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Abstract:

This study was conducted in an effort to determine whether differences in separation interval affect
weigh-suckle-weigh estimates of milk production in beef cattle. Correlations between cow physical
traits and production estimates were obtained. Nursing activity of cows and calves in a pasture
environment were observed to determine the most natural interval of separation. Data were collected
from Hereford cows at the Northern Agricultural Research Center at Havre, Montana. A 3x3 latin
square was used to evaluate a 4, 8 and 16 hr separation interval with estimates during two periods (7 to
21 days and 28 to 56 days after calving). A total of 117 cows were used during the 2 years of the study.
Squares/year, cows/square/year, separation interval, day of separation, period and the year x period and
day x period interactions were significant sources of variation for MP and calf ADG. Mean milk
production estimates for 4, 8 and 16 hr intervals were 9.16, 7.61 and 5.94 kg, respectively, adjusted to a
24 hr basis. Repeatabilities for withers height, hip height, weight, weight/hip height, condition score, 4
hr, 8 hr and 16 hr milk production and calf ADG were respectively, .94, .95, .89, .85, .79, .55, .61, .79
and .72. The physical measurements were correlated with each other as were the production estimates
and calf ADG, but there was no correlation between physical measurements and production or ADG.
The correlation between condition score and weight:height ratio was .59.

Milk production estimates from the 4, 8 and 16 hr intervals were positively correlated with calf ADG
(.27, .46 and .46, respectively). Age of dam was a significant factor influencing milk production with
2- and 3-year-old and mature cows, respectively, yielding 7.2, 9.3 and 10.2 kg for the 4 hr; 6.1, 7.4 and
8.8 kg for the 8 hr and 4.6, 5.8 and 6.8 kg for the 16 hr estimate. Days in lactation were significant for 4
hr milk and calf ADG. Year was a significant source of variation for calf ADG with a mean of .46
kg/day in 1975 and .61 kg/day in 1976. Ten cows and their Hereford sired calves were observed in a
pasture for two continuous 48 hr periods at 3 and at 7 weeks after calving. Little nursing activity
occurred at night. Calves nursed 7.1 times for an average duration of 12.8 min at 3 weeks and 6.4 times
at 7 weeks with an average duration of 10.1 minutes. Calves on lower producing cows nursed longer
and more often than calves on higher producers. During 14 to 16 hr of daylight calves nursed 3.2 to 3.5
times/day which suggested an average separation of about 4.5 hours. Considering this natural interval
and the correlation with calf ADG, the 8 hr interval was recommended as the most appropriate
separation interval for estimating milk production by the weigh-suckle-weigh technique.
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ABSTRACT

This study was conducted in an effort to determine whether differ-
ences in separation interval affect weigh~suckle-weigh estimates of
milk production in beef cattle. Correlations between cow physical
traits and production estimates were obtained. Nursing activity of
cows and calves in a pasture environment were observed to determine
the most natural interval of separation. Data were collected from
Hereford cows at the Northern Agricultural Research Center at Havre,
Montana.. A 3x3 latin square was used to evaluate a 4, 8 and 16 hr
separation interval with estimates during two periods (7 to 21 days
and 28 to 56 days after calving). A total of 117 cows were used
during the 2 years of the study. Squares/year, cows/square/year,
separation interval, day of separation, period and the year x period
and day x period interactions were significant sources of wvariation
for MP and calf ADG. Mean milk production estimates for 4, 8 and
16 hr intervals were 9.16, 7.61 and 5.94 kg, respectively, adjusted
to a 24 hr basis. Repeatabilities for withers height, hip height,
weight, weight/hip height, condition score, 4 hr, 8 hr and 16 hr milk
production and calf ADG were respectively, .94, .95, .89, .85, .79, .55,
.61, .79 and .72. The physical measurements were correlated with each
other as were the production estimates and calf ADG, but there was no
correlation between physical measurements and production or ‘ADG. The
correlation between condition score and weight:height ratio was .59.
Milk production estimates from the 4, 8 and 16 hr intervals were posi-
tively correlated with calf ADG (.27, .46 and .46, respectively). Age
of dam was a significant factor influencing milk production with 2~ and 3-
year-old and mature cows, respectively, yielding 7.2, 9.3 and 10.2 kg for
the 4 hr; 6.1, 7.4 and 8.8 kg for the 8 hr and 4.6, 5.8 and 6.8 kg for
the 16 hr estimate. Days in lactation were significant for 4 hr milk
and calf ADG. Year was a significant source of variation for calf ADG
with a mean of .46 kg/day in 1975 and .61 kg/day in 1976. Ten cows
and their Hereford sired calves were observed in a pasture for two
continuous 48 hr periods at 3 and at 7 weeks after calving. Little
nursing activity occurred at night. Calves nursed 7.1 times for an
average duration of 12.8 min at 3 weeks and 6.4 times at 7 weeks with
an average duration of 10.1 minutes. Calves on lower producing cows
nursed longer and more often than calves on higher producers. During
14 to 16 hr of daylight calves nursed 3.2 to 3.5 times/day which sug-
gested an average separation of about 4.5 hours. Considering this
natural interval and the correlation with calf ADG, the 8 hr interval
was recommended as the most appropriate separation interval for
estimating milk production by the weigh~suckle-weigh téchnique.




CHAPTER 1

INTRODUCTION

Milk production in beef céttle has gained increased importance
since the beginning of the 20th century. 'Researchgrs have developed
varied procedures for evaluating milk production. One of the more
common techniques, the weigh-suckle-weigh method, iﬁvol&es separating
the calf from its dam for a specific time interval. The calf is then
weighed, allowed to nurse and reweighed and the difference in weight
is taken to be an estimate of milk production. The interval of separ-
ation has not been standardized and varies with the researcher.

The purpose of the present study was to determine whether differ-
ent separation intervals influenced milk production estimates by
evéluating 4, 8 and 16 hr intervals. The most appropriate'séparation
'intervallwas then investigated.

Physical traits of height, weight and body condition were studied
to determine their usefulness in predicting milk production. "Hip.height
and withers height were compared in an effort to determine fhe ﬁost
suitable height measurement. Condition score was compared to the
weight:height ratio as an indicator of cow condition.

Nursing habits of cows and their calves in a pasture environment
were studied to aid in determining the most appropriate separation
interval for éstimating milk production during the first two months

of lactatiom.




GHAPTER 2

REVIEW OF LITERATURE

Milk Production Testing Procedures

Due to management syséems and the calf producing fdnction of
beef cattle, actual milk‘yield cannot be measuredg but musf be eSti—
mated by repreéentative samples using one of several techniqﬁes. "'The.
most commonly used techniques are hand or machine milking with or -
without the artificial stimulation of oxytocin or thé calf hursing'.
method. A suﬁmary of techniques appears in table 2.1.

Earliest reported estimates of milk production in beef animals
came from dairymen who had beef animals included in their herds.
Dawson et al. (1960) reported work done in 1915 at Manhattan, Kahsaé,
with beef Shorthorn cows being milked while nurse cows raised their
calves. Cole and Johansson (1933) réported an experiment initiated in
1912 to study lifetime performance of Aberdeen-Angus. A comparison was
made with Jersey and Holstein, so they were éubjected to the‘same twice '
daily milkings as the dairy cows. The butterfat percentage was determ-
ined once a week on composite samples taken at each milking.

Later techniques involved sampling procedures which left the animals
in a more natural environment. When chemical gnalysis of the milk was
needed, a procedure lending to milk collection was used. When an
estimate‘of milk yield was needed, a calf nursing techniqgg was

usually used.




TABLE 2.1 MILKING TECHNIQUES

Researcher

Method

Frequency
of test

Separation
interval

Adadia and Brinks
1972 '

Berg and Peschiera
1967

Christian et al.
1965

Cole and Johansson
1933

Cundiff et al.
1974
Dawson et al.

1960

Drewry et al.
1959

Furr and Nelson
1964

Gifford, W.
1953

Gleddie and Berg
1968

Holmes et al.
1968

Jeffery et al.
1971a

Knapp and Black
1941

Machine milked
Machine milked#*
Teat cannulation*

Hand milking

Hand or machine

Calf énd machine*
Calf nursing

Calf nursing

Calf nursing

Hand milking
Machine milked#*

Teat cannulation*

Machine milked#*

Calf nursing

Twice daily Daily & bi-weekly

12 hr Monthly

6 hr Monthly

8 hr+. Bi~weekly
15.5 hr

Twice daily -Daily

12 hr 2,5,14,29 wks
4 hr+4 hr  Weekly

+4 hr

12 hr+ lst, 3rd &
10 hr 6th mo

8 hr+ 8 hr 1st and 2nd

12 hr+ 12 hr 3rd-7th mo

Twice daily Monthly

12 hr Monthly
6 hr Monthly
6 hr Monthly

-Weekly




TABLE 2.1 CONTINUED

Separation Frequency

Vetter and Webber
1974

Wilson et al.
1969

Wistrand and Riggs
1966 '

Calf nursing

Machine milked -+

‘Calf nursing® -

12 hr -hand stripping

12 hr

Researcher Method interval of test
_Klett et al. ‘ Machine milkeds#* 12 hr " Weekly lsf mo
1962 ' bi-weekly 2-5 mo.
" tri-weekly 6-7 mo
Kress and Anderson Calf nursing 16-19 hr 4 or 5 tiﬁes per
1974 lactation
Lamond et al. Teat cannulation* 8 hr, 6 hr Evéry 3 days,
1969 . ' and 4 hr weekly, monthly
Melton et al. Calf nursing 12 hr +  Monthly |
' 1967b 12 hr '
Neville et al Calf nursing 17 hr 50 days
1974
, Rutledge_gglgl. Calf nursing 6 hr.+ Monthly
‘ 1971 16 hr
Spﬁwulst_gg_gi. Calf nursing + 12 hr Once at 2, Q;
1966 machine milked#* and 5 wks
Streeter et al. Calf nursing + Bi-weekly
1974 machine milked#*
Totusek et al. Calf nursing 12 hr + 6 days/wk -
1973 hand milking 12 hr weekly
Todd et al. Machine milked 5 hr Twice/lactation
1969 '

3 times/mo

'Bi—weekly

Monthly

*Oxytocin used to stimulate milk-ejection.
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.Abadia and Brinks (1972) machine milked Hereford heifers twice
daily. Analysis of milk composition was obtained through the Dairy
Herd Improvement Association. Calves were weaned é few days after
birth and fed artificially.

Giffofd (1953) developed a procedure for estimating ﬁilk produc-
tiqn on one day each month. On the first of three days, the calves
were alléwed to nurse their dams twice. On the second day, the calves
were allowed to nurse one-half of the udder, while the other half was
milked by hand. On the third day, the other half of the udder was
milked by_hand while the calf nursed the first half and the two day's
total was combined as an estimate of one day's production. Christian
et al. (1965) used this same basic technique with an 8 hr separation
period the first day and an overnight period of nearly 15.5 hr.

Totusek et al. (1973) hand milked one-half of the udde? twice
daily, one day each Wéek, throughout 30 weeks of lactation. The half
of the udder milked Qas alternated each week. Twice the quantity of
milk removed was estimated to be the daily production.

Oxytocin hés,been used to stimulate milk letdown wbgn'ﬁroduction,
of beef cattle is méasured. Anthony et al. (1959) reportéd using 2-cc
of oxytocin (40 ﬁ.S,P. units) injected interfmuscularly to aid in
milking. The cows were injected, milked by machine, carefully stripped
out and segregated from their calves. Twelve hours la&er,.énothér

injection of oxytocin was administered and the cows were machine
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milked and hand stripped for an estimate of préduction.

Gleddie anq Berg (1968) tested production on the first, second,
third and fifth months of lactation. The cattle were reétrainéd,in a
'squeeze chute and milk letdown was inducea by an intrajugular injection
of 20 IU of oxytocin. The milk was removed from the udder by ﬁachine
and after a 12 hr overnight period, another injection was given and-
one—haif of the udder was milked. Multiplying by a factor of four gave
an estimate of 24 hr productfon. Holmes et al. (1968)'and Jeffe?y
et al. (1971a) used the same injection, but with a 6 hr intérval“
between milkings. Klett et al. (1963) used this same method.wifh a 13 hr
separation interval. Todd et al. (1969) used 40 units of .oxytocin with
a 5 hr interval between milkings. Lamond et al. (1969) tested the
effect of oxytocin dosage, time of day of test, rate of milk secretion
and milk production. After preliminary studies, a 6 hr interval was
adopted using 20 IU of oxytocin injected intramuscularly with milk
remo%al from the udder by teat cannulation. The accuracy of this
method was checked by using it on six dairy cows which had daily milk
production records. The oxytocin-—cannulation treatmenf produced
results that were not significantly different from machine ﬁilking,

Wilson et al. (1969) collected milk yvield data every 2 weeks
for 18 weeks. Calves were used to remove the milk from the udder.
When tﬁe calvés had finished, 40 U.S.P. units of oxytocin'were.injeqted

into. the coccygeal vein and the udder was then hand stripped. Twelve
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hours later, the cows were reinjected and milkéd bf machine, followed
by hand stripping. Weight of milk removed by machine and that removed
b? hand was taken to be the 12 hr milk production. |

When total milk yield is the only pérametér being measured; the a
calf nﬁrsing technique is commonly used. -Totusek.gg:gi. (1973) found
that this method yielded more milk at every stage of lactation when
compared to hand milking and that total yield for 210'days was 297 high-
er. Milk production is estimated by the difference between the weighf
of the calf immediately priof to nu;sing and the weight immediatel&
gfter ﬁursing. Knapp and Black (1941) used this technique to estimafe
milk consumption one day each week. Dawson et al. (1960) used weekly
estimates and allowed the calf to nurse at 4:00 am,. noon and at 8:00 pm
after an 8 hr éeparation from its dam. Furr and Nelson-(1964) used an
8 hr separation interval for two tests early in lactation and a 12 hr
interval at five subsequent estimates. Drewry et al. (1959) reported
a method allowing the calves to initially nurse their dams ét'6:00 pm
on the day prior to nursingl.then after a 12 hr interval, they nurse&
at 6:60 am for a ;iéld estimate and were immediately separated until
another estimate at 4:00 pm. The total milk prodﬁced during this 22-hr
period was‘takgn to be the daily milk production. After the calves had
finished nursing, the cows were checked for édditional milk,.but none

was found except in some heavier producing cows during the first month.
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Kress and Anderson (1974) used a separation period of 16 to 19 hr
to estimate production and multipliea the yield by the appropriate
factor to standardize production for a 24 hr day. Estimates were made
four or five times during the lactation period. Melton ggugg.‘(l967b)
used two 14 hr periods, once each month for 7'months, to estimate pro-
duction. Neville et al. (1974) used a 17 hr.separation and:the yield
was multiplied by 1.4 to adjust to a 24 hr basis. For each iac;ation,
‘three pursing observations of 50-day intervals wére-madé‘énd a&eragéd
to obtain a mean daily production during the fifst 210‘days’of lactation. ’
Pope et al. (1963) used two 12 hr intervals. Rutledge et al. (1971)
used an 8 hr and 16'hr separafion period to-éstimate production fﬁ? a
7 month lactation period on a monthly basis. Totusek_gg_gk.v(l9735
used two 12 hr intervéls twice daily, 6 days a week thrqﬁghout the 30
weeks of lactation. Streeter et al. (1974) used oxytocin to initially
reméve the milk and after the separation period, the calf was allowed
to nurse. When the calf was finished nursing,'Z ml of,dxytocin was
injected and the cow was milked dry by machine. Production was
measured ag 14-day intervals for 5 months.

Milk Yield and Constituents

Total milk yield is determined by the daily production of a cow
énd her ability to persist in production throughout the lactation
péfidd. Factors which may influence daily production that will .be.

discussed elsewhere are nutrition, age of cow, breed of cow, sex and
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size of calf and amount of inbreeding. Lactation length is variabple
among cows .and among.breeds with means as short as 95.1 da&é in
registered Hereford heifers reported by Abadia and. Brinks (1972) fo
365 days reported by Dawson et al. (1960) in Shorthorn cows at
Manhattan, Kansas in 1915.-

Results discussed here and summarized in table.2.2 are included
to-provide an ovgrview of milk production research on milk yield and
milk constituents. Production varieé with breed and consequently will
be discussed by breed, but due to different techniques and experiméntai
cohditions, there is much vardiation among-reported yiglds wi;hin breeds.

Angus. The Aberdeen-Angus Review, és cited by Cole ana Johansson
(1933) reported a Scotch herd of Angus which ranged from 2608 kg to
5143 kg with an average of 3568 kg of milk per year. 1Imn .a fepoft
from an English herd, the average production was 4825 kg. Drewry éE.él'
(1959),.using the calf nursing technique, reported 6.4 kg per day at
thé end of the first month, 7.26 kg at the third month ‘and 4.09 kg at
six months. Gleddie and Berg's (1968) tecbniqﬁe of using oxytocin
with,a'milking machine yielded 8.4 kg/déy with 4;0% fat. Cundiff ég_gl,
(1974) estimated milk produétion to be 7.34 and 2.50 kg/day ;t sii ’
weeks and weaning, respectively, while butterfat percentage was. |

3.8% and 6.7% and solids, not fat (SNF) was 8.4% and 9.6%.
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COMPOSITION AND YIELD

Lactation Peak Average
length production milk Fat
Researcher Breed - (days) (days kg) @)
Abadia & Brinks Hereford 5-150 30-45 3.8
1972 heifers %¥=95.1
Christian et al. Hereford : 240 3.7 3.5
1965 2~yr-old 4.3 3.5
3-4-yr—-old
Cole & Johansson Angus 252 . 30-60 4.1
1933
Dawson et al. Shorthorn - . 245 60 7.7 3.98
1960 252 60 8.0 3.98
365 6.0 3.95
Gifford, W. Angus 240 3.9 3.48
1953 Shorthorn 240 3.9 2.96
Hereford 240 2.7 2.95
Gleddie & Berg Hereford 5.2 3.9
1968 (mature) '
Hereford 3.7 3.6
(2-yr-old)
Galloway (G) 7.8 4.0
Angus (A) 8.4 4.0
Charolais x A 7.3 3.7
Angus x G 4.5 3.8
(2-yr-old)
Total 300. 6.4 3.9
Klett'gg_gl. Santa Gertrudis 4.1 3.87
1962 Brahman 3.9 4.55°
Angus 3.9 3.6
Hereford 2.9 3.0
Kress & Anderson Hereford 195 3.8 2.68

1974
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Shorthorn x H

Lactation Peak Average
length production milk Fat
Researcher Breed (days) (days) (kg) (%)
Melton et al. Angus 175 3.8 2.68
1967b - Charolais 175 4.5 2.87
: Hereford 175 3.3 2.82
Neville et al. Hereford 210 4.5
1974
Rutledge et al. Hereford 210 ‘ 5.8
1971 ‘ ‘
Streeter et al. Hereford 5.1
1974 (commercial) ‘
Hereford 6.8
(San Juan Basin)
Brown Swiss’ -10.2
Charolais x
Angus 7.5
Todd et al. Hereford (H) 3.3 3.5
’ 1969 Brahman .(B) L.b 3.6
H x B (dam) 6.0 3.9
B x H (dam) 6.0 4.0
Angus x B x H 6.6 3.8
Total 5.3 4.0
Totusek et al. Angus (A) 210 21,
1973 Hereford (H) (Hand 4.8
Shorthorn (8) milked)
Brahman x H 49
Santa Gertrudis (Calf’ .
x H nursed) . 6.0
Angus x H
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Todd et al. (1969) reported 6.62 kg of milk during mi& énd 1éte ’
lactation averaging 3.8% fa£ which is consistent with.the 6.8 kg
reported by Streeter et al. (1974). Cole and Johansson (1933)
reported a mean yield of 1406 kg milk with 4.1% fat. The f;t ﬁer—
centage décfeased with incfeasing age of the cow and a trend for
declining protein was shown while other milk constituents remained
unaffected. Lower production hés beéen reported by Gifford (1953)
with a peék of'4.9 kg of 3.47% milk declining to 3.1 kg of 3.6% milk
at eight months. Klett et al. (1962) reported 3.91 kg daily at 3.6% -
fat and 8.85% SNF which was consistent with Milton et al. (19675) who
reported 3.79 kg/day over a 175-day lactation.

The lactation curve peaked at 50 days (Gifford, 1953),'(Streeter
et al., 1974) and- (Cole and Johansson, 1933).

ShorthornsL Shorthorns are relatively high‘producers. bawson
et al. (1960) reported that milk production varied from‘il43 kg to
2813 kg. Over a 252-day lactation period, milk production avéraged
2016 kg for a mean yield of 8.01 kg/day with 3.98% fat. Anéther group
of select Shorthorns produced an average 2205 kg with 3.95%Z fat over
298 days. Dawson's (1560) results were greater than ?he reported peak
of 6.6 kg/day by Gifford (1953). Dawson et al. (1960) reported that
peak production was attained at the end of the second month‘of produc—
tion with a high of 10.3 kg/day for the 28-day period which disagreed

with Gifford's (1953) reported peak of 6.6 kg during the fifst month. -
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.Cundiff_gg_gi. (1974) repofted production of 7.35 kg/day at 6 weeks
and 2.34 kg/day at weaning. Butterfat was measured at 3.4% and 6.3%
for these reépective periods. Solids not fat rose from 8.3%lto 9.7%.

Brahman and Santa Gertrudis. Klett et al. (1962) has shown that

daily milk production for Santa Gertrudis and Brahman in a fall
calving situation was 4.14 kg and 3.97 kg, respectiveiy, with fat
contents of 3.87% and 4.66% and with SNF of 8.25% and 8.75%. .Todd

et al. (1969) repofted 24 hr yiglds compiled from estimates during mid
and late lactation_of 4.35 kg, 6.01 kg and 6.62 kg for Brahman,
Hereford (sire) x Brahman, Brabman (sire) x Hereford and Angus x
Hereford x Brahman, respectively, with 3.6, 3.9, 4.0 and 3.8 being
.meaﬁ production from 13 Santa Gertrudis cows at 5.6 and 7;9 kg,
respgctively, for 1964 and 1965, over a 205-day lactation;

Charolais. Melton et al. (1967b) reported 785 kg of milk from
Charolais cows over a 175~day lactation, giving aﬁ aQerage 4.48 kg/day
of 2.87% fat milk. This was lower than Streeter's et al. (1974)
report of 7.5 kg/day from Charolais x Angus cows over a 200-day
' lactation. Gleddie and Berg (1968) reported 7.3 kg/day of 3.7% fat
milk over 150 days from Charolais x Angus.

Hereford. In comparative studies (table 2.2), Herefords were
among the lower producers'of the beef breeds. Holmes et al. (1968)
determined a peak production of 6.99 kg declining to 2.77;kg a£.l64

days. Kress and Anderson (1974) reported means and ranges at 34 and
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183 days, respectively, were 6.1 (3.4-9.2) kg and 2.2 (0-6.8) kg.
The prédicted lactation period extended over 195;days; Streeter et al.
(1974) found a mean yield of 5.1 kg/day from a commefcial Hereford herd
and a 6.8 kg/day from a registered San Juan Basin Hereford herd. Gleddie
and Berg (1968), using éxytocin and a milking machine, reported 5.2
kg/24 hr for mature Herefords and 3.29 kg for 2-year-old cows. Rutledge
et al. (1971) reported 5.8 kg during the first month, declining to 4.0
kg at the end of the seventh month, which agreed with the 4.5 kg gf
milk over 210 days reported by Neville et al. (1974). Christian et al.
(1965) reported 3.7 kg milk over 240 days from 2-year-old cows and
4.3 kg/day from 3- and 4-year-old cows. Gifford (1953) reported a:
peak of 3.86 kg/day at one month and 1.88 kg/day at eigﬁt months.
Melfon_gg_gl. (1967a) showed a production of 581 kg,oyer 175 days,
givihg.an aGerage of 3.3 kg/day, which is consistent with the 3.29 kg
reported by Todd et al. (1969). Kleft et al. (1962) indicated that the
mean yield from a fall calving herd is 2;92 kg/day. Abadia and Brinks
(1972) reported total milk yield of 379 kg over an average lactation
period of 95.1 days. Percent butterfat has been réported at 5.11 to
4.09 (Holmes et al., 1968), 4.09'at six weeks to 6.70 at 200 days
(Cundiff et al., 1974), 3.8 (Abadia and Brinks, 1972), 3.7 tp 3.5
(Christian et al., 1965), (Gleddie and Beré, 1968), (Todd-gE_él,, 1968)
4.06 and. 2.88 (Rugledge et al., 1970), 3.0 (Klett et al., 1962), 3.2 to

' 2.75 (Gifford, 1953) and 2.82 (Melton et al., 1967b). Solids, not fat
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(SNF) were reported at 9.06% by Klett et al. (1962), 8.4 to 9.8% by
Cundiff et al. (1974) and at 8.68 to 8.40% by Rutledge et al. (1971),
which is in close agreement with the 8.49 to 8.28% reported by Holmes
et al. (1968) and the 8.72 reported by Abadia and Brinks (1972).

Peak production has been reported at 20 days, (Kress ;nd Anderson,
1974) during the first month, (Rutledge et al., 1971; Holmes et al.,
1968) 30 to 45 days, (Abadia and Brinks, 1972) and 60 days for 2-year—
" 0ld heifers (Gleddie and Berg, 1968).

Totusek et al. (1973) using a group of mixed Breed beef cross,
found'tﬁat daily milk by hand milking was 5.49, 5.13 and 4.54 kg at
70, 112 and 210 days, respectively, with a production peak at three
weeks. With the calf nursing technique, the peak wds reached at seven
weeks and a yield of 6.58, 6.44 and 5.85 kg milk was reporfed'at 70,n'
112 and 210 days, respectively. The greater total yield from the calf
nursing technique is probably due to the greater release of oxytocin
when the cow is nursed, compared to hand milking. Mean yigld estimates
from days 10, 30, 70, 112 and 210 were 6.03 kg for the calf nursing

technique and 4.85 kg for hand milking. The mean fat content was 3.2%Z.
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Age of Dam Effects

Effects of age of dam are widely reported for weaning weights in
the beef industry and for milk production in dairy cows.

Lush anq Shrode (1950) reported the following mulfiplicative
factors for Holstein-Friesian cows of various ages: |

-1.33-121 for 2 yr, 1.21-1.10 for 3 yr, 1.09-104 for 4 hr,

1;03—1.01 for 5 yr, 1.00 for 6 yr 1 mo-7 yr 8 mo, l.dl_for

7 yr 9 mo-8 yr 9 mo, 1.02 for 8 yr 10 mo-9 yr 7 mo, 1.03 fér

9 yr 8 mo-10 yr 3 mo, 1.04 for 10 yr 4 mo-10 yr.9 mo, l.OS—lO.yr

10 mo-~11 yr 2 mo, 1.06 for 11 yr 3 mo-11 yr'7 mo, 1;07 for

11 yr 8 mo-11 yr 11 mo, 1.08 for 12 yr-12 yr 3 -mo, 1.09 for

12 yr 4 mo-12 yr 6 mo, and 1.11 for 12 yr 7 mo-12 yr 10 mo.

The B.I.F. (1972) recommends use of multiplicative éofrection.
factors of 1.15, 1.10, 1.05, 1.00 and 1.05 for 2, 3, 4, 5-10 and
1ll-year-olds and older in adjusting dam age for a standardized wean-
ing weight. Nelson and Kress (1976) determined that the app?opriate |
correction factors were 1.11, 1.06, 1.03 and 1.01 for 2, 3, 4 and 11 +
Angus dams, reséectively and 1.13, 1.08, 1.04 and 1.04 for 2, 3, 4 and

11 + year old Hereford dams.




-1 7._

Neville et al. (1974) estimated that corfection factors for milk
production for two herds of Hereford cows, three through nine years old
averaged respectively, 1.33, 1.19, 1.09, 1.00, 1.00, i.OO and 1.00 for
Herd 1 and 1.21, 1.11, 1.00, 1.00, 1.00, 1.00 and 1.07 for Herd‘é.
These were higher than the weaning weight correction factors for these
two herds, which were 1.12, 1.07, 1.03, 1.00, 1.00, 1.00 and 1.02 for
Herd 1 and 1.09, 1.03, 1.60, 1.00, 1.00, 1.00 and 1.02 for Herd 2.

Gifford (1953) found production for 2, 3, 4, 5, 6 and 7 + year'old
Herefords was 542 kg, 526 kg, 660 kg, 640 kg, 714 kg and 569, respec—
'tively; the producEion from Angus was 667 kg, 902 kg, 1028 kg, 817 kg .
and 965 kg for 2, 4, 5 and 6 year old cows. Only small numbers of cows
were involved, but the trend shows a general increase in production to
6 or 7 year old, which is consistent with Todd's et al. (1969)‘réporfed
increase in production from 3 to 6 years, then a leveling off between
7 and 9 years and a slight decrease after 10 years of age. The maximum
production at 8.4 years reported by Rutledge et al. (1971) is in
general agreement with these age categories.

Klett et al. (1962) reported daily milk yield at 3.54 kg, 3.85 kg,
and 4.38 kg for age group 3 to 5 years, 6 to 8 years and 9 to 12 years
for Angus cows and 2.65, 2.91 and 4.16, respectively, for Hereford cows.
Melton et al. (1967b), combining a group of Angus, Charolais and
Herefords, determined that milk yields of cows 2,_3 td 5 and 5 + years

of age were 553, 667‘aﬁd 809 kg, respectively. The differences were
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significant with the older cows producing moré milk than younger cows,
but their milk was lower in percent fat and total solids.

Christian et al. (1965), in comparing 2- with 3- and 4-year-old
cattle, found that the latter group produced more milk, but the 2-year-
0ld dams were more persistent in their productién,-yielding 4.7% more

of their total milk after 60 days postpartum than the older cows.

Drewry et al. (1959) reported that calves suckling older cows
made larger total gains from birth to six months and that older cows
were more protective to their young and were also heavier milk

producers.

Size and Sex of Calf

Milk production is initiated by a nervous stimulation that the
animal associates with the milking or suckling process,Nsﬁch as the
palpation of the teats or the nursing of the vyoung (Schﬁidt, 1971).
This stimulus reaches the central nervous sysfem and directs the
posterior lobe of the pituitary to release oxytocin, ﬁhich cédses

the release of milk.

The more often a cows is stimulated, the more milk she wil; give.
In dairy cows, Elliot (1962) reported that éows milked three times
per‘day gave 207 more milk than cows milked twice daily. Dodd (1957)
concluded that 5 to 10%Z of this increase was due to decreased udder
pressure from additional milking. It was also concluded that four
times daily milking gives a 5 to 107 increase ‘in production.over three

times daily milking. Cash and Yapp (1950) milked half udders three |
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times daily and half udders twice daily and f&und that the three timés
daily milking yielded 327 more milk over the laétation period.
Linnerud et al. (1966)‘reported that massaging thé udder between
twice daily milking resulted in a nonsignificant 1.0 to 1.5 incréase
in production.

Researchers in the beef industry have theorized that if'additional
stimulation affects the production of dairy.cows, the larger more
aggressive calves would stimulate the udder more often and consequently
cause greater milk production from beef cows.

Melton et al. (1967b) has shown that cows nursing bull calves
gave .58 kg more milk per day than cows nu?sing heifer calves during
.the first period of the study. This sex difference was reduced to
.10 kg per day at the end of the lactation. The average 175-day milk
production was 53 kg greater for cows nursing bull caives compafed
with cows nursing heifer calves. J?ffery_gg_gli (1971b) also féuﬁd
that the dams of bull calves produced .26 kg more milk per day than
dams of female calves when the experiment was carried out in 1966,
.however, the next year the dams of female calves yielded .41 kg more
milk per day than dams nursing male calves. Cartwright and Carpenter
(1961) in correlating lactation gains of Hereford cows with 180-day
weights of their calves, reported correlations of -.79, f.62, -.35,

. -.20, ~.19 and -.11, respectively, for crossfred males, crossbreds as

t

a group,lmales as a group, Herefords as a group, females as a group




_20_
and Hereford females. These.correlations were interpreted to mean
that the gain of the dam during lactation ¥s'related to the amount of
milk she gives, which can be measured indifectly by the 180-day weights
of the calves. Pope et al. (1963) found that sex of calf had a sig-
nificant effect on milk production at the first sampling and on aver-
age production for the entire lactation_period, with mothers of males
having the advaﬁtage; however, Rutlédge gg_gl..(l97l) reéported a
significant advantage for dams nurging females.

The above work is contrary to reports of Neville et al. (1974);
Christian et al. (1965) an& Gleddie, K and Berg (1968); who obéerVed that‘
sex of calf had no effect on the milk yield of the dam. . |

The weight of the calf at birth may havé'an effect ;n.its aggres— .
siveness and ability to stimulate milk production. Heyns(l9605observed
a .75 correlation of birth weight with milk production and Drewry et al.
(1959) observed correlations of .43, .29 and .12, respectively, at
1, 3 and 6 months. Pope et al. (1963) and Jeffer&_gg_gé. (1971b)
observed positive correlations between birth Wéight and“milk production.,
but concluded birth weight was not an impbrtant factor, while’
Christian et al. (1965) and Gleddie and Berg (1968) repor;ed that -
birth Weight does not influence milk production.‘ _

Gifford (1953) has indicated that birth weight ;f a, calf, which ..

is related to calf sex, may exert its influence by determining ‘the .

calf's capacity to utilize the dam's ﬁrgduction. He foﬁﬁd that if‘a")
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calf is unable to utilize the milk shortly after birth, then the dam's

overall production will be lower throughout the lactation period.

Nutritional Effects

Kiett ggngi. (1962) has shown that fluctuations in milk yield
and compésitibn tend to follow the plane of nutrition of the cows. An
increased level of feeding during the winter resulted in increased
milk yields. This suggests that beef cattle may be very flexible in
milk production in response to feed and enﬁironmental conditions,
especially in a fall calving management system. This is consistent
with work reported by Furr and Nelson (1964) who fed two levels of
éupplemental feed to 4-year-old fall calving Hereford cows on native
grass pasture and found that although the gfoup on higher lévels of

nutrition outproduced the low level cows through the winter, when

spring gréss was available, the low level cows outproduced‘the high
level group until weaning. Anthony et al. (1961) also reported that

cows on lower nutrition through the winter would outperform cows

wintered at‘a higher level when both were grazed on excellent spring

- pasture.

Pope ég_gl, (1963) reported th;t a low level of winter nutrition
fed to spring calves carried adverse effects into the following sumﬁef,
even when good pasture was available. There were no carry over
effects from a low level of nutrition the p?evious year wheﬁ adg—
quate nutrition was supplied prior to caiviﬁé. Bond and Wiltbank

(1970) and Bond et al. (1964) have shown that‘heifers‘on'low energy
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or low protein weighed less and gave iess milk than heifers on higher
levels during the first 1acta;ion.

Lamona_gg_gl. (1967) demonstrated that milk production was
affected by quality and quantity of pasture. ihis was aléo réported
by Jeffery et al. (1971a) who attributed the difference in Auggst and
October milk production for two comnsecutive §ears to differences in
August rainfall.

When total dry matter int;ke of cows was compared to their 24 hr
milk production, Streeter et al. (1974), found that Brown Swiss con- |
sumed 14.7 kg of D.M. per day to produce 10.3 kg of milk, Charolais x
Angus consumed 12. 0 kg to produce 7.5 kg milk, $an Juan Basin-
Herefords consumed 10.5 kg for 6.8 kg milk and commercial Herefords
consumed 10.3 kg dry matter to produce 5.1'kg milk. These results may .
indicate that rate of utilization varies with breed.

Date of birth of the caif in early gal&iﬁg cows has beén found to
have a significant influence on milk p;oducﬁion. The effect of date
of birth may be related to the nutritiona; improvement in quality and
quantity of available grass as tﬁe growing season progresses. NevilleJ
_gﬁ_g;. (1974) reported that for each day iater in a 90—daylwinter
calving period that birth occurred, daily ﬁilk production inéreased
.014 kg and .010 kg, repectively, for two hérds_of Hereford cows.

An increase in weaning weight for calveé E9fﬁ”1ater in the season has

been shown by Koch and Clark (1955).
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Feeding growing beef heifers a high level of nutrition has been
reported by Pope et al. (1963) to depress their subsequent milk pro-
duction when compared to heifers fed a moderate plane of nufrition.
.Christian. et al. (l965)ireported the dam's wéaning weight was neéatiVe~’
ly correlated to all milk and butterfat measurements. .Weight’at 180
days has been shown to be negatively correlated with subsequent most
probable producing ability (MPPA) by Mangus and Brinks (1971),
Ellicott et al. (1970) and Kress and Burfening'(1972) ﬁho réporfed a
correlation of -.20, -.52 and -.03, respectively. Koch et al. (1972)
reported a genetic correlation of -.05 between maternal and individual

effects on gain to weaning.

Totusek (1968) indicates that a high level of nutrition before'
weaning has little permanent effect in terms -of body size and produc-
tivity, while a low plane of nutrition has a slight depressing effect
on body size, but improves productivity iﬁ terms of weaning weight of

calves produced.

Inbreeding and Crossbreeding

In dairy cattle, inbreeding has been reported to have a detri-
mental effect on milk production. Von Krosigk and Lush (1958) reported
fhat milk production decreased .24 kg for each 17 increase in inbreed-

ing and that inbreeding's effect on production was not through a de-
crease in size. Laben et al. (1955) determined that inbreeding caused

total milk production to decrease, but did not effect the 1a9tation

curve.
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Inbreeding depression has a marked influence on prewéahing per-
formance of calves. Differences in sex in response to the maternal

environment due to inbreeding of the dam were reported by Anderson

(1966), Brinks et al. (1962), Brinks t al. (1965) and Brinks and Knapp
(1975) who suggested that bull calves were affected to. a greater
degree because they had a greater potential for growth and were |
suppressed more by lower milk.production thap heifers. Stonaker (1963)
has suggested these differences may:be due to differences in the sex
chromosomes. Brinks et al. (1965) also reported that inbreeding of
the calf caused a greater suppression of the heifer gains>than pre-— .
weaning gains of bulls.

Abadia and Brinks (1972) reported.differences among inbred -
lines for milk production with significan; differences for milk pro—.
duction and duration of lactation. In comparing a crossiine mating
system to an inbred matingAsystem, there was a'differeﬁée between
milk production and a significant difference for tStal butferfat.
Several lines did have higher milk production than the control line,
which agrees with Streeter et al. (1974) who reported that an inbred
line (San Juan) produced more milk .than commeércial Herefords.
Increased milk production due to heterosis associated,with‘cross—
breeding has been reported by Kletf_gg_glg &;962), Todd ég_gl;'(19§9)

and Vernon et al. (1964).
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Efficiency of Milk Utilization

Differences in the ability of a calf to produce a kilogram of géin
exist among and within breeds, with calves on lower producing dams
showing better conversion rates. Gifford'(i953j indicated that 7.1,
5.4 aﬁd 3.12 kg of milk was consumed at 1, 3 and 6 months, respectively,
in Herefords while Klett et al. (1962) reported that 5.6, 4.9 and 3.5
kg of milk were needed per kg of gain during early, mid and late
lactation. 1In the same study, Klett et al. (1962)'repo£ted that Angus -
calves consumed 5.0, 4.9 and 4.3 kg of milk. When the combined milk
production records from the Angus and Herefords were stratified into
groups of high, medium and low producers, the amount of milk consumed
per kg of gain was 4.5, 3.4 and 2.5 kg, re;pectively, over fhe iacta—
tion period. Melton et al. t1967) found the conversion ratio to be
5.7, 4.7 and 5.2, respectively, for Angus, Herefords and Charoléis
over a 175~day lactation. Todd et al, (1969) hasshowﬁthat 4.53, 7.64
and 7.22 kg milk/kg gain were needed by a group.of Hereford,

Hergford x Brahman, and Brahman, respectively.

Higher conversion rates have been reported by Drewry et al. (1959)
which indicate Angus calves needed 12.5, 10.8 and 6.3 kg of milk/kg
of gain at the first, third and sixth monfh of lactation."fhis is in :
agreement with Totusek et al. (1973) wholreported that 10.0, 10.5
and 9.1 kg of milk was needed at 70, 112 and 210 days of 1acta£ioh,i'

respectively, for a group of mixed breed beef cows.
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Vetter and Weber (1974) reported that from 10.0 to 10.8 kg of
milk was consumed per kg gain by calves nursing Holstein x Hereford
and Holstein x Angus cows during the first three months of lactation.
Wilson et al. (1968) reported the ratio of milk-yield to daily gain
in Holstein x Angus cows to be 11.2 to 1. -

Traits Related to Milk Production

Milk production in beef cattle is an economically important

trait, especially when the profit margin for the cow-calf producer

is narrow, but due to the nature of beef cattle and the management
regime associated with them, actual.milk production data is difficult
to obtain. Often, it would be more{practical for the cow-calf producer

to select for highly correlated traits rather than actual milk production.

Average daily gain from birth to weaning may be one of the most
accurate indicators of milk yield.'tFurr aﬁd Nelson (1964) reported the’
correlation between milk yield and average daily gain (ADG) in 2-year-
0ld Hereford cows fed a high plane of nutrition in drylot to be .91.

A low corrglation of .52 was reported by Kgapp and Black (1941). Other
reports, summarized in table 2.3, give most correlations between .6
“and .7. Neville et al. (1962) indicated that as pasture condition
improved, the correlations between ADG and milk yield decreased. This
ié in agreement with Pope et al. (1963) who reported thaf the cortela~
tion between ADG and milk yield had decreased from .8 to .15 to .25

for the last period of lactation. Dawéon et al. (1960) reported

creep feeding calves caused correlation to decrease.
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TABLE 2.3 CORRELATIONS WITH MILK PRODUCTION

Researchers

Traits

Abadia & Brinks
1972

Abadia & Brinks
1972

Christian et al.
1965

Drewry et al.
1959

Milk yield
Milk yield
Milk yield
Milk yield
Milk yield

1

%

lactation length

total butter fat (BF)

total solids, not fat (SNF)
g

BF
SNF

Lactation length - total BF
Lactation length - total SNF
Lactation length - 7 BF
Lactation length - % SNF

Total BF - total SNF
Total BF - % BF

Total BF - 7ZSNF

Total SNF - % BF
Total SNF - % SNF

Birth weight -

ADG to 60
ADG to 60
ADG to 60
ADG to 60
Milk 0-60
Milk 0-60
Milk 0-60
Milk 0-60

days
days
days

.days

days
days
days
days

ADG to 60 days

- milk 60-240 days

- butterfat 0-60 days

- butterfat 60-240 days
- dam weaning weight

- milk 60-240 days

- butterfat 0-60 days

—- butterfat 60-240 days
- weaning weight of dam

Milk 60-240 days ~ butterfat 0-60

Milk 60-240 days - butterfat 60—-240 days
Milk 60-240 days - weaning weight of dam
Butterfat 0~60 days - butterfat 60-240 days
Butterfat 0-60 days - weaning weight of ‘dam

Daily milk - total suckling time 3 mo.
- total suckling time 6 mo
- number times nursed 6 mo

Daily milk
Daily milk
Daily milk

kg milk/kg gain 6 mo

.78
.98
.99

-:34
.02
.78
.73

-.37

-7

.97
-.20
.06
-.30
.19

.32
.64
.73
4
-.07
.80
.92
.65
-.10
.78
-.76
-.20
.67
-.27

.03
.21
.22
.93
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Researchers

Trait S

Furr & Nelson
1959

Gifford
1953

Gleddie & Berg
1968

Holmes et al.
1968

Jeffery et al.
1971a

Knapp & Black
1941

Kress & Anderson
1974

Daily gain - milk yield (low nutr) 80-120 days .84 -
Daily gain — milk yield (low nutr) 150-180 days .80

Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily

Milk
Milk
Milk
Milk
Milk

Milk

Calf
Calf
Calf
Calf
Calf

Milk
Milk

Milk

Milk
Milk
Milk
Milk
Milk
Milk

gain - milk yield (low nutr) 180-120 days .59
gain - milk yield (low nutr) 220-235 days .45
gain — milk yield (low nutr) overall .81

gain - milk yield (high nutr) 120-150 days .65
gain - milk yield (high nutr) 150-180 days .73
gain — milk yield (high nutr) overall .85
gain — milk yield -(low nutr) drylot .75
gain - milk yield (high nutr) drylot .91
gain - milk yield (low nutr) range .80
gain - milk yield (high nutr) range +80
yield - body weight 1 mo ‘ .52
yield - body weight 2 mo .66
yield - body weight 4 mo : .67
yield - body weight 6 mo .63
yield - body weight 8 mo «60
yield - ADG , .84
gain - birth weight ' .28
gain - milk yield .82
gain - milk solids : .84
gain - milk energy .82
gain - milk protein ' .83
yield - ADG (1966) _ .78
yield - ADG (1967) : .76
yield - ADG . .52
at 34 days - milk at 65, 110 days .54, .31
at 34 days - milk at 150, 183 days. 43, .06
at 65 days - milk at 110, 150 days .53, .52
at 65 days — milk at 183 days .23
at 110 days - milk at 150, 183 days 46, .26

at 150 days - milk at 183 days 42
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TABLE 2.3 CONTINUED

Researchers Trait r=
Melton et al. Age of calf - total milk yield . -.48 .
1967h Butterfat — total solids .94
% SNF - total solids .56
Neville et al. Milk yield - ADG (1st 60 days) 74
1962 Milk yield — ADG (2nd 60 days) .63
Milk yield - ADG (3rd 60 ‘days) .59,
Milk yield - ADG (4th 60 days) .66
Pope et al. Milk yield - ADG (lst 60 days) .65 -.80
1963 Milk yield - ADG (2nd 60 days) .55 -.70
Milk yield - ADG (3rd 60 days) .30 -.45
Milk yield - ADG (4th 60 days) 15 -.25
Milk yield - ADG (overall) .60 -.70
Rutledge et al. Weaning weight - milk yield (1st mo) .49
1971 Weaning weight - milk yield (4th mo) .38
Weaning weight - milk yiéld (7th mo) .25
Weaning weight - age of dam
Weaning weight - birth weight .48
Totusek et al. Milk yield (210 days) — milk yield (70 days) .82
1973 Milk yield (210 days) - milk yield (112 days) .92
Milk yield (210 days) - weaning weight .88 -
Milk yield (210 days) — ADG (70 days) .69 .
Milk yield (210 days) - ADG (112 days) .80 .
Milk yield (210 days) - .88

ADG (210.days)

.29
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Weaning weight of the calf is also correlated to milk production.
This involves only one measurement and it is only slightly less accurate
than the ADG, because the effect of birth weight has not been removed.
Gifford (1953) feported calf weights at 8 months>were correlated to
total milk yield by .60. Jeffery EE_E;.'(197La) haé shown that 42 to
57% of total wvariation in weaning weight could be explained by milk
yield.. An increase of 1 kg per day caused a corresponding increase of
11.3 to 14.6 kg in weaning weight. Neville et al. (1962) reported
correlations of .69 to .81, depending on the combination of milk -
estimates used, which is in agreement with within herd correlations
reported by Rutledge et al. (1971). |

Weight gains of the cow during the lactation period are thought
_to be related to milk production due to the fact that a cow converting
feed to fat may produce less milk than one converting feed to milk.
Jeffery et al. (1971b) repérted correlations between summer gain and
milk yield to be -.12 and -.21 for 1966 and 1967, respectively. The
higher negative relationship was manifested unider the limited grazing
conditions of 1967 when a 10 kg gain in body weight resulted in a
decrease of .1 kg daily milk yield.

Work by Singh et al. (1970) has shown'tha£ the summer weight
change of the cow significantly influénced ADG and weaning weight of
calves. The difference between preweaning ADG of calves whose mothers

lost weight during lactation and those whose mothers gained weight
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was highly significant. It was estimated that for éaéhﬂl% loss in-
body weight, a corresponding increase of .14‘to 1.09 kg increase in
calf weaning weight results. Greatest effecfs were noticed in cows
5 to 7 years of age. Reports By England_gg_gl; (i96l)<and'Hohenboken

. et al. (1973) also showed that weight.gaiﬁﬁduring iactétioﬁ‘islaﬁtagOe
nistic to milk production. |

Several workers have shown that cow size does not significantly
affect milk production (Jeffery et al., 1971b), (Wilson éi#éi-x 1969),

(Christian et al., 1965) and (Pope et al., 1965) although (Singh et al.,
1970) and (Vacaro and Dillard, 1966) have shown that larger cows wean
larger calves, which disagrees with Wilson et al. (1969) who reports
that larger cows tended to.produce lesser quantitieé of ﬁilk and.total
milk energy when comparing Holstein x Angus cows.

Total milk yield is highly correlated.to lactation length and
total milk constituents (Abadia and Brinks, 1972; Christian et al.,
1965; Melton et al. 1967; Gifford, 1953) although the percentage of
constituents had low reported correlatiqns. o

Milk yieldlat one period of lactation was positively correlated
to milk yield at another period, although the correlations decreased,
depending on the difference in time between the two periods (Kress and
Anderson, 1974; Christian et al., 1965; Totusek et al., 1973).

Drewry et al. (1959) feported that thg éorrelation between
number of times sucked and average daily milk yield at the 1st, 3rd

and 6th months was -.30, -.18 and .22, respectively. Total time spent
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nursing at 1, 3 and 6 months was corfelated to milk yield'by -.40, .03
and .21,respectively, reported by Drewry SE.E&: (1959) and Koch (1972).
Christiaﬁ‘gglgi. (1965) found that the correlation between milk
yield and weaning ngght of the dam at 0 to 60 and 60 to 240 days,
respectively, was —.10 and 0.20. Butterfat correlation to milk yield
for these two periods was -.27 and —.18,.respective1y. "1t was not
determined whether this was due to environmgntal or to genetic effecté,
but if it is genetic, this suggests that‘selection of éeplacemeﬁt
heifers by weaning weight will have a detrimental effect on.milk pro-

duction and consequently lower weaning weights in her progeny.

Heritability of Milk Production

Advances in the dairy industry due to selection give testimony

‘to the fact that progress is possible. Schmidt (1971) reported that

percentages of milk fat, protein, SNF and lactose afe about 507% heri-
table. According to Laben (1963) total milk yield has a heritaBility
of .20 and fat yield has a heritability of .30. o

Due to the numbérs of records mneeded for heritability studies and
the difficulty of obtaining records from beef animals, few estimateé
are available. Yao et al. (1954) estimated heritabilitieg for m%lk,'
butterfat and peak-daily-production to be 28.4, 36, 8 and 16.9,
respectively, in Milking Shorthorn Cattle, using paternal half~sib

correlation. After removing 40 cows which were not considered a

representative sample, the respective heritabilities were 14.2, 24.5

and 14.8 for milk, butterfat and peak-production.
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_Koch (1972) estimated the heritability of maternal ability for
gain to weaning ranged between 30 and 36% in Herefords.

Physical Characteéristics

The difference between body types of dairy and beef cattle have
led to speculation that milk. production may be stociated with.Somé
physical characteristics. | |

Cole and Johansson (1933) observed that the mest long~bodied and
high-legged cow was the best milker, while tﬁé poorest.milkéf was a
more blocky type. | |

Brown and Franks (1964) estimated the ﬁeritability of weight and
body measurments to be .44 for weight, .41 for wither height, .69
for hip height, .40 for shoulder Width,',llifor hip Widthg .71 for
chest depth, .39 for rear flank depth, 46 for.heart girth}and .48
for body length. Dry cows averaged 45 kg heavier than lactating ‘cows
and were larger in the dimensions influenced_by fat thickness.

Brinks et al. (1962b5 indicated that cow weights increased up .to
8 years with the heritability of spring and fall weights being .75
and .73, respectively, using multiple records. -Repeatabilities far
the two weights were -76. and .84, respectivelyg -Weighf gain in wintex
tended to be associated with faster gaining calves, While.ﬁeigh;'gain
over the lactation period was negatiyely-correlated with calf gain;
This is in agreement with Hohenbokeh'gg_glgi(19i3),and with Vaccaro

and Dillard (1966) who observed that young cows which were heavier




~34—

90 days before calving and lost less weight for 90 days prepartum
to 60 days postpartum, produced faster gaining calves. Howévgr, in
older dams with faster gaining calves, there was a larger weightiloss
at 60 days postpartum, but there was a tendency to gain more weight
thereafter. Singh et al. (1970) also found weight loss during lacta-
tion was positively correlated to calf gain. | |

Wilson et al. (1969) grouped cows as either large or small and
found that body size did not significantly influyence milk yield.
Matchello et al. (1960) found that cow weight at 18 months had little
influence on subsequent milk production. |

Nursing Behavior of Calves

No study of milk production estimation techmiques can be complete
without some comparison to the natural milk removal system. A study
of the behavior of cows and calves in a range environment becomes al-
most . impossible, but using a relatively small'number of cows in a
restricted area conclusions can be drawn about actual conditionms.

Calves on Aberdeen—-Angus cows confined in a 1.6 ha pasture,
nursed 4.7%t1.8 and 4.5%1.3 times per day, respectively, during the
first month of lactation in 1957 and 1958, reported by Drewry et al..
(1959). At three months, the respective number of times nursed was

6.0£1.6 and 3.2+.7 during the two years-and'at sikx months. the number
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was reduced to 3.1*.7 and 2.9%.8. The combined two year everage o
total time spent‘nursing was 38.8il8.4, 55.9il4.8 and 30.7i9.4
minutes per day at the first, third and sixth month, respectively,
and the interval between nur31ng was 3 2+l b, 4.2%1.5 and 5 5+l 8 hr
at these respective months'. ‘

With Angus and Angus crossbred Zhyr—oinfcows, Welker (1960)
indicated that 22% nursed their calves three times daily, 38%.nnrse&,
four times, 24% five times and 137% nursed.morenbften thenvfine times’
when averaged over the entire 1actatien'period, There wes agtrend'
for calves to nurse more frequently the first'month thenrlater on
with the Hereford x Angus group reaching a high of 6.3 times per day
during the first month. Average duration of nurS1ng for the 1actation .f
period was 40- 45 and 32 min per day for;the ‘Angus; Hereford x Angus ',
and Jersey. x Angus groups, "respectively. The average interval between
nursing was 3.5 hr at one month and 1ncreased to '6 hr between nur51ng
at 10 months.

Cartwright and Carpenter (1961) observed that Hereford X Brahmen.,
calves on Hereford dems nursed 4.2 times per dey with the total
duration lasting 38'min while'Hereford'celvesJen‘Hereford,damsinursed
an average of 3.5 times, with a duratipn,eijS.?,nin,:hGWéverﬁ'the{

stage of lactation was not reported. g




~36-
A higher frequency of nursing was oﬁservéd by Hutchesgn»gg_gl.
(1962) in Zebu cattle. Average number of times nursed ﬁas 9.5, 6.7,
7.1, 6.0, 5.2 and 5.6 for the first through sigth month, respectively.
The total duration of nursing decreased from 93.3 min at the first
month to about 50 min during the last three months.
Nursing activity at night was miniﬁél (Drewry et al., 1969;"
Walker, 1960; Cartwright and Carpenter, 1961); however, Hﬁtcheson
et al. (1962) réported an increase in night-time nursing'activity as
the stage of lactation increased when the cows and calves were canfined~

to a lighted lot at night.




CHAPTER 3

EXPERIMENTAL, CONDITTONS

Climatic Conditions

The Northern Agricultural Research Center at Havre, Montana is
located at a latitude of 48°34' N and at 109°40' W longifude and
elevation is approximately 762 meters abové sea level. Thg area is
typical of the northern glaciated'plgins‘and is bordered on ﬁhé‘soutﬁ
by the Bear Paw Mountains.

| 'The lowest recorded temperéturé of ~500C ogcurred in January,
1953, while the highest temperature ever recérded was 420C in:June
1900; The normal annual preéipitation is'éi.3 centimeters. The
average April temperature'ranges betweenr a norﬁal high of 149C and-a
low of 0°C with 2.3 cm of precipitation.nopmally occurriné. ‘Ayerage
snowfall for April is 9.4 cm. The average.Maylfemperature ranges
between a high of 20°C and a low of 69C with 3.8 cm of precipitation.
Average snowfall during May amount to .7 centimeters. |

The experiment was conducted during the years of 1975 and 1976
and they were contrasting years. Average maximum and minimum temper-—
atures for April were 7.6°C and -4.6°C, respectively, for 1975, while
in 1976 they were 18.3°C and 0.4°c. May temperatures showed the same’
-trend with the respective maximum and minimﬁm being 18.7°C and.4.4°¢
during 1975, while 1976 temperatures were 25.3°C and 4.5°C.

Precipitation during April and May of 1575 was 7.3 and 5.4 Em,

respectively. During the same respective months in 1976, only 2.3
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and 2.6 cm of precipitation was recorded. April snowfall in 1975
amounted to about 60 cm; While none was réﬁbfﬁed in May of 1975 or
April or May of 1976. |

Experimental Animals

Data for the present study were collected at the Northern Agri-
cultural Research Center, Havre, qutana. These cows were maintained
in the commercial herd and were the resulting ﬁroduct-of crossline
studies. The foundation stock of these cows were the results of a
20-year linebreeding project initiated in 1947-1948. Five separate
lines were maintained, consisting of the Havre Line 1, a Polled
Hereford line, Havre tines 2 and 3 whicﬁ-were hArned, Havre Line 4
which was straight Miles City Line 1 breeding, a;d the R;d.P. Line
from Mon;ana State University. 1In 1963,-£He cows from ali liﬁes had
a mean inbreeding éercentage of 15.29 reported by Anderson (1966) .
The latest estimates of inbreeding percehtages of dams (unpublished)
for lines 1, 2, 3, 4 and the R.0,P. line were 13, 11, 11, :2 and 107,
respectively. |

Beginning in 1967 and continuing for three years, these lines
were crossed in all possible combinations resulting in 25 subgroups.
of breeding. All female progeny from these crosses were saved. In
October, 1970, 144 surplus registered and commercial cows were

dispersed at auction. The cows remaining in the commercial herd,

selected on the basis of their performance, and their subsequent
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progeny which were sired by Hereford bulls (ﬁreﬁéminately Havre
Lines 1 and 4) were experimental animals used.‘

During the two years of this study, all cows included in the
experiment had calves si;ed by Hereford bulls. Cow ages ranged. from
two years (first calf heifers) to eight years. Data were.collected
in April. and May of 1975 and 1976 and represented the first two months

of lactation.

Management of Experimental Animals

Cattle were wintered on a maintenancé‘rgtign consisting of corn
silage and hay. Cows were calved in a large pasture where they were
kept under surveillance 24 hr per day. Shortiy affer calving the galf
was weighed and tagged and then the pair wéfé moved to-a'larger pasture.
The cattle were maintained on a ration of- hay and corn silage untii mid-
April (depending on availability of spring grasé) when they were turned
onto an early spring range, consisfing largely of crested wheatgrass

(Agropyron desertorum) and some blue gramagrass (Bouteloua gracilis)

and needle-and-threadgrass (Stipa comata).. 1In order to prevent over-—

stocking of this pasture, older calves were moved to a larger pastire
farther way from the corrals, as more cows and calves were added during

the calving season.

After calving, cattle were still checked at least once a day.
Sick animals were usually treated on the range, but if it was determ-

ined that a cow was producing more milk than her calf could consume
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the pair was isolated and placed on reduced feed until the calf.
coula take all the milk the cow was producing. |
Cows and calves were moved to summer pasture during the first.

week in June.




CHAPTER 4

LATIN SQUARE MILK PRODUCTION

Introduction

The weigh-suckle-weigh method of estimafing milk production has
been used extensively for beef cattle‘research. The period of time
the calves are separatgd varies among research reported in the litera-
ture review. The purpsoe of this experiment was to determine whetﬁer
length of separation time influéncgs estimates of milk production.

Materials and Methods

Experimental Design. The experiment was replicated over two con-

secutive years during April and May of 1975 and 1976. Each year was
divided into two periods. The firséxperiqd (pl) corresponded to days
7 to 21 of tﬁe lactation period and the second period (p2) correspond-
ed to days 28 to 56 of the lactation period. Fach animal included in
the experiment was tested first in pl and again in p2. |

The basic experimental design was a 3 x 3 latin équare where
cows were assigned to rows, days were assigned to columns and treat-
ment-l (trl), treatment 2 (tr2) and treatment 3 (tr?) was a 4, 8 and
16 hr sepération interval,.respectiveiy. The latin square was
necessary to insure that the groups were compdsed of similar cows
which was necessary to show the true rélationship among treatments.
A 3 x 3 latin square has only two poésiblé ways éhat treatments can
be arranged; trl can follow tr3 or tr2 can foilow tr3 éé'shown in-

figure 1. These two types of treatment sequence were designated as
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Day 1 Day 2 Day 3
Cow t;l tr2 tr3
Cow tr2 tr3 trl
Cow. tr3 trl tr2
Type 1
Day 1 Day 2 Day 3
Cow £r3 tr2 trl
Cow trl tr3 tr2
Cow tr2 trl - tr3
Type 2
Figure 1.

latin square.

trl- 4 hr separation
tr2- 8 hr separation
tr3-16 hr separation

trl- 4 hr separation
tr2- 8 hr separation
tr3-16 hr separation

Two types of treatment sequence using a3x3
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Type 1 with the 4 hr treatment following the 16 hr treatment and as
Type 2 with the 8 hr treatment following the 16 hr treatment. Each
type was #lterﬁated throughout each period so that if there were any
residual or '“carry over" effects from one treatment to the next, they
would average out over the period. Figgre 2 shows the alternation of
types of squares with the squares spread 6ut'so that gacﬁ day of the
period was represented.

In order to test whether treatment effects alone were creating
differences in milk estimates, it was necessary to reduce variation as
much as poésible among cows and among days. Similar feeding and |
management should reduce variation among days. In order to assure
that similar cows were assigned to each sqﬁare, the criterion that
received top priority was that days in lactation be the same * 1 day.
The next criterion was that cows be from the same age group with
the groups being composed of 2, 3 or 4-year-old and mature cows.
Because there were'only four 4-year-old cows, they were included with
the mature group which were six to eight years old.

In 1975, 20 sqﬁa;es composed of 60 cows were tested in each
period while in 1976 only 19 squares were used due to thé lower number
of Hereford sired calves. One calf in the second period i; 1956
refused to nurse after a 4 hr separation igtervgl which.necessitated
the removal of the entire square. This left 18 ééuares represenfing

the second period in 1976. Although eight of the cows were included
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Figure 2. Experimental design for 1975 and 1976.
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_ in squares in both years, they were considered to be different cows

for purposes of the analysis. Due to the limited number of experimental
animals to choose from, it was necessary to compdse 24 squares of

caiveé of different'seg and 32 squares were édmposed qf cows . of |
different ages of‘which eight were composed'of.combiﬂagion‘of,Z.S and
mature. After cows wefe assigned to a square, they were randémly

assigned a row (cow number) within the square.

Experimental Procedure. The cows and calveé were on pasture
until time for the milk production test, when they were brough£ into
the corrals and were confined in a dry lot. Feed levels (approximately
10 kg of hay in 1975 and the equivalent of silage + hay in 1976) were
comparable to levels being fed to their contemporaries in én‘eariy
spring management regime. During late spring after ﬁew pasture
growth had appeared, the cows were placed on pasture, but cows on
test were put on drylot for the 3 days they were on test.

Normally, three or four squares were .tested together. The
general procédure called for stirring up the cows and calves about
5:30 pm on the day they were brought in. Usually anytime the cows
were disturbed and then left alone, the calves would nursé. At 6:00 pm,
the caives to go on 16 hr separation were'removed from fheir‘dams.
In 1975, the cows were weighed and condition scored at this fime.
(In 1976, it was necessary to wait until the third day and wgigh the :

cows just before returning them to pasture). The next day, on day 1
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of the experiment at about 7:30 am, the remaining cows and caives
were disturbed. After the calves had nursed, the 4 hr and the 8 hr
separation calves were removed from their dams at 8:00 am. The cows
were then visually inspected to determine if their udders were
complétely empty. Those cows‘that were questionable were restrained .
in a squeeze chute and milked out by hand. The Wwet snowy spring of
1975 seemed to cause problemslwith younger calves not completely
nursing their dams and some of their dams had to be milked out. As
tﬁe weather turned more favorable in 1975 -and then in 1976, evén
the younger calves were able to remove all of the available milk.

At 10:00 am, the calves on the 16 hr separatioﬁ were weighed to
the nearest .23 kg and then turned to their dams. The calves nursed
until they were done (approximately 20 min) and were thép immediately
reweighed. The cows whose udders were incompletely nursed were
restrained and milked dry. During 1975 when the weather reduced tﬁe
vigor of the calves and when some of the cows had sunburned udders,
there were some problems with calves nqt completely nursing out the
cows after-a 16 hr separation, but generaliy during mére‘faVOrable
wgather cond;t;ons, only a few high producing cows with young calves
had to be milked out after the calves had finished nursing. The milk

removed by hand was weighed and added to the difference of the calf

" weights taken before and after nursing and this total.was then

multiplied by 1.5 to give a 24 hr milk production‘estiﬁate. The
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cows and calves were then turned back together;

At 12:00 noon, the calveg on the 4 hr separation were weighed,
allowed to -nurse and reweighed. ‘This Weight differénce Waé multiplied
by a fa;tor of 6 to obtain é 24 hr estimate of milk p?oduction. The
cows were visually inspected for empty udders gna the calves we?e
turned in. The calves on 8 hr separation were weighea at 4:00 pm and
-allowed to nurse and then were reweighed. This weight différencé was
multiplied by three to obtain a 24 hr estimateqf;ﬁlk‘productidﬁ.

The cows were inspected and turned in with their éalves.

At 5:30 pm the same day, the calves to go on fhe 16 hf separé—
tion were allowed to nurse and separated from their dams about 6:00 pm.

The typical testing schedule for the 3 dayéTfor types 1 and 2

are shown in figure 3.
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Treatment sequence Type 2

----- calves with dam
calves separated from dam

Figure 3. Normal procedure for estimating milk production.
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Analysis of these data followed procedures used by Cochran et al.

(1941) for a similar latin square design.

Analysis was according to least squares procedures using a nested

mixed model (Model 53) (Harvey; 1972). Each.variable was described by

the following linear statistical model:

Yijkilmn = @ + Y4 + 843 + Cygpc + t1 + dy + ppy + (yP)ip + (dplgp +

eijklmn
where Yij klmn

u
Y5

Sij

Cijk

Pn

(yP) in

(dP)pm

€ijklmn™

each individual observation

fixed underlying population mean

effect of the ith year

effect of the thﬂSQuape nested-

within the ith yeaf

effect of the kEh:cow nested within

the jEE square within the iEE.year

effect of the 1! treatment

effect of the mEB.day

effect of the nEE.period

interaction of the iEE.year with the

nth period

interaction.of the mth day with the nth period

random, uncontrolled errors
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The following assumptions were made regarding the distribution
of the effects: sij = NID(O,Gé ) (random); Cijk = NID(O’oéi) (random) ;
y; (fixed); tl(fixed); dm(fixed); pn(fixeg); (yp)in(fixed); (dp)py, (fixed);
eijklmn = NID(0,0E ) (uncontrolled, uncorrelated, random effect ﬁhét
varied among individuals). The decision to consider years as a fixed
effect was made due to the fact that theAéfeatments being investigated
were inf;uenced by the specific years of 1975 and 1976, without inference
to other years.
Cows assigned to the squares were considered to be a randbm*sample
of the population. Squares were considéred as a random effect d&e to the

fact that they were composed and assigned to a time period due to the

availability of a random group of cows. The natural randomization of

calf sex also contributed to the randomization.of the squares.

Days were not nested within squares as cows were because the
specific days investigated were the fi?st, second and third .days of
each square although it was recognized .that day‘l in April may nof have

been the same as day 1 in May.

Preliminary analyses indicated thatnfype of square effects and the
effects of the type x treatment, treatment x period and the tréafment X
year interaction were not significant‘sources.of variation; consequently,
they were not included in the final model. - A preliminary least squares
analysis using a fixed model‘(model I) (Harvey, 1975) was used to

determine the suitability of the assumptioné made in the composition
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of the 3 x 3 squares. This model included year (either 1975 of 1976)
weeks in lactation (1-7 + weeks), sex of calf (male or female) and
age of dam (2, 3, or mature). Dependent variables were milk produc-
tion estimates froﬁ the 4, 8 and 16 hr separation intervals and calf
ADG from birth to time of test. Two Eund¥éd fhirtythOvobservations
were used in this analysis.

Results and Discussion

The assumptions used in assigning cows to squares were that (1)
the amount of milk produced is determined tslthe greatest extent by
the length of time the cow has been milking (2) age of cow is the next
most-important variable in determining milk production (3)'the agres-
siveness of the calf, as influenced by calflséx_is ﬁhe third most
important factor influencing production.

The analysis of variance (table 4.1) indicated that age of dam
was a significant source of variation for all of the traits measured.
Lactation stage was a significant sourcé‘ofvariatiqnfor the 4 hr miik
production and for average daily gain. Year was a highly significént
source of variation for ADG of the calf; however, there wasvﬁo signifi;
cant difference between years for the milk production estimates. Sex
of calf-was not a significant source of variation for any of the traits
measured during this period in early lactation. A more complete
discussion of these factors appears in Chapter 5. This_analysis as

related to the latin square design indicated that the assumptions made
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concerning major factors that infleunce milk production were basically

correct; however, the analysis of the data showed that age of cow should

have received top priority in composing the squares with lactation stage

being secondary. Sex of calf need not have received any consideration.

TABLE 4.1. LEAST SQUARES -ANALYSES OF VARIANCE FOR PRODUCTION TRAITS

Mean squares -of traits

4 hr milk 8 hr milk 16 hr milk -Average daily
production production production gain of calf
Source af (kg) (kg) . (kg) (kg/day)
Year 1 .18 .83 1.58 1.39%*
Lactation
stage 6 18.38%* 2,52 1.75 .18%
Sex of : _ . .
calf 1 .017 .15 1.85 .05
Age of
dam 2 139.78%%* 121.63%% 89,2%% 1.12%%*
Residual 221 7.99 4.05 1.60 .04
*P<,05.

*%P<,01.
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The analysis of variance for the complete latin square design
(table 4.2) indicated that all factors included in the model signifi-
cantly influenced milk production, with the exception of yeérs.
Assuming that milk production follows closely with the.quality and
quantity of feed available as reported by Klett et al. (1962), Pope
gg_gi.'(l963) and Lamond.gg'gl. (1967), the same feeding management
during both years Woul& explain the insignificant effect of yéars.

The composition of each individual 3 x 3:latin square was such
that within square variability was reducgd to a minimum. With within
square variation reduced, the variation between squares manifested"
itself as a significant effect. The differences between sqﬁarés
were due primarily to differences in ages and to differences in stage
of lactation. Even though the three cows within each square were
deliberately chosen to be as similar as possible, the fact thét
cows/square/year was a significant effect indicated that -something
other than aée, stage of lactation and sex of calf had an important
influence on milk production. This influence in the common environ-
ment of the square could be attributed to'diffe?ences in genetic
potential. Differences in genetic potential are of par;mount iﬁportancg-
to the livestock industry because selection for milk production in beef

ccattle is possible if the superior genotype can be identified.




54

TABLE 4.2. LEAST SQUARES ANALYSIS OF VARIANCE FOR MILK PRODUCTION
FOR 1975 AND 1976 COMBINED '

Source . ' df Mean:squares (kg)
Year 1 ' 9.73
Squares/year 37 S 22.25%%
Cows/square/year 78 9.04%%
Treatment 2 © o 596.94%%
Day - 2 - 112.51%
Period 1 27.68%%
Year x period 1 _ 12.58%
Day x period ' 2 T 19,35%%
Remainder 568 L 3.98
*P<.05.

*#%P<.01.
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The question of whether differenceé in separétion interval
influence 24 hr milk production was answered by the highly significaﬁt
effect of treatments. The least squares means‘(tablé 4.3) for thé 4-,‘
8- and 16—hf treatments were 5.16, 7.61 and 5.94 kg, respectively, and
differed significantly from each other as tested by least sigﬁificant
difference (Snedecor and Cochran, 1967). The shorter interval between
nursings yielded more milk which agreed with _¥eports from the dairy
industry (Elliot, 1962; Cash and Yapp, 1950) indicating that the
additional milk was due to more frequent oxytocin release.. Another
factor may have been the decreased udder pressure associated with
frequent milking (Dodd, 1967). Udder pressure was p?obably the most
important factor causing reduced production for the 16-hr interval.
After 16 hr, the cows were noticeablyuncomfotrtable as evidenced by
nearly constant bawling and the distende& condition of the udder
and teats. Some cows were in pain and woﬁld kick as the calf initially
made contact. It was thought that the quantity of milk received would
increase the incidenceof scours in-the calves,'however; in this group

of cows, no justification was found for this hypothesis.
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TABLE 4.3. LEAST SQUARE MEANS BY YEARS, TREATMENTS, DAYS AND PERIODS
FOR 24-HOUR MILK PRODUCTION 1975 AND 1976 COMBINED

Variable Observations Means (kg) Standard error
Year

1975 360 7.45 . .250
1976 333 7.69 .259
Treatment

4 hr 231 9.162 .209

8 hr 231 7.61P .209

16 hr 231 5.94¢€ .209
Days
day 1 231 7.642 .209
day 2 231 7.31b .209
day 3 231 7.762 .209
Periods C

7-21 days 315 7.37a .195
28-56 days 342 7.77P .096

abcMeans/variable with different superscript differ significantly

(P<.05).




=57~

‘ Aftér 8 hr, the cows would bawl occasionally; however, this may
have been due to mothering instinct, rather than physical discomfort.
Calves were hungry after 8 hr and were ready to start nursing.

.After a 4 hr interval, many calves would‘not'start nuréing immedi~
ately, buf would find their mother and then wan&er away or allow their
mother to lick them for a few minutes before nursing. However,‘only
one calf refused to nurse after a 4 hr interval and this may have been
due to his unhealthy condition. The 4 hr eétimate was fhé least
precise of the three estimates from a measurement standpoint because
the scale was calibrated in .23 kg increments and when the broduction
was multiplied by six to put it on a 24 hr baéis, an error‘of up to
*1.4 kg could result, compared with an error of *.7 and *.3 kg for
the 8-hr and 16-hr treatments, respectively.

When types of squares prowved to be an insignificant effect, it
was concluded that the treatment sequence was unimportant and that no
measurable "carryover'" effect existed from one treatment to another.’

Days refers to consecutive days 1, 2 and 3, corresponding to the
columns of the 3 x 3 latin square. Days were a significant source of
variation and the least squares means of 7.64 kg for day 1 and 7.76 kg
for day 3 were significantly different from the.7.31 kg of milk pro-
duced on day 2 as tested by least significant difference. Because
feeding and management remained constant throughout the days of the

test, the decrease in production on day 2 may indicate that stress
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affected production. The stress of being separated from their calves
was particularly noticeable in the yoﬁnger cows which spent very little
time at the feed bunk and most of their time bawiing over the fence at
their calves. On day 1 of the experiment, the stress condition was not
) noticeable due to.éarryover nutritional effécts from the day before.
By day 2, milk production had dropped due in part to little feed the
day before. As cows-became acclimated to the drylot environmeﬁt,
milk production increased as - was shown on the third day.

Milk pfoduction from the first period of 7 to 21 days (the design
specified calf ages to be 7 to 21 days, but a few calves were up to 24
days old before testing; by the same token some calves were only 27
days o0ld and were included in period 2) was significantly different
from milk production in period 2 at 28 to 56 days. Period 1 waé shorter
than period 2 because a large concentration of cows was needed to
determine the shape of the lactation curve in this early period of
lactation. Kress and Anderson (1974) had reported peak milk production
at 20 days in this herd and one objective of this stpdy was to deter-
mine whether cthe peak occurred earlier than 20 days. Milk production
increased from 7.37 kg during period 1 to 7.78 kg during period 2.

This conflicts with Kress and Anderson (1974), but .is in agreement with
other reports of increases in milk production to 30 to 45 days (Abadia

and Brinks, 1972) and up to 60 days (Gleddie and Berg, 1968).
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The significant period by year intergction is illustrated in
figure 4. This was difficult to interpret due to the fact that
squares from period 1 were distributed aufingnboth April and May;
consequently, it is difficult to relate to aVaiiéble feed, but it is
correct to assume that the majority of coWs‘in period 1 were‘téstéd in
April while the majority of cows in period. 2 were testea in May.
During 1975, when snow covered the ground during much of April, the
cattle may ﬁave had to dépend more on bgiﬁg fed than they did in 1976
when green grass was not -snowcovered. In 1976,‘thé green grass was
more palatable than hay even though hay was available aﬁd miik pro-

duction more closely followed the quantity of the grass.
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Figure 4. Milk production means for each year and period illustrating
the year by period interaction.
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Figure 5 illuétrates tﬁe significant period x day interaction and
shows a decrease in production on day 2 of;period 2. The stress
factor and the adaption to a drylot conditionlmay affect milk pro-
duction more when the cows come from a-pasture environment dependent on
green grass than when they come from a more confined management regime
such as was the case with most of the cows in period 1.

Appehdix tables 1 and 2 contain separate analyses for 1975 and
1976, respectively, with the model includiﬁg_type. Appéndix table 3
contains the analysis for both years with treatment x yeér and

treatment x period interactions included in the model.
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CHAPTER 5

PHYSICAL TRAITS AND PRODUCTION ESTIMATES

Introduction

Milk production in beef cattle is difficult to measﬁre, thereby
making any highly correlated trait an important tool in p;actical
selection for milk production.

.Body height, weight; weight:height ratio‘and,condition score were
anal&zed to determine theif relationship to 24 hr milk production
and calf ADG; Both hip and withers height meésgpemenfs were used in
an effort to determine whether one more'accufately measﬁred heigﬁﬁ.

Materials and Methods

Each animal was weighed, measured and assigned‘a condition score
once during period 1 and once during_period 2 at 7 to 21 days and 28 to
56 days, respectively, into the lactation period.

Cattle were weighed and measured on an indootr scale on a wooden
platform approximately 1 x 2.5 meters. Weights were taken to the
nearest .45 kg. Height measurements were taken with a tool constructed
of 1.27 cm electrical conduit calibrated in centimeters, with a

‘sliding.horizontal member attached at a rigﬁt angle. A line level
attached to the horizontal member aided in keeping it level, assuring
that only vertical distance from the floor to the hips or withers was
being measured. Withers height measurements were taken when the cow

was standing evenly on her feet and when her neck was elevated to a
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position level with her back. Hip height was measured directl} over
the hip.bones when the animal was standing squarely over all four legs.

Condition scére was assigned according to visual inspection with
all scéring done by the same person. Scores ranged from one for a
cow in extremely "thin" condition to 10 for a‘cow in éxtrémely "fat"
condition. Ultrasonic estimates of fat thickness over the 12th rib
were used during the 1976 study to aid iﬁ:condition scorée determination.
Results were unsatisfactory due to lack of measureable variation so
the ultrasonic measurement was discontinued.

Repeatability from period 1 to period 2 for withers and hip

weight weight

withers height’ hip height ° condition -score and 4-; 8- and

height,

16-hr milk production were obtained from the 115 cows that had complete

A

g cows

data for both periods; Repeatability was estimated by " ~5
- 0 cows +0 error
with the variance components obtained from least squares analysis of .
variance (Model II) (Harvey, 1972). The model included period, year-
age of cow and cow nested within ages iﬁ'éach‘year. Coefficients df
variation were calculated by %—. |

Milk production was measured by the 4-, 8- and 16-hr separation
interval and indirectly by average daily gain of the calvés. A
preliminary analysis included the year, cow age and actual cdndition
score éé discrete variables and days in lactation, hip height and cow

weight as covariates (Appendix table 4). Height was not a significant

source of variation for any of the production traits. The quadratic
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regreésion of l6—hr'milk on weight was significant; however, when con-
dition score was run as a covariate, as in Appendix table 5, this
effect was reduced to a nonsignificant effect. Calf sex was previously
shown to be nonsignificant effect for milk production and calf ADG.

It is possible that cow condition could be measured more accurately
by weight:héight ratio than by a visual score. Preliminary analyses
were made comparing the weight:hip height ratio and condition score
as estimates of cow condition. The ngght:height ratio was grouped
as high, medium and low and used as a discrete variable, while con~
‘dition score was grouped by actual score and analyzed as a discrete
variable. Lactation stage was then considered to be a continuous
variable representing days 6 to 56. Appendix tables 6 and 7 show this
comparison. Appendix table 8 also indicated that —TEEEEQE—~ and

_ hip height _
condition score measured the same effect. The visual score for cow
condition was used as the most suitable indicator of cow conditionf

Another preliminary anélysis indicated that neither the quadfqtid
regression on days in lactation nor the quadratic regressioh on
condition score was significant (Appendix table 9).

The analysis of variance was according to least squarés procedures
using a fixed model including year, age of cow, linear regression on
days in lactation and linear regression on éondition_score. Primary
dependent variables were miik production estimates from the 4-, 8- and

16-hr separation intervals and calf average .daily gain. Dependent
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varigbles'also included were withers height, hip height, Qeigﬁ;,‘
metabolic si;e and weight:height ratios using both actual weight and
metabolic sizé in'an attempt to determiﬁe their éorrela£i$h'wi£ﬁ milk
production.

Means were compared'by least significant difference (Spedecor and
Cochran, 1967).

Results and Discussion

Repeatability estimates were calculated from the analyses of
variance in tables 5.1 and 5.2. Repeatability eétimates the éorfela—
tion between measurements in period 1 and pe;iod 2 for gaéh cow. High
repeatability estimates indicate that cows with high rela;ive measure-
ments in period 1 glso had high relative measurements in period‘Z;and
cows low in the first period were also low in the second period.

A comparison of repeatabilities for hip and withers height-shduld :
reflect the accuracy of the measurement since height, as detérmined by
bone growth, would have changed little during the short timé between
measurements in period 1 and measurements in period 2. -ﬁepeatabilties
were .940 and .951 for withers and hip measurements, respectively,
(table 5.3). Coefficients of variation for withers andihiﬁ heights,
respectively, were 3.6%'and 3.1%. When care was taken to insure-that
each measurement was an accurate as possibie these results indicate
that both measurements are an accurate estimate of height.énd_that ﬁip

measurements may have a slight advantage due to higher repeatability.
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In a situation where rapid measurements are necessary, tﬁe hip
measuremént méy be advantageous since cows tend to be less upset by
measufements‘over the rump and will stand still moré’quietly while
the measurement is being made. Many cows, especially the younger ones,
get restless when someone is working near their heads and a considerable
amount of time is used waiting for them to quiet down and hold their .
necks level with their backs while they are being measured.

Repeatability of weight was relatively high ét .89. ‘C6WS'tendedA
to have the same weights relative to each other in periodsvl and 2 -
although the mean weights increased from period 1 to period 2. Céws
had reached or were close to the maximum postcalving weight loss in
pe;iod 1 and were starting to gain weight during period 2. Bellows
and Thomas (1976) had reported that maximum weight loss occurred
between the first and second month of lactation which is in agreemégt -
with these data. Mean weights for period 1 and periqd 2; réspectively,
were 445.5 kg and 451. 2 kg (table 5.4). Cow condition also reflected
the weight gain as the mean score increased from 6.58 during period 1

to 6.73 during period 2 although this was not significant.




TABLE 5.1 LEAST SQUARES ANALYSIS OF VARIANCE FOR PHYSICAL TRAITS

‘Mean, squares of traits

Withers  Hip Weight Weight _

height height Weight Withers Hip Condition
Source df (cm) (cm) (kg) height height score
Agés—years 5 393.85%% 179.70%% 127038,58%% 5,841%% 6.459%% 4, 53%%
Cows/ages-years 109 19.62%% 23.04%% 2990, 24%% .143%% c127%% 1.26%%
Period 1 .35 .36 1877.61%%  ,148% .131% 1.22
Residual 114 1.26 1.18 353.80 .025 .022 .33
*%P<.01.

*P<, 05.




TABLE-5.2. LEAST

SQUARES ANALYSIS OF VARTANCE FOR MILK PRODUCTION AND CALF ADG

Mean squares of traits -
4-hr milk 8-hr milk 16-hr milk Calf

production production production ADG
" Source df “(kg) (kg) (kg) (kg/day)
Ages-years 5 70.35%% 53.95%% 34.,95%% .838%x
Cows/ages=years 109 9.05 4,93 2.60%% - .059%%
Period 1 32,74% 7.44% 1.27 L 779%%
Remainder 114 . 7.32 3.14 .70 .023
*%P<,01.
*P<.05.




TABLE 5.3. REPEATABILITY ESTIMATES AND COEFFICIENTS OF VARTIATION
FOR PHYSICAL AND PRODUCTION TRAITS

-70-

Repeétability’ . Coefficient of

Trait eéstimate . variation

Withers height . 940 3.56 _'
Hip height‘ .951 3.11

Weight .894 14.45

Weight .

Withers height .850 12.08
Weight . 3
Hip height .853 12.73
Condition score .795 13.93
4-hr milk production .553 33.98
" 8-hr milk production .610 29.64
16-hr milk production .788 25.82
Calf ADG .721 45,18
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TABLE 5.4. LEAST SQUARES MEANS FOR PERIODS 1 AND 2

Mean Standafd
Trait , Period 1 Period 2 ' error
Withers height (c¢m) _ 120.3 120.2 . .34
Hip height (cm) 125.9 125.9 - .37
Weight (kg) 445.5 : 451.2 ' 4.30
Weight .
Withers height 3.74 3.79 .030
Wedight .

Hip height: { 3.53 3.58 .029
Condition score 6.58 6.73 _ .093
Calf ADG (kg/day) 477 ' .594 .021
24-~hr milk production

4-hr interval (kg) 8.59 9.35 .289

8-hr interval (kg) 7.31 ' 7.67 . 204

16-hr interval (kg) 5.71 5.86 ‘ .133
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The repeatabilities for 4-, 8- and 16-hr milk production '
estimates were .553, .610 and .788, respectively. This indicated that
production of cows with a 4-hr separation was not as consistent from
pefiod 1 to period.z as the production estimates from longer intervals.
The means for the 4-hr interval were 8.59 for period 1 and 9.35 for
period 2 and differed significantly. The 8~hr and 16-~hr meéns for
periods 1 and 2 did not differ significantly. The higher repeat-’
abilites for the 8-hr and 16-hr milk production may mean that the'
4-hr milk production estimate was.measuring more variation th;n
was actually present or that with the 8-hr and especially the 16;hr.
estimate, the udder'had filled and the milk production est;mates
were measuring udder capacity rather than actual milk production.
The coefficient of variation deéecreased as separation time increased
which also leads to speculation that somé factor was reducing
natural variation-in milk production or that measurement error is
less for the longer iﬁtérvals‘due to lower conversion factors
for 24-hr production.
Average daily gain of the calves had a repeatability esfiﬁate_
of .721. This comparatively low estimate was expected due to the
fact that gains were affected by many external factors éuch as ﬁilk
production of the dam, weather and calf sickness. The.high‘coef—
ficient of variation could also be explained by the influences

of these factors and differences in individual gaining ability
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of thé calves. Average daily gain increased significantly from .47
kg/day dufing period 1 to .59 kg/day during period 2. The increased
gain could be a result of increased milk production of their dams

or increased forage utilization by calves or by a combination of

‘both.

The ratios of weight to withers and hip heights were. highly
;epeatable aue to the high repeatabilities of the numerator and
denominator. Because the weight:height ratio is a continuous
variable and condition score was relative within’ the he?d and
determined to be a continuous variable, a linear regression best
represented cow condition. Analyses indicaﬁed that both dohdition—
score an& weiéht:height ratio were measuring similar effects .-
(Appendix table é) with condition score account for .69%, .18%,
.65% and .2% of the total variation in 4~hr, 8-hr and 16-hr pro-
duction and calf ADG, respectively; while weight:height ratio
accounted for .36%, .14%, 1.4% and .08%, respectively. The
residual correlation between weight:height ratio and condition
score was determined to be .59 (Appendix éable 11) from the ﬁodel
in Appendix table 10. This was lower than the correlation of .89
repqrted by Klosterman et al. (1969). Body types va&y a great deal
within a herd and a length measurement hgs been used in addition

to weight and height measurments by Wilson et al. (1967) to account
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for different body types and the reported correlation with_condition
score was .22. Condition score was compafed to weight as an indicator
of cow‘condition. Condition score explained .49%, L46%,_.73%'and
.29% of the total variation in 4-, 8- and 16~hr milk production and
ADG, respectively, while weight explained .46%, .107, 1.53%.and .067%
of the respective variation. Metabolic size, which is weight to the
.75-power (Kleiber, 1961), was substituted for weight but tables.
5.5 and 5.6 showed no higher correlations with this substitution.
.Due to the fact that the correlation Between condition score and
weighf:height ratio was not higher and that the weight:height ratio
is influenced more by differences in body ;ype it was decided that

the visual score would more suitably define cow condition.
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TABLE 5.5. CORRELATIONS? BETWEEN DAYS IN LACTATION AND CONDITION
SCORE AND PHYSICAL AND PRODUCTION TRAITS AND THE

RESPECTIVE REGRESSION COEFFICIENTS

Days in Condition ‘
Trait lactation b=( ) score b=( )
‘Withers height ~.017 (-.0182) .215 (.5404)
Hip height -.007 (-.0137) .208 (.7295)
Weight .054 ( .0219) .558 1 (26.29)
Metabolic size .053 ( .0029) .556 (4.233)

Weight ' )
Fithers height .070 . ( .0008) .599 (.1984)

Weight .
EEE”E%EEEE .063 ( .0006) .579 (.1860)
Metabolic size .

Hip hoight .065 ( .0011) .581 (.2884)
hhr milk . .206 ( .0372) .173 (.2865)
8-hr milk .035 ( .0018) .164 (.1077)
16-hr milk .. 064 ( .0036) .231 (.1475)
Calf ADG . .273 ( .0043) .085

- (-.0144)

d0verall correlations.




TABLE 5.6. RESTDUAL CORRELATTONS AMONG PHYSICAL AND PRODUCTION TRAITS

Variable Symbol B ¢ D E F G H I J K
wither; ht A .85%% 63%k  G4*k* ,32%%x ,39%% ,28%% 04 .08 -.03 .07
Hip ht B L64%E  G4xk 40k 33%% . 19%% 01 .02 -.05. ~.03
Weight C 1.00%% .94%%k .94%%k .87%% .0l .01 .04  -.02
Metabolic size = D L94%%  94%%k  87%% 01 .01 .03 -.02
Weight E L97%%  ,93%% .00 -.03 .01  -.0l
Withers ht .

%%%EE% ¥ .93% .01 .0L .07  -.0L
Ei;agzlic size g 0L .0l .07 .00
4-hr milk H .36¥* L38k% 27%%
g-hr milk i S1kk L 46%%
16-hr milk . J Lb46%%
Calf -ADG _ K WAL

*%P<,0L.
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Analysis of variance for milk production estimates (table 5.7)
indicated that year was not a significant source of variation fér any
estimate except average daily gain of the calf. Similar ménagemént
and feed levels each year reduced the year effect on actual~milk pro-
duction. The_wet snowy April of 1975 may have been responsible for
Ithe reduced daily gain of calyes in 1975. The .46 kg gain/day in 1975
(taBlé 5.8) differed significantly from the .61 kg gain/day in'1976.
Scours and general health préblems were more prevalent in 1975 and this
‘stress may have caused lower average gain in‘l975 evén'though calves
received the same amount of milk both years.

The significant age of dam effect is in agreement ﬁith reports in
‘the literature of milk production incréasing with age and peaking at
6 to 9 years of age (Gifford,‘1953; Neville et al., 1974; Todd et al.,
1969; Rutledge et al., 1971) or 5 to 10 years of age (Melton, 1967b).
Production was significantly different for each age group-with tﬁe
exceptioﬁ of the 3-year-old and mature cows with the 4-hr estimate
(table 5.8). |

Milk ﬁroduction differed by estimates as was discussed in the
preceding chapter witﬁ the shortest separation interval yielding the

highest estimate.
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The linear regression on days in lactation-was significant for
the 4-hr estimate and is shown in figure 6. The regression line was
defined as ﬁ=§+.0369 where x=days in lactation -28.9 days (table 5.5).
The fact that the regression on days for the t-hr and 16-hr was not
significant may indicate that limitations in udder capacity limited
full expression of milk production potential for the longer separation
intervals. An alternative explanation would disregard the 4-hr esti—
mate and explain the lack of significance of the 8- and 16-hr estimate
by the fact that feed levels remained constant while the cows were on
drylot during‘the 3 .days of the test throgghout the 56 days of the
experiment and that milk production was directly influenced by feed
levels. The latter explanation would seem inprobable since a éafry—

over effect from previous feedings should influence milk production

" and if production were directly influenced by the daily ration, then

thé 4-hr estimate should also exhibit this effect.
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TABLE 5.7. LEAST SQUARES ANALYSIS OF VARIANCE FOR MILK PRODUCTION AND

CALF ADG (FINAL MODEL)

Mean squares of traits

4~hr 8-yr 16-hr ‘Calf
milk milk milk ADG
Source df (kg) - (kg) . &g)_ (kg/day)
Year -1 .83 .66 1.73 1.21%%
Age 2 135.72%% 112.53%%  74,16%% T1.17%%
Day in lactation ’ - -
linear 1 68.54%% .16 .66 < 90%*%
Condition score
linear 1 - 14.56 2.05 3.86 .04

Residual 7.92 4.01 1.60 - - .04

*%P<.01.
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TABLE 5.8. LEAST SQUARES MEANS BY YEARS AND AGES FOR 4-HR, 8-HR,

16—-HR MILK PRODUCTION ESTIMATES AND CALF ADG

" Traits

4-he 8-hr 16-hr Calf
milk milk milk ADG
(kg) (kg) _(kg) (kg/day)
Years
1975 8.93%.26 7.37%.18 5.85%.12 .46+.0182
1976 8.80%.29  7.48%.21 5.67+.13 .61+.021b
Ages .
2-yr-old 7.18+.41% 6.08%.292  4.63+.182 .42%.0292
3-yr-old 9.26+.310  7.40+.22P  5.81+.14P  ,50%.022b
Mature 10.17+.31P 8.78£.22C  6.84%.14C  .68£.022C

abcMeans/variable by traits with different superscript differ

signlficantly (P< 05).
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Average daily gain of the calves increased significantly as they
grew older. The regression line was defined by 8=G#.0042 % where =
days:in lactation —28.9. fhis was expected because gain should follow
milk production and if milk production actually increased as the 4-hr
estimate indicafed, then ADG‘ﬁould also increase. Also, as a calf
géts older, it can supplement its diet from forage sources.

Regression of milk production on condition score (Figure 7)
was not a significant effect although it approached significance. The
regression coefficients for milk production was positive indicating
that milk production increased with improvement in condition. This
initially appears to be contradictory to reports by Singh et al., .1970;
"England et .al., 1961 and Hohenboken et al., 1973 who show. antagonlsm
~ between milk production and weight gain. This discrepancy may be due to
the fact that factors affecting condition in early lactation were
different from those in late lactation. Cows in poor condition in late
‘iactation were thought to be concentrating their resources oﬁ milk
production. Cows in.poor condition during early lactation were bften
.cows which have been subjected to stress during calving ér have other

health problems and were consequently lower milk producers.
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The negative regression coefficient is harder to explain for the
regression of average daily gain on condition score. fhis may be a
completely nonsignificant regression, or it could be éxplginéd:by
calves on cows in poorer condition compensated by being more efficient .
converters of milk to gain or because they started foraging earlier.

Correlations among the dependent variables using the present
model (table 5.7) are given in table 5.6. Withers height was deter—
mined to be correlated with all physical traits, with corfelations
for hip height, weight and weight:hip height ratio, respectively, af
.85, .63 and .39. Withers height and hip height were expected to be
correlated because both are measures of height. As height inéreases,
the larger frame will support more weight, thereby causing a'positive
correlation. The positive correlations between withers height and the
weight:height ratios means that tall cows are more likely to be pro—
portioﬁally."fatter" than shortér cows. The positive corrélation
between hip height and.the weight:height ratio .also supports this
hypothesis.

The .94 correiations between weight and the weight:height ratios
indicates that as a weight increases the cow becomes proportibnéliy
"fatter". Comparing the correlations with height and weight indicates
that weight is much more influential in determining the weighttheight

ratio than height since weight varied much more than height.
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All estimates of milk production were postiveiy correlatgd'as
would be expected since cows producing more milk in the 4-hr estimate °
should also producé more milk at the 8-hr and 16-hr estiméte} Calves
on cows producing more milk should have better gains than calves on lower .
producing cows. The correlations of .51 between the 8-hr and 16-hr esti-
mate was higher than the .36 and .38 between the 4-~hr and 8-hr and 16—hr,.
respectively. The higher correlation between the longer‘séparation
estimates may mean that the 4-~hr sepafation was measured with more
error.

Average daily gain of the calf should be an accurate indicator of
milk production since calves eariy in the lactation period are not.able
to utilize forage very efficiently. _The correlation between milk
production and ADG to weaning has been reported as high as ..91 with
cows on a hiéh levél of nutrition in drylot by Furr and Nelson (1969).
Other repérts (Christian et al., 1965; Gleddie and Berg, 1968; Holmes
gg:gl,, 1968; Neville et al., 1962 and‘Pope.gg_gl., 1963) indicate the
correlation is between .6 and .85, Christian et al. (1965) reportéd a
correlation of .48 betweén milk production and ADG for the first 60
days. The present study indicated correlations between ADQ'and the 4-hr,’
8—hr and 16 hr productioﬁ estimates, respectively, were f27; .46 and .46.
The highe? correlations for the longer separation intervals may indicate
that they more accﬁrately reflect actual milk produétion than the. 4-hr

separation interval.
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None of the physical traits were significantly correlated with
milk production.

From the available data it can be concluded that high producing
cows cannot be selected by the use of physical traits and that ;he'
best method of indirectly estimating milk production comes from com-
parison of calf ADG. The 8-hr estimate indicated that an averagelof
16.8 kg of milk were required per kg of gain in 1975 while 12.3 kg was
needed in 1976. These'efficiency figures are in agreement with the 12.5
kg milk/kg gain reported by Drewry et al. (1959) at one month; however,
they are lower than the 7.1 kg/kg gain for Hereford calves at one month
reported by Gifford (1953).. The regression on days in lactation
(Figure 6) indicates that efficiency of gain as determined by kg of milk
required per kg gain, .increases with time for the 4-, 8- and 16-hr esti-
mates. Forage utiiizatiqn was not separated from milk utilization.in
determining efficiency. Gifford (1953), Drewry et al. (1959) and Kleft
(1962) have shown that efficiency increases from the first to the
second month.

When comparing the 4-hr, 8-hr and 16-hr separatiop intervals,
the factors discussed with this chapter tend to give more credence
to the 8~hr and 16-~hr intetval than the 4-~hr interval as estimates of
milk production. When the natural interval of 3- to 8-hr is considered
as reported in the following chapter, the 16-hr interval éppears to be

too long to be acceptable for this stage of lactation. Due to the
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correlation with ADG, the 8-hr interval appears to be the most
appropriate of the three. A compromise between the 4-hr and 8-hr

interval (6-hr) would perhaps be more acceptable and would better

fit -the 8-hr work day of government institutions.

' 'An area that needs additional investigation is the suitability of
the multiplicative factors used to adjust the milk from different
separation intervals to 24-hr production. Twenty-four hour pro- |
duction may not be appropriate when calves limit nﬁrsing activity
to tﬁe daylight hours as is discussed in the following qhapter.

Means by ages'for physical traits measured are given in Appendix

table 12.




CHAPTER 6

- NURSING BEHAVIOR

Introduction

In 6réer to determine the most appropriate separation ipterval.
to be used in milk production estimates, it is necessary to make
a comparison with the interval that:normélly occurs between nursings,
with cows and calves in natural surroundiﬁgs.

The objectives of ;his study were to ‘1) determine the normal
interval between nursing activity in a natural environment, 2)
determine periods of most active nursing activity, 3) determine the
amount of time spent nursiﬁg under natural conditions and 4) to

determine correlations between nursing habits and milk production.

Matefials and Methods

A éroup of 10'Héreford cows with Hereford sired calves were
observed for two continuous 48-hr periods at 3 and 7 weeks after
calving. The cows ranged from 3 to 8 years of age and their qal&es
were born between March.26 and 30, 1976. The observation periods
were planned in conjuﬁction with a full moon, but weather patterns
reduced the incidence of natural moonlight.

During fhe first obser%atibn period at 3 weeks after caiving,
the animals were observed in an 8.1 ha pasture of which 4.5 ha was
seeded to grass so that no SuppleMental feed was negded. The cows
wéré identified by numbef brands and the calves were number branded

with aluminum paint. Observations were made from a truck with the
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aid of binocuiars. fresh straw was scatfered to aftract'fhe cows to
a single bed ground at nigﬁt to make observation easier. A spoflight‘
‘Was used to aséist with identification at night.

The second observation was conducted 4 weeks after the first
observation. The cows were confined in a 2.0 ha paéture during
this 48-hr period and Wefe fed hay and silage in addition to the
availgble pasture on both days.

The time and duration of any suckling activity was recorded.
Milk production estimates were taken within one week of the observa-
tion, using the weigh-suckle-weigh technique with an 8-~hr séparatiqn
interval. Originally, milk production was‘not included in the design,
howeﬁer, since milk production estimates were being made concur-
rently on these cows, estimates on all but three cows dqfing the
first observation were suitable for analysis.

Data were analyzed.according to least squares procedures
(Harvey, 1975) and the model included age of cow (3; 4 aﬁd:ﬁatu;e)
and observation period. The dependent variables were ﬁumbgr-df”times
nursed, total fime speﬁt nursing during the 48-hr period, ayérége"time
faken for each nursing and 24-hr milk production. '

Results and Discussion

The analysis of variance (table 6.1) indicated that age of dam
significantly affected the amount of time spent nursing and that

observation period, which reflected calf age and stage of lactation,
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TABLE 6.1. . LEAST SQUARES ANALYSES OF VARIANCE FOR NURSING TRAITS.

Mean squares of traits

No, times Total time  Nursing Milk®
Source df nursed nursing time production
(min) (min) (kg)
Age of dam 2 1.03 262 8.53%* =~ ,11
Period 1 2.45 - 3519%% ©36.72%% . .64
Residual 16 1.82 338 . 2.26 - 5.13

4 Milk production degrees of freedom for esidual were 13 because

not all cows had milk production data at the first observation

period. ' - ' o
 *P<L05.
**P<,01.
was a highly significant source of variation for both average and
and total time spent nursing. Neither source of variation significant-
ly affected milk production or number of times nursed. Although a
great deal of variation appeared to occur in each trait (table 6.2),
the coefficients of variation for times nursed, average nursing time,
total nursing time and milk production were 4.8%, 3.1%, 5.7% and
8;2%, respectively. These are all within an acceptable réngg.

‘"The least squares means for average nursing time decreased signifi-

cantly (table 6.3) from 12.8 min for the 3-year-olds to 11.2 min for
the 4-year-old group to 10.3 min for the 6~ to 8-year-old cows

included in the mature group. This may have been due to the fact that

young cows usually have smaller, less agressive calves or it may be




_ TABLE 6.2 DATA FOR NURSING TRAITS

Age of - Times Avg nurs- Total time 24-hr? Times  Avg nurs- Total time  24-hr
dam . nursed ing time nursed milk prod. nursed ding time nursed milk prod..
48~hr (min) (min) (kg) 48-hr (min) (min) (kg)

3 5 15.7 78.5 8.9 7 8.7 60.9 6.8

3 7 14.0 98.0 6 12.7 76.2 9.1

4 8 11.3 90.4 7.5 7 7.8 54.6 9.5

4 6 12.7  -76.2 8.9 6. 10.3 61.8 12.3

4 9 14.6 - 131.4 4.8 - 7 10.5 ~73.5 5.4

6 5 9.3 46.5" 10.9 6 8.4 50.4 7.5

6 7 11.6 81.2 6.1 5 9.0 45.0 6.1

7 7 11.0 77.0 6 9.2 55.2 7.3

8 8 13.0 104.0 5 11.3 56.5 7.5

8 9 11.2 100.8 ’ 10.9 9 9.4 84.6 7.5
Least

squares . .

means 7.1 12.8 89.9 8.3 6.4 10.1 1 63.3 7.9
Standard . i
error 44 .49 6.02 .89 A4 .49 - 6.02 1.15

aTwyenty-four hr milk production taken from 8~hr separation using wiegh-suckle-weigh
technique. ' : . .
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TABLE 6.3. LEAST SQUARES MEANS FOR NURSING TRAITS

Age of Dam

3 4 Mature
Avg nursing time (min) 12.8+%,75  11.2:2P 61 10.3zb,48
. Period o
Observation 1 . Observation 2
Times nursed during 48 hr 7.1% 44 6.4+ 44
Avg nursing time (min) 12.8% .49 10.1+ .49
Total time nursed (min) 89.9+6.0 63.3%6.0
24-hr milk production (kg) 8.3+ .89 7.9+1.15

abcMeans ‘with different superscripts differ sighificantly (P<.05).

that younger cows with smaller, less developed mammér& s&stems are
harder to nurse.

The significant.decrease in average nursing time amnd to;al time
spent nursing from 3 to 7 weeks may be attributed to larger, stronger
calves nursing faster. | |

The average number of times nursed during the first:AB—hr
period was 7.1 compared to- 6.4 times for the same group of cows and
calves four weeks later. lAlthough this'difference was nonsignificént,
the trend suggested that as a calf gets.older, its capacitf to étore

. .
milk increases and it nurses less often. When put on a 24-hr basis,
theée figures were 3.5 and 3.2 times, respectively, which were in
general agreement with Walker (1962) who reported that the majority

of calves nursed 3 to 5 times per 24-hr period. Drewry et al. (1959)

reported the average to be 4.6, 4.8 and 3.0 times during 24 hr at
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the first, third and sixth month, respectively, Hutchesén et al.
(1962) has shown thét with Zebu cattle there was little variation
from tﬁe average nursing time of 9.2 min, but the frequenéy‘of
nursing decfeased from 9;5 times per day during the first monfh to
5.6 times at six months. Table 6.4 shows the correlations aﬁong_
depeqdent variables. The small number of observations limit con-
clusions. However, the fgct that all correlations were small, with
the exception of the significant correlations between total time

nursed and average nursing time and number of times nursed, which

were both factors of the total times nursed, suggested that no close

relationships existed among these traits. This work agrees with
correlations reported by Drewry et al. (1959) of .74 between times

nursed and total nursing time, —-.30 between number of times nursed

and milk production and -.40 between number of times nursed and

total nursing time. The very small corre}ation;betweeq.the number
of times nursed and the time spent nursing was indicativé of the
inconsistency in the habits of the calves, with some calves.nursing
frequently and for long periods of time, while other calves nursed
less frequently but also nursed for long périods of time. The
negative relationship between nursing time and milk produétibn was
expected because a calf that has less milk available will spend
more time nursing in an effort to satisfy hunger. The sSame explana-

tion can be applied to the negative rélationship between number of
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TABLE 6.4. RESIDEUAL CORRELATIONS AMONG NURSING TRAITS

Traits’ . Correlation? .
Times nursed-nursing time .02
Times nursed-total time nursed ©.B2%%
Times nursed-milk production -.24
Nursing time-total time nursed .53% -
Nursing time-milk production -.25
Total time nursed-milk production - -.39

aDegrees of freedom were 13 for correlations involving m11k
production and were 16 for all other traits.

* P<,05.

*%Pp<,0l.

times nursed and milk production.

During the second observation period, the calves pursed an
averaée of 2.4 times the fifst day and 4.0 times the segon& day.
Thié inconsistency between days could be attributed to the small
pas£ure-an& the fact that most of the succulent new growth”was grazed
off during the first day; consequently, the calves grazed very little
the second day. With no interest in grazing and with their mothers
near, the calves sought them out more often to nurse. This ieads
to speculation that pasture size may be a factor in number of tiﬁes
nursed.

During both observation periods, the greatest nursing activity
occurred just as it began to get light in the morning and just prior
to darkness in the evening. Little regularity was observéd during

the day with nursing during the first observation initiated when
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the cowxfound it convenient to qﬁit grazing and seek ouf:her Eaif. "
During the second period, the calves seemed to takeiﬂm&iﬁitiapiverto
find their dams when they became hungry;_A

Nursing at night waé negligiblé, élthough céives may sfand.to
cﬁange positions or a cow ma& stand fo change'positions or to:éfaze;
This is consistent with work reported by Drewry et al. (}959) bét\'

 conf1icts Qith ﬁﬁfcheson et al. (1962) who reported that‘ZéBu catfle
confined at-night in a lighted lot, sprea& nursing activit&veQénly'
over a 24-~hr period dufing fhe first two ménths, but dﬁting later
months, nighttime ﬁuising beéame more pfevalent.

The.available‘data indicated that calves in théif #atﬁréllenvi;
ronment have a 3- to 8-hr interval betweeﬁ nursihgs. HTHé average

.number of times nursed, in early 1actatioq, during a pe:iéd‘of
14 to l6:hr of daylight, (3.2 and 3.5) suggestéd anraQerééelsééar— 

"ation time ofiabout 4.5 hr.




CHAPTER 7

SUMMARY

Milk production estimates and heiéht, weight and condition
measurements were made on 117 Hereford cows during two pefiods of the
first 50 days of lactation. Investigations were carried out at the
Northern Agricultural Research Center, Havre, during April and May
of 1975 and 1976.

Milk productioq was estimated using the weigh~suckle-weigh
technique with 4-hr, 8-hr and 16-hr separation.intervals in a latin
square design. Least squares procedureé with a model including
years, squares/year, cows/square/year, separation interval, day of
separation, period, year x treatment interaction and day x period
interaction were used for the analysis. All effects were signifi-
cant with the exception of year. Treatment means for the 4-hr, 8-hr
and 16-hr intervals, respectively, were 9.16 kg, 7.61 kg and 5.94 kg.
Each mean was significantly different from the others.

In an effort to determine which treatment was most appropriate,
least squares procedures were used with the model including years,
cow ages and linear regressions on days in lactation and cow con-
dition score. Cow age was a significant factor for all estimates of
production which were 4-~hr, 8—hr-and 16-hr milk estimates adjustéd
to 24 hr and calf ADG. Similar feeding and management reduced the
effect §f years on milk production, but the wet snowy spring of

1975 may have stressed the calves enough to cause gain to be .46 kg
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compared to .61 kg in 1976. Regression on days in lactation was
significant for.4—hr‘milk production and calf ADG with both increas-
ing as days in lactation increased. Regression on con&iﬁion score
was not significant.

Tﬁe corfglations-between-ADG and the 4-hr, 8-hr and-i6—hr.pro— ’
ductién estimates,'reSpeétively, were .27; .46 and .46. The higher
corrélatigns for thellonger separation iﬁte?vals may indicate that
they more accurately reflect actial milk production. Cérrelations

between production traits and withers height, hip height, weight,

WiéhZingZight and EZ%E%E%EEE' were not significant, indicating that

milk ﬁroduction cannot be predicted by physical meqsuremeﬁts.

Repeatability estimates for withers height and hip'height,
respectively, were .940 and .951. Tﬁe respectiﬁe coefficiéﬁts of
variaﬁion were 3.6% and 3.1%Z. The measurements we¥e made in both
periods and since growth would not have caused any measurable change -
Jin heiéht between the two measurements then repeatability is measufing
the accuracy of the measurements. These results suggest: that neither
measure has an advantage over the other as an estimate of height. Hip
height measurement may be less time consuming than withers height -
measurement due to the fact that the cow usually stands quietgr for
measurements farther from her head.

Reﬁeatabilities of the milk production estimatqs weré .55, .61

and .79 for the 4-hr, 8-hr and 16-hr estimates, respectively. ‘The
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higher repeatabiiity for the 16-hr estiﬁéte may meaﬁ that it ig '
measuring udder capacity rather £han milk production,

:A'study:of nuréing intervals up&et natural gdnditioﬁs Wéé aisd=
conducted. Data on nﬁréing behavior.an'lo:ﬁeréford.cowé én¢‘;ﬁéix '
ﬁereford_sired calves were obtained duriﬁg'two ASLhr-pé¥;6a%7aﬁF3“and o
"7 weeks after calving. The_ﬁumber of timeé nursed dﬁfing 48ﬁﬁf}was
5.1 at 3 weeks and 6.4 at 7 weeks, These'fgsults-sﬁgéeéte&{that a§%. j.
calves géf older théy‘tend to‘nurSe less often és tﬁeir'caﬁé¢i£§~£6r”"
milk increases an& they can supplementAtheir diéf-frém’Sth;f ééﬁrdéé;
The avgragé time spent ﬁursiqé was reduced from 1218.to~l0,1 miﬁl |
from the third week to the seventﬂ week, which may‘havéfgéeﬁgdﬁé to-
1arger.célv¢s being able to nurse faster. ' There was né éignfidiang
correlations amqné milk production, times nursed aﬁd fimefsﬁenf'nu¥sihé;
The most active ﬁeriods of nursing were just after b;eak-of'ééy'aﬁd"‘
, justpridr‘fo darkness with negligible nﬁrsiﬁg at‘night. . .

When considering a‘pr6per separation interval fb? the Qéigh—"
suckle-weigh teéhnique of estimating milk'prqductiop3 it isﬁﬁéceésary '
t6 consider that calves in their nétufal‘environmenf nuféed_éﬁ‘averégg
of 3.2 to 3.5 ﬁimes per day_during 14 to'lélﬁr\df daylight‘infmid—
spfing. This éuggeSts an ave?age sebaratibﬁ'intervgi of abéuf 4.5 hr.

Due to the fact that the 16-hr separation interyai‘diaxndt

occur naturally, the often distended condition of the:udder apd£spe6u-'

lations that lack of udder gapacity‘limits full expression of .milk
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produétion; it wéé decided that a 16-hr sepérapion ihtéfvai was not _\
suitable for this stagg of lactatiom. i .. i ‘Al |

In comparing»the 4— and 8—hr intervais,-it is hecesséry to édnf
sider that the‘4—hf interval adjusted to a 24-hr basis mégﬁifies
any erro;_twiqe as much; fﬁe higher correlat;én With'CSIf,AbG'.
indicates-théﬁ the 8-hr interval is perhaps the best estimate of the
three. A compromise between 4- and 8;hr would perhaps be @qre

‘ appropriate and would better fit the schedule of an 84hr_ﬁorgday} o
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ANALYSIS OF VARIANCE FOR MILK PRODUCTTON IN 1975

WITH TYPE INCLUDED

APPENDIX TABLE 2.

WITH TYPE INCLUDED

Source df MeanfsQuares
.Type 1 19.85
Squares/type 30 13,23%%
Cow/square/type 64 11.02%%
Treatment 2 279.29%%
Days 2 23.99%%
Period ) 1 16.14%
Type x treatment 2 3.58"
Remainder 257 3.78

* P<.05.

*#%P<,01.

'ANALYSIS OF VARIANCE .FOR MILK PRODUCTION IN 1976

df

Source - Mean squares
Type 1 .96
Squares/type 28 12.99
Cows/squares/type 60 . 8.26%%
Treatment 2 319.54%%*
Days 2 4.79
Period 1 31.57%%
Type x treatment 2 2.39:
Remainder 236 2.75

*%P<.01.
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ANALYSIS OF VARIANCE FOR MILK PRODUCTION 1975-1976
WITH TREATMENT X YEAR AND TREATMENT X PERIOD
INTERACTION INCLUDED

#%P . 01.

Source df ‘ Mean squares
Year 1 ’ : ©'9.73
Squares/year 37 . . 22.25**H
Cows/square/year 78 : . 9.04%%
Treatment 2 | ' .599.9?**
Day 2 _ 12.51%
Period 1 N - 27.67%%
Year x period 1 ‘ 17.58%
Déy X period 2 19.35*

' Treatment x period 2 k 6.28

- Treatment x day- 2 1.95
Remainder 564 - 3.99
* P<,.05.




APPENDIX TABLE 4.

TRAITS WLITH YEAR, AGE AND CONDITION SCORE AS

DISCRETE VARIABLES AND DAYS IN LACTATION "HIP

HEIGHT AND WEIGHT AS COVARIATES .

. LEAST SQUARES ANALYSIS OF VARIANCE FOR PRODUCTION

Mean-sggares

16-hr milk

*P<.05.

4-hr milk 8~hr milk Calf
production production production . ADG.
Source af- (kg) (kg) (kg) (kg)
Year 1 .61 .73 5.50 79k
Age 2 46.56?* 36.06%% 26.24%% . 38%%
Score 6 3.37 2.33 3.53 L
Days in lact : '
linear 1 69.17%% .26 ' . .36 L94%%
Hip height . - .
_linear 1 .06 . .12 2.39 .01
quad 1. .15.24. 3.98 o r.77 .04‘
Weight . . . )
linear. - 1 .37 J11 .71 .001
quad 1 1.36 3.23 8.99% -.03
Residual 218 8.11 %.09 1.53 .04
*%P<,01.

p—

o




APPENDIX TABLE 5. LEAST SQUARES ANALYSIS OF VARIANCE FOR PRODUCTION TRAITS COMPARING
CONDITION SCORE WITH WEIGHT AS INDICATORS OF CONDITION

" Mean squares

4 hr milk 8 hr milk 16 hr milk calf
production prqductiqn "production ADG
(kg) (kg) (kg) (kg/day) ,
Source _ df Scored WeightP Score Weight Score Weight Score Weight -
Years ) 1 .82 .00 .82 .62 2.05 1.69 1.17%% - 1.03%=*
Ages 2 111.99%% 41.69% 83.58%%  39.93%% 63.93%% 23,78%%  ,03%k 5exx
Days in 1actatidn . .
linear ' o1 68.50%% 71,67%% .19 .19 .56 .39 .89%% .87%%
Hip height L
linear 1 .59 .52 .10 .02 1.07 3.59 .01 002
I
" Condition _ ' L
linear- 1 6.49 7.17 3.14 .29 3.61 3.59 .007 .007 .
quad : S | 3.73 2.02 1.90 .71 .008 2,76 .03 .001
Residual 224 7.98 8.02 4.04 4.05 1.61 1.58 .04 .04

ab Condition score and weight were included separately in the model as estimates of cow -

condition.’
#%P<,01.
*P<,05.
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APPENDIX TABLE 6. LEAST SQUARES ANALYSIS OF VARIANCE .INCLUDING

WEIGHT: HIP HETGHT RATIO AS A DISCRETE VARTABLE

Mean squares j'
4 hr 8 hr 16 .hr © calf

‘milk milk milk ~  ADG

Source df - (kg) (kg) (kg) (kg/day) -
Years 1 .01 . .32 1.02 v - 1.15%%
Ages "2 43.88%% 56.74%%  31.11%% 58k%
Weight , . : ST

Hip height .2 19.69 .56 .63 .02
Days in lactation _ . S

linear - 1 74.23% - 48 0 1.63. . 1.03%%.

quad 1 2.36 .13 1.06 SL15%
Residual | 224 7.89 4.05  1.07 ' .04
#%P<.01.

#P<,05.

APPENDIX TABLE 7. LEAST SQUARES ANALYSIS OF VARIANCE ‘INCLUDING

CONDITION SCORE AS A DISCRETE VARIABLE

. Mean squares - .
4 hr 8 hr 16 hr - .+ calf

. milk milk  milk - ADG
Source df - (kg) - (kg) (kg) _(kg/day)
Years 1 .58 .62 2.48 1.17%%
Ages 2 129.10%*% . 90.08 69.02%% ~90%*
Score 5 4.52 2.58 3.05 4%
Days in 1acta£ion

linear 1 68.51%% .53 1.34 1.13%*%

quad 1 1.52 .35 1.15 T L16%
Residual 221 8.07 4.06 . 1.58 .04
*%P<,01.

*P<.05.




APPENDIX TABLE 8.

LEAST SQUARES ANALYSES OF VARIANCE WITH COW CONDITION IN THE MODEL
COMPARING CONDITION SCORE AND WEIGHT:HIP HEIGHT RATIO AS ESTIMATES

. OF CONDITION

4 hr milk 8 hr milk 16 hr milk calf "
production production production ADG. -
(kg) (kg) (kg) " (kg/day)
Source df Scored Ratidb Score Ratio Score ~ Ratio Score Ratio _
Years 1. .27 .006 .83 1.31 .97 .19 1.35%%  1.24%%
Ages 2 136.65%% 53.01% 112.65%%  40,07%% 74,65%%  21,07%% 1,19%% . 50%%
Days in lactation .
linear 1 69,48%% 72 77%% .27 © .33 1.19 1.27 1.04%%  1,02%%
quad 1 1.95 2.36 .25 .33 1.22 1.63 .15% .15%
Condiation :
linear 1 14.94 7.22 2,11 1.39 4,02 5.62 .03 .008
Residual 225 7.96 7.99 4.03 4.03 1.60 1.59 . .04 .04

ab condition score and weight:hip height ratio were included separately as estimates of cow

condition.
*%P<, 01,
*P<.05.

=511~
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LEAST SQUARES ANALYSIS OF VARIANCE INCLUDING LINEAR
AND QUADRATIC REGRESSIONS ON CONDITION SCORE AND
DAYS IN LACTATION

Mean squares of traits

4 hr 8 hr 16 hr 'calf
milk milk milk ADG
Source df “(kg) (kg) (kg) (kg/day)
Years 1 .40 1.07 1.05 1.40%%
Ages 2 132.19%* 94 .69%%* 67.35**. C L 93%%
Days in lactation’ . oo
linear 1 67.17%* W40 1.17 ©L.05%%
quad - - 1 1.5 45 1.12 18
Condition score : o L
linear 1 7.60 3.85 3.26 .006
quad 1 2.29 1.95 .01 .054
Residual 224 7.97 4,04 1.60 .039

**P<,01.

. APPENDIX "TABLE 10.

LEAST SQUARES ANALYSIS OF VARIANCE FOR .CONDITION
‘SCORE _AND WEIGHT: HEIGHT RATIO

Mean squares

Source df Condition score Weight}height (hip)
Year 1 .003 L75%%
Age 2 11.72%% © 15.50%%
Days in lactation
linear 1 . ‘ 1.67 .13
Residual 227 .78 3 .08

**P<,01.




APPENDIX TABLE 11. RESIDUAL CORRELATIONS AMONG PHYSICAL MEASUREMENTS

*P<,05.

AND CALF ADG
Variable Symbol B C D E F G H I
Weight A L99** . 95%% .96%% .93** .62%%  p0%*% .56** -.05
Metabolic size B . 95%* . 95%* . 93%% L62%%  60%% .56%%  — .05
Weight _ , :
Hip ht C .98%% 1,00%% 36%%  39%% S9%% - 04
Weight
Withers ht D .98%% JH2%% 4% % .60%%  —,08
Metabolic size
Hip ht E L25%%  31%% LBlER ~ 04
Hip ht . F .85%%"  _18%%  _ 04
Withers ht G ~15%% .06
Cond score H -.07
Calf ADG I
- %%P<.01.

-9TT- -
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APPENDIX TABLE 12. LEAST SQUARES MEANS BY AGES FOR PHYSICAL TRAITS

2-yr—old 3-yr-old ' Mature

Variable cCOWS - COWS cows
Withers height (cm) . 116.028+.48  121.58P%.36 122.98%%.37
Hip height (cm) 123.102+.51  127.09b+.39 '127.10P%.39
Weight (kg) 392.782%5.01  445.98P+3.79 507.96C+3.85

‘Weight ' S L
Thors helght 3.392+.03 3.67P+.03 4.13%.03

Weight b '0C
Hip weight 3.19a+.03 3.51b+.02 _4.00¢%,02
Metabolic size 88.15%+.81 96.96P+.61 106.86C+,62

abcMeans/variable with different superscripts differ significantly
(P<.05). I
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