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Pty

‘ Abstract

A study was conducted}to determine if resistance to the
stressés of winter had beeﬁ‘a correlated responsé to
selection for productivity in'beef cows raised under range
conditions, and to see if it was felated to productivity
wrder current range condiﬁions. |

Raége cows of four major breceding gro. s from The
Univérsit} of Alberta Beef Breeding Ranch wer. used, ranging'

in age from two to sixteen years. The breedir groups varied

in the length of time they had been raised under range .

‘

P

conditions, from the traditionally used Hereford t - 'he

dairy-beef type which has only been introduced in .he last

few years. - o

Reqérds of body height, weight th;oughoutvthé year and
weight change patterns were kept on 521 cows bred to calve
in the spring pf 1982. Hair coat knsulation was estimated by
a visual scgre, an averade coat dgpth measurement of three
locations, ﬁea&mﬁements of guard hair and undercoat length,
and weightoof hair for a fixed area of sxin. Skin folad
thickness was also measured. Midwinter condition estimates
included a visual score and a backfat thicknéss measurement
over the ribeye between the 12tk and 3th rib. October to
poétcalving weight loss and calf crép were used to e§aluate
cow performance. Calving date, sex. of caif and calf
performance to weaning were also recorded.

Leasﬁ squares analyses of variance and covariance for

unequal subclass numbers were used to identify breed and age

iv



differences in the traits measured. The breed types that had
been selected longest under range conditions were smaller,
had more condition, and wére more héav;¢y ihsulated
midwinter than the breed typés just recently introduced to
range production. |

Least squares multiple regression wa:s used to
detéermined the relationships of the adaptability related
traitg to co& and calf performance. Insulation, midwinter
condition’and winter weight loss were not found to pe
importénr sources of varintion i cow or caif pérforhance.
Insulation alsc a.d not influence midwinter condition or
winter wéiqht - 0SS,

Geriorally thore were Breeding group differences 1in
adaptabil.ty related traits, indicating that adaptability to
range concditions msv have been important enough'to cause a
correlated respcns- to selection under these cbnditions in

the past, but under present conditions winter har“iness was

not important to cow or calf performance.
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1. GENERAL INTRODUCTION

In Alberta, pregnant beef cows maintained over the
relatively leng cold season are usually fed minimally, with
or\%ore often without supplementation for the requireﬁents
of extreme cold and pregnancy. Conseqhently, winter 1is
usually associated with weight loss, or at least condition
. loss, 1in beef cows. However, there is a great deal of
variation in weight loss and subseqﬁent performanée among
individuals and breed types of animals. Calving performance,
milk yield, summer weilght gain, rebreeding performance and
weaning weight of calf also vary. The relationships between
these traits and winter hardiness are not clear. In
addition, presumably the response to winter stress in one
year can have cér~~ over effects in the subseguent year.

Winter adaprability of the beef cow can be defined as
the ability to yithstand a harsh winter under a minimal
nutritional regime and to perform satisfactorily thereafter.
Satistactory performance includes calving unassisted early
in spring and raising the calf to asnhigh a weaning weight
as 1s economically possible on pasture, while at the same
time regaining any weight lost over winter and becoming
pregnant early in the breeding season. Breaking it down
further, it would be expected that winter adaptability‘would
involve the size of the animal, its condition or energy
reserve status, and its insulation. Economic emphasis is
frequently put on adaptive traits, yet a large scale study

on the relative importance of these factors to beef cow



productivity.has not been done tthuk far. The objectives of
this study were to examine size, condition, welight change
patterns and insulation of a.large population of beef caqws

3 , o
selected for productivity under range conditions, and to

assess how, 1f at all, these factors relate to productivity.
v IS



I1. REVIEW OF LITERATURE

~

A. Céw Size, Weight and Condition

1. Introduction

Cow size and condiﬁion'are factors influehcing cow
adaptability since they will influence feed requirementsﬂahd
productivity. Cow bodyweight is most freguently used as fhe.
only estimate of cow size, and/or condition, even though‘iﬁ
has obvious limitations in this reépeét. A tall, thin cow -
may weigh the same as a short, overweight cow even,though"
they ;re very different in size and condition. This fs
probably why 'there is so much variation in results obtained
when trying to relate cow bod§ weight toy@erfor@ance traits.
Jeffery and Berg (l97éa) found a simple correlation between
post—-calving weight of cow and the pfe—weaning gain of the
calf of +0.29 - +0.38 in central Alberta range condifions,
however this was confounded with cow age and milk yield. A
review by Morris and Wilton (1976) indicated a significant
positive correlation of 0.25 between cow weight\phroughéug
the year and birthweight of her calf, with slightly>higher
corre;ations for cow weight and pre- or post—weaﬁidg gains
of calf. Although these correlations are genefally
significant, they are low and other workers have found no
correlation between cbw weight and preweaning traits of the

calf (Singh et al. 1970, Urick et al. 1971). In 1969, Godley



and Tennant found a significant positive correlat;on between
cow weight and calf weaning weight in Angus animals but not
in Herefords. éonversely, the same workers (Godley et al.
1970) found a significant positive relationship between cow
weight at breeding and weight per day of age of hér calf in
the Hereford but not in the Angus breed.

.In contrast, cundition score at breeding had a
significant positive correlation with weight per day of age
of both Hereford and Angus calves in their study. (Appendix
I presents an example‘of a condition scoring procedur :.)
Thus perhaps the inconsistency of the relationship between
cow bodyweight and calf performance is a reflection of the .
relationship between cow bodyweight and cbwg%éﬁa3tion - as
mentioned, this hay be positive but is not necessarily so.
Jeffery and Berg (1972b) suggested that if body weight was
to be used as a criterion for comparing the efficiency of
different body sizes, then the populaﬁion should be uniform
in condition of mathematically adjusted to a common base.
Similarily, Klosterman et al. (1968) suggested that
maintenance requirements calculated on the basis of body
Weigut should be adjusted for condition by the use of a
weightbto height ratio, since they found s}gnifiéant high-
positive correlations between weight to height ratio,
subjective condition score and subcutaneous backfat
thickness (determiued ultrasonically). Their recommendation
that four kg per cm wés an average weight to height ratio

for a mature cow was repeated by Jeffery (1971) on the basis



of his reéults with 173 cows of varied breeding. The use of
a welght to‘height ratio 1s generally more desirable than
that of a condition score, which is totally subjective and
varies from observer to observer, or of backfat thickness,
which is far too expensi?e and imp:actical at the farm
level. A possible prgbleh with thié ratio is that it does

not take length into account. \
' Cow size in terms of frame struEture obviously will
influence maintenance requirehengs and thus input cdst.
However, the heritability.of frame size is high and
correlated with post—weaniﬁg average déily gain (Cartwright
1979), so calves of large cows will be;larger and should
gain mére rapidly than those of small cows to compensate for
added costs. With the introduction of the iarger European
breeds to America in the sixties, much research was éarried
out 1in an attempt t; determine the relative éfficiencies of
different sizes. Most indications were that when all costs

are considered, fhe_biological efficiency of different sizes

was similar (Review by Morris and Wilton 1976, Smith 1979).

2. Changes in Bodyweight and Condition

Although bodyweight appears to have an inconsistent
felationship with cow condition, changes in body weight have
a high positive correlation with changes in condition
(Klosterman et al. 1968, Kropp et al. 1973, Brown et al.

1980). There are few reports concerning the actual patterns



of change in condition over the year in témperate regions,
though the recent report by Brown and coworkers (1980) '«
cdnclﬁdes whqﬁ ;ould be expected naturally - cows tend to be
lowest in bodyweight and condition after calving in early
spring prior to pasfure improvement, and highest after
weaning in the 'fall. In central Alberta, a similar pattern
would be expected with the high fall bodyweight being more
or less maintaihea up until calving. However Ehe condition
‘ o

of the cow would be decreasing and the weight of the fetus
and associated fluids would be ihcreasing throughout this
period (Degen and Young 19é0). In other wofds; although
vbodfweight may not change over winter during pregnancy,
condition might. Note that a weight to height ratio would
not be a good indicator of condition in this case, and also
that céndition would not be well correlated with.changes in
body weight. Since this is oniy conjecture, more work is
needed in this area and one of the objectives of this
‘project 1is to clarify the eéfects of winter, pregnancy and
condition on the productivifx of beef cows. |

Changes in bodyweight aqé condition in relation Eo
lactation and suckling aré bétter documented. In dairy cows,
increaées in'body weigh£ are negatively cofrelated wifh milk
yield ?Hooven et al. 1968, Review by Morris and Wilton
1976). Similarily, increases in body weight of beef cows
‘during lactation may be negatively correlafed with‘calf

performance, although this tends to be a low correlation

(Vaccaro and Dillard 1966, Singh et al. 1970, Review by



Morris and Wilton 1976). Godley and Tennant (1969) found
that cow wéight change during suckling did not affect calf
weaning weight, but an incréase in cow coﬁdition negatively
affected weight of calf per day of age. Butson (1981) found
that cow weight change during lactation was not important in
determining calf weaning weight. The differences in these
reports 1is probably due to variation in the genetic
potential of the dams for milngroduction'and their
nutrition. For example, Brownié} al. (1980) observed in cows
on a relatively low plane of nutrition that those that gave
less milk regained wéight more rapidly and became fatter .as
~_the grazing season progressed,iagain illustrating a negative
correlation between weaning weight and ‘increasing cow
condition throughout. the suckling period. However, on a high
plane of nutrition, Holloway et al. (1979) observed that
cows giving similar amounts of milk still varied in weight
gain and Subcutaneous.fat, and that there was no correlation
between calf performance and weight or condition changes. In
general, it would be expeéted that there would be a negative
but low correlation between condition and weight increases
of dam over lactation and calf performance to weaning 1if
nutrients for milk yield are limiting, but otherwise not. In
anylcase, the correlations. are low, and are much less
important in détermining calf performance to weaning ‘than
‘the dam's milk yield (Butson 1981).

‘Calf post-weaning performance‘is not affected by cow

weight changes or condition_(Vaccaro‘and Dillard 1966,
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Jeffery and Berg 1972a). Cow Qeight does not appear to
affect the number of calves produced per year or the number
of productive years in‘the herd (Singh et al. 1970),
although no reports relate cow condition to the number‘of
productive years in the herd. Neither weight change during’
pregnancy nor condition affects the number of,éervzces per
conception, however peripartum conditidh can affect calQiﬁg
interval in terms of time to estrus postpartum (Whitman et

al. 1975, Lowman et al. 1979).

B. Effects of Winter on Beef Production Efficiency

1. Introduction

Since the temperature in central Alberta is below
‘freezing fof'most of the winter, it wodld be expected that
beef cows wintering under these conditionsawi}l be different
in terms of nutritional requirements, weight and condition
change'pattérns,_metabolic efficiehcy and perhaps even .
-6ptimum'si2e, haﬁr coat, color, etc.gthan those raised in

1

more moderate climates. The beef cow is.a homeotherm, and
fhus has to ﬁaintain her internal_body.temperature_constant
regardless of environmental temperature. 'She does this by
maintaihing a balaﬁce between heat excﬁéhgea with the
‘environment through the normal processes'of conduCtion,

convection, radiation and evaporation, and heat produced in

normal metabolic processes. The environmental range in which



this balance 1§ maintairied without altering the metabolic
rate 1s defined ag the "thermoneutral zone". As the
température drops, the animal will be losing more heat as
the temperature gradient increases between it and the
environment, and eventually it will have to increase heat’
production or body temperature will drop. Heat'production
can be classifieq into two categories; sﬂivering and
non—shiveriné thermogenesié. Shivering heat production 1is
very energy demanding since thé involuntary muscle
contractions cause movemént,'increasing convective bheat
loss, and produce heat superficially - away from the'bpdy
core where heat is required and close to the skin surface
increasing the surface heat loss. Non-shivering héat
productionf(NST) is defihed here as a general term referring
to all heat‘produced except that produced by shivering.
Although there has been some 6ontroversy in the past'
over the importance of thermoregul;tory NST in larger
mammals (Scholander 1950a,b, Heldmaier 1970, Donhoffer -
1970), it is fairly well established that farm animals ca%\
increase heat production‘over and above what can be
accounted for by increased feed intaké-(Young 1975).
NOn—shiverihg heat production involves skeletal muscle,
inte;nal organs, brown adipose Eissue in animals which have
it (maturé cattle do not appear to) and probably also the’
brain (Donhoffer 1970). As mentionedf;heat prodﬁction is

influenced by ambient temperature. The temperature at which

additional heat production becomes necessary is defined as
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the lower critical temperature (T?%\and is the lower
boundary of the thermoneutral’ zohe. %he amount of.heat
‘produced below TC is influenced byAmany interacting factors,
and an alteration inh one is likely to produce compensatory
éhangeSvin others; %hese factors include the catecholamines,

thyroid hormones, cortical hormones, feed plus other

unexplained factors (Seller et al. 1970). The catecholamines

N

have been implicated aé being very important regulators of
NST in smali mammals (Sellers et al. 1970), and have
recently been shown to be associéted with the heat increment
of feeding in cattle and sheep (Christoéhersod et al. 1982).

Hgat production o§er that proauced at fhe resting
~metabolic rate rquires an additional input of energy,
either directly as an increased feed requirement or.
indirectly as weight loss to the animal. Tﬁus,lif'is
expected that the lower the TC is, the lower the additional
energy cost over winter. TC depends upon the specific
housing conditions of the animal, breed type, nutrition, the
length of.time since feeding, behaviour and the thermal
adaptation status (Young 1979). Thermal adaptation status
‘refers to the degree of acclimation or acclfmaiizatioh of
the animal. Acclimation is usually associated with animais
kept under lab conditio%s where only one factor has beén
altered, in this discussion, it would be temperature. The
term refers to the physical, behavioural and ﬁetabolic |
changes resulting from continued exposure to that

temperature. Acclimatization refers to those changes that
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occur in the animal'under more natural conditions:; in this
case, temperature fluctuates, amount and type of
precipitation changes, photoperiod varies, etc. as winter
approaches. The state of acclimation or acélimatization to a
cold'climate’has been déscribed by Slee (1971).as involving
an increased ﬁMR, an increased- metabolic capability'to
respond to cold, a greater reliénce on NST, elevateQ.Skin
temperature, increased resistance to cooling and increased
sur-ival aﬁ low temperatures. In other'wofds, the animal has
a lower TC and a better abilitf to respond to extremely cold
weather than a non-acclimated or non-acclimatized animal.
The cost associéted with this procesé is the increased BMR,
which means an iﬁcreased energy reqwirement. Fortunately, it
appears that animals acclimatized yhder Alberta conditions
tend to minimize the eﬁergy cos% of cold exposure when
compared to‘animals aéclimatedjto similar cold temperatures
in the lab. In experimenté with shéeep (Webster 1970),
acclimatized animals consumed 12% less feed, had a less
rapid inc¢rease in BMR; a smaller metabolic response to
severe cold but eqﬁally gooé resistance to body cooling as

!
acclimated animals. Generally, for wintéring beef cows in
Canada( it can be expected that'feéd requirements will
increase somewﬂere between 30 and 70% (Young 1979). Tﬁiélis

a large range, and work is needed to deteérmine how animals

can be raised in the lower end of thﬁs spectrum,

P /
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2. Cow Winter Weight Loss

Little data is available in the area of the effects of
cow weight loss during pregnancy on ca}f performance and the
‘evidenge that exists is conflicting. Vaccaro and Dillard-
(1966) reported that there was some influence of cow weight'
change during the last 90 days prepartum on preweaning
performance but that this influence disaépeafs by weaning.
Morris and Wilton (1976) cite Brinks et al. as 'reporting a
low positive correlation between cow pre-calving gain and
calf pre-weaning gain and weaning weight. However Rﬁséei et
al. (1979) found that the pre-calving gain of the cows‘was
related only to birthweight and that subsquenf calf
perfofmance was not affeéted. Resﬁlts with range cattle in
centrai Alberta (But§on et al. 1980, Butson 198;) indicate a
positive correlation of.approximately 0.4 between cow winter
weight loss and calf birthweight, aﬁd between weight loss
and weaning weight of approximately 0.2. The correlation
with pre-weaning gain is lower still. Also in Alberta,
Hironaka and Peters (1969) found that cows on‘a low plane of
nutrition over winter lost more weight and t?eir.calves had
lower preweaning gains than those on a medium or high plane
of nutrition, although birthweight was no£ affected. It is
probable that nutrition is an important variable among these
reports.

It is fairly consistent in the literature that the
cow's pre-calving gain or loss will affect her =ubsequent

’

refjaining perfbrmance during suckling. Butson et al. (1980)"
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reported a positive correlation in the. order of 0.6 between
winter weight loss and cow gain from calving to weaning,
Russel et al. (1979) found similar results in that cows that
gained the least weight prepartum gained tHe most .
poétpartum. It appears that cows will approach the same
condition when nutrition permits. In practical terms, .this
means fhat cows;pregnant during the relat{vely harsh Alberfa_
winters on restricted feed, can lose welight, maintain calf
‘performance once spring arrives, and regain this lost weight
over the summervwhen-nutritioq is befter. However,
presumably there:is a limit to this relationship, and it is
neéesséry to find it in order to determine how much weight
cows should be allowed to lose to minimize input costs

without jeopardizing productivity.

3. Cow Size in a Cold Environmen=*

The 57th Annual Feeders Day Report of the University of
Alberfa'(Bolduc et al. 1978) repor-ed -hat larger cows were
more.efficient since they produced iargsr calves in an
experiment where cows of all sizes regjuired the same amount
of feed per day. In other words, larger cows produced more
kilograms of calf weaning weight per kilogram of feed |
cénsumed than small cows. There are two poséibye reasons for
this, if it is assumed that the animals were spending a J

relatively high proportion of the time below their lower

ucritidarﬁtemperature. Below TC, animals must consume extra



energy to increase heat production to maintain body
temperature, and the amount of extra energy required depends
on how far below the critical temperature the animals are.
‘Larger animals would spend less time below their cr:i: .cul
temperature (it wil. » lower because their surface area to
bodyweight ratio will be lower - surface area is generally
proportional to weight to the two-thirds power). In
addition, the larger cow would be directing more energy
towards the deposition of fetal tissue since she will have a
larger calf at birfh. The efficiency of fetal deposition is
only about 10%, thus appoximately 90% of the metabolizable

. energy directed towards fetal deposition will be feleased as
heat (Moe.and Tyrell 1972). Thus the larger animal has a
relatively larger heat load due to pregnancy than .the small
one, whichican be used to maintain her body temperature
during cold stress. The small cow has to consume energy to
é% this, presumably bringing their absolute daily

metabolizable energy requirements closer together.

4. Cow.Condition in a Cold Environment
It would be expected that in a thermoneutral

environment, it would be most efficient to have cows 1in

—

average to thin condition, thus reducing maintenance energy ~

requiremerts of the cow, as long as performance is not

adVersely affected. However during prolonged cold exposure,

maintenance requirements of animals will increase to
s _
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compensate for the elevated basal metabolic rate associated
with cold acclimatization. The increase in metabolic rate 1is
rélated to the degree of cold stress, which %n turn depends
upon‘the animals lower critical temperature, determined by a
number of factors including ;ize of the animal and thermal
insulation. Animals in fat condition will be larger than,
animals in thin condition of the same skeletal size and thus
relatively léss cold stessed.

Dietz (1971) found that'although chronic cold stress
resulted. in greater increases in the energy requirements of
thin £han gat cows, the absolute requirements of thin cows
of comparable skeletal size'to fat cows were less,
presumably due to the costnof maintaining the larger tissue
mass of the fat cows. Fat cows fed to the requirements of
thin cows were not as severely stressed (that is, their
energy requirements did not increase as much) as thin cows
at the same level of intake. They appeared to utilize their
fat stores over the winter to meet their energy
re@uirements.

Thus, to be most efficient, it would be éxpected that
cows should be in good (average to slightly fat) condition
in fall, then fed during winter to the requirements of thin

cows of the same skeletal size, minimizing both feed

2
‘e

. [}
requirements and cold stress.
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C. Reducing Heat Loss during Cold Stress

1. Introduction

As previously discussed the animal has two primary
means of protecting itself from the cold. Tﬁe first is to
increase héat production, which is undesirable economically
because it means higher input costs 1in terms of energy
consumed, for the same output of product. The second is to
incfease insulation of the animal, which wQuld increase
enerqgy efficiency; The relative importance of these
alternatives is not\known with regards to the beef cow,
however, ‘under the minimal nutritioﬁal conditions‘qually
afforded beef cows, the latter would be expected to be the
most ihportant. In addition, it would be expected that
insulation would play a more important role in cows that are
considered 'most efficjent' in the herd, since presumably
these animals are using as high a proportion as possible of
their enérgy intake for'production. One of the primary
objectives of this éeries of éxperiments is to see whether
this is indeed tfue, thét is,\whether insulation has been a
key factor contributing to the»higher'productivity of some
animals and breed types of animals‘over others. In addition,
it must be remembered that ﬁhe'animal can alter its
insulation by vafious behavioural reflexes, such as

piloerection of the hair coat or simply huddling at a

particular angle to the wind.
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Insulation of an animal 1s usually divided into tissue
insulation and external insulation, each of which wil e

discussed in the following sections.

2. Tissue Insulation d

Tissue ihsulation is defined as the gradient of
temperature from the rectum to the skin surface divided by
the total heat produced per. unit area per unit time (Blaxter
and Wainman 1964). This insulation can be varied‘within an
animal by vasomotor control of skin and tissue témpe;ature
directly under the skin'(Scholandef et al. 1950a, Blaxter
and Wainman 1961). Vasoconstriction of capillaries under the
skin has the effect ofbincreasing tissue insulation; in
steers this can amount to three to four mm of skin such that
tissue insulation accounts for about 25% of -the total
insulation . (Blaxter and Wainman 1961)., It would be expected
that skin thickness woéuld be an indicator of tissue
insulation. However, the importance of skin thickness;in R
temperature regﬁlation has not been clearly established for
wintering beef cattle. Skin is generally a poorer insulator
than fur (Scholénder 1950a, Blaxter and Wainman»1961) and
contributes relatively little to insulation in arctic
mammals in comparison to fur (Scholander 1950a). However the -
conclusions of Blaxter and Wainmgn (1961) that a four mm
depth of vasoconstricted skin may contribute‘up to 25% of

the total insulation in steers make one suspect that it ‘may
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be important in cattle. Skin samples and skin-fold thickness

measurements taken from Herefor@,'Angus and Shorthorn steers.

in a témperate environment indicate seasonal variation and
breed diffefences (Tulloh 1961). Dowling (1955b) and Nay and
Haymaé (1963) found that skin and skin-fold thicknesses of |
Bos taurus, Bos indicus and crossbreds between these types
also showed seasonal variation and breed differences.
Dowling (i955b),“Tulloh (1961) and Hayman and Nay (1963)
also reported that skin thickness varies with the condition
of the animals. Fatter cows tended to have a thicker
papillary layer and thus a‘thicker total skin thickness and
skin-fold thickness (Dowling 1955a). He proboséd that this
was due to increased deposition in the adipose tissue layers
and the corium\of the skin. For our considerations of tissue
insuiation, this is important since the plexus of blood
closest to the skin surface is in the corium, and this is
the plexus that would be constricted during
vasoconstriction. Thus'if there is more fat ln this layer,
there will be a lower proportion of blood vessels, and the
laYér will be a better insulator. Webster et al. (1970)7
found that tissue insulation does increase with fatness in
agreement with this theory.

- As for subcutaneous fat, although instinctively it
would seem, to be important to tissue insulation, there has
been very little work to substantiate this. S¢holander et al
(1950a) reported that sdbcutaneous fat was a heavy and po&r

insulator compared to fur and does not.seem to play a role
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in the insulation of terrestrial afctic mammmals. It would f?
be expected that subcutaneous fat could contribute to tissue
insulation wheh.the blood vessels to the skin are
constricted, however the primary contribution would be ‘to
increase the entire mass of the animal so that less heat
must be produced per unit surfaée area, as disbussed

previously.

-

3. External Insulation

External insulatidn is defined as the gradiént of
temperature‘from the sk;n surface to the air divided by the
?ensible'heat production (Blaxter aﬁd Wainman 1964). It is a
‘ meésuré of the sum of the insulation‘of the coaé, the l
convective insulation of the interface of air at the coat
surface, and tHe radiative insulation at the coat surface,
and is markedly affected by coat thickness (Blaxter and
Wainman 1964). Coat depth can also be rélated‘to external
insulation (Webster 1970). Coat thickness or depth can be
éltered by the animal by piloerectioﬁ or by climatic factors
such as wind, rain and snow. The insulative value of the
coat is also determined»by the weight of hair per unit area
- this i;-turn is the sum of the number of haigs per unit
area, the degree of medullation and diameter of the hairs,
-and hair -length. Besideé affecting external insulation, the

coat cover can affect tissue insulation. Blaxter and Wainman

(1964) found that in steers exposed to cold, shearing to 2
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mm of hair coat decreased tissue insulation. In summary, the
coat cover of cattle cén be regarded as quite imbortant to
total insulation. For this reasoh, it will be discussed in
considerable detail.

Cattle have two distinct hair coats in one year in
seasbnal climates; a summer coat, which is presumably
adapéed for heat dissipation, and a winter coat, designed to’
insulate aéainst the cold (Bonsma 1949, Yeates 1955, Dowling
1959, Dowling and Nay 1960, Berman and Volcanin1961, Hayman
anc Nay 1961). The winter éoat is thicker, with a higher
weight of hair per unit area (Yeates 1955, Dowling ﬁ959,
Jowl 3 and Nay 1960, Berman and Volcani 1961 and Hayman and
Nay 19v1). The increase ,in thickness and weight is thought
to He due to increasgd l;ngth of the hairs (Yeateé 1955,
Dow. .ng and Ray 1960, Berman and Volcani 1961, Hayman and
.ay 1961) and not due to an increase in the number of hairs,
. which is determined by the number of follicles at birth and
the size of the animal (Dowling '1955a, Dowling and Nay 1960,
Turner, Nay and French 1962). 16 catﬁle with shorter coats,
‘an undercoat develobs in winter of short, thin, curled or
semi—curled hairs (Bonsma 1949, Haymén and Nay 19615, which
‘does not!’ necessarily appear in animals with long coats
(Hayman and Nay 1961). Althbugh it was thought the winter
céat,was composeé of thinner‘hairs.thaq the summer coat
(Bonsma 1949, Dowling 1959, Dowling and Nay 1960), it has

been found in other studiés than hair diameter does not

necessarily change with season (Berman and Volcani 1961,
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Hayman and Nay 1961). Summer coats of all breeds tend to be
flat, short, glossyY and of uniform length (Bonsma 1949;
Yeates 1955, Dowling 1959, Dowling and Nay 1960, Berman and
Volcani f961, Hayman and Nay‘1961). Summer coats tend to
have a higﬁer percentage of medullated hairs to facilitate
heat dissipation (Bonsma 1949, Dowling 1959).

The winter coat is not an elongation of the suﬁmer
coat, since there are two distinct periods of shedding each
year, one 1in autumn and one in spring. During shedding,vmost
if not all hiirs are replaced (Dowling 1959, Dowling and Nay
1960, Berman and Volcani 1961, Hayman and Nay 1961).. Thus
most follicles grow at least two hairs per year. Some hairs-
are continually being shed, but the préportién is low
(Berman and Volcani- 1961, Héyman-and Nay 1961). Although
Yeates (1955) found that photoperiod (and not temperature)
was responéible for initiation of shedding and growth ofvthe_
new hair coat, Eerman ahd.Voldéni>(1961) found that héir
quantity\per unit area éna coat thickness were inflﬁénced by
temperature - cooler temperatures resulted in thickef,
heavier coats. They concluded on the basis of £heir own
results and those of Yeates (1955) that the thyroid gland
may be the common link to both thermally and |
photoperiodically induced change in the coat of cattle,
éince thyroid secretion could be affected by temperature as
iigell as light. They suggest that day lquth changes cause
the cyclic nature of the coat, wﬁereés air temperature

changeé can modify the cycle.
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Although it is generally accepted that there arg two
periods of shedding per yeaf, the exact pattern of shedding
is not known. Dowling (1959)_suggested that the rate of
shedding in ‘the spring is rapid compared to fall - this
results in the summer coat being guite uniform in length,
but the winter coat being guite variable in length. This may
be an important factor {n etabilizing an insulating layer of
air in the winter coat. However the results of Berman and
Volcani (196j) do.not support the idea of rapid spring
shedding. They suggest that shedding 1is a very gradual
process, with the trend depending on whether daylight is
increasing or decreasing} Similarly, Hayman and Nay (1961)
report that it takes approximately fourdmontﬁs to complete
the spring shedding, since there is such a dramatic change
. in the coat compared to fall in terms of how much hair must
‘be shed.

In addition to seasoe to season 'variation, - .
characteristics of the hair coat of cattle vary over the “
body. Pan (1964) compared several EHaracteristics of the
hair coats of mature Sah1wal Zebu and Jersey cows at more
than 20 locations over the body. He suggested from hlS
results that the commonly used midside samples were seldom
representative.of the whole animal, and in addition the |
position thet may be most indicative for a given hair
characterlstlc in one breed may not be the same for that
same characteristic in another breed. For example, hair

length increased posteriorly in both breeds, but posteriorly
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and ventrally in the Jersey as opposed to posteriorly and
‘dorsally for the Zebu. Hair diameter tended to increase
posteriorly and ventrally in bc:h breeds, also béing
greatest over the hind guarters. Other characteristics, such
as hair length to diameter ratio, varied considerably over
the body but showed no particular pattern. As a general
rule, he suggested that sampling should be repeated along a
"line extending from just over the brisket to just in front

b

of the hooks.‘



111. EXPERIMENTAL

A, Animals and their Management
The.management, selection and breeding programs at
Kinsella have been described elsewhere in more'détail by
Berg (1978,1980). Briefly, the breeding herd at The
University_of Alberté Rangh, Kinsella, was main;ained as
close as possible to conditions\that would exist in a
.éommercial cow-calf herd in Alberta. All cows were bred in
July and August to calve in April and May, and heifers were
bred for the first time to calve asAtwo—year—olds. The
animals -ranged on the native shortgrass year-round, with
l\Eome supplementary feed prbvidéd.during:winter. Levels of
supplementary feed . varied with the_Severity of the winter
and the age of the cbw§.‘Cows four }ears of age and older
were allowed to lose weight over winter, but the animals
were visually assessed and feed adjusted accordingly to make.
sure they would not become éo tpinihealth would be affectedf
In the exceptionally severe winter of {581—1982, Cows were
started on’grain iﬁ)early December, gfédually increasiné up
to 4.5 kg of barley per head per day by the end 6f\the
month. If the weather was particularly cold for a few\days,
the grain ration was increased to 5.5 kg per head per day‘
during that period. Limited amounts of green feéd and straw

were also given, alternating every other day such that the

\ : '
cows received approximately 5 kg total' supplemented roughage

|
1
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per head per day. _ ,
Heifers pregnant for the firstland second time were
kept separate from the maii cow herd and wefe fed to gain é
moderate»amount of weight, 10 to 20 kg. In 1981-1982, they
received an average of.3 kg of an 85¢% barley, 15% canola
ration plus 2 to 3 kg of roughage per -head per’day over
~winter, starting in early December. Like the older cows, the
grain ration was increased if the weather was exceptionally
severe, af the discretion of the herdsperson. |
Mature cows calved on range althougﬁ assistance was
usually available if necessary. Tﬁe first- and second—calf
COWS were confinedAat calving so they could be supervised
more closely. All supplementary feeding ceased as. soon as
spring grass became available and the cows and'calves could
be eprned out of the calv1qg pastures. |
There was no creep feed a;ailagle.for the calves, and
they were weaned at approximately five months. Heifer calves
were malntalned on a 50:50 ratio of concentrate to roughage
from weaning to breeding at' approximately 14 to 15 months of
‘age.
B. Climatic conditions . ‘ e
/, Daily minimum and maximum‘temperatures were'recordea
over the fall and winter of 1981-82.'ﬁai1y mean temperatures
were calculated as the mean of the maximum and hinimum-for
the day. figure IIT.1 shows the weekly means for

Y

temperature.



'Figdre .. Mean Weekly Temperctures

for the Winter 1981-1982, Kinsella.
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The nuib~r of days with a mean daily temperature belo
-15°C was 7 for DecémBer, 28 for January, 19 for February
and 5 for March. Since -15°C is an approximate TC fc  att
(Webster et al. 1970), this indicates the approx ‘ate .
of days that the cows would be spending a high preo. “on

their time exposed to cold stess. N

C. Selection Criteria

The feﬁale population at Kinsella was selected for
reproductive and maternal performance under range
conditions. Cows must have weaned a calf each fall after
their second bifthday to remain 1in the heﬁd. as well they
- were culled for poor udders, bad feet and legs and
inadequate hothering ability. Severe calving problems,
including the need for caesarian section, were also cause
for-culling. Little or noiselection was made for feedlot
. traits through the female side, however all males were put
on'feedlof test. The better indexing bulls were used for
greeding, so that there was some tendency for rate of gain
to increase in.the females as well as the males, however,
the yeérly inéreases in fémale 540 day weight were modest
compared to the yearly increases in male yearling weights

(Berg 1978).
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D. Breeding Groups

521 cows of four major breeding groups were included in
the study; 62 Hereford (HE), 116 Hereford Crossbred (HX),
228 Beef Synthetic(SY), and 115 Dairy Cross (DA). The HE
group was a purebred population, open to artificial
insemination from superior industry bulls and originally
established as a control line for the other breeding groups.
The HX herd included non-purebred animals with more than 50
per cent Hereford breeding. The SY population was initiated
in 1960 and stabilized at about 35 per cent Angus, 35 per
cent Charolais, 20 per cent Gélloway breeding, with the
remaining 10 per cent made up of other beef breeds. The DA
group was 50 to 70 per cent Holstein,’Brown Swiss oOr
Simmental, or some combination of theseubreeds, with the

remainihg 30 to 50 per cent made up from beef breeds.

Measurements

A summary of the variables considered in this study

(and their abbreviations) is presented in Table III.T.

1. Cow Size

Cow bodyweights weré taken in October (FW), January,
February and March. As soon as practical after calving
(generally within one to three days), the cows were weighed
to obtain a postcalving weight. They were weighed again 1in

June and October so a full year's weights were available.
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Table TIT.1.Summary

variables measured and data recorded

Classification Abbreviation Variable name, units

c

Cow Size

Midwinter
Condition

- Insulation

Performance

Fw

H

cs
bpp

CT
DP
GL
UL
DN
ST

WL
BW
DG
WwW
BE
WE
WP

October 1981 weight, kg
January 1982 weight, kg
February 1982 weight, kg
March 1982 weight, kg
Postcalving weight, kg
June 1982 weight, kg
October 1982 weight, kg
Hip height, cm

Condition score, 0-100
Backfat thickness, mm

Coat score, 0-100
Average coat depth, mm
Guard hair length, mm
Undercoat length, mm
Coat density, g/sqg.cm
Skin thickness, mm

Winter weight loss, kg
Calf birthweight, kg

‘Preweaning daily gain, kg

Calf 180-day weight, kg
Calves born/cow exposed, %
Calves weaned/cow exposed, %

-

Calves weaned/cow pregnant, %

=
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Height was measured in mid-February by pulling a tape
suspended from the ceiling over the chute down to the
backbone of the aﬁ?@al between the hook bbnes. Care was
taken to ensure thét the animal was standing in a relaxed

position, and not arched up or down.

2._Body Condition

Estimates of the condition of the cows were made in
mid-February. Subjective scores by two separate groups of
two observers were méde, so that each animal had two
conditibn scores ranging from one to five (See appendix I
for details of the scale). In addition, subcutaneous backfat
thickness (BF) was measured between the 12th and 13th rib
over the ribeye with an ultrasonigrgéckfat probe |
(Krautkramer Model USM2, Made in Germany. Supplied by

Agriculture Canada).

3. Hair Coat Insulation | .

Several estimates of the insulative value of the hair
coat were made to ensure that a representative picture coula
be obtained of this variable characteristic. Firstly, a
subjective coat score (CT) was made, ranging firom one to
seven, with 21 possible categories (see Abpendix I1 for
details of the céat scoring procedure). Only one observer
"was involved, to maintain consistency. A
The depth of the coat was measured in three locations

along an imaginary line extending from just above the



brisket to just in front of the hooks, as suggested by Pan
(1964). A metal depth gauge (Moore and Wright, England) was
inserted between the hairs to the skin, and the crossbar of
the instrument pushed down to the level that most of the
hairs were lying. The instrumgnt could then be réﬁoved and
the depth accurately read. The three measurements were
averaged to obtain a mean coat depth value (DP).

A hair sample was also taken from each animal. The
position selected for sampling was the left hindquarter,
just below the traditional branding site. Although this may
not béfa representative sample of the hair coat’ of the
entire animal, it iS consistently-one of the heaviest
cerréd areas (Pan 1964), and thus should indicate relativer
differencés in hair coat between different animals. To
obtain the sample of hair for a fixed area of skin, the
center teeth of the blade of a pair of small animal clipperé
(Oster Model A2 Small,‘Blade.size 40, USA)‘wére reméved,
ieaving a gap of 15 mm. When these clippers were run along
the sampling area in the direction of the hairs, a strip of
hair 15 mm wide was left with shaven skin on either side of
it (see appendix 3). This strip was brushed to remove hairs
remaining from the clipping procedure (as little shedding
was apparent, this should not have affected insulation as
detérmined by weight of hair per unit area). A second
clipper (Oster Model A2-22, Blade Size 40, USA),that had no
teeth removed, was then uséd to cross-sect.the 15 mm tract

at right angles, thus removing a sample of hair covering 15

Fd
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mm by the width of the second blade, 40 mm.
The hair samples were air dried for one week at room

temperature and weighed to the nearest mg. This weight was

divided by thevarea of skin the éaﬁple was taken from to
give an estihate of coat density (DN)._Previous work by
Petefs and Slen (1964) had iﬁdicated that it was not
necessary to clean the samples before weighing.

The lengths of the guard hairs (GL) and the undercoat

hairs (UL) in the samples were measured at the time of

sampling.
¢

4. Depth of Skin
Skin-fold thickness was.used ﬁo estimate skin thickness
(ST). A sample of skin was pinched between ‘the fingeré and |
thumb and pulled away from the animal to allow ah
,éngineering caiiper (Model 965, Moore and Wright, England)
to measure thé thickness of the fold.gt acconstant pressure.,
The sample'wés taken at a position located bétween the 12th
and 13th rib, approximstely half-way down ﬁhe animal's side. "
The ani@als were not clipped or shaven first. The éampling
area was determined to be a rep;eseﬁtative area by a
preliminary'trial of sevéral locations over the body, as
lon; as care was taken to avoid the iHElUSiOﬂ of the

superficial muscles under the skin. The skin-fold thickness

measurement was divided by two to obtain an estimate of skin

depth.
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' 5, Animal Performance

Records of cow performance included midwinter
condition, cow weight loss from October to postcalving, and
calf birthweight, déily gain to weaniﬁg.and 180-day weaning
weight. Health recdrds'oﬁ both the dam and calf were kept.
In addition, calf. crop percentages, on avber céw expoéed to
breeding and per cow preénant as détermined by an early
winter pregnancy test{iwere calculaﬁed for each breed-age

subclass.
F. Statistical Analysis

1. Categorical Traits

The subjective condition_and coat scores for each
animal were assigned a numerical score ranging from 0 to 100
by the method outlined by Tong and coworkers (1977) for
categqrical daté. The residual deviations of the transformed
scores were approximatelyAnormal, unlike the original scores
which were'kUrfotic, Animal rankiﬁgs would not changed by
this procedure (Tong et al. 1977). The scofes derived were
0,23,43,60,81 and 100 for the average of the two condition
scores dgiven to each animal and _ _
0,9,13,18,25,32,38,43,50,55,63,75,87 and 100 for the coat

score.
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2. Repeatability

Repeatability values were calculated for’subjective-
can score, average coat depth and skin-fold thickness by
least squares multiple regreséion‘analysis, on the basis of
rgéeated measurementé on 90 two-year-old cows. Date of
measurement was included in the model. Analysis of variance
was also used to determine if breed of céw énd date of

measurement were significant sources of variation.

5. Least Squares Analyses

Model 1. Least squares analyses of variance for uaequal
subclass numbers (Harvey 1975) were comguted with the
effects of breed of dam, age of dam and breed x ége of ‘dam
interaction as sources of variation for the height,
~condition, depth of skin and haircoat measurementé. Levels,
for the 6ain effects were:

1. Breed of Dam (B), classified as HE, HX, SY and DA;

2. Age 6f Dam (A}, classified as 2, 3, 4; 5, 6 and 7
years or older.
Least squ%res‘meéns were then calculated for the dependent
variablestin the following model:

Yijk = u + Bji + Aj + BAI] + eljk
where A o

Yijk height, condition or insulation measurement of

[t}

the jth breed and jth age of danm, _ . i

U = overall population mean,
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Bi

effect of the ith breed of dam,

Aj effect of the Jjth age of dam,

BAjj = effect of the interaction of the ith breed and

Jjth aée of daﬁ,

eijKk = random error. -

Model 2; In the second part of the analysis,
podyweights,.October to postcalving weight loss, calf
birthweighﬁ, avéfage daily gain to weaning and 180-day
weanipg'weight were analyzed as dependent variables- by
AHarvey'é leasﬁ.squares analysis of covariance for unegqual
subclass numbers. Least squares meéns were computéd
adjusting for the effects of breed of dam, age of dam, breed
x age of dam interaction, and sex of calf as main sources of
variation, and calving date as a covariate. Levels for the
main effects of B, A and BA were as in the preévious model,
énd

3. Sex of calf (8), classified as male and female;

4., Calving date (D), the covariate was recorded as the
sequential}day of.the.year. | ‘

The model used was

Yijkl = u + Bi + Aj + BAij + Sk + blXijkl + eijk]

where &

Yijk] = bodyweight or performance dependent variable of
the ith breed and jth age of dam with the kth sex of calf,
u = overall populatibn mean for X = 0,

Bi = effect of the jith breed of dam,
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aj = effect of the jth age of dam,
Baij = effect of the"interaétion of the jth breed and
jth age of dam,

| Sk = effect of.the kth sex of calf,

bIXijkl = partiaz regression of the Jth bodyweight or
performance variable on the date of calving,

eijk] = random error.

Student—Newman—Keﬁls multiple comparisons wefe used to
test differences between individual least squares means when

significant differences were established_by the -least

squares analyses.

4, Calving Data

R x C tests of independence using a G-test (Sokal and
Rohlf 1981) were used to test differences between calf crop
means. |

Ih addition, cows were grouped according to whether
they weaned a calf, carried a calf to term but did not wean
it, or did not complete gestation even though they had a
positive pregnancy test mid-January. Insulation (bT, DP, GL,
UL, DN, ST) and condition (CS, BF) least squares means were
. computed for each group, adjusted for the effects of breed
and age of cow. Differences between means were tested by

student-Newman-Keuls multiple comparisons.
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5. Regression Analyses

‘Multiple regression analysis was~usedﬁto determine the
relationships of insulation, midwinter condition, and winter
weight loss to the various'measures of cow performance. All
the following models were run in £he "fest" subcommand of
the regression command in SPSSX (SPSS, 1983). This method
builds theé full model outlined and then removes designated
subsets from the fui} model. Tests of significance were
based on the change in R-squared dge to subset removal. In
the following models, -the regression output was examined for
the effects of removing subset 5:

Models 1A and 1B. These models were used to determine
the importance of the insulation trai%é (ctr, bp, GL, UL, DN,
ST) to the cow and calf performance traits. Preliminary
regression analysis indicated that there was no difference
whether the insulation variables were ‘entered stepwise or
simultaneously. Stahdardizing‘and combining the variables to
create a composite insulation variable also did not affect
results. It was decided to enter "all insula;ion variables
simultaneously as a éubsetrto indicate tﬁe maximum amount of
variation they could explain.

The dependent variables in Model 1A were cow midwinter
condition (BF, CS) and.winter weight loss (WL). Thé model
éncluded the following subséts: | |

1. Breed of dam (B)

2. Age of dam (A)
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3. Height of dam (H)
4. Fall weight of dam (FW)
5. Insulation variables (CT,DP,GL,UL,DN,ST)
Model 1B was used for the dependent calf performance
variables (BW, DG, WW), and was composed of the following
- Subsets: |
1. Breed of dam (B)
2. Age of dam (Aa)
3.”Sex of calf (S)
4.‘Date of calving (D)
5. Insulation variables (CT, DP? GL, UL, DN, ST).
Model 2. The independént variables being tested for
their importance to perfofmance in this series .of
régressions were the midwintef condition variables, BF and
CS. The dependent or performance variables were weight loss
(WL), calf BW, DG, and WW. The full model included the
following subsets: ' )
1. Breed of dam (B
2. Age of dam (a)
3. Sex of Calf (S)
4. Calving date (D)
‘5. Backfat (BF), Condition Score (CS)
Since there wefe only 261 records containing backfat data,
the regressions were rerun using all animals and omitfing

backfat from subset 5. Results were similar thus were not

included.
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Model 3. This model was uysed to determine the
relationships between winter weight loss (WL) and calf
pgrfofmahce (BW, DG, WW). The full model was composed of the
followiné subsets:

1. Breed of dam (B)

2. Age of dam (A)

3. Sex of calf (S)

4. Calving date . )

5. Winter weight loss (WL)



Table IV.1. Repegtability of Coat Score, ' ..;4

Coat Depth,-and Skinfold Thickness,
With Literature Comparisons

4

. Trait "’;Repeatability Workers
_Coat Score .0:53 ‘Present Study
| 0.62 'SChleger &'Tutner
w . (1960) "
Coat Depth"‘ ,b.s? Present Study
Skin Thiékngss' > 0.60 Present Study -
| 0.94 Tullah (1961) .
© 0.80 . 5

powling (1955b) *

- - e
. e
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IV. RESULTS AND DISCUSSION

A. Insulation Estimates

1.ﬁhé§eatability

Repeatabilities for coat score (CT), averége coat depth
’ /'”fDP) and skin thickness (ST) aré presented in Table IV.1,
along with literature values. The repeatability of coat
score was 0.53, highly significant (P>0.001). Schleger and
Turner (1960) obtained an only slightly higher value, 0.62,
on the basis of repeated observations on 500 Hereford ;nd
Shorthorn cows. The analysis of variance of coat score in
this stﬁdy (Table 1V.2) indicated that there was no
significant difference in mean coat score between the first
set of ﬁeasuréments and the second (effect of date), also in
accordance with Turner and Schleger (1960). As expected from
their work, breed had a significant. effect (P>0.001) on coat
score in thiF study. -

Repeatability of coat depth was found to be 0:57,
highly sighificant (P>0.001). Analysis of variance of coat

€

depth (Table IV.2) indicated that date was a significant

‘source of variation (P>0.05), since the overall mean for
coat depth was higher tn the first sampling than the second.
The average daily temperétures when the first measurements

were taken were -14.5°C and -21°C, compared to 1°C when the

42
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second measurements were taken. Since an approximate
critical temperature for beef cows is -15°C (Webster et al .
1970), piloerection of the hair coat as a response to cold
could have affectéd coat depth measurements.

The repeatability of skin thickness was 0.60; again
hﬂghly.significant (P>0.001). Dowling (1955b) and Tulloh
(1961) obtained higher repeatability estimates for this
trait? 0.80 and 0.94 respectively. However in Dowling's
study both measurements were made on the same day) so there
was no significant effect of date (temperature) as there was
in this study (Table IV.2). Colder temperatures when the
first set of measurements were taken could have caused
vasoconstricﬁion of the blood vessels near the skin and thus
lower skin thickness measurements. Tulloh (1961) used
measurements repeated on five animals only, and did not éay

how much time there was between measurements, although cold

,'/

. . g
stress was not involved. (

Generally, the repeatabilities obtalned for coat score,
coat depth and skin thickness were not particularly high,
even though significant. It was thought they were in a range
‘acceptable for this study since several estimates of

insulation were available for each animal.

2. Correlations
The simple phenotypic correlations between the
insulation traits are presented in Table IV.3. The

correlations between skin thickness and the hair coat traits



Table IV.3. Phenotypic Correlations Between
Insulation Traits. Kinsella 1982.

CT DP GL UL DN

ST 0.14 0.13 ns ns - 0.11
CT 0.36 0.34 0.11 0.19
DP | 0.32 0.20 0.20
GL . 0.62 0.40
UL 0.45
,DN .
ns - Correlation 1is noﬁ—significantly

different from zero (P<0.05).



" ranged from non-significant to 0.14, all low and positive.
Although a strong relationship would not be expected between
these traits, some association was indicated by the work of
Blaxter and Wainman (1964). They.found that decreasing the
hair coat of an animal by she;ring decreased the tissue
insulation, which is primarily determined by skin thickness.

YThe hair traits were all significantly (PQO.OS)
positively correlated, in the low to medium range. The
correlations between\coat score and the other hair traits
were iower than those reported by Turner and Schleger
(1960), who developed the score. However there were not as
many different coat types to classify as in this study,
since all animals were similar in age, size and breed. The

~correlations between guard hair length or undercoat length
and coat density were éimilar to those reported by Peters
and Slen (1964) in Alberta. Generally, the correlations
obtained were as expected by t.e nature of the traits;

relationships existed but not particularly strong ones.

B. Least Squares Analysis

4
1

1. Size

The least squares means and étandard errors of hé}ght
and fall bodyweight are presented in Table IV.4. Over a\%
breed and age groups examined, the average height and faf}
weights were 129.04#0.3 cm and 4913 kg respectively. They

ranged from 126.3+0.4 cm and 39425 kg for two-year-olds to
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~.Table IV.4. Least Squares Means and Standard
' Errors of Height and Fall Weight,
By Breed and Age of Cow.
Kinsella 1981-1982.
Height (cm) Fall Weight (kg)
No. Mean SE Mean SE
Overall 521 129.0 0.28 491 3.2
2 yrs 141 126.3a 0.40 394a 4.5
3 yrs 117 128.7bc 0.47 432b 5.4
4 yrs 69 129.3bcd 0.64 484c 7.3
5.yrs 47 130.5cd 0.77 5274 8.8
6 yrs 38 130.9d 1.02 5584 1.6
7 yrs 109 128.3b 0.63 5524 7.1
HE 62 125.6a 0.74 481a 8.4
HX 116 128.6b 0.63 495ab 7.2
SY 228 130.1c 0.33 . 503b 3.8
DA 115 131.74 0.44 487a 5.1
abcd

(P>0.05)

Means in same column by breed or by age with
different subscripts are significantly different
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128.3£0.6 cm and 552+7 kg for cows'seven.years and older.
For both traits there was an increase across the age groups
up to a maximum at six years, followed by a significantly
lower (P>0.05) height value for cows seven years and older
but a non-significantly lowér weight value. A similar
decline in height after maturity has beeg observed“by Nelson
and coﬁdrkers (1982), who quoted that it‘may be attributable
to normal shrinkage of the body with advancing age.

Breeding group differences in fall weight followed a
.similar pattern to height, increasing in size from HE to HX
éo SY. This ranking @as expected from the relative sizes of
the original breeds making up the diffe;ent breed groups.
The DA group was differént in its ranking for weight than
for height; the animals in this breed group weighed
siénifitantly iess (P>0.05) than those in the SY group,
However they were significantly taller. This may have been
due to the influénce of the -Holstein aﬁd Brown Swiss breeds
in the DA, These breeds have had more emphasis on milk
produétion in their past than meat production, andeduld not
be expected to have as much body mass at the same height as
the beef breeds: It may also be because the DA group had
less condition than the other breeding groups. |
2. Midwinter Condition

Least squares means for tﬁe transformed average
condition scores (CS) and backfat thickness (BF) are

presented in Table VI.5. The overall means were 64+0.9 for
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condition score and 6.8%0.15 mm for backfat thickness.
Neither condition score nor backfat thickness showed a
significant pattern of change from young to old cows,
however cows six and seven years or older had slightly
higher condition scores than two, three and four-year-olds.

Four-year-olds had significantly lower (P>0.05)
condition scoreé than the other groups, however backfat
‘thickness was similar in four-year-olds to the older cows.
The correlation between condition score and backfat
thickness was low, on the ofder of 0.17. It is probable that
the four-year-olds did have less condition, in 'spite of
their backfat measurements. This was their first winter with
'the méture cow herd under harsh nutritional conditions and
with éompetition from older, larger cows.

HE and HX had similar condition scores, these were
significantly higher (P>0.05) than those of SY cows, which
in turn were significantly higher than those of the DA
group. These breeding group differences partly reflect
different selection histories. The HE and HX were composed
primarily of eérly fattenihg_breéds, whereas the SY was
composed partly of Charoléis, a later maturing, later
féttening breed that would not be as well conditioned at any
time of the year as Herefords. The DA would be expected to
have even less conditiqn due to the inflﬁence of the

!
Holstein and Brown Swiss breeds. In addition, these breeding

)

group differences may reflect different abilities to

-

withstand the cold and nutritional stresses of winter.
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Without information on the relative condition of the animals

o

prior to winter, no conclusions can be drawn with respect to
the relativevimportance of these influences. :

There were no significant breeding groﬁp'differences in
backfat thickneésh although as in condition score, the DA
ranked lowest. Since there are breed differences in fat
distribution among the various fat depots. (Berg and
Butterfield 1976, Cianzio et al. 1982), the absence of
significant breed differences in subcﬁtaneous fat, which is
what is best estimated by the ultrasonic probe at the
12-13th rib (Cianzio et al. 1982), does not necessarily
indicate that there were no significant breed.differehces in

body condition. -Body condition would be more indicative of

total body fat (Berg and Butterfield 1976).

3. Insulation

Table IV.6 presents the least squares means and
standard errors for the hair coat traits and skin thickness
by age and breed of dam.

Overall least squares means and standard errors for
hair coat parameters were 50.7%0.7 for coat score, 17.3£0.2
mm for averagé coat depth, 44.2+0.6 mm for guard hair
length, 25.9+#0.3 mm for undercoat hair iength and 35.6x0.5
g/sq.cm for coat density. There was a trend for coat score,

coat depth, guard hair length and coat density to be maximum

in two-year-olds and decline in the three or four-yéar~old

-
[

age groups, éignificant for all variables mentioned except



51

3e00 AAedU-001 ‘3200 IYBTTI-Oxx

uoT3oeIajlUT Vg pue ¥ 'd S3093FI0 UTeWs

(50°0>d) dnoab abe pue @mwun Uty3lTM ‘quaizazyrp AT3ueor3iTubis

30U 9I9M umﬂquMJm joagqeydie swes {3jIM uwn(odo Jwes Ut Ssuesy
: oqe
20" €€ a6 vz ag-" Ly as- 9l YA 272°S StLt va
g€ " S¢ qeQ-9¢ eGpy a6°91 aev aoL°s 822 A9
el LE ©G° 97 BG'Gh qeg Ll aos qL9"s 911 XH
geg*9¢ gez-°9z - ep°Gp eE gl €66 eh6 "G Z9 qH
o€° 9¢ ©ez° 9z av- gy 0°LL oLy eLy S 601 81k 9¢-
op°9¢ ®Z°9¢ a9 Ly 0°LL oqeb ®/L"S 8¢ sxk 9
oqQ0° be ®L°GZ az° Ly A o9 eLL*S LY si1k g
09°G¢ -q0° 82 a0°Gb 9° L1 oaep eeL*g 69 s1k p
" q6° LE el pe . a6'yy - 6791 azs aity*s Lt s1k ¢
ef6e eZ° G2 e6 6 6°L1L e9g 69°G Lp L sik 2z
G0 £°0 9°0 Z°0 L0 $0°0 101134
paepuels
9°6¢ 6°G2 A A A 0§ £€9°G 1ZS T11®I940
(quo/B) . (uu) (urur) (ww) (00L-0)  (umr)
A3Tsuag yibuarg yjbusa1 ysdsqg 91008 AOTUYL N
30D 3IPO2I8pUN  aTeyparnn 3rO)D 30D xx utys

—_—

—

P

7861 e19SuTy ‘wed jo pooid
pue 8by Aq ‘sitex] uorjeinsul JO ySuedy saienbs 3sesn .ﬁ.>H a1qel



52

coat depth (P>0.05). Undercoat length did not exhibit this
trena. Previous work (Dowling 1955a, Schleger and Turner
1960) indicated that age would have an influence on hair
coat characteristics since all the hair follicles are laid
down at or shortly after birth and spfead out.as the size of
the animal increases. This would,reduce weight of hair per
unit area, coat score and possibly hair depth. Turner and
Schleger (1960) also noticed aecreases ih coat scor ' th
age. However, stretching of the skin does not explain why
guard hair length would decrease with age, so other factors
are probaﬁly ‘rvolved, such as nutrition and management. It
was noted at Kinsella that young animals iﬁvolved in another
trial, on a much higher plane of nutrition than the cows 1in
the present study, had mugh heavier looking coats. Since th
and three-year-old cows were on a better plane of nutrition .
than Ehe older cows, it may be that nutrition was related,
élthoqgh no conclusions could be reached on the basis of
these casual observations.

Breeding group differences in all of the coat traits
were significant (P>0.05) and followed a similar, though not
identical pattern. Figure IV.1 presents the breeding group
least squares meéns for each of these tfaits, standardized
Até mean zero and variance one. It caﬁ be seen that HE
consistently ranked above the overall average for these
'traits,-the HX and SY intermediété, and the DA consistently
beloQ averége. If heavie; insulation was related to |

adaptability to range conditions, this would be the ranking
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RN
expected., The HE 1is the traditional range breea and has been
longest selected under‘theseﬁconaitions, the DA have only
recently been used on }énge and the HX and SY would be
intermediate to these two extremes. -

Most literature'reports'of hair coat parameters areb
derived from work inhhot climates with heat resistance, thuys
are not comparable in terms of the actual magnitude of the
values to this study.,HCWevef,Abreed of cow is consistently
a significant source of variation (Dowling and Nay 1960,
Schleger and Turner 1960, Haymén and Nay 1961, Pan 1964,
Peters and Slen 1964). Peters and Slen (1964) at |
Manyberfié;, Alberta, reported a valué for coat dénsity of
36.742.3 g/sq.cm for Hereford cows during winter, si&ilar to
 ,theivalue obtained in this study. Thgy reported a mean hair
length value of 29;fi0.09 mm, which is lower than the
évérage of the least squares meané of guard ﬁair and
undercoaf length (35.8%2.3) for HE in this‘stuay..waever,
their samples were from the midrib région, not the
vhindquarter as in this study, and hair length increases
posteriorly (Pan 1964). ‘

The overall mean for skin thickness as determined by
skin—fold”thigkness was 5.63i0;64 mm (Table IV.6). There
were significant (P>0,05) age of dam effects, but no
pa:ticular’pattern across the'agelgrbups. The
three—year—olds'haa a significantly lower .(P>0.05) skin
thicknessﬂvalue than.thé other ége Qroups. Breeding group of

cow was also a significant source of variation. The HE had
. N ° N “ L. ) ’
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\

the thickest (P>0.05) skin, the HX and SY wereJintermediate
aeﬁ significantly thicker (P>0.05) than the DA.

Although limited work has been done in tHis area, these
results generally agree with the work that was done in the
late 1950's in Australia (Table IV.7). Dowling (1955b)
reported an overall mean of 4.55%0.05 mm for skin thickness
determlned by skin-fold. Tulloh (1961)‘reported means ol
3.98, 4.79 and 4.84 for Shorthorn, Angus and Hereford cows
respectiveiy, However, the sites were clipped before taking
‘the skin-fold measurement ig}both of these trials; which
would lower the means byfehyaverege of 0.9420.12 mm (Tulloh
1961) . | | |

Dowling (1955b) found no significant effect of age of
dam, alt houqh there were 51gn1f1cant breed effects on actual
~.skin thlcbnﬂés as deterr:ﬁed pé%q#rn blopsy (He also

reported that skin blopsy had a Hrqﬁ pc51t1ve correlatlon
Lth skin ttlckness as determlnec-by skln—fold ) His ranklng
" of Hereforo Shorthorn and Angus ccvs for skin thickness was
the same as that found by Tulloh ij961) for skin-fold
thlckness measurements. These reports indicated that
Herefords haQe the thickest_skin‘which agrees:with the
current stpdy.

1]

Dowling ("955b) also reported.skiﬁ*thickneSs values for

the Friesian and Jersey; the Friesian ranked intermediate

. . o , .

between the 'Angus and Hereford, the Jersey lower even than
. the Shorthorn. These rankings conflict with those in the

present study. In spite of the Holstein breeding in the DA



56
i
. Table 1v.7. Literature Values for Skin Thickness,
Determined by Skin Fold and Biopsy.
No. | Mean SE - Breed Workers
Determined by Skin-fold Thicknéss
12 4.55 0.05 Shorthorn Dowling 1955b - <
Cows
25 4.84 0.78* Hereford Tulloh 1960
Cows
18 4.79 0.23* Angus Cows
13 3.98 0.24* Shorthorn
T ¥ Cows
g O
Determined by Skin Biopsy !
50 6.77 0.07 Hereford Dowling 1955b
' g
20 5.75 0.11 Angus -
41 5.69°  0.08 Shor'thorn
20 6.08 0.11 Friesian
12 5.46  0.15 Jersey
50 - 5.72 - High Nutrition
50 5.16 - Low Nutrition
* These were the standard errors of‘Ehe actual
skin-fold thickness measurements.
‘ I i ‘
4 ’/
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group, it had a lower mean skin thickness than HX and SY
cows. It is possible that under the conditions at Kinsella,
the DA cows were under sufficient nutritional stress that
less fat was laid down, thus skin-fold thickness was
affected. Dowling'§ results (1955b) support this idea since
cowé on a high plane of nutrition had siénificantly
(P>0.001) thicker skins than those on a low plane of

nutrition in his experiments.
J
4. Weight Change Patterns and Winter Weight Loss

Least squares means and standard errors fgr'bodyweight
at different times of the year are presented.in Table IV.8
by age of dam. Overall means were 490, 468, 502, 466, 486
and 523 kg for October 1981, January 1982,‘March 1982,
postcalving, June and October 1982 weights respectively,
" with an average standard error of 3 kg. Figure 1V.,2
illustfétes the weight chénge pattern throughout the year
for thé different age groups. On average the cows increased
in weight’through th; age groups up to a maximum at si:
yéars of age, although tests of significance frequently did
noﬁ indicate any sigu _icant-increase in yeigﬁt after five
years of_ageh(Table IV.8). The additional care and better
nutrition that the two and_threecyear—olds received over
winter at Kinsella was féfleéted in their weight patterns;
they‘actually‘gaiﬁed weight over. winter. This gain reflected

skeletai.as well as muscle and fat growth, whereas in the
B Ld :

older cows ‘it .ould be expected that most of the weight

’ '{‘m\

L
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fluctuations would be due to alterations in condition. By
four yéars of age, the weight cbange pattern over the year

| became consistent. Cows lost weight from October to Janpagy,
when the increasing size of the fetus and associated tissues
and fluids caused cow weight to-increase‘again until |
calving. The net loss from October to postcalving was called
winter weight loss (WL). After calving, the cows regained
lostkweight as nutrition and climatic conditions improved,
and reached their previous ‘fall weight by June. They
continued to gain weight over the summer of 1982 until
October, resulting in an average net gaih from the fall of
1981 to the fall of ‘1982 of 27 kg.

Breeding group least squares means are presentéd in
RTable IV.Q. Breeding group diffefénces were significant
(p>0.05). Figure IV.3 plots the breed least squares means
versus time of year. Rankings remfined similar throughout
the ;éar exceEt ﬁor the postcalviny weights. Although not
significantly different, the HE weighed less at calving than
the other breed groups, consistent with its ranking
throughout the rest of the year. The other three breeding .
groups weighed'within 3 kg of each'other postcalving, ié;r&'h
spite of a 15 kg range at other times of the year.
Consequently there were significant (P>0.05) breed group
differences in Winier weight loss. As can be seen in Table
IV.10, SY cows lost significantly more (P>0.05) weight thaﬁ ~

DA cows. HE and HX dows:lost an intermediate amount of

weight. Within breed group-age Class least squares means are
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Table IV.10. rLeast Squares Means! and 3=zandard
rrrors ftor October to Postcalving
Weight Loss, by Breed and Age oc Dam,
Kinsella 1981-1982.

Weight Loss (kg)

No. Mean (kQg) ~ S.E.
Grand Mean 464 . 23.2 2.2
HE Overall 58 25.lab 5.6
2 18 -17.5 7.6
3 15 - 2.7 8.6
4 5 25.7 14.4

5 9 50.7 10.9 -
6 2 39.6 22.6
7 ? 9 55.1 10.8
HX Qverall 96" 23.4ab 5.3
2 38 . - 8.5 5.2
3 31 14.4 / 5.8
4 16 15.2 8.2
5 4 29.9 16.3
6 4 38.4 16.0
7 3 50.7 18.6
SY Overall ) 205 i "29.8b 2.5
) 41" -14.5 5.0
3 40 9.3 5.1
4 30 46.4 5.9

5 15 ¥ 38.9 8.3 vt

6 18 - 50.4 7.6

7 61 48.1 4.1
DA Overall 105 14.4a’ 3.4
2 23 -11.4 6.7

3 14 - 3.4 8.6

4 13 24.3 9.1

5 16 '38.0 - 8.0

- 6 10 21.1 10.1

7 29 10.9 6.0

ab Breed overall means with different subscripts are sign-
ificantly different. (p30.05) -

1 Means adjusted for B,A, BXA, Sex of calf and Calving Date
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presented (Tab;e IV.10), since the analysis of covariance
(Table IV.11) indicated highly'siénificant (P>0.01) breeding
. group by age interaction effects for this trait. Figure IV.4
is a plot of the least squares means for weight loss by
breed versus age of dam. All breedinglgroupS‘ipcreased their
mean weight .loss until four or five years of age. However,
older DA cows tended to lose less weight than cows in the
other breeding groups. There was no obvious explanation for
this.

Overall, the values for winter weight loss contrasted
sharply with those of Butson (1981). In the same herd, she
obtained é mean weight loss of 52 kg, with no significant
breed differences. This contrast was surprising, since the
wiﬁteré'under which Butson's data were collected were much '
less severe than the winter of 1981-1982. It also indicated
that in 1981-82, the cows were ﬁore than amply compensated
for the sdbnormal temperatﬁres with the grain supplementing
program. Because of thié} the guestion arose as to'whether
the cows were actually under severe enough stress in the
current study to test.ﬁheir winter hardiness. This will be
di'scussed later.

The breeding group differenceﬁ_in winter weight loss
observed ih this study also differed froﬁ previous reports.

Deutscher and Whiteman (1971) and* Wyatt et al. (1977)

5

«

- observed that cows with dairy breedingﬁiﬁﬁﬁ more weight than

Hereford cows. This would be expected if the animals with

dairy breeding were less adapted and under more stress than
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Table IV.11.

1

. 65

Least Squares Analysis of Covariance

of Weight Loss from October 1981
to Postcalving 1982% . Kinsella.

Source Degrees Mean Significance
of of Square F of '

Variation Freedom F

Breed 3 4580.5 4.484 .0041

Age 5 2852.9 27.929 .0000

Sex | 1 110.8 0.109 .7420

B x A 15 2231.6 2.185 .0063

B xS ,. 3 794.8 0.778 .5065

A x S~ S 90.1 0.088 .9940

calving patel 1 24112.8  23.612 .0000

Remainder =~ 430 1021.2

Total 463

lLinear covariate
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cases, this can be. attributed to\the nreferred treatment

67

the jothers. However, dairy éYpe animalg appeared to have
less of a téndency to put on condition than beef types. It
is possible that the observed high weight loss in the beef
breeding groups relative to the'DA was reflecting a loss of
excess coﬁdition buiLt up over the late summer éﬁd fall. As

noted previously, information on the condition of the "~

animals prior to winter would have been useful.

EAS .
Although Butson (1981) did not report significant breed

differences in winter weight loss, she did note significant

vage_érodp and within age group;differehces. As in the

. present Study, mature cows demonstrated-a significantly

higher (P>0.05) weight loss than younger cows. In both

RV ' S

- given young cows at Kinsella. Other workers (Deutscher an r

. » -
Whiteman 1971, Wyatt et al. 1977) have shown that young cows

tend to lose mére weight than mature cows if feeding and

management were similar.

‘5. Calf-Performance

Least squares means and standard errd¥s for calf

birthweight (BW), average daily ggin to weaning (DG) and

"~ 180-day calf weight (WW) are presentéd in Table IV.12. The

BA interaction was a significant (P>0.05) source of
variation fdr,birthweight (Table IV;13),:how¢ver the
variation éppearéd erratic (Figure.iV.S). Overall,”
birthweight was highest for HX and DA, appro#imatelj 40x0.9

kg, intermediate for SY (38,2+0.4 kg), and lowest for HE,
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]
r ‘\; g el
Y '
Table IV.13. Least Squares Analysis of Covarance for Calf .
TR Birthweight. Kinsella, 1982. - :
Sourde.g Degrees . Mean g g
of ’ of - Sguares A
Variation Freedom ' -
Mu . 1 303584.9 s
Breed of Dam 3" ‘ 215.1 !
Age of Dam 5 jf:r 4
Sex of calf 1
B x A 15
B x S 3 } a
A xS .5 | -
alving 1y
M, J\"». \'.A
Remainder 423 - L
Total 457 " ,
g
Yo K Lo
1. l :
Linear Covariate
g 1 -
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35.54#0.9 kg. This concurs with previous years' results in

this herd (Butsor ‘1981, Arthur et al. 1982) and others
(Singh et al. 1970), | | '

/ The overall least squares means for preweaning dally
gain and 180-day calf weight were 1.02+0.01 kg per day and
221% 2 kg reépeetively (Table IV.12). Daily gair and 180-day
weaning we1ght increased across the age groups plateauing
at four years of age Dally;galn was lower in the seven

years plus group, reflecting that some cowWs in this groups

would bE past their prime. Breed effecthgn preweaning daily .

gain and '180-day weight were significant (P>0.05). There was
a trend for DA cows to outperform SY and HX cows, who in
turn significantly (P>O @5) outranked the HE herd. This was
consistent with prev1ous r@ports from Klnsella (Butson 1981,

¢

Arthur et al. '1982).

C. Calving Data

-Means for'“ 'f:trop traits are:presented in Table

x5

IV.14. Overall, per'COw'exposed to breeding, the numbei*g{

’ : . o - . e
calves-bgpn (BE) ‘was O.82“&nd the number weaned (WE) wa
0.75. The number of calves weaned per cow w1th a p051t1ve

\,__,T:\ o

ipregnancy test 1n early winter (WP) waf‘O 91 There were no

significant dlfferences between means, There was a trend for

R !
il

iperformance to increase w1th age class to approx1mately four;

>

years of, age, then level off in the older animals. DA was

YV wu

lower wlth only .787 calves born.per cowvexposed. The DA

also ranked lower .than the other breedrng“groﬁps for calf

-
. .
. Y

(2N
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o
N o ‘ )
Table 1IV.14. Uﬁadjusced‘Calvihg Data by Breed,
and Age. of Dam. Kinsella 1982. : _
Cows Exposed Percent Calf Cfop
N BE * WE WP
Overall 622 ' 81.5 75.1 90.7
Hefeford ‘ : ;
2 yrs’ 25 76 72 90
3 yrs 18 83 { 83 100
4 vyrs 7 86 71 83
5 yrs 12 75 .15 " 100
6 yrs 2 100 100 100
>6 yrs 12 83 75 90
Hereford Crossbred ) '
2 yrs 52 81 72 88
3 yrs 50 76 . 54 80
4 yrs - 16 100 1C0 " 100
S yrs . ‘ 6 . 67 - 67 100
6 yrs o 5 100 100 100
>6 yrs - T ' 72 43 ‘50
Beef Syhthetic -
2 yrs 59 80 - 69 87
3 yrs 49 90 ;@A.BQ'_‘ 93
-4 yrs o 37 - ¥ 86 8L . . -~ 91
© 5 yrs 24 75 3 63 . 83
6 yrs : 21 o %0 .. - 86 ' 95
>6 yrs 74 - - 86 o 82 . 94
‘Dairy Cross - ' ' S ‘f;_: | - i
2 yrs 41 .66 ‘ . 56
3 yrs 21 e 11 B 67
4 yrs - 17 - 82 " 76
5 yrs, 16 L6 T LT e
- r6 yrs ‘ 12 .92 “IEy 0 BY
-">6 yrs 34 -85 .- -7 85
. - o
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crop weaned@per cow exposed, only 73.8%, although very close
to HX, 74.5%kkhe S¥ ranked intermediate (77.5%),.ahd the HE
highest (79.3%). The HE and DA ranked higﬁes; for calf crop
weaned per cow pregrnant (93% and 92.3% resgectively),

followed/p§ SY (90.5%) and HX (86.3%).

0

These results contrasted with those obtained previously .

. Ch
at Kinsella (Berg and Makarechian 1980 Butson 1981, Arthur
. . - ﬁ‘@ B

et al. 1982),‘which indicated that

o

performed as well or better than those with beef‘breeding.

ws with dairy breeding

.ﬁoweyet, Deutscher and Whiteman (1971) reﬁorted that high
producing cows tended to have lower reprodudtive rates.

The reasens for the.iower overall calf crop born and
calf crop‘weéned per cew expoSed for. DA were the low yalug$~
for youhg con (Tab.ic IV.14). Calf %%prbofn weaned_only 56
and 67%, forjtve'anu lhree—yeérfolds respectively, penxcph‘
exposed5 Since‘eaxi croff weaned per cow eRegnant was‘fn a
similar tange to the other breeding groupé for this trait,
the two and thfee year-old DA cows did not have as high a
coneeptlon rate (or ablllty to maintain pregnancy up to the
time of the winter pregnancy test) as the other breeding
{groups This partlcularzbralt would not be expected to be

""

related to w;nter“adaptab1lity.

©

D. Relationship of Insulation-to Performance

i
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1. Midw{nter Condition and Winter Weight Loss

The results of the multiple regressions of condition
and weight loss are presented in Table IV.15. Values are
given for R-squared when only the 1nsulat10n tralts were
included in the model, when the full mogdel 1A was used, and
the change in R-squared when insulation was added to the

restricted model 1A. .
dol

The insulation traits explained 2.8% (significant,
P>0.05) of the total variation 1in conditibnvscore after
accounting for breeding group,. age, height and fall‘weight
of dam. Even if the main effects were not 1ncluded in the
modet, only 7.3% of the total variation 1in condltlon score
was explalned by 1nsulatlon.;Slr .arly, the insulation

i :
traits ‘explained 5.6% (significant, P>0.05) of,the.total
variation in backfat thickness of cows four years of age and
older, over and above that explained ty the main effects:
(Bl,zsp,lﬂl,t”"‘nl).~ Though significant; G%ese values were not high,
.and it does not appear that insulation was an important
determinant df midwinter condition. | ‘ ‘ y

e T o2

Insulatlon as determlneo & <hig study was not a ‘

significant source of variation. in wlnter welght loss once

g _
B, A, H, and FW were accounted for. 1 L . "
) . . S ‘:/

“ ewd

‘The weak relatlonshlps between the 1nsulat10n varlables e
-and estimates of m1dw1nter condltlon and w1nter weight loss
were surprlslng con51der1ng thp severlty of the winter.

. However, -as mentloned prev1ously, the cows may not have been

under severe stress, as shown by the low welght-kosg figures
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'that if energy was more limiting or the*é%w

2. Calf'Performance

relative to other years. Also, the midwinter condition

scores indicated the the cows were in fair to good

'

condition, not what would be expected if they had gone

through the month of January under extreme duress.

i

It is possible that midwinter condition depends more
heavily on prewinter'condition than the animal's resistance

to winter} and it was unfortunate these data were not
. ,"T N )

available. Further work in this area should include
prewinter estimates of condition other than bodyweight and
height. Although a weight to height ratioc has been

recommended as a useful estimate of condition (Klosterman et

[
\

al. 1968, Jeffery and Berg 1972a), breed effects on the

ratio were confounded with condition effects in the present
study. In add.tion, comparisons of pre~ ané mid-winter
weight to height ratios could not be done because of the

influence of the fetus and associated fluids (Degen and

Young 1980). T

The fact that a statlstlcally &1gn1f1cant though
BN "'-"f?

“the

- L -

.- conditions more stressful, 1nsulatlon WOU¢H;

model 1B, and of adding 1nsulat10n to the restr1cted model
. > .M/, . \ . . .
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1B.

The, insulation traits explained less than 2%
(non-significant) of the total variation in calf p%rformance
(BW, DG, WW) after accounE}PQ for the main effects of breed
and age of dam, sex of“calg and calving date. This)was not
surprising since insulation did not influence cow ;eight
lbsé; It would be expected that if insulation did affect
calf performanﬁe it would be through a relationship.to the
cow's resistance to cold stress and ability to produce.
Turner and Schleger (1960) in Australia reported a
correlation between coat score of the dam and daily gain of
éhe calf of -0.3. They hypptheéized that the'iﬁcfeasedvheat'
load of the dam with a héavy coat' sufficiently stressed her
thét lactation pérformancéiwas affected. Hoﬁever, later
studies by the'same‘authors (Turner and Schleger 13870) did
not show tﬁe same results. Obviously,-eveA if eﬁvironmental

stress can affect calf performance under some conditions, it

was not an important factor in 1981-1982 at Kinsella. .

3. Calf‘Crop
Table IV.17 presents the comparative mgans for the
insulation and condition traits according to calving sg?ths.
There were no‘significant differencés in any of the :

insulation variables between cows weaning calves, cows

giving birth but not weaning calves, or_cows not giving
: , : . 2R .

RO c o .

*aéft_mldw1nter._Thus&3

Yot influenced by

ggirth but that had a positive pregn?y
. . ! Y,
‘the percent of calves born or weaned;?

\

w
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dud not carry to term would be any dlfferently 1nsulated e

K=
"k
t,

80

‘

cow insulation.

As with calf performance, these resulte were expected
since“there wae little influence of insulation on condition
or weightiloes. Ihvaddition, the number of cowe which were
pregnant in,wintet but did not carry'throuéh to term was »
small relative to the other groups, and statistically
difficult to compere; This was particularly important in
these data, since the>cattle wete entering theit last
trimester of pregancy when most measurements were téken.

These cattle were -not accustomed to handling, and it is

‘conceivable that 14 out of 521 cows could have mechanically

aborted simply because of the stress of(handling. I1f that

was the case, it would not be expected that the animals that

W .

than the others- Unfortunately, this will remaln a problem

in future 'work of this nature, since it is necessary to take

i

‘insulation measurements -in winter, unless the cattle c&n be

handled freqUently enough that mechanieal éboftion‘is

unlikely,’ : ' ' y . \

E47Re1ationship of Midwinter condition to perfofmance
o o
1. W1nter Weight Loss - ' . ’ ,
| The results of the Model 2 regre551ons of performance
on condition are'presepted in Table IV.18.
Midwintet condition as estimated.by backfat thickness

and condition score was not a significant source of’

Rz o
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variation in winter Qeigﬁt loss when includedvih Model 2 .
(main. effects B, A, S and D). This was suprising, since it
was expected that condition would be feﬁ d to weight lOss.
However, as mentioned prev1ously, no au_, .ment ceuld be‘
made for fall condition. Preliminary analysis 1nd1cated thet
inclusion of fall weight and height as main effects did not :
atfect multiple R—sQuared, probably beqause of the |
_confounding of breed with weight to height ratio as

mentioned before. Further investigations should have fall

condition data available.

e Y
2. Calf Performance
Midwinter cdhditién was a significant (P?0.0S) but

ysmall source of variation in calf b1rthwelght e¥plaining

\' 7

4.5% of the>%otal varlatlon after accountlng : . B, A, S and
,1 ‘y .

D (Table IV “18). The‘gelatlonshlp was positive, indieating
that there was a tendency for cows which had thlckgr b§ckfatV'
measurements and higher condltlon scores to have heavier

calves at birth. However, condlthp was not a 51gn1f1cant

>

source of" varlatlon 1n calf preweaplng gain or 1B0-day
weight when includedkln model 2.containing B, A S .and D.
These results generally agree Wlth those of prev1ous workers
(Vaccaro and Dillard 1966, Russel et al 1979) who reported

‘that precalv1ng gain of dams (thus precalv1ng condltlon) was

i

‘v,., /

p051t1vely correlated with blrthwelght but ; §hg corre7atlon‘

..

was low and the 1nfluence dlsappeared bﬁgyeaﬁlng. 4

/



3. Calf Crop

Table IV 17 ‘ates the condition score and backfat

thickness lea S 25 means of the cows grouped according

4
;

to calving status. None of the differences were significant,
and there were no apparent trends. If there had been any
‘differences, it was expected that animals that did not carrvy
to term or wean a calf w. ild have been in poor condition
midwinter. queQer, as discussed, there were few animals
that were very thin in the‘herd. It is unlikely that their
ability to carry a calf to te;m or their lactation
performance would be affected unless they were past a
threshold thinness. Also,«as mentioned, 1t 1s possible that
the stresses of handling the cows had more oﬁyén effect on

calving status than the stresses of winter.

f. Relationship of Weight Loss to Performance
1. Calf Perﬁorhance

The results of the Model 3 regréssions of calf
performance on B, A, S, D and winter weight loss (WL) a%e
presented in Table IV.19. Winter .:=ight loss accounted for
1.6% of the total yariatidn in calf birthweight, a small but
sigﬂﬁficant (P>0.01) proportion. This relationship was |
positive, which is logical since postcalving weight was used
to Calculaté WL. It would be expected that the heavier the

ce ° wvas, the higher the demands on the dam and her weight

loss at calving. This logic implies that birthweight was the
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jndependent variable, and weight loss the devendent.
However, since fall condition was suggested to be invoived
in determining weight loss, and since midwinter condition
influenced birthweight, either birthweight or welght loss
could be considerrd dependent.In any case, proportion of

vi iation-in birthweight by weight loss explained is low,
and not important relétive to other sources of variation 1n

either trait.

-

WL was not a significant source of variation in cglf
preweaning gain or 180-day weighﬁ (Table 1V.19). Butson
(1981) found that winter weight loss ‘was a much léss
important determinant of weaning weight than milk yield of
the dam. She obtained lo;, positive,correlatidns between
weight loss and milk yield or weaning weight, but the weight
loss values were much higher than those obtained in the
present study. Presumébly, the biological“basis for the
correlations is that the animal was severely stressed over
winter, lost weight proportionately to the stress, and could
not produce up to its' maximum postcalving. However there 1is
probably a threshold effect, that was obviously not
important under the management conditions in 1981-1982 at
Kinsella. Hironaka and Peters (1969), at LethSridge,
Alberta, raised cows at varying levels of winter nutrition
under conditions similar to those at Kinsella. Weight loss
values obtained from.cows on a medium to high plane of

nutrition were similar to those obtained in this study,

whereas weight 1oss in -ows on a low plane of nutrition were

,e
Y



ot

Kinsella. Alth ugh birthweights were similar across

more comparable to those obtained by Butson (1981) at

‘

nutrition groups, preweaning gains were lower in the low®

v

nutrition, h'gh we:ght los

~

s group than the others,

u

supporting he idea of a threshold effect.

>
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V. CONCLUSIONS

The objecti;;s of the study were to study winter
hardiness-related traits of range beef cows and to see if
these traits were related to productivity. Significant
differences.were found in cow size, midwinter condition,
October to post—calving weight loss and insulation of the
four breed groups that have been seclected for different
lengths of time under range conditions. The breed groups
that had been selected longest under range conditions were
smaller, heavier‘in condition midwinter, and were m?re
heavily. insulated than the breed groups that had just
recently been introduced to and selected on range.

Winter weight loss was determined to be much lower than
in previous years, despite the exceptionailly severe yinter.
It was thought that this indicated that the level of
supplementary feeding compensated for the energy shortage
caused by the cold weather.

Insulation was not an important factor in determining
midwinter condition, winter weight.loss, calf performance or
calf crop per cow exposed fo breeding or per cow pregnant.
»Midwinter condition was not an important source of.variation
in winter weight loss, calf performance or calf crop.
Similarly, winter weight loss did not'greatly influence calf
performance to.weaning. Overall, traits related to winté;ﬂ
adaptability did not affect cow or calf pérformance. Uﬁder

the conditions present in cow-calf operations in Canada,

winter hardiness should not be considered directly as a

7

!
.
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selection criterion. However, weak but significant.
relationships among insulation, winter weight loss,
midwinter condition, and calf birthweight did exist. It is

possible that if the animals had not been supplemented to

\\§he_extent that they were, S%ronger associ.: ions would :ave
$een evident. Further studies in this ar. aould use
estimates of body condition throughout the ye © o5 well as

bodyweight. to examine these relationships mor - .lc cly.

A}
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- APPENDIX I. Condition Scoring of Cattle

-1- | Ry
Hip bones, tail head ‘and ribs project brominently, no

fat around tail head. R

Some tissue cover around tail head, over hip bones and
flank; ribs still felt with slight hand pressure but not

visually obvious.

-

_3_
Can easily ° 1 fat around tail head, hips less

- prominent and feel rounded.

‘

Fat around tail head is soft and round, hips are

covered and soft, folds of fat siarting over the ribs ang

thighs.

._5__
Blocky looking, bones are not noticeable, can hardly
find hip bones and tail head. Folds of fat are apparent over

ribs and thighs, mobility affected by great amount of fat

cover.
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APPENDIX I1. Coat Scoring of Cattle

Very short. Coat sleek, hairs short and coarse, lying
flat,just able to be lifted.
_2_

Short. General appearance smooth-coated, hairs lifted
easily, fairly coarse.
-3- .

Fairly short. éoat not completely smooth, patches of
hairs turned outwards.
_4_

'Long. Hairs lyirg loosely, sufficient length to be

easily ruffled, erect patches over neck and rump.

-5-

Wooly. Most hair erect, .. ‘ng fur-like appearance,
fingers can be partly buried . -oet, undercoat 1is soft.
_6_.

Curly. More éxtreme than 5, greater length and body,
fingers buried easily in soff undercoat, heavy';over over
most of body.

_7_
Very long and wooly. Most extreme, shaggy with very

thick undercoat. '

'Adapted from Turner and Schleger, 1960
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