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Forty-six cow-calf pairs llere used to evaluate calf preweaníng

growth and darn rnilk productíon. Calf weights, milk yields, and cow

weíghts were obtained weekly for 7 weeks from Group 1 (n=24), beginning

when these calves were 23 days of age (SO=+), and on three additional

occasions duríng the pasture season using Group I and Group Z (n=22).

l.,lilk yíe1d estimated with a calf-nursing method averaged 2.7 kg (SO=t.+)

after a separatíon of 5.64 h (SO=0.65). During confinement prior to the

pasture season, spatíal arrangement and animal aetivity r,rere recorded at

15-mín intervals frorn 1200-1500 h, one day each week. Calf activity on

pasture was recorded on two occasíons but from sunup to sundown. Aver-

age cow-calf distance for each pair (CCOo), and suckling (PSO) an¿

grazing (PG) activíty of each Group I calf as a percent of the total

number of observations, rrere calculated. Calf weights and mílk yields

were analyzed using multiple regression models. Calf weight (adjusted

for age, sex, and breed of sire of calf; and age of dam) was studíed for

influences of direct estimated breeding value (UnV¡) of calf, weíght of

dam, maternal estimated breedíng value (EBVM) of dam, milk yield, CCDO,

PSO, and PG. EBVD had a positíve linear relationshíp with weaníng

weight that varied wíth age of dam (P<.05). EBVD of calf, EBVy of dam,

milk yíeld, and PSO had positive ínfluences, and PG a negative ínflu-
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cow, EBV¡ of calf , calf r,reight, CCDO, PSO, and PG, on yield (adjusted
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for days in lactation, separatíon ínterval, and cow age) were investí-

gated; none of these varíables affected persistency of lactatíon

(P>.10). Expressíon of EBVM in yíe1d díminished as EBV¡4 approached

superíor levels, partícularly in young dams. Yields peaked with mid-

range values of EBV¡, CCDO, PSO, and PG.
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Weaning weíght of beef calves is an economically important trait

upon whích the major source of income to cow-calf producers is based.

Preweaning average daily gain and weaning weight are essentially the

same measure of growth. Numerous factors influencíng preweaning perfor-

mance have been extensively investigated.

Dams ínfluence growth of their calves by transmitting half of the

genes that determines the genetic potentíal of the ca1f, and by províd-

íng the maternal environment during gestation and preweaning periods.

The primary aspect of maternal environment is rnitk production (Wíllham,

1982). Studíes by Jeffery and Berg (197f), Mondragon et al. (1983),

Montano et al. (1986), Reynolds et al. (1978), and Rutledge et al.

(1971), among others, have generally shown a signifícant association

between milk production and growth of calves.

l"laternal effects are environmental ín their ínfluence on offspring

although they are determined by genetic and environmental factors (Koch,

1972). A number of studies have investígated factors affecting mílk

production yet effects of variables of the calf are not well estab-

lished.

The objectives of the present study \¡Iere:

1) to estimate the genetic potential, or breeding value, of the calf for

the dírect eontribulion t-o growth and of the dam for the maternal

contribution to growth, and determine their relationships to actual

1
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growth exhibíted;

z)

3)

to ínvestigate the ínfluence of yield of milk on calf performance;

to examine assocíations between the breeding values and mílk produc-

tion of the dam;

to evaluate early cow-calf distances, and calf feeding behavior, that

is, suckling and grazing activity;

to determíne relationships between the behavioral traits and the

breeding values;

4)

s)

6) to investigate associations betvreen behavior and both damts milk

production and calf preweaning performance.

Calf Growth

Average daily gain, total gain, or weaning weight describes pre-

weaning growth. Weaníng weight equals birthweight plus cumulated gain;

calves heavíer at birth thus tend to maintaín a slight advantage at

weaning (Jeffery et al., Ig71b; Nevílle, 1962; Síngh et a1., 1970). Age

at weaning has a positive effect on weaníng weight (Ahunu and

Makarechían, 1986; Butson et al., 1980; Marshall et al., t976; Nelson

and Kress, 1981; Thrift et al., 1978) as expected. Routine adjustment

¡--f ,-^¡cights r-o a standard aee (Anderson and Willharn, 1978; Tredeen et- -Þ-

al., 1982; Kemp et al., 1984; Neville et al. , 1974; Sharma et al., 1982)
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3

assumes a constant rate of gaín, that ís, línear growth duríng the

preweaning phase.

Some tr'actors Influencing Calf Groi¿th

Year. Many studies includíng Ahunu and Makarechían (1986), Tranke

et al. (1975), Nelson et al. (i982), Thrift et al. (1978), and Tong and

Newman (1980) have shown an effect of year on preweaning calf groirth.

Years may differ in environmental conditions: weather, herd management,

quantity and quality of avaílable feed and pastures, and health of dams

and calves. Effects of geographical location (Anderson and Wíllham,

1978; Fredeen et al., 1982; Leighton et al., 1982) suggests an influence

of weather and subsequent nutrition. Herd effects (Nelson and Kress,

1981) índicate environmental dífferences. Availabílíty of creep feed is

associated with improved growth (Anderson and Willham, 1978; Marshall et

g!., 1976; Hohenboken et al., 1973). Numerous factors may differ among

years.

Sex of calf. It is generally known that male calves gain faster

and achíeve heavíer weaning weights than female calves. Numerous

studíes including Lhose by Ahunu and Makarechian (1986), Fredeen et al.

(1982), Kemp et al. (1984), Leighton et al. (1982), and Nelson and Kress

(tOAf¡, with greater than 1000 weaning weight records, recorded sex

differences of 5.1-25.6 kg correspondíng to a 3-L37" advantage for males.

Where male calves are castrated, differences in weaning weight between

sexes are reduced yet remain signífícant (Anderson and WíIlham, 1978;

Marlowe et al., 1965; Neville et al., 1974). Sirnilar trends are seen

when preweaning ADG ís the variable of ínterest (Ahunu and Makarechian,

1986; Tredeen et al., !982; Marlowe et al., 1965).



Size of dífference ín weaning weight between sexes is influenced by

other variables. Although Lawlor et al. (fqAa), Nelson et al. (1982),

Notter et al. (f978), and Reynolds et al. (i978) did not find a year X

sex interaction, it was sígnificant for crossbred calves but not Here-

ford or beef synthetics in work by Ahunu and Makarechian (1986). Nelson

and Kress (1981) observed herd X sex interactions resulted from greater

sex differences in herds with higher average performance. Herds differ

ín physical environment, management, or genotypíc value. Anderson and

Willharn (1978) found a creep management X sex interaction supporting

Marlowe et al. (fO6S¡ who noted that sex dífferences varied with feeding

regime. Male calves could have greater nutrítional requirements than

heifers (Anderson and l.lillham, 1978; Sharma et al., 1982). One may thus

suspect that sex differences in weaníng weight are greater for calves

with superior milk producing dams as well. Kemp et al. (1984), Lawlor

et al. (1984), Minyard and Dinkel (1965), and Nelson et al. (1982) did

not find a cor{ age X sex interaction although Anderson and Willharn

(f978) did for bulls but not steers versus heifers. Ahunu and

Makarechian (tgg6) found a corir age X sex interaction only in crossbreds.

Sex differences were affected by cow age in v¡ork of Leighton et aI.

(1982) and Nelson and Kress (1981); age of dpm may influence the mater-

nal environment or milk provided to the calf. Sex effects do not depend

on breed of sire (Belcher and Frah¡n, L979; Cundíff et al., 1974; Nelson

et al., 1982; Notter et al., 1978). To conclude, nutrítional environ-

ment may have an important influence on sex dífferences. The effect of

sex of calf on preweaning growth is complex.

Breed of sire of calf. Breeds of cattle differ in growth poten-

tíal. Belcher and Frahm (1979) found Red Poll and Shorthorn sire breeds



did. not affect calf weaning weight. However, Cundiff et al. (L974)

showed this to be an important effect with Hereford, Angus, and Short-

horn sires. Studying both British and slower maturing European breeds,

Lawlor et al. (1984), Nelson et al. (1982), Notter et al. (1978), Thrift

et al. (1978), and Tong and Newman (1980), among others, demonstrated a

breed of sire of calf effect. Results of Tredeen et al. (1982) 'dith

four European breeds is ín agreement.

Breed of síre effects appear to be independent of year (Belcher and

Frahm, 1979; Gregory et al., 1"965; Lawlor et al., L984; Nelson et al.,

1982) and sex of calf (Belcher and Frahm, 1979; Lawlor et al., 1984;

Nelson et al., 1982; Notter et al., 1978). Although an age of dam X

breed of sire interactíon \^ras not found by Lawlor et al. (tgg¿) or

Nelson et al. (1982), it was revealed in an extensive study by Tong and

Newman (1980): Charolais and Limousín sired calves were observed to be

at a greater disadvantage with young dams than calves sired by llereford'

Angus, Maíne-Anjou, Shorthorn, or Simmental bulls.

Age of dan. Anderson and Willharn (1978), Kemp et al. (1984),

Marlowe et al. (1965), Neville et al. (1974), and Sharma et aI. (1982)

are only a few of those who have shown an effect of age of dam on

preweaning growth. Weaning weight increases as age of dam increases

from two to four or five years of age and remains constant thereafter

only slightly declining in cows over nine years of age (Ahunu and

Makarechían, 1986; Leighton et al., 1982; Mínyard and Dl-nkel, 1965;

Nelson and Kress, 1981; Thrift et al., 1978). Tong and Newman (1980)

observed a similar pattern of calf weaning weights with dams five years

of age and older considered as one grouD. Linear and quadratic effects

of age of dam on weaning weight found by Jeffery et al. (1971b) and



Reynolds et al. (1978) provides further evidence that this effect ís

curvilinear. This effect is associated with milk production of the dam;

Neville (1962) and Rutledge et al. (1971) found age of dam to be

unimportant when milk yield and cow weíght was held constant.

Cow age effects are influenced by other varíables. Age of dam

interactions with year (Lawlor et al., 1984; Nelson et al., 1982), herd

(Nelson and Kress, 1981), and region (Leíghton et al., 1982) have been

found. When environmental conditions lirnít milk production, calves of

young cor{s may have restricted growth. Sellers et al. (1970) did not

find a creep feeding X age of dam interactíon; however Anderson and

l,tritlham (1978) did in one of two data sets and they concluded that ereep

feed made available to calves would compensate for low rnilk yields of

young d¡ms. Age of dam effects also depend on sex and breed of calf.

Calves with greater growth potential nay be more severely handicapped if

mílk is limited.

I{eight of dam. Neíther mature weight of dam (Neville, l-962) nor

weíght at calving (Singh et al., 1970) was found to affect preweaning

growth of calves ín two studies. Godley and Tennant (1969) observed a

posítive effect of weíght of Angus dams but no effect for Herefords.

Ilohenboken et al. (1973) calculated a correlation coefficient of 0.16

for weight at calving and ealf weaning weight in Herefords. Correla-

tions ranged from 0.29-0.38 depending on sex and year in work by Jeffery

and Berg (Ig72a). Here and in a second study (.leffery and Berg, I97Zb),

an association of cow weight with age and milk productíon l¡as claimed

rather than a direct influence of damts weíght on calf growth. Marshall

ar a'! l l q76'l .'rn¡l T.anne,r- et ¡1 " ( 1S65) for:nd símilar eorrelations.eç a!. \À/,v 

- 
==-

Although regression coefficients were small and in many cases nonsignif-



ícant (Jeffery and Berg, L972a; Jeffery and Berg I97Zb), Marshall et al.

(f976) found an increase of .367 kg ín weaníng weíght for each kg

increase in cow weight. Tanner et aI. (1965) observed a linear effect

of cow weight on calf weaning weight in Angus and a cubíc effect in

Herefords. A cubic effect found by Rutledge et al. (1971) appeared very

nearly linear. In their review, Morris and Wilton (1976) noted the

majority of authors found a positive relatioshíp between cor¡I weíght and

calf growth yet considerable ranges of results were seen.

Changes in weight of dam during the nursing period may also

influence calf growth. Singh et al. (1970) observed this to be a

negative effect; correlatíon coefficients calculated by Butson et al.

(1980) were low and negatíve. Results suggest that weight gain ín dams

during lactation ís at the expense of milk production.

Damrs Mílk Production

Measurement of Mílk Productíon

To investigate relationships between damrs mílk production and off-

spring growth, varíous methods of measuring rnilk yields are used. These

techniques do not measure the same trait. Removal of milk by machine

milking (Belcher and Frahm, 1979; Klett et al., 1965), handnilking

(Hohenboken et al., 1973; Randel, 198f), or by teat catheters (Bowden,

1981; Jeffery and Berg, 1971), frequently with the aid of injected

oxytocin, provides estimates of mitk production of the covl. Calf rnilk

consumption is measured wíth nursing methods: calves are weighed,

¡l-1 nr,r¡ã in qrr¡!¡'lo- en¡'! r-cr-¡ciohe¡1 '¡¡ith the differenee in weieht- providing
allvwçu t u¡¡s --o--- E -

the estimate (Drewry et al., 1959; Lampkin and Lampkin, 1960; Melton et



al., 1967; Montano et al., 1986; Notter et al., 1978; Smíth et al.,

1982). OnIy milk which ís consumed provides food energy for calf

growth.

Somerville and Lowman (fgSO) noted that calves appeared unable to

consume all available mílk duríng the first month of lactation. When

nursíng sessions were follovred by rnilkíng, Economides et al. (1976)

forrnd 9-477" of total rnilk yield was not removed by the calf in the first

month, and Neidhardt et al. (1979) found 252. Lt older ages some milk

was still unconsumed. In a study by Schwulst et aI. (1966) retained

mílk was 15, 11, and 67" of total production when calves were two, three,

and five weeks of age, respectively. Amorrnts unconsumed are important

only in the earlíest stages of lactation and may vary with production of

the dnm, and calf sex, breed, and weight.

Comparison of methods of mgasureInent. Wistrand and Riggs (1966)

tested machine rnitking and calf nursíng techniques on each half of cowsr

udders fínding no differences ín rnílk estimates. Heifer 150-day yíeld's

were also unaffected by method in work by Sornerville and Lowman (f980);

however calf-weight-change yields were greater than machine ylelds in

second lactation cov¡s. Totusek et al. (1973) observed daily yields

determined by calf suckling were higher at all stages of lactation and

resulted in a curvilínear lactation curve with a peak at seven weeks

whereas that by handrnítking was essentially línear. Mondragon et al.

(tgg:) also found higher yíelds with calf nursing methods; and smaller

dífferences in yield could be detected between animals with nursing

methods but this was less so in first parity where yields were lower and

cat',.es eould consllme a greaLer proportion of available milk. Coeffí-

cíents of variation determined by Somerville and Lor'¡man (1980) and



Totusek et al. (1973) were lower for yíelds determined by nursing thus

requiring fewer replications. The posítive calf nursing stímulus

minimízes stress to the cor{, evokes more complete milk letdown

(Christian et al., 1965; Totusek et al., 1973), and reduces variation in

nilk estimates. Either method is useful to compare individuals when

absolute yields are unimportant (Chow et al., 1967; Mondragon et al.,

1983; Totusek et al., 1973). Correlations between total yield deter-

mined by milking and calf nursíng were 0.83-0.95 (Chow et al., 1967;

Totusek et a1., 1973). During the first month of lactation correlations

are lower (Gleddíe and Berg, 1968) since drmrs production and calf

consumption are unequal.

Separation interval. Dams and calves must be separated for an

interval prior to measurement of milk yield. Results then represent

yield for that tine period. Chenette and Frahm (1981) tested cow-calf

separation intervals of six, nine, and twelve hours and multiplied

estimates by a factor to calculate 24-hr yíelds since time of day does

not influence production (Lanond et aI. ' 1969; Neídhardt et al. , 1979).

Yields were affected, decreasíng with longer intervals in agreement with

results of Wíltíarns et al. (1979a). Wiltiarns et al. (1979b) observed

cows in díscomfort after L6-hr separation intervals and suggested lower

yields could be due to increased udder pressure and línlted udder

capacíty. Although Chenette and Frahm (fqgf) found similar variances

for different separation periods, tiilliams et al. (1979b) discovered

smaller coefficients of variation and. higher repeatabílíties vrith longer

íntervals. Measurement error could be inflated with short intervals

whe-n viel<ls are multiolied bv larse factors particularlv if the separa-

tion ínterval is not exactly maintaíned. To reduce this problem,



Belcher and Frahm (1979), Cundiff et al. (tgl+), Neídhardt et al.

(f979), and Schwulst et al. (1966) adjusted yields for aetual tíme

interval; hov¡ever Vlillíaros et aI. (1979a) found no adjustment was

necessary when small groups of L2 cows \.Iere measured. Some researchers

compensate for limited ingestion of young calves by settíng short

separation intervals at early ages and lengthening them as the calf

grows (Deutscher and Whiteman, l97L; Economides et al., 1976; Furr and

Nelson, 1964; Somerville and Lowman, 1980). Estimates of mílk yield

reflect separation interval.

Sources of error in calf-nursing rethod. Measurement errors may

occur upon weighing of calves. Calf defecatíon and/or urínation between

the two weíghings wíll result in underestimation of rnílk consumption.

Thís effect reduced yield by .244kg ín a study by Neidhardt et al.

(1979) in agreement with weight of feces and urine from a sample of

calves. Somerville and Lowman (i980) observed defecation and/or urina-

tion at 87" of nursings during the first week of lactation but rarely

afterwards; an opposite trend \"Ias found by Schake et al. (1966).

Rainfall begínning between the two weíghíngs also affected yields

estimated by Neidhardt et al. (1979) due to water holdíng capacity of

calvest hair coat. Poor weather may influence suckling behavior of

calves and estimates for the test day. These factors must be considered

when studying milk yields measured by calf-nursing methods.

l0

Factors Influencing Milk Production

Lactation curve. Estinated mílk yields reflect calf age' or stage

of lactatíon of the dam, at the time of measurement. Late lactatlon

yields tend to be lower than those at earlier stages (Boggs et al.,



1980; Butson and Berg, 1984a; Lawson, 1981; McGinty and Frerichs, 1971.,

Robison et al., 1978), as expected. An ímportant effect of month was

demonstrated by Belcher and Frahm (1979) and Butson and Berg (1984b).

When milk production r{as regressed on days postpartum, Gleddie and Berg

(1968) found a correlation of -0.46 and a linear regression coefficient

of -0.02 kg/day. Ilowever, Abadia and Brinks (1972), Dawson et al.

(f960), Larnpkin and Lampkin (1960), Montano et al. (1986), and Neidhardt

et al. (1979) observed that lactatíon curves peaked within the second

month. Kress and Anderson (t974) calculated a quadratic regression

equation for milk production on day of lactatíon; ít was unknown whether

peak yield. occurred. at 20 days or earlier v¡here estímates were not mad.e.

Detection of a peak depends on method and frequency of estímation of

yield. as well as other factors.

Shape of the lactatíon curve is not well established for beef co$ts.

Correlations between milk yield and calf age found by Drewry et al.

(1959) were -0.37 and -0.33 in the first and third month of lactatíon,

respectively but there \,ras no associatíon ín the sixth month suggesting

a flattening of the lactation curve. In contrast, regression coeffi-

cients by rnonth in work by Melton et al. (1967) v¡ere -0.021 to -0.031

kg/day and índicated a more profound effect of day as lactation prog-

ressed -- a non-additive or curvilínear effect. OÍ. 62 Hereford cos/s,

Larnond et al. (1969) found 46 had a linear declíne ín production, two

showed no change, and 14 had curvilinear components to their lactatíon

curves; rate of línear decrease was greatest for high producers. Notter

et al. (1978) concluded that breed groups with high yields l{ere, in

general, less Þersistent with rapid rates of decline in the second half

of lactation. In that late period, Chenette and Frahm (1981) found no
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differences betr,reen breed. groups; high producers experienced major

decreases in yields at earlier stages. Gaskins and Anderson (f980)

showed Angus X Hereford lactation curves were more linear while those of

higher yielding Angus X Simrnental and Angus X Jersey cows were more

convex. Also, cows on higher levels of nutrition tend to be more

persistent in their yields (Bartle et al., 1984; Bowden, 1981). Late

lactation yields may be influenced. by pasture conditions (Chenette and

Frahm, 1981; Kropp et al., 1973b). Klett et al. (fO6S¡ concluded beef

cattle are more flexible in their response to changing feed conditíons

than dairy cor¡rs. Linear, quadratic, and cubic terms for day explaíned

957" of the varíatíon in yield of heifers studíed by Abadia and Brinks

(1972). Thus calf age or day of lactation has an important effect on

milk yields.

Year. Butson and Berg (1984b), Drewry et al. (1959), Keller

(1980), Kress et al. (1984), and Reynolds et al. (1978) found year

differences to be an unimportant source of variation in milk yíeld.

Thís is expected íf there was no genetic progress, and estimation

methods, herd management, and physical environment were constant from

year to year. Cautíon is requíred to avoid confounding of year effects

and age of cows. Lawson (fg8f), Marshall et al. (1976), Neville et al.

(1974), Richardson et al. (L977), and Rutledge et al. (1971) showed year

effects to be significant but díd not offer any explanation. Abadía and

Brinks (1972) attributed large dífferences between years to dífferent

milking and management procedures. Usually physícal environment is

ímportant since it is dífficult to control for grazirng animals. Jeffery

at- -1 f 1071-\ fa"ná r¡ia]¿l rl .ifforonaaq trof¡.roon tr,rn r¡oarc rof'locforl
\Lrr L4t -"- J

differences in range cond.itions. As pastures were improved L¡mFkin and
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Lampkin (1960) observed correspond.íng increases in rnílk production.

Normal fluctuations ín weather and pastures, and the nutritional enví-

ronment of the coÞr, appears to accourit for the influence of year.

Cow age. Although some research has found no relationship between

the age of a cow and her milk production (Kress et al., 1984; Marshall

et al., 1976; Neidhardt et al. , 1979; Rutledge et al. , L972), others

have shown yields increase with age (Drewry et al., 1959; Keller, 1980;

Lawson, 1981; Melton et al. , L967; I,lilliarns et al., 1979b). Gaskins and

Anderson (1980) calculated a linear rate of improvement of 1.0 keldayl

year as age increased from two to four years. Cow age effects in a

study by Butson and Berg (198aa) resulted in three-, four-year-old, and

mature (à5 years) dams producing approxirnately 252, 367., and 392 more

rnilk per day than two-year-olds; differences between four-year-old and

mature dams weïe not significant. Robison et al. (fqZg) observed

increases in yield until fíve years of age with little change to eight

years and then a slíght decline ín older co\"¡s. Peak age of productíon

seen by Dawson et al. (1960) and Rutledge et al. (197f) agree with this

pattern. In a herd of Hereford cows, Neville et al. (1974) found yields

plateaued at five to eight years of age but ín a second herd this was

shífted to six to nine years due to age at first calving, a management

difference between herds. Linear and quadratíc effects of co\¡I age

deteeted by Jeffery et al. (1971a) accounted f.or L2.67 and L5.37" of

variation ín milk yield in the two years studied.

Cow age also affects shape of the lactation curve. Work by Drewry

et al. (1959) and Notter et al. (1978) showed age effects in early

'l ant- af .ian lrrrf nnt af civ mnntlrq Mnnãr¡onn ot r'l ll qR?) fnrrnd cnr¡s inð-'^ :=-= ==-

first paríty had similar yields over three periods whereas second and
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thírd. paríty cons decreased productíon. Chrístían et ar. (fq6S)

observed that although o1áer dams produced more milk, two-year-olds were

more persístant in their prod.uction. The curve for lower producing two-

year-olds vJas more linear than the lactation curves of older cows in a

study by Gaskíns and Anderson (1980). Thus by late lactation all age

groups could have similar levels of yield. To conclude, covr age has a

positive influence on total production primarily by ímproving early

lactatíon yields.

Cow weight. Change in vreight during lactation has been related to

mílk productíon. Correlations betwe=n gain and yield were -0.28

(Larnpkin and Lar"^kin, 1960), -0.35 (Hohenboken et al., 1.973), and -0.48

(Richardson et al ., 1977). When yíelds r,rere regressed on gain, regres-

síon coeffícients of -0.0023 kg/kg (Neidhardt et al., 1979), -0.0043 to

-0.0124 kg/kg depending on year and adjustment for cow breed (Jeffery et

al., 1971a), and -1.036 kg/kg for heífers (Richardson et al., 1977) were

obtained. These values are small, yet a loss of 10 kg during lactation

was associated with a .01-10 kg increase in daily milk yield. Losses of

up to 100 kg of body weight make this an important variable.

The relatíonship between lactation gain of the cow and yield ls

affected by numerous factors. Comparísons among breeds show those with

hígh milk potential lose more weight and yietd more milk (Belcher and

Frahm, 1979; Deutscher and Whiteman, L97li llolloway et al., 1975).

There may be dífferences ín efficiency of conversion of body weight.

Gain would also depend on condition. Growth requirements during fírst

lactation may control weíght change in heifers. Mondragon et aI. (1983)

obser..,ed less .¡ariation in condltion of heifers Lhan cor^¡s q¡hÍ ch have

undergone previous lactations. Nutrítional environment is also expected
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to influence lactatíonal weight change and yíelds, and has been studíed

by Baker et al. (198fb), Bartle et al. (i984), Bowden (iggf), and

Richardson et al. (1977). Envíronmental condítions are important:

Jeffery et al. (1971a) found that Hereford cows tended to gain weight at

the expense of milk under lirnited grazing condítions of one year whereas

other breed groups did not. Prolonged nutritional deficiencíes could

adversely affect body weight, milk yields, and reproductive rate. With

adequate nutrition, weight gain during lactation is negatively associ-

ated with yíeld.

Body weight, or size of colr may influence mílk production.

Ilohenboken et al. (1973), Keller (1980), Lampkin and Lanpkin (1960),

Wíllíarns et al. (i979b), and Wilson et al. (1969), among others, did not

find an associatíon between various measures of body size and rníIk

yíeld. This agrees with the overall results of Mondragon et al. (1983)

although Rutledge et al. (I97L) found a positive relationshíp between

postparturient weight and total yield. Morris and Wilton (tgZ6), in

their revíew of size and biological efficiency of dairy colrs, obtaíned a

positive but 1ow average correlation of 0.33 for body size and rnilk

yield. This value was affected by age, lactation number, size traít

studied, and time of measurement. However, body size does not have a

very important effect on yields of beef cor¡s.

Sex of calf. Butson and Berg (1984b), Chenette and Frahm (1981),

l"farshall er al. (1976), No"ter et al. (fgZA), wilson et al. (1969), and

many others have not found variatíon in milk production due to sex of

calf. Richardson et al. (1977 ) found males consumed more milk but when

yields were adjusted for birthweight there was no effect. Similarly, an

advantage of 0.42L2 kg in daily yield of cows nursing male calves $¡as
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calculated by Jeffery et al. (1971a), yet !¡hen cor,r srrnmer weight gaín

was dropped from the model and calf birthweíght was included, the effect

of sex bec¡me nonsignificant. In the following year dams of heifer

calves yielded from 0.3557 to 0.3656 kg more daily milk depending on

varíables of the cow and calf íncluded in the model. I,lhen birthweight

vras accounted for, Rutledge et al. (1971) found heifer calves consumed

more milk than males. Nevertheless, sex of calf usually has no influ-

ence on damrs mílk production.

Breed of sire of calf. The theory that calf growth potentíal

stimulates milk production of the dam has been tested. Reynolds et aI.

(1978) observed up to a 267 ímprovement in yíeld when dams were suckled

by crossbred calves compared to straightbred calves. However, studies

using Límousin and Charolais bulls (Chenette and Frahm, 198f), Simmental

and Selkirk Red (synthetic beef breed) bulls (Sliworsky and Crow, 1984),

and bulls of numerous breeds varying in growth potentíal (Kress et al.,

1984; Notter et al., 1978), did not find variation in milk yield due to

breed of sire of calf. Wyatt et al. (1977b) fo'rnd no differences in

yields among dams with fostered Angus X He.r-ford or Charolais X Friesan

calves. Based on these few studies, it seems genotype of the calf does

not have an important effect on damrs milk production. Further investi-

gatíon is neeessary.

Calf sucklíng be.havior. The suckling behavior of calves has been

proposed to account for dífferences in rnilk yields due to management and

method of estímation of yield (Christian et al., 1965; Dawson et al.,

1960), and for calf sex (Jeffery eL al., L97La; I4elton et al., 1967;

Richardson et al. , 1977 ) and breed of sire (Re¡rnolds et al. -. 1978)

effects. The hypothesís is that calves which are aggressive and suckle
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vígorously stirnulate theír d¡ms to produce more milk. This ís díffícult

to test. Few studies have investigated associations between valid

behavioral data of calves and rnilk yíeld of darns. A once-daily sucklíng

treatment applied by Randel (fqgf) from 30 days of lactation to fírst

estrus did not result ín yields differing frorn normal suckling frequen-

cy. Milk production was shown to be negatively assocíated r,ríth total

calf suckling time (Koots and Crow, 1983) and with number of suckling

events (O¿¿e et al., 1985). This agïees with results found by Drewry et

al. (1959) for the fírst month of lactation but no relationship was

found for the thírd and sixth month. These results indicate that the

calf suckling hypothesis may be unfounded. It appears that calves which

suckle for shorter periods and less frequently have dams which yield

more milk. More work is needed before behavioral influences on yield

can be understood.

t7

Effect of Milk on Calf Growth

Milk production is considered the primary maternal influence on

calf preweaning growth. Correlation coefficients for dr*ts milk yield

and calf rate of gain found by Franke et al. (1975), Hohenboken et al.

(1973), Jeffery and Berg (tqzr), Lampkin and Larnpkín (1960), and

Reynolds et al. (1978), among others, are moderate in síze, ranging from

0.34-0.78. Similar values are seen when yield ís correlated with

weaning weíght (Butson et al., 1980; Hohenboken et al., 1973; Marshall

et al. , 1976; Neville, L962; Robison et al., 1978).

Regression of calf growth traits on damrs milk yield reveals the

^gç^^+ ^ç ^^^f^ ^,{l-l +.: ^-ñ1 .,-i + nf -i 1L T1ri c i ê rñ imnnri-enf of f antelteuL vI ç4ç¡¡ euurLrvrrer srlrL v!

(Butson et al., 1980; Jeffery et al., 1971b; Neville, L962; Rutledge et



al., 197f) but ít is difficult to compare regression coefficíents. Síze

of the coefficíent varies widely with growth trait studied as expected.

Values of 0.032-0.053 kg calf weight/ kg mílk (Montano et al., 1986) and

0.018-0.023 kg/kg (Mondragon et aI., 1983) for total milk yietd were

100X smaller than regression coefficients for yíeld as a sum of four

milk estimates (Marshall et al. , 1976; Nevílle, 1962). The effect of a

unit of rnílk also varies wíth other variables íncluded in the regressíon

model.

Jeffery et al. (197lb) found milk yíeld explained 58-6lZ of varia-

tion in calf ADG and 25-472 of variatlon in weaníng weight. In a second

study of weaning weíght (Butson et al., f980) thís value i.las 36-382.

NevíIle (1962) and Rutledge et al. (fqZf) reported that mílk accounted

for 607 and 667. of variance in weaning weight, respectively.

The effect of milk on calf growth is certainly important but its

influence depends on age of calf. Drewry et al. (1959), Franke et al.

(1975), Lanpkín and Larnpkín (1960), and Nevílle (1962) demonstrated that

nilk yield was more closely associated with calf growth rate ín early

periods. Mílk ís the only food young calves ean utílíze. As calves

mature creep feed and/or pasrLrre is consumed in íncreasíng amounts while

milk production of the dam is declining. Relationships among milk

consumption, creep or forage intake, and calf growth have been investí-

gated by Bartle et al. (1984), Boggs et al. (1980), Hohenboken et al.

(1973), Holloway et al. (1975), and LeDu et al. (1976b).
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Behavioral Influences on Calf Growth

Mother-Inf ant Relationships

Although the contribution of damrs milk productíon to calf growth

ís most important, perhaps behavior is also a function of mothering

ability. Maternal behavíor involves care and nutrition of young, and as

Lent (1971) states, facílitates learning processes.

Fo11or,iíng parturítíon, only a few minutes of contact bonds the cow

to her calf (Houpt and Wolskí, L98Z; Kilgour, 1985). Buddenberg et al.

(i986) studying attentativeness of the dam to her calf upon the first

approach of humans concluded that the influences on this behavíor are

prírnarily nongenetic. Drewry et al. (1959) found it was correlated with

milk yield but not calf growth.

Animals are classed as thiderst or rfollowersr dependíng on the

pattern of mother-infant relationships exhíbited followíng the post-

partum period. Domestic cattle are hiders (Arnold and Dudzinski, 1978;

Craig, 1981; Kílgour, 1985, Wood-Gush et al., 1984). Lent (1971)

reviewed behavíoral characteristics of wild ungulate híders. Intense

mother-infant contact of the post-partum period ceases upon the infant

selecting a hiding place away from the birth site. This is followed by

long periods of separation. Mothers vocalíze to call out young to

suckle. Mothers thus establish activity patterns whereas the infant ís

responsible for spatial decisions; these characteristics are seen ín

cattle (Arnold and Dudzinski, 1978; Edwards and Brown, 1982). Calves

tend to lie-out in groups or creches (Arnold, l'985b; Arnold and

Dr-rdzinski, l-978; Wood-Gush et al., 1984). As the hiding phase prog-

resses infants act increasingly índependent. Lickliter (1984) found



domestíc goat kids were prímarily responsíble for mother-infant contact

ín all but the fírst week of life. Mother-ínfant distance eventually

declines and contact increases convergíng to that found for followers.

For example, kids lacked close proximity to their dems for the first síx

weeks, thereafter decreasing distance until 10 weeks of age where they

spent the greatest percent of tine less than one mother length from

their dam (Lickliter, 1984) thus terminating the hiding phase. Wood-

Gush et al. (1984) observed a peak in cow-calf ínteraction at six weeks

correspondíng to a change in the ratío of calf lying to standing.

However, knowledge of the hider behavior of cattle is liníted.

AII ungulate species demonstrate waning mother-infant contact as

weaníng approaches (Lent, 1971). Arnold et al. (1985) found some

indícation of a threshold level of milk yíeld below which ewes prevented

sucklíng; ewes with high yíelds maintained a strong bond longer. When

young are capable of rapid removal of milk, yields are dwindling thus

they increase efforts but cause díscomfort to the dam (Lent, 1971).

Natural weaning is precipitated. Unfortunatly, little ís known of

behavior associated with weaning processes in domestic livestock.

Calf Suckling Behavíor

Suckling is a mother-infant interaction. However, understanding

this behavior ís sínplified by focusing on the calf. Híders suckle

infrequently and for long duratíon (Arnold, 1985b; Lent, 1971). Calves

suckle three to six times per day (Lewandrowski and llurnik, 1983; Odde

et al., 1985; Rugh and i,iílson, L97It Wyatt et al., L977a) varying with

indívidual (Gary et al., 1970). These frequencies apPly to daylight

observations as well (Cartwright and Carpenter, 1961; Drewry et al.,



1959) since most suckling events occur during the diurnal period

(Cartwright and Carpenter, 1961; Lewandrowski and Hurnik, 1983' Odde et

al., l9B5; Schake and Riggs, 1969). Odde et al. (1985) found the

greatest bouts of suckling at the onset of daylight. Duration of each

bout is 10-15 minutes (Gary et al., 1970; Lewandrowski and Hurnik, 1983;

Rugh and Wílson, 1971; I.lyatt et al., 1977a) and does not depend on

interval (Schake and Riggs, 1969). Gary et al. (1970), Lewandrowskí and

Hurnik (1983), Rugh and l^lilson (tgZt), odde et al- (1985), and Wyatt et

al. (Ig77a) observed total time devoted to suckling was 32-7I rninutes/

day.

Does suckling behavíor change over the preweaning period? Craíg

(fqgf) clairns frequency decreases somewhat wíth calf age. Declines ín

frequency and total suckling time seen by Drewry et al. (1959) may not

be statistícally signífícant. Although Odde et al. (1985) found no

effect of age, calf weight \,¡as negatively assocíated with suckling

íncídence due to greater rnílk consuming eapacity as weight íncreased.

Lewandrowski and Hurnik (1983) found age did not affect sucklíng of

calvesr o\¿n darns but cross-sucklíng íncreased wíth age. Thís resulted

from a weakening parental bond and greater milk-seeking efforts of the

calf upon decliníng yields as lactation progressed (Lewandrowski and

Hurnik, 1983).

Calf sex has not been shown to be a source of varíation ín sucklíng

activity (O¿¿e et al., l-985; Rugh and Wilson, 1971).

The ínfluence of sucklíng behavior on calf growth has not been well

established. Drewry et al. (i959) found frequency and total suckling

+.r ¡¡ ¡aa.! .t- i r.7p'! r-r onr-r c1 .al'-e¡1 '..r'i th cal f weíqht- and eain during theLt¡ue wêÐ l/vrrLrvÇfJ '--o--- -'--'

first month. However, Koots and Crow (1983) observed calves heavier at
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weaníng tended to spend less tíme suckling ín agreement with results of

a large study by Odde et al. (1985). A negative association is perhaps

expected since suckling behavior also appears to be negatively related

to rnilk yield.. Further work is necessary. Knowledge of sources of

varíation in suckling actívíty and the effect of this trait on calf

preweaning growth is particularly lacking.

CaLf Grazing Behavior

22

Mature cattle occupy more time gtazíng than rr:mínatíng, idlíngr

walking, or sleeping (Kropp et al., 1973a). Grazing is largely diurnal

(Arnold, 1985a; Baker et al., 1981a; Compton and Brundage, 1971; Gary et

al., 1970; Sneva, 1970) wíth two intense períods of activíty, one

beginning neaï sunríse and the second in the evening príor to sunset

(Arnold, 1985a), and some midday (Gary et al., 1970; Kropp et al.,

1973a) or íntermittant (A¿ams, 1984; Sneva, 1970) grazing. A majority

of animals in the same actívíty indicates socíal facilitatíon of feeding

behavior (Compton and Brundage, I97t; Gary et aI., 1970). Total grazíng

tíme 1s 7-II 1¡rlday (Arnold and Dudzinski, 1978; Baker et al', 1981a;

compLon and Brundage, l97I; Hinch et al., 1982; Kropp et al., 1973a).

However, envíronmental factors such as climate, availability of supple-

mental feed, topography, and quality and quantity of grass may influence

thís behavíor. Compton and Brundage (1971) and LeDu et al. (1976b)

observed longer grazíng tímes as the season progressed and pasture

qualíty declined. GxazLng time increases when feed is short (Arnold,

1985a), and wíth animal pressure (Baker et al., 1981b) as long as

^:-^ ^-á +^+-'l -,.-.:t-1-1^ +^^Ã 4e nnt '1 imifo¡l lR¡kor et al - ^u.j'5LLrI- ts] sr¿E 4¡ru LvL4! evêrlaels 
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198la). Kropp et al. (rqz¡a) suggested seasonal change ín grazing



actívity was due to growing nutritional requirements of fall-calving

colrs. Other variables such as age, sex, breed, and size of animal may

ínfluence grazíng

Grazing activity of sucklíng calves ís less well understood.

Initial investigation of grass by the calf leads to grazing behavíor by

about three weeks of age (Wood-Gush et al., 1984). Calves gradually

íncrease total grazÍrng time (Arnold, 1985a; Koots and Crow, 1983; LeDu

et al., 1976b; Wood-Gush et al., 1984) by improving both frequency and

duration (Baker et al., 1981a). \ilith mílk available, poor pasture

qualíty or quantity may have less ínfluence on grazing aetivity of

calves than dans. But as yíelds decline and calves become heavier they

must rely more on other food sources. Baker et al. (1976) found an

effect of leve1 of milk on calf grazing in the month prior to weaning.

At lower levels of rnilk, grazíng tíme must be increased in order to meet

nutritional requirements. Koots and Crow (1983) observed heavier calves

at weaning tended to spend more time gtazíng. Few have investigated the

ínfluence of this behavior on growth. There are many confounding

effects associated with growing calves. Nutrient íntake is not only a

function of grazing tine but also rate of consumption and quality of

diet (Adarns, 1984). Therefore, many studies have investigated the

effect of intake (Boggs et al., 1980; LeDu et al. , L976a; Marshall et

al., I976i Wyatt et al. , I977c) rather than feeding behavior.
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Source of Data

Animals studied were part of the University of Manítoba beef cor,¡

herd of approximately 100 Selkirk Red Line cor,ts. This line was devel-

oped during 1971-1982 fron a base stock of Charolais X Angus heifers and

North Devon bulls. Selkirk Red Line cows were mated to two Angus and

two Simmental bulls to produce calves of two different genotypes for

growth in the spring of 1985. At calving they were housed in pens along

an open-sided barn and fed corn silage. The calvíng season was ín

March-May.

Group I consisted of 24 cow-calf pairs balanced for sex and breed

of sire of calf. The calves were, on average, born 8 April (SU=A days)

to three-year-old (n=5), four-year-old (n=2), and mature (5+ years)

(n=17) darns. Group 2 originally comprised 24 cow-calf paírs but two

were excluded due to health problems. Twenty-two pairs (tZ male calves

and 10 female calves) balanced for breed of sire of calf thus formed

Group 2. These calves were, on average, born 13 Apríl (SU=18 days) to

two-year-old (n=3), Lhree-year-old (n=l), four-year-old (n=4), and

mature (n=14) dams.

MATERIALS AND },IETIIODS

Calculation of EBVs

Estímated breeding values for the direct and maternal contribution

to preweaníng growth were calculated for all calves and dams in the herd
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using \,teaning weíght records from L97Z-1985. Weaníng weights were

ad.justed. for year, sex of calf, age of dam (2,3,4, or 5+ years), and

age at weaníng by a General Linear Models procedure (sAs, 1982).

Adjusted weaning weight records for each índivídual and its relatives

r¡rere used to determíne direct EBV (nnV¡); adjusted weaning weíght

records for offspríng of each índívidual and offspring of íts female

relatives were used to determíne maternal EBV (EBVM). The method of

calculatíon followed Ches'ais (1980) and was descríbed by Willham

(f982). tr'or eomputation, heritability and repeatability of preweaning

growth were set aL .25 (Preston and Willis, 1970) and .45 (Lasley,

L972), respectively. Appendix I provides sample eomputer programs using

sAS (1982).

EBVs were expressed as indexes relative to the herd average: EBV =

100 + devíation (tg). Average EBV¡ of Group 1 and Group 2 calves was

101.95 (Sn=6.34) with 632 (SO=¡Z) accuracy, and average EBV¡1 of their

dams was 100.14 (SD=6.29) wíth 69% (SO=SZ) accuracy.

The EBVs were inspected to confirm their validity. Slope of the

relationship between EBVD of calf and EBVD of dam approached the

expected value of 0.5, as did that for EBVy of calf and EBV¡4 of dam.

Slope of the relationship between weaníng weight (phenotype) and EBV¡ of

calf (genotype) was rqithin the range of expected values of 1-4 kg/unít

EBVD. The slope equals one if EBV¡ is an accurate estimate of the true

breeding value and envíronmental devíations average to zero; if EBV¡ ís

a poor estimate, based only on the animalrs own record, the expected

value is tl¡¡?=4. The relationship between calf weaning weight and EBVy

of dam was also found to be within the range of these expected values.



Anírnal Management and Data Collectíon

Table L demonstrates the schedule of data collectíon for the two

animal groups.

Following spring calving, Group 1 animals were housed six cow-calf

pairs peï pen. The four 18.1 X 4.5 m pens r{ere one-third covered. Pens

were balanced for sex and breed of sire of calf, and had símilar means

for cow age (years), calf birth date, and calf birthweíght. During this

confinement period, calf weights, milk consumption, cow weíghts, and

behavíoral data l¡ere collected weekly. Calves averaged 23 days of age

at the fírst record. Data collectíon required two days of each week and

continued for seven weeks.
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One unthrífty calf and its dam

pair was replaced at the end of Week

followíng Week 4

Milk consumptíon rllas measured by a calf-suckling method. Cows and

calves were separated in the morning for a period of approximately fíve

hours. Calves vrere then weighed and placed in pens v¡ith their dams in

small groups of two to four pairs per pen. Actual time interval of

separatíon was calculated for each cow-ealf pair. Cross-nursing within

the srnall groups was prevented, and incidences of calf defecation and

urination were recorded. Upon completíon of suckling, calves were

reweighed. Suckling was consídered complete if the calf did not pursue

its dam for a period of a few minutes; all calves were given a mínímum

of 15 mínutes to suckle. Differences in calf weight between the two

weighings measured milk consumption and also provided an estimate of

dr'nt s milk- prodr:ct-i on.

During the confinement períod, behavioral data íncluded spatial

were excluded from the studY; the

3. A second calf died suddenlY



Table L. Schedule
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of data collection.

CONFINEMENT

(EARI,Y)

PERIOD

GROUP 1

(n=24)

Data: calf weíght, milk
consumption, covr weight,

CCDA, PSCb

Week of: 30 April
7 May

i4 May

2L May

28 May

4 June

lL June

GROUP 2

(n=27)

PASTURE

PERIOD

Data: calf weight, rnilk
consumption, cow weíght,

PSPC

Week of: 2 July
30 July
3 Septd

WEANING

d

b
c
d

CCD=cow-calf distance (m)
PSC=calf suckling activity during confinement (Z of observations)
PSP=calf suckling activity on pasture (7" of observations)
behavioral data (pSp) was not obtained this week.

Data: calf weight

Week of: 16 Oct

Data: calf weight, milk
consumption, cor{ weíght,

PSPC

Week of: 9 July
1-6 Aug

4 Septd

Data: calf weight

Week of: 16 Oct
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arrangement and activity of Group 1

observed each pen from a position at an end of the pen under roof cover

and at a height of about 1.5 m above the floor. Position of anjmals and

theír activity were recorded on scaled pen diagr¡ms at l5-rninute inter-

vals from 12 noon to 3 p.m. Colour-coded neck tags aided anirnal identi-

fication. Presenee of an observer did. not appear to distract the

animals. An attempt was made to balance pens for the person observing

and data r,ras collected under fairly uniform weather condítíons.

Distances betv¡een the cow and calf of each pair (CCD) were calculated

from co-ordínates of animal midpoínts on the diagrams. Percent of

observations in whích each calf exhibited sucklíng activity (including

cross-suckling) (pSC) was determined by day of observation.

In mid-June, Group L was pastured together with some heifers and a

bull. Group Z, also with some heífers and a bull, were located on

another pasture. Throughout the sunmer they were rotated amongst two or

three 30-acre paddocks of brome-alfalfa grass. Calf weights' milk

consunption, co\¡r weights, and behavioral data were collected for Group I

and Group 2 animals monthly for three months duríng the pasture season.

Mílk consumptíon was measured as in the confinement period.

Behavíoral data consisted of calf activity recorded at LS-minute inter-

vals from sunup to sundown. Two people, in shifts, observed one group

in a day. The observer followed animals about the pasture but kept at a

dístance to permít normal behavior. Anirnals were identified by numbered

ear tags and use of binoculars. In the pasture period, actívities llere

classified as sleeping, Iyíng awake, lying ruminatíng, standing runina-

tíng, standing or walking, grazíng, sucklíng and cross-sucklíng. Days

chosen for observations had favourable weather. Behavioral data were

animals r,¡ithin pens. One person
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not obtained in the last month due to poor weather and pasture condi-

tions which necessitated combíníng groups and supplemental feeding.

Percent of observations in whích each calf was classed as grazíng (pC),

and suckling (including cross-suckling) (pSp), $iere calculated by day of

observation.

Weaning of the herd on 16 October 1985 províded an additional calf

weight record. Group 1 and Group 2 calves ltere, on average' 188 days of

age (SD=13 days) at weaning.

Statístícal Analyses

Calf weight data were analyzed by multíple regression models.

Groups were pooled because preliminary analysis indicated homogeneity of

calf growth lines. An assumption of linear growth rate during the

previeanl-ng períod was made. Model Ia íncluded the independent variables

age of calf, sex of calf (coded male=l, fenale=O), age of dam (2,3, 4,

or 5t years), and breed of sire of calf (coded Sínmental=l, Angus=O).

Model Ib consisted of all Model Ia índependent variables except breed of

sire of calf, plus the covariate EBVD of calf; a strong correlation

between breed of síre and EBV¡ of calf was suspected. Models Ic, Id'

and Ie were similar to Model Ia but also íncluded the covaríates weight

of dam, EBVM of dam, and milk consumption adjusted for separation

interval, respectively. The purpose of these analyses was to determine

the influence of the covariates on calf growth adjusted for sex of calf'

age of dam, and breed of sire of calf.

Sirnílarly, multiple regression models were used to analyze milk

prodr:etíon. Groups were pooled due to homogeneíty of lactation curves.

Model IIa included the independent varíables days in lactation' separa-



tion interval, incíd.ence of defecation or urinatíon between the two calf

weighíngs (coded as 1), and as in Model Ia, sex of calf' cor¡I age, and

breed of sire of calf. Tollowíng prelininary analyses, some of these

were dropped due to nonsignificance (p>.fO): cubic and quadratic terms

for days ín lactation, incidence of defecation or urinatíon, sex of

calf, and breed of sire of calf. The remaíning independent variables

plus the covariates cortl weight, EBV¡4 of cow, Eov¡ of calf , and calf

weíght constituted Models IIb, IIc, IId, and IIe, respectively. The

effect of Lhe covaríates on milk yields adjusted for day of lactation'

separation interval, and cow age were investigated with these models.

Calf weight and dam milk production data, available for a sample of

animals from 1984 and 1983 calf crops, were analyzed for the effects of

EBV' of calf and EBV¡4 of dam in a similar manner. Materials and methods

utilized ín those years and comparative plots are contained in

Appendix II.

Cow-calf distance data were available only for Group I animals

during the confinement period. Pens r¡ere closed off to a smaller síze

for some observations (n=96) and one-factor analysis of varíance found

that this had a significant (P<,001) affect on CCD. Although additive

adjustment for this effect, or proportional adjustment of pen size,

could have been done, deleting observations with srnall pens maximized

repeatablity of CCD. Means for CCD by day of observation and paír

(CC¡O) were then calculated. This traít vlas regressed on calf age to

determíne if the pattern of mother-infant distance agreed with that

illustrated by Lent (1971) for rhíders'.

Overall means for CCD by cow-calf pair (CCDO) i¡ere calculated.

These data were analyzed by one-factor analyses of variance for the

30
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effects of sex of calf and breed of sire of calf, and by regressíon on

each of the independent variables cow age, EBV¡ of calf, and EBVy of

cow.

Prelímjnary analysis of PSC daca, ovailable only for Group 1 calves

during the confínement period, found no effect (P>.10) of calf age;

observation days were thus pooled. Chi-square tests were then used to

determine if the frequency of suckling activity differed among calves,

sexes, and breeds of sire of calf. PSC was also analyzed by regressíon

on each of the independent variables age of d¡m, EBV¡ of calf, and EBV¡4

of dam.

Chi-square tests found frequency of calf suckling actívíty'

observed while animals l,¡ere on pasture, differed (p<.fO) between groups

as did frequency of calf grazing activíty (p<.OS). Chi-square tests by

group were used to determine if frequency of these activíties díffered'

among days of observation, calves, sexes, and breeds of sire of calf.

Regression analyses of PSP and PG by group for the effects of age of

darn, EBVp of calf, and EBV¡4 of dam were also conducted.

percent of all observations rn confinement and pasture períods in

which each Group I calf exhibited suckling activity (pSO) was calcu-

1ated.

Group I calf weight data \¡rere analyzed by multiple regression

models. Model IIIa was similar to Model Ia for both groups. Model IIIa

independent variables plus the behavioral covariates CCDO, PSO' and PG

constituted }{odels IIIb, IITc, and IIId., respectively. The purpose of

these analyses was to determíne the ínfluence of mother-ínfant dístance'

qrrnl¡'lino ¡ntir¡itv^ and ørazine activitv on calf erowth adiusted for sex
à___.__J 

' 
_-__ O__'_

of calf, aBê of dam, and breed of síre of calf.



Multiple regression models were also used to analyze Group 1 milk

production data. Model IVa was símilar to Model IIa for both groups.

Models IVb, IVc, and IVd contained the behavioral covariates CCDO' PSO'

and PG, respectively, ín addítion to Model IVa independent variables.

These models investígated the effect of the covariates on mílk yíelds

adjusted for day of lactation, separation interval, and age of dam.

Full regression models contained all possible ínteractions and

linear, quadratic, and cubic terms for continuous independent variables

but only those that approached significance (P<.10) were retained.

Separate analyses for each covaríate were necessary to avoid inter-

correlatíon ¿rmong índependent variables, and to simplify interpretatíon

of multíple regression equations.

Table 2 provides numbers of observations, means, and standard

devíations for varíables íncluded in the multíple regressíon analyses.
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Table 2. Number of observatíons,
for varíables included in rnultiple

Varíable

33

Calf weight (kg)

Mítk yield (ke)

Separation intervaf (hr)

Cow weight (kg)

EBV¡ of calf
EBV¡1 of cow

CCDO (m)

PSo (Z)

Pc (7")

means, and standard deviatíons (SO)

regression models.

Number

341

295

297

794

46

46

z4

z4

24

Mean and SD

128.85+48.91

2.23+L.36

5.64+0.65

57 6 .7 6+7 4 .OZ

101.95+6.34

100. 14+6.29

6.02+l .00

5.7 4+2.0L

37 .67+9.86



All final models, regression coeffícients, and results of hypoth-

esís tests in the multiple regression analyses of 1985 data are pres-

ented in Appendix III.

Calf Growth

RESULTS AND DISCUSSION

With Model Ia, calf age, sex of calf, age of dam, and breed of sire

of calf were found to influence calf weight. The relationship between

calf age and weíght represents growth rate and any variable that inter-

acts with calf age influences ADG. Growth curves derived from Model Ia

are seen in Ïigure 1; sex of calf, breed of sire of calf, and age of dam

j-nteract wíth calf age. Male calves gained 0.092t0.022 kglday (P<.001)

more than females. Sirnilar differences in growth rate between ttre sexes

were observed by Ahunu and Makarechian (1986), Fredeen et al. (1982),

l,larlowe et al. (1965), Nelson et al. (1982), and Reynolds et al. (1978).

The superíor growth potential of Símrnental-sired calves resulted in an

addítional 0.07610.023 kg/day over the ADG of the Angus calves in this

study. Work by Fredeen et al. (1982), Jeffery et al. (1971b), Nelson et

a1. (1982), and Notter et al. (tqZA), comparing growth rate of slower

maturing European breeds and British breeds is ín agreement. As age of

dam increased, ADG of calves íncreased by 0.03210.014 kglday/year of

age. Ahunu and Makarechían (1986), Kemp et al. (1984), and Marlowe et
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al. (1965) also found símilar improvements as age of dam increased from

two to fíve years but thís effect diminished with older ages. Jeffery

et al. (1971b) and Reynolds et al. (1978) noted a curvílínear influence

of cow age on calf grovrth. Sex of calr' breed of síre of calf, and age

of dam have been shown to have important effects on preweaning gain of

calves.

Age of dam effects on calf weight, illustrated in Figure 2, axe

curvilínear, probably reflectíng milk production levels of the age

groups. Improved weaníng weights as age of da¡n increases from three to

four years, leveling off wíth mature d¡ms, is typical of other studíes

(Ahunu and Makarechian, 1986; Leighton et aI., t982; Mínyard and Dinkel'

1965; Nelson and Kress, 1981; Thrift et al., 1978; Tong and Newman,

1980). Studíes have shown lowest weaníng weights for calves of two-

year-olds. The small sample of two-year-olds in this investígation had

an unusually hígh performance.

Sínce age of calf interacted with age of dam, shape of the rela-

f-ionship between calf weight and age of dam (¡'iguxe 2) varíes wíth calf

age. This resulted from the differences €tmong age of dam groups for

rate of gain of calves.

BVn of calf. With Model Ib there was a linear relationshíp

between genetic potential for growth and calf weight. Analyses of 1984

and 1983 calf weight data found similar relationships. In 1984, EBVD

crffects were linear; in 1983 the cubic term for EBV¡ was signíficant

(P<.05) but the regressíon lines appear nearly linear.

The relationship between genetic potential and growth of calves

¡{ononrlo¡'! ôn.?oê of l-.oth t-he eal f and the dam in L985. Positive regres-

sion coeffícients for calf age X EBV¡ and age of darn X EBV¡ indicate
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that a unit íncrease in EBV¡ resulted in larger ímprovements ín weight

of calves that r,rere older or had older dams. The weight of older calves

represents realized dífferences in genetic potentíal; EBVD was deter-

mined from weights at weaning. Older uems provide a favourable maternal

environment allowing full expression of the calfrs genetic potential.

This differential effect of EBV¡ ís demonstrated in Tigure 3 for two

ages of dam. In 1984 and 1983, slope of the lines varied with age of

calf but not age of dam (Fígures A-1 and A-2). In general, genotype had

a positive linear association with phenotype.

The calf age X EBV¡ interaction for the 1985 data reveals a 0.0121

0.001 kg/day increase in ADG for each unit increase in EBVD. Although

appearing to be a small effect, a 1,07. change in EBV¡ resulted in a 0.12

kg/day change in ADG. The 1984 and 1983 regression coefficients for

calf age X EBVD were identical, 0.01010.002 kg/day, and very similar to

that found ín 1985. As expected, genetic potential for growth had a

consistent and ímportant influence on ADG.

I{eight of dam. A línear influence of weight of dam on calf weight

was detected by Model Ic. This influence was independent of other

variables in the model. The regression coefficient of -0.023t0.013 kg

calf/kg dam suggests that lighter dems nursed heavier calves. A 100-kg

difference in weight altered calf weight by only 2.3 kg. Jeffery and

Berg ( I972b) claimed cow weight was associated with age and rnilk produc-

tíon rather than havíng a direct influence on calf weight. Cows that

increase fatness and thus weight, do so at the expense of milk produc-

tion (l^lillham, 1972) and subsequent calf weights. In a review of the

liter¡ture. Morris and Wilton (1976) found cows that lost more weight

during nursing weaned heavier calves. In this study the effect of cow
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weight was margínally signíficant (p<.fO) and therefore may not be of

consequence.

EBVy of dem. The curvílinear relatíonship between calf weight and

EBV¡1 of dam, found using I'lodel Id, is shown in Figure 4. Shape of the

curves vary wíth breed of sire of calf. Throughout the middle range of

EBVM where genetíc potentíal for maternal environment is the herd

average, the curves become flatter. Here a unit change in EBVy has a

:ìmaller effect on calf weight than in either of the perípheral ranges of

EBVM. This shape is difficult to explain. Nevertheless, an overall

trend of increasíng calf weight as maternal ability improves was

expected, and ín both 1984 and 1983 analyses, the relationship was

linear (Figures A-3 and A-4).

Calf age interacted with EBV¡,1 of dam ín all three years. lleight at

weaníng ís the response to damr s maternal ability over a long períod and

EBV¡4 was determined from weaníng weíghts. Regression coefficients for

calf age X EBVM of dam were identical in 1984 and 1983; a unit change ín

calf age resulted ín a 0.011t0.003 kg/neVy change in slope of calf

weight on EBV¡4 of dam. Thus damrs potential maternal ability had a

greater influence on the weight of older calves.

The breed of sire of calf X EBVy of dam ínteraction resulted in

flatter curves for Simmental calves as compared to Angus calves (Figure

4). Sin¡nental calves achíeved smaller benefits in weight as EBVy

improved. This does not support the hypothesis that calves of higher

growth potential are limíted by maternal environment (tong and Newman,

1980). In l-984 however (Figure A-3), the results were different: as

Ílt)\I :--..^,-^l c.:..-^-+^1 ^^1,.^^ -L^,.,^¡ 1 ---^- .¡-^-^ñô^õ i- ,.,^i -1. + +1"--ÉDVM rrlrP!uvEu drllultEttL4! u4!veð Þlrvwçu !ê!óer rrrLreaöÉs r¡r nerS¡¡L u¡¡ê¡¡

Angus calves. This amounted to a 0.64010.267 kg/eBVl4 dífference in
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slope of the regression of calf weight on EBV¡4 of dam. Breed of síre of

calf díd not influence the relationshíp between EBV¡4 and calf weight in

1983 (Figure A-4).

Sex of calf díd not interact r,rith EBV¡4 of dam in 1985 or 1983 but

did so in 1984. In 1984 a unit change in EBV¡1 had a more profound

effect on weight of female calves than male calves. Slope of the

regression line was 0.90010.274 kglEBV¡1 greater for females although it

was expected that nales with a hígher growth potentíal would be more

sensítive to changes in maternal abílity.

The relationship between EBV¡4 of flam and calf weight rnay depend on

variables associated with growth potential of the calf, for example,

breed of sire and sex of calf. But there were differences emoog years.

The calf age X EBVy of dam ínteraction, híghly signifícant (P<.001)

in all three years, indicates the influence of EBVy of dam on growth

l:ate of the calf. A unit improvement in EBV¡1 increased ADG by 0.009t

0.002 kg/day in 1985 and very simílar amounts in the previous tr,ro years.

This consístent influence of the genetic potential for maternal ablity

on calf ADG approximates the rnagnitude seen for effects of EBV¡ of calf.

Damrs Milk Production

Factors Influencing Milk Production

Model IIa evaluates effects of days

tion interval, and age of cow on yíeld of

relationshíp between days and yield' are

^- ñôrêictanar¡ af 'lanl-afinn ic inf'lrronnoãvr PçÀÞrÞ

with days. Ilere separation interval

in lactation, cow-ealf separa-

milk. Lactation curves, the

shown in tr'igure 5. The slope'

hv ¡nv r.z:ri ¡b1 e that_ int_eracts

and age of cow are sources of
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varíatíon an persístency. The regression coefficient for days X separa-

tion interval indícates more rapid rates of decline with extended

íntervals. Each addítional hour altered the slope by -0.0065t0.0030 kg

mílk/day. I^Iillíams et al. (f979a) did not find an interaction between

separation ínterval and period, but only the fírst eight weeks of

lactatíon was studied. Age of cow effects improved persistency by

0.005710.0023 kg/daylyeax of age in this study. Mature darns were most

persistent in their production. In contrast, Christian et al. (f965)

and Mondragon et al. (1983) observed that two-year-olds were most

persistent. In work by Lamond et al. (1969), rate of linear decrease

was greatest in cows with high total yíeld. Gaskins and Anderson (1980)

found hígher-producing Èhree- and four-year-olds had more rapid rates of

decline during the second half of lactation than did two-year-olds;

shape of the lactation curve differed with cow age. Butson and Berg

(1984a) concluded that the shape of lactation curves of beef cows is not

yet established. Yield at any one poínt in lactation depends on the

amount of available rnilk, separation interval, days ín lactation or age

of the calf, íts effectiveness to consume milk, and relationshíps ¿unong

these factors.

Age of cow effects on milk yield were curvilinear as illustrated ín

Fígure 6. The srnall sample of two-year-olds had an unusually high level

of performance. Butson and Berg (194¿a) an¿ Willians et al. (1979b)

found this age group had lower yields than three-year-olds, and Gaskins

and Anderson (1980) calculated a línear rate of improvement in daily

yield of 1.0 kg/year as age increased from two to four years. Disre-

garrling the tr,¡o-vear-olds. t-he cr:rvilinear response of rnilk yield to age
- J ---

of eow (l'igure 6) follows a typical pattern. Dawson et al. (i960),
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Jeffery et al. (f971a), Nevílle et al. (1974), and Robíson et al. (1978)

showed íncreasing yields that leveled off at five to six years of age.

Rutledge et al. (1971) found a quadratic effect of age and maximr:¡n

yíelds at 8.4 years. Nevílle et al. (1974) and Robíson et al. (1978)

noted that cows nine years and older had declining yields. Perhaps poor

performance of older cows reduced the overall yíeld of the mature (5*

years) cow group in this study.

Age of cow effects on yietd (Figure 6) depend on stage of lactation

due to the days X age of cotl interaction. Rank of the age groups

differs as lactation progresses because there are differences in rate of

decl,ine and the lactation curves cross each other.

The trend for corv age effects on yield (tr'igure 6) reflects that for

weaning weíght (l'igure 2). It is apparent that cow age influences late

lactation milk yield and calf v¡eaning weight ín a símilar manner.

Cow weight. Wíth Model IIb a quadratíc effect of cow weight on

milk yíeld that varied wíth separation interval was found. Wíth the

average interval, 5.64 hours (SD=0.65), maximum yields were obtained

from 540-kg cows. (Average col,¡ weight was 577kg (SD=74).) Longer

íntervals shifted the maximum yield to heavier cows. Yields obtaíned

with longer intervals reflect udder capacity (Chenette and Fratnn' 1981;

Christian et al., 1965; Witlíams et al., 1979b) which varíes with

content of fatty tissue. Morris and Wilton (1976) noted that the

variable, weight, ignores conditíon. Thus the ideal weíght may be

associated with fatness, and capacity of the udder for production and

storage of milk wíthin the time period of the cow-calf separation.

Nevertheless, the separatíon interval X cow weight ínteraction llas

marginally significant (P(.f0); if P<.05 was the criterion for determi-



natíon of regressíon models, colr i,reíght \47ould not have been considered

to affect mílk yietd. Butson and Berg (1984b), Hohenboken et al.

(1973), Keller (i980), Marshall et al. (1976), and williams et al.

(1979b) did not fínd cow weight to be associated wíth yield of milk.

EBV¡4 of cow. A quadratic relatíonship between genetic potential

for maternal ability and yíeld of milk was detected using Model IIc.

The quadratic term was margínally signifícant (p<.fO). Figure 7 pres-

ents the relationship for tr¡ro cor,r ages. Yields of mature cows improve

as EBVy increases but at a diminishing rate, whereas production of two-

year-olds show a gradual and slíght increase then decline. In 1983' a

dirnínishing positíve effect of EBV¡1 rr¿s seen for all cow ages (Figure

A-6). The sígníficant cubic term (P(.01) resulted in a slight rise in

production at the low range of EBVy in that year, but only one dam was

represented by EBVy less than 90. In 1984, the relationshíp was posi-

tj.ve and linear (Figure A-5). In general, as EBV¡4 increases, yíeld of

mílk shows an improvement but this ínfluence may dimínish with dams of

superior potential.

The marginally sígníficant (P<.10) age of cow X EBVM interaction

was demonstrated (I'igure 7). Realization of potential maternal ability

in yíeld of milk was partícularly restricted in young dams. The regres-

sion coefficíent for this ínteraction in the 1984 data, similar ín

magnftude to that of 1985, reveals a 0.04310.016 tg/Unv¡4/year of age

íncrease in slope of the relationship between yield and EBV¡1. Older

,]ams were able to xeaLíze a larger improvement in yíeld with an íncrease

in potentíal. This may depend on environmental conditions of the year.

Tn !Q8-?- EBV., rlid not interacL wit-h age of dam., --'lvl --

Trends in effects of EBVy on milk yield díffered from those on calf
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$¡eaning lreight. It appears that realization of potential maternal

abílity was limíted ín yield of rnilk but not in weight of calves. In

addition, expressíon of EBV¡4 in calf weight was not dependent on age of

cow. Perhaps EBVM affects actual rnílk production but the yields

obtained did not indicate this. Behavioral variables associated with

maternal abílity may also contribute to calf weaning weight (Drewry et

al. , 1959).

No other ínteractions wíth EBV¡1 were detected using Model IIc. The

ínfluence of potential maternal ability on yield of milk did not depend

on stage of lactatíon, and persistency or shape of lactation curves did

not vary wíth EBV¡4.

EBV¡ of calf. Model IId reveals a curvilinear relationship between

calf genetic potential for growth and damrs milk production. As illus-

trated in Figure 8, when EBVD increases the calf consumes greater

quantitíes of rnilk, but with above average potential, consumption

declines. Thus yields of milk díd not reflect growth potential. In

l-984, consumption increased with EBVD although the effect of a unit

change ín growth potential was smaller about the herd average where the

curve flattened (Fígure A-7). In 1983, yields increased linearly with

EBV¡ of calves suckling mature dams; with two-year-old dams, however,

yíeld declíned (Figure A-8). Environmental condítions and average EBV¡

for breed of sire groups may have differed among years. To summaríze,

consumption of milk tended to increase with growth potential of the calf

but year and other factors were sources of variation in the response.

EBV¡ of calf was assocíated wíth dam's milk yield, but calf growth

notential r¿ith re-sarrl to sex and breed of sire was not. Earlíer work by
E - --------

Butson and Berg (1984b), Chenette and Frahm (1981), Marshall et al.
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(1976), Notter et al. (1978), and Wílson et al. (1969), among others,

failed to find an influence of sex of calf on yield. Although Jeffery

et al. (l97la) an¿ Richardson et al. (tgll ) observed an advantage to

dams nursing male calves, adjustment for calf birthweíght removed any

signíficant effect. No influence of breed of sire of calf on yíeld was

detected by Kress et al. (1984), Notter et al. (i978)r or Slíworsky and

Crow (1984), buL it approached significance in a study by Chenette and

Frahm (1981). Reynolds et al. (1978) reported up to a 267 improvement

in ¡mount of mílk produced by cows nursíng crossbred calves compared to

straightbred calves. The effect of breed of sire of calf on yield of

milk ís not resolved.

Considering all three years, both consumption of milk and weaning

weight generally increased with EBVD. Evidently larger quantities of

milk were required to realíze a superior growth potential in these

calves.

Only one interaction with EBV¡ vras observed to ínfluence yield: colJ

age X EBV¡ of calf in 1983 (P<.001). The influence of growth potentíal

on milk consumed depended on cow age that year; slope of the relation-

ship changed by 0.05310.014 kg/EBV¡/Vear of age. Calves of older dams

were able to increase consumptíon to a greater degree meeting the

nutrítional requirements of an increase in growth potential. This may

vary with environmental factors.

Days in lactatíon did not interact with EBV¡ of ca1f. Thus the

relatíonship between EBVp and damrs milk yield did not depend on stage

of lactation and EBVD did not influence persistency of production.

!.leieht of ca1 f. A linear effect of calf weight on mílk consumption

was found with l"fodel IIe. Thère was, however, a margínally sígnificant
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(P<.10) separation interval X calf weight interaction. The average

interval (S.Oa hr) resulted in a ?-kg íncrease in consumptíon for each

100-kg improvement in weight. With each unit change ín separation

ínterval, slope of the relationship between milk yield and calf weight

was altered by 0.01510.008 kg nilk/kg calf. Thus an increase in calf

weight had a greater ímpact on consumption v¡here the separation interval

was longer. Dams of heavier calves may not be able to produce, in a

short interval, the large amounts of milk required. Odde et al. (1985)

found heavier calves had a greater capacity to consume mílk thus fre-

quency of suckling declined. After a short separation ínterval heavy

calves may not be hungry enough to ingest large amounts of milk. Butson

and Berg (1984b) reported positive associatíons betv¡een daily yield and

calf ADG that are comparable to those found by this study for calf

weíght and yield. Most often calf performance is considered a dependent

varíable whích is affected by milk yield of the dam.

It is unknown why phenotype and genotype for grovith differed in

their association with yield of rnílk. The curvílinear response to

genotype, EBVD of calf, was unexpected. Why díd milk consumption

decline when Model Ib indícates above average EBV¡ were realízed in calf

weíght? Calf weight, the phenotype, was measured throughout the pre-

weaníng períod, whereas only one estimate of genotype was obtained for

each calf. Perhaps this accounts for the díffering effects.

52

Effect of Milk on Calf Growth

Mi 1k .-'ic1 ¿l .adi'.rsted for se¡¡!.¡tion interr¡al was included as an

independent variable in Model Ie. This variable had a positíve linear



effect on calf weight. Calves that consr:med more milk were heavíer. It

has been establíshed that calves that consume more mílk gain faster

(Franke et al., 1,975i Hohenboken et al. , L973; Jeffery and Berg, l97L;

Reynolds et al., 1978; Williarns et al. , 1979b) and achieve heavier

weaning weights (Butson et al., 1980; Hohenboken et al., 1973i Marshall

et al. , !976; Neville, 1962; Robison et al., 1978).

Tlre influence of adjusted yield on calf weight depended on calf

age, or stage of lactation. Each day, slope of the relationship between

calf weight and dam's nilk changed by 0.036t0.011 kg calf/kg milk. On

the last day of estimation (146 days), a l-kg increase ín yield was

associated wíth 4.27-kg improvement in weight. The ratío of kg calf

weight per kg milk consumed beceme larger in late lactation because

calves were heavier and damsr yíelds were beginníng to declíne.

calf weight tended to increase with both milk yield and EBVM of

dam, the genotype for maternal ability. Effects of these factors are

greater ín older calves since they are exposed to maternal influences

over a longer period.

The calf age X rnílk yíeld interaction reveals that to achieve the

heavier weights, ÐG vras improved by 0.03610.011 keldaylkg rnilk.

Jeffery et al. (1971b), l"lontano et al. (1986), and Neville (1962) found

very similar changes in growth rate per kg change in daíly yield. In

this study a 3-kg improvement in mílk consumption (average consumption

was Z.2kg (SO=1.4)) affected ADG by 0.108 kg/day; the ínfluence of sex

or breed of síre of calf was smaller. l.ihen mílk was included in the

model, co$r age was not found to act on ADG. Indeed, the effect of l-kg

^s -.:'1 
'r. ^- ^-1f ¡\Tìll onn*nvimafoc l-lro affont nf onc wear in coú¡ age aS

ul ll¡IIÀ v¡¡ uofr ruv el,}/rv --'- J ---

seen ín Model Ia. Therefore variatíon in ADG due to age of cow was

s3



explained by mílk yield. Yet additíon of genotype for maternal abilíty,

EBV¡4, díd not remove the ínfluence of colr age on ADG. To conclude, milk

yíeld, an expression of maternal ability, has an important positive

effect on calf preweaníng growth.

Behavioral Traíts

Mother-Inf ant Relationshíps

Hid.er pattern of mother-infant distance. Cow-calf dístances were

obtained during the first ten weeks of lífe of the calf. Average cow-

calf dístances by day of observation and cow-calf pair (CCDD) plotted

against age of calf did not display any distinct trend. There was,

however, a signífícant cubic relatíonshíp (P<.05) between these two

varíables. The estimated regression equatíon showed gentle undulation

of CCDD wíth time. Large mother-infant dístances during the first few

weeks of lífe and gradual declínes, lJere expected. This characteristíc

pattern of rhiderr behavior illustrated by Lent (i971) ís said to be

exhibíted by domestic cattle (Arnold and Dudzinskí, 1978; Craig, 1981;

Kílgour, 1985; Wood-Gush et al., 1984). Temporary envíronment, such as

weather or distractíons from other pens, flay explain the slight fluctua-

tíons in CCDD. Small pens would probably prevent calves frorn lying-out

at a dístance from their dams. Hence there is insufficient evídence

that hider behavior lras exhíbited.

Factors influencing mother-infant distance. Overall means for cow-

calf distance were calculated for each Group L cow-calf pair (CCOO).

Ar-¡er¡se CCDO was 6.02 n (SD=l .00). Sex and breed of sire of calf were

not found to affect thís trait. Further, no relationship between CCDO



and age of cow, EBVp of calf, or EBV¡4 of cow was detected.

Mother-i¡rfant d.istance and calf growth. With Model IIIb a quad-

ratíc relationship between CCDO and calf weight was found. Figure 9

demonstrates weight reaching a maximum at CCD0=5.96 m, about the middle

of the range in values for this trait. Deviation in either direction

from the ideal cow-calf distance was detrimental to calf weight, but

only slightly so. The curve of the relationship was nearly flat. Cow-

calf distance had a highly signífícant (P(.001) albeit small influence

on calf weight.

Other factors ín the model did not interact with CCDO. llherefore

CCDO effects were independent of those varíables of the calf and the

covJ.

CCDO did not interact with age of calf, and thus did not influence

ADG. Rather, the small effect on weight resulted from an increase in

the y-íntercept of growth curves, or birthweight. Small dífferences ín

birthweight lrere maintained throughout the preweaníng period. Since

birthweight is expressed prior to mother-infant behavior, birthweight

may actually affect cow-calf distance. Alternatively, some unknown

trait correlated with CCDO could have influenced birthweight.

Hother-i¡fant dístance and rnilk yield. A cubíc relatíonshíp

between CCDO and yield of milk was reveated by Model IVb. The rela-

tionship is íllustrated in Fígure 10. Peak yields were achíeved wíth

above-average cow-calf distance and declined with either larger or

smaller CCDO. There was also a small improvement as CCDO approached the

smallest value.

No ínteract-ions with CCDO were found using Model IVb. The influ-

ence of cow-calf distance on yield did not depend on separation ínter-
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val, age of cow, or stage of lactation, and slope of lactation curves

díd not vary with CCDO.

Although yield of milk was related to cow-calf distance, growth

rate was not. An association of mother-ínfant distance with maternal

abílity, and the role of this behavioral trait in preweaníng calf growth

is not establíshed.

Calf Suckling Behavior

58

Eactors influencing sucklíng behavior. Frequency of sucklíng

behavíor exhibíted by Group I calves during the confinement period, did

not díffer with ealf, sex or breed of síre of calf. Odde et ê1. (1985)

and Rugh and Wí1son (tgZt) also found no variation in suckling between

the sexes. No relatíonship was detected between PSC and EBV¡ of calf or

EBV¡1 of dam in this study. Age of dam, however, had a signíficant

1ínear effect (p<.OS) ot 1.1110.53 ZPSC/year of age. Calves of older

and thus higher-yielding dams spent more time suckling. Age of dam

accounted for 16.577" of. variation in PSC.

Sucklíng actívity observed in Group 1 calves during the later

pasture period was unaffected by all variables tested.

Frequeney of suckling behavior observed ín Group 2 calves during

the pasture period, díd not differ among days of observatíon, calves,

sexes or breeds of sire. PSP was unaffected by age of dam in this

group. Although marginally signifícant (P<.10), EBV¡ of calf had a

posiLíve 1ínear association with PSP explaining L7.787" of the variatíon.

EBVy of darn had a similar influence (P<.05) and accounted for 28.497" of

.¡ariation in PSP. Thus growth potentíal and damrs potential maternal

abilíty were linked to sucklíng activíty of Group 2 calves during the



pasture períod.

Suckling activíty and calf growth. Average PSO was 5.747" (SD=

2.01). \^líth Model IIIc a quadratic effect of suckling activíty on calf

weight was found; both terms l¡ere margínally significant (P(.f0). The

relatively linear relationship between weight and PSO ís revealed ín

Figure 11. Weights improved with greater suckling activity. Evidently

more active calves are able to procure more milk. Drewry et al. (1959)

found frequency and total suckling tíme were positively correlated with

calf weight and milk consumption during the first but not third or sixth

month of age. In contrast, a larger study by Odde et aI. (1985) showed

a negatíve association between sucklíng incidence and weight. Although

rtonsignifícant, Koots and Crow (fgA:) observed a similar trend. More

work is needed to establish relationships between sucklíng and growth of

calves.

59

actívity had a greater influence on weight of calves that were older.

Older calves are affected by differences in suckling aetivity over a

longer períod; their weights show a larger response.

The sex of calf X PSO interaction, although rnarginally significant

(p<.fg), resulted in flatter curves for males in comparíson to females

(Fígure 11). Females experienced greater improvements in weíght with an

increase ín suckling activity. They were aPparently able to extract

more mí1k from theír dams whereas the effort of males was less effec-

tual. Female calves have lower nutritional requirements for growth and

may not consume all available milk without an increase in activíty'

whereas males are limited by damrs productíon.

Improved calf weights were achieved by an increase in ADG. For

PSO interacted r+íth age of calf. An improvement in suckling
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each percentage point increase ín suckling activíty, growth rate

íncreased by 0.03010.006 kg/day. Therefore this behavior had a substan-

tial posítive influence on calf preweaning growth.

Suckling activíty and nilk consumption. A quadratic relationship

between PSO and yield of milk was determíned using Model IVc. Shown in

Figure 12, yields were maximized at PSO=7.002. Any deviation frorn this

frequency had a negative effect on yield. Perhaps at low levels of

activity, increased efforts of the calf extracts milk that is available

but not usually consumed. Following the peak, however, increased

activíty may not improve yield because damrs production duríng the

separation interval ís completely consr¡med. Indeed, calves of low

producers possibly increase sucklíng activity in an attempt to get

sufficient nutrients; low yields would then be assocíated with the

híghest levels of activíty. Drewry et al. (f959), Koots and Crow

(1983), and Odde et al. (1985) found a negative asssociation between

suckling and damrs milk yíeld.

No interactions with PSO were detected. The influence of suckling

activity on yield of milk was índependent of other variables in the

model, and persistency of lactatíon did not vary with PSO.

The relationship between PSO and. milk yíeld (Figure 12) differed

from that for calf weight (Figure 11). At high levels of activíty'

weight continued to improve while yíelds declined. Amounts of mílk

consumed diminíshed but these calves suckled more vigorously and were

apparently able to acquire larger amounts of daily milk to achieve

heavíer weights.

6T
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CaLf Grazíng Behavíor

Factors influencing grazíng behavíor. tr'requency of grazing behav-

ior exhibíted. by Group 1 calves increased by 10.777" (P<.001) from 2 July

to 30 July. Arnold (1985a), Baker et al. (1981b), Koots and Crow

(1983), LeDu et al. (1976b), and Wood-Gush et al. (19S4) noted increased

grazing as calves became older. Grazing activíty differed among calves

(P<.05) but not between sexes. Although marginally sígnifícant (p<.tO),

Simnental-sired calves gxazed 3.ZZZ less often than the lower growth

potential Angus calves. Further, EBVp of calf had a negative linear

effect (P<.05) of -0.4610.17 ZPG/unit EBV¡; 25.977" of the variatíon in

PG was explained. Calves viith higher growth potential spent less tíme

grazing. No relationshíp was found to exist between PG and age or EBV¡4

c,f dam. In conclusion, grazirng behavior was related to traíts of the

calf and not the maternal ability of the dam.

Frequency of grazing behavior observed in Group 2 calves also

differed among the two observation days (p<.OOf) and calves (p<.Of) ¡ut

not sexes or breeds of síre. PG had a significant quadratic relation-

ship (P<.05) with EBV¡ of calf, generally decliníng as genetíc potential

increased, and accounted for 34.037" of the variatíon. Again there was

no relationshíp between PG and age of dam. Nevertheless, EBVy of dam

had a negatíve linear effect (P<.05) on grazing activíty, 23.267" of

varíation was explaíned. Calves of dams with superior maternal ability

requíre a smaller proportíon of nutríents from sources other than rnilk'

and thus are not as active in consuming grass. In Group 2 calves,

growth potential and damts potential maternal ability were associated

wi fh ornzinø ec-tiwit-v-"--_- o------o

Grazi-ng activity and calf growth. Average PG of Group 1 calves was
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37,677" (SO=g.g6). A quadratíc influence of grazíng actívity on calf

weight that varies with age, sex, and breed of sire of calf, and age of

dam vras revealed with Model IIId'

Age of calf interacted with PG thus the relatíonship between

gxazing acLivity and weight depended on age. older calves have the

advantage of a longer period of exposure to any differences ín PG' At

young ages, calves are in confinement and prohibíted from dísplay of

grazíng behavior. once they begín to demonstrate this activity the

effect is neglígable but increases wíth age'

The sex x PG and breed of síre x PG interactíons caused varíation

ín shape of the relationship between calf weight and gxazLng activity'

These effects at weaning are shown in Figure 13 for calves of mature

dams. As grazíng activity increases, weight of Angus-síred calves

contínually declines, while weight of simnental-sired calves slíghtly

declines then shows improvement. Increased activity was particularly

deleterious to female calves compared to males. l'lore active gtazi-ng

adversely affects the weight of calves wíth low growth potential'

Perhaps theír grazing actívity is at the expense of suckling activity

and consumPtion of rnilk.

PG also interacted with age of dam. Increased grazing actívity had

a more adverse influence on weaníng weight of calves with older dams'

These dams are high milk producers and grazing activity of their calves

ís evidently not the best investment of time'

The calf age X PG ínteractíon reveals a híghly significant (P('001)

negatíve effect of grazllng aetívíty on ADG. Each percentage point

increase in pG reduced growth rate by 0.009710.0018 kg/day. Although

appearingtobeinconsequentíal,alo7"changeinPGproducesaneffect
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equal in magnitude but in the opposite direction of that seen for sex of

calf. Grazíng activity had a negative influence on preweaníng calf

growth. Koots and Crow (1983) found grazing time had a nonsignificant

but positive association with weaning weight. Very little research has

been done on this subject. Adams (1984) noted that grazing tine and

rate of intake determines forage intake. Boggs et al. (1980) found

grass intake and ADG were negatively related duríng the calvest first

two months of life. Calf age and d¡mrs rnilk yield may have confoundíng

effects on intake and grazirng activity. More work is needed to deter-

mine the relationship between grazing and calf preweaning performance.

Grazing activity and mil-k consumption. Model IVd found a quadratic

effect of PG on yield of mílk. Illustrated in Figure 14, as grazing

actívity increases, yield improves reaching a maximr:m at PG=39.477", L}:en

declines. PG possibly reflects vítality of the calf such that grazing

activity is related to suckling activity. Prior to the peak, more

active calves are able to extract larger amounts of damts milk. At hígh

levels of grazíng actívíty calves may consume declining amounts because

their dams are low producers. These calves are forced to seek nutrients

elsewhere, consequently spendíng more time grazing. Arnold (1985a)

concluded that íncreased grazi:ng tímes occur as damts yield declines and

calves become older. Baker et al. (1976) found a negative relationshíp

between level of milk and grazlng time only in'the last month príor to

weaning, but in a second study (LeDu et al., L976a) this was detected

only in the first month of life. A negatíve relationship between

herbage intake and level of milk has been established by Boggs et al.

(igao), LeDu e_l- 41. Q976a), LeDu et al. (1976b), and Lusby et al.

(1976). Baker et al. (1981a) noted that damrs milk acts as a buffer
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against pooî gtazíng conditíons.

No interactions with PG were detected by Model IVd. The effect of

grazing actívíty on yield. of milk was independent of the other variables

and did not ínfluence persistency of lactation.

Yield of milk and weaning weight of calves differed in their

response to PG. With below-average levels of grazing activity' an

increase in frequency resulted in greater consuûption of milk but not

enough to maintain calf weight. It is unknown why a greater amount of

mílk díd not benefit weight. In contrast, calves wíth high grazing

activity exhibited decliníng consumption and weight. Here frequency of

grazíng had a negative assocíation with both damr s milk production and

calf performance.
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The regression models accounted fox 94-972 of the variation ín calf

weight. Although 9L7" was explained by ealf age alone, the addítional

variables also made sígnificant contributíons.

A majority of the factors investígated affected calf performance by

influencing both birthweight and growth rate. An effect on ADG produces

a cumulative advantage throughout the preweaning períod, and a subse-

quent effect on weaning weight. Sex, breed of sire, and EBV¡ of the

calf influenced growth rate. Age, EBV¡4, and milk yíe1d of the co\¡¡ were

maternal influences on ADG. Turther, behavioral traíts of the calf,

CONCLUSIONS



suckling ar'd grazing actívity, were assocíated wíth growth rate.

Calves with a higher growth potential experience more rapid rates

of gain. This was seen for males compared to females, and Simmental-

sired calves compared to those síred by Angus. The genetic potential

for growth, estímated by EBV¡ of ca1f, had an additional influence: ADG

ímproved by approximately 0.01 kg/day for each unit íncrease in EBV¡.

The relationship between genetic potentíal for growth (genotype) and

weíght at weaníng (phenotype) was positive and línear. Genotype was

expressed in weaning weight. Current methods of calculating EBVs

(Chesnaís, 1980; Witlham, 1982) assume addítive effects of EBV and age

of dam. However, this study found that the relatíonship between weaning

weight and EBV¡ cf calf depended on age of dam in one of three years.

Cow age, weight, EBVy, and milk yíeld lrere connected to the pre-

weaning performance of the calves. Effects of cow age on weaning weíght

reflected milk yields. Following adjustment for corìI age, the variables,

cow weíght, EBV¡1, and milk yield were also associated with calf perform-

ance. A negative linear relatíonship between cow weight and calf weight

was deterrnined; lighter cows r,rere suspected of producing more milk at

the expense of body condition. Genetic potential for the maternal

contríbution to growth was closely related to milk production. Each

unít íncrease in EBV¡1 resulted ín an improvement ín ADG of calves that

was similar in amount to that seen for EBV¡ of ca1f. The relationship

betl¡een calf weight at weaning and EBV¡4 of dam was curvílinear but

generally positive. In the tr+o earlier years, the relatíonshíp was

linear and positive. Expressíon of EBV¡1 in calf weight depended on

factors reiateci to growth potenciai of ihe caif, ihat is' sex atid breed

of sire, but there were differences among years. Thís further suggests
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that assumptíons of current methods of calculation of EBVs (linear and

additive effects of breeding value) are not satisfied. Yield of milk, a

component of maternal ability, had a positive linear effect on calf

weight that was independent of sex and breed of sire of the calf. This

provides evídence that EBV¡,1 and ¡nílk yíeld are not the same trait.

Of the behavioral variables studíed, only cow-calf distance was not

related to growth rate. There \,ras an association r,¡ith birthweíght and

subsequently a small effect on weaning weight that is comparatively

inconsequentíal. The small pens probably prevented normal cow-calf

behavior and distances so ít is unknown if this variable has the poten-

Lial to exert a substantíal influence on calf performance.

Frequency of sucklíng actívity had a positive effect on growth rate

whereas the frequency of gxazlng actívíty had a negative effect. The

quadratic relationship between suckling activity and weaning weight was

relatively línear and positive suggestíng that heavíer calves were more

active and able to procure more mitk; there were differences between the

sexes. The relationship between grazing activity and weaning weight was

also quadratic. Overall trends \,rere diffícult to detect because of

confounding interactions. Weaníng weíghts of low growth potential

calves (females and Angus-sired calves) r{ere more adversely affected by

íncreased grazing, as were calves of older and thus higher-yielding

dams. Relationships between calf weight and these behavioral traits

varíed with age of calf; as the calf became older nutrítional require-

menLs increased and damrs rnilk yield declined. Little work has been

conducted in this subject area therefore the association of calf suck-

-^Lt--!L-- --:!1^ -^-C^- .i- -^+ r.ra11 actalrliclrarl
Il-ng ano Brazl-IIg itL:LIVlLy wrLrl PErrurué¡¡ue !Ð ¡¡vL wç!!

A small amognt of the variation in yield of milk, \l-207"' was
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explained by the regression models. 0f the variables whích were found

to influence yield, only separation interval and age of cow affected the

slope of the lactation curve, or persistency of production. Usually the

y-intercept of the lactatíon curve was affected' that ís, there was an

influence on yield that was constant across all days of the study.

Age, weight, and EBV¡1 of the cow ínfluenced yíeld of milk. Effects

of cow age on late lactation yíelds rtrere curvílinear and typical except

for an unusually high performance in the small sample of two-year-olds.

Cow weight had a quadratic effect on yield that depended on separation

ínterval; ít was suspected that the ideal weíght for maximum yields was

related to udder capacity. Genetíc potential for the maternal contribu-

tíon to calf growth, estímated by EBV¡4, had a posítíve influence on

yield that tended to diminish at superior levels of EBV¡1 but varíed wíth

age of the cow. There were differences among years. Realization of

EBV¡1 in yield of mílk depended on col¡I age and the dimíníshing effect

indícates further limítations. Calf growth did not appear to be re-

strícted with dams of hígh EBVy thus the maternal contríbucr,.,n to calf

performance is not straight forward. Behavior and other factors, in

addítíon to mílk yíeld, may determine the maternal environment.

Calf growth potential with regard to sex and breed of sire did not

affect yield of milk. The estimated genetic potential for growth' EBVD

of calf , \,¡as assocíated wíth yíeld, however. The nature of the rela-

tionship was not clear since there were large differences ¿rmong years.

The role of calf genotype in yield of damrs rnílk is not establíshed.

The phenotypic value for calf growth, weíght, had a slight positive

-Er-^L -- --i ^1 I !1^-+ .,^..: ^l .,.: +L -^ña-a+i a¡ .i-+asrral Macf afi- an n¡1fcttc(-L (Jtr _ylcl-u LlldL vé!lEu w!Lll Ðçye!êLlv¡¡ rr¡Lç! v4!.

ilerformance is considered an independent variable which ís affected by



damrs milk production.

response in the other.

All behavioral traits studied had curvílinear relationships with

yield of mitk that were independent of other varíables. An ideal level

of each behavior, occurríng withín the míddle range of values, maximized

yields. It was difficult to explain these effects of cow-calf dístance'

and calf sucklíng and grazíng actívity. Although the behavioral traits

were associated wíth milk yields further work is needed to understand

the contribution of behavior to performance of the dam'

A proportion of the variation in the behavioral traits rvas ex-

plaíned by the factors investigated in thís study. None of the factors

were related to cow-calf dístance, however. Variables of the dam, age

and EBV¡4, had a positive association wíth calf sucklíng activity

although there were differences between groups of calves and períods of

observation. This indícates that calf suckling activity reflected

maternal envíronment. CaLf gxazing actívity differed with day, a result

of age effects or varíation due to the day sínce there were only two

days of observaLion. Factors associated with calf growth potential'

breed of sire and EBV¡r were negatívely related to grazing activity;

calves that grazed less often had more rapid rates of gain' A larger

sample of calves observed over a nr.rmber of days throughout the prewean-

ing period ís agsemmend.ed to mínimize variation which may obscure

relationships between factors studied and behavioral traits.

It is unknown whích varíable actually causes a
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Forty-síx cow-calf paírs were used to ínvestigate factors affectíng

calf preweaning growth and damrs milk production. The dams were Selkirk

Reds, a synthetic beef breed. The average dates of birth of Group I

(n=24) and Group / (n=22) calves were 8 April (SO=4 days) and 13 Aprit

(SO=ta days), respectively. Groups were balanced for the two breeds of

síre of calf: Símmental (high growth potential) and Angus (low growth

potential). Beginning on 30 April-} Ì4ay, calf weights, mílk consump-

tion, cow weighLs, and behavioral data were obtaíned from Group 1 weekly

for seven weeks. Milk consumed by the calf, an estimate of damrs milk

yíeld, was measured wíth a calf-suckling method. The actual time

l-nterval of separation was calculated for each estimate. Behavioral

data, animal posítion and activity within pens, r.¡ere recorded on scaled

diagrams at l5-minute intervals from 12 noon to 3 p.m., one day each

week. Distances between the cow and calf of each pair were averaged

across all observations. The percent of observations in which each calf

exhíbíted suckling activíty rìras determíned. Animals were moved to

pasture in míd-June, and data collection continued rnonthly for three

months using both Group 1 and Group 2 cow-calf pairs. Behavioral data

obtained on only two occasions, consisted of calf activity recorded at

l!-mínute intervals from sunup to sundown. The percent of observations

in whích each calf was classed as suckling, and grazing' were calcu-

lated. A fínal calf weight record was obtained at weaníng when calves

t)

SUMMARY



were, on average' 188 days of age (SO=t3 days) '

calf weíght data were analyzed using nultiple regtession models for

effects of age, sex, breed of síre, and EBV¡ of calf; and age, weight,

EBV¡1, and mílk yield (adjusted for separation ínterval) of the dam.

Male calves gaíned 0.09210.022 kg/day (p<.OOi) more than females, and

Sirnmental-sired calves gained 0.07610.023 kg/day (P<.01) rnore than those

with Angus sires. Genetic potential of the calf, estimated by EBV¡'

also influenced growth rate by 0.012t0.001 kg/day/ unit EBVD (P<'001)'

The shape of the relationship between weaníng weight (phenotype) and

EBVD (genotype) was linear and posítíve but varied with age of dam

(p<.05). Older dams appeared to províde a more favourable envíronment

allowing fuII expression of calf genetic potential. Age of dam affected

ADG of calves by 0.03210.014 kg/daylyeax of age (P<.05). weighL of dam

'had a slight negative effect on calf weight of -0.02310.013 kg calf/kg

dam (P(.10). Genetic potential of the dam for the maternal contribution

to calf weight, estimated by EBV¡4, had a híghly significant (P<'001)

ínfluence of 0.00910.002 kg/day/unit EBV* on calf growth rate' The

relationshíp between calf weaning weight and EBV¡1 of dam was curvilinear

but generally positíve. The curve varied wíth breed of sire of calf

(p<.OOf) beconíng flatter for Simmental calves. Milk yíeld, a factor

contributíng to the maternal environment, averaged 2.2 tg (so=t'¿)'

Adjusted for separation interval, ít had an effect of 0'036t0'011 kg/

ð,aylkz milk (P<.001) on calf ADG'

Mílk production data were analyzed with rnultiple regression models

for effects of days in lactation, separation interval; age, weight, and

--- r -^-- L-^^r ^r ci ro ER\i- . ¡nri we-isht of calf .
lLöV¡1 Of Ëne (:OW; atlLt sc¡\t u!çeu Þ¡lvt É- ' U2

Curvilinear effects of days in lactation were not sígnífícant (p>'fO)'
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Separation interval averaged 5.64 hours (SD=g.65) and had a negative

influence on slope of lactation curves (P<.05), of persistency of

production. Cow age had. a positive effect on persistency (p<'OS)'

There was a quadratic (P<.05) association between cow weight and yield'

wíth a peak occurríng within the middle range of weights, depending on

separatíon intervaf (P<.f0). The relatlonshíp between EBV¡1 and yield

was quadratic but varied with cow age (P<.f0). rn general, expression

of EBVy in yíeld of milk díminíshed as EBVM approached the highest

levels, particularly in younger dams. sex and breed of sire of calf did

not affect yield. (P>.i0). The relatíonship between genetic potential of

the calf for growth and damrs yield was quadratic (P<'05): yields

reached a maximum within the midd.le range of values of EBVD' However,

the phenoypíc value, calf weíght, had a positive línear influence on

yíeld that was greater with longer separation intervals (p<'fO)'

Cow-calfdistance,andcalfsucklingandgrazlngbehavioraldata'

were analyzed usíng one-factor analyses of variance or Chi-square tests

for effects of sex and breed of sire of calf, and símple regression

models for effects of EBV¡ of calf, age of cow, and EBV¡,1 of cow. None

of these factors inf1,'^n."d cow-calf dístance (P>.10). Cow age had a

positíve linear effect (P<.05) on suckling activity of Group 1 calves

duríng confínement. Suckling activity of these calves during the later

pasture period was unaffected (P>.r0) by atl variables tested. EBV¡ of

calr had a positive línear influence (p<.tO) on sucklíng activity of

Group 2 calves during the pasture períod, and there was a similar EBV¡1

of dam effect (P<.05). Gxazing activity of Group 1 calves was L0'77%

(p>.OOf) greater on the secon<i observaiion day. Símnental-sired ealr¡es

grazed 3.227" (P<.10) less often than Angus calves, and EBV¡ was found to
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ínfluence grazíng activíty by -0.4610.17 percentage points/unit EBVD

(P<.05). Grazíng also increased (P<.001) on the second day of observa-

tíon ín Group 2 calves. EBV¡ had a quadratíc (P<.05) but generally

negative relationship wíth gxazíng activity in these calves. EBVM had a

negative linear effect (P<.05).

Calf weight and damrs milk production data of Group L aninals were

analyzed by multiple regression models for effects of the behavioral

traits. cow-calf dístance averaged 6.oz m (sD=l.00), and was not

associated (P>.10) with rate of gain of calves although there was a

slíght quadratic effect (P<.001) on weight. On average, calves suckled

during 5.747" (SO=2.0t) of observations. Suckling activíty influenced

ADG by 0.030t0.006 kg/day/percentage point (P<.001). Sucklíng activity

had a quadratic relationship with weight that varied with wíth sex of

calf (P<.10); calves heavíer at weaning tended to spend more time

suckling . Grazi-:ng averaged 37.677" (SO=9.g0) of observatíons. This

varíable influenced growth rate by -0.0097t0.0018 kg/day/percentage

point (p<.001). The relationship between gxazíng actívity and weíght

was quadratic and depended on sex (P<.001), breed of síre (P<.00r), and

age of ¿arn (p<.001). None of these behavioral traíts influenced per-

sístency of damrs mílk yield (p>.fO). Cow-calf distance, and calf

suckling and grazing activity, all had curvilinear effects (P<.05) on

yield, independent of other factors included in the models. In all

three cases, maxímum yields were achíeved within the middle range of

values for the behavior.
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Computer Program 1. Calculation of EBV¡ for animals with all five
sources of information available.

1. PROC I.{ATRIX;
2. tr'ETCH NEW DATA=ADJUSTL;
3. JJJ=NROI{(NET.I);
4. DO I=1 TO JJJ;
5 . CAJ.F=NEW( I, 1) ;
6. YEAR=NEW(T,2);
7. AWWR=NEW(I,3);
8. AtiWRP=NEl,t(1,¿) ;
9. AWI^IRM=NEW(I,5);

10. AWT^IRD=NET'I(T,O);
1_1 AwtiRO=NEW(t,Z);
L2. DI=NEW(r,8):
13. DZ=NEW(I,g);
L4. D3=NEW(I,10);
15. X=4 .25 .25 .5 .51
16. .25 100.lLs/
17. .25 01 .5 .LZsl
18. .s 0 .s 4 .zsl
19. .5 .LZs . 125 .25 t;
20. X(2,2)=¡1t
2L' x(3':¡=¡2'
22. X(5,5)=D3;
23. Y=Ll .251 .Lsl .sl .s;
24. E=INV(X))ky; Bl=E(1,); BZ=E(2,); B3=E(3,); B4=E(+,); g5=E(5,);
25. Cl=rBlr;
26. OUTPUT Bl COLNAI'ÍE=CI OUT=DATAIBI;
27. CZ=tBZt;
28. OUTPUT 82 COLNAME=CZ OUT=DATAIB2;
29. C3=rB3r;
30. OUTPUT 83 COLNAI'{E=C3 OUT=DATAIB3;
31. C4=rB4r;
32. OUTPUT 84 COLNAME=C4 OUT=DATAIB4;
33. C5=rB5r;
34. OUTPUT B5 COLNAì4E=C5 OUT=DATAIB5;
35 . EBV=100+(81>'rA\^It^¡R)+(g2'tAwwRp)+(83'tAwwRì,1)+(B4t(AwwRD)+(es*RwwRo) ;

36. C6=rEBVr;
37. OUTPUT EBV COLNAI4E=C6 OUT=DATAIEBV;
38. ACC=SQRT(81+( .25*82)+( .25j{83)+( .5,k84)+( . S*e5) ) ;
39. C7=rACCr;
40. OUTPUT ACC COLNAME=C7 OUT=DATAIACC;
4L. END;
42. DATA A;
43. MERGE ADJUST1 DATAIB1 DATA1B2 DATA1B3 DATAIB4 DATA1B5

44. :DATAIEBV DATAI.ACC;
45. KEEP CALF YEAR 81 B2 83 84 85 EBV ACC;
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Computer Program 2. Calculation of EBV¡4 for cows wíth all three sources
of ínfornatíon avaílable.

1. PROC MATRIX;
2. FETCH NEW DATA=COWI;
3. JJJ=NROW(NEW);
4. DO I=1 TO JJJ;
5. CALF=NEW(I,1);
6. YEAR=NEW( T,2) ;
7, MI=NEW(I,3);
8. AWWRI=NEW(T,¿);
9. N3=NElt(I,5) ;

10. M3=NEW(r,6);
11. AWI.IRDMGS=NEW(I,7);
L2. N4=NEW(I,g);
13. l"l4=NEw(I,9);
14. .AIIWRDS=NEW(t, tO ) ;
15 . V1=NE\^I( I, 11) ;
16. V3=NEW(r,r2);
T7. VA=NEW(I,13);
18 . X=l .L25 .Z5l
l-e. .12s 1 0/
20. .25 0 1;
2L. X( 1, 1)=V1;
22. x(2,2)=Y3t
23. X(3,3)=Y4t
24. Y=1/.1251 .25;
25. E=INV(X)r<y; Bt=E(1,); B3=E(2,); B4=E(3,);
26. Cl=rBlr;
27. OUTPUT 81 COLNAì'IE=CI OUT=DATAIBI;
28. C3=rB3r;
29 . OUTPUT 83 COLNAI"IE=C3 OUT=DATAIB3;
30. C4=rB4r;
31. OUTPUT B4 COLNAME=C4 OUT=DATAIB4;
32. EBV=100+(Bl:kAWWRr)+(B3)kAWIIRDMGS)+(g4i<A\'¡\4',RDS)'
33. Cs=rEBVr;
34. OIJTPUT EBV COLNAME=C5 OUT=DATAIEBV;
35. ACC=SQRT(81+( . 12s*83)+( . Z5'tB4) ) ;
36. C6=rACCr;
37. OUTPUT ACC COLNAME=C6 OUT=DATAIACC;
38. END;
3q DATA A;
40. I,ÍERGE COW1 DATAIB]. DATAIB3 DATAIB4 DATA1EBV DATAI-ACC;

4I. KXEP CALF YEAR 81 83 B4 EBV ACC;
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Computer Program 3. Calculation of EBVy for calves wíth all three
sources of information available.

1. PROC MATRIX;
2. I'ETCH NEW DATA=CALFI;
3. JJJ=NROW(NEW);
4. DO I=1 TO JJJ;
5. CALF=NE!,I(I, 1) ;
S. yEAR=NEWí ,,2);
7. M2=NEW(r,3);
8. AW.JRD=NEW(I,A);
9. N3=NEW(r,5) t

10. M3=NEW(r,6);
11. AWI^IRDMGS=NNW(I,7);
LZ. NA=NEW(r,8);
13 . l,l =NEW( I,9 ) ;
L4. AWWRDS=NEW(T,TO);
15. V2=NEW(r,11);
16. V3=NEW(r,12);
L7. V4=NEW(I,13);
18. X=l .25 0l
19. .2s L 0l
20. 0 0 1;
?1. X( 1, 1)=V2;
22. X(2,2)=Y3t
23' x(3'3)=V4;
24. Y=.5/ .t25/ .25;
25. E=INV(X):ky; B2=E(1",); B3=E(2,); g4=E(3,);
26. cz=11ò2t i
27. OUTPUT 82 COLNAì4E=CZ OUT=DATAIB2;
28. C3=rB3r;
7a OUTPUT 83 COLNAME=C3 OUT=DATAIB3;
30. C4=rB4';
3L OUTPUT 84 COLNAME=C4 OUT=DATAIB4;
32. EBV=IOO+(82}tAWWRD)+(B3*AWWPOMGS)+(B4:IAWWRDS);
33. CS='EBV';
34. OUTPUT EBV COLNAI'{E=C5 OUT=DATAIEBV;

3s. ACC=SQRT( ( .5>kB2)+( . 125*83)+( .25*84) ) ;
35. C6=rACCr;
37. OUTPUT ACC COLNAME=C6 OUT=DATAIACC;
38. END;
39. DATA A;
40. MERGE CALF1 DATA1B2 DATA1B3 DATA1B4 DATA1EBV DATAIACC;

4L. KEEP CALF YEAR B2 83 84 EBV ACC;

97



1984 and 1983 Materials and Methods

To provide further insight ínto relatíonshíps between the EBVs

calculated and the traíts calf weíght and damrs milk production, data

from 1984 and 1983 calf crops of the Universíty of Manítoba beef herd

were analyzed.

Herd management and data collection ín these two years was simílar

to 1985. Data were collected by a MSc student, G. sliworsky, and the

farrn staff. There were two sire breeds each year: Simmental and Angus

ín 1984, and Símmental and Selkirk Red Line in 1983' Two groups of 24

and two groups of 30 cow-calf paírs were chosen for study ín 1984 and

l-983, respectively. An attempt was made to balance groups for sex and

breed of sire of calf, and atl ages of dam were well represented'

Measurement of calf weight and milk consumptíon began in June once

animals were on pasture. In 1984, data were collected five times at

three-week intervals; in 1983 there r¡/ere four or three samplings'

depending on group, at rnonthly intervals. Method of estímating rnilk

consumption \^ras the s¿rme as ín 1.985 except separatíon interval was

overnight for twelve hours and not exactly determíned for each estimate'

weaníng in late october again províded a final calf weíght.

Multiple regression models símilar to Model Ib, Ie, IIb, and IIe

were used to analyze 1984 and L983 calf weíght and damts milk productíon

data for the effects of EBV¡ of calf and EBV¡4 of dam. Results are

illustrated in the following figures. Regression lines are plotted at

the same calf age oï stage of Lactation as the corresportdirrg i985

figures, to permit comparisons ¿tmong years'
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Figure A-1. Plots of predicted weíght of male calves at weaning against
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Table A-5. Líst of

ADG=average daily gain

n=number

df=degrees of freedom

SD=standard deviatíon

EBV¡=estímated breeding value

EBVy=estimated breedíng value

CCD=cow-calf distance

abbreviatíons.

APPENDIX IV

CCDD=average cohl-calf distance wíthin observation day

CCDO=overall average covl-calf dístance

PSC=calf sucklíng activity during the confínement period expressed as

percent of observatíons

PSP=calf sucklíng activity during the pasture períod expressed as a

percent of observatíons

PSO=calf sucklíng activity over all periods expressed as a percent of
observations

PG=calf grazing activity expressed as a percent of observations'

for the direct contributíon to growth

for the maternal contribution to growth
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