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Abstract:

Data from 38,261 field records obtained from the American Simmental Association were used to
evaluate the importance of sire x region interactions in beef cattle for birth weight, weaning weight,
yearling weight, gestation length and calving ease. Data were analyzed by least squares procedures by a
model containing sire, region and sire X region interaction effects. Trait ratios were used in all analyses.
Only progeny born and weaned in the same herd were included. The United States was divided into
nine regions with one region deleted due to small numbers. Montana was further divided into three
sub-regions to study the interaction within one state for birth weight and weaning weight. Birth weight
and weaning weight were analyzed using separate analyses of records from all eight regions, four
regions containing 85% of the records, two regions (Texas and Oklahoma vs. Montana) and the three
regions of Montana. Records from five regions were analyzed for yearling weight and from three
regions for gestation length and calving ease. The number of records for these latter three traits was
small.

The progeny of 10-13 sires were used in each analysis. The region effect was not significant for any
trait. The sire effect was significant for all analyses except weaning weight within Montana, yearling
weight and calving ease. The sire x region interaction effect was significant for all analyses of weaning
weight (P<.01) except Montana and approached significance (P=.07) for birth weight within Montana.
Genetic correlations were calculated from the sire and sire x region interaction variance components for
each analysis to assess the average change in sire performance among regions. Correlations were not
defined for the within Montana weaning weight or calving ease. Correlations of unity were obtained for
all analyses of birth weight except Montana and for gestation length indicating no change in the
ranking of sires. For birth weight within Montana and yearling weight, correlations of 0.21 and 0.25
were obtained, respectively, suggesting some changes in the ranking of sires. Correlations of 0.47 to
0.54 suggested that changes in the ranking of sires occurred for weaning weight. This was confirmed
from the least squares means for the sire x region subclasses. The sine x region variance component
was less than 27° of the total variance for any given analysis of weaning weight. Although this was a
small percent, it could be important biologically. The least squares means for the sire x region
subclasses indicated that in many cases a given sire ranked above average in one region but below
average in other regions. This indicated that errors could be made in applying the results of progeny
tests in one region to progeny performance and selection in a different region. The need for evaluating
sires in all regions and on a within region basis was suggested.
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ABSTRACT

Data from 38,261 field records obtained from the American Simmental
Association were used to evaluate the importance of sire x region inter-
actions in beef cattle for birth weight, weaning weight, yearling weight,
gestation length and calving ease. Data were analyzed by least squares
procedures by a model containing sire, region and sire x regiom inter-
action effects. Trait ratios were used in all analyses. Only progeny
born and weaned in the same herd were included. The United States was
divided into nine regions with one region deleted due to small numbers.
Montana was further divided into three sub-regions to study the inter-
action within one state for birth weight and weaning weight. Birth
weight and weaning weight were analyzed using separate analyses of
records from all eight regions, four regions containing 85% of the
records, two regions (Texas and Oklahoma vs. Montana) and the three
regions of Montana. Records from five regions were analyzed for year-
ling weight and from three regions for gestation length and calving
ease. The number of records for these latter three traits was small.
The progeny of 10-13 sires were used in each analysis. The region
effect was not significant for any trait. The sire effect was signifi-
cant for all analyses except weaning weight within Montana, yearling

-weight and calving ease, The sire x region interaction effect was sig-

nificant for all analyses of weaning weight (P<.0l) except Montana and
approached significance (P=.07) for birth weight within Montana. Genetic
correlations were calculated from the sire and sire x region inter-
action variance components for each analysis to assess the average change
in sire performance among regions. Correlations were not defined for
the within Montana weaning weight or calving ease. Correlations of
unity were obtained for all analyses of birth weight except Montana and
for gestation length indicating no change in the ranking of sires. For
birth weight within Montana and yearling weight, correlations of 0.21
and 0.25 were obtained, respectively, suggesting some changes in the
ranking of sires, Correlations of 0.47 to 0.54 suggested that changes
in the ranking of sires occurred for weaning weight. This was confirmed
from the least squares means for the sire x region subclasses. The sire
X region variance component was less than 2% of the total variance for
any given analysis of weaning weight. Although this was a small percent,
it could be important biologically. The least squares means for the
sire x region subclasses indicated that in many cases a given sire
ranked above average in one region but below average in other regions.
This indicated that errors could be made in applying the results of
progeny tests in ome region to progeny performance and selection in a
different region. The need for evaluating sires im all regions and

on a within region basis was suggested.




INTRODUCTION
A genotype-environment interaction may be defined as the

differential response of genotypes over environments. The effect of

‘genotype on phenotype is not the same in two différent environments.

" Beef caétle are raised over a wide range of climatic conditions
and in various types of production programs. There is also a greét
amount of movement of ﬁ;eeding cattle among enviromments. The exist-
ence of genétypefenvironment interactions may mean thaf the best
performing genotype in one environment is not the best in a different
environment. If these interactions are important souﬁces of variation,
the increased usé of sires by artificial insemination over a wide
range of geographical areas should cause concern in the selection of
sires. Studies with beef cattle are not in agreement as to the impor-
tance of geno;ype-enfironment interactions. '

The purpose of the present study was to evaluate the importance.
of sire x region interactions in beef cattle and to determine if éig-
nificant-interéétions were due to changes in the ranking of gires among
regions., The traits studied included calving ease, gestation length,

birth weight, weaning weight and yearling weight.
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LITERATURE REVIEW
General

Hammond (1947) suggested that selection is‘most effective if
carried out .under environmental conditiéns which favor the fullest
expression of the trait desired. Once the trait is selected fo'the
desired 1eve1; the animals could be used in other environments, if
other charécters required by the new environment are present in the
animals.

Lush (1945) and Falconer (1952) have recommended that séléction
should occuf in the same environment in which the selected animals and
their offspring are expected to perform. Falconer and Latyszewski
(1952) pointed out that if genotype-environment interactions are impor-
tant, Hammond's thesis may not_be correct. They suggested that a great
increase in heritability would be the only reason for favoring selection
in an environment other than the one in which the imprﬁved animal is
expected to live.

Robertson, O'Connor and Edwards (1960) have asked several impor-
tant queséioné fégarding the importance of genotype-environment inter-
actions: '"Does the envirommnetal level affect the ability to pick the
animals of superior genetic merit in that emvironment? In technical
terms, is the heritability different in the different'environmgnts?

Is the ranking:of animals on the basis df.genetic merit the same'iﬁ
all environments? In other words, what is the correlation between
breeding value ip the Aifferent environments, or rather less helpfully,

is there an interaction.between genotype and environment?"
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The idea of egpressing genotype~environment interaction as a
genétiq corrélatién iflonly two environments are considered was
developed by Falconer (1952). Performance of a trait in the two
environments is regarded as two different traits whicﬁ are genetically
correlated. This helps to decide if selection should be made in the
environment in which the animals are expected to live ‘or‘ in some other
environment in which the desired trait is more fully expressed.

Robertson (1959) expanded on this idea and presented formulae for
estimating the.genetic correlation of the performance of the same
genotype in two.or more environments from the mean squares in a‘two-way
factorial analysis of variance. He stated that an interactiom may be
due to a difference in the between genotype variance or in the true
ranking of genotybes. A genetic correlation of unify indicates no
interaction. Rdbertéon further stated that estimation of thé genetic

correlation gives a practical rather than statistical indication of the

,significance of the results. He suggested that an estimate of genetic

correlation eqﬁai to about 0.8 would be of bioloéical i@portance.

A similar method of estimating the génetic corrélafion froﬁ the
genotype and géﬁotype by environment interaction components of variance
was presented by bickerson.(1962). He‘suggested that one of the most
probable kinds of genotype~environment interaction is a change in
emphasis beﬁween traits as ﬁhe environment changes.

Falconer and Latyszewski (1952) selected two strains of mice for
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_ six-week body weight, one under restricted and one under full diet

. conditions. When enviromments were exchanged for the two strains,

the one selected under restricted feed was superior to the full diet
strain when on limited feed. Under full feeding, the fuil diét strain
was superior.buf.the restricted diet strain followed closely and was
better than the unselected level for full diet.

Falconer (1960) reported on a similar éxperiment using mice, in
which selection for high and low body weights was carried out on both
normal and restricted diets. An exchange pﬁidiéts Waé made between the
two high lines and the two low lines. The best overall performanée for
high growth réte was produced by selection on the restricted diet and
for reduced growth, on the normal diet. The results .indicated. that
selection should be made in the enﬁironmeht'in;which the animals are
destined to live. |

In a similar study, Fowler and Ensminger (1960) selected swine
for rate of gain on high (H) and low (L) plames of nutrition (full vs.
restricted feed). After six generations of selection, half of each
line was transferred to the other treatment. This gave'foq; groups,
HH, HL, LH and LL. Results of selection showed the LH group to be
more efficient in feed'cqnvérsion'and to gain faster than the HH pigs.
The HL group gained slower and was less efficient in feed utilization
than the LL gfbup. The importance of interaction was shown from the
pooled estimate of rg which was 0.70 for rate of gain between the two

treatments. The authors concluded that two types -of genotypes were
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produqed in this‘study; on the low plane of nutrition, a genotype for
efficient feed utilization and on the high plane, a genotype for large
appetite and food consumption. .

Results ffom the three previousli‘cited studies supported Lush's
(1945) and Falcomner's (1952) conclusions that selection should be
carried out in tﬁe environment in which fhg animals are to perform.
Classification of Interactions

Haldane (1946) was the first to classify different types of.
interaction. With two environments and two genotypes, he outlined
six different types of interaction. He further sﬁowed that with m
genotypes ahd'n environments, there would be (mm)! possible kinds of

m! h! .
interaction.

McBride(i958)proposed a classification of genot&peé~into “intgr"
and "intra" populations and environmments into "macro" and "micro'",
with four different types of interaction resulting. "Macro-environ-
ments" would include different climates or management practices;
whereas, "micro~enviromments" refer to minor en&ironmental differences
such as sub-clinical infections. Population differences would be those
between breeds, lines or strains. McBride suggested that the inter-
actions likely to be of importance in large aﬁimal breeding are those .
involving, "inter-population genotypes" and‘"ﬁacro-environments“ and
those betwéen “intra-population genotypes" an "macro-enviroﬁments".

A similar classification was made by Dunlop (1962) in describing

differences. in genotypes and enviromments as "large" or "small".
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Small genetic differences are those occurring among individuals of a
herd or related herds of a breed or stréin; whereas, 1arge‘differences
refer to those between breeds, strains or species. Similarly, he
defined sméll environmental differences as those between individuals
in the samevgeneral enviroﬁment and largé differences as those_between
regions or widely different management practices. From_this classifi-
cation, the important interactions in large aniﬁal breeding would be
small genetic x large envirommental differences (i.e., selection in
one enviropment for use in another) and large genetic x large environ-
ment differencés (i.e., seleéting a breed for a certain area).

Pani and Laslef (1972) outlined a slightly different and.perhaps
more practical ¢lassification based on the ranking of genotypes from
one enviromment to another and the statistical significance of‘the
interaction effects. This classification is outlined in figure 1. A
significant interaction may be caused by a change in the ranking of
genotypes (type 4) or a difference in the magnitude of genotypes
(type 3). A change in the ranking of genotypes is important where
selection is carried out in one environment for use in another or
different envifonment. Differences <in the magnitude of'interactioﬁ
can influence'heritabi}ity énd affect the effectiveness of selection '
for performance in other epvironments.

Hull ana Gowe (1962) studied the magnitude of genotype-environ-

ment interaction using two strains of poultry at three widespread




PERFORMANCE OF GENOTYPES (A,B),

=7
- Ay - By
Ay
- AX - Bx
%Bx s
1 A 1 )
Type 1 Type 2

No change in ranks
No significant inter-
action.

‘_AX/

Change in ranks.
No significant inter-
action

By

Ay

Type 3
No change in ranks.
Significant inter-
action.

Type 4
Change in ranks.
Significant inter-
action.

ENVIRONMENTS (X,Y).

Four different types of genetic x environmental
interactions. (From Pani and Lasley, 1972).

Figure 1.
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locations in three different years and under two rearing programs at
each 1ocatioﬁ. From the results, they outlined thevcdnditionslunder
which interaction is likely to be important in a breeding pragram.
Variation due té énvironmental treatments mugt be large in compariéon
to the non-genetic variation within the environments and the genetic
varianqe betﬁeen the genotypes must be large when compared to .the total
phenotypic variance within environment, Thus, large and important
interactions were found in this study only when tﬁe environmen£al
effects were large and the genetic differences were wide. waever,‘

‘

it should be"ﬁoted that this conclusion was based on the performance of

only two stréins.
Dairy Cattle

Generaily, dairy cattle managemént practices could be expected
to be somewhat more uniform than those of beef cattle. However, the
importance of génptype-environment interactions may be similar for
both classes df.livestock, in that selectién and testing of bulls may
be carried out under good management conditions for use over ﬁerds of
lower management or in other locations. For éhese reasons, several
representative papers.are reviewed on dairy cattle, most.of which
center on sire x herd interactions. Also, several éapers on grbwth
traits which may:be more difectly épplicable to beef cattle inter-
actions are reviewed, -

Legates, Verlinden and Kendrick (1956) analyzed records of

24,754 daughtefs of Guernsey and Holstein sires used in artificial




) | R R W L. Ll

-9-
insemination units throﬁghout the United States. Results of this study
showed that the interaction component accounted for essentially none of
the total variance for milk yield, fat yield and butterfat test on a
within-state bésis. Specific sire x herd interactions were not of major
importance in these data. Other studies by Wadell and McGilliard (1959),
Van Vleck, Wadell and Henderson (1961), Burdick and McGilliard (1963)

and McDaniel and Corley (1967) determined that the interaction componeﬁt
was a small or negligible percent of total variance.

Van Vleck (1963) calculated. genetic correlations betwéen-progeny
groups in fo&r management levels for milk and fat yield. All correla-
tions were high, ranging from 0.93 to 1.0. Similar experiments by
Mason and Robertson (1956), Roberston et al. (1960), McDaniel and Corley
(1967) and Burnside and Rennie (1968) resulted in correlatioms very
near unity for sire evaluations at differeﬁt herdmate levels, indicat-
ing that sires will rank essentially the same under different herd
levels. Howevei, Brumby (1961) tested identical twins in two herd
levels and obtéined a genetic correlation of 0,11, indicating that
genotype-enviromnment interaction was an appreciable sourcé of
vériance. | )

Van Vleck (1963) found that genetic variance was higher for high

. production level herds and the fraction of total variance due to genetic
- variance was lower in the low production herds than in the higher herds.

An earlier study by Mason and Robertson (1956) produced a similar

result with significantly higher heritability estimates in high
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producing herds. Heritability estimates were 0.05, ‘0.12 and 0.22 for
low, medium and high level herds.

Séudies by Robertson et él. (1960), Legates (1962), McDaniel and
Corley (1967), Lytton and Legates (1966) and Burnside and Rennie (1968)
concluded that the variance between progeny groups was higher at high
levels of production. However, not all have found heritability to be
higher at.the high levels of production, due-to the within-éire vari-
ance increasigg at the higher levels also. The studies of Robertson
et al. (1960), Legates (1962) and Burnside and Rennie'(1968) found
little or no difference in heritability estimates at different herd
levels,

Records of 10,548 artificially sired progeny of 48 Holstein
sires used in the northern and southern regions of the United States
were examined b& Lytton and Legates (1966) to study sire x region
interactions for milk yield, fat yield, and fat test. Genetic correla=-
tions betwéen the breeding values of the sires in the two regions
approached unity, indicating that the sires ;ankéd essentially the
same. The siré # region interaction variance was qlose to zero. The
results indicated that the ranking order of sires was not likely to be
influenced By regional differenées.

Mao and Burnside (1969) used artifically sired progeny to study
the interaction of sire with various herd management factors. They

found no interaction of sire with milk price, use of artificial
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breeding, source of water oﬁ pasture, forage feeding methods in winter
and summer, éxércise in winter, herd size, grain feeding in‘winper and
housing’systéﬁ. However, a significant interaction was fouﬁd between
sire proof and level‘of grain feeding in summer.

In an eariier study using Michigan DHIA records, Burdick and
McGilliard (1963) found no interaction of importance between sires and

herd environments classified by production level, days dry, location,

calving interval, or type of housing, The ranking of sires was essen~-

tially the same in all environments stﬁdied. Wiggans and Van'Vleék
(1970) observed no significant sire by housing system inferacti&n in a
study comparing stanchion and free stall housing for Hoistein coﬁé.

From the results of these étudies, it would appear that inter-
actions involviﬁg levels of herd production, type of housing and other
differences in herd environmeﬁts are unimportant for dairy cattle for
milk and butterfat production.

Bonnier, Hansson and Skjervold (1948) studied the effect of two
levels of nutrition on monzygous twins and reported significant inter-
actions for.weight gain from 1 to 27 months of aée. However, the twin

set x feeding level interaction was not significant for increase in

height at the shoulders.

Hansson, Brannang and Claesson (1953) reported no significant
interaction for growth from 1 to 25 months of age with identical twins

on four planes of nutrition.
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Two methods of rearing male calves from two days of age to a
.markgt:weight of 130 kg were contrasped by Burnside, MacLeod and
Grieve (1969). They found no evidence of significant pair Q ration
interaction.for growth in body weight, heart girth and height at
shoulder, H

Freeman (1969) fed identical and fraternal Holstein twins on
high and low grain rations and found pair x ration interactions to be
small or negiigible for growth to 40 months of age.

Sheep .

Pani and Lasley (1972) suggested that dﬁe éo regional differences
in housing, feéding, management, climate and altitude, genotype-
environment interactions may be more important in sheep than other
farm animals such as dairy cattle or poultry., They also suggested
that the environmental conditions to which sheep-apd beef cattie‘are
exposed may Be fgirly similar, A number.of studies concerning sheep
are reviewed for these reasons.

Carter et al. (1971b) compared the performance of two'breeq
crosses of eweé (Notrth Country Chevibt x Leicester and Hampshire x
Hampshire-Ramboﬁillet) at two locations, Oﬁtario, Canada:and Virginia,
U.S.A. Significant ewe breed x location interactions were found for
birth weight (P<.05) and 120 day weight (P=.d7) of the lambs produced.
However, these interaction effects were sma}l and of no great biological

importance. Ihé interaction was not significant for preweaninglADG.

e =T T T =
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An earlier paper by Carter et al. (1971a) reported on ewe produc~

tivity for the same experiment, Important and significant interactions

of location x breed cross were found for percentage of ewes lambing, -

weight of lamb weaned per ewe mated, and average lambing date. The
authors concluded that local adaptation of ewe breeds was important
for total .production.

Morley (1956) measured the weight gain of Australian Merino half

'sibs on high and low planes of nutrition from 3 to 17 months of age

and found no evidence of genotype-environment interaction for weight

. at 6 months of age. However, significant interactions were observed

for weight at 12 and 17 months of age. Heritability estimates for
these traits did.not vary with plane of nutrition.

Dunlop (1963) studying five strains of Australian'Merinos at
three different locations, found strain x iocation interactions to
account for only.a very small fraction of the total.variance for birth
weight and weaning weight.

- King and Young (1955) wintered Cheviot, Blackface and Wiltshire
lambs under two widely different levels of temperature and two planeé
of nutritioﬁ.r They reported no significant breed x enviromment infer—
action for change in body weight but did find significant interaction
for measurement of cannon, tibia and pelvis.

King, Watson and Young (1959) compared Blackfaces and their

crosses (x Lincoln, Wiltshire and Leicester rams) and Welsh and their
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crosses (x Suffolk and Wiltshire rams) wintered as lambs on four planes
of putrition; There was a similar response of all the different geno-
fypes to the four nutritionai eﬁvironments for growth and carcass traits,
with no evidence of breed cross x plane of nutrition interaction.

Osman and Bradford (1965) used whiteface Targhee type sheep at
two locations in California to study genotype-enviromment interaction
and the effects of environment on phenotypic and genetic variation.

The two locations (Davis and Hopland) provided mainly a contrast in
plane of nutrition. The results indicated thét phenotypic variance
was higher in the good enviromment (Davis) and heritability estimatés
were higher for 120 day weight and yeérling weight. There was no
evidence of 1afgé or important genotype-enviromment interactions for
birth weight, ﬁeaning weight or yearlinngeight.

The importance of sire x plane of nutrition interaction for
postweaning gain, body measurements, wool and carcass traits was
evaluated by Osman énd Bradford (1967) using 40 ram lambs and 78
wether 1ambs-of grade Targhee, Corriedale and Targhee x Corriedale
breeding., Significant sire x plane of nutrition interactions were
reported for only five of the 38 comparisons made, indicating that
the interactionsiwere not a'major'source of-variation.‘

Bfown,_Baugus and Sabin (1961) compared two inbred lines of
Hampshire and.crossbred lambs (Hampshire x range ewes) to détermine the

effects of sex x line interaction on birth weight, 30 day ﬁeight,
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120 day weight and number of days to reach 27 kg. The interaction
.éfféépvwas significant only for the number of days required by the
inbred lambs to reach 27 kg. |

Significént interaction for gain to 6 months of age in ram lambs .
and for gain to 12 months of age in ewe lambs was reported by Radomska
(1965) when comparing half sib progeny of Merino rams in two different
environments (flocks vs. test statioms). No interaction for birth
weight or weaning weight was noted.

Vesely and Robison (1969), utilizing Rambouillet and Romnelet
lambs from 75 sires, investigated the'importance of genotype x sex
interactions.iﬁ sheep. Differences in heritability estimates between
the two sexes for the growth and fleece traits studied were small.

All genotype X sex interactions were nonsignificant in the Rommnelet.

In the Rambouillet, only one sub-group showed significant sire x sex
interaction for some traits., The authors concluded that genotype X sex
interactions were not of enough magnitude or incident to be of
importance, -

Results .of the studies reviewed on genotype-environment inter-
actions in sheep are somewhat inconclusive. The .study of Carter et al.
(1971a, 1971b) would suggest that these interactions, particularly for
fertility traits, may be more important when large differences in

genotypes and. enviromments are involved.
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Beef Cattle

v

H

Gestation length and calving ease. ‘Relétiveiy little information

is available on the importance of genotype-enviromment interaction on
gestation length and calving ease.

Edwards et al. (1966) found significant sire x region interactions
for gestation length in a British study of 8,750 calves sired b§
Charola;s and Hereford bulls out of Friesian, Ayrshire, Shorthorn,
Jersey and Guernsey déms and some purebred dairy calves. They also
observed significant sire x region interactions for difficult calviqgs
during one of the calving seasons.

Significant (P<.05) cow breed x year interactions for dystocia
score in female calves were reported by Sagebiel et al. (1969) in a
study of 529 calves of the Hereford, Angus and Charolais breéds and all
reciprocal crosses among them. However, none of the interactions of
bull breed x year in both sexes or cow breed x year in male calves were
significant for this trait.

Laster et al. (1973) studied various factors affecting dystocia

in Hereford and Angus cows bred to Hereford, Angus,Jersey,Sbuth Devon,

Limousin, Simmental and Charolais bulls. Significant (P<£.05) breed

of sire x sex of calf and breed of sire x breed of dam x sex of calf

interactions were reported for calving difficulty.
An analysis of field records of Simmental sired calves by
Burfening et al. (1973) showed a significant (P<.01) effect for the

interaction of percent Simmental x sex of the calf on calving ease.
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However, this same interaction was not significant for gestation length,

'_x'B;rth weight, Butts et al. (19]1) studied two herds of Hereford
cows; oﬁé origiﬁating';t the U, S. Raﬁge Livestock Experiment Station,
Miles City, Mﬁnfana and the other at the Brooksville Beef Cattle Research
Station, Brooksville, Florida. The two herds Qere sub-divided with half
of each being:transferred to the other location. Records analyzed dur-
ing 1962-1968 indicated significant location x origin interactions
(P<,01) for birth‘weight. Male and female calves of Montang origin were
2.9 and 3.6 kg heavier, respectively, at birth, than calves of Florida
origin at the Montana location. Birth weights did not differ at the
Floridallocation,

A significant sire x region interaction for birth weight waslnoted<
by Edwards gg al. (1966) in a study on the use of Charolais and Hereford
bulls on cows of variodé dairy breeds in England and Wales.

Ellis, Cartwright and Kruse (1965) observed a significant breed or
cross x year interaction (P<¢.0Ll) for Hereford, Bréhman and crossbred
calves of these two breeds., A later study by Turner and MacDonald (1969)
found a significant breed of sire x year interaction for calveé of
various beef crosses. In compafing‘progeny of 11 Hereford sires at two
locations in Mbnténa (Bozeman and Miles City), Woodward and Clark (1950)
found no significant sire x location interaction fér birth weight.

A study of five 1ines of Herefords by Brinks et al. (1967) reveal-
‘ed,no significant line of sire or line of dam x yeﬁr interaction for

birth weight. -
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A review of literature reveals various studies involving the sex
of the.calf. In general; these interactions appear to be more important
than the other kinds reviewed.

A differential sex response to inbreeding of dam and calf was
reported by Brinks, Clark and Kieffer (1963). 1In this study, male
calves were influenced more by inbreeéing of the dam, while female
calves were influenced more by inbreeding of the calf. Pahnish et al.
(1964) found hefitability estimates of birth weight to be 0.32 and 0.14
in male and female calves, respectivel&.

Ellis et al. (1965) observed a significant (P<.01) breed or
cross x sex interaction with Hereford, Braﬁman and crossbred calves.

A gignificant breed of sire x sex iﬁteraction (P4£.005) was found by
Laster et al. (1973) for calvés_from Hereford and Angus dams by seven
different bull breeds.

Bradley et al. (1966), using records of Hereford and Hereford x
Red Poll calve;, found no significant sire x sex or breed of dam x sex
interactions for birth weight. A study by.Kress and Webb (1972) also
reported n0 sigﬁificant sire x sex interaction in analyzing records
from one Hereford and one Angus herd. From a study of field recsrds,
Burfening-QE al. (1973) found no significant percent Simmental x sex

of calf interaction.

Weaning weight, In the study of Butts et al. (1971) involving

a reciprocai transfer of Hereford cattle betweenm Montana and Florida,
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significant (P<.01) location x origin interactions were noted for
weaning weight over a seven year period. Male and femalé calves of
Montana origin were 8.2 and 17.2 kg heavier, respectively, than calves
of Florida origin at the Montana location. At the Florida locaiion,
males and feméles of Florida origin Weré 20.4 and 12,2 kg heavier,
respectively, than calves of Montana origin.

An anaiysis-of daté on 5,000 calves of severél beef aﬁd dairy
crosses by Edwards et al. (1966) found significant sife X year, sire x
rearing method and sire x sex interactions for livg weight at 90, 180
and 270 days of age. Brinks et al. (1967) observed significant sire x
year but not line of dam x year interactions for weaniﬁg weight of
female calves from crosses involving five Hereford lines. Similarly,
Urick et al. (1968) noted significant (P<.0l) line of sire x year
interaction for female but not male calves in an agalysis of data
involving the .same Hereford lines., Line of dam % year interaction wag
not significant for either sex,

Significant breed of sire x year intergction was found by Turner
and MacDonald (1969) in a study of several beef crosses.

The progeny of Hereford sires were tested at two locations by

Woodward and Clark (1950). ©No significant sire x location interaction

was noted for préweaning ADG. Rollins and Wagnon (1956) found no
significant difference in heritability estimates from two Hereford
herds on two nutritional levels. Harwin, Brinks and Stonaker (1966)

studied data on 1,627 inbred and linecross calves and found no
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significant mating system (inbred or linecrosé) X year interaction.
However, the mating system x sex interacqion'ﬁas éignificaqt (P£.01).

Wilson et al. (1969) eéevaluated grdwfh traits‘fqr'SO sgeefsvand
94 heifers involving 13 year-sire subclasses. .Thgy found a éignificant
year-sire x sex'inte;acﬁion for 205 day weight with real differences
'ig the ranking of sires baséd on their éteer and heifer progeny.
Similar results-were reported by Kress and Wéﬁb (1972) in a study of
records from.one Hereford aﬁd one Angus hexrd. In this study, signifi-
cant sire x séx interactions were found for preweaning ADG and weaning .
weight (P<.055 for the Hereford calves and for preweaning ADG of the
Angus calves'(Pz;Ol). Rank correlations for the ranking of sires on
their heifer progeny performance and bull progeny performance were
not significantly different from zero, indicating that éhanges in.the
ranking of sirés.occurred.

A differential sex response'to inbreeding of caif and dam Waé
observed by Brinks et al. (1963). Feﬁale calves were affected more
by inbreediﬁg of the célf; whereas, male calves were affected more by
inbreeding of the dam,

Several studies have indicated that sire x sex interactions may
not be importanf sources of variation for weaning weight. Knapp and
Phillips (1942) and Koger and Knox (1945) repérted no significant sire

X sex,interacti;n for weaning weight in range calves. These results

were confirmed by Pahnish et al. (1961) who found no evidence of a
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sire ¥ sex interaction for weaning weight within ranches and years in
a é;udy of 661 calves from 11 Hereford sires.’

| from é study usiné Hereford and Red Poll calves, Bradley et al.
(1966) reported no significant sire x sex or breed of dam x sex inter-
actions, |

Tanner, frahm gnd Whiteman (1969) analyzed records on 4874bu11,

steer and heifer Angus calves from 24 sires dve; a 3 year period and

found no significant sire x sex interaction. They concluded that

progeny tests could be conducted in which sires are represented by

different sexes if accurate sex adjustment factors are available.

Thrift et al. (1970) also found no significant sire x sex interaction

in evaluating the progeny records.of 8 Hereford bulls.

Postweaning gain and yearling weight. Pani and Lasley (1972)

suggested that interactions should be more important for postweaning
traits in beef cattle due to their exposure to larger and more variable
environmental effects following Weaning.

From the study involving the reciprocal transfer of two

Hereford herds -between Montana and Florida, Butts et al. (1971)

reported significant (P<.0l1) location x origin interaction for year-

ling weight in both males and'females. The cattle in this study
represented two distinct genotypes (origins) of the same breeéd.

Pani, Krause and Lasley (1973) analyzed data on 576 calyes from
17 Hereford sires during 1961-1967 to evaluate the importance of

sire x year interaction effects. In bull calves, the sire x year
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interaction was significant for ADG on feed and yearling weight with
interaction accounting for 13.0 and 12.5 percent, respectively, of the
total variance for these two traits. However, thié intéraction %as not
significant for both traits in the ‘heifer calves, ‘accounting fb; only a
small part of the totél variancé.

Warwick, Davis and Hiner (1964) fed 25 pairs of monozygotic
twins of beef breeding on low and high levels of concentrate and found
a significanp-ration x pair interaction for g;owth to slaughter weight.

Significant sire x sex, sire x year and sire x rearing method
interactions.ﬁeré reported by Edwards et al. (1966) from a study of
data on 5,000 calves of several beef and dairy crosses.

Urick et al. (1968) anal&zed data on 229 bull and 226 heifer
calves from straightline and crossline combinations of five Hereford
lines. They found significant (P£.01) line of sire x year interactions
for 12 and 18 month weight of heifers but not fo? final téest weight of
bulls. In the same study, line of dam x year interactions were signifi-.
cant (P«£.01) fdf the 196 day test gain of the males but were nonsignifi-
cant for 12 month weight 6f the heifers.,

It was shown-by Wiltb#nk, Kasson and Ingalls (1969) that
genotype-en&ironment interaction could be important for age and weight

at puberty. They reported significant (P<.0l) interactions of breed

or cross x nutrition level for age and weight at puberty and gain from
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weaning to puBerty for He?eford, Angus and crossbred heifers of the two
bféeds on two nutritional ievels from weaning to'puberty. However, no
significant interactions were found for 12 month weight or 6 to 12 month
gain. |

The perférmance of two Iowlan& breéds and. two mountain breeds at
both locations under very different pasture conditions was te::ed by
Skjervold and Gravir (1961). They found no significant breed x
location intefaction for gain following 6 months of age.

Browq and Gacula (1962) compared heifers on pasture with bulls
from the same sires on a performance test. Managément and sex were
confounded, providing the two environménts. There wﬁs no significant
sire x environment interaction for poétweaning gain. The 42 sires
rgpresented were ranked similarly on bull progeny and heifer progeny
performance.

The ‘progeny of 5 Hereford sires Wepe evaluated at threé widely
separated locations in North Carolina by Dillard et al. (1964). Sire x
location and éi?e x ration ihteractions were found to be unimportant for
-age and weight at slaughter. A later study ﬁas reported by Ahlschwede
et al. (1969i.on 355 steers from 18 Hereford sires fed at the same
three 1ocatiog§ on two rations (corn-soybean in drylot vs. paéture).
They also f;und sire x location and sire x ration interactions to be'
nonsignificant for postweaning gain. The authors concluded that suéh

interactions would contribute little to error in the ranking of sires

based on progeny tests.
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No significant sires x station interaction for pogtweaning gain
was found by Averdunk, Orel and Schmitter (1968) in testing 97 progeny
of 9 sires, with one;half of each progeny group fed at each of two
test statiomns.
Klostermén, Cahili and Parker (1968) compared Hereford, Charolais
gnd their crosseé_under two management systems and found breed x manage-
ment system interaction was not important for ADG on feed.

It was concluded by Kress, Hauser and Chapman (1971) that

- genotype x diet interaction was not an important source of variation

for growth from 7 to 24 months of age for identical and fraternal twins
on high and low energy rations.

Knapp and Phillips (1942) reported siénificant sire x sex inter-
action for 140-day postweaning gain of Hereford calves, indicating that
data from both sexes is needed to evaluate a sire for gaining ability.
Carter and kiﬁcaid (1959) reported heritability estimates of half sib
steers and heifers té be 0.38 and 0.54, respectively, for postweaning
gain.

Many of the studies reviewed indicated no importance for sire x
sex interactionslfor postweaning gain or yearling weight. Bradley et al.
(1966).reported no significant sire x sex interactions for poétweaﬁing
gain or finalvtest weight in Hereford and Hereford x Red Poll calves.
Similarly, Wilséh et al. (1969) reported no significant sire x séx
interactions for the same traits from a progeny test using 80 steers

and 94 heiferé.
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Records on 487 bull, heifer and steer Angus calves from 24 sires
were evaluated over a three-year period by Tanner et al. (1969). They
found no significgnt sire x sex interactions for 168-day feedlét gain.
The authors concluded that sires could be evaluated on progeny tests
using different sexes if accurate sex adjustment factors are used.
Thrift et al. (1970) reported no significant sire x sex interactions
for postweaning ADG or adjusted final weight for steer and heifer
progeny“of 8 Heréford bulls.

In general, interactions invélving sex do not appear to be
important for postweaning gain or yearling weight. Pani and Lasley

(1972) suggested that other environmental factors become more important

than sexual differences after weaning.
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MATERIALS AND METHODS

The data for the study were from 38,261 field records obtained
from the American Simmental Association. These records were the progeny
records of Simmental sires used throughout thg Uniteé Stétes. Progeny
were from 24 breeds of dams includiﬁg some 50% Simmental dams. - The
progeny were either 50% or 75% Simmental.

Several disadvantages were recognized in the use of field records
for this study. The records were not collected specifically for the
purpose of this study. Field records collected without supervision
would be subject to greater error in the identificatioﬁ of the progeny
and the accuracy of measurements reported than records collected under
experimental conditioné. The data used in this study were collected
under a wide ﬁariety of conditions and procedures and varied as to
completeness for some traits. Opportunity for error occurred frﬁm the
time of collection until records were used in the present study.
Records with errors were minimized by the use of edits as discussed
later.

The traits analyzed were birth weight, 205-day weaning weight
(adjusted for age of dam), yearling weight (365-day weight), gestatiéﬁ'
length and calving ease. Calving ease was scored as follows: 1 =
unassisted, 2 = easy pull, 3 = hard pull, 4 = cesarian and 5 = abnormal
presentation. The number of abnormal presentations was small
(7 records) aﬁd they were omitted from all analyses.

Some fecofds were excluded from the étudy according to-the edits

outlined in -table 1. Records were excluded if they were outside of
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TABLE 1. EDITS FOR THE VARIQUS TRAITS

Trait

Edits - reasons for exclusion of data

-All traits

Birth weight

Weaning weight

Yearling weight
Gestation length

Calving ease

Non-matching breeder and member number records

Average, standard, induced calving, <18.2 kg,
>=77.3 kg

<160 days, >250 days, <90.9 kg, >»681.8 kg

<330 days, »440 days, <159.1 kg, »909.1 kg
<160 day test

Average, standard, induced calving, <267 days,
>303 days

Induced calving, dead on arrival, abmnormal
presentation
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certain ranges of if standard values were reported. For some herds,
- average values were reported for fraits:based on the perfprmance of
only a sample of the progeny. - These ?ecords were also excludedt. In
addition, preliminary inspection of the birth Weight’and weaﬁing
weight files indicated that approximately one-third of the records
for each of these two traits did not match for breeder and member
number. This indicated that one-third of the calves had changed
ownership during the dam's pregnancy or in the period from birth to
‘weaning. For this reéson, all records with non-matching breeder and
member numbers wére edited for all traits. Hence, all calves in the-
study were born and weaned in the same herd. Since the main purpose'
of this study was to evaluate the importance of sire x fegion inter-
actions, it was considered necessary to eliminate those records
involving the transfer of an animal from one region to another, In
this way, the possibility of a record being made in one region and
reported in another region was eliminated. A total of 21,711 recoras
were available for analysis following editing. The average number of
edited progeny records per sire and region is shown in table 2.

Trait ratios rather than absolute values were used in the analysis
of each trait., These ratios were calculated on a within mangement
unit basis in order to eliminate several sources of variation. The
use of ratios would reduce the error variance and resﬁlt in more

homogeneous variances between herds. Progeny were assigned into
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NUMBER OF SIRES, NUMBER OF REGIONS, TOTAL NUMBER OF PROGENY
AND AVERAGE NUMBER OF PROGENY PER SIRE AND REGION FOR EACH
TRAIT ' : '

No. No. Total Average = Average

: regions sires progeny per region per sire
Birth weight 8 '13 6,272 784 482
Weaning weight 8 12 12,933 . 1,617 1,078
Yearling weight 5 10 805 161 80
. Gestation length - 3 13 847 282 65

Calving ease 3 13 - 854 - 285 ' 66
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management units on thg basis of the following.criteria: 1) member
numBer, 2) weaning weigh date of the calf, 3) sex of:the calf, 4)
pércenp Simmental of the calf, 5) preweaﬁing management code (1 =’dam,
2 = daﬁ plus creep feed, 3 = fostér dam) and 6) postweaning feeding
group (used only for yearling weight). Data were available fréﬁ three
differgnt yearé, The weaning weigh daté of the calf was included to
put the ratio on a within-year basis. Most of the records were:from
heifers but some bulls and steers were included. The_ﬁajority of
calves were raised on their dams with or without creep feed.

Ratios were calculated only for those animals actually used in
the stﬁdy after editing, in order that the average of each management
unit would be 100. A ratio greater thaﬁ 100 would indicate a heavier
weight for birth weight, weaning weight ér yearling weight and a longer
gestation peri&d and more calving difficulty.

For the purpose of this study, the United States was divided into

nine regions on a code system similar to that used by the Beef Improve=-

"ment Federation (1972). This classification is outlined in table 3.

Thg_first digit of each code indicates the‘region an& the second digitl
the pafticular state or district within a region. The nine north-
eastern states (region 1) contained only 4 herds with 24 progeny and
were deleted from all the analyses. A geographic division of the
states into regioné is shown in figure 2., The majority of records

were from the midwestern states, Texas-Oklahoma and'Mbntana (regidns‘

3, 6 and 7, respectively).
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TABLE 3, CLASSIFICATION OF THE UNITED STATES INTO REGIONS

112 Maine : 41 Delaware - , 81 Idaho

12 New Hampshire 42 Maryland o 82 Wyoming

13 Vermont 43 Virginia 83 Colorado

14 Massachusetts 44 West Virginia 84 New Mexico

15 Rhode Island 45 North Carolina 85 Arizona

16 Connecticut 46 South Carolina 86 Utah

17 DNew York - 47 . Georgia 87 Nevada

18 New Jersey . 48 Florida

19 Pensylvania _ ' '
o 51 Kentucky 91 Washington

21 Ohio 52 Tennessee 92 Oregon

22 1Indiana 53 Alabama 93 . California

23 Illinois 54 Mississippi

- 24 Michigan : 55 Arkansas

25 Wisconsin 56 Louisiana

31 Minmesota 61 Oklahoma

32 Iowa _ 62 Texas

33 Missouri

34 North Dakota 71 Western Montana

35 South Dakota 72 Central Montana

36 Nebraska 73 Eastern Montana

37 Xansas

a First digit of code number indicates the region, second digit of
code number indicates the state or district.




Figure 2. Map of continental United States showing division into regionms.
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Montana.wgs further divided into three regions (western, central

and eastern) to study iﬁ greater detail the importance of sire x

region ihteraétion within one state. This division was made as out-

lined by Davis (1968) considering topography, rainfall, temperature,

‘growing season and general beef cattle management practices. The

division of Montana into three regions is illustrated in figure 3..
The data were analyzed for all traits by the least-squares
method as discussed by Harvey (1960). Each variable was described

by the followihg linear statistical model;

Yijk =u -+ si + rj + (sr)ij + eijk

Where Yijk = observation on the k! individual in the jth region

h

by the it gire

u = the fixed underlying population mean

sy = the effect of the ith gire
ry = the effect of the jth region
_ s , .th . . .th :
(Sr)ij = the interaction of the i sire with -the j region
eijk = random errors

The following assumptions were made regarding the distribution

of the effects: 8y = N (0, aé) (random); r. = 0 (fixed); (sf)ij =N

3

(0 o? ) (randoﬁ); €iik = N (O, o?) (unéontrolled, uncorrelated
> “sr ' J E ~

random effect that varied amohg individuals within sire-region sub-

(Sr)ij and ;i were assumed to be indepgndent

classes); Sis Ty 13

J’

and uncorrelated.




Figure 3.
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Map of Montana showing division into three regions.
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The expectations of the mean squares for the mixed model are
shown in table 4, The calculation of the coefficient of the sire
variance component (n4) was by the difect method from the eppropriate

elements of the inverse matrix for segments of the overall inverse

. matrix as described by Harvey (1960). The coefficient of the sire x

region interdction variance component (nl) was calculated similarly
using formulae given by Genizi (1973). Values for n2 and ng were not
calculated sdnce the region effects Wefe assumed fixed and.the
variance components would not be relevant. The variance conponents
for the sire (o~§), sire x region interaction (tf%R) and error (7~%)
source of varlatlon were estimated by equating the expected mean
squaresw1ththe respective observed mean squares from the analyses of
variance and solving for the unknown vafiance components. The total
variance per observation (¢¥%) was estimated Ey Summiné the estimated
sire, sire x region interaction and error variance componenets
(2§ + 28 + 55 =69

Genetic correlation of the sires' progeny perfofmance in the
different regions was calculated by the following formula as presented

by Yamada (1962):

A2 - 1.2
rg="s K “SR
a2 4 Kol A2
S K 7SR

where- K = number of regions.
No correction was made in the denominator of this formula for the

difference in genetic variance between tegiomns. Since ratios were
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TABLE 4. EXPECTATIONS OF THE MEAN SQUARES

Source E.M.S. . . '
Sires (S) ~% +1 %2
Regions (R) 2 +n, “8R% +an 62
&t TE 2 3 R
Y] , . 0-2
S xR 0.% + ny SR
Remainder

=N
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used in the analysis of all traits, it was assumed that this difference
wouid be negligible.

The genetié correltation (rg) was calculated for each trait and
analysis in order to assess the average change in performance of
genotypes (sireé) over the different environments (regions). The
estimated sire x region interaction variance component was also ex-
pressed as a percentage of the total variance to determine the relative
magnitude and importance of ¢§R for each analysis.

All‘sireé used in the study were given coded identification
numbers. Many of the sires representéd had smail numbers of progeny
in some regions. Sires with a large number of missing subclasées were
deleted for each analysis. The particular sires represented in each

analysis varied from one trait to another. The original sire 1list

with the number of progeny in each region is given in Appendix tables

1-4 for each trait. 1In general, only 10-13 of the sires with the most

progeny and filled subclasses were used in analyzing each trait.

For wéaning weight and birth weight, analyses were made using
records from ail eight regions. Subclasses with less than 20 progeny
were exéluded'fpr estimation of thg sire X region interaction effects.
Regions 3, 6, 7 énd 8 contained approximately 85% ofnthe records- for
these two traits. Separate analyses were made using only records ‘
from these four regions and excluding subclasses with less than 20

progeny for estimation of the sire x region interaction effects.
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Further analyses were made using all records from regions 6 and 7 to
éompare two very different regioné (Texas-Oklahoma vs. Montana).
This particular comparison was singled out due to the nuﬁber of
records available and the f;ct that it represented a fairly exfreme
comparison with‘regard té location and cattle management.

Weaning Wéight and birth weight were also analyzed én a'within-
Montana basis to investigate sire x region interac?ion relative to
environment;l.cbnditions of Westerﬁ, central and eastern Montana.

The number of fetords available for this analysis is shown in table 5.

The number of records available for yearling weight, gestation
length and calving ease was limited and there were a large number of
missing sire.x-%egion subclasses. Adequate numbers were not available
to include all regions in the analyses or to study these traits within
Montana. Apééndix tables 1-4 outline the numbef of progeny per sub-
class for all traits. Géstation length and calving ease. are listed
together in Apﬁendix table 4 because both were recorded or ﬁeither
was recorded. ﬂReéords,from regions 3, 4, 5,:6 and 7 were included’ .
in the analysis for yearling Weight, while analyses for gestatioq
1eﬁgth and calving ease Wére limited to‘records frdm'fegions 3,

6 and 7.
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TABLE 5. NUMBER OF PROGENY PER REGION FOR MONTANA

Trait ' Region 71 Region 72 ‘Region 73

" (Western) (Central) (Eastern)
Birth weight . 612 - 714 556
. 688

Weaning weight - ' 591 ' 1169_
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RESULTS AND DISCUSSION
Introduction

The results of the analyées are réported separately for each
trait studied with some discu;sion.pertaining directly to ﬁhat trait.
This is followed by a general discussion of the importance and impli-
cations of the results obtained for the complete study. Several
?esults and observations relevant for all traits are discussed in
this introduction.

Tﬁe region effec¢t was a nonsignificant source of variation‘for
all traits analyzed. This would be expected since the region effect'
was removed through the use of trait ratios. The values of the
coefficients of the variance components (nl and n4) were smaller than
tﬁe average number of progeny per class or subclass for all traits: due
to the unequél subclass frequenciés. For several analyses, the
estimated sire x regidn interaction variance component was negative
and was assumed to be zero for calculation of the percent variance
due to the interaction and in calculating the genetic correlation.
The analysiS'of weaning weight within Montana and the anal&sis of
calving ease yielded negative sire and.sife X region interaction

variance components. Since the sire x region interaction effect

.was not significant for either analysis, no attempt was made to

estimate the genetic correlations.
Robertson (1959) stated that a significant interaction could be

due to a difference in the between genotype variance or in the true
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ranking of genotypes. He presented formulae indicating that the size
of the genotype-environment interaction variance component is influ-
enced by the differences in the genetic standard deviations in two
environments as well as by the magnitude of the genetic correlation
between the genotypes in the environments. It was further shown that
an interaction could not be presenf if the geﬁetic standérd deviations
(or heritabilities) were equal in the two invironments and if the
genetic correlation was unity. Robertson also indicated that estima-’

tion of the genetic correlation gives a practical rather than a

" statistical measure of the significance of the results. This paéer

suggested that an estimate of g equal to or 1ess.than 0.8 would Be
of biological importance in that the average performance for a partic-
ular sire, relative to other sires, would not be the same in all
environments..AIn other words, an estimate of 0.8 or lower would
indicate changes in the fanking of genotypes among environments
whereas a greater genetic correlation would ;ﬁdicafe no impor;ané
changes in fanking. | |
Birth Weight

fhe least squares anélyses of variance for birtﬁ weight are
given in table 6. The sire effect was a significant source of
variation (P£.05) for all analyses. The sire x region interaction
effect was not’a significant source of variation for any of the

analyses excépt within Montana. For ‘this analysis, the sire x region




TABLE 6.

LEAST SQUARES ANALYSES OF VARIANCE FOR BIRTH WEIGHT

Source of

All regions Regions 3,6,7,8

Regions 6 and 7

. Montana

variation df  Mean squares df Mean squares df Mean squares df Mean sguares
. Sires (S) 12 765.2%% 12 795, 6%% 14 433, 1%* 13 204.0%
Region (R) 7 39.3 3 424 1 168.0 2 . 3.2
SxR 37 91.8 26" 62.3 13¢ 92.3 234 168.22
Remainder 6215 115.6 5343 112.5 2661 116.1 1843 114.1
*  Pg05
*% Pg.01
a P=,07 &
b  Subclasses with less than 20 progeny were not included in the interaction effect. Y
c One subclass contained no progeny.
d Three subclasses contained no progeny.

L S
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interaction source of variation approached significance (P=.07).

Estimates of the variance components and their coefficients with
the geﬁetic cgrrelation coefficient for eéch_analysis are preseﬁted
in table 7. The sire x region interaction variance component
accounted for none of the total variance except within Montsana where
it was 1% of the total. The sire variance .component was less than 3%
of the total variance for any given analysis.

The genetic correlations were unity (table 7) for all analyses
except within Montana, indicating that the average progeny perforﬁaﬁce
for a particuiap sire, relative to other sires, was essentially the
same for all regioné. The sire x region interaction for the analysis
within Mgntana approached significance (P=.07) and a genetic correla-
tion of 0.21 was obtained, suggesting that fhe avefage performance of
the progeny'vgried among the three regions of Montana.

Inspection of the least squares means for the sire x region sub-
classes from all analyses éxéept Mont ana indicated.that some individual
changes in fhe ranking of sires did occur. However, in genéral, bulls
ranking above or below average in one region held this'samelresPective
ranking in most other fegions ‘(Appendix table 7). For the anaiysis
withiﬁ Montang, definite éhaﬁges in the ranking of sires ﬁére evident
from the least squares means for the sire x regiop subclasses
(Appendix table 12). The sire x region interaction least squares

constants were also-larger in magnitude for this analysis.




TABLE 7. ESTIMATES OF THE VARIANCE COMPONENTS, THEIR COEFFICIENTS AND GENETIC CORRELATIONS
FOR BIRTH WEIGHT

Variance components Sire x region
b Sire x . component as Correla-
Analysis nla n, Sire  region Error % of total® tion (rg)
All regions - 102.2 294.9 2.2 -0.2 115.6 0.0 1.00
Regions 3,6,7,8 136.1 314.9 2.2 -0.4 112.5 " 0.0 1.00
Regions' 6 and 7 66.4 121.0 2.6 -0.4 116.1 0.0 1.00
Montana 47.2 130.8 0.7 1.1 114.1 1.0 0.21

Coefficient of the sire x region variance component.

Coefficient of the sire variance component.

Negative estimates were assumed zero.

Negative estimates of the sire x region variance component were assumed zero in
calculating the genetic correlation.

a0 oo
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The only environmental effects on birth weight are those expressed

through materﬁal_influence and those due to the sex of the calf.

Petty and Carfwright (1966) reported an average heritability of 0.42
for birth weiéhF from a summary of 28 estimates. Birth weight would
not be expected to be influenced by environmental differenceé to the
same degree és traits of lower heritability. Three of the analyses

in this study shoﬁ the sire x region interaction to be nonsignificant.
It is difficult to explain the results of the analysis comparing three
regions within Montana where the test of significance and genetic
correlation indicated an interaction of‘some_importanée. It is

unlikely that thé environmental differences within Montana would be

-greater than those among regions of the United States. The:number of

- records analyzed may not be adequate to properly .assess the importance

of sire x region interactions among the three regions of Montana.
The resultsldbserved m;y have occurred entirely by chance,

| Woodward énd Clark (1950) compared the progény of 11 Hereford
sires at tﬁé iééations in Montana and found no significant sire x
location inféfaction for birth weight. Edwards g;;él. (1966) reported
significant sire x region interactions for birth weight in a stﬁdy
involving the use of Charolais and Hereford'bullé on various déiry

breeds in England and Wales. Significant'genotype X year interactions

‘were repérted by Ellis gﬁigl. (1965) and Turner and MacDonald (1969)

for birth weight in calves of various beef crosses.
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Weaning Weight

The sire and sire x region interaction effects were significant
sources of variation (P<.01) for.all the analyses of weaning weight
with the exception of the within Montana analysis (table 8).

The estimated variance components and their coefficients are
presented in table 9 with the genetic correlation calculated for each
analysis. Thé:sire X region interaction component accounted for less
than 2% of the total variance for any given anaiysis. The sire wvariance
component was also a small part of the total variance, being less than
3% of the total for any given analysis.

For all the weaning weight analyses, except Montana, a genetic
correlation of less than unity was obtained, indicating that the
average performance of a sire's progeny was not the same in the differ-
ent regioné.- The genetic correlatioﬁs obtained (table 9) were in agree-
ment with the stétistical results given in table 8., If the analysis
of variancé indicated a significant interaction, the. resulting genetic
correlation also indicated a siénificant and important interactioﬁ.

The comparison between regions 6 and 7 (Texas énd Oklahomavs,. Montana)
could be conéidered the most extreme in the sfudy with regard to
'differenceé in cattle management and location. The resulting gehetic'
correlation of 0.52 indicated that a significanf and important sire

X region interaction effect did occur between these two regions.




TABLE 8. LEAST SQUARES ANALYSES OF .VARIANCE FOR WEANING WEIGHT

"Source of - All regions Regions 3,6,7,8 Regions 6-and 7 Montana
variation df Mean squares df Mean squares df Mean squares df Mean squares
Sire (8) . 11 . 367.5%* 11 646.1%% l; | 797 J4%% 11 53.2
Region (® . 7 89.3 30 1941 - 1 25.5 2 bt

S xR 542 181.7%% 29a 290, 3%* 9P 353.6%* .22 44,3
Remainder 12860 115.4 11075 114.7 3874 98.0 2412 90.1

*% P<,01

a Subclasses with less than 20 progeny were not included in the interaction effect.
b Two subclasses contained no progeny.

- L-l7...
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TAELE 9. ESTIMATES OF THE VARIANCE COMPONENTS, THEIR COEFFICIENTS AND GENETIC CORRELATIONS
FOR WEANING WEIGHT

Variance components Sire x region

) b Sire x component as Correla- 4
Analysis . . - nla ny Sire region Error 7% of total® tion (rg)
All fegions T 153.6 443.5 - 0.6 0.4 - 115.4 0.4 0.54
Regions 3,6,7,8 . 207.1 545.9 1.0 0.8 114.7 0.7 0.47
Regions 6-and 7 ' 157.2 . 269.8 2.6 1.6 98.0 1.6 0.52
Montana ‘ 53.1 137.1  -0.3 -0.9 90.1 0.0 oo

Coefficient of the sire x region variance component,

Coefficient of the sire variance component.

Negative estimates were assumed zero.

Negative estimates of the sire x region variance component were assumed zero in
calculating the genetic correlatlon.

N Undeflned
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-With the number of sires represented in the present study, it is
unlikely that a genetic correlation of 6.8 or lower could occuf with-'
out imbortant changes in the ranking of sires from region to'fegion.
Several examples calculated using extreme sire progeny mean differences
indicated that for a correlation this low to occur without changes in
the ranking.of sires, the differences between sires would need to be
larger than those in the present study. Also, rank correlations calcu~
lated for ‘several compériSons of sire performance between two regions'
for weaning weight ranged from 0.15 to 0.75 indicating that changes in
the ranking.of sires did occur. Examination éf thehleast squares means
for the sire x region subclasses confirmed that‘definite changes in -
the ranking of sires occurred among regions (Appendix table 13),

The least squares consfants for the sire x region iﬁteraction
effec;s for the analysis involving all régions are given in table 10;
These constants reflect the magnitude of the differences among sub-
classes for the interaction effect. Considering the fact that the
sire means ranged from approximately 97 to 102, soﬁe of the inter-
action constants are quite large,

Petty and Cartwright (1966) reported heritability estimates of
0.31 for Weaniﬁé-weight and 0.42 for birth weight, Therefore,'weahing
weight might be‘expected to be influenced more by envirommental

differences than birth weight. The results of all the analyses for

"birth weight and weéning weight for all regions with the exception of

Montana confirmed that the sire x region interaction effect was more
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TABLE 10. LEAST SQUARES SIRE X REGION INTERACTION CONSTANTS FOR

WEANING WEIGHT (ALL REGIONS)

Regions
Sire 2 3 4 5 6 7 8 9

1 -0.86 - 0.43 1.15  0.14 0.86

> 0.2 1.13 1.49 -0.16  -3.08 _-o.sz‘ 0.36  0.56
3 .24 -0.51 0.75

4 -0.23 -1.39.  0.39  0.14 2,000 0.51 -1.34 -0.08
5 -0.79 -0.27  -0.60 0.12  -0.01' 0.05 -0.28 - 1.78
6 -0.60 | -0.24 0.32 -1.72 2,03 -0.24 0.45

7 -0.32 -0.82 2.45 -1.05 0.83 -1.09
8 -0.09 -0.12 -0.09 0.68 =0.38
9 0.36 - -2.51 2,32  -0.60 0.11 1.02 -0.70
10 1.72.  0.30 0.97 =0.50  =2.94  0.43 0,11 =0.09
11 0.28  -0.06 - 0.44  0.31, -0.97
27 1.8 | “1.44 -0.40




-5]1-
important for weaning weight than for birth weight.

No'significant sire n region interaction effect.was fonnd for
the'analysis of weaning weight within Montana. This might be expected
eince the environmental -differences among regions of Montana would be
smaller than those among the various regions of the United States.
However, this does not explain the results in view of the same effect
being a signifioant source of variation for birth weight among the
tnree regione of Montana. The number of progeny records available
from Montana'may not be adequate to give a proper evaluation of sire
X region interaotions in tne present study.

Woodward and Clark (1950) found no significant sire x 1ocation
interaction for preweaning ADG of the progeny of Hereford sires tested
at two locations in Montana. Harwin g; al. (1966) reported no signif-
icant matiné systems (inbred or linecross) x year interaction’for
weaning Weignt. Significant sire x year and sire x rearing method
interactions were reported by Edwards et al. (1966) .for 180-day weignt-
of beef and dairy crossbred calves. Turner and MacDonald (1969)
studied several beef crosses and found 31gn1f1cant sire x year inter-
actions.

Yéarling Weight |

Tne,sire:end sire x region interaction effects were not signif-

icant (P<.lfj for yearling weight (table 11). Tne eire x region

variance component was 2.1% of the total variance (table 12). A




TABLE 11. LEAST SQUARES ANALYSES OF VARTANCE FOR YEARLING WEIGHT, GESTATION LENGTH AND
CALVING EASE

Source of Yearling weight® Gestation lengthb Calving easeb
variatiqn df Mean square df Mean square daf Mean square
© Sire () N -9 _ 68.3 - 3 12 ' "5.61** R 12 385.5
Region (R) A ) 0.76 2 190.0
S xR 22¢ - 69.4 194 1.69 14 248.4
 Remainder 769 54.0 820 - 2.05 813 893.6
© %% P01 .

Only records from regions 3,4,5,6 and 7 were .analyzed,
Only records from regions 3,6 and 7 were analyzed.
Fourteen subclasses contained no progeny.

Five subclasses contained no progeny.

[« N e I v al V)
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TABLE 12. ESTIMATES OF THE VARIANCE COMPONENTS, THEIR COEFFICIENTS AND GENETiC CORRELATIONS

FOR YEARLING

Analysis

n 4_b

WEIGHT, GESTATION LENGTH AND.CALVING EASE

Variance components

Sire x region

Error

component as
% of total®

Correla-
tiqn(rg)d

'Yearling weight
Gestation length

Calving ease

23.6

33.2

34.5

54.0
22,1

893.6

0.25

1.00

‘A0 T

Coefficient of the sire x region variance component.
Coefficient of the sire variance component.

Negative estimates were assumed zero.
Negative estimates of the sire x region variance component were assumed zero in

calculating the genetic correlation.

3

Undefined.

_sg—
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genetic correlation of 0.25 was calculated suggesting that the perform~
ance of the progeny was not equal in all regions: and that changes in
the ranking of sires occurred. The least squares means for the sire x
region subclasses also indicated that changes in the raﬁking of the .
"sires occurred. It should be noted that 805 progeny records represenf-
h ing 10 sires ;nd 5 régions were used in the yearling weight aﬁalysis.
In addition, i4 subclasses contained no progeny and some of the remain~-
ing subclasses contained small numbers of progeny.

Pani and Lasley (1972) suggested that genotype-environment inter-
actions may Ee’more important for yearling weight in beef cattle due
to their exﬁosure to larger envirommental differences féllowing wean-~
ing. On the.otﬁer hand, Petty and Cartﬁright (1966) reported heri-
tability estiﬁates of 0.31 for weaning weight and 0.41 for yearling
weight, Hence, weaning weight might be expected-to be influenced
more by envirommental differences than yearling weight.

Pani gg'gi. (1973) feported significant sire x year interactipns
fof yearling Weight in male progeny but not in female progeny. However,
in general, ﬁrevious studies indicated little importance fbr genofype-
environment interactions of the type investigated in the present
study for yearling weight (DillardAgg al., 1964; Ahlschwede et al.,
1969; Klostefman et al., 1968; Brown and Gacula, 1962),

. Gestation Lengéh |
The number of reéords available for this analysis was small with

854 progeny and 3 regions represented. ‘The sire effect was a
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significant source of variation (P<.0l) and the sire x region inter-

.action effect was not significant (table l1). The sire x region

. interaction variance component was small and negative (table 12) and

was assumed to account for none of the total variance. A genetic

correlation of 1.00 was obtained indicating that the performance of

progeny for géstation length was the same in all regions.

The signifiéant sire effect shown for this analysis indicates
th;t the sire does influence the length of time his offspring are
carried. Rollins, Laben and Mead (1956) reported hefitability
estimates of 0;30 and 0.50 for gestation length in cattle. Environ-

mental factors other than maternal and fetal influences may not have

any 1mportance in determining gestatlon length. However, Edwards et al.

(1966) reported significant sire x reglon interactions in a study
using Charolais and Hereford bulls on various dairy bréedsr
Cglving Ease

The leastﬁsquares analysis of variance for calviﬁg ease is
pfesented in table 11, None of the effecté tested was significant.
The number of progeny records used (847 progeny from three regiong)

in this analysis was small. This number of records may be inadequate

to properly evaluate sire and sire x region interaction effects.

Bellows et al. (1971) reported that birth weight was the most
important factor affecting calving difficulty. In view of the
results obtained for the sire x region interaction effect on birth

weight, it follows that the results for calving ease might be. similar,
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The sire and sire x region interaction variance components were
‘negative (table 12) and the genetic correlation was not defined.

Littie information is available regarding the éenetic influences

on calving difficulty. Brinks, Olson and. Carroll (1973) reported
. heritability estimates of 0.07 and 0.13 for calving difficulty as a
trait.of the calf from two analyses of Hereford calving records.

Many of the previous studies on‘calving‘diffiéulty have involved
only genotype X sex interactions. Laster et al. (1§73) and Burfening
et al. (1973) reported significant genotype x sex of the calf inter-
actioﬁs f&r calving ease. Edwards g;lgl.,(i966) found significant
sire i region iﬁteractions for calving difficulty during one of two
éaiving seasénsﬂ Further studies are needed to properly e&aluate‘the
importance of'génotype-environment interactions fof calving ease.
Discussion

Butts et al. (1971) reported significant 16cation X origin inter-
actions for birth weight, weaning weight and yearling weight froﬁ a

_s£udy involvi#é fhe reciprocal transfer of tﬁo Hereford herds between
Montana and Florida. Records from a seven year period (1962-1968)
indicated that pérformanée té yearling ages favored cattle of Montana
origin at thé Montana 1oca£ion and cattle of Florida origiﬁ at the
Florida 1oca£ioﬂ. The location x origin interéctions found in this
;tudy are of mﬁch greater magnitude than the sire x region interactions
.reﬁbrted for the present study. Male and female calves of Montana

origin were. 8.2 and 17.2 kg heavier, respectively, at weaning than
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calves of Flofidé Origin at the Montana location. At the Floridé
location, males and females of Florida origin were 20.4 and 12.2 kg
heavier, resﬁectivelj, than calées of Montana origin.

Hull and Gowe (1962) and Carter et al. (197la,b) suggested that
large and important interactions are more likely to occur when the
environmental gffectsuare large and the genetic differences are wide.
In the study of Butts et al. (1971), opportunity for significant inter-
actions to occur could be considered maximum for cattle of the same
breed. Large:differences in genotypes (inbred vs. non-inbred).and
locations (Montana vs. Florida) are represented in this study., This
fype of study couid also yield "temporary" interactions due to the
fact that the animals may require time to adjust to their new environ-

ment when physically moved from one location to another, On the other

hand, the sire progeny method used in the present study would be a less:

sensitive method for detecting significant genotype—environment inter-
action, The sire progeny differences are only onglhalf of the sire
vbreeding value-differences and are the.result of mating to 24 different
breed; of dams; For thesé reasons, the 6pportunity for interaction
to occur in the present study should be minimai. Any resultiné inter-
action should bé'one of the simplest forms qf genotyée-énvironmént
interaction that could occur.. From this viewpoint, the results
obtained, parﬁicularly for weaning weight may have added significance,
It is geﬁéfally expected that artificial insemination will be

used more extensively in the beef industry in future years. The
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total of 24 breeds of dams represented in the present study should
mean that a broad cross-section of cows have been sampled. The majority
§f the‘progeﬁy'wbuld be from Hereford; Angus or crossbred dams of theée
two breeds. These same two breeds and their crosses accounﬁ for the
ﬁajority of the kbmmercial beef cow population in the United States.
Thus, the resqlfs of the present study may have more widespread appli-
cation than studies involving the transfer of cattle between specific
locations.

The significant sire x region interactions reported here for
weaning weight pould have several implications if caused by changes
in the ranking of sires as the results indicated. The results mean
that animals could not be sélected effectively in one region for use
in a different region, This emphasizes the need for evaluatiﬁg
artificial insemination sires in all regions or environmenté in which
théir progeny are expected to perform, before the widespread distri-
bution of their semen occurs. Caution must be uséd in applying the
results of progeny tests in one region or gnvironment to performancé
and selection in different regions or enviromments. Until the causes
of genotype-envifonment intera;tions are more fully-evaluated, the
selection of animals should be made under environmmental gonditions
comparable tb_tﬁose under which they and their progeny are expected
to .perform.

In the present study, it is interesting to note that no movenent

" of animals occurred, only semen was distributed between regionms. ALl
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qf the progen& are the result of artificial insemination, As reported
garlier, appfoximately one~third of thé progeny changed ownership
during the dam's prégnancy or in the perio& from birth to weaning.
Only progeny bo#n and weaned in the same herd were included in the
analysis of each trait. This movemént of breeding stock is an unde-
sirable practicé if adaptation is of major importénce and if intér-
actions of Ehe'magnitude reported by Butts et al. (1971) occur.
The sire x region interaction comﬁénent accounﬁed for less than
2% of the tbfél'variéncé for any given analysis of weaning weight;
Although this”cﬁmponént is a small part of thé total variance it
could be important biologically on an individual sire basis if changes
_in the ranking of the sire occur among regi&ns; The least squarés
means for thgvsire x region subclasses for all analyses of weaning
weight exceﬁt Montana indicated that in many cases a given sire ranked
above average in.one region but below average in another region f'
relative to:fhéaother sires in the study. fhis further iﬁdicated
the_errors‘thét coﬁ1d be made in sire selection by atteﬁptiﬁg,to
apply the results of progeny tests in oﬁe'region to éerformance and
Aselection in a-differeﬁt region., . The results also emphasiée the need
;Zfor evaluaﬁing éires in all regions in which their progeny are exbected
to. perform, Tﬁis evaluation should be on a within region basis,
| The éirg'variancé component was also a'small parf of the total
~variance for-weaning weight, being 1es§ than 3% of the total for any

given analysis. 1t is possible that the variance among sires used in
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the present study is relatively small.‘ With greater varianee among
the sires represented, it might be expected that the sire x region

" interaction effect would also show.greater variance and follow the

© among sire varience as it increases or decreases in magnitude,

The commereial beef industry can probably be expected to make
greater use of crossbreedlng in future productlon programs. In
particular, the use of a crossbred dam should become fa1r1y common.
This trend further emphasizes the need for more information on the
importance ef gemotype—environment interactions, The adaptation of
particular breeds or breed crosses to each situation or purpose must
be recognized in developing specific crossbreeding pregrems.

Genotypeéenvironment'interactions may be more important for
reproductive traits which have lower heritabilities and are rnfluenced
‘more by non-genetic variation than most'performaﬁce traits. Virtually
mo informafibm.ie.available on the imbortamce of these interactions for
repreductiVe.performance.in beef cattle. Carter et 31.1(1971a b)
reported from: a study involving the 1nterchange of two breed crosses
of sheep betWeen‘Ontario, Canada and Virgina, U.S.A., that breed'
crose X locetiom interactions were more imrortant for rebrodﬁcrive.
traits than-for;performance traits. The‘reeults might be epplicable
to beef cartle, since'sheep and beef cattle are raised over a wide
" range of cllmatlc conditions and in various productlon programs.
Butts.gg g_ (1971) found some 1nd1cat10n of significant location

x origin 1nteract10ns for percent pregnant cows and percent calves
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weaned in the beef cattle transferred between Montana and Florida.
Both of these tréits were lower for cows of Montana origin located in
Florida. There is a great need.for further studies on the importance
of genmotype~enviromment interactions for reproductive traits bf'beef
cattle.

Lerner and Donald (1966) suggested that genotype~environment

‘interactions_may be self cancelling, being favorable during one period

of an animai's life and unfavorable during a different period. Some
evidence that‘this might occur can be found in the study of Butts et al.
(1971) who reporfed that location x origin interactioné were not
apparent iﬁ traits of five~year-old cows with the exception of repro-
ductive performapce.

Until further information is available on the importance and
causes of geﬁotjpe-environment interactions, the beef industry cannot
be certain of the best environment in thch to select .animals. On
the basis of présent information, it is probably important to firstly,
iéentify the‘béSt breeds or breed crosses for a particular situation
or purpose aﬁd secondly, to find the optiﬁum conditions or environment

under which the.selection of animals within the breed or cross should

be made.
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SUMMARY
Data from 38,261 field records obtained from the American

Simmental Association were used to evaluate the importance of sire x

‘region interactions in beef cattle and to determine if significant

interactionélaféidue to changes in the ranking of sires among regions.
Data were anal&éed by least squares procedures according to a model
containing éire, region and sire x region interaction effects, 'The
traits analyzed were birth weight, weaning weight, yearling weight,
gestation léngth and calving ease, Traitlratios were’used in éll .
analyses in order to reduce the error variance‘among herés and to-
minimize poSsible heterogeneity of variances among herds. IOnl&'
progeny borﬁ and ‘weaned in the same herd were included.

The United States was divided into mnine regions'fof this study
With one region being deleted due to small numbers. Montana was
fﬁrther sub~divided into three regions to study the interaction within®

one state for birth weight and weaning weight. The progeny of 10-13

sires were used .in each analysis. Birth weight and weaning weight

were analyzediuéing separate analyses of records from all eight
regions, four régions containing 85% of the records, two regions
(Texas-Okldhoma vs. Montana), and the Ehreé regions -of Mbﬁtana.
Records from five regions were analyzgd for &eariing weight and from
three regioné fér ggstation length and .célving ease. The nﬁmber of

records for these latter three traits was small and may not be adequate

" to properly assess sire x region interactions.
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The region effect was nonsignificant for all traits. The sire
effect was significant for all analyses except weaning weight within
Montana, &earling.weight and calving ease. The sire x fegion intér-
action effect was significant for all‘analyses of weaning weight (P¢.01)
except Mbntaﬁé’and approached significance (P=.07) for birth weight

within Montana. It was not significant for the other analyses,

.Genetic correlations were calculated from the sire and sire x region

interaction variance components for each analysis to assess the average
chénge in si;é érogeny performance among regions. Correlations were
not defined fof the within Montana weaning ﬁeight or calving ease since
both variance components were negative. Correlations of uniéy‘were
obtained for all analyses of birth weight except Montana and'for
gestation length indicating that the ranking of sires was essentially
the same in all ?egions. The statistical results indicated no signif-
icant intéréctions for birth weight within Montana and for yearling
weight but correlations of 0.21 and 0.25, respectively, were obtained
suggesting soﬁe changes in the ranking of sires. Correlations of 0.47
to 0.54 for ﬁeéning weight suggested that changes in the ranking of

sires occurred., This was confirmed from the least squares means for

.the sire x region subclasses..

. The results of the weaning weight analyses may have several
implications. . The sire x region variance component.accounted for less -
than 2% of the total variance for any given analysis. Although this

was a small péft'of the total, it could be important biologically.
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The least squares means for the sire x region subclasses indicated that

in many cases a given sire ranked above average in one region but below

average in other regions. The results indicated that errors could be
made in applying the results of progeny tests in one region to perform-
ance and selection in a different region. The need for evaluating

sires in all regions and on a within region basis was also suggested.
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" NUMBER OF PROGENY PER SIRE AND REGION FOR BIRTH

WEIGHT BEFORE DELETIONS

. Regions -

Sire No, -2 3 4 5 - 6" 7 8 9 Total
1 62 13 10 27 26 138
2 21 152 24 bt 107 69 6 423
3 53 5 75 133
4 118 301 13 62 281 307 156 98 1336
5 51 290 58 67 - 208 . 87 50 811
6 21 160 5 15 71 87 63 9 431
7 5 218 7 13 146 29 16 434
8 .9 85 28 4 84 33 39 282
9 17 270 11 26 116 153 118 2 713

10 29 232 15 50 - 92 519 173 - 21 1131
‘11 ‘ 76 29 55 3 13 176 -
12 "6 1 1 1 7 14 30
13 4 1 ' 1 6-
14 1 1
15 4 A
16 1 9 22 ' 3 .35
17 1 ‘ 12 5 18
18 41 4 45
19 9 45 54
21 13 3 1 17
22 1 5 2 8
23 54 1 10 14 33 1 4 117
24 31 9 40
25 5 5 5 15
27 : 42 4 9 18 55 12 7 147
28 13 22 26 9 .70
29 4 4 8
30 25 10 35
31 o1 1 1 13 16
32 1 3 9 13
‘33 43 ‘ 3 46
34 13 13
36 5 2 13. 20
37 18 18
38 5 5 10
39 3 3
40 6 6 12
41 5 1 6 12

4 4

o
N
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APPENDIX TABLE 1. (CONTINUED)

Regions

~
[0}

9 Total

Sire No, 2 3 4 5 6

43
bt
45
46 ' .2
47 ' '
48 4
49 4

51 5

53 1

OO rRWH

HUU RO WS

| —_— , '
Total. 277 2219 53 344 885 1995 809 292 6874
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NUMBER OF PROGENY PER SIRE AND REGION FOR WEANING
WEIGHT BEFORE DELETIONS

Regions .

Sire No. 2 3 4 5 6 7 3 9 Total
1 8 226 4 20 31 62 25 3 379
2 71 508 54 22 90 258 99 21 1123
3 1 144 4 40 5 101 6 2 303
4 54 1208. 170 96 359 431 248 98 2664
5 155 910 73 108 206 367 109 43 1971
6 22 -308 29 67 189 86 74 3 778
7 36 389 7 161 126 49 30 798
8 14 868 4 41 13 84 51 37 1112
9 18 580 23 24 155 288 105 22 1215

10 65 632 36 150 118 514 220 47 1782
11 7 368 27 6 100 78 48 13 647
12 10 24 5 2 2 9 2 54
13 4 2 2 8
14 1 12 13
15 2 - 5 7
16 2 18 13 2 35
17 1 12 ‘5 18
18 20 1 13 34
19 43 : 43
20 3" 3
21 1 9 5 15
22 19 4 2 25
23 44 7 18 17 2 4 92
24 37 6 43
25 2 36 6 1 A
26 ' 1 1
27 6 38 9 17 21 - 53 10 7 161
28 19 2 7 41 15 9 93
29 3 6 3 12
30 . 26 2 28
31 1 1 8 10
32 4 9 13
33 27 3 30
34 28 28
35 5 5
36 8 13 21
37 18 18
38 5 4 - 9
39 -3 3
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APPENDIX TABLE 2., (CONTINUED)

" Sire No. 2 3 4 5 6 7 8 9 Total

40 16 1 17
41 1 b 11
42
43 3
45 : : 1
46 R 20 2
6
1

w o

47
48 o 4
49 :

51
54

H RrouoOoOrRrWWw

B i o)

Total 460 - 6534 470 668 1541 2600 1092 . 348 13713
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NUMBER OF PROGENY PER SIRE AND REGION FOR YEARLING

WEIGHT BEFORE DELETIONS

_ Region
Sire No. 2 3 4 5 -6 7 8 9 Total
1 4 1 3 2 10
2 3 928 2 3 6 17 2 131
3 4 1 .5
4 E 50 28 5 .6 15~ 5 2 111
5 -3 190 6 20 1 220
6 21 5 5 7 4 42
7 53 1 2 ‘56
8 89 5 94 -
9 57 5 9 26 3 100
10 22 3 5 6 25 11 72
12 1 . 1
18 6 6
21 1 1
23 13 1 14
24 4 4
27 11 3 14
30 1 1
33 S - _3
Total 6 625 39 27 39 118 24 884
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NUMBER OF PROGENY PER SIRE AND REGION FOR GESTATION
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LENGTH AND CALVING EASE BEFORE DELETIONS

Region
Sire No. 2 3 4 5 6 7 8 9 Total
1 12 12
2 4 36 1 1 27 8 - 77
3 2 2
4 2 8 14 6 53 71 7. 161
5 29 47 13 26 67 ’ 182
6 , 43 7 14 17 81
7 L 110 1 30 141
8 2 22 2 . 26
9 5 9 27 2. 43
10 3 20 13 13 7 7 4 67
11 3 : 3
12 4 17 21
13 2 2
14 1 3 4
15 4 4
16 18 18
17 4 3 7
18 34 1 35
19 45 45
20 3 3
21 13 5 18
22 50 50
23 33 1 19 53
24 6 9 - 15
25 6 6
27 35 4 71 110
28 2 3 27. 32
30 13 10 23
32 5 -5
33 26 26
36 3 2 5
37 1 10 11
38 3 3
40 6 6
41 5 -1 6
A 3 3
45 1 1
46 20 20
47 6 6
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APPENDIX TABLE 4.. (GONTINUED)

Region

Sire No. 2 3 4 5 6 7 8 9 Total
49 . 1 1
50 X 1 1
51 ! 7 7
52 5 5
53 o 1 1
54 6 6
55 _2 2

Total 45 - 498 15 42 260 461 31 4 135

o
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LEAST SQUARES SIRE AND REGION MEANS AND STANDARD
ERRORS FOR THE VARIOUS TRAITS

Birth Weaning Yearling . Gestation Calvli).ng
Sire weight weight weight? 1engthb - ease
1 99.6+1.0 100.6%0.9 103.8%3.,1
2 96.8+0.7 99.2%0.5 99.6*1.5 100.1%0.2 104.3%#4.3
3 100.6+1.0 100.8%0.7 101.5%4.2
4 101.4+0.4 100.3%0.3 100.0%1.0 99,9%0.2 98.2%3.9
5 101.0+0.5 100.6%0.4 103.1%1.3 100.2%0.1 99,7%2.7
6 97.8+0.6 100.0%0.6 101.4%1.5 99.6%0.2 | 98.5%,9
7 100.4+0.7 101.7+0.6 99.4%3.1 100.2%0.5 99.9%10.2
8 99.2+0.7 99.7%0.6 100.3%1.8 100.1%0.5 103.3%11.1
9 100.4+0.6 100.1%0.6 98.8%1.2 100.3%0.4 100.6%8,0
10 102.2+0.5 99.0+0.4 98.8*1.3 100.2#0.2 101.1%5,2
11 99.540.8 100.140.6
16
17 . : 99.63%.6 111.8%*11.6-
23 100.9#1.0 100.2#0.5 101.4%10.4
24 100.2%0.4 95.118.,3
27 100.7%0.9 97.140.9 100.9%0.2 102.1%3.6
28 .
30 100.140.3 91.4%.4
Region
2 100.8%0.8 100.0#0,6 -
3 100.340.3 100.130.2 99.34%0.6 100.0%.1 100.0%2.3
4 99.2+%1.6 99.8X).6 102,5%2,2 ’ '
5 100.040,7 100.4#0.5 100.6%*1,8
6 99.810.5. 99.240.4 100.8%1.6 100.1%.2 99.73%5.3
7 100.1#0.3 99.930.3 100.2+1.2 100.2%30.2 102.333.4
8 100.4%0.5 100.2%0.4
9 99.,7#.8 99.810.7

a Records from regions 3, 4, 5, 6 and 7 were analyzed.

b Records from regions 3, 6 and 7 were anlayzed.




APPENDIX TABLE 6. LEAST SQUARES SIRE X REGION INTERACTION CONSTANTS FOR BIRTH WEIGHT
. (ALL REGIONS)

Sire 2 3 4 5 b6 7 8 9
1. © =0.78 o 0.08 .0.70
-2 -0.87. 0.84 N -0.83'. -0.18 1.04
-3 0.45 ) o : -0.45 :
4 -1.47 1.18 0.00 ~1.09 0.30 0.17 -0.46 1.37
5 -0.84 -0.17 .0.18 0.78 0.31 ~-0.07 ~0.19
6 -0.72 ° 0.91 0.38 -0.40 -0.17
7 -0.37 . -0.82 1.19
8 -0.01 -0.50 1.34 ~0.85 0.02
9 -0.50 -1.07 1.38 0.67 -0.48
10 3.90 -1.20 - 2.48 -1.95 -1.13 - .90 -1.20
11 -0.39 -0.06 0.45 . %
23 -0.24 0.24 i

27 0.28 : : -0.28




APPENDIX TABLE 7. LEAST SQUARES SIRE X REGION INTERACTION MEANS AND STANDARD ERRORS FOR
BIRTH WEIGHT (ALL REGIONS)

Regions
Sire 3 5 .7 8 9
1 99.0%1.3 99.7%2,0 100.7%2.0
2 97.8+0.9 " 96.7¥1.0 - 98.2%1.3
3 101.3%1.5 100.3%1,2 :
4 102.9*0.6 100.6*1.6 100.3%1,3" 101.7%0.6 101.4%0.9 102.5%1.1
5 101.0%0.6 101.2%1.4 101.4%0.7 101.3*1.1 100.5%1.5
6 98.9%0.8 97.4%1.1 98.0%1.3
7 100.3%0.7 99.7%0.9 102.0%*1.9
8 99.4%1.2 98.7%1.9 100.6%1.2 98.7%1.8 98.9%1.7
9 100.2%0.6 '99.3%2,0 101.1%0.9 100.3%*1.0
10 106.9%.9 101.3%0.7 104.8%1.5 101.2%0.5 101.8%0.8 100.8%2.2
11 99,3%1,2 100.0%1.4
23 100.9%1.4 101.2%1,7
27 101.2%1.5 100.5%1.3

_Z8_
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APPENDIX TABLE 8. LEAST SQUARES SIRE X.REGION-INTERACTION CONSTANTS
- FOR_BIRTH WEIGHT (REGEONS 3, 6,7, 8

Regions
Sire 3 6 7 8
1 -0.90 0.15 0.75
2 0.78 -1.20 -0.29 0.71
3 1 0.44 -0.44 ,
4 "0.92 0.00 -0.08 -0.84
5 =0.34 0.58° 0.13 -0.37
6 " 0.91 0.18 -0.56 -0.53
7 -0.65 -1.02 1.67
8 -0.22 1.14 -0.92
9 -0.79 1.16 0.43 -0.80
10 .0.10 -0.61 0.18 0.33
11 -0.33 -0.11 0.44
23 -0.28 0.28
27 0.36 -0.36
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APPENDIX TABLE 9. LEAST SQUARES SIRE X REGION. INTERACTION MEANS AND

STANDARD ERRORS FOR BIRTH WEIGHT (REGIONS 3,6,7,8)

. . Regions .
Sire : 3 . 6 7 8
1 99 2+1.6 100.1x2.0 101.1+2.0
2 97.7%0.9 95.5+1.6 96.4%1.0 97.8%1.3
3 101.3%1.4 : 100.3%1.2
4 102.8+0.6 101.5+40.6 101.6%0.6 101.3#0.8
5 101.010.6 101.5#1.3 101.3%0.7 101.2+1.1
6 98.710.8 97.6+1.2 97.1%1.1 97.5%1.3
7 100.4+0.7 99,8+0.9 102,9%1.9
8 99.6%1.1 100.7%1.1 99,1+1.8
9 100.10.6 101.7£1.0 101.2%0.9 100.4%1.0
10 101.320.7 100.2*1.1 "101.2*0.5 101.8%0.8
11 99.1+1.2 98.9+1.9 99.7%1.2
23 . 101.0%1.4 101.4%1,7
27 ) 102 0%1.5 101,1#1,3
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APPENDIX TABLE 10, LEAST SQUARES SIRE X REGION INTERACTION CONSTANTS,
MEANS AND STANDARD ERRORS FOR BIRTH WEIGHT
REGIONS 6 and 7)

T

Constants ' . Means
Sire Region 6 Region 7 " Region 6 Region 7
1 0.70 -0.70 102.1+3.4 99.7+2.1
2 -1.20 1.20 ' 95.0%1.6 96.4+1.0
3 0.35 -0.35 101.9+4.8 100.2+1.2
4 -0.59 0.59 101.4+0.6 101.7+0.6
5 -0.47 0.47 101.4+1.3 101.3%0.7
6 "=0.33 0.33 97.4+1.3 97.1%1.2
7 0.77 -0.77 - 102.3+3.0 99.8%0.9
8 0.34 -0.34 102.4x5.4 100.7+1.2
9 -0.30 0.30 101.6%1.0 101.2+0.9
10 -1.07 1,07 100.1xL.1 101.2+0.5
11 ~1.08 1.08 98.7+2.0 99.8%1.4
16 0.00 100.7+2.3
23 1.12 -1.12 100.4%2.9 100.7+1.9
27 - =1,54 1.54 99,3+2,5 101.4£1.4
28 3.30 -3.30 101.8+2.3 94,2+2.,1
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APPENDIX TABLE 11. LEAST SQUARES SIRE X REGION INTERACTION CONSTANTS
FOR BIRTH WEIGHT (MONTANA)

Regions
Sire 71 72 ‘ 73
1 -2.72 5.89 : -3.16
2 ~2.09 0.53 1.56
3 -0.97 -1.24 : 2.21
4 2,71 -2.63 - =-0.08
5 -0.46 0.46
6 2.31 -3.38 : 1.07
7 -1.10 0.35 0.75
8 "=0.82 -0.93 ' 1.75
9 1.25 1.65 -2.90
10 ' . =0.15 0.84 -0.69
11 0.55 -0.14 ~-0.41
.23 a -3.14 . 3.14
27 ~ 0.65 -0.65

28 : 0.85 2.40 -3.25




 APPENDIX TABLE

L A

12. LEAST SQUARES SIRE-X REGION INTERACTION MEANS AND

-87 -

STANDARD ERRORS FOR BIRTH WEIGHT (MONTANA)

Regioné
Sire 71 72 73
1 93.5%4.4 102.4%2.4 93.3%7.5
2 .94.6%1.6 97.5%1.4 98.5%3.8
3 99.3%1.8 99.4%2.2 102.8%2.4
4 104.4%1.1 99.3%1.0 101.8%*1.0
5 100.6%1,2 101.8+0.9
6 99.9%3.2 94.,5%1,7 98.9%1.7
7 99.8%1.2 100.6%2.1 100.3%1.6°
8 . 98.7%6.2 98.9%2.,2 101.5%1.4
9 102.0%1,1 102,7%1.9 98.1%1.8
10 100.9%0.8 102.2+0.8 100.6%0.7
11 100.2%4.0 99.8*1.7 . 99.5%3.8
23 95.4%4.8 101. 7%2.0
27 102.4%6.2 101.4%1.5
28 95.6%2.8 97.5%10.7

91.8%3.4




APPENDIX TABLE 13, LEAST SQUARES SIRE X REGION INTERACTION MEANS AND STANDARD ERRORS FOR
WEANING WEIGHT (ALL REGIONS)

_ _ Regions
Sire 2 3 4 5 6 7 8 9
1 99.9:0.7 . 101 4+2.3 101.041.9. 100.7+1.3. 100.0+2.1
2 99.5%1.3 100.5%0.5 100.511.5 99.5+2.3 95.4:1.1 98.7x0.7 99.8+l.1 99 7%2.3
3 100.7%0.9 100.7+1.7 101.6#1.1
4 100.1x1.4 99.1x0.3 100.5x0.8 100.9+#1.1 101.6s0.6 100.8#0.5 99.240.7 100.2#1.1
5 99.8:0.9 100.5%0.4 99.9#1.2 101.2+1.0 99.9+0.7 100.7+0.6 100.6+1.0 102.3+1.6
6 99.4%2,2 99.9%0.6 100.1+2.0 98.7:+1.3 101.3#0.8 99.7x1.1 100,7%1.2 .
7 101.5:£1.8 101.1%0.5 103.5+0.8 100.7+0.9 102.8#1.5 100.6%1.9
8 99.8%0.4 100.0+1.6 . 99.6x1.2 100.7x1.5 99.2:1.7
9 100.6%£0.4  97.4%+2.2 102.8+2.2 °98.8+8.9 100.2+0.6 101.4x1.0 '99.3+2.2
10 100.81.3 99.5%0.4 99.8+1.8 98.9+0.9 95.3+1.0 99.5+0.5 99.4x0.7 98.8+l.6
11 ) 100.6x0.6  99.8+2.0 99.8+1.1 100.4:1.2 99.4:1.5
27 99.2%1.6 94.9+2.1 96.7:l.4

...88‘.
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APPENDIX TABLE 14. LEAST SQUARES SIRE X REGION INTERACTION CONSTANTS
: FOR WEANING WEIGHT (REGIONS 3, 6, -7, 8)

Regions . :

Sire -3 6 7 8
1 -0.50 - : 1.14 0.36 -1.00
2 1.64 2,52 -0.01 0.89
3 -0.46 ) 0.46
4 =1.34 2.07 0.55 ’ -1.28
5 -0.15 0.13 0.16 - =0.14
6 =0.77 1.53 -0.73 -0.03.
7 -1.21 2.10 -1.41 ' 0.52
8 -0.18 -0.26 0.44
9 0.15 -0.81 -0.11 0.77

10 - 0.81 -2.38 0.93 0.64
11 0.09 0.40 0.32 : -0.81

27 1.92 -1.66 -0.26
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APPENDIX TABLE 15. LEAST SQUARES SIRE X REGION INTERACTION MEANS AND
STANDARD ERRORS FOR WEANING WEIGHT (REGIONS 3, 6,

7, 8) _
Regions
Sire 3 6 7 8
1 99.9£0,7 100.6x1.9  100.6%1.4 99.4%2,1
2 100.5%0,5 95.4*1,1 98.7%0.7 99,8t1.1
3 100.6£0.9 101.4*1,0
4 99.1%*0,3 101.6*0.6 100.8%0.5 99,2+0,7
5 100.5*0.4 99,9%0.7 100.7%0.6 100.6%1.1
6 99,9%0.6 101.3%0.8 99,8%1.1 100.7£1.2
7 101.1+0.5 103.5%0.8 100.8*1.0 102.9%1,5
8 99.8%0.4 99,6%1,2 100,5%1.5
9 100.6%0. 4 98.7%0.9 100.2%0.6 101.3%1.0
10 99.5%0,4 95.4%1.0 99.5%0.5 99.4%0,7
11 100.6%0.6 100.0%*1.1 100.7%1.2 99,8%1.5
27 98.9%1.7 94,4%2,3 96,6%1.5
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APPENDIX TABLE 16. LEAST SQUARES SIRE X REGION INTERACTION CONSTANTS,
MEANS AND STANDARD ERRORS FOR WEANING WEIGHT
(REGIONS 6 and 7)

Constants Means

Sire Region 6 Region 7 Region 6 Region 7
1 0.33 . -0.33 100.5%1.8 100.5%1.2
2 -1.30 ©1.30 " 95.4%+1.0 98.7%0.6
3 ’ 0.00 -101.4*1.0
4 0.72 -0.72 101.6%0.5 100.8+0.5
5 -0.05 0.05 99.9+0.7 100.7%0.5
6 1.10 -1.10 101.3+0.7 99.8+1,1
7 1.72 -1.72 103.4+0.8 100.7%0.9
8 0.00 99.4%1.0
9 -0.39 . 0.39 98.7+0.8 100.2%0.6
10 -1.71 1.71 95.3%0.9 99,5%0.4
11 0.01 -0.01 100.0£1.0 100.7%1.1
27 -0.45 0.45 95.3%2,1 97.0%1.4
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APPENDIX TABLE 17. LEAST SQUARES SIRE X REGION INTERACTION CONSTANTS
FOR WEANING WEIGHT (MONTANA)
- Regions
Sire - 71 72 73
1 " =1.10 0.92 0.18
2 © =0.01 -1.16 1.17
3 '-2.31 0.29 2.02
4 -0.66 0.21 0.45
5 -0.12 0.10 0.02
6 1.73 -0.26 -1.47
7 -0.49 1.19 -0.70"
8 2.78 -2.10 -0.68
9 " =0.50 0.84 -0.34
10 0.10 0.14 -0.24
11 -0.42 1.03 -0.61
0.99 -1.20 0.21
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APPENDIX TABLE 18. LEAST SQUARES SIRE X REGION INTERACTION MEANS AND

STANDARD ERRORS FOR WEANING WEIGHT (MONTANA)

Regions
- Sire 71 72 73
1 99,1%+3.9 100.9%1.5 100. 112 2
2 99.6%1.5 98.2%0.7 100.4%1.8
3 98.6+2,2 101.,0%2.2 102.5%1.1
4 100.3%1.1 100.9%0.6 101.0%0.8
5 100.7%1.0 100.7%0.6 100.5%2.0
6 102.2%2.6 100.0*1.6 98.6%1.6
7 100.4%1.6 101.9%1.4 99.9%1.4
8 103.5%5.5 98.4%2,2 99.7%1.2
9 99.8%0.9 100.9%0.9 99.6%1,1
10 99.8%0.9 99.6%0.7 99.1%0.,7
11 100.3%1.4 101.5%1.9 99.8%3.6
27 98.4%2,2 96.0%1.7 97.3%9.5
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'19. LEAST SQUARES SIRE X REGION INTERACTION CONSTANTS
FOR YEARLING WEIGHTZ : "

: Regions

Sire 3 4 . 5 6 7
1 -6.16 6.33 -0.17
2 1.64 2,94 -1.16 -0.60 -2.82
3 " 0.92 -0.92
4 - =1.69 -2.16 © -1.34 -1.01 6.20
5 -0.11 -0.78 0.89
6 0.52 ~3.81 -3.26 0.032
7 1.41 - B 0.66 © 2,07
8- 1.01 - -1.01
9 ©1.50 0.08 -1.60 0.02
10 0

.97 ~3.29 2.59 0.06 -0.32

4 Only records
analysis.

from regions 3, 4, 5, 6 and 7 were included in the
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LEAST SQUARES SIRE X REGION INTERACTION MEANS AND
STANDARD ERRORS FOR YEARLING WEIGHTZ

Regions
Sire -3 4
1 96.3%3,7 112.0%7.4 103.6%4,2
2 99.9%0.7 104.4%5,2 96.4%1.8
3 101.0%3,7 1£7.4
4 96.9%1.0 99,6%1.4 7¥1.9
5 101.5%0.5 5%1.6-
6 100.5%1.6 99.4%3.3 0t2.8
7 - 99.4%1.0 9+5,2
8 99.9%0.8 8+3.3 .
9 98.9+1.0 4*t1.4
10 98.4%1.6 97.4%4.2 101 1£1.5

4 0Only records from regions 3, 4, 5, 6 and 7 were included in the

analysis.
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21. LEAST SQUARES SIRE X REGION INTERACTION CONSTANTS

___FOR GESTATION LENGTHZ

Regions :
Sire 3 5 3 7

2 -0.14 -0.29 0.43
4 - =0.12 0.44 - =0.32
5 0,04 ' 0.03 ' =0.07
6 ~0.37 0.03 < , 0.34
7 - 0.17 0.11 - -0.28
8 0.16 , -0.16

9 " 0.12 -0.43 o 0.31
10 0.10 ..~ o0.,01 - =0.11
17 -0.36 0.36
23" 0.09 - 0.13 .. ©. =0.22.
24 0.23 ‘ -0.23
27 S 0.2 ' o - =0.21
30 -0.13 : 0.13

a Only records

from regions 3, 6 and 7 were included in the analysis.




APPENDIX TABLE 22.
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LEAST SQUARES SIRE X REGION INTERACTION MEANS AND

STANDARD ERRORS.FOR GESTATION LEgGTHa

Reglons-
Sire 3 6 7
2 99.940.2 99,8%0.,3 100.6%0.5
4 99.7#0.5 100.3%0.2 99.6%0.2
5 100.1%0.2 100.2%0.3 100.2%0.2
6 ©99.1%0.2 99.6%0.5 100.0%0.4
7 100.3%0.1 100.3%1.4 100.0%0.3
8 100.2%0.3 100.0%1.0
9 100.3%0.5 99.9%0.3 100.7%1.0
10 .100.2+0.3 100.2%0.4 100.1#0.5
17 99.2+0.7 100.1+0.8
23 100.2%0.2 100.3%1.4 100.0%0.3
24 100.3%0.6 100.0%0.5
27 101.0+0,2 100.8%0.2
30 99.910{4 100.2%0.4

4 Only records from regionms 3, 6 and 7 were included in the analysis.




-98-

APPENDIX TABLE 23. LEAST SQUARES SIRE X REGION INTERACTION CONSTANTS

FOR CALVING EASE?

. ‘ Regions : :

Sire . -3 - 6 - ' 7
2 - ~1.84 ' -5.22 L ~7.06
4 =2.11 4.18 -2.07
5. . 72,11 . 0,59 -2.70
6 ' o =2.45 1.14 1.3L
7 0.65 - 0.94 : -1.59

8 . 2.46 -2.46

9 . -3.15 5.53 -2.38
10 . 4.63 ' -1.78 -2.85
17 -~ =10.96 . 10.96
23 o 2.29 -0.60. -1.69
- 24 4,00 . =4.00
27 2.03 - -2.03

30 2,34 -2.34

2 Only records from regions 3, 6 and 7 were included in the analysis.
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APPENDIX TABLE 24. LEAST SQUARES SIRE X REGION INTERACTION MEANS AND
STANDARD ERRORS FOR CALVING EASE2

Regions

Sire : 3 6 - 7
2 101.645.0 98.2+5.7 113.1+10.5
4 - 95,2%10.6 101.5+4.1 197394305
5 100.9+4.4 ~99,515.9 98.8+3.6
6 , 95,2%4,.6 : 98,8+11.3 © 101.6%8.3
7 99,7+2.9 100.0%29.9 100.1%5.6
8 104.916.4 100,0+21.1
9 " 96.6x9.9 105,3%5.7 100.0+21.1
10 104.8+6.9 98.5%8.3 100.0+11.3
17 100. 0+14.9 . 124.5+17,2
23 102.8%5.2 100,0%30.0 : 101.56.9
24 . 98,2%12.,2 : 92.8+10.6
27 103.2+5.1 . h 101.8+3.5
30 92 9+8.3

88.2i9.4

2 Only records from regions 3, 6 and 7 were included in the analysis.
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