in mid-Àugust and t.o end

1980).

1"3.3 Influence of Temperature on Pelaqe Cvcle

ÀIthough photoperiod is the major controlling factor in
hair coat cyclicity, the modifying rore of ambient Lempera-

ture upon the hair shedding mechanisrn has been emphasized

(t'teyer et al" 1980; Blaxter 1982 ) " À study by WebsLer et
ar. (1970) showed that environmental temperature had no in-
fluence upon rate of hair growth, but the results did indi-
cate that 1ow environmental temperatures reduced shedding.

control heifers were kept indoors at 20"c, while shertered

and exposed groups of heifers vrere kept outdoors at a mean

ambient temperature of -28"C. À11 groups $rere exposed to
naturar photoperiod" Rate of growth of nev¡ hair v¡as meas-

ured on skin that was clipped repeatedly, while total hair
cover $¡as determined from previously unclipped areas of the

skin. The rate of growth of nev¡ hairs was similar in all
groups, but the total hair cover of the cattle kept outdoors

was twice that of controls. This increase was attributed to
reduced shedding due to exposure to the cold"

McDowell et aI " ( 1 960 ) found that a group of Shorthorn

heifers exposed to 32.2"c under conditions of naturar photo-

period shed the winter pelage in January and again in Àpri1,
while the control heifers exposed to prevailing Maryland

temperatures shed once in Àpri1"
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Berman and Volcani (1961 ) and Murray (1965) independently

studied the effect of temperature upon shedding in cattle
under conditions of equal daylength but different tempera-

tures" Murray (1965) maintained two groups of Àberdeen An-

gus at two locations of equal latitude (equa1 daylength),

but differing seasonal temperatures" Cattle maintained in

the vrarmer locality shed the winter pelage three months ear-
lier than those maintained in the cooler locality. Both

groups were fed to achieve comparable weight gains. Berman

and Vol-cani (1961) measured differences in hair weight per

unit area and hair coat thickness in dairy herds kept within
one small geographical area, but in regions of differing
climates" Mean hair weight and pelage thickness v¡ere sig-
nificantly lower in the hot valley region, as opposed to the

moderate coastal plain and the cool mountainous region"

Bianca et aI. (1974) found that the development of a

short summer coat which was noted in stall-housed cattle was

not apparent in cattle kept on alpine pasture. This may

have been the result of lower environmental temperature or

possibly poorer nut,rition in the alpine environment"

1"3"4 Influence of Nutrition Upon Seasonality of pelaoe

The level of nutrition provided to cattle is thought to
influence hair growth and shedding. Yeates (1958) found

that Shorthorns which were fed a restricted ration of twen-

ty-five percent of the quantity of lucerne hay which was fed
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to controls, as well as enough wheat straw to maintain body

weight, retained their winter coats throughout the summer.

When the cattle were returned to fuIl feed, the spring shed-

ding was completed normally. Hayman (1965) induced an early
commencement of winter hair growth in cattle by restricting
energy intake. Control cattle were fed lucerne hay and

crushed grain ad libitum, while test cattle v¡ere fed a re-
stricted ration of lucerne hay to induce a steady weight

Ioss. The winter pelage of these animals was both longer

and coarser than that of the control cattle and was retained
into the late spring. Thus restricted feeding influenced

both growth and shedding.

Yeates (1958) reported that retention of the winter pe-

Iage, caused by low energy intake, vras characterized by a

duI1-lustred pelage and suggested that, although the hair
was mechanically retained in the follicle, it may have been

functionally severed. Àlthough the physiological effect of

nutrition upon hair coat cyclicity is not c1ear, yeates

(1958) speculated that the shedding process may have two

components: a photoperiodically-regulated hair fibre sever-

ance, followed by a nutritionally-controlled release from

t.he fo1licIe.

The influence of temperature and nutritional status upon

the hair shedding mechanism of cattle would appear to be im-

portant modifiers of the photoperiodic control of pelage

cyclicity and may play a critical role in the adaptation of

cattle to cold cl-imates.



14

1 "4 INSULÀTIVE SUALITY OF THE PELÀGE

The hair coat acts as a physical barrier between an ani-
mar and the environment to impede heat loss from the animar.

The amount of protection against heat loss that the hair
coat offers the animal is determined by the inherent thermal

insuration of the pelage (pfount 197g). Total thermar insu-
lation of a barrier is the total resistance to heat transfer
from one surface to anot,her, and is equal to the reciprocal
of thermal conduct.ance, or the ability of a barrier to
transfer heat from one surface to another (Berry and shank-

lin 1961 ) "

1.4.1 Phvsical Processes of Heat Transfer

Heat is transferred from the body of an animal to the en-

vironment by four physical processes: conduction, convec-

tion, radiation, and evaporation. Since evaporative heat

loss predominates under warm conditions and is negrigibre
under cold (Mount 1979), non-evaporative heat transfer only

will be discussed"

Non-evaporative heat t.ransfer forlows three processess

conduction, convection, and radiation" Heat ross by conduc-

tion depends upon the temperature gradient between the body

and the surface with which it is in contactrsurface area of

conducting surfaces, and conduction coefficient (Hardy

1979)" Convection, both natural and foreed, is based upon
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differences in density in the air surrounding a body (nt:.gfr

and Johnson 1973) " When cooler air comes into contact h'ith

a rì'arm surf ace, it is rapidly warmed. As the warm air has a

lower density, it then rises and is replaced by cooler air.
This establishes convection currents and maintains the temp-

erature gradient between the v¡arm surface and the surround-

ing air (Hardy 1979)" Radiant heat, in the form of electro-
magnetic waves, is exchanged freely between objects, with

the net direction of the exchange dependent upon the temper-

ature differences between the objects and the amount of ef-
fective radiating surface (nfigh and Johnson 1973; Hardy

1979).

1.4.2 Air Interface

The layer of still air between the surface of the coat

and the environment (the air interface) offers resistance to
heat transfer by convection and radiation. This resistance

is determined from the temperature gradient between the coat

surface and the environment (ninch 1986)" The importance of

the air interface is evident from Lhe fact that forced con-

vection, which destroys the interface, results in an in-
crease in the rate of heat loss in cattle and sheep (ames

1974; Àmes and Insley 1975). Ames and Insley (1975) found a

non-linear response in heat loss to increases in wind veloc-

ity in cattle and sheep. Low wind velocities destroyed the

air interface, causing an increase in the rate of heat 1oss"
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separation of the hair fibres
of heat loss.

1"4"3 Transfer Processes in AnimaI Coats

Gonzalez-Jimenez and Blaxter (1962) found that the insu-

lative value of the hair coat of calves was at least half
that of still air. Heat transfer processes through the pe-

lage of hair-bearing animals are more complex than the pro-

cesses employed in the absence of hair, which are simply

convection from the skin to the surrounding air and radia-
tive exchange (Cena and Monteith 1975). In the presence of

pelage, heat may be transferred by: (1) conduction along

individual hair fibres, (2) natural and forced convection of

air between the hair fibres, (3) conduction through the air
enLrapped between the fibres of the pelage, and (4) radia-
tive exchange between individual hairs and the environment

(Hammel 1955; Cena and Monteith 1975; Cena and Clark 1978).

1 .4.3 " 1 Conduct ion Along Fibres

The quantity of heat transferred by conduction along Lhe

hair fibres is relatively small (Davis 1972; Cena and Mon-

teith 1975; Cena and Clark 1978') , as the hair f ibres are

fairly randomly distributed and conduction depends upon con-

tact between them (Oavis '1972) " Berry and Shanklin ( 1961 )

suggested thatr âs the number of hairs increases, conduction

along the fibres is also increased due to the greater fibre
to fibre contact,
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1 "4.3"2 Natural and Forced Convection

Hammel (1955) demonstrated that heat is transferred

through the pelage by natural convection,

If pelage is disrupted by wind, insulative quality is re-
duced dramatically (Oavi s 1972; Àmes 1974; Ames and Insley

1975) " Àmes and Insley (1975) found that at wind speeds of

greater than 40 km.h- r , the pelage fibres are separaLed, re-
sulting in greatly increased heat transfer. Thus, insula-
tion of the pelage is highly dependent upon a low degree of

forced convection within the coat.

1 "4.3.3 Conduction Through Trapped Àir

Davis (1972) felt that heat transfer through the pelage

occurs primarily via conducti.on through the air among the

fibres, but others (Hammel 1955; Cena and Monteith 1975¡

Cena and Monteith 1978) feel that natural convection plays

more important role than conduction"

1 "4"3.4 Radiative Exchange Between Hairs

The role of radiative transfer between hair fibres has

been deemed negligible by some researchers (Hammel 1955;

Davi s 1972) , but has been found by others (Cena and Monteith

1975; Cena and Clark 1978) to be significant. Ðowling

(1959a) suggested that the prominently medullated hair fi-
bres of the summer pelage reflect solar radiation more ef-
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fectively than the Iess medullated hair fibres of the winter
pelage.

1 .4 "4 Mechanisms f or Reducing Heat Transf er þ¡¿ t.he pelaqe

The stagnant air that is stabilized among the hair fi-
bres, by nature of the highly insulative quality of stilI
air, provides the pelage with its thermal capacity (Herring-

ton 1951i Dowling 1958). Finch (1986) reported that, at a

depth of one centimeter, the greater number of fine wool

hairs in sheep pelage compared to cattl-e pelage allowed for
more air spaces among the hairs. This resulted in a two- to
three-fo1d greater insulation value of sheep, compared to
cattle, pelages. Variation in hair length may help to sta-
bilize insulating air. Dowling (1958) postulated that the

high insulative quality of the winter coat of cattte is due

to a high degree of variation in fibre lengths in autumn and

early winter coats.

Davis (1972) found that the structure of the pelage, sp€-

cifically the arrangement of the hair fibres within the pe-

Iage, contributed to the thermal characteristics of the coaL

presumably by the influence that fibre arrangement has upon

the air spaces within the pelage.

The effectiveness of the pelage can be controlled to a

certain extent by altering the angle of the hair fibres rel-
ative to the skin, thereby increasing t.tre thiekness of the

trapped air layer (Hardy 1979). HammeI (1955) estimated
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that piloerection of the fur -of various species of mammals

decreased the insulation per unit thickness of the pelage by

ten to fifteen percent, but increased the total insulation
by ten to fifteen percent. He speculated that piloerection
increased the thickness of the pelage and thereby increased

the total insulation, while simultaneously increasing the

opportunity for convection, thereby increasing thermal con-

ductivity.

Findlay and Yang (1948) noted that, in skin sections of
Ayrshire cattle, the arrector pili muscle was located at an

obtuse angle, and suggested that contraction of the arrector
pili muscle noÈ only causes piloerection of the hair, but

also exerted pressure on the capillaries" This could sup-

plement cuÈaneous vasoconstriction to decrease heat loss.

1.5 CRITERIA FOR DETERMINING I NSULÀTI ON OF THE PELAGE

External and internal- insulation of live cattle can be

determined according to the formulae used by tlebster et aI.
(196e)

rr = (rr rs)/ap

re = (rs ra)/(Hp - 0.3)

r¿here I t
Ie

Tr

Ts

tissue insulation (oc.m2.d.McaI-1 ),
external insulation (oc"m2"d.Mca1-1 ),
¿^-L^ì !^--^--!..-- / O¡\r gu Lclr- LE:¡rtPtr:! Cl L u.L Ë \ t- / ¡

= the mean of skin temperature measured at
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eight sites ( oc),

Ta = air temperature (oC),

Hp = heat production, determined by respiratory

exchange (ucal.m2- 1.d- 1),

0"3 = constant for evaporative heat loss in

cold environments.

A more practical method to esLimate the external insula-
tion is by measurement of pelage physical parameters" The

measurable qualities of the hair coat of live cattle are

depth of the coat, Iength of the hair fibres, weight of hair
per unit area of body surface, numbers of hairs per unit
area of body surface, and diameter ot hair fibres. These

parameters have all been measured in attempts to estimate

which parameters, if âDy, reflect the insulation of the pe-

Iage. Although an exhaustive amount of literature has been

generated in the search for a definitive measurement which

accurately reflects the insulation of the pelage, much con-

tradiction remains as to which parameters and which loca-

tions on the animal yield the soundest estimate of pelage

insulation" The following is a review of the pertinent hair
coaL parameters that have been quantitatively measured, the

problems associated with obtaining these measurements, and

the logic associated ¡¡ith relating these measurements to in-
sulation. Only those parameters that can conceivably be

measured in situ or from hair samples obtained from live,
unanaesthetized animal-s are considered,
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'1 "5"1 Pelaqe Depth

Depth of the hair coat is a measure of a characteristic
of the entire pelage as an integral whole, rather than a

measurement of the individual hair fibres. Schleger and

Turner (1960) described coat depth as a function of length

of individual hairs, the curvature of the hairs, and their
angle of attachment to the skin.

Depth measurements have been made on fresh or tanned

hides (Scholander et aI. 1950; Hart 1956; Bennett 1964¡

Davis 1972¡ Jacobsen 1980), or in situ by either reading

from some type of ruled gauge held perpendicular to the skin
(Schleger and Turner 1960; Berry and Shanklin 1961; Gonza-

lez-Jimenez and Blaxter 1962; Webster et aI. 1970) or by

using callipers (Berman and Volcani 1961).

The question of which location or locations on the live
animal gives the best representation of the depth of the en-

tire pelage continues to plague researchers. Mid-side
(Schleger and Turner 1960), thigh (Berrnan and Volcani 1961),

hip (Berry and Shanklin 1961), and mid-flank (Voung 1969\

have been used as locations for depth determination. Some

researchers have made simultaneous depth measurements at nu-

merous locations on the trunk (Gonzalez-Jimenez and Blaxter
1962; Webster et al. 1970; Davis 1972¡ Jacobsen 1980) and

the extremities (webster et aI. 1970; Jacobsen 1980).
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Ruminant pelage depth is greater in the winter than the

summer (ucoowell et aI" 1960; Berman and Volcani 1961¡ Ja-

cobsen 1980)" Hart (1956), in his classical experiment us-

ing summer and winter pelts of various mammals, concluded

that the change in fur depth between seasons vras the primary

factor with respect to seasonal changes in coat insutative
qual i ty .

The direcL measurement of. heat transfer (the inverse of

insulation) through the pelage, by use of a hot plate or

similar apparatus, has shown insulation to be highly corre-
lated with depth of pelage (Scholander et al. 1950; Hart
'1956; Bennet|- 1964) and the relationship was linear (.:acob-

sen 1980). The direct measurement of heat transfer through

the pelage in situ with a heat flow meter also revealed a

linear relationship between insulation and pelage depth
(aerry and Shanklin 1961).

Àlthough the nature of the measurement of coat depth

makes it naturally quite arbitrary, many researchers agree

that depth per se has a major influence on insulation (Hart

1956i Schleger and Turner 1960; Berry and Shanklin 1961;

Bennett 1964; Mount 1979i Jacobsen 1980) presumably because

a deep coat has the ability to stabilize more air"
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1 "5 "2 Lenqth of Ha i r F ibres

Length of hair fibres has been measured both in situ us-

ing a rul-ed gauge inserted paraIlel to the hair fibres (ner-

ry and Shanklin 1961i Davis 1972; Jacobsen 1980) and with

the aid of a microscope after removal of the hair from the

animal (DowIing 1956, 1958, 1959a; Schleger and Turner 1960¡

Hayman and Nay 1961¡ Bennett 1964; Peters and SIen 1964; pan

1964; Turner and Schleger 1970; Bianca et aI. 1974)" Meas-

urements of hair length have been made at the mid-side loca-
tion (Dowling 1956, 1958, 1959ai Hayman and Nay 1961), the

last intercostal space (SchIeger and Turner 1960; Turner and

Schleger 1970), the hip (nerry and Shanklin 1961), and the

left and right mid-rib (peters and Slen 1964) " Some re-
searchers have made simultaneous Iength measurements at nu-

merous locations on the trunk (pan 1964; Davi s 1972¡ Bianca

et aI. 1974; Jacobsen 1980) and the extremities (pan 1964;

Bianca et al. 1974i Jacobsen 1980). Pan (1964) critically
examined the variation in hair fibre length over the body in

Jersey cattle, and, of the twenty-one locations tested,
found the hip location most representative of mean hair
length.

The number of length measurements taken in situ ranged

from four measuremenLs at each of eleven locations (Jacobsen

1980) to twenty measurements at a single Iocation (pavis

1972), while t.he number of hair fibre lengths determined

with a microscope ranged from 130 hairs per location to 250

hairs from a single location (Dowling 1956, 1958, 1959a)"
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There has been no critical evaluation of the optimum number

of hair fibres required for the microscopic determination of

hair length, nor of the optimum number of measurements per

rocation for in situ hair length determination, although pan

(1964) suggested using several locations spanning a line
from the lower neck to the hip"

Researchers who measured differences in hair lengths be-

tween summer and winter coats discovered that winter coats

were comprised of much longer hairs (Ðowling 1958, 1959a¡

Hayman and Nay 1961¡ Bianca et al. 1974; Jacobsen 1980).

rncreases in hair length from summer to winter were reported

as one-and-a-haIf (Jacobsen 1980) to three-fo1d (DowIing

1958). Às weIl, when hair fibre length was measured in con-
junction with the direct measurement of heat transfer
through the pelage it $¡as found that hair insulation $ras

proportional to length (eerry and Shanklin 1961i Jacobsen

1980). This has been supported by the work of Bennett

(1964) who reported a high positive correlation between pe-

lage insulation and hair length.

1.5.3 Weiqht of Hair Per Unit Àrea

Weight of hair per unit area has often been measured to

estimate insulative quality of the pelage, âs it is a meas-

urement which is a function of hair length, diameter, and

number of hairs per unit area (schleger and Turner 1960).

Hair weight per unit area has been positively associaLed

with hair length (Dowling 1956, 1958, 1959a¡ Schleger and
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Turner 1960; Berry and Shanklin 1961i Hayman and Nay 1961i

Bennett 1964; Peters and SIen 1964; Bianca et al. 1974) and

with coat depth (Schleger and Turner 1960; Berman and Volca-

ni 1961i Berry and Shanklin 1961; Bennett 1964; Webster et

aI" 1970), both of. which are linearly related to insula-
tion"

Berry and Shanklin (1961) and Bianca et aI. (1974), us-

ing modified pliers, pulled the hair from an area of known

size to determine the weight of hair per unit area" The

hair has also been shaved from an area of known size (Dowl-

ing 1956, 1958, 1959a; Schleger and Turner 1960i Berman and

Volcani 1961; Hayman and Nay 1961; Bennett 1964; Peters and

Slen 1964; Pan 1964; Webster et al. 1970; Turner and

Schleger 1970; Davis 1972). The location or locations on

the animal which are most representative of the weight of

the entire pelage has not been resolved. Hair weight per

unit area has been measured at mid-side (Dowling 1956,

1959a; Hayman and Nay 1961), the last intercostal space

(SchIeger and Turner 1960; Turner and Schleger 1970), Lhigh
(Berman and Volcani 1961), and hip (Berry and Shanklin

1961). Some researchers have made multiple hair weight de-

terminations at locations on the trunk (Dowling 1958; peters

and Slen 1964; Pan 1964; Webster et a]. 1970; Davi s 1972¡

Bianca et al" 1974) and exLremities (Bianca et aI. 1974).

When hair weight per unit area of body surface has been

measured in conjunction with direct measurement of heat
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transfer through the pelage, it has been found that weight

of hair per unit area correlates highly with insulation
(Bennett 1964) and the relationship is Iinear (Berry and

Shanklin 1961)"

Hair weight has been shown to increase at l-east two-fold
from summer to winter (DowIing 1956, 1958, 1959a; Berman and

Volcaní 1961¡ Hayman and Nay 1961i pan 1970)" Hair weight

per unit area depends upon hair length (Dowling 1958, 1959a;

Schleger and Turner 1960; Hayman and Nay 1961i peters and

Slen 1964; Bianca et a1. 1974), number of hairs (Schleger

and Turner 1960; Peters and sren 1964), hair fibre diameter
(Dowling 1959a; schreger and Turner 1960; Berman and vorcani
1961¡ Turner and schreger 1970), and degree of medurration
(Dowling 1959a; Turner and Schleger 1970; Bianca et a1.

1974).

The relative importance of these factors in influencing
hair weight per unit area is not clearly understood (sctrleg-

er and Turner 1960; Berman and Volcani 1961¡ Hayman and Nay

1961 ¡ Turner and Schleger 1970) . There is some contra-
diction in the literature as to the effect of season upon

the hair fibre diameter. Dowling (1959a), Berman and vorca-

ni (1961), and Bianca et al. 1974) found that fibre diame-

ter was greater in the summer than in the winter and Dowling

(1959a) and Bianca et al. (1974) showed the increase in di-
ameter to be associated with an increase in medullation.
Dowring (1958) and Hayman and Nay (1961) found no change in

diameter between seasons. Turner and schreger (1970) found
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thaL in unmedurlated hairs an increase in diameter was asso-

ciated with an increase in hair weight per unit area, but at
the same diameter medullated hairs reduced hair weight.

Hair fibre diameter has been measured, with the aid of a

microscope, from hair samples removed from the mid-side
(DowIing 1956, 1958, 1959a), the last intercostal space

(SchIeger and Turner 1960; Turner and Schleger 197O), and

the thigh (Berman and volcani 1961)r âs welr as from unspec-

ified locations (nerry and Shanklin 1961¡ Hayman and Nay

1961 ¡ Bennett 1964) " Pan (1964) , peters and Slen (19G4) ,

Davis (1972), and Bianca et aI. (1974) sampred from numer-

ous locations. The number of hairs used to determine diame-

ter varied from ten at a singre location (Berman and volcani
1961) to 130 from each of seven locations plus 100 randomry

selected fibres from an additional fourteen locations (pan

1964) " Berry and shanklin (1961) took twenty diameter read-

ings on each of the twenty hair fibres serected for estima-

tion of fibre diameter.

The correlation of hair fibre diameter with insurat.ion,
in tests that combined fibre diameter measurements with heat

transfer measurementsr wâs not highly significant or consis-
tent, in one case (gerry and Shanklin 1961), and was neg-

ative, in the other (Bennett 1964)"
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1.5"4 Number of Hairs Per Unit Area

With some exceptions (Berry and Shanktin 1961i peters and

SIen 1964), the number of hairs per unit area of body sur-
f ace r{'as not f ound to be well or consistently correlated
with coat depth, fibre lengtht ot hair weight per unit area

( Schleger and Turner 'f 960; Bennet L 1964; Bianca et a1.

1974) " Dowling (1958) found no difference in number of

hairs per unit area among seasons" In an experiment that
combined counts of the number of hairs per unit area with

the determination of heat transfer through the pelage, Ben-

nett (1964) found insulation and number of hairs to have a

correlation coefficient of only -0.19. Berry and Shanklin
(1961) speculate that number of hairs per unit area could

have a negative effect upon insulation by increasing the op-

portunity for conduction of heat along the hair fibres.

1 .5.5 Conclusion

The best criteria for in situ live animal estimation of

external insulation appear to be hair coat depth, hair fibre
length, and hair weight per unit area.
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1.6 BREED DIFFERENCES IN PELAGE T NSULÀTI ON

Most previous research into breed differences in pelage

characteristics of cattle has been focused upon breeds suit-
ed to production in the tropics. Dowling (1956) investigat-
ed the difference in heat tolerance between temperate short-
horn and Àustralian Illawarra Shorthorn cattle as determined

by measurement of rectar Lemperature" coat characters thaL

affected breed differences in heat tolerance vrere reported

as fibre rength and medullation. The degree of medulration,

an indicator of the heat dissipation allowed by the pelage,

vras later studied in more detail in Brahman x Shorthorn,

Australian Illawarra shorthorn, and shorLhorn cattle (nowr-

ing 1959a)" The greater degree of medurlation observed in
the coats of Brahman x shorthorn and Àustralian rllawarra
shorthorn cattre l¡as highry correrated with the abirity to
regulate rectal temperature in a hot environment (oowling
'1 959a ) . Dowl ing ( 1 959b ) studied the heat tolerance of

shorthorn cattre and Àustrarian Illawarra shorthorn cattle
before and after complete clipping. Clipping improved temp-

erature reguration in both breeds, but the improvement !{as.

most profound in the short.horn, which characteristically
have 1ong, unmedullated hair.

Turner and schleger (1960) described a method of classi-
fying coat types in Hereford, shorthorn, Hereford x Àfrican-
der, Hereford x Brahman, Shorthorn x Africander, and Short-

horn x Brahman caltle as a tool for selecting tropical beef
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cattre" Turner and schleger (1970) then described the sea-

sonal changes in hair coat characteristics among these dif-
ferent breeds. Dowring ( 1958) described the differences in

seasonar pelage characteristics among beef and dairy breeds

in both the B. taurus, B " indicus and Þ.. indicus x Þ.. taurus

F1 crossbreds. Yeates (1977 ) conducted heat tolerance tests
on Hereford and Santa Gertrudis heifers" Finch et aI"
(1984) reported differences in thermal balance, based on

differences in coat colour, among Brahman, Brahman x Here-

ford-Shorthorn, and Shorthorn cattle in the tropics.

Relatively Iittle research has been reported on the pe-

lage differences among breeds selected for cord tolerance.
Yeates and southcott (1958) exposed groups of Hereford and

Galloway heifers with intact coats and cripped coats to rer-
atively mild Australian winters. Unclipped Herefords had

slightly greater weight gains and significantly higher skin
temperatures than did clipped Herefords. Unclipped GaIlo-
ways had significant.ly higher skin temperatures than did
clipped GaIloways, but there v¡as no difference in weight

gains, Breeds were analysed separately and were noL com-

pared in terms of cold tolerance. Bianca et aI. (1974)

studied hair coat characteristics of Brown swiss, simmentar,

and Holstein heifers during the course of the year. Brown

swiss pelages had thin hair fibres with pronounced medurrae;

Simmental pelages were heavy and were made up of long fi-
bres; and Holstein pelages were lightweight and were made

up of short, thick fibres. rn all breeds, hair fibres lrere
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shorter, thicker, and more medullated in summer, while in

winter hair length and weight increased dramatically" Àmes

and InsIey (1975\ used Charolais, Hereford, and Angus hides

to study the effect of differing wind velocities upon heat

transfer through the pelage, but, in terms of breed differ-
ences, reported only that Charolais had deeper coats than

the other breeds "

l,imited research has been conducted on the pelage charac-

teristics, in relation to cold tolerance, of the British and

exotic breeds that are prevalent in canada. Peters and slen
(1964) compared weight per unit area, Iength, and diameter

of hair among Hereford, Àngus, Shorthorn, Hereford x bison

hybrid, Àngus x bison hybrid, and Cattalo cows. Hereford,

Angus, and Shorthorn corrs did not significantly differ in

weight of hair per unit area and had significantly lower

hair weights than did the hybrids. Hair fibre length was

also similar among the cattle breeds, whereas Herefords had

the greatest mean fibre diameter" Webster et al" (1970)

measured hair weight per unit area and coat depth of six He-

reford and six Àngus-Garroway-charorais heifers penned over

the winter in Edmonton at either 20"C, in the outdoors with
shelter r ot in the outdoors without shelter, with only six
cattle per breed, Do breed differences were apparent, and

the effect of breed upon hair weight per unit area and upon

coat depth was not discussed. there have been no compari-

sons of hair coat parameters throughout the winter among the
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1"7

1"7

MATERIALS AND METHODS

EXPERIMENT ONE (1983 /1984)

.1 Animals and Manaqement

Two hundred and fifty-six hybrid pregnant beef cows,

ranging in age from one to three years, v¡ere used as experi-
mental animals. The cows vrere penned by breed cross in a

feedrot at the Agriculture canada Research station at Bran-

don, Manitoba commencing October 5, 1983.

one hundred and ninety-two corJs were backcross cows, var-
ying in the proportions of their British (Hereford, Angus,

or shorthorn) and exotic (charorais or simmental) parentage.

The remaining sixty-four coh's were halfblood cows. The num-

ber of cows of each age and breed cross are shown in Table

1. Breed crosses which were 75% Hereford, Àngus, oF Short-
horn vrere termed British and those which were 7s% simmentar

or Charolais were termed exotic.

cows were penned outdoors by breed cross and had access

Lo straw bedding. Corn silage vras fed daily at a mainte-

nance level, with cow weight used as the criterion to esti-
mate daily feed allowances with feeding increased during ex-

treme co1d, and increased if necessary to maintain cow

condition (rredeen 1987) 
"
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1.7 "2 Environmental Temperatures

Mean monthly air temperatures for Brandon provided by En-

vi ronment Canada r.Jere:

October 1 983

November 1 983

December 1 983

January 1984

February 1984

March 1984

+5 oC

-2" c

-21"c

-14"C

-5 0C

-7"C

1 "7 "3 Experimental Desiqn

Each month each animar was shaved at a predetermined site
on the body in order to determine hair weight per unit area,

The site chosen each month for hair sampling was the same

for all cows, but the site varied from month to month. The

sites and the dates at which cows were shaved are shown in
Figure 1.

1 "7.4 Hair Samplinq Technisue

Hair samples were taken from cows standing in an indoor

chute" Hair was shaved with an oster@ smarl animal clipper
(model A5) using a size 40 clipper head. The clippers were

used in conjunction with a hard plastic tempraÈe to which an

opened eighteen-ounce Whirl-Pak@ bag was fastened (nigure

2), in order to maintain uniformity of hair sampie size and

to prevent loss of hair samples. The template was pressed
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Figure 2. Stencil for determining locatíon of
sampling síte in Experíment Two (top)
and template for regulating sÍze of
hair sample in Experíment One and Two.
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firmly against the body of the cow such that a 33.12 cm2

swath could be shaved from the pelage"

The previously-weighed Whirl-Pako bags containing the

hair samples r{ere sealed and stored after shaving. Àt a

Iater date, each hair sample was oven-dried in the bag at

ia"¿ ior l;¿;¿t-toui ho,rr" and weished.

1 "7.5 Measurement ot Ultrasonic Subcutaneous Fat Depth

On the day of hair sampling, ultrasonic subcutaneous fat
depth measurements (U"S") were taken between the eleventh

and twelfth rib using a model USKT Krautkramer-Branson UI-

trasonic FIaw Detector@. OnIy the 153 cows that were two

years of age and older h'ere ultrasonically probed.

l.

1.

7.6

7 "6

Statistical Ànalvsis

" 1 Test of Sampling Sites

During the last sampling period, multiple sampling was

conducted to determine whether the site at which hair was

shaved affected the weight of the hair sample, Ten cows

which were not involved in Experiment One, but which had

been penned and maintained in the same fashion, were shaved

in each of the five hair sampling sites" The cows used r,rere

three years of age and represented various breed crosses.

Differences among hair sampling siLes were determined us-

ing a one-Ì{ay analysis of variance (sas Institute rnc. 1985)

and Tukey's studentized range test (Steel and Torrie 1980).
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1 "7 "6 "2 Regression ModeI

Stepwise regression (SaS Institute Inc. 1985) for each

age of cov¡ within each of the fifteen breed crosses was used

to establish the relationship between hair weight per unit
area and time. Three-year-olds vrere grouped with two-year-

olds for the;;;;;;;; of "t"li=ti."i "nuryrir u..r"r.;i the

limited number of three-year-oId covrs tested, and because

three-year-olds were not represented in every breed cross"

The pattern of hair and fat parameters over time could ei-
ther be f Iat, linear r o!' curvilinear. Since it r¡as not

known which pattern best described the data, all the follow-
ing models were tested for best fit:

Y=a+b(month)
Y = a + b(month) + c(month)2

Y = a + b(month) + c(month)2 + d(month)3

Y=a+b(logmonth)
Y = a + b(Iog month) + c(Iog month)2

Y = a + b(log month) + c(tog month)2 + d(Iog month)3

logY=a+b(month)
1og Y = a + b(month) + c(month)2

log Y = a + b(month) + c(month)2 + d(month)3

logY=a+b(logmonth)
Iog Y = a + b(Iog month) + c(Iog month)2

1og Y = a + b(Iog month) + c(log month)2 + d(log month)3

The best fit model was that which yielded the greatest

R2 " In determining t.he best f it model, pz vaf ues which dif -
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fered by a factor of less than 10% were not considered to be

different from one another. The model chosen for subsequent

anaryses was that which best described the rerationship be-

tween dependent variable and time as found in the anarysis

of the fifteen breed crosses subdivided by age. Least

squares means (SeS Institute Inc. 1985) f or monthl¡z rnêêsurê:

ments of hair coat characters and U"S" within breed cross

and age of co!.¡ are provided in Appendix À.

1 "7 .6 "3 Test f or Outl iers

Data point.s that lay extremely far from the regression

line were examined for the possibility of being outliers.
Large or small data points which lay more than three stan-
dard deviations from the mean or data points that were found

to be biologically impossible h¡ere considered to be outliers
and were dropped from the analysis.

1"7 "6"4 Test of Ef f ect of Age

Ànalysis of variance by general Iinear model (SeS Insti-
tuLe Inc. 1985) was used to compare the slopes and inter-
cepts for regression lines for ages within a breed cross.
Ages within a breed cross were considered to differ signifi-
cantry if: (1 ) the intercepts vrere significantry different,
but the slopes were the same, (2) the slopes were signifi-
cantly different, but the intercepts were the same, or (3)

both intercepts and slopes were significantly different.
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1"7.6"5 Analysis of Variance for Breed Cross and Àge

Regression coefficients were determined for individual
cows using the best fit model arrived at as described in
section 1.6.2. Subsequent comparisons among breed crosses

and between ages were made on the basis of the slope and the

intercept of ah;;. ;;s;"""iàn ii;;", r"ttrur than ln. .rini-
na1 or log transformed data, in order to compare breed

crosses and ages in terms of hair weight per unit area at
the beginning of the study period and rate of increase in

hair weight over time.

1.7.6.6 Contrast s

Contrasts (Steel and Torrie 1980) were performed upon

least sguares means for breed crosses and groups of breed

crosses when differences among breed crosses for intercept
or slope vrere signif icant. When the effect of age on hair
weight slope or intercept was significant, contrasts of

breed crosses or groups of breed crosses v¡ere performed sep-

arately within each age group" Based upon the major genetic

component of the breed crosses, the fifteen breed crosses

were grouped to aid in biological interpretation of the

data" Table 2 shows the contrasts between groups of means.

Each breed cross was referred to by the name of the

that contributed to three-quarters of its parentage.

Iais x Short.horn (CHH) and Simmental x Shorthorn (Su¡¡)

breed

Charo-

I
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which were harfblood cross-bred cows were referred to as

'halfbloods'. The standard breed cross, against which art
other breed crosses l¡ere compared, was Hereford x Àngus

(uee). Breed crosses lrere also referred to as belonging to
the 'exotic' (ctrarolais and simmental) or 'British' (Here-

Arr breed crosses trere compared to HAÀ. All exotic breed

crosses (cce, CcH, ccN, SSÀ, SSH, and SSN), all British
breed crosses (eCe, ÀSA, HCH, HSH, NCN, and NSN), and the

harfbloods (cPN and sNN) were compared to HÀÀ in three sepa-

rate contrasts. The exotic breed crosses were compared to
the gritish breed crosses. The exotic breed crosses and the

British breed crosses were compared to the harfbroods in two

separate contrasts"

The breed crosses within the exotic aroup (charolais and

Simmental) were compared to each other.

Within the British group (gereford, Angus, and Shorthorn

breed crosses) six separate contrasts vrere made. Hereford

?¡ere compared to the Angus prus shorthorn breed crosses, Àfì-

gus were compared to the Hereford plus Shorthorn breed

crosses, and Shorthorn were compared to the Hereford plus

Angus breed crosses. Then Hereford, Angus, and Shorthorn

breed crosses v¡ere each compared to each other in three sep-

arate contrasts.
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1 "7 ,6 "7 Ànalysis of Ultrasonic Subcut.aneous Fat Depth

Reqression Mode]

Stepwise regression analysis (SaS Institute Inc. 1985)

for each of the fifteen breed crosses was used to establish
the relationship between U"S. and time" The models tested

vrere those described earriei lo t.rt ln" r;i;¿iorirrip u.-
tween hair weight and time"

Àna lvs i s of Variance for Breed Cross

Based upon the results of the stepwise regression proce-

dure, in which U.S. remained constant throughout the winter
in 80% of the cases, one-way analysis of variance (SeS In-
stitute Inc. 1985) was used to test for differences in U,S.

among breed crosses.

Cont ra st s

Contrasts were performed upon least squares means for
breed crosses and groups of breed crosses to deLermine which

breed crosses and groups of breed crosses differed in terms

of U.S, Contrasts performed were as shown in Tab1e 2"
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es in procedures and
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(1 e84 /1 985)

repeated the following winter. Chang-

animals used are indicated below"

TWO

1.8"1 Ànimals and Manaqement

rwo hundred and twenty-eighi ;i tie ;;;r d.;"ri;;d ii e;p.r-
iment One were used in Experiment Two. These cows lrere two

and three years of age" Cows were penned and fed in the

manner described in Experiment One commencing on October 4,

1984 
"

One hundred and sixty-eight cows were backcross covrs,

varying in the proportions of their British and exotic par-

entage, while the remaining sixty animals were halfblood

cows. The number of cows of each age and breed cross are

shown in Tabl-e 3.

1 .8,2 Environmental Temperatures

Mean monthly air temperatures for Brandon provided by En-

vironment Canada were:

October 1984

November 1984

December 1984

January 1 985

February 1 985

March 1 985

+4"C

-6 0c

-1goc

-1goc

-17 "C

-40c
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1 "8.3 Experimental Desiqn

Based on the results of the test of sampling sites con-

ducted in Experiment One, it v¡as concluded that in Experi-
ment rwo all hair weight sampres should be taken exclusively
from the area of the hip bordered by the hook and pin bones.

UnIike Experiment One, in Experiment Two all cows $¡ere

not shaved at the same site in a given month. In Experiment

Two, each cow v¡as randomly assigned a sampling site se-

guence" Each cow $¡as to be shaved at six sites on the

flank--one site each month from November to ApriI"

Àlthough six sampling sites vrere randomly assigned to
each cow, in actuality, only five sampling sites were used.

The last scheduled shaving period (april) was eliminatedr ôs

the herd vras drawing too close to parturition. One random

site per covr was thus left unshaven.

The actual dates of hair sampling were:

November 7-8, 1984

December 5-6, 1984

January 2-3, 1 985

February 5-6, 1 985

February 26-27, 1985

Breed crosses vrere hair-sampled at random over the two

day period in ç¡hich hair sampling took place.
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The assignment of a sampling site sequence to each cow

was semi-random in that all six sites vrere t.o be sampled in

all six months with equal frequency among all breed crosses.

The si tes at which cotvs v¡ere shaved are shown in Figure 3 .

1"8"4 Hair Samplinq Technisue

The shaving technique was as described in Experiment One

except that a molded plastic stencil (figure 2) vras used Lo

indicate the precise shaving site" The stencil v¡as perfo-

rated with six holes corresponding to the centre of each of

the six shaving sites on the hip. Prior to shaving, the

stencil vras placed on the hip of the cow and the appropriate

site was marked on the hip with a felt marker.

Drying and weighing of the collected hair samples were as

described in Experiment One.

1.8"5 Hair Lenqth

Hair coat length vras measured monthly on all experimental

animals in conjunction with hair sampling. À single central
site, determined with the aid of the stencit used in shav-

ing, ïras measured each month. In addition to the six holes

in the stencil, which r¡¡ere previously described, there was

al-so a central hole in the stencil, midway between shaving

sites B and E (figure 3), through which the site of hair
coat length measurement was marked on the flank with a felt
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marker. On cows with dark coats, Liquid Paper@, rather than

a felt marker, was used"

Length measurements were taken with a thin sewing gauge

modified such that it could be placed easily beneath a

swatch of hair 15 to 20 hairs thick. The gauge was placed

beneath the hái;;háit;,;"ch ¿hái itte tip oi th¿ gá"s" was

placed at the hair roots, and the straightened hair ran

along the length of the gauge. Hair length was then read

off the gauge.

Àn alternate method for measuring hair length (eppendix

B ) v¡as also tested "

1 ,8.6 Pelaqe Depth

Pelage depth was measured monthly on all experimental an-

imals in conjunction with hair sampling. Each month one

depth measurement was taken at the hair length measurement

site,

Depth measurements were taken with the sewing gauge as

used for length measurements" The gauge was positioned per-

pendicular to the surface of the animal. The tip of the

gauge was then inserted through the pelage until it reached

the skin. Hair depth was then read off the gauge.
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1"8"7 Ultrasonic Subcutaneous Fat Depth

U,S" measurements v¡ere taken on al1 experimental animals

using the method described in Experiment One.

1"8"8 Test of Samplinq Sites

Additional hair weight measurements were taken monthly on

cows not involved in Experiment Two, but which were subject-
ed to identical environmental and management conditions.
The purpose of this test was to monitor monthly the sites on

the hip from which hair vras shaved to determine íf. variation
in monthly hair sample weights v¡as in any $¡ay due to sam-

pling site on the hip. The test was also done to confirm

that randomization of the shaving sites each month h'as nec-

essary to ensure that any possible site within time effect
was blocked"

Each month seven different four-year-ol-d cows from six
different breed crosses were shaved at aII six shaving

sites. The breed crosses chosen for this multiple sampling

test (eCe, ÀSA, CCÀ, CCH, SSN, and HAA) were those for which

the largest number of cows were available"

The effect of sampling site and sampling period upon hair
weight were anaryzed by two-way analysis of variance (ses

Institute Inc. 1 985) "
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1 . 8-" 9 Stat i st ical Ànalvs i s

1 .8.9 " 1 Ànalysis of Hair Characters

Hair weight per unit area, hair length, and pelage depth

were statistically analyzed according to the methods de-

scribed in Experiment One for hair weight analysis.

1"8"9"2 Analysis of Ultrasonic Subcutaneous Fat Depth

Regression Model

Stepwise regression analysis (seS Institute Inc. 1985)

for each age of cor.r within each breed cross was used to es-

tablish the relationship between U"S. and time. The model-s

tested were those described for Experiment One,

Anal-vsis of Variance f or Breed Cross and Àqe

Based upon the results of. the stepwise regression proce-

dure, in which U.S. remained constant throughout the winter
in 50% of the cases and showed a very weak relationship with
month in the remainder, one-way analysis of variance (SeS

Institute Inc. 1985) was used to test for differences in

U"S" among breed crosses"

Cont rast s

Contrasts of least squares means of breed crosses and

groups of breed crosses were performed separately within
each age group. Contrasts performed vrere as shown in Table

2"
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RESULTS

1 .9 EXPERII!{ENT ONE (1983/1984)

'1 .9.1 Hair Weiqht

1 "9"1 "1 Test of Sampling Sites

MuItiple sampling during the last sampling period deter-
mined that there were no significant differences (p>0.05) in
hair weight per unit area among the sampling sites on the

hip. Samples taken from the February 29 sampling site fur-
ther from the hip were incongruous with other sampling sites
Iocated exclusively on the hip. Table 4 shows differences
in least squares means for hair weight among sampling sites
as determined by Tukey's studentized range test. Samples

that were taken February 29 of Experiment One r¡rere conseg-

uently dropped from the analysis because sampling site and

month $rere confounded.

1 "9.1 "2 Regression Model

The model hair weight = a + b(month) yielded the best fit
in 87% of. the cases. Thus, in 26 out of 30 cases, this mod-

el gave an p2 as good as or better than all other models.

In two of these cases, the model was not significant
(p>0"05)" However, transformation of the data did not in-
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Table 4. Least squares means + standard errors for hair
weíght of samplíng sítes.

Sampling Site
c

1

2

4

5

Haír I^Ieíght (e /.*2¡
1.06 t 0.08 af
1.09 t 0.08 a;b
1.11 t 0.08 a,b
I.17 t 0.08 a,b
1.39 t 0.08 b

tab Means with different subscripts r,^/ere signíficantly different
(p=0.04) .
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SEcrease the R2. Table 5 gives the ¡2 values for all stepwi

regression models tested,

The remaining 13%,

In two cases, the best

b(Iog month) " In one

hair weight = a

1og hair weight

4 out of 30 cases, were not linear.
fit model was log hair weight = a +

case each the best fit model was:

; u(*o"tl'l i ;(m;;thi,
= a + b(month)

As the linear regression gave the best overall fiL, it
was the model used in aII subsequent analyses of hair weight

per unit area in Experiment One.

1 .9.1 .3 Test for Outliers

À11 extreme data points were found to lie within three

standard deviations of the predicted value. The data points
were therefore confirmed to be valid data points and re-
mained in the data set. However, seven data points which

were obviously biologicarly impossibre v¡ere removed from the

data set "

1"9.1.4 Age Effect

In 5 out of 15 cases, there was a significant difference
(p<0.05) between ages within a breed cross. Since the ef-
fect of age upon hair weight was significant in 33% of. the

cases, a9€ vras considered relevant in its effecÈ upon hair
weight and was retained in the moder in subsequent anaryses"
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1 .9 " 1 .5 I ntercept of Linear Regression Line

Analysis of Variance

Two-way analysis of variance of the intercept of the re-
gression lines of individual animals indicated a significant
difference (p=0.004) among breed crosses. The effect of cov¡

age upon the int"t.àpi of the hair weight gr;"lh .,rt,rá *""
highly significant (p=0.0001 ) , and there vlas a significant
interaction (p=0.02) between breed cross and age. Figure 4

shows the least squares means and standard errors of each

breed cross and age for the intercepts of the hair weight

regression Iines.

Visual inspection of the data suggested that there was no

effect of age upon the intercepts in ÀCÀ, CCH, CNN, HÀ4,

HCH, HSH, and NCN breed crosses. In ASA, CCA, CCN, NSN,

SNN, SSÀ, SSH, and SSN, the one-year-o1d covrs appeared to

have higher intercept hair weights than did the two- and

three-year-old covrs.

Cont rast s

Differences in hair weight intercepts among breed crosses

are summarized in Table 6.

(1) one-Year-old Cows

HAA did not differ (p>0.05) from all other breeds com-

bined. Neither the exotic breed crosses, the British breed

crosses, nor the halfbloods differed (p>0,05) from HAÀ. The

intercept for exotic breed crosses was significantly higher
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than for both the Sritish breed crosses (p=0"01) and the

halfbloods (p=0"03) " The sritish breed crosses did not dif-
fer (p>0,05) from the halfbloods"

Within the exotic aroup, the hair weight intercept of

Simmental was significantly greater (p=Q"65¡ than that of

Charola i s "

Breed crosses did not differ (p>0.05) within the British

9roup.

Q) Two- and Three-Year-O1d Cows

HAÀ did not differ (p>0.05) from all other breed crosses

combined. ¡¡either the exotic breed crosses nor the Brit.ish
breed crosses differed (p>0.05) significantly from HAÀ. The

hair weight intercept of the halfbloods (CNH and SNN) was

significantly lower (p=0.05) than that of HÀÀ. The half-
bloods did not differ from the exotic (p>0.05) or the erit-
ish breed crosses (p>0.05). The gritish breed crosses did
not differ (p>0.05) from the exotic breed crosses.

Within the exotic group, the hair weight intercept of the

Charolais breed crosses was significantly greater (p=0"04)

than that of the Simmental breed crosses.

Within the BriLish group, the Hereford hair weight inter-
cept was significantly higher (p=0"005) than that of the An-

gus plus Shorthorn breed crosses, as well as higher
(p=0.003) than the Àngus breed crosses alone. The Shorthorn
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breed crosses did not differ from the Hereford breed crosses

(p>0.05) or from the Angus breed crosses (p>0.05).

1.9"1"6

ÀnaIvs i s

Slope of Linear Regression Line

of Varianee

Two-way analysis of variance of the slope of the regres-

sion linesr or rate of increase in hair weight, of individu-
aI animal-s indicated a significant difference (p=0.03) among

breed crosses" The effect of age upon slope of regression

lines was also significant (p=0"002) " The slope of the re-
gression line for covrs that were two and three years o1d was

0.2010"01 g/month and for coh's that were one year old was

0 " 16t0.01 g/nontln. There tras no interaction (p>0 
" 05 ) be-

tween breed cross and age for regression Iine slope. Figure

5 shows the least squares means and standard errors of each

breed cross and both ages for the slopes of the hair weight

regression Iines "

Contra sts

Differences in hair weight slopes among breed crosses are

summarized in Table 6.

HAÀ did not differ (p>0.05) from all other breed crosses,

Neither the exotic nor the ¡ritish breed crosses differed
(p>0"05) from HÀÀ. The halfbloods (CNH and SNN) naA signif-
icantly higher (p=0"01) hair weight slopes than HAA. The

exotic breed crosses did not differ (p>0"05) from the Brit-
ish breed crosses. The halfbloods had a significantly high-
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er hair weight slope than both the exotic (p=0.05) and the

Sritish (p=0.02 ) breed crosses.

Breed crosses within the exotic group (Ctrarolais and Sim-

mental) did not differ (p>0"05) from each other.

and Shorthorn) did not differ (p>0"05) from one anoLher.
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1"9.2 Ultre,sonic Subcutaneous Fat Depth

1 "9 "2 "1 Regression ModeI

Regression models tested v¡ere non-significant (p>0.05) in
80% of the cases. Thus, in 12 out of 15 breed crosses, U.S.

remained constant throughout the winter. Three out of fif-
teen breed .ràri"= ;h;;;á ; =lgniricànt tò.0.òsl ;;i"li;"-
ship of U.S. with time" Table 7 gives the p2 values for all
stepwise regression models tested. In the breed cross HSH,

the R2 was highest and equal tor the three models:

U.S. = a + b(month) + c(month)2 + d(month)3

Iog U.S. = a + b(month) + c(month)2 + d(month)3

log U.S. = a + b(l month) + c(t month)2 + d(t month)3

In the breed cross SSH, the p2 v¡as highest and equal f or

the two modeLs:

U.S. = a + b(1og month) + d(month)3

log U.S. = a + b(log month) + c(1og month)2

In the breed cross SNN, the models log U"S" = a +

b(month) and 1og U.S. = a + b(1og month) yielded the highest
p2. However, although the p2 $¡as signif icant (p=0.01 ) , it
was extremely low (R2=0.07).

ÀIthough U.S. did not remain constant throughout the win-

ter in all cases, this vras the predominant pattern in 80% of.

the cases. Consequently, a mean U" S. f or the winter riras

used to describe each breed cross in all subsequent analy-

ses.



\o\o
T

able 
7.

)
R

- values 
for 

stepw
lse 

regresslons 
of

breed 
cross.t

O
LY

N
O

M
IA

L
O

D
E

L S

y=
u. s. 

Iilnear
x-nonth 

Q
uadratic

C
ublc

liinear
y=

u. s.
x=

log(nonth) 
Q

uadratic
l't1. 

{ ¡

y=
1og(U

. S
. )

x=
m

onth

A
C

A

). 04

A
S

A

g

y=
1og(u. 

s . )
x=

Iog (m
onth)

).02 +

ccA

ultrasoníc 
subcutaneous 

fat 
depth 

(U
.S

.¡ 
on m

onth w
ithin

B
R

E
E

D
 C

R
O

S
S

,.o2+

).

Linear

Q
uadratic

If5

o4

C
C

H

+

T
he _four polynom

ial rnodels ^used various conbínations of u;s., 
m

onth ãnd the
of the form

 y =
 a * bx +

 q¡2 a ù<
3 ).01+

).07 +

ccN

N
on-signífÍcB

nt (pX
ì. 05)

E
m

pty ce11s índicarer E
har the vari-able added w

as not significant 
(pX

.15)
I

).02 +

).o2

Linea¡

Q
uadratfc

C
N

N

0.00 +

l
06+

H
A

A

).o2 +

).00

IIC
H

+

0.00 *

0.01 +

H
S

H

0.00 +

o.29

N
C

N

1.36

0.06 +

l.0r 
+

) .44

N
S

N

).21

).04{

1.41

S
N

N

0.06 +

0 .06

S
S

A

0.04 +

0.0r {

S
S

H

0.05

o.23

S
S

N

0 .0 1.+

0.07+

0.18

logarithns of U
.S

. and nonth in 
rnodels of

0.06 +

0 .28



67

1"9"2"2 Analysis of Variance for Breed Cross

One-way analysis of variance indicated a highly signifi-
cant difference (p=0.0001) in U.S. among breed crosses.

Figure 6 shows the l-east sguares means and standard errors

for winter U"S" for each breed cross.

1 "9 "2 "3 Contrasts

Differences in U"S" among breed crosses are summarized in

Table 8.

HÀÀ was significantly higher (p=0.0001) in U"S" than aIl
other breed crosses combined. HAA was significantly higher
(p=0"0001) than the exotic breed crosses, the British breed

crosses, and the halfbloods. The British breed crosses had

significantly higher U.S. than both the exotic breed crosses

(p=0.0001 ) and the halfbloods (p=0.01 ) . The exotic breed

crosses did not differ (p>0.05) from the halfbloods.

Within the exotic group, Charolais breed crosses did not

differ (p>0.05) from Simmental breed crosses,

Within the British group, the Hereford breed crosses were

significantly higher (p=0.009) than the Àngus plus Shorthorn

breed crosses. Individually, t.he Hereford breed crosses

were higher than the Shorthorn breed crosses (p=0.0003), but

did not differ (p>0.05) from the Àngus breed crosses, The

Shorthorn breed crosses were significantly lower than the

Angus plus Hereford breed crosses (p=0.0009), as wel-1 as
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Hereford breedthan t.he Àngus breed crosses (p=0 
" 02 )

crosses (p=0,0003 ) separately.
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1 . 1 0 EXPERTMENT rwo (1984 /1985',)

1"10"1 Hair Weiqht

1 .1 0.1 .1 Test of Sampling Sites

rwo-way anáryiis ot "à;iá;¡. inãicàiàd ;; áirr"i.À."
(p>0.05) among sampling sites. Differences in hair weight

among months were highly significant (p=0.0001)" The inter-
action of site and month was not significant (ptO.05) 

"

1 " 1 0 "1 .2 Regression Model

The model 1og hair weight = a + b(Iog month) provided the

best fit in 77% of the cases. Thus, in 23 out of 30 cases,

this model gave an pz as good as or better than all other

modeÌs. In t$ro of the 23 cases, the model was not signifi-
cant (p>0"05). However, in these Lwo cases, other transfor-
mations of the data did not improve the R2. Table 9 gives

the pz values for al-l stepwise regression models tested.

In two cases each, Lhe best f it model v¡as:

hair weight = a + b(month)

hair weight = a + b(month) + c(month)2 + d(month)3

In one case each, the best f it model yras:

1og hair weight = a + b(month) + c(month)3

1og hair weight = a + b(month)

hair weight = a + b(1o9 monÈh)
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The last two model-s were not signif icant (p>0.05) 
"

As the model log hair weight = a + b(log month) yielded

the best overall fit, it was used in all subsequent analyses

of hair weight per unit area in Experiment Two"

1 .1 0.1 .3 test iot o"tii"i=

AII extreme data points vrere found to Iie within three

standard deviations of the predicted vaIue. However, four

data points which were obviously biologically impossible

were removed from the data set.

1 " 10 "1"4 Àge Ef f ect.

In 4 out of 15 cases, there $ras a significant difference
(p<0.05) between ages within a breed cross. Age vras thus

considered relevant to hair weight and was retained in the

model in subsequent analyses"

1 .1 0. 1 .5 Intercept of Regression Line

Analvsis of Variance

Two-way analysis of variance of the intercepts of the re-
gression lines of individual animals indicated a significant
difference (p=0.0S) among breed crosses. Àge of animal had

no effect (p>0,05) upon intercept of the hair weight growth

curve. There was no interaction (p>0,05) between breed

cross and age" Figure 7 shows the least squares means and
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standard errors for intercepts of regression lines f.or hair
weight of each breed cross. In this figure, intercepts of

the hair weight growth curves are shown in the antilog form,

Cont ra st s

Differences in hair weight intercepts among breed crosses

are summarized in Table 6.

HAÀ did not differ (p>0,05) from all other breed crosses

combined. t*¡either the exotic breed crosses, the British
breed crosses, nor the halfbloods differed (p>0.05) from

HAÀ" The exotic breed crosses had a significantly higher
(p=0"05) intercept for hair weight Lhan the sritish breed

crosses. The halfbloods did not differ (p>0.05) from the

exotic or the British breed crosses.

Breed crosses within the exotic group (Charolais and Sim-

mental) did not differ (p>0"05) from each other.

Within the Aritish group, the hair weight intercept of

the Angus breed crosses was significantly lower than that of

the Hereford plus Shorthorn breed crosses (p=0.03), as well

as lower than the Shorthorn breed crosses alone (p=0.02).

The Hereford breed crosses did not differ (p>0"05) from the

Shorthorn or from the Angus breed crosses.
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1 " 1 0.1 " 6 Slope of Regression Lines

Two-way analysis of variance of the slopes of the regres-

sion lines of individual animals indicated no significant
difference (p>0"05) among breed crosses. The effect of age

upon rate of increase in hair weight was significant
ip=o.osl" r;;-t;;;-;iá .o*r h;á r io"", ;i;;; tor r'"ir
weight (0.2610"02 1og g/Iog month) than did three-year-oId
covrs (0.32t0"02 Log g/log month). There was no interaction
(p>0.05) between breed cross and age.
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1 "10 "2 Lensth

1 "10 "2 "1 Regression Model

The model log hair length = a + b(1og month) yielded the

best fit in 73% of the cases. Thus, in 22 out of 30 cases,

this model gave an p2 as good as or better than all other

moders. ii'. rãmái;i;s 2i%,8;;¿ or 30 ò."ã", aià not fit
this pattern best" Of the remaining cases, in seven, the

model log hair length = a + b(log month) + c(tog month)2

provided the best fit, while in one case, the model 1og hair
Iength = a + b(log month) + c(1og month)2 + d(Iog month)s

gave the best fit. À11 models were significant (p<0"05).

Tab1e 10 gives the p2 values for all stepwise regression

models tested"

Àlthough the model log hair length = a + b(Iog month) did

not yield the highest p2 in every case, it did give the best

fit in 73% of the cases. This model was used in all subseq-

uent analyses of hair length data.

1 . 1 0 "2 "2 Test for Outliers

Four data points that lay extremely far from the regres-

sion line and, upon examination t{ere found to be biological-
Iy impossible, !{ere removed f rom the data set.
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1,10.2"3 Àge Effect

In two out of fifteen cases, there r^¡as a significant dif-
ference (p<0"05) between ages v¡ithin a breed cross. Since

the effect of age upon hair length was significant in 13% of.

the cases, age rl'as considered rel-evant to hair length and

was retained in th; ;;á.i i. ="u""q";nt "n"rvru""

1 . 10 "2.4 I nt.ercept of Regression Line

Analysis of Variance

Two-way analysis of variance of the intercepts of the re-
gression Iines of individual animals indicated a highly sig-
nificant difference (p=0.0001 ) among breed crosses. The ef-
fect of age upon intercept of hair length growth curves was

also signif icant (p=0.008 ) . There ,¿¡as no interaction
(p>0.05) between breed cross and age.

Figure I gives the least squares means and standard er-
rors for the intercept of the regression lines for hair
length for each breed cross" In this figure, intercepts of

ha j.r length growth curves are shown in the antilog f orm.

Two-year-old cov¡s had a higher intercept hair length
( 1 .89t0.05 cm) than did three-year-old cows ( 1 . ZOtO. O5 cm) ,

Contrasts

Differences in hair length intercepts among breed crosses

are summarized in Table 6.
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Hair length intercept for HÀA was significantly lower

(p=0.04) than the other breed crosses combined. InLercept

hair length for HÀÀ was significantly lov¡er than intercept
hair length of the exotic breed crosses (p=0.0005) and of

the halfbloods (p=0.02), but did not differ (p>0.05) from

the British breed crosses" The eritish breed crosses were

significantly lower than the exotic breed crosses (p=0"0001)

and the halfbloods (p=0,0008). The exotic breed crosses and

the halfbloods did not differ (p>0.05) in intercept hair
length.

The breed crosses within the exotic aroup (Charolais and

Simmental) did not differ (p>0.05) from each other.

within the sritish group, the hair length intercept of

the Àngus breed crosses was significantly lower than the in-
tercept of the Hereford plus Shorthorn breed crosses

(p=0.0001), as well as from the Hereford breed crosses

(p=0.005) and the Shorthorn breed crosses (p=0.0001) sepa-

rately. The Shorthorn breed crosses had a significantly
higher hair length intercept than the Angus plus Hereford

breed crosses (p=0.0001), âs well as the Hereford breed

crosses (p=0.04) and the Angus breed crosses (p=0"0001) sep-

arately "
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1 " 1 0 "2.5 Slope of Regression Line

Analvsis of Variance

Tv¡o-vray analysis of variance of the slopes of the regres-

sion Iines of individual- animals indicated a significant
difference (p=0"003) among breed crosses. There was no sig-
nificant aifierence (JtO.OS) in r"t. of in"i."". in tair
length between ages.

Figure 9 gives the least sguares means and standard er-
rors for the slopes of the regression lines for hair length

for each breed cross"

Contrasts

Differences in hair length slopes among breed crosses are

summarized in Table 6"

HÀÀ did not differ (p>0.05) from all other breed crosses

combined. The hair length slope of HÀÀ was significantly
higher than that of the exotic breed crosses (p=0"01), but

did not differ (p>0.05) from the British breed crosses or

the halfbloods, The exotic breed crosses had a significant-
ly lower (p=9.0009) hair length slope than the British breed

crosses. The halfbloods did not differ from either the ex-

otic breed crosses (p>0.05) or the British breed crosses
(p>0.0s) .

The breed crosses within the exotic group (Charolais and

SimmenÈa1) did not differ (p>0.05) from each other.
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within the eritish group, the hair length slope of the

Shorthorn breed crosses was significantly lower (p=0.002)

than that of the Àngus plus Hereford breed crosses, as well
as that of the Àngus breed crosses (p=0"004) and that of the

Hereford breed crosses (p=0"01) separately. The Àngus breed

cro.sses did not dif f er (p>0 
" 05) f rom the Heref ord plus

shorthorn breed crosses, nor did the Hereford breed crosses

differ (p>0"05) from the Angus plus shorthorn breed crosses,
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1.10"3 Depth

1.10"3"1 Regression Model

The model 1og hair depth = a + b(Iog month) yielded the

best fit in 14 out of 30 cases. In one of these cases, the

model hras not significant (ptO"05). Table 11 gives the p2

values for alt rl.p*i"u t.gi;"ri;n moaers t.rt.a.

Although the model log hair depth = a + b(1o9 month) aia
not yield the highest p2 in every case, it did provide the

best fit in 47% of the cases" Of the remaining 16 cases, 5

fit the model 1og hair depth = a + b(log month) + c(Iog
month)2 best and 9 fit the model log hair depth = a + b(Iog
month) + c(Iog month)2 + d(Iog month)3 best. In one case

each, the best fit model was:

log hair depth = a + b(month)

Iog hair depth = a + b(month) + c(month)2 + d(month)3

Since the model log hair depth = a + b(Iog month) gave

the best fit in 47% of the cases, it was used in all subseq-

uent analyses of the hair depth data.

1 .1 0 .3 "2 Test for Outliers

Three data points were found to be biologically impossi-

ble and were removed from the data set.
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1 ,1 0.3.3 Age Effect

In 3 out of 15 cases, there r¡¡as a signif icant dif f erence

(p<0.05) between ages within a breed cross. Since the ef-
fect of age upon hair depth was significant in 20% of the

cases, â9ê !¡as considered relevant in its effect upon hair
depth and was t.l"i;;á in ti,e mãaet in ""u=.q""nt unuryr.=.

1 .1 0 "3 "4 Intercept of Regression Line

Analvsis of Variance

Two-way analysis of variance of the intercepts of regres-

sion lines of individual animals indicated a highly signifi-
cant difference (p=0"0001) among breed crosses. There was

no difference (p>0.05) in intercepts of hair depth growth

curves between ages and the interaction of breed cross and

age was not significant (pt0.05).

Figure 1 0 gives the least squares means and standard er-
rors for the intercepts of the regression lines for hair
depth for each breed cross. Tn this figure, intercepts of

hair depth growth curves are shown in the antilog form.

Cont rast s

Differences in hair depth intercepts among breed crosses

are summarized in Table 6.

HÀA did not differ (p>0,05) from all other breed crosses

combined" HAÀ had a significantly lower intercept hair
dept.h than that of the exotic breed crosses (p=0.0007 ) and
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that of the halfbloods (p=0.04), but did not differ (p>0.05)

from the British breed crosses" The hair depth intercept of

the eritish breed crosses was significantly lower than that
of the exotic breed crosses (p=0.0001) and that of the half-
bloods (p=0"002)" The exotic breed crosses and the half-
bloods did not differ (p>0.05),

within the exotic group, the Charolais breed crosses were

significantly higher (p=0.01) than the Simmental breed

c rosses .

The breed crosses within the British group (Hereford, ÀD-

gus, and Shorthorn) did not differ (p>0.05) from one an-

other "

1 " 1 0.3 " 5 Slope of Regression Line

Analvsis of Variance

Two-way analysis of variance of the slopes of the regres-

sion lines of individual animals indicated a highly signifi-
cant difference (p=0"0001) among breed crosses. There was

no difference (p>0.05) in rate of increase in hair depth be-

tween ages and no interaction (p>0"05) of breed cross and

age.

Figure 11 gives the least squares means and standard er-
rors for the slopes of the regression lines for hair depth

for each breed cross"
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Contrasts

Differences in hair depth slopes among breed crosses are

summarized in Table 6.

HÀA had a significantly higher slope of hair depth

(p=0"006) than all other breed crosses combined, The hair
depth slope of HAÀ was significantly higher than thaL of the

exotic breed crosses (p=0.0001), âs well as that of the

halfbloods (p=0.01), but did not differ (p>0"05) from the

British breed crosses" The eritish breed crosses were sig-
nificantly higher (p=0.01) than the halfbloods and very sig-
nificantly higher (p=0.0001) than the exotic breed crosses.

The exotic breed crosses did not differ (p>0.05) from the

ha1 fbloods .

Within the exotic group, the slope for hair depth of the

Simmental breed crosses was significantly higher (p=0.03)

than that of Lhe Charolais breed crosses,

Hereford, Àngus, and Shorthorn, the breed crosses within
the British group, did not differ (p>0.05) from one another.
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1.10"4 Ultrasonic Subcutaneous Fat Depth

1 "10"4"1 Regression ModeI

The regression models tested were non-significant
(p>0,05) in 50% of. the cases. Thus, in 15 out of 30 cases,

U"S. remained constant throughout the winter. The remaining

b0% show.á u ;is;iii;;;L ip.o.oil '.rution"iip or u.s. *itr,
t ime " I n 14 out of 30 cases, the best f it model r.Ias log

U.S. = a + b(tog month), while in one case, the besL fit
model !¡as 1og U.S. = a + b(month).

ÀIthough U.S. did not remain constant throughout the win-

ter in all cases, this ï¡as the predominant pattern in 50% ot

the cases. rn the cases in which u.s" did show a rerat.ion-
ship with time, Lhe ¡q2 remained very low. Tab1e 12 gives

the p2 varues for arl stepwise regression moders tested. À

mean U.S. for the winter was used to describe each breed

cross in aIl subsequent analyses.

1.10.4.2 Ànalysis of Variance for Breed Cross and Age

Two-way analysis of variance indicated a significant dif-
ference (p=0"0001) among breed crosses and between ages.

There was also a significant interaction (p=0.0001 ) between

breed cross and age" Figure 12 shows the least sguares

means and standard errors for u.s" of each breed cross and

age.
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1"10"4"3 Contrasts

Differences in U.S. among breed crosses are summarized in

lable I "

(1) Two-Year-Old Cows

HÀÀ was significantly higher (p=0"0001) in U,S. than all
other breed crosses combined. HÀA was significantly higher
(p=0.0001) than the exotic breed crosses, the British breed

crosses, and the halfbloods. The exotic breed crosses had

significantly lower U.S" than both the British breed crosses

(p=0.0002) and the halfbloods (p=0.0001 ). The British breed

crosses did not differ (p>0.05) from the halfbloods.

Within the exotic group, the Charolais breed crosses did
not differ (p>0"05) from the Simmental breed crosses.

Within the British group, the Hereford breed crosses were

significantly higher than the Àngus plus Shorthorn breed

crosses (p=0.0001), as well as than the Àngus breed crosses

(p=0"0004) and the Shorthorn breed crosses (p=0.0001) alone.

The Shorthorn breed crosses were significantly Iower than

the Àngus plus Hereford breed crosses (p=6.0001), as weII as

than the Hereford breed crosses (p=0"0001) and the Angus

breed crosses (p=0.006) separaÈely,
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(2) Three-Year-Old Cows

HAÀ was significantly higher (p=Q.0001 ) in U.S. than aIl
other breed crosses combined. HÀA was significantly higher
(p=0.0001) than the exotic breed crosses, the British breed

crosses, and the halfbloods. The sritish breed crosses had

significantly high"; (p=O.oooij Ú.s. than ultrt the exotic
breed crosses and the halfbloods. The exotic breed crosses

did not differ (p>0.05) from Lhe halfbloods.

Within the exotic group, the Charolais breed crosses had

significantly higher (p=0.04) U"S. than the Simmental breed

c rosses "

Within the Sritish group, the Àngus breed crosses vrere

significantly lower (p=0"001) than the Hereford plus Short-

horn breed crosses. Individually, the Àngus breed crosses

were significantly lower (p=Q.0001) than the Shorthorn breed

crosses, but did not differ (p>0.05) from the Hereford breed

crosses. The Shorthorn breed crosses were significantly
higher than the Angus plus Hereford breed crosses

(p=0.0001), âs well as than the Hereford breed crosses

(p=0.005) and the Angus breed crosses (p=0"0001) separately.
Howeverr ân examination of the rav¡ data for U.S" measure-

ments of individual cows revealed that the extraordinarily
high value of the three year old Shorthorn breed cross cows,

in terms of U.S", was due solely to the very high ultrasonic
subcutaneous fat measurements of one co!¡ within the NCN

breed cross"
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DI SCUSSI ON

1.1 1 INTRODUCT]ON

Àn increase in the length of the hair fibres comprising

the pelage is a direct manit.slàtlon of tf¡e hair jrowtir pro-

cesses" À change in hair weight per unit area, ofl the other
hand, encompasses both the processes of hair growth and

shedding (webster et aI. 1970), while an increase in pelage

depth may be a result either of increased hair length, tem-

porary piloerection, or both. Because increases in hair
length throughout the winter and differences in hair rength

among breed crosses are direct indicators of the growth of

the winter pelage in these breed crosses, length results
wil-1 be discussed f irst " À discussion of pelage depth,

which is a function of hair length, curvature, and angle of
attachment (SchIeger and Turner 1960) , wiIl foIIow. FinaI-
Iy, hair weight per unit area, which depends on both growth

and shedding of the pelage, and which is a function of hair
length, diameter, and number (schreger and Turner 1960) ¡vill
be discussed,
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1"12 LENGTH

In the present study, measurements of hair length þ¡ere

taken from the hip of fifteen breed crosses of beef cows

estimate breed cross differences in the insulative value

the pelage. Pan (1964) found the hip area of Jersey catt
to be the most t"pt"tuntative of ,n.un hair length of the

twenty-one areas of the body tested.

Neurand et al. (1980) reported that, in cattle, autumn

shedding began in mid-August and ended in October" The

present study period began November 5. Presumably, all covrs

in the experiment had fully completed their autumn shed and

had commenced growth of the winter pelage.

The higher hair length intercept of two-year-old covrs

compared to three-year-oId covrs in Experiment Two suggests

that the younger covrs began growth of the winter pelage

sooner than the older cows. Hayman (1965) found that the

restriction of energy intake in cattle induced early com-

mencement of winter hair growth. Thus, body condition ap-

pears to influence winter hair growth. In the present

study, it was found that yourìger cows had significantly less

subcutaneous fat that did older cows. PossibIy, two-year-

old cows commenced winter hair growth earlier than three-
year-old colrs to compensate for the reduced subcutaneous fat
insulation "

to

of

1e
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rn Experiment rwo, when all breed crosses were separated

into eritish, exotic, or halfblood groups and compared to
the Hereford x Àngus standard breed cross, it was found that
Hereford x Àngus began the winter study period with shorter
hair rength than the exotics and the harfbloods, but not the

eritish breed crosses, This appears to be prirnarily because

of the Àngus breed crosses, contained within the Sritish
group, which arso began the winter with a short hair rength.

Although Hereford x Angus began the winLer study period

with shorter hair length, the rate of increase of hair
rength throughout the winter study period for Hereford x Àn-

gus v¡as the same as for the British and harfblood breed

crosses, but more rapid than for the exotic breed crosses
(See Figure C1 in Àppendix C).

The exotic breed crosses began the winter study period

with longer hair length than the eritish breed crosses and

Hereford x Àngus. The results suggest that exotic breed

crosses have greater hair length early in the winter and

that the increase in length of perage during the winter is
less for exotics than for nritish and Hereford x Àngus. The

exotic breed crosses were also found to have less ultrasonic
subcutaneous fat in Experiment rwo than the other breed

crosses. This is in agreement with Rahnefeld et al.
(1984), who found that Hereford x Angus carcasses had a

higher average rib fat than various F1 crosses of charolais,
Simmental, Limousin, Chianina, Hereford, Angus, and Short-
horn to which Hereford x Angus were compared. rt is possi-
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ble that the growth of the winter pelage began sooner in ex-

otic breed crosses and that the comparisons made during the

winter study period represented the most rapid phase of

growth in the British breed crosses and Hereford x Angus and

the latter phase of growth in the exotic breed crosses.

This seems Iikely, in that exotic breed crosses had less

subcutaneous fat than other breed cross groups and, there-
f orer âs suggested f or the two-year-old cor.¡s compared to
three-year-old cov¡s, ffiây have been more cold stressed than

the British breed crosses and Hereford x Àngus. It there-
fore seems possible that exotic breed crosses would begin

rapid hair growth earlier than Hereford x Àngus cov¡s which

were in better condition"

Whether exotic breed crosses have longer hair length than

British breed crosses and Hereford x Àngus throughout the

entire year was not determined by this study. Bianca et aI.
(1974) found that Simmental pelages consisted of longer fi-
bres than Holstein or Brown Swiss pelages at all times of

the year.

There e¡ere differences in hair length among breed crosses

within the gritish group" The Shorthorn breed crosses began

the winter study period with the longesL hair length and

subsequently had the lowest rate of increase in hair length

throughout the winter, while Àngus breed crosses began the

winter study period with the shortest hair length, but in-
creased length of hair throughout the winter at a higher
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rate than Shorthorn and at the same rate as the Hereford

breed crosses (figure C2). Evaluation of the ultrasonic
subcutaneous fat depth of these breed crosses does not indi-
cate that differences in hair length h'ere related to amount

of subcutaneous fat of each breed cross.

There appear to be no sluAies reported i; the literature
which compare the hair coat lengths of the particular breed

crosses of cattl-e of sritish and exotic origin which Ì{ere

studied in this experiment.

Log hair length increased linearly with log time during

the winter study period of Experiment Two, which suggests a

curvilinear pattern in hair length increase over time in the

untransformed data. Thus as winter progressed, the increase

in hair length per month got progressively smaller. The

data in Table A4 shows that in some breed crosses x age

groups hair lengLh actually decreased between periods 4 and

5" This suggests that the cessation of winter hair growth

and the onset of spring shedding may have commenced by Feb-

ruary 26" This is in agreement with the findings of Hayman

and Nay (1961) and Neurand et aI. (1980) who reported the

onset of spring shedding in cattle in a temperate climate to
begin five to ten weeks and six to nine weeks following the

winter solstice, respecLively.
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1"13 DEPTH

The depth of the pelage has a major influence upon insu-

lation (Hart 1956; Schleger and Turner 1960; Berry and

Shanklin 1961i Bennett 1964; Mount 1979; Jacobsen 1980), be-

cause a deep coat stabilizes more still air than a shallow

one. Hart (1t5¿) áet.r*ineá tnàt a "ttuntu in pelage deprh

from summer to winter was the primary factor in seasonal

changes in the insulative quality of the pelage.

In Experiment Two, pelage depth was measured on the hip.
Berry and Shanklin (1961) reported that measurements of pe-

lage depth taken from the hip of dairy covrs varied linearly
with total insulation as determined by a heat flow meter.

The choice of the hip area as sampling site for estimating
pelage depth is also supported by the results presented in

Appendix Ð, where a cattle hide that had been preserved in

brine r^ras used to examine pelage characteristics across an

entire hide" Depth measurements from the hip area of the

hide studied did not differ from depth measurements from the

other nineteen areas of the hide.

There were some similarities between hair depth and hair
length, in terms of breed cross differences. In the study

of hair depth in Experiment Two, as Ì^¡as true for the meas-

urement of hair length in the same experimenL, the exotic
breed crosses and the halfbloods had a higher intercept hair
depth than the Hereford x Àngus and the nritish breed cross-

êsn This is in agreement with Ames and Insley (1975) who
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found that hides from Charolais cattle had deeper coaLs than

hides from Hereford and Angus cattle.

The rate of increase in pelage depth for Hereford x Àngus

throughout Experiment Two was the same as for the nritish
breed crosses, but more rapid than for the exotic breed

crosses and the halfUiooás. The ,"r,ritu suggest that exotic

breed crosses and halfbloods have greater pelage depth early
in the winter and that the increase in depth of pelage dur-

ing the winter is less for exotic breed crosses and half-
bloods than for eritish breed crosses and Hereford x Angus

(rigure c3 ) .

Within the group of exotic breed crosses, Charolais breed

crosses began the winter study period of Experiment Two with

a thicker pelage depth than Simmental breed crosses, but

subsequently had a l-ower rate of increase in pelage depth

throughout the winter (figure C4)" The difference in pelage

depth between Charolais and Simmental breed crosses was not

the result of a difference in hair length¡ âs these breed

crosses showed no difference in hair length intercept or

rate of increase throughout the winter. It is possible that
Charolais breed crosses had more curvature to their hair fi-
bres than did Simmental breed crosses, resulting in a pelage

of greater depth, but of equivalent hair fibre length, to

that of Simmental Another explanation may be that, ât the

time of measuring, Charolais breed crosses were piloerected

and Simmental breed crosses were not. This seems un1ike1y,
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however, âs hair coat measurements rÀrere made in a heat.ed

bui Idi ng "

Às was true for the analysis of hair length data, Iog

hair depth increased Iinearly with log time during the win-

ter study period of Experiment Two, which suggests a curvi-
linear pattern of friit depth incr"as. over time in the un-

transformed data" Thus as the winter progressed, the

increase in hair depth per month got progressively smaller.
The data in Table À5 shows that in some breed cross x age

groups hair depth actually decreased between periods 4 and

5" Cessation of winter hair growth may have commenced by

February 26"

1 "14 WEIGHT

In Experiment One and Two of the present study, measure-

ments of hair weight per unit area were taken from the hip"

Berry and Shanklin (1961) reported that measurements of hair
weight per unit area taken from the hip of dairy calves var-
ied linearly with total insulation as determined by a heat

flow meter. The choice of the hip area as sampling site for
estimating hair weight is also supported by the results pre-

sented in Appendix D, where hair weight measurements from

the hip were shown to be representative of hair weight meas-

urements from across the ent.ire hide, and Àppendix E, where

hair weight measurements from the hip were correlated with
hair weight measurement,s from the side of the body and the

neck"
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Hair weight per unit. area is a function of hair length,

diameter, and number (SchIeger and Turner 1960) and would

thus be influenced by both hair growth and shedding"

In Experiment One of the present study, eight of the f.íf.-
teen breed crosses demonstrated an effect of age upon inter-
¿àpi hair weight, orftif á s.,r.n of the f if te¿n breed .ror"."
did not" In the breed crosses that showed an age effect
(esa, ccA, ccN, NSN, sNN, ssÀ, ssH, and SsN), one-year-o1d

cows began the winter study period with a greater hair
weight per unit area than did two- and three-year-oId cows.

In these breed crosses, younger cows must have either began

the winter study period with longer hair length than older

cows or with a greater number of hairs per unit area than

older cov¡s. Neither hair length nor number of hairs per

unit area rvere measured in Experiment one. Measurement of

hair rength in Experiment rwo showed that two-year-old cows

did begin the winter study period with longer hair than

three-year-old cows. However, a comparison of hair length

between two- and three-year-oId cov¡s (Experiment Two) may

not be relevant to a comparison between one- and two- to
three-year-old covrs (experiment One).

Carter and Dowling (1954) found that hair density in Lhe

adult cow was much less than at birth and that the density
of hair follicles per unit area dropped dramatically from

birth to Lhree years of age. This presumably reflects an

increasing body size coupled with a stable hair folticle
population. That two- and three-year-o1d covrs began the
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winter wiLh lighter hair weight per unit area than one-year-

o1d cows may thus be strictly a conseguence of an increase

in body síze coupled with a stable hair fotlicle population.

The breed crosses which showed an effect of age upon in-
tercept hair weight in Experiment One were primarily of ex-

oti. origin, while thò;é that did not show an effect of age

vrere primarily of sritish origin" Exotic breed crosses grow

faster than gritish breed crosses (nahnefeld et al. submit-

ted for publication), and it is therefore not surprising
that the negative effect of age upon hair follicle density
would be more prevalent in the faster growing exotic breed

crosses "

Às Experiment Tv¡o vras conducted in the winter following
Experiment One, all experimental cows were a year older than

in Experiment One. In Experiment Two there was no effect of

age upon hair weight intercept. Thus, hair weight of two-

year-old cows was not different from that of three-year-old
cows. The dramatic drop in hair follic1e density from birth
to three years of age (Carter and Dowling 1954) thus tikely
occurs bef ore tv¡o years of age"

In Experiment One of the present study, one-year-oId cows

had a Lower rate of increase in hair weight per unit area

over the winter study period than did two- and three-year-

old cows, but there was no interaction of age and breed

crossr âs was found for hair weight intercept" Thus, the

one-year-old cows of the breed crosses ÀSA, CCA, CCN, NSN,
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SNN, SSÀ, SSH, and SSN had a greater hair weight intercept
than ol-der colrs, but the hair weight slope, or rate of in-
crease in hair weight, of these one-year-o]d cows equalred

that of the other one-year-old breed crosses, and that of

arl one-year-old cor¡¡s was ress than that of t$¡o- and three-

ltear-old cows. The pelage insulation disadvantage of the

two- and three-year-old cor{s observed early in the winter
(intercept) would thus tend to have disappeared by the end

of the study in the ÀSA, CCA, CCN, NSN, SNN, SSA, SSH, and

SSN breed crosses" In contrast, in the ÀCA, CCH, CNN, HÀA,

HCH, HSH, and NCN breed crosses, differences in pelage

weight would have been increasingly apparenL over time as

the slope of two- and three-year-ord cows was greater than

that of one-year-old cows, but intercepts did not differ.
If younger cov¡s had begun winter hair growth earlier than

older cows, then the l-ower rate of growth in younger covrs

courd refrect the fact that the younger cows had approached

the ratter part of the growth phase during the study period
(rigure c5 ) "

The possible early commencement of growth of

pelage in younger cov¡s could have been a result
winter nutritional stress in younger cows. Cows

a pen basis to achieve maint,enance of the pen.

petition for feed was a factor which resulted in

the winter

of greater

were fed on

Perhaps com-

younger

cows being leaner than order cor*'s. However, this possibili-
ty cannot be verified from urtrasonic subcutaneous fat data,
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as one-year-old cows were not ultrasonically probed for sub-

cutaneous fat thickness in Experiment One. In Experiment

Two, however, it was shown that younger cor¡s had lower sub-

cutaneous fat thickness than older cows throughout the win-

ter" Further studies are required to clarify the interac-
tion of breed cross and age on pelage growth" À sampling

schedule commencing in September and exLending to Àpril
would be necessary to clarify this interaction.

In Experiment Two of the present study, the two- and the

three-year-ol-d cows did not differ in hair weight intercept,
but the older covrs had a greater rate of increase in hair
weight over the winter. AIso, hair length was longer at the

beginning of the winter study period in the two-year-old

cows, but there v¡as no difference in the rates of increase

in hair length over the winter between two- and three-year-
o1d cows. Thus three-year-old covrs had a l-ower hair length

intercept but a hair weight intercept similar to two-year-

o1d cows.

Since it is unlikely that three-year-oId cows woul-d have

a greater hair follicIe concentration than two-year-old cov¡s

(Carter and Dowling 1954), the discrepancy between hair
weight and hair length for these two age groups could per-

haps be explained by a difference in hair fibre diameter be-

tween two- and three-year-oId cows. Turner and Schleger
(197A) found that, in unmedullated hair, ârì increase in di-
ameter v¡as associated with an increase in hair weight per

unit area. If three-year-oId cows had pelages comprised of
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hair fibres of greater diameter than those in pelages of

two-year-oId cows, this could explain why younger cov¡s began

the winter study period with the same hair weight per unit
area, but longer hair length than, older cows" This would

also explain why older cows had a higher rate of increase in

hair weight, but not length, than younger cows, There has

been no research comparing fibre diameter in cows of differ-
ent ages,

In Experiment One of the present study, the exotic breed

crosses had a heavier intercept hair weight than did the

British breed crosses and the halfbloods in the one-year-old

cows, but did not differ in intercept in the two- and three-
year -oId cows. Às hair length was not measured in Experi-

ment One, it is not known whether the difference in hair
weight among breed crosses within the one-year-old cows was

due Lo a difference in hair length or other hair character-

istics. It is likely that one-year-old exotic cov¡s of Ex-

periment One had longer hair¡ ês this was the case in Exper-

iment Two for two-year-old cows. For the cows that were two

and three years old in Experiment One, there was no differ=
ence in intercept hair weight among breed cross groups" A1-

though it is likely that the exotic breed crosses had longer

intercept hair length than nritish breed crosses (based upon

the results of hair length comparisons in Experiment Two),

perhaps in the older covrs, the exotic breed crosses had

grown to a greater body size Lhan the British breed crosses

and the halfbloods, such that a greater increase in hair
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length was not reflected in hair weight because of a de-

crease in hair foIlicle density"

In Experiment One, within groups of exotic breed crosses,

Simmental breed crosses had heavier intercept hair weight

than Charolais breed crosses within the younger cor¡s, but

taá fightàr interCépt haii weigf,t within the older cows.

Evaluation of the hair length data in Experiment Two sug-

gests that there may be no difference in hair length between

these breed crosses in Experiment One. It is possible that,
at a very young â9€, Charolais breed crosses were larger
than Simmental breed crosses, resulting in a denser concen-

tration of hair follicles in Simmental, compared to Charo-

lais, breed crosses and, conseguently, a heavier hair
weight. However, Lawson et aI. (1980) found that at eight-
een months of â9€, Charolais-cross heifers did not differ in

body weight from Simmental-cross heifers, Perhaps Simmental

breed crosses grew more rapidly in their second and third
year of life than did Charolais breed crosses, which would

then result in a denser concentration of hair fo1licles and

a heavier hair weight in Charolais, rather than Simmental,

breed crosses. However, Lawson et al" (1980) found that by

thirty months of âgê, Charolais-cross cows had heavier body

weights than Simmental-cross cows.

within the group of sritish breed crosses in Experiment

One, there $ras no difference in intercept hair weight within
the one-year-oId cows, but f or two- and t.hree-year-old covrs,
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Hereford breed crosses had a heavier intercept hair weight

than Àngus breed crosses. It seems unlikely that two- and

three-year-oId Hereford breed cross cows would have a sma11-

er body size and, conseguently, a greater hair folIicIe pop-

ulation than Angus breed cross cov¡s" ÄIthough Àngus calves

generalllz have a lower birth weight than Hereford calves,

weaning weights are generally comparable to those of Here-

ford calves (oiggins and Bundy 1962)" It is possible that,
within the older cov¡s, the Hereford breed crosses had either
longer hair length or a greater hair fibre diameter than the

Angus breed crosses.

The halfblood cows had a faster rate of increase in hair
weight per unit area over the winter study period in Experi-

ment One than did Hereford x Angus, the exotic breed cross-

ês, or the eritish breed crosses (figure C6). The half-
bloods were found to have lower subcutaneous fat thickness

than the Hereford x Angus and the British breed crosses, but

not lower than the exotic breed crosses. It is possible

that the lower subcutaneous fat of the halfbloods necessi-

tated a large increase in hair cover over the winter to pro-

vide an alternate source of insulation" Às hair lengLh was

not measured in Experiment One, it is possible only Lo spec-

ulate t.hat perhaps the faster rate of increase in hair
weight in the halfbloods was due to a faster rate of in-
crease in hair lengLh.
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In Experiment Two of the present study, although there

was no difference in the slope of the hair weight growth

curve among breed crosses, the exotic breed crosses had a

heavier hair weight intercept than the eritish breed cross-

es. This was associated with a longer hair length in the

exotic, as compared to the nritish, breed crosses" Exotic

breed crosses were found to have less subcutaneous fat than

British breed crosses" It is possible that the exotic breed

crosses began growth of the winter pelage earlier in the

fall than did the gritish breed crosses to compensate for a

thinner layer of subcutaneous fat,

Within the British group of breed crosses in Experiment

Two, the Shorthorn breed crosses had a heavier hair weight

intercept than the Angus breed crosses. This corresponded

with the longer hair length reported in the Shorthorn, as

compared to the Àngus, breed crosses at the beginning of the

winter study period. Ultrasonic evaluation of the thickness

of the subcutaneous fat of these breed crosses did not indi-
cate that differences in hair weight per unit area and hair
Iength beLween these breed crosses were related to amount of

subcutaneous fat.

Hayrnan and Nay (1961) reported that the onset of spring

shedding in cattle in a temperate environment could begin as

early as five weeks after the winter solstice, Neurand et

aI. (1980) and Yeates (1955) found evidence of spring shed-

ding six to nine weeks and ten to twelve weeks following the

winter solstice, respectively" Hair weight per unit area in
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Experiment One increased linearly during the winter sLudy

period, which extended from November 9 to February 1" Thus,

in Experiment one there !¡as no indication of the cessation

of winter hair growth, Iet alone the onset of spring shed-

ding, in any breed cross during the study period, which end-

ed six weeks after the winter solstice. Extension of the

winter study period furLher into the spring would have aI-
lowed for the detection of a decline in hair weight, indica-
tive of the onset of spring shedding"

In Experiment Two, the winter study period was extended a

month further into the spring, to February 27. Log hair
weight increased linearly with log time during the winter

study period, which suggests a curvilinear pattern in hair
weight per unit area over time in the untransformed data.

This would indicate thatr âs the winter progressed, the in-
crease in hair weight per unit area each month got progres-

sively smaLLer. However, Table A3 shows that in some breed

cross x age groups hair weight per unit area in Experiment

Two actually decreased between periods 4 and 5. This sug-

gests that cessation of winter hair growth and the onseÈ of

spring shedding may have commenced by February 26"
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SUMMARY AND CONCLUSIONS

The breed cross used a's a standard in this study, Here-

ford x Àngus, had a thicker layer of subcutaneous fat,
coupled with shorter hair length, than all other breed

c rosses.

Exotic breed crosses may have begun growth of the winter

pelage earlier than British breed crosses and Hereford x Àn-

gus because they had less condition than the other breed

crosses" Àt the beginning of the study period, the exotic

breed crosses tended to have longer hair length, deeper pe-

lage depth, and heavier hair weight per unit area, combined

with less ultrasonically determined subcutaneous fat, than

other breed crosses.

Younger cor,rs, like1y because of their smaller body size

coupled with a stable hair follicle population, had a great-

er hair weight per unit area than older cows" The differ-
ence was more prevalent in one-year-o1d versus two- and

three-year-oId covfs than in two-year-oId versus three-year-

old cows. The age difference was also more prevalent in ex-

otic breed crosses than in British breed crosses, presumably

because exotic breed crosses grer,J at a faster rate.

An alternate explanation is that younger cows may have

begun growth of the winter pelage earlier than older cows

because of poor condiÈion. At the beginning of Èhe study
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period, younger cov¡s had longer hair length and a thinner
layer of subcutaneous fat than did older cows.

Hair weight per unit area in Experiment One increased

Iinearly throughout the winter study period, indicating that
the winter pelage v¡as stilI growing at the beginning of Feb-

ruary.

Logarithmic transformation of hair data in Experiment Two

showed a linear relationship of log hair weight, log hair
length, and 1og hair depth over 1og time which extended to
February 27" Thus, these hair characteristics followed a

curvilinear pattern over the winter in the untransformed

data, indicating that the rate of hair growth became pro-
gressively smaller as the winter progressed.

There was no crear indication of breed cross differences
in cessation of winter hair growth"

Further studies, with an extension of the winter study

period further into the spring, are necessary to examine the

effect of breed cross on the time of cessation of winter
hair growth and the onset of spring shedding,
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Table Al. Least squares means
weight measurements
of cow.

+ stagdard errors for monthly hair
(s/cm-; within breed cross and age

MoNrH (1983/84)
BREED

CROSS

AGE
(YRS)

1

2+3

t
2+3

1

2+3

1

2+3

1

2+3

1

2+3

7

2+3

I
L'f J

1

2+3

7

2+3

1

2+3

I
2+3

1
2+3

1

2+3

7

NOVEI'fBER DECEMBER JANUARY FEBRUARY

ACA
il

ASA
il

CCA
lt

CCH
It

CCN
ll

CNN
tr

HAA
il

HCH
n

HSH
il

NCN
il

NSN
il

SNN
tr

SSA
il

SSH
lr

SSN
tt

0.56t 0.08
0.651 0.08

0.30 t 0.08
0.591 0.09

0.72li0.08
0.881 0.10

0.82t 0.08
0.581 0.10

0.561 0.10
0.691 0.08

0.s41 0.09
0.601 0.09

0.601 0.06
0.64r 0.08

0.72! 0.05
0.701 0.08

0.691 0.08
0.831 0.14

0.55ri0.12
0.551 0.06

o.4r! 0 .r2
0.69! 0.r2
0.47! 0.06
0. B0r 0.11

0.49t 0.08
0.621 0.08

0.68Ì 0.10
0.961 0.11

0.48t 0.11
0.95110.14

0.6710.08
0.89 t 0.08

0.68t0.08
0.76 r 0.09

0.86 t 0 r08
1.03 t 0.10

1.07 t 0.07
0.8110.12
0.74 r 0.11
0.92 t 0.08

0.9110.09
0.82 t 0.09

0.88 r 0.06
0.99 t 0.08

0.98r 0.06
1.01r0.09
0.88 r 0.08
0.9310.14
0.72 ! 0.12
0.89 t 0.06

0.69 ! 0.I2
0.75 t 0.18

0.70r0.06
1.02t 0.11

0.66 t:0.08
0.95 r 0 .72.

0.99 r 0.10
I.14 ! 0 .72

0.40r0.12
7.23 ! 0 .r4

0.86r0.08
0.93 t 0.08

0.60 t:0.08
0 . 90 t.0 .09

1.18r0.08
1.15 t 0.10

0.92 ! 0.07
0.9310.10
1.1110.10
1.09 t 0.08

I.02 t 0.09
0. BB t 0.10

0.84 1 0.06
0.94 t 0.08

1.00 r 0.05
0.96 t 0.08

0. 81 I 0.08
0.99 t 0.14

0.79 ! 0.12
0.87r0.06
0.84 t 0.12
I.O7 ! 0 .r2
0.89 t 0.06
1.11 t 0.11

0.91r l.0B
0.9010.12
0.91t0.10
1. 14 t 0.11

0.9410.11
1.08t0.14

1.06 t 0.08
1.21 r 0.08

0.93r0.08
0.9810.10
L.27 !:O .08
1. 17 t 0.10

7.29 ! O .07
1.07 t 0.10

1.38 t 0.10
1.29 r 0.08

I.44 x 0.09
L.27 t 0 .09

1.10 t 0.06
1.26 t 0.08

1.27 ! 0 .05
1.3010.08
1.28 10.08
I.23 ! 0 .L4

0.9110.12
1.17 t 0.06

I.22 t 0 .L2
L.20 ! O .12

1.06 t 0.06
1.41t0.11
1.21t 0.08
7 .23 t.O .12

1.37 t 0.10
I.17 t 0 .I2
1.17 t 0.11
1.34 t 0.14
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able A
2. least 

squares m
eans +

 standard errors for 
m

onthly u'tr,trasonic subcutaneous fat
m

easurem
ents (nrn) w

ithin 
breed cross.

B
R

E
E

D
C

R
O

S
S

A
C

A

A
S

A

C
C

A

C
C

H

C
C

N

C
N

N

H
A

A

H
C

H

H
S

H

N
C

N

N
S

N

S
N

N

S
S

A

S
S

H

S
S

N

N
O

V
E

M
B

E
R

8.90 t 
1. 0B

8.50 t 2.41
5.53 t 

1.03

6.98! r.29
7.62t L.3g
8.80t 1.20

14.60t r.52
B

.2r! i.0B
9.58 t 

1. 14

4.40t r.70
8.82t r.70
6.181 0.80
7.45't r.3g
5.55 t i. 39
5 .g2t r.52

D
E

C
E

M
B

E
R

9.791 i.0B
10.80 ! 2.4L
6.06 t 

1.03

6 .57 ! I.29
7.55 t 

1.39

8.29 ! 
T

.2O

16.60 ! I.52
10.111 1.08
7.59! L.I4
4.18! r.70
8.601r.70
6 .59 ! '0.80

7.17 ! I.39
5.331 1.39
5 .7 4! 7.52

JA
N

U
A

R
Y

i0.60 t 
1 .08

7.70! 2.4L
5.09 11.03

8.5111.29
8.72! t .39
8.68t 1.20

L6 .20 ! .L .52
9.36 t 

1.08

9.42! r.L4
4.90! r.70

r0.25t 1.70
7.23! 0.80
7.r7! 

L.39

5.50 t 
1. 39

6.34t 7.52

r9B
3 / 84)

F
E

B
R

U
A

S
Y

8.69 t 1.08
9.50 ! 2.4r
6.39 t 

1.03

7.24x I.29
9.60 t 

1.39

8.25 ! I.2O
16.86 ! I.52
8.13t 1.08

12.43t r.14
7 .35 ! I.70

10. 40 t 
1. 70

7.29t0.80
8.45 t 

1. 39

7.85! I.39
7 .06! r.52

M
A

R
C

H

1I.46 t 1.08
8.20 ! 2.4I
6.9511.03
9 .28 t 

L.29

B
. 78 I 

1.39

8.82 ! 
r .20

14.86 ! I.52
I0.44t 1.08
13.08 ! I.14
5.581 1.7C

10.60 r 1. 70
8.32! 0 .80
8.37 L 1.39
8.72! r.39
7 .92! 1.52
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Table 43. Least squares means + staqdard errors for monthly hair
weight measurements (S/cm-¡ wíthín breed cross and age of cow.

BREED
CROSS

AGE
(YRS)

2
aJ

2

J

2
1J

2

J

2

J

2

3

2

J

2

3

2
3

2

3

2

J

2

J

2

J

2

3

2

ACA
tr

ASA
ll

CCA
il

CCH
il

CCN
il

CNN
il

HAA
ll

HCH
il

HSH
It

NCN
il

NSN
ll

SNN
lr

SSA
It

SSH
lf

SSN

0,82 10,08 0.79r0.08 0.94t0"08 0,92t0.08
0.67 t0.07 0. 75 r 0.07 0. 78 t 0 .07 0.92 !0 .07

NOVEMBER DECE}ßER JANUARY FEBRUARY MARCH

0.64 10.08
0.48 10.07

0.61 10.13 0.56 t0.12
0.89 r0.09 0.59 r0.09
0.98 r0.07 0.75 10.07
1.00 10.09 0.71 10.09

1.20 t0.08 0.66 t0.09
0.85 10.10 0.54 t0.10
1.03 t0.07 0.84 t0.07
0.98 t0.08 0.68 t0.08
0.51 t0.08 0.83 t0.07
0.71 t0.08 0.78 t0.08
0.56 t0.10 0.70 t0.10
1.09 10.06 0.66 t0.06
0.98 10.08 0.66 !0.08
1.14 10.08 0.63 10.08

0.94 10.08 0.68 r0.06
I .04 !0 .72 0 .62 t0 .I2
0.83 10.10 0.74 t0.Lz
0.86 10.06 0.69 r0.06
0.80 t0.09 0.70 10.09
0.89 10.10 0.79 r0.10
0 .55 r 0. 06 0 .79 !0 .06
0.87 !0.I2 0.84 10.12

0.54 10.09 0.62 !0.09
1.11 10.13 0.42 !0.I3
1.10 10.13 0.77 t0.12
L .02 !0 .I2 0 .79 t0 .I2

0.74 !0. 12
0.V2 !0 .09

0.69 10.07
0.82 10.09

0.89 t0.08
0.68 r0.10
0. 85 r 0.08
0.82 10.08

0.99 10.07
0.96 10.08

1.00 10.10
0.79 r0.06
0.76 10.08
0.77 10.08

0.66 10.08
0.85 10.13

0.56 10.10
0.79 r0.06
0.78 !0.72
0.75 !0.12

0.Bs 10.06
0.96 !0.12

0. 79 r0.09
0.93 10.13

0.99 t0.12
0.85 t0. 12

0.66 10.13
0.77 !0.09
0.90 r0.07
0. 89 t 0.09

i.01 10.08
0.70 10.10

1.00 t 0.07
0.95 10.08

0.97 t0 .07
0.75 t0.08
0. 91 10. 10
1.00 r0.06
0.90 10.08
0.86 t0.08
0.61 10.08
0.83 10.12

0.60 t0. t0
0.81 10.06

0.82 10.09
0.81 10.10

0.89 t0.06
7 .07 !0 .72

0. 91 t 0.09
0.64 r0.13
0.87 10.12
o .96 lO .12

0.82 !0.t2
0.76 10.09

0.93 r 0.07
1.06 10.09

1.06 t0.08
0.87 10.10

0.98 t0.07
0.80 t0.08
1.16 t0.07
0.95 t0.08
1.07 10.10
0.95 10.06

0.85 10.08
1 .06 t 0.08

0.80 10.08
0. 84 r0.12
0.68 r0.12
0.78 10.06

1.02 r0.09
0.80 10.10

0.93 10.06
1.10 10.12

0.88 10.09
0.73 10.13

1.08 t0. i2
1.06 10.12

o.7I !0.L2 0.75 lJ.I2 0.92 !0.L2 0.91 t0.12 0.62 t0.I2
" 3 1.07 10.13 1.04 10.13 1.02 t0.16 1.14 t0.13 0.55 t0.13

L984/ 8s)
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^4.

Least squares means
length measurements

+ standard errors
(cm) withín breed

130

for monthly hair
cross and age of cor¡.

MoNrH (1984/Bs)
BREED

CROSS

AGE
(YRS) NOVEMBER DECEMBER JANUARY FEBRUARY MARCH

ACA
il

ASA
il

CCA
ft

CCH
il

CCN
il

CNN
il

HAA
il

NCN
il

NSN
lt

SNN
¡t

SSA
il

SSH
il

SSN
tf

HCH
il

HSH
il

2. 30 x'o .27
2.65 !.0.22

2.82 !0.38
2.76 x0.29

2.89 !0.24
3.28 !.0.29

3.88 ! 0.27
3.64 !.0.34

3.00 t 0. 24
3.64 !0.26

3.94 ! 0.24
4.2r !.0.26

3.63 I 0.31
3.72 !0.2r
2.72 !0.26
3.79 !0.26

2.48 ! 0.26
3.18 t0.38

2.14t0.34
2.98 t 0.20

3.54 t 0.29
3.54 t 0.34

3.82 10.18
4.05 10.38

3. B0 I 0.29
3.57 !0.44

3.52 t 0.38
3.80 10.38

3.08 t C.38
3.30 t 0 .44

3.36 !0.27
3 .23 ! 0.22

2.75 x0.38
3.7r !0.29

3.70 t 0.24
4.04 ! 0 .29

4.32!0.27
3.78 t0.34

4.03!0.24
4.37 !.0.26

4.s8!0.24
4 .52 t 0.26

3.80 10.31
3.98 10.21

3.66 ! O .26
4.03!0.26
3.33 ! 0 .26
3. B0 t 0.38

2.64 ! 0.34
3. 88 t 0.20

4.77 ! 0.29
4.14 !0.34

4.46 t0.78
5.48 t 0.38

3.91 t 0.29
4.00 t 0 .44

4.32 ! 0.38
4.42 ! 0 .38

3.72 !0.38
4.50 !0.44

3.58 !0.27
3.63 ! O .22

3.10 t 0.38
3.90 !0.29

4.17 !0.24
4.94 !0.29

4.98 !0.27
5.02 ! 0.34

4 .54 ! 0.24
4.46 !0.26

4.68 !0.24
4.51 !0.26

4.10 10.31
4.38 ! 0.2r
4.37 !0.26
4.63!0.26
3.86 t0.27
4.20 t 0.38

3.84 x0.34
4.22 !0.20

4.61 t 0 .29
4.68 t0.34

4.31 t0.18
4.58 t0.38

4.16!0.29
4.80 10.44

4.82!0.38
5.45 10.38

4.00 t 0 .38
5.27 !0.44

4.12!0.27
3.53t0.22
1.60 t0.38
3.97 ! O .29

4.49 t0.24
4.67 !0.29
4.82 !0.27
4.68!0.34
4.43x0.24
4.79 !0.26
7.59 !0.24
2.02 t.0.26

1.43 1 0.31
4.["6 !0.2I
4.LB !0.26
4.79 !0.26

4.2I ! 0 .26
4.92 !.0.38

4.36 ! 0.34
4.46 t0.20

3.08 10.29
4.32 !0.34
1.57 Ì0.19
2.20 !0.38
2.67!0.29
4.BO !0.44
4.10 ! 0 .44
5.25 t 0.38

4.10 r 0.38
4. B0 1.0.44

1.99 ! J .27
r.22 ! O .22

I.72 ! 0 .36
r.40 t0.29

2.49 !O.24
r.68 L0.29

2.08 !0.27
2.L2 !0.34

3.07 t0.24
I.97 t 0 .26

3.40 \0 .24
3.43 rO .26

2.72 ! 0. 31
1.48 10.21

r.98 t0..26
r.48 ! ) .26

2.40 !O .26
7.62 ! 0.38

3.90 !0.44
1.81 10.20

2.95 ! O .3L
1. 86 t 0.34

3.28 t0.18
4.10 10.38

2.17 t0.29
2.07 ! O .44

2.05 t0.38
2.15 t0.38
2.20 to.38
2.37 !0.44
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Table 45. Least souares means + standard errors for monthly hair
depth measurements (cm) wíthin breed cross and age of cow.

MONTH (1984/8s)
BRNED

CROSS

ACA
il

ASA
il

CCA
lt

CCH
il

CCN
lr

CNN
il

HAA
il

HCH
It

HSH
il

NCN
il

NSN
il

SNN
ll

SSA
ll

SSH
tf

SSN
tr

AGE
(YRS)

2
aJ

2

3

2
aJ

2
aJ

2

3

2

J

2

3

2

J

2

J

2

J

2

3

2

3

2
1J

2

3

2

.)

7.02!0.10
1.06 I 0.09

1. 12 t:0. 15
1.38 ! 0.11

1.23 r 0.09
1. 41 r .0 .11

I.22 ! O .70
1.36 t 0.13

I.24! 0.10
1.491',O.10

1.40 t 0.09
1.281.0.10

7.23! 0.72
r.27 ! 0 .oB

1. 10 t 0.10
t.40t 0.10

0.881 0.10
0.85 t 0.15

0.9010.13
1.22! 0.08

1.28r 0.t1
1.30r 0.13

7.27! 0.07
1 .15 t 0.15

r.77 !'0 .77
I.37 ! 0 .77

1.301 0.15
1.45r 0.15

1 .081 0 .15
7.13! 0.L7

NOVEMBER DECEMBER JANUARY FEBRUARY MARCH

1.211 0.10 1.3210.i0
1.18t.'0.09 r.26!0.09
1.301 0.15 1.48 t 0.15
1.301 0.11 r.26 ! 0 .71

7 .44t 0.09 r .44 t 0.09
1.431 0.11 1.31 t0.11
1.311 0.10 1.5810.10
1.18t 0.13 1.56 t 0.13

1.351 0.09 1.32 10.09
1 .381 0. 10 1 .29 t 0 .10

1.501 0.09 1.5810.09
7.47! 0.r0 1.41 t 0.10

1.381 0.12 r.57 t A.L2
1.331 .0.08 1.56 t 0.08

1.331 0.10 1.3610.10
7.26! 0.70 1.3810.10
1.101 0.10 1.20r0.10
1.001 0.15 7.45! 0.15

1.061 0.13 I.28r0.13
1.311 0.08 7.24! 0.08

1.461 0.11 I.47! 0.11
1.341 0.13 1.3010.13
1,.57! 0.07 1.45 t 0.07
1.451 0.15 1.40 r 0.15

7.26t 0.77 I.17 ! 0.11
r.23! 0.77 r.27 ! 0.77

1.28t 0.15 7.32!0.75
1.351 0.15 1.42!.0.75
1.151 0.15 1.1810.15
7.47! 0.77 1.631 0.17

1.5410.10
1.48 t 0.09

0 .62 ! o.15
1 .54 t:0 . 11

1.4610.09
1.60 t 0.11

1.55 t 0.10
1.48t0.13
1.41 t 0.09
1 .48 t'0 . 10

0.6810.09
0.76 t 0.10

0.5810.12
1.6510.08
1.40 r c .10
1.61r C.10

1.38 t 0. i0
1 .40 t J.15

1.161 0.13
1.55 110.08

1.18r C.1t
1 .48 r 0.13

0.72t 0.07
0.901.0.15

0.9710.11
1 .53 t O.L7

7.73t O.17
1.65 1 0.15

1.38 t 0.15
r.70!'0.17

i.05 r 0.10
0.50 t 0.09

0. 85 i 0.15
0.77 ! 0.L2

0.89 t 0.09
0.7110.11
1.24 t 0.10
1.20 t 0.13

1.2110.09
1.0it0.10
1.34 t 0.09
1.08 10.10

I.25 ! 0.L2
0.60 r 0.08

0.79 t 0.10
0.67t 0.10

0.7610.I0
0.6210.15
1.0210.15
0.55 t 0 .08

1.0710.11
0.8410.13
1.29 ! 0.07
1.35 t 0.15

i.03t 0.11
0.73t=0.17

0 .80 t 0. 15
0. 82 t 0.15

1.00 r 0. 15
0.7310.17
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Table 46. Least squares means + standard errors for monthly
ultrasoníc subcutaneous fat depth measurements (nun)

within breed cross and age of cow.

MONrH (1984/8s)
BRNED

CROSS

AGE
(YRS)

2

J

2

3

2

3

2

J

2
3

2
aJ

2
3

2

J

2
3

2

J

2
3

2
3

2

3

2

3

2

J

NOVEMBER DECE}.{BER

g .I2!I.I7
8.49!I.43
7 .30t1 .53
9 .68x2.03

6 .28!I.53
5 .54!L.28

6 .54!r.8L
7.85!1.43
6 .52!I.35
7.80r1.28

B .22!I.35
9 .28!L.28

LO .7IlI .I2
14.77!1.66

9 .7 IlI.35
7 .49!I.35
8.5512.03

10.21r1.35

6.57xL.05
14.80t1. B1

6.00t1. B1
9 .94!I.53
7 .60!2.03
6.69!0.96

6.33t2.34
6 .24!I.53
6.68!2.03
6 .r8t2.03
6.77!2.34
4 .02t2.03

JANUARY FEBRUARY MARCH

ACA
ll

8.32!r. L7
8.24!t.43
6.3811.53
9 .52!2.03

5.67!I .53
4.43!L.28

5 .7 4!r .Br
7 .34!I.43
6.23!I.35
8.59t1.28
6 .79!I.35
7 .zLlI.28

10 .5511 . 12
15 .3311.66

8.67lL.35
6.0711.35

9 .5012.03
10.1611.35

5.5611.05
t'5.6811.81

5 .3211. 81
9.54r1.53

7 .32!2.03
6 .73!0.96

6 .23!2.34
5.7611.53

4 .58!2.03
s.08t2.03
7 .I0!2.34
3 .92t2.03

7.5Ilr.17
9.L9!I.43
7 .04!I.53

10 .5012 .0 3

7 .23!r.53
7.I5!I.28
7 .54!L.8r
9 .9t!r.43
6 .7 LxI.35

10 .6011. 2B

9 .89t1.35
9 .24!I.28

L2.34!I.L2
15 .65!L.66

I0 .6V!L.35
9.69r1.35

1 I .6012.03
11.4011.35

7 .20tI.05
L6.94!I.BI

6 .0011 . 81
10.4711.53

9 .50!2.03
7.77!0.96

6.7V,!2.34
7 .86!L.53

6.28!2.03
7 .00!2.03

7 .77!2.34
5 .1512.03

9.L9!L.L7
11 .5 911 . 43

9 .57!r.53
8.00t2 .03

8.0011.53
7 .6LlI.28
7.L4t1.8I
9 .92!1.43
8.4611.35

I0.02!L.28
9.47!I.35
8 .47 ll ,28

L2.72!I.12
14.83!r.66

11.3811.35
LL.26!L.35

1 1. 3512 .03
1 l. 3811. 35

7 .26!L.05
18.10Ì1.81

6.94!r.BL
IL.24!I.53
i0.4012.03
8.0610.96

7 .43!2.34
8.331i.53

7.60!2.03
7 .57!2.34
7 .57!2.34
5 .00r2.03

8.63t1.17
8.8811.43

8.3711.53
8.42!2.03

8.5311.53
9.83t1.28
8.5211.81
9.6Ix1.43
7.5It1.35
9.5311.28

L0 .22!I.35
9 .3011. 28

TO.7LlT.12
L2 .68!r.66

9 .0711. 35
15.6311.35

L0 .42!2.03
12.48r1.3s

7 .49!L.05
L0.82!2.03

9 .4011.81
9.8011.53

LI.32!2.03
8 .7I!0 .96

9 . l0!2.34
12 . 10r1 .5 3

5.92!2.03
8.75!2.03
7.43!2.34

II.22x2.03

ASA
lt

CCA
il

CCH
il

CCN
lt

CNN
il

HAA
il

HCH
il

HSH
il

NCN
ft

NSN
tt

SNN
It

SSA
il

SSH
lt

SSN
tt
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AN EXAMINATION OF ÀN ALTERNATE MEANS OF HAIR

LENGTH DETERMINATION

Previously shaved and bagged hairs were analyzed for
length to determine v¡hether an arternative method to measur-

ing length of hair on the live animal was feasible. Twenty

bagged hair r"*pf"r, uit collecteá in the same sampling

period and each representing a sample from a different cow,

v¡ere selected randomly" Each selected sample was subdivided

into five subsampres and forty hairs vrere selected randomry

from each subsample for J-ength measurement, using a ruler
lying flat on a paper backdrop" Wavy hairs were held

straight for measurement. Table B1 gives least sguares

means for hair length of each subsample.

Two-way analysis of variance indicated that there v¡as a

significant difference (p=0.0001 ) in hair length among sam-

pres from different covrs. There vras arso a significant dif-
ference (p=0.0001) in hair length among subsamples from an

animal" Because hair lengths did differ among subsamples in

a sample, the measurement of hair length on forty hairs of a

subsampre would be an inadequate method for estimat.ing mean

hair length in a sample.

Qualit.aLive consideration of this method of measuring

hair rength following removal from the animar is suggestive

of the reason for subsample variation. The method of hair
removal itself altered the nature of the individual hair.



Table B1 In
of

L34

+ standard errorssitu hair length and least squares means
subsample hair length

COi,J

NO.

i
2

3

4

5

6

7

8

9

10

11

L2

13

74

15

T6

77

1B

79

20

IN SITU
H/,I]ì
LENGTH (cm )

7.7

1.8

1.8

1.8

2.0

7.7

r.9
2.5

1.5

r.6
7.4

o.7

1.3

I.9
1.8

0.9

2.8

7.6

7.7

SUBSAMPLE HAIR LENGTH

23
3.19r0.11

2.65!0 . II
2 .63!0 .77

2 .70!0 .II
2.54!0.77

3.24t0.77
2.29!O . II
2.31Ì0.11
2.55!0 . I7

2 .93!0 .7r
3. 0310. I 1

2 .7 8!O .17

2.7 2!0 . II
1.93r0.11

3.3910.11

3.8110.11

2 .53r0. 11

2 .87t0 . 17

2.65!0.17
2.64!0.II

3 .29t0 .IL
2.5810.11

3.03t0.11

3.0510.11

2 .40!O . tr
3.0810. 11

2.41!0 . rI
2.04!0 .II
2 .70!0 .IL
2.92t0 . IL

2.8810.11

2 .93!0 .II
2.6810.11

1.9610.11

3.0710.11

3.5010.11

2.73t0.LI
2.8710.11

2.86t0. 11

2.28t0 -7r

3.5610.11

2 .48!0 . II
3.42!0 .LL

2.78!0.r1
2.38r0.11

2.86!0.LL

2.65!0.LL
2.3010.11

2.08r0.11

3.2810.11

3.1010.11

2.0910.11

2.57!0.7r
2.0110.11

3 .0210. 1 1

3.4810.11

2 .96!0 .\L
3.0010.11

2.57!0.r1
2.0410.11

3 .26!0..IL

2 .34!O .7I
2.77t0.Lr
2.87!0.I1
2.72!0.rr
3.22!0.Lr
2. 8310. I 1

2.6310.11

3.3610.11

2.8910.11

2 .7 4!0 .LL

1.4610.1I

2.3010.11

I.92!O.LL

3.22t0.I1
3.3310. 11

2 .79!O . II
3.67t0.rL
2.73!O .17

2.51!O.Lt

3.0410. 11

2.3010.11

3.1410.11

3.1210.11

2.68t0.11

2.69!0.LL
2.9010.11

2.27!0.II
3.0210" 11

3.2010.11

2.46!0.7I
2 .54!0 .7r
2.47!0.Lr
2.0310.11

3.2810.11

3.1810.i1

3.0710.11

3.4310. t1

2.74!0.LI
2.81r0.11



135

Two or sometimes three passes of the clipper blades over the

sampling site were often required to completely remove hair.
This resulted in bisection of some of the individual hairs
and caused the length of hair in the collected sample to be

Iess than representative of the length of hair on the ani-
mal. When selecting random hairs from subsamples for length

determination, those hairs that had obviously been bisected

with the clipper blades Ívere avoided. It is probable Lhat

the in situ hair lengt.h measurements were lower than those

from bagged hair samples because hair fibres vrere more fully
straightened when measured from bagged hair samples than

when measured on the animal.

A correlation coefficient for the mean of all five sub-

sample hair lengths and actual hair length measured on the

animal was cal-culated to determine how welI mean subsample

hair length correlated with on-animal hair length" À corre-
lation coefficient of 29% (p=0.004) indicated that bagged

hair estimates of hair length correlated poorly v¡ith actual
on-animal hair Iengths.

The measurement of hair lengths following shaving was

found to be extremely Lime consuming. Considering the prob-

Iems with the subsampling method, the poor correlation be-

tween bagged and on-animal hair length, and the prohibitive
time factor involved in length determination, this method of

hair length measurement is not recommended as an alternative
to the measurement of length of hair on the live animal.
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APPENDIX C: Regressíon lines for hair parameters
of sel-ected breed cross groups and
age o f cor^/ g ro ups .



Ir-
cîr1

(JJ:E
' 0.

Fzl¡lJE
o.

C
)

oJ

F
IG

U
R

E
 C

1 (E
X

pIR
T

M
E

N
T

 T
I^IO

): LO
G

 R
E

G
R

E
S

S
IoN

S
 O

F
 B

R
E

E
D

 G
R

O
U

P
S

 ovE
R

 w
IN

T
E

R

0. r 
o.2 

0,3 
0.4

LO
G

 M
O

N
T

T
I

B
R

E
E

D
 G

R
O

U
P

B
R

IT
IS

H
E

X
O

T
IC

S
H

A
A

H
A

LF
B

LO
O

D
S



coc1.--.i

à()()J,.: 0
F

"
(Jzl¡lJE

o
()J

F
IG

U
R

E
 C

2 (E
X

P
E

R
IM

E
N

T
 

T
1^]O

) : LO
G

 R
E

G
R

E
S

S
IO

N
S

 
O

F
 B

R
E

E
D

 G
R

O
U

P
S

 O
V

E
R

 IY
IN

T
E

R

0.2 
0.3 

0.4

LO
G

 M
O

N
T

H

--/
.-2'

-/

B
R

E
E

D
 G

R
O

U
P

A
N

G
U

S
H

E
R

E
F

O
R

D
S

IIO
R

T
IIO

R
N



o\
cî-J

.¡FHdo

F
IG

U
R

E
 C

3 (nX
pB

nrU
¡N

T
 T

W
O

): Loc R
E

cR
E

S
sIoN

S
 oF

.B
R

E
E

D
 G

R
oU

pS
 O

vE
R

 w
tN

T
E

R

B
R

E
E

D
 G

R
O

U
P 0.3 

0.4

LO
G

 M
O

N
T

I{

B
R

IT
IS

H
E

X
O

T
IC

S
H

A
A

H
A

LF
B

LO
O

D
S



a\TF
-l

(Jo,lF
"

o.l¡¡ -
ÊÉ(J"¡_

0.1

0.0

0.1F
IG

U
R

E
 

C
4

0.1 
0.2 

0.3 
0.4

LO
G

 M
O

N
T

T
I

(E
X

P
E

R
IM

E
N

T
 

T
I^IO

) : LoG
 R

E
G

R
E

S
S

IO
N

S
 oF

 B
R

E
E

D
 G

R
oU

P
S

 ovE
R

 IY
IN

T
E

R

B
R

E
E

D
 G

R
O

U
P

C
H

A
R

O
LA

IS
S

IM
M

E
N

T
A

L



r--t

\trt

1.3

t.?1.1

1.0

0.9

0.8
(JE

-

(Jç¡l

E

o.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

t

B
R

E
E

D
 G

R
O

U
P

F
IG

U
R

E
 C

5: 
R

E
G

R
E

S
S

IO
N

S
 

O
F

 A
G

E
 G

R
O

U
P

S
 O

V
E

R
 IY

IN
T

E
R

1-Y
E

À
R

_O
LD

S
2 &

 S
_Y

E
A

R
-O

LD
S



c\ 
1.3

!

1.2

1.1

1.0

0.9

<
¡ 0.8

Fü o.z
l¡¡ø

 0.6
ãt 

0.6

0.4

0.3

0.2

0.1

0.0

B
R

IT
IS

H
E

X
O

T
IC

S
H

A
A

H
A

LF
B

LO
O

D
S

F
IG

U
R

E
 C

6: 
R

E
G

R
E

S
S

IO
N

S
 O

F
 B

R
E

E
D

 G
R

O
U

P
S

 O
V

E
R

 W
IN

T
E

R
i

2

B
R

E
E

D
 G

R
O

U
P



APPENDIX D:

143

HÀIR WEIGHT, LENGTH, ÀND DEPTH MEÀSUREMENTS ON

A CURED CATTLE HIDE

1 .1 5 INTRODUCTION

The quantitative evaluation of hair weight, depth, and

Iength across the entire hide of a slaughtered Hereford-An-

gus heifer vras used as an aid to characterizing the hair
coat, and to confirm the validity of the hip as the sampling

area in Experiments One and Two. Hair weight, length, and

depth ï¡ere measured at one hundred and twenty-three sites,
spaced every fifteen centimeters, on a hide of a Hereford-

Angus heifer (figure D1 ) to determine the relationship be-

tween hair measurements taken across the hide. The cured

hide was acquired from a commercial abattoir. The hide was

washed free of sal-t and dried prior to sampling.

Of particular interest was the relationship of hip meas-

urements to measurements from other areas of the hide"

Measurements r.rere taken as was indicated for in situ hair
sampling (experiment One and Two). Each hair weight deter-
mination site vras 33 "12 cß2, and hair l-ength and depth vlere

measured at the centre of each hair weight determination

site prior to shaving, Five measurements from the brand

area and one from a hairless patch were omitted from the

data "
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Figure Dl. HaÍ-r sampling sÍLes and regions on Hereford-Angus
hide '

REGION S ITE

1 - face I,2
2 - upper neck 4r5r6rII,72rL3
3 - mid neck 3 ,7 ,8 ,9 ,IO ,I4
4 - lower neck 15 ,16, 18, 19 ,20 ,24 ,25 ,26
5 - front back 2L,22,23,3L,32,33,45,46,41
6 - front flank 29 ,30,34,35,42,43,44,48,49 ,50
7 - shoulder 77,27,28,36,37,38,39,40,4L,5L
8 - mid back 57,58,59,69,70,7I
9 - míd f lank 55 ,56,60 ,6I,67 ,68,12,j 3,80,84,

B5

10 - abdomen 53,54 ,62,65 ,66,j4,77 ,78,86 ,81
11 - forebelly 52,63,64,75,76

-12 - hind back 87,82,83,92,93,94,103,104,105
13 - hind flank 90,97,95,96,97,L00,101,102,106,

107,108

14 - groin 88,89,98
15 - rump I73,LI4,7I5,I20
16 - gluteus 110,11I,712,I76,1.Ij,7I8,I22,I23
17 - upper hind leg 99,I09,LI9
18, - breech LzI
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The hide Í¡as arbitrarily divided into eight.een regions
(nigure D1) based on the regions described by Pan (1963).

The large number of anatomical regions gave rise to a Iimit-
ed number of measurements per region" Consequently, the re-
gions were organized into nine larger areas (rigure D2) "

1"16 RESULTS AND DISCUSSION

1 .16 "1 Hair Weiqht

One-way analysis of variance indicated a significant dif-
ference (p=0.002) in hair weight among areas. Table D1

shows the least squares means and standard errors for hair
weight and differences in least squares means for hair
weight among areas, âs v¡as determined by Student-Newman-

Keul's multiple range test. Generally, hair weight in-
creased from anterior to posterior. Lower spine hair weight

!¡as significantly greater (p<0.05) than the upper spine and

side front hair weights. Hair weight measurements from the

hip area did not differ from other areas of the hide. This

indicates that the hip was a valid choice for a hair sam-

pling area in Experiments One and Two"

1 "16"2 Hair Lenqth

One-way analysis of variance indicated a significant dif-
ference (p=0.0001) in hair length among areas. Table D1

shows the least sguares means and standard errors for hair
length and differences in least squares means for hair
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Figure ¡!. Hair sampling sites and areas on Hereford-Angus
hide.

AREA S]TE

I - neck Ir2r3r7rBrgrLOrL4,I5,L6,
1B, 19 ,20,24,25 ,26

II - upper spine 4,5,6,II,12,13,2|,22,23,
3r ,32,33,45 ,46,47

lII - foreshoulder 17,27,28,36,37,38,39,40,
47,57 ,52,63,64 ,75 ,7 6

IV - lower spine 57 ,58,59 ,69 ,70 ,7 L,BI ,BZ,
83 ,92 ,93 ,94, 10 3, 104 , 105

V - side front 29,30,34 ,35,42,43,44,48,
49 ,50 ,53,54,55,56 ,60,67,
62

VI - síde rib 65,66,67,68,72,13,74,71,
78,79,80,84,95,96,97

VII - híp 90,91 ,95 ,96,9i ,IOO ,I0I,IOZ ,
106, rO7, 108, 110, 111,r72,
116,177,118, I22,I23

VIII - hind 88,89 ,g},gg ,IO},II},I2L
IX - rump 773,I14,II5,I20
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+
 standard errors for haÍr w
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length, 

and hair
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ereford-A
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1.30 t 
0.09

1. 12 t 
0.15

1.01 t 
0.10

0.98 t 
0.08

0.97 t 
0.09

0.93 t 
0. 14
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length among areas, determined by Student-Newman-Keul's mul-

t.iple range test" Upper spine hair length was significantly
greater (p<0.05) than neck, foreshoulder, hip, and hind hair

length, Hair length measurements from the hip were signifi-

cantly Iower (p<0.05) than hair length measurements from t.he

upper spine area, but did not differ from any other areas"

1 " 16.3 Hair Depth

One-way analysis of variance indicated no difference
(p>0"05) in hair depth among areas of the hide. Table D1

gives least squares means and standard errors for hair

depth. This may or may not be indicative of the character-

istics of the depth of the hair coat on a live animal" The

spherical shape of an animal, the protrusion of Iimbs and

bones, and the ability of an animal to piloerect are all
factors affecting hair depth in a live animal which are ab-

sent in a hide"

Based on the measurements of the hair coat characteris-

tics of weight, length, and depth taken on one hide, and as-

suming that the variations in hair length, depth, and weight

are similar for all breed types, it is concluded that the

hip samples used in the main experiments were representative

of the ent.ire hide" In addition, the hip is the most acces-

sible area for measuring the hair coat on a live animal,
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THE HIP, SIDE, AND

The purpose of this experiment vras to determine if hair
weight from the sampling site on the hip was representative

of hair weight from sampling sites along the side of the

body and neck.

Three cows were picked at random from each of the fifteen
breed crosses represented in the cow study group described

in Experiment Two" During the finat sampling period (febru-

ary 26-27) of Experiment Two, cor^'s were shaved at five sites
along the right side of the body and neck region, in addi-
tion to the randomly assigned sampling site on the hip. The

sites at which animals vrere shaved are shown in Figure 81.

The shaving technique

weighing of the collected
Experiment One. Another

sentation of hair weight

dix D"

and the subsequent drying and

hair samples were as described in

evaluation of the power of repre-

from the hip is described in Appen-

One-way analysis of variance vras performed to determine

the effect of sampling site upon hair weight per unit area.

Student-Newman-Keul's test v¡as used to determine where the

differences among sampling sites occurred"

A correlation coefficient for hip hair weight and mean

side hair weighL was determined to estimate how well hair
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weight from the hip correlated with hair weight from the

side of the body and the neck.

1 "17 RESULTS AND DISCUSSTON

1.17 "1 Analysis of Variance and Test of Differences

one-way analysis of ,rariance of haii weight inài"ul"a "
significant difference (p=0"0004) among sampling sites. Ta-

b1e E1 shows differences in least squares means of hair
weights among sampling sites, âs determined by Student-New-

man-Keul's test. Hip hair weight was significantly lower

(p<0.05) than hair weight from site two and site three on

the side and the neck of the animal, respectively" The five

sampling sites along the side of the body and the neckr êx-

cluding the hip site, did not differ from one another with

respect to hair weight. The multiple range test revealed

that hair weight from the sarnpling sites along the side of

the body and the neck, excluding the hip area, v¡ere similar;
hence these data were pooled to give a mean side hair weight

for each covr. Mean side hair weight was used in all subseq-

uent analyses.

1 "17 .2 Correlation

Analysis of the correlation between the variables hip

hair weight and mean side hair weight indicated a correla-

tion coeff icient of 0.75 (p=0,0001 ) ,
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Table 81. Least squares means + standard errors
of hair weight per unit area from
sanpling sítes.

SITE

hip
1

2

3

4

5

iîAIR i^IEIGHT (g/cm2)

1.05 t 0.04 af
7.21, ! 0.04 a,b

1.33 t 0.04 b
I.29 ! 0.04 b
L.Ig ! 0.04 a,b

I.20 ! 0.04 a,b

f arb Least squares means \,/ith different subscrípts
were significantly different (p(0.05)


