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Abstract:

A computer simulation model was used to measure economic performance of five strains of composite
cattle from Beefbooster Cattle Alberta Ltd. There were three maternal strains (Ml, M2, and M4) , an
easy-calving sire strain (M3) and a terminal cross strain (Tx). All strains were evaluated in purebred
systems. Three rotational crossbreeding systems were simulated: three-way rotation using maternal
strains (ROT), ROT used with an easy calving sire (M3) on yearling replacement heifers (ROT3), and
ROT3 used with Tx bred to mature cows (ROT3X). Economic effects of changing genetic potential of
individual traits within each of the strains using ROT3X were also measured. These economic
estimates were used to determine economic weightings of each trait within each strain and selection
indexes were calculated for each strain. Traits examined were mature weight, weaning weight, birth
weight, probability of conception, age at first estrus (puberty), and milk production. Only weaning
weight and birth weight were studied in M3 and Tx. All three rotational mating systems were more
profitable than any purebred system. Maternal strains had similar estimated profits followed by Tx and
M3. Tx was close in profit to maternal strains, however, M3 was considerably lower. Changes in
mature weight, weaning weight, and probability of conception were shown to be important for all
maternal strains. Changes in milk production and age at first estrus did not prove to be very important
in these strains at current levels of performance. Weaning weight and birth weight were both important
in M3 while only weaning weight was important in Tx. Changes in birth weight and probability of
conception both caused a shift in age distribution of the herd. A younger age distribution proved to be
the most profitable. (KEY WORDS: Beef cattle, Mating systems, Selection)
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ABSTRACT X .

A computer simulation model was used to measure economic
performance of five strains of composite cattle from
Beefbooster Cattle Alberta Ltd. There were three maternal
strains (M1, M2, and M4), an easy-ca1v1ng sire strain (M3) and
a terminal cross strain (Tx). All strains were evaluated in
purebred systems. Three rotational crossbreeding systems were
simulated: three-way rotation using maternal strains (ROT),
ROT used with an easy calving sire (M3) on yearling
replacement heifers (ROT3), and ROT3 used with Tx bred to
mature cows (ROT3X). Economic effects of changing genetic
potentlal of individual traits within each of the strains
using ROT3X were also measured. These economic estimates were
used to determine economic weightings of each trait- within
each strain and selection indexes were calculated for each .
strain. Traits examined were mature weight, weaning weight,
birth weight, probability of conception, age at first estrus
(puberty), and milk production. Only weaning weight and birth
weight were studied in M3 and Tx. All three rotational mating
systems were more profitable than any purebred system.
Maternal strains had similar estimated profits followed by Tx
and M3. Tx was close in profit to maternal strains, however,
M3 was considerably lower. Changes in mature welght weaning
weight, and probability of conception were shown to be
important for all maternal strains. Changes in milk
production and - -age at first estrus did not prove to be very
important. in these strains at current levels of performance.
Weaning weight and birth weight were both important in M3
while only weaning weight was important in Tx. Changes in
birth weight and probability .of conception both caused a shift
in age distribution of the herd. A younger age distribution
proved to be the most profltable. (KEY WORDS: Beef cattle,
Matlng systems, Selection) '
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INTRODUCTION

Efficient ﬁse of resources in beef cattlé'production is
critical, as in any business, if maximum efficiency is to be
obtained. There are many optioné which producers may utilize
when attempting to maximize efficiency. Genetic imprdvemenf
of livestock is one method which can be used. There are two
primary tools which can be used for.genetic improvement:
selection and méting sYétems (crosébreeding). |

Selection allows one to select cattle to be maintained in
the herd based on the merits of individuél cows. Many factors
affect success of selection with two primary ones being
heritability of the trait or traits being selected and amount
of selection preésure being applied.” Many times selection

' pressure is placed on more than one trait. As well, there are
often correlated responses 1in traits not selected for
directly, which can be either positive or negative.‘ Thus, it '
is important to have a method of applying prbper selection
pressures on relevant traits'to maximize potential benefits of
selection: One powerful tool is a selection index which
allows traits to be.weightea according to aﬁbunt of change
desired, heritability of that trait and.correlaﬁed responses
with other tfaiﬁs.

Mating systems can produce‘genetic,improvement of cattle
in two ways. Mating of animals from unrelafed breeds exploits . .
het?rosis which results from dominance properties of genes

allowing offspfing to be better than either'parent. Using

~
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specific breeds in paternal and maternal roles exploits breed

. complimentarity. Complimentarity is due to additive gene

effects. It is possibl‘e to breed two types of .cattle
differing in expression of traits to produce offspring suited
to a particulér function. An-example of this is breeding a
small breed type sire to first calf yearling replacement

heifers to minimize dystocia.
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.LITERATURE REVIEW

ohe of the primary research goals relative to beef
' production is to increase efficiency. There are many areas in
which efficiency can be imprdved._ One ié fhrough genetic
iﬁpxovement by use éf seleéfion and mating systems . (Koch et
‘al., 1982; Clarke et al., 1984). Long (1980) stated that two
primary methods are selection within breed to énhance speéific
characteristics (traitsj- and selection among Ereeds and
combinations of breeds. In-a review on crossbreeding systemns,
, Gregory and Qundiff (1980) stated that crossbreeding sysfeﬁs
allow optiﬁization of both additive and nonadditive effects of
génes of economic importance. Thus, two powefful tools aré
.availablé for improVement; of - beef cattle production and

efficiency; selection and crossbreeding.

Livestock Improvement

h /
Crossbreeding

Utilizing different mating systems allows for
crossbreeding; resulting in. heterosis which is generally
considered to be beneficial. Notter et al. (1979a) state that
many areas of beef production can be. improved through
heteroéis including beef production per cow.exposed, beef
production per calf weaned, and economic efficiency. Gregory
and Cundiff (1980) reported that heterosis from continﬁops
crossbreeding can increase calf weaned per cow exposed to .

breeding by over 20%.
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C:ossbreeding cattle with the goal of increasing
efficiency and production is now fairly widely used and
.recommended (Belcher and Frahnm, 1979;. Long, 1980). The large
‘variety of cattle breeds i:resently' available give excellent
opportunities to mix bree_ds"'tO'match _crossbred cattle to
environmental and managem_ent ‘factors. As.well, Setshwaelo et
al. (1990) ;'also stated~ti1at breed aifférences in pérformance
. characteristics are important genetic resources for improving
beeﬁ production efficiéncy. Nﬁnez—Dominguez et al. (1592)
wére able to show that economic efficiency of crossbred cattle
was higher than contemporary straightbreds. It was determined
.;t:hat individual and maternal heterosis decreased the costs per
unit of output production by 6% and.6%, respectively.

Kress et al. (1990) studied 264 contemporary two-year-old
straightbred and érossbred dams from. 1978 to 1981. Breed
groups studied were Heréford, Angﬁs—Hereford, 25% Simmental-
75% Hereford, 50% Simmental-50% Hére_ford and 75% Simmental-25%
Hereford. They found no significant differences foi' length of
ge'sta’;:io'n', calving difficulty, and .late milk production.
~Traits which were found to be important (P < .01) were calf
weights (birth, early and l%te milking periods>, and weaning),
calf avefage daily gains, early milk production and other calf
traits at weaning. Maternal helterosis for calf weights were
estimated at 6.3, i2 .’9,' 9.0 and 7.6% for calf weights at
birth, 40 days, 130 days and weaning, 'respectively. As weli,

. estimated maternal heterosis for proportion calving and actual
«




5

calf weight weaned per cow exposedlﬁere 41.3'andA34.6%,
respectively. In a related study, Kress.(1992) esfimated
maternal heterosis of %he same breed types previously
discussed for three- to: eight-year-old dams. Maternai_
heterosis for calf weaning weight”and for calf weaning weight
per cow exposed were estimated at 5.2 and 17.9%, respectively.

In a se;ies of relatgd papers Gregory et al. (1991a,b,c)
and Gregéfy et al. (1992a,b,c) discussed composite breeds and
retaingd.heterosis. If all breeds which are in a composite
ﬁreed are bred randomly and contribute equally, héterosié of
the herd is maintained at (n-1)/n times the maximum F, where
'n is number of breeds (Gregory ef al., 1991a). . ?hus, with
composite breeds, if is theoretically possible to maintain a
large amount of heterozyéosity. |

The papers by Gregory:et‘al. (1991a,b,c) and Gregory et
al. (lé92a,brc) showed that heterosis has an effect on many
“traits wﬁich are cpnsidered to be important to production.
These traits were separated into three categories by Dickerson
(1970), beingr‘female. productioﬁ, female reproduction and
growth of young animals. Furfhermore, it was shown that
heterosis fof many of these traits still had a significant
- influence in F, and F; dams, thus it appears that th;re is
retained heterozygosity.

Gregory ét al. (1992c) found that 12 hour milk production
was .689 kg (14.5%) higher in composite breeds than in

straightbreds:. Gregory et al. (1992a) claimed that heterosis

-
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for F, dams was significant for,repfoductive and maternal
t;aits and the fz and F; retained the expected:héterozygosity
for two of three composite populations. Traits examined by
Gregbry et ai; (1991c) Wefe birth Weight, a§erage daily gain
from birth to weaning, 206 day weight, a&erage daily gain from.
weaning to 368 days, 368 day weight, 368 day height, 368 day
condition score, énd 368 day muscling score (male calves). It
was shown that heterosis was significant for most t:aits

. examined Qith'F1, F,, and combined F; and F, generations for

two of the three composite populations studied.

Specialized Sire and Dam Strains

- Crossbreeding systems - allow  for imprévement of
productivity of beef cattle other than just heterosis. One
effective tool is the use of specialized sire and dam strains.
Use of these strains allows for additive effects of genes to
be employed within a system to help maximize productivity.
Selection for different traits within strains allows for
copplimentarity‘when strains are crossed. | |

Dam strains should generally be seleéted for numbef of
offspring produced (reproductive and productive efficiency),
and sire strains should be seleéted‘for.gfowth and carcass
tréits (Smith, 1964; Moav, 1966a,b,c). Typically, a
systematic roto-terminal system will breed younger dams to
sires of similar genotype allowing for adequateAreplacement
heifers to maintain herd pépulation. ' Progeny of specialized

sires are generally sold (male and female), as sires are
- 3

A
Ve
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génerally selected for éréwth which is not a desiréd;trait
within female replacements. Becauéeiof thié,‘specialized
sires are commonly called_termiﬁal sires.

One aspect of terminai si:és which Smith (1964) failed to
discuss was that of sires chosen for low birth weight. These
sires are intended for use with first calf yearling heifers
(primiparous), to miﬁimize incidence of dystocia (MacNéil et
al., submitted). By decreasing'dyéfocia, associated labor
costs ana incidence of neonatal mortality are. kept at a

'miﬁimum. |
- Data aﬁalyzed by Smith (1976a gt al.) looked at effects
of sire breed on economic effiéiency within terminal
crossbreeding mating.systems! Sire breeds examined were
Hereford, Angus, Jersey, South Devon, Limousin, Charolais and
:Simmental. Dam breeds.used were Hereford and Angus. Traits
examiped in progeny were level of calving difficulty,
preweaning. survival, growth rate, feed efficiency, carcass
composition and quélity grade. Smith (1976) concluded that
despite the increased dystocia éosts associated with use of
‘larger tefmanal breeas, géin in efficiency and growth‘of the.
calves fromllarger terminal breeas (Limousin, Charolais and

Simmentalj, more than‘jMStified these costs.
Having a systematic,'well managed roto-terminal mating
'system, it is possible to increase ﬁroductivity and efficiency
of beef cattle. Use of crossbred dams will exploit maternal

heterosis for production and reproduction. Breeding the dam
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to a sire of a different breed (or composite bfeed type),
will allow for individual heterosis iﬁ progenf for . growth,
effiéiency and survivability. As well, if appropriate
terminal cross bulls are uéed; mihimum losses can be incurred
nwith an easy calving bull for primiparous females, and high.
grow;h rate sires used on mature cows will maximize calf.

growth and gain.

. Selection

Selection is the main tool which.can-be used for genetic
improvement of animals to optimize productivity and maximize
efficiency.(BuChanén et al., 1982a; Koch et al;, 1982; Clarke
et al., 1984; Frahm et al., 1985a,b; Irgang.et al., 1985a,b,c)
by altering gene frequencies of traits being selected for or
against. Frahm et al. (1985a) used Lush's (1945) explanation
of selectién as: "a process of differential reproduction
whereby certain individuals are permitted to contribute more
offsp;ing to the next generation than others."

| One strong advantage to coﬁbining selection with

crossbreeding is that traits which have a lower reéponse to
selection tend to exhibit larger amounts of heterosis. The
opposite 1is also’ true. The reason behind this is— that'
selection works on the .additive properties of genes while
heterqsis is due to dominénce'(nonadditive interactions of
genes; Legates and Warwick, 1990).

Selection for one trait is a fairly simple process 

especially if the phenotypic expression of that trait is
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relatively easy to measure and consequently easily selected
for. As well, ;ésponse to selection for a sihgle‘trait can be
pfedicted by multiplying heritability of that trait by the
observed selection differential (Buchanan et al., 1982a).
However, when seiection pressure on moré than one trait'is
desired, it can éet much more complex,\requiring an indexing
system (Koch et al., 1974; éuchanan et al., 1982a,b).

Not only ié selection for one trait accomplished fairly
easily, it can élso show significant :esulté in a relatively
short period of time. Irgang et al. (1985a,b) analyzed daté ’

) .
from two strains of Hereford cattle in which sires were

selected for either weéning'weigﬁt or postweaning gain over 12
years equaliing an average of about 1.85 generations of
selection. Selection for Qeaning weight reéulted in a
selection differential af 54.4 kg and postweaning gain had a
selection differential of 37.8 kg. Using a control to
estimate envirbnmentalleffects, it was found that estimated
genefic gains in weaning weight and postweaning growth.were
1.07-+ .36 kg/yr in bulls and .62 * .36 kg/yr in heifers and
.85 * .40 in bulls kg)yr and .30 * .28 kg/yr ?eSpectively.
When utilizing selection; one must realize ﬁhat there are
often correlated trait responses between traits being’selécted
for and other traits (Miller and Pearson, 1979).  This
correlated response can often be undésirabie. Selection for
pérforménce traits.(i.e. weaning weight, yearling wéight,

gain) leads to an undesirable increase in birth weight. Koch
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et al. (1974) found -that selection for weaning weight,
yearling weight or an index.of year1ing weight and muscling
score led to a positively correlated response in birth.weight.
They also stated fhat birth weight increases could be

decreased by 30% if all selection was for pést-natél growth
instead of weaning or yearling weights. Buchanan et al.

" (1982a,b), using data from a longer period of time for the

same herds as Koch et al. (1974), also found that birfh wéight
increased with all strains. It was suggeéted that to-help

minimize increases in birth weight an index should be used
which includes emphasié against birth weight.

In a similar study by Frahm et al. (1985a,b)1two,Stfains
of Hereford cattle were selected for either weaning weight or
yearling for a period of 15 years whiqh equated to 3;22'
generations of.selectién. Average selection differentials in
standard measure per generation interval for weaning weight
‘and yearling weight for. birth weight were .44 and .51
respectively and .0 for the control line. Estimated genetic
responses/generation (in‘standard»Aeviation‘units) of birth
weight in the weaning weight and yearling weight strains were
.29 and .26 respectively. Reéults indicate that it 1is
important fo consider all tréits when developing selection
goals. éélecting for production traits (i.e; weaning weight
or yeérling weight), often leads to undesirable effects on

birth weight.
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Optimizinq productivity and efficiency of beef cattle
requires selection for several traits. However, selecting for

one trait can often lead to unwanted correlated responses in

other traits.. A way to minimize this is to develop a multi-

trait selection index.

Bioeconomic Breeding Objectives .

It is widely agreed that the first and most impertant

decision in any animal improvement plan is to determine

bioeconomic breeding objectives (Cartwright, 1970; Harris,
1970; Vesely and..Robison, 1972; James, 1978; Miller and
Pearson, 1979; James, 1982; Newman et al., 1985a,b; ollivier,
1986; Ponzoni, 1986 Tess, 1986; Ponzoni, 1987; Newman et al.,
1992; MacNeil and Newman,. submitted) . This quantifles
specific goals in terms of measurable traits and helps
determine methods for obtaining them. When formulating a
.bioeconomic goal, one must take into account both the genetic
and economic aspects of animal production.

Generally, the primary goal of any producer is to make a
profit. Developing comprehensive animal breeding -programs
enables- a producer to maximize the most efficient
opportunities available. Newman et al. (198§a5 listed the
nine steps outlined by Harris et al. (1984) Ainyol&ed. in
developing a breeding program to maximize efficiency: (1)
describe the production system, (2) formulate tnelbioeconomic
objective of the system, (3) cnoose the breeding system and

breeds, (4) estimate selection parameters and economic
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weights, (5) design the animal evaluation system, (6) develop
.selection criteria, (7) design matings for selected animais,
(8) design'a system for  expansion (multiplication) aﬁd, (9)
compare alternative combined programs. In deciding upon
éverall production objectives, biological or economic
efficiencies may be used_ih the definition.

Ponzéni (1987) and Ponzoni and Newman (1989) broke down
the process of defining_breeéing objectives into the following
four categories: (1) specification of production and marketing
system, (25 identification of sources of income and expense in
- comméercial populatidns, (3) determination = of traits
ihfluencing income"and expense and, (45 calculation. éf
economic vélue of each trait. |

When determining traits to include in the breeding
objective, it is important to ipclude all traits which are
ecdhomically important (Fowler et al., 1976; Newman et ai;,
1985a,b). Miller and Pearson (1979) state that, ﬁfailpre to
provide an ecénomic assessment of genetic alternatives may
lead to recommendations of industry actions that are notlthe
most profitable avaiiable".

It ﬁas been shown that moderate -errors in the estimafion'
'of‘economic weightings have relatively minor effects on fhe
correlation of genetic merit wifh seleétion indexes; but this
is not always the case (Tess, 1986). Howe#er; not including
important traits can lead to errors in developing selection

indexes. Reasons for not including potentially important
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traits are that they are either difficult to measure or are
" mistakenly thought to have less importance than what they

actually have.' One example of a trait which can be difficult

to quanfify is feed costs in grazing ruminants. ' Ponzoni and

Newman (1989) were able to show that by not including feed

.coéts in the economic evaluation of beef cattle, eﬁphasis
within the system was shifted from reproduction to production.
There was an 18% loss in efficiency of the selection index by
not including feed-costs° ’
| Fﬁrthermore, it is important that breeding objectives be
" long term énd- will ‘prevail for several generations
(Cartwright, 1970; Tess, 1986). It is pointless and a waste
of money to select for a trait which will be undesirable in
one or two generations. James (1982) pointed out that swine
préducers ip the early part of the century did not nread the
signs" right and selected for theA"lard type" pig.

Hazei (1943) stated that "the relative economic value for
each trait depends' upon the amount by which profit’may be

expected to increase for each unit of improvement in that

trait." Thus, by determining the effect on profit of changes

in traits, we are able to develop economic weightings for

traits.
Once bioeconomical breeding objectives have been
determined, it is necessary to have a tool to implement these

objectives. A selection index can be calculated which will
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allow different selection pressures to be put on different
traits to attempt to meet the defined goals.
A simplifiea-selecﬁioﬁ index (I) as'defined by Falconer '
(1989) is: | ' |

I=b,P,+b,P,+...+b P,

where: b standard regression coefficienfs
P = phenotypic values (ie. P,=Trait,-Trait,):
n = number of traits included.

Economic weights can be added into the index allowing for
econonic efficiency to be a function of selection. . Vesely and
Robison (1972) state that "with considefation of the relative
economic importance and the genetic parameters, breeding plans
‘can be developed". - Hazel (1943) as shown by Tess (1981):
—defined breeding merit (H) as:

H = a1G1+a2G2+. . .+anGn

where: a's economic weights for each trait

G's

breeding values for fhe traits

~ There has been controversy in reéent years concerning
methods used to develop economic weights. Hazel (1946) first
introduced econamics into selection indexes with the
previously discussed breeding merit equation. Hazel (1946)
stated.that."relative economic value for each trait depends
upon the amount by which profit may‘be expected to increase
for eadh unit of improvement in fhat trait."™ This is still
the basis for determining economic weights for ;ivestock

improvement.
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Harris (1970) claimed that genetic improvéhent of
livestock sﬁould be based on economics through one of three
measurements: (1) profit, (2) return on investment, or (3)
cost per unit production. fAll three of these.measurements are
concerned with income relative to expenses and are defined as
. (Harris, 1970): |
Profit = Inbome - Expenses

Return on .Investment = Income
' Expenses

Cost per‘Unit Production = Expenses - ® EXpenses
Product . - Income

When detefmining expenses, . Tess (1986) states that both
variable and fixed costs must @e taken into account as
economic efficiency “is maximized when average total costs are
minimized. Average total costs are the sum of fixed and
variable costs .whereas marginal costs only account for
variable costs. .Including fixed costs is more realistic
because if production is increased, thén fixed cost are spread
out over more product and thus has an effect of efficiency of
a total production system. .

Dickerson (1978) states that profit should not be used as
they do not give a true measurement of efficiency since "real
prices réceived for animal products tend to fluctuate around
coét of production plus a margin sufficient to encourage
continued production of Ehe prbauct.", He claims that
biolégical effects on economic efficiency should be measured

‘which he defines by using return on investment. Harris (1970)
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éaid that profif should not be used as it does not accurately
reflect inéividﬁal contributions to-overall profit. James
(1982) reasons thét profit ig the measurement Whiqh should be.
used, and competition bé£ween producers causes profit to°
determiﬁe what producers dd and thus economic weights should -
'be based on this. .

Brascamp et al. (1985) set about determining tﬂe most
adequatéEbase for evaluating economic efficiencies. They were
able to show that if profit is zero or is set to zero, then
all bases give the same economic weights. The rationale ﬁaé
that average profit over an extended period of time will not
change. This average profit 'is called ‘'normal profit' in
economic theory and'ié "the profit required for the producer
to stay in- business in the long term." In a free-market
" system which has uhrestricted entry and production, economics
of a market will control that market. Thi; results in an
equilibrium where if profit is larger than 'normal profit!
there will be incentive'to increase production. This occurs
through either more producers entering the system or by
current producers increasing production. Increased supply
causes a decrease in demand resulting in profit once again
moving toward equilibrium at 'normal profit'. The opposite is
true if profit decreases below 'normal profit'. Due to the
principals of }normal prﬁfit', it can then be considered a

cost of production as it is required to maintain a business.
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'Normal profit' always works toward equilibrium and thus has
an averege of zero (Brascamp et al., 1985).

Bourdan and Brinks (1987a) used a computer simulation

model to determlne effects of changing genotypic potentlal of '

traits on blologlcal and economic efficiency. Economic
weights for live weight of animals when sold at weaning for

birth weight, yearling weight, mature weight and milk

production were .63, .21, .03, .and .83 ' ¢/kg change

i

respectively.

Amer (1992) claimed that present methods used to-

calculate economic- welghts are not adequate. Many parts of

conventional economic theory are not. properly addressed when
calculating economic weights. Amer (1992) states that-to have
a true economic weighting system, all aspects of production
must be taken into account in order to optimize prodqction.
Optimum size of the production system must be determined and
the effects ofxrescalipg this system must be considered whee
deriving econonic weidhtsL Methods ﬁsed by many such as
Brascamp et al. (1985) do not account for different levels of
-produetion and in fact by setting profit to zero, they cancel
out the effects of optimizing the production unit (Amer,
1592), :A problem with attempting to optimiée 511 levels is
that this can be a very complex problem. Individual

enterprises would need to all be determined separately as well

as indexes within enterprises. Furthermore, applying these

theories to different sized units_aiso presents difficulties.
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More work is needed on combining classical economic theory
with livestock economics before it will be applicable on an
iﬁdusfry basis.

Developing a selectién index for specialized.strains of
cattle in a crossbreeding system can be even more important..
For instance, in a system where both maternal and.terminal
strains are used, there will be different selection pressures
applied on different strains. The main selection on matefnal
strains will be on reproductive traits'while terminal strains
Will'be on gfowth traits. If different mating systems are to
be considered as well, it becomes evident that selection
indexes and economic weightings become even more important. |

It is often difficult or impossible to collect all of the .
data required to develop truly efficient.economic weights.
Traits are either hard to measure or it is not possible within
the 1living system to change what 1is required to teét
something. Fortunately, thefe is a powerful tool available

now, the éomputer'simulation model.

Simulation Modeling

»

There'is often a desire by researchers to have data‘on
certain things which are not pésgible to obtain through
conventional research methods. Animal breeding research is
often hampered by - a low number of offspring per animal per
year resulting in a long generation interval. An example of

this is cattle which have an average of less than one calf per
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_year and geﬁefally do not produce first offspring until two
years of age. This can lead to constraints on researcﬁ which
would Be too costly and time consuming 6r at'least delays
_resuits from such researc£ for several years. It is often
possible to‘use a model of one thing to depict some other
thing.

The term 'model' can be used for many different things.
People.dften think of thihgs which are a small répresentation
of the larger object, such as dolls, wheﬁ discussing models
(Dent and Blackie, 1979); Another example of this might be a
blueprint of a house which is a model of that house. However,
other types of models exisf. -Graphing concentration of a
substance over time is a conéeptual model of what is‘aétually
happening; Sheep caﬁ be used as models for cattle as they are
cheaper and easiér to use with shorter generation intervals.“
Néwman et al. (1985a;b) used mice to ﬁodel a swine breeding
system to evaluate alternatives in a production éystem. Mice
are used as models in some research relating - to humans and
livestock..

According to Forbes and Oltjen (1985) the moét widespread
models in use are statistical such as énalysis of variance and
regression analysis. -With‘the advent of the computer, these
models arelmuch more readily evaluated than in the past. This
is because a computer is able to do multiple complex equations
without risk of error (errors that do occur are the result of

either an error in program or input). Thus, what may have:
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taken weeks té calculéte in the past can now be accomplished
in seconds with a much reduced risk of error (Forbes and
Oltjen, 1985). With this in mind, a model can simply be
- defined as "an équation of set of equations which represents
the behavior of a system" (épedding, 1988). The definitién
can gét much.moré'complex depending on what type of model is‘
being discussed. A computer simulatiﬁn model describing an
.entire herd for its lifetime is an examplé of this. However,
Qomputer simulation models‘are‘jusf anothér way of looking at
things. |

Any system is a collection of suﬁsystems. Spedding
(1988) stated, "a system consists of a groué of inter-related
components that interaét_for:a'common purpose ané react as a.
‘whole to external or internal stimuli." Spedding goes on to
say that, "the ultimate purpose of the study of agriculture
is, direc£ly or. indirectly, the improvement of an agricultural
system." Changing any part of a system can only be considered
an improvement if the net resﬁlt for the entire system is an’
improvement.

Computer simulation modeling allows any number of
subsystems td be examined. It'_is possible to alter a
subsystem and see the results én the whole system. This takes
a relatively shorter time'andlis less costly than actually’
attémpting the research with the true biological system. As
. well, modeling allows'changes to be made to a system which may

not even be possible with present technology or research
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facilities allowing for some decisions to be made on the
future direction of research.
.
Constructing computer simulation models

Constructing models requires a well defined approach.with‘
-‘a logical sequence of steps to be followed. Steps involved in
constructing and use of a model, according to Dent and Black
(1979) are: (1)Definiti6n of system and objectives for
modelling, (2)Analysis of' data relevant to the model,
(3)Construct model, (4)Validate model, (S)Sensitivity
analysis,_(G)Use.of model in decision-support.

After each of these steps it may‘be necessary to §o back
and redefine the system and,gbjectives. This can be a result
of thinking of new things which were not previously assumed or
available. Or possibly, the model was constructed and did not
perform in the desired manner. If this happened the person
would need to redefine and éhange the model 'in whatever ways
deemed necessary.

As stated, one must first determiﬁe and definé“maﬁy
things in advance when constructing a m§d¢l. Some of these
include; what is the purpose of the modél and what is it
- trying to show and what are the boundaries of the model.
Boundary of a model ié the limit of what is being simulated in
the model. There are no interactions poésible across the
boundary, the only data that crosses the boundary are inputs
and outputs. Thus, inputs and outputs of model have to be

defined brior to building model. Type of model which is going
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to be constructed must also be defined before beginning.- Will
it be stochastic or deterﬁinistic or a cpmbination oflboth?
Will it be eﬁbirical or deductive or a combinatiqn of both.
These different'types of ﬁodels are-disqussed below. i

After the model is constructed, one must then validate
it. This is a testing of the model to see if it is working
correctly. To validate a model, data from a model ‘is compared
to data from real life. The actual data which is compared
must not have been used in construction of the model as thisi
will bias the comparison. Often this presents a problem. .As
a modeler, you want to use all available information in order
to try and get the most accurate depicfion of a situation,; and
yet, you must be able to compare your output to other data
which was not used in cbnstructipn?

After validation, a sensitivity analysis is done to the
model. A sensitivity analysis. is performed by changing

variables or parameters within the model by small amounts.

This allows one to determine how'sensitive.the model is to

'changes for each parameter or subsystem. -Often, one of the

purposes of a model is to perform sensitivity analyses. When
doing a sensitivity aqglysis, you are.essentially determining.
weighing factors for each variable tested. Thus, if a change
in é variable has a large efféct on ﬁhe system, then this
variable will be given a large weighting factor.

Finally, if it already hasn't been done in the previous

step, the model is used for its intended purpose. Dependin

~
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on output at this point, data will either be used or else the

model may be modified again to get desired performance.

Deterministic vs. Stochastic

The difference between deterministic and sfochastic
models is whether or not the model simulates random events.
A deterministic model has no probability distributions
associated with itlgnd it generally has a definite predictivé
nature to it (Forbes and Oltjen, 1985). That is, there are no
random variables involved with the ﬁodel and if you enter éame
parameters twice in a row, you will gef same results. Thus,
cémparisqn éf meéns is the only statistical analysis which can
be done on' output from a deterministic model (Dent and
Blackie, 1979).

Bourdan and Brinks (1987a,b,c) modified the Texas A&M -
University Beef Cattle Production Model (Sanders,. 1977;
Sanders and Cartwright, 1979) which had previously been
modified by Notter (1977). The model was completely
deterministic. - Claésifications of animals within the model
were by age, sex, month of calving, lactation status, calving
difficulty and month of gestation. 'The objectives of thé
study were to determine the effecté of the major production
_traitsl(growth and milk production) on biological and economic
efficiency with different.mahagement systems and economic
conditions within a northern plains environment. They also
wanted_to'genérafe.weighting factors fér certain traits and

look at interactions of genotype, environments, management and
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economic variables. This research was done using a simﬁlation
model because there is "only a limited number of genotype-
managément-economic combinations:which_can,be studied in the
field" (Bourdan and-Brinké, 1987a,b,c).‘

| Using théir model, Bourdan- and Brinks (1987a) were able
to show that Xkeeping calves to one year of age was
biologically less efficient but economically more efficient
'than selling calves ét weaniné. Herd éfficiency increased
when birth weight decreased and when yearling weight
increasea. Efficiency did not change when mature weight was
altered while holding all other traits constant. changing
feed costs caused different cow sizes to be more efficient
" under different circumstances.

In developing a deterministic simulation model, Long et.
al..(1975)-§;ated fhat using ;a simuiation.model allows a
method of simﬁltaneous consideration of many more traits than
could be studied in one reéearch trial. Their modei.took into
account nutritional costs, fixed. costs, cow size and
correlated progeny growth, attrition rates, milk yield for
cows of different ages and other considerations. They were
able to show that large cattle were gbre efficient in a drylot
sjstem while in a,pasturé_systemvsmall cattle were more
efficient._ |

In stochéstic modéls one or more variables have

probability distributions and are randomly generated. This

allows the model to have different outputs every time even if
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.input is the same. - Having random variables gives the model
itself some variation. Due Fo randomness and variability of
the quel it is possible to do many replications andvcompareh
results for variation ,(i:e. ANOVA's). . Variability in the
model is meant to simulate true variability found in
biological systems which are. being modelled (Forbes and
Oltjen, 1985). '

According ﬁo Dent and ﬁlackie~(1979) stochastic models
kor variables) are used "to describe both unexplained events
(as far as the model is concerned) and events which are truly
random. The reason tﬁey include unexplaiﬁed events‘is that
becéuse we have chosen our boundaries, we can not explain
evérytﬁing. By choosing our boundaries, we are saying that we
are only interested in characterizing a syétem with a certéin
number of variables. Variables outside this boundary still
occur in the true system but are not accounted for within the
model (Dent and Blackie, 1979). Thus we might build a
stochastic model to take into accounf this"unexplained'
variation. Within a stochaétic model, animals are generally
treated as individuals. |

Lamb and Tess (198%9a,b) used 'étochastic computer .
simulation models to evaluate différent breeding systems in
small beef herds. Hefds consisted of one bull, 30 cows and 10
replacements. Crossbreeding systems considered were purebred,
two~ and three-breed rotation using either natural service or

artificial insemination and a four-breed composite. Small
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_ beef herds are sensitive to aée of dam effects as well as
random varlatlon of sex ratio of calves which can have large
effects on lquantlty and quality of replacement heifers.
Because of the sens1t1v1ty;that these herds have to this
random variation, to properly . evaluate effects of this
randomness, it is'importaht te use stochastic determination of
sex of calf. ‘ |
Lamb and Tess (1989a) found that culling cows for -age
) before 12 years resulted in not beiné able,to maintain the
herd and within 21‘years the system was not able to recover.
Furthermore, even though the composite and .three-breed
rotations ranked above the two-breed rotation, the.difference
was.not significant. . As most producers’bf small herds raise
cattle as a secondary enterprise, the authors did not feel
that the extra management involved with the mere comprehensive -
mating systems was justified. In a companion paper, Lamb and
Tess (1959b)'analeed herds of 50 dams and two sires. They
found results similar to the 30 dam herd in that the two-breed
rotation was an adequate matlng system for the same reasons as
a 30 dam system. |
It is possible to have a model that is a combination of
deterministic and stochastic variables. For instance, if a
model had deterministic variablestfor'mest of it, but there
was no way to adequately account for variability of one or
more variables, these variables may need to be stochastic.

Thus one would have a model whieh was largely deterministic
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with a small amount of sfochastic variation. An example of
this might be a model which predicted life cycle efficiency of

a hérd of cattle. Most variables might be based on means,

‘however, in order to determine sex of calves there would need

to be a random function involved.

Empirical vs. Deductive

There are two differént ways to construct a model. A
model may be constructed through either émpirical or deductive
methods. A combination of the two.can also be used.

Empirical construction deals with using data which has

~been statistically analyzed and results are used to determine -

mathematical equations. These equations will tell how -
variables are related -but may not tell why, as they are
generally statistical relationships that do nof necessarily
identify cause and effect relationships. Thus, equations ara '
statistically accurate but one is not always able to interpret
results biologically.

Empirical relationships which truly describe the
variables with which they are dealing with tend to be accurate
and show. close to a true picturé of what is desired. If it is
possible to use actual'data in mathematical equations which
meet the objective of the model, empirical relationships will
show the results of inputing diffefent variables in a model.

Jarrige et al. (1986) developéd a totally eﬁpi;ical model
ﬁo predict voluntary dry matter intake .ofs roughages in

ruminant animals. The authors developed a "fill unit" to
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describe different forages. ' The fill unit was used to
defgrmine fhe intake capacity for each forage- regardless of
the catego:y bf animal or the diét the animal is being fed.
The authors used results fiom 2331 forages fed to Texel sheep
and 137 differght feeding trials in cattle.

A substitution method was devised when using some
cdncent;ates 'in  the higher producing animals. As
determination of 'intake capacity was based strictly on
physical limitations on distension'of the reticﬁlo—rumen,.it
is not possible to predicﬁ intake of diets which utilize a

high”percentage of concentrates or pelleted forages. Diets

~such as these have a high metabolic control of intake which -
was not considered in determination of intake capacities.

Another 1limitation of this simulation was that as all

equations are empirical, it is not possible to estimate the

"£ill unit" for forages which do not have a specific "fill

unit" already determined for them.

Construction of a'modél with a deductive approach caﬁ
differ markedly. dften, data is not available or what is
available does not adequatelf explain relationships between
variables. In cases such as this, a résearcher will often
need to use personal knowledgé and experience to try to deduce
wﬁat‘a relationship is. This often involves intefpolaﬁion or
extrapolation of available data or just using one's intuition.

-This allows a development of a cause and effect relationship

between variables which might not be possible with empirical -
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data. Whittemore (1986) summed up deductive relationships by
saying that as there is always a lack of:knowledge‘for the
relationships of variables they "invariablf include a mixture
_-of hé;d fact, soft fact, ﬂypothesis and inspired gueéseé";
Mertens (1987) developgd a model which was almost totélly“
‘deductive. He reasoned that current methods used to estimate
feed.infake and digestibility did not adequately explain the

true situation. Among_other factors, he felt that there was -
a psychogenic factor involved with féed‘cénsumptioh. This
social relationship is not possible to describe with émpirical
equations so a deductive’_apﬁfoach had to_‘be . used.
Furthermore, he wanted to be able to predict intakes and
digestibilities without having specific data for the actual
situation. As previously stated, empirical equations do not .
allow estimates tocbe made outside the scope of the actual
data to be used tq construct the equafion. With'this in mind/
Mertens developed a series of deductive equations to predict

feed intake and digestibilities of feeds.

Both empirical and deductive approaches have weaknesses.

As stated previoﬁsly, empirical equations do not necessarily
explainibiblogical relationships between'variabiés. Deductive
equations are generally the opinion' of one or a few
researchers and this opinion may not always be correct or
agree with popular opinion. It is poséible to develop a model

which utilizes both empirical and deductive equations. This
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has the advantage of being able to éxplain relationships
statistically and to include biological meaning to them.

 Forbes (1977) attempted to explain voluntary feed intake
and energy balance in ‘lactati‘ng cows. To do this he
developed a model which was largely empirical - but alsoc used
some deductive réasoning. He attempted to explain intake with
the interactions between physical and metabolic limitations of
‘the animal. ﬁany of these interactions have not been fully -
explained so he hadAté use deductive approaches to try to
.estimate them. He was especially intereéted in attemptiné to
predict intake during eérly lactation when intake lags behind
the proauctive energy requirements of the animal. ‘

One of the problems with research on animals attempting
to determine economic weights of different traits is that it
can be very time consuming. As well, " it is. nat always
‘possible to measure everything required. Compufer simul;tion
modeling offers a‘very powerful tool to enable the simulati&n
of a herd life cycle. This allows traits ﬁo be manipulated
individually to ehable the determination of economic weiéhts

of different traits.
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OBJECTIVES

This project was completed in cooperation with
Beefbooster Cattle Alberta Ltd. There are presently five
synthetic strains of Beefbooster cattle. The five strains are
three maternal strains (M1, M2 and M4), an easy-calving st;ain
(M3) and a terminal cross strain (Tx). The maternal strains
have had primary emphasis placed on reproductive traits with
M1 and M2 being selected for weaning weight and M4 being
selected for weaning'weight.‘ The easy-calving strain (M3) has
been selected primarily for small birth weight with the
primary purpose of being bred to first calf yearling heifers
to minimize dystocia. The terminal cross strain (Tx) has been
selected for increased post-weaning average daily gain with
the purpose of being used on mature cows to produce calves
with superior genetic potential for growth.

The first ‘objective was to determine the relative
profitability of the five strains of beefbooster cattle in
both purebred mating systems and rotational mating systems.
The second objective was to determine economic weights of
performance traits in each of the strains within a rotational-
terminal mating system (described in materials and methods),
and to calculate selection indexes. Traits considered were
mature weight, preweaning growth rate, birth weight, milk
production, conception rate and age at puberty. Net profit was

used as the primary measure of economic performance.
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MATERIALS AND METHODS
Simulation Model

A computer simulation model written by M.W. Tess was
modified to suit ‘the purposes of this project. The model was
deterministic ﬁith a limited amount of stochastic functions,
mostly relating to reproduction. The model simulated life-
cycle performance for an entire beef herd. The model tpok
into account many differént. physiological aspects in the
growth and production of beef cattle including growth, feed
intake, body composition, reproduction and lactation. -

Simulation strategy was based on simulating individual
cows in one day stages for the number of years set at the
beginning of the model. Performance of the cattle was
determined by many different interactions. These included
genetic potential, physiological state, and feed availability
and quality.

Different feed types were available depending on age of
the animal and presef feeding regimens. Replacement heifers
and brood cows were fed forages and supplements. Calves
receive milk and creep feed if set into the model. Intake of
feeds was determined by physiological demand of the cow (oxr
calf).and by capacity of the cow for neutral detergent fiber

(NDF), which is a measﬁrement of bulk of the diet. Chemical

composition of feed (i.e. metabolizable energy, crude protein,
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rumen degradable protein), was another factor which affects
intake of feeds.

The physiological state of each animal was determined by
many components including age, weight, body composition, stage
of gestation, and state of lactation if a cow is producing
milk. Growth and body composition of an animal are a
function of genetic potential nutrient intake and age.
Phenotypic values of these traits were determined. by the
growth curve, physiological state and by nutritive intake of
the animal, both in the past and at present time.

Factors involved with reproduction were puberty,
anestrus, postpartum interval, body composition and weight of
the cow. Conception was determined stochastically, and
calculated as a probability given the presence of a bull.
Conception had a random component through use of a
pseudorandom number generator and the probability of
conception.

Lactation curve was another aspect of pfoduction which
was determined by genetic potential of the cow. Priority of
nutrient partitioning was determined by physiological state of
the cow and by nutrient intake. These conditions controlled
the maximum amount of milk production for each cow.

There were two different types of inputs in this model;
external inputs and simulated (or internal) inputs. External
inputs were mating system, genotype, feeds and limitations,

- chemical composition of feeds, market érice for animals sold
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and production and management decisions including repiacement
rate, management groups, day of weaning and number of years to
simulate. Simulated inputs were feed consumption, feed costs
and non-feed costs which include veterinary and labor
associated costs such as dystocia.

Simulated outputs of the model were weight, lean and fat
composition for each class of cattle. Classes of outputs were

cull cows, steer calves and non-replacement heifer calves.

Model Applications

As previously stated, the model was modified to simulate
genetic stréins and mating systems used by Beefbooster Cattle
Alberta Ltd. There are presently five synthetic strains of
Beefbooster cattle. The five strains are three maternal
strains (M1, M2 and M4), the easy-calving strain (M3) and the
terminal cross strain (Tx). Traits examined were birth
weight, preweaning gain, mature weight, milk yield, age at
puberty, and conception rate. Mating systems simulated were
straight breeding (PURE), three-way rotational crossbreeding
(ROT) , rotational crossbreeding with first-calf heifers being
bred to easy-calving bulls (ROT3), and rotational
crossbreeaing with easy-calving bulls as well as a terminal
cross strain for‘mature cows aged six years and older (ROT3X).

In the rotational—terminél system (ROT3X) total number 6f
maternal genotypes considered were eleven and total number of

calf genotypes is twenty three. Table 1 shows all of the
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different genotypes. The first number corresponds to the most
recent sire breed, the second number to the next most recent,
etc... For instance, an animal with genotype 124 would have
an M1 sire and a 241 dam. With the rotational crossbreeding
system, dam genotype is used to determine the sire breed to
which she will be bred. Thus, a cow with genotype 241 will be
bred to the sire which is least related which is M1, producing
a 124 calf. When using either terminal cross strain (M3 or
Tx), the last number of the genotype designation is left off
for simplicity. 1In this manner, a 421 cow bred to an M3 sire
will produce a 342 calf. It should be noted that the full
genotype of this offspring would be 3421, however, a three
digit designation is used for all genotypes.

Genotypes entering the system were considered to have as
close to equal composition of breeds as was possible using an
ROT system. The 124 calf illustrated above would have a
composition of 57.14% M1, 28.57% M2 and 14.29% M4. If this
was a female and bred to an M4 the 412 offspring would then be
57.14% M4, 28.57% M1 and 14.29% MZ. A 512 calf from the ROT3X

system would be 50.0% Tx, 28.57 M1, 14.29% M2 and 7.14% M4.

_% Heterosis of calves within the ROT system were considered to

maintain 86% of maximum heterosis. Terminal sire calves had
intain 86% of |

100% individual heterosis.
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Table 1. Individual genotypes used in model.

Breed of dam

M1 M2 M3 M4 | Tx
M1 111 124 142
Breed M2 214 1222 241
of M3 312 321 333 341
sire 314 324 342
M4 { 412 421 ‘ 444

Tx 512 521 541 555

514 524 542 -

Economic Inputs and Outputs

During a cycle of the program there were different
procedures which were called and performed at different
times. On the first day of the year, or on the first day of
simulation if it didn't start on aay one, non-feed costs
were assessed based on total number of cattle present at |
that time. On the first day of the breeding season, all
cows which were ¢urrently in the herd were counted in order
to determine total number of cows exposed. At this time
average weight and fat percentaée of the cows were
determined, stored and later output.

Health prevention and treatment costs used are shown in
Table 2. Treatments were typical of a Northern Great Plains
environment and more specifically Montana. The prices shown
were obtained in the Boéeman, Montana area from veterinary

and farm supply store in the fall of 1992 (Davis, 1992).
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Table 2. Health costs.

Livestock class - Service/Suﬁply $/head
‘Cow costs Labor/Dystocia 15.00
Preg. Test - 1.25

IBR/BVD 1.00

Vibrio/Lepto .50

" E-Coli : .90

Warbex . .70

Wormer . 2.50

.Fly Tags 2.00

Pink Eye - .09

8.94

Yrling costs - Preg. Test ' 1.25
IBR/BVD - 1.00

" Vibrio/Lepto . «75

Clostridial .25

. Wormer (Ivormec) 6.00

Bangs : . 2.00

Fly Tag . 2.00,

Pink Eye - .09

13.34

Calf costs ‘Clostridial .25
' Implants .90

Pink Eye .09

Scours ‘ .50

Pneumonia o .10

1.84

When animals were sold marketing costs were computed.
These costs can be divided into two different categories, an
increase in expenses and a decrease in income. Increases in
expenses are non-feed costs and were added onto tﬁe
previously calculated non-feed cost. ‘These costs include .

trucking, checkoff and other fees. Checkoff and fees were
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$1.55 per animal sold while frdcking costs were based on a
50 mile trip at $275 énd\sb,ooo pounds of live weight,
costing $0.0055 per pound sold. |
Costs which were a decrease in inéome were not
considered to be‘non-feed costs, however they were
calculated at the same time as costs which increase expenses
' thch was during marketing and so.will be described now.
‘These costs were shrink and commission. Shrink was
calculated at 3% of livé weight (weight*.97). Commission
was calqulated for all classes éxcept.for calves as ié wés
assumed‘fhat calves were sold by forward contract. .
.Commiésion for sale of’catﬁle was chafééd at a rate of 2.5%

of amount received.

Labor and bull costs Weﬁe also added to nén-feed'costs.
These were calculated using total number of cows exposed
throughodt the simulation run. Labor‘waé equal to $15 per
cow exposed. The formula for determining bull costs was:
Total number of cows'expOSed * (((375.0+87.5)/25)f2.16).
.Buil cost was determined by adding depreciation cost of |~
bulls to win;er feed costs. This was then divided by 25
which was total number of_cows bred per bull.per year and
then $2.16 was added on which is veterinary costs. The total
6f this was mdltiplied by total number of cows exposed to
determine cost of bulls. ‘

A further cost which could be added onto non-feed costs

was related to dystocia (described below). Any cow which
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éxperienced dystocia had associated costs. A cost of
fifteen dollars, due to extra labor, was added to every céw
which experienced dystoci;. .The next major set of events
. which transpired were at weaning. Many different functions
occurred at this time of year. Wei%hts of all calves were
added up és‘well as total age in days: (to defermine average -
age at weaning). .

ﬁadh year the weights of all heifer calves which had
either M1, M2 or M4 sires were stored. Dﬁring the last year
of the simulafion all heifers were sorted on the basis of
breed and weight. Heaviest calves of each breed were kept
for replacement heifers' and all others were sold. Number
kept for each breed was equal to the nﬁmber'of cows of that

breed type originally entering the simulation to maintain

equal -populations of each breed type.

Cattle Management

Cows were culled for several reasons. If cows reached
the preset maximum'age of if the simulation was in ité final
. Year, then all remaining cows Were sold.. Cows were culled
if they lost calves or failed to conceive. -Approximately
one third of cattle which experienced dystocia, thosé of
‘WhiCh Hhad a hard pull, were cuilgd. All cull cows were sold
at weaning.

At:weaning, number of.calves weaned per cow exposed was

calculated as well as calf weight weaned per cow exposed.
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This was calculated using number of cows4exposed which were
permitted to continue on to produce the next calf. Thus,
even though cows were exposed in the final year of the
simulation , they were not included in these calculations as
the simulation ended before cows can produce. Total number
of exposures was used in some calculations to be discussed

later.

Mortality

Probability of a calf dying on any particular day was
determined at two différent times. The first time was on
the day that the calf was born and the second time was when
the calf was four days of age. Probability of the calf
dying was based on results by Patterson et al. (1987). They
found a death loss of 4.6% in the first three days of a
calf's life and 2.1% from the fourth day to weaning. Of the
total calves which died, 68.66% died within the first three
days and 31?34% died in the remaining days to weaning. Each
of the different genotypes had a survival rate which was
read into the program at the beginning. This survival rate
was then used to determine probébility of death on each day.
Up until the fourth day probability equaled genotypic
survival rate multiplied by percentage probability (.6866)
and divided by four (numﬁer of days). For the rest of the
year, since day of weaning was known, it was possible to

determine how many days there were between the fourth day of
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the calf's life and day it was weaned. Probability of death
was then determined similar to before except it was
multiplied by .3134 and the divisor was the number of days
just discussed. It was then determined by the pseudorandom
number generator whether or not a calf dies on any
particular day.

Probability of death for cows was set at 0.9% per year.
However, due to simplifying the program to avoid dealing
with orphan calves, only dry cows had a probability of
death. Thus probability of death on any particular day was
determined by calculating number of days that a cow was dry
per year and using this as a divisor of yearly probability.
Number of déys dry was determined by adding number of days
from day one to parturition to number of days from weaning
to end of the year. Once the cow was bred, gestation length
was deterministic so date of parturition is easily

calculated.

Simulation Strateqy

The simulation model was set up to first run on a per
cow basis. Originally 102 éoys were started in the model
and allowed to run for 12 years. Reasoning behind the
choice of 102)was that it was initially intended to start
with 100 head. All cattle entering system were weanling

heifer calves and were kept until age 12. This allowed one

full run of the model to simulate a hierarchial system of
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simulating an entire herd of all ages for one year. Herd
size being simulated was approximately 500 and thus needed
about 100 replacement heifers per year. In the full
crossbreeding mating system there were combinations of
maternal strains and in order to be able to have an equal
number of cattle starting from each strain, it was
determined to use 102 giving seventeen cows per strain. With
runs for purebred strains, 102 was used to keep simulations
consistent. Resulting data gathered from this were then
used to determine productivity and efficiency on a per cow

basis for the model.
Profit for Fixed Resource Base

Profit was calculéted on a cow basis ($ per cow exposed
per year) and on the basis of a ranch utilizing a fixed
forage resource base. Adjustment factors for variable
inputs and outputs were obtained by using M1 cows-as a base
herd. The simulation was repeated 100 times and results
were used to determine adjustmeﬁt factors. Mean kilograms
of range forage consumed was divided b§ 304.4 kg/AUM to
determine mean AUM's of the base herd which reéulted in a

fixed feed resource base of 4200 AUM's. The adjusﬁment

factor was determined by dividing the actual number of AUMfs
consumed for that run into land base level of 4200. Thus,
in all simulation runs it was possible to adjust inputs and

outputs to a fixed feed resource base. This worked with
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different replications. of ﬁl cows as Well‘as ail othér
strains. Other strgins were adjusted to the M1 base.

With the fixed feed resource base i£ was assuﬁed that
-éll range forage consumed was raised on the ranch and the
ranch was able to produce its own hay (or most of it). This
means that variable feed costs drop significantly; hoﬁever,'
operating costs of the ranch were then taken into account.
With the fixed ranch size there were numerous operating

‘costs involved which are given in Table 3.

Table 3. Overhead calculations.

Individual Units Total

Cost - Cost

Vehicles . $9,000.00 1, $9,000.00
Insurance —

House . $50,000.00 ‘ $340.00

Working Fac. $30,000.00 |/0.0068 $204.00

Barns $60,000.00 0.0068') $408.00

Misc. Equip. $10,000.00 ! 0.0068 $68.00

. — ,

Repairs e

Improvements $150,000.00 ( 0.02 $3,000.00
_ Fence $77,777.78 | 0.02 ) $1,555.56
Utilities $2,000.00 ~ 1 $2,000.00
Supplies $2,333.33 g $2,333.33
Property Taxes $7,466.67 1» $7,466.67
Interest on land $777,777.78 0.05 ( $38,888.89
Hay expense $30.00 650~ $19,500.00 -
Labor . $2,000.00 C}y $12,000.00

- Total $96,764.44

Amount of hay consumed was also adjusted. On the same

i

runs that were analyzed for range forage consumption, hay
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consumption (alfalfa and grass hay) was also analyzed. From
this level of hay, production was set for the ranch. Thus, on
the fixed feed resource base, the ranch was able to produce
225 and 425 metric tons of grass hay and alfalfa hay,
respectively. Levels were set slightly below minimum
consumption for each of these. By doing this there was never
a negative hay consumption and some will always need to be
purchased. This prevented confounding factors. from entering
into determination of breakeven prices and other economic
analysis.

Once the adjustment factor was détermined, the different
total feed consumptions were then adjusted to fit the fixed
feed resource base. Then, alfalfa and grass hay total
consumptions had the amount which is produced on the land
subtracted from these and this gave total amount of hay which
was purchased. Cost per unit of all purchased feed is shown
in Table 4. Tt should be noted that range AUM's consumption
was only a cost in the per cow basis as land was owned in the
fixed feed resource base scenario. As well, labor was only
included with per cow basis as it was taken into account in

overhead costs in the fixed feed resource base.
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Table 4. Feed costs.

Feed ‘ Cost per
Unit
Alfalfa Hay $75/ton
Grass Hay $40/ton
Barley $100/ton
Range $10/AUM

Interest on all non-feed costs at six percent per annum
was added as well. Totél expenses were then calculated by
adding feed and non-feed costs.

Prices received for all livestock were obtained by using
September through November issues of Cattle Fax from 1990 and
1991 for Montana and Wyoming. For heifer and steer calves a
price slide was used to adjust price received according to how
much the calf weighed. Formulas used for determining prices

obtained for calves were:

Steer price received 2.231-0.002839% (weight-181.4)

Heifer price received 2.080-0.001977* (weight-181.4).

These formulas were simple regressions to predict change in
price due to change in weight. Difference in calf weight from
the base level of 181.4 kg (400 lbs) was determined and then
multiplied by the adjustment (0.002839 for steers), and this
was then subtracted from the mean price per kilogram received
for the 181.4 kilogram calf. Thus, every kilogram increase in

a steer calf's weight above 181.4 kilograms resulted in a

decrease of $0.002839/kg of live weight sold. The inverse was
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true if weight was less than 181.4 kilograms in that price

received for the calf was increased by the same proportion.

Simulation of Dystocia

Dystocia was determined differently for different age
classes of animals and was determined stochast;'Lcally. Heifers
were given a probability for dystocia which was calculated
using cow size and calf birth weight. The rest of-the age
groups were assigned a probability dependent on age. Smith et
al. (1976b) broke down incidence of dystocia by age within

different breed groups. Results from Angus dams were used to

assign probabilities of dystocia for different age groups (not'

heifers). Three year old cows (second calf), had an 11%
probability of dystocia, four year olds a 3% probability and
five years and older a 5% probability. A random number was
then used to determine whether or not a cow experienced
dystocia. With any of the classes of cows, probability of the
calf dying within the first three days was five times higher
if dystocia occurred (Azzam et él., 1993).

As mentioned, cow size and calf birth weight were used to
predict probability of dystocia. As with other age groups,
actual incidence of dystocia was determined stochastically.
Pelvic area was not actually known within the model and must
therefore be predicted for heifers at parturition. Using
results from Bellows et al. (1971) it was calculated that

pelvic area was equal to 0.63 of body weight in moderate body
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condition (body condition score equalling 5). Lean body mass
was used to predict pelvic area regardless of body condition.
A condition score of five was considered to be an animal with
sixteen percent body fat and live weight of a cow was assumed
to have fifteen percent body fill. Thus, by dividing lean
mass by .69, live body weight at body condition score five was
estimated for an animal at any body condition score (fat
percentage), from lean mass.

The ratio of pelvic area to birth weight (RATIO = PA/BWT)
was used to determine probability of dystocia (PDYST). Cook
(1991) formulated a prediction equation from data taken from
Short et al. (1979), which was: —

PDYST = 1.796-(0.1175*RATIO)—(O.OO3886*RATI02) .

This equation actually produced a higher level of dystocia in
heifers than was expected. In order to lower occurrence of
dystocia to a rate comparable with the actual cattle being
simulated, the intercept was decreased by 0.1 (from 1.796 to
1.696). This caused dystocia to generally occur in 25 to 30%

of heifers.
Model Refinement

There was a problem in the original model in that cows
which already had a relatively high percentage of fat for body
compésition continue to have the same intake as those with a
low fat percentage. By having the same capacity (or more if

animal weighed more), than thinner cows, this allowed higher
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fat percentage cows to continue putting on weight (mostly
fat), as fast as their thinner counterparts. This was a
somewhat unrealistic result because it has been shown that
cows with higher fat percentages have a decreased ruminal
capacity (Forbes, 1977).

Ruminal capacity was lower for cows which have higher
body fat percentages. This adjustment was made for both dry
and lactating cattle. Maximum fat percentage for cattle in
this simulation was set at 36%. The formula used in
determining reduction in capacity assumed that a cow did not
have any reduction at fat percentages below twenty percent.
The formula used to determine decrease in capacity was:

CAPACITY = CAPACITY*(.8+(.2%(.36-FAT PERCENT))/.16).
This formula was only applicable if fat percentage was greater
than twenty percent. Capacity was adjusted linearly to a
maximum of a twenty percent decrease in capacity. Thus, if
fat percent equaled twenty, capacity was one hﬁndred percent
of its potential, however at twenty eight percent fat capacity
was decreased to ninety percent. Use of " this formula
prevented caftle which were on free choice feed from
continually gaining weight, at the same rate, until maximum
fat percent was reached.

Another adjustment which was not present in the original
model was change in milk production corresponding to dam age.
Lamb (1991) summarized data regarding milk production for

different age groups of cattle. Milk production was set at
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seventy eight, eighty eight, ninety six, oﬁe hundred ana
‘ninety eight percent of maximum genetic potential'for two,
three, foﬁr, five to nine, and ten and.olaer years of aée,

respectively.
Model Outputs

The  final addition to the model was a subroutine which
summéd up outputs from the simulation and printed out desired
information. The output listed a yearly ' summary of both
calves and cows. For each sex, weaning weighf and averagé age
at weaning for calves were summarized. Data output for cows
was number exposed each year, ﬁumber dead, number sold and
" number which expefienced dysfociad Average.weiéht and average
fat percentage of cows at breeding were summarized. A sample
output from a ROT3X simulation is shown in Appendix A.

Some. of the measures of prodﬁctivity were thén shown.
These were total number of calves born aﬁd total number
weaned}. Total number of cows exposed were also shown. Thére
are two numbers given with either the final year included or
not. The reason why the final year was not always used was
that cows bred in the final year do not have opportunitytto‘
wean calves in the fol;owing year. Total calf’weight we;ned~
per cow exposed and number of calves weaned per cow exposed
Wére calculated and shown here.

Biological and cash inputs were divided by the weights of

the different classes of animals sold. Perhaps the most
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" important measureﬁent Waé cash inputs for steer weight
equivalent. Steer weight equivalent was determined by adding
up amount of money received for each claés-of animal and then

" dividing this by price received per kilogram for steer calves.

Thus, steer weight equivalent was number of kilograms of steer

calf weight needed to bé sold at the steer calf price to equal
the same amount of money which all classes made. Taking total
cash ihﬁuts, which was feed and-nbp;feed costs added together
and dividing this.by'steer weight equivalent, it was possiblé

to detérmine how much it cost to produée every kilogram of

. steer Weighf.equivélent. This also could be considered as

breakeven steer price of the operation.

Net income was détermined.by simply using the difference
between total iﬁcome and total expenses. Net.income per cow
exposeg was ‘then determined as another measure of
productivity.

The adjustment factor was then deterﬁined and some of the
previous calculations were again done on the fixed feed

resource- - base data.

Experimentation

“Base input parameters for genotypes are shown in Table 5,
" Table 6 and Table 7. Table 5 is a iistfof parameters which
are common to all genotyﬁes. Table 6 shows those parameters
which are relevant to dams and Table 7 are‘the pafameters

important to all genotypes.

t
i
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Table 5. Common input parameters.

TRAIT
AGE (DAYS) 202
DEATH RATE  PERCENT 5
MATURE FAT  PERCENT 36
POSTPARTUMINTERVAL (DAYS) 50
AGE AT CULL (YEARS) 10

Table 6. Dam input parameters.

Traits
Genotype Start Start Daily Age at Probability
weight fat peak milk first of

percent production estrus conception

111 209.95 0.0762 11.4067 379 0.9409
222 216.25 0.0764 11.5463 373 0.9409
333 195.51 0.0775 11.2672 371 0.9120
444 214.14 0.0763 11.2672 373 0.9120
555 222.58 0.0747 10.2902 373 0.9216
124 223.51 0.0778 12.1145 362 0.9609
142 223.09 0.0777 12.0723 362 0.9567
214 225.62 0.0778 12.1568 361 0.9609
241 226.25 0.0778 12.1357 360 0.9567
412 224.35 0.0778 12.0300 361 0.9482
421 225.40 0.0778 12.0511 360 0.9482

Input parameters for pure strains are taken from MacNeil
et al. (submitted). |Input parameters for crossbred genotypes
were determined using percentage of each parental genotype and
amount of heterosis present in each. A three-breed genotype
will contain 57.14%, 28.57% and 14.29% of each genotype and
will exhibit 86% of maximum heterosis for each trait with
terminal-sired calves having 100% individual heterosis. Table

8 gives i1ndividual heterosis values for traits taken from Long
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(1980) and MacNeil and Newman (1993). Any value which could
be used from MacNeil and Newman (1993) was used because they
were studying the same strains of cattle and many of the
genetic parameters used iIn the model were taken from them.
Values used were the low estimates of literature values. This
was because the cows simulated were already crossbreds and

would not have expression of full heterosis.

Table 7. Calf iInput parameters.

Traits

Genotype Birth Yearling Mature
weight weight weight

111 37.01 410.10 516.00
222 37.57 424 _46 551.00
333 31.17 385.28 476.00
444 37.39 418.65 572.00
555 43.46 430.43 606.00
124 38.50 436.86 547.78
142 38.48 435.99 550.85
214 38.67 441 .18 558.04
241 38.73 442 .46 566.24
312 35.67 427 .19 529.42
314 35.65 426.31 532.51
321 35.55 423.93 521.70
324 35.61 425.22 529.93
341 35.56 424 .37 520.15
342 35.65 426 .55 525.30
412 38.59 438.55 567 .27
421 38.67 440.71 572.40
512 42 .05 451.13 596.37
514 42 .04 450.25 599.46
521 41.94 447 .86 588.65
524 42 .00 449.16 596.88
541 41.96 448 .30 587.10

542 42 .04 450.48 592.25
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Table 8. Estimates of heterosis.

TRAIT % Heterosis

Mature Weight

Birth Weight

Weaning Weight

Milk Production
Probability of conception

Ll B e )W R V)

Experimentation predicting economic weights for selected
traits involved manipulation of genotypic input parameters
using the ROT3X mating systemn. Most traits were either
increased or decreased by 20%, however, weaning weight had a
22% chahge and probability of conception was altered by only
6%, as even a 10% increase would result in a probability‘
greater than 1.0. Each trait was altered on each base
genotype individually. Thus, when determining a 20% increase
in birth weight, the M1 genotypic value for birth weight was
increased by 20%. Using the new value, birth weights were
then recalculated for each of the genotypes using the
previously discussed formula. This resulted in a large number
of runs. For instance, when testing the economic sensitivity
of a change in each non-maternal input parameters, there were
a total of ten‘differenf scenarios to test (five for an
increase and five when decreased). Each scenario was
replicated 20 times with a resulting 200 runs required to test
sensitivity of changing each trait in all genotypes.

Due to the stochastic nature of the model, it was

possible to analyze results using one-way analysis of variance
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(SAS, 1985).. Frdm the compérison of mating systems, means
wefe compared using Duncan's multiple range test. To evaluate
the effects of genetic changes in single traits, "treatment"
means were compared to the base system using t-tests.

Economic weights were computed. as simple 1linear
regressions of: profit on genetic changes in each of the
“various tfaits using. the GIM procedure of SAS (1985). For
example; change in adjusted net income (dollars) per kilogram
increase inlmatu;e weight was determined.

Selection indexes were"computed using regression
estimates of economic weights, phenotypic vériances—
covariances and.genotypic'variances—coﬁariancéSQ The software
used to compute the indexeé was obtained from Dr. Scott Newman

(Kuenzi, 1975) Only regression estimates of economic weights

which were significant (P<.05) were included.

\
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RESULTS AND DISCUSSION

Comparison of Breeding Systems

Comparisons of strains and mating systems based on net
income per cow exposed and adjusted profit are presented in
Table 9. Supplementary tables are presented in Appendix B
showing some effects of the different systems. Net income was
adjusted to a fixed feed resource which adjusted herd size to
meet available feed level. Results are based on 20
replications. Both comparisons given below are from the same

sets of simulations.

Table 9. Net income per cow exposed and adjusted net income.

Strain/mating Net income ' Adjusted
systen /cow exposed, $ net income, $
ROT3X : 104.818 56,2542

ROT3 : 100.41°P 50,354P

ROT 99.28° 49,906°

M2 91.87°¢ 47,856°

M4 89.53°¢ 46,756

TX 89.46° 45,516%

M1 85.20¢ 47,037¢

M3 70.74° 43,746°

abcde Means within columns with different subscripts differ
significantly (P<.05).

As expected, for both measures of profit, all three
rotational systems had significantly (P<.05) higher net
incomes than any of the purebred systems. The ROT3X had a

higher income than any other system for both net income per
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cow exposed and adjusted net income. These results agree with
Cartwright et a{. (1975), Fitzhugh. et al. (1975), Smith
(1976), Notter et al. (1979a,c), Kress et al. (1988), and Lamb
and Tess. (1989%a,b). The ROT3 and ROT systems were also
greater than any of the purebred systems. The ROT3 rahked
higher théh ROT for both comparisons, however, neither was
significanﬁ,

Compéﬁison of purebred systems for net income per cow
exposed shB'wed M2, M4 and Tx béing- the most profitable,
followed bffMl and then .M3. It is understandable that M3 has
the lowest‘ﬁet income per cow as they are smaller cows with a
lower probagiliﬁy of conception than the other strains (except
M4). This strain of cattle was developed for use as a sire
line. ThUéﬁ previous selection pressures have not been on
maternal traits but instead on decreasing birth weight.

When nef income was adjusted to fixed feed resource M2
and M3 were the only purebred strains which did not change
rank. Ranking for M1 moved from fourth to second. The Tx
strain moved down a rank into fourth and was significantly
different from M2. The reason for this was that when
adjusted, the number of Tx cattlé had to be decreased more
than any other strain. This was because Tx was a larger
strain and thus had higher feed requirements than other
strains; however, due to their large size, when measuring nef

income per cow exposed, they had more product to sell.
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All maternal strains were fairly similar in profitability
when adjusted to a fixed feed resource base. All three
maternal strains have been selected for maternal
characteristics. When adjusted to a fixed feed resource base,
diff;rences between strains became even less evident. The-Tx
strain has not been selected for high maternal abilities,
however, growth rates of calves allowed for this strain to be
somewhat competitive with maternal strains when‘adjuSted to a
fixed feed resource base. The M3 cows have been selected for
low birth weight which has resulted in a smaller strain than
the other four. As well as being smaller in size, M3 also had
a low conception rate. Due to smaller size, it was likely
that M3 was more sensitive to conception rate than other
strains. The result of this may be that if estimated
conception rate of M3 was not accurate it may have had more of

an effect than on other strains.

Effects of Changes in Individual
Traits on Profit

Tables 10 through 14 show the results of moving single
genetic traits by a set percentage. Tables 15-19 show change
in profit for a one unit change in each trait. All income
values are given as a difference from base profit. Simulation
runs from ROT3X given above were used as base profit. There

were a total of six traits examined: mature weight, birth
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weight, weaning weight, conception rate, age at puberty and
milk production. All six traits were examined with maternal
strains (M1, M2, and M4), however, only birth weight and
weaning weight were considered with terminal strains (M3 and
Tx). Analysis of variance were computed by trait. Standard
errors for net income per cow exposed were 1.67, 1.66, 1.63,
1.63, 1.71, and $1.73 for mature weight, birth weight, weaning
weight, conception rate, age at puberty and milk production,
respectively. Standard errors for adjusted net income were
933, 886, 875, 993, 877, and $973 for mature weight, birth
weight, weaning weight,'conception rate, 'age at puberty and

milk production, respectively.

Maternal Strains

Puberty. Changing age of puberty had no significant
effect on any strain. This was understandable because puberty
occurred approximately three months prior to breeding and a
20% change resulted in approximately a 2.5 month change. A
20% change in puberty in purebred strains would likely have an
effect. Puberty occurs approximately fifteen days later in
purebreds; hence purebred systems may have been affected by
change in age at puberty. Age of puberty in all strains were
estimated based on probable condition score and weight of
animals. If estimates were nét correct then there may be some
response to a change in puberty.‘

Milk. The only time that changing milk production had an

effect was when there was a decrease in M4 which caused a
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decrease in net income. The probable reason for this was that
M4 had the lowest milk production of all maternal strains and
decreasing by 20% may have caused it to reach a low enough
production level to adversely affect calves growth rate enough
to become significant. Decreased milk production caused a
significant decrease in average calf weaning weight and the
inverse was also true with increased milk production (table
21). Genetic changes in milk production had no sighificant
effect on survival of calves to weaning (table 29).

Increased milk production might have been important if
genetic potential for weaning weight was increased. Average
weaning weight of calves were higher than estimated genetic
potentials for weaning weight when milk production was
increased. This increase in weaning weight was probably due
to an increase in fat percentage of the calves and not lean
tissue growth. This agrees with Notter et al. (1979a) that
cows which had higher milk production produced calves which
had increased percentage fat.

Another situation when milk production may have been
important was if cattle had poorer quality forage fesources
during summer months. If this was the case, cows may not have
been able to consume enough energy to meet genetic potential
of milk production. This would especially affect cows with
increased milk production. The result of this would be a

decrease in weaning weight. If both weaning weight and milk
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production were iﬁqreaséd, fhere may bé minimal benefit with
low qualitj forages. |

Conception Rate. Decreasing conception rate had a
significant detrimental eéfect on all three.maternai strains
for net income per cow exposed. Increasing conception rate
resulted in an increase in net income per cow exposed in
maternal strains, ' however none were significant. | This
indicated that increasing conception rate may be. limited. in
benefit to the systeﬁ, however, decreasing it can be.harmful.
This very likely was linked to diminishing marginal returns
when increasing conceptidn rate. | | |

‘Unexpectedly, when net profit was adjusted to a fixed
feed resource, an inverse relationship was observéd between -
change in concepfion rate and change in”net income:.however;
changes were not sigﬁificant except in M4 with a decreased
conception rate. Table 22 shows differences in herd size both
béfore.and after adjustment to the fixed feed resource. Herd
size was measured as the total number of cows exposed to
breeding including replacement heifers. Before adjﬁstment,
there was clearly a difference between .conception rates 6f
approximately 1694120 more cows being bred at the higher
conception rate due to more cows staying in herd to an older
age. After adjustment differences between herd size, there
were only 7-9 cows difference between low and high conception
rate, however, this was still>significant (P<.05). The lower

conception rate had a higher adjusted herd size. The
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difference between the two herd sizes related to age
distribution of thé.cattle. With a lower conception rate
there were less older cows maintained in the herd (as the
unadjusted herd size indicates), which resulted in the herd
having more young cows (heifers), relative to old cows.
Growing heifers have lower forage requirements allowing for a
few more to be maintained on the same feed resource. Results.
suggested an optimum replacement rate existed with a‘youngerw
age distribution in the herd being more efficient. Table 23
shows the average age of cows weaning calves. These results
agree with Bourdan and Brinks (1987c), where they showed that
both economic and biological efficiency decreased with
increased fertility due to mature cows being less efficient.
If the model stochastically determined breeding values of cows
and they were culled based on performance, similar results may
have been seen due to a shift in age distribution of the herd.

Another factor important in consideration of forage
requirements was type of forage being consumed. Young growing
heifers require higher quality feedstuffs than mature cows on
maintenance diets. However, with an older age distribution
due to increased fertility, feed expenses were higher on a per
cow basis.

Income from sales of yearling héifers was higher when
conception rate was lower (P<.05), as would be expected (table
25). Yearling heifer sales from low and high conception rates

were approximately 4% and 1.5%, respectively, of total income




Jonl. Lldl e S

[

62

from livestock sales (tables 25 and 27). Price received for
yearling heifers was $1.79/kg while cows three years and older
received $1.12/kg. The only reason for selling yearling
heifers in the simulations was failure to conceive, thus this
allowed a direct examination of effects of conception rate.
Income from sales of two year old heifers (weaning first
calf), also showed some effect of changing conception rate
(table 24), but only decreasing conception rate in M4 was
different from the base (P<.05). One problem with attempting
a direct comparison with this age group was that there were
more factors involved which diluted effects of conception
rate. These factors were dystocia and calf death. More two
year old heifers due to a higher conception resulted in more
calves being born, which meant that there were higher actual
number Qf cases of dystocia as well as more death losses,
leading to higher culling and subsequent sale of two year
olds.

Kress et al. (1988) found that older average age of
cattle within the cow herd led to an increase in biological

and economic efficiency and profit. However, their results

were based on net income per cow and not a herd basis adjusted

‘to a fixed feed resource.

Short et al. (1990) stated that maximal fertility, or
conception rate, will not necessarily be the most profitable
to producers. Instead, an optimum level is more often

desirable.
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Birth Weight. Manipulating birth weight had no
significant effect on net income per cow exposed in maternal
strains. There was a trend for birth weight to have opposite
effects on adjusted net income from what was expected.
Reduced birth weight resulted in decreased adjusted net income
while increased birth weight caused an increase in adjusted
net income.

changing birth weight resulted in a change in the
incidence of dystocia (table 20). More cases of dystocia from
higher birth weights caused more two year old heifers to be
sold. This is shown in table 26 as a change in the income
from the sale of these animals. Approximately one third of
heifers which experience dystocia were sold. These were
considered to be severe cases and animals were culled.
Furthermore, probability of conception was decreased by 10% in
animals which experienced dystocia, and any cow which did not
conceive was sold. These two factors resulted in an increased
number of two year old heifers being sold. This resulted in
a similar condition as what was observed when conception rate
was altered causing a change in distribution of ages within
the herd.

Differences in net income were not as large when birth
weight was changed as when conception rate was changed. Birth
weight only had a large effect on two year old heifers while
conception rate caused a decrease in number of pregnant

yearling heifers maintained.
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Mature Weight. In all maternal strains, decreasing

mature weight resulted in a decrease in net income per cow
exposed. Increasing mature weight had virtually no effect.
This can be explained by the fact that when mature size was
decreased, the cows still had the same milk demands from the
calf yet intake of adequate amounts to support calf became a
factor. This decrease in milk production resulted in lighter
weaning weights (table 21). Increasing mature size had
relatively no effect as the cow was close to optimum size for
calf production already and thus intake was already adequate
to support calf.

All changes in net profit Wére significant in méternal
strains when effects of changing mature weight were adjusted
to fixed feed resource and in the direction expected. Changes
in mature weight had an inverse relationship to adjusted net
income. As mature weight increases, so do nutritional
requirements of cattle. By adjusting just mature weight of a
cow and holding most everything else constant, productivity of
the animal remains constant while more forage was required for
maintenance. Decreasing mature size resulted in decreased net
income per cow exposed due to some decrease in product
produced, however, this change was offset by decreased forage
requirements. This is in agreement with Dickerson (1970) who
stated that "body size per se is of little importance in
determining either feed energy conversion or total economic

efficiency in animal meat production, when compared with
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~ functional ouEput per unit of body size". Loné et al..(1975)
found that when cows were fed in a pasture regimen, smal;er
mature size was more profitable. e

‘A further effect of adjusting mature size was oh
incidencé of dystocia. Increasing mature size decreased
incidehce of dystocia while decreasing mature size increased.
inqidences (tablel20). The decrease in total nﬁmber of calves
weaned contributed to the inverse rélationship seen-'with
adjusted net income. This occurred under the same prinéiples
which were described above for conception rate and birth
weight.

Number of calves weaned per cow exposed was significantly
less (P<.05) in coﬁs which had a decreased mature weight.
- Increasing mature weight had no effect on fertility (table
29). Number qf calves weaned per cow exposed at the low
conception rate was similar to number weaned at low mature
weight showing that decreasing mature wéight by 20% had a
similar.effect on fertility as decreasing conception rate by
6%l'.Thus, estimates of the effects of changing mature weight
on profit were confounded by changes in fertility. Tables 10,
11, and 12 'show changes in profit for the fhree maternal
sﬁrains. Changing mature weight had 'a larger effect oﬂ
adﬁusted net profit than changing conception rate sé it can be
concluded that changing mature weight did have an effect on
profitability of the systems beyond that explained by changes

in fertility alone. - M4 had the lowest change in profit for
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- mature weight after effects of conception rate'were subtracted
from it. The difference of $3286 was still greater than $1854
which was the difference required to be significant. The
difference. can not be used as an aetual figure, however, ‘it
does still snow a large amount of the effect of changing
" mature weight.

Weaning Weight. Adjusting weaning weight caused net

income to shift in anticipated directions. Changes were
significant for a decrease- in weaning weiéhf for net income
per cow exposed and increased weaning weight for adjusted net
income for all maternal strains. All other values approached
significance (P<.05). As discussed previously, there may have
been greater differences if milk production would have been

changed at the same time as weaning weight.

Terminal Strains -

Birth Weight. When birtn weight was increased in M3, net
income: per cow exposed was significantly decreased.
Deereasing birth weight did cause an -increase in‘net income
per cow exposed, however the change was not significant
(P<.05)". This would seem to suggest that the system was
sensitive to increasing birth weighf but that birth weight
possibly should not deerease any more than where it is
presently. Opposite results were observed with adjusted net
" income. As with maternal strains an inverse relationship was

present when profit was expressed on a ranch basis. Adjusted
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net income significantly decreased with decreased birth weight
for M3. Increased birth weight caused a slight increase in
adjusted net income but it was not enough to consider it to be
any different from the base run.

Birth weight had no effect on Tx. This was not
surprising as the model was not sensitive to changes in birth
weight for mature cattle.

Weaning _Weight. Decreasing weaning weight was
significant for both measures of profit in M3. Increasing it
did not cause any significant effect.

Both increasing and decreasing weaning weight were
significant for both measures of profit in Tx. The Tx strain
was a specialized sire strain with a primary purpose of
increasing both preweaning and postweaning growth of calves.
Tx sires were used on cows six to twelve years of age.
Resulting changes in growth of calves had a direct impact on

productivity of the system which directly affected net income.
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Table 10. Changes in profit due to changes 1iIn single

traits -MIL.

Net income Adjusted

/cow exposed, $ net income, $

+ - +
Mature Weight3 m0.816 -6.866* -3,021.8* 3,990.6*
Birth Weight3 ml.203 1.920 572.7 -425.5
Weaning Weight6 2.525 -5.139* 1,872.6*-1,531.8
Conception Ratec 1.760 -3.920* -168.9 400.6
Age at Puberty3 =1.065 0.060 825.7 591.5
Milk Production3 0.640 -2.977 -1,357.9 -1,395.7

3 20% change
b 22% change
c 6% change
value differs from base (P<.05)

Table 11. Changes in profit due to changes in single

traits -M2.
Net income Adjusted
/cow exposed, $ net income, $
+ - +

Mature Weight3 m0.730 -4_799* -3,354.1* 5,854.5%
Birth Weight3 ml_250 0.057 6.4 -465.7
Weaning Weight6 4.127* -7.806* 4,254.9*%-1,586.9
Conception Ratec 0.454 -4.416* -1,605.3 1,149.8
Age at Puberty3 m0.969 -1.539 555.7 351.9
Milk Production3 0.319 -2.377 139.9 -652.9

a 20% change
b 22% change
c 6% change
value differs from base (P<.05)
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Table 12. Changes in

traits -M4.

Net i1ncome
/cow exposed,

+ -—
Mature Weight3 2.307 -6.181*
Birth Weight3 0.256 -1.292
Weaning Weight6 3.052 -7.550*
Conception Ratec 1.433 -5.362*
Age at Puberty3 ml._358 -3.190
Milk Production3 1.198 -7.143*

3 20% change
b 22% change
c 6% change
value differs from base (P<.05)

Table 13. Changes in

traits -M3.

profit due to

Net income
- /cow exposed,

+ —_—
Birth Weight3 =4 _953* 0.425
Weaning Weight6 m0.367 -4.228*

a 20% change
b 22% change
value differs from base (P<.05)

profit due to changes in

changes in

single

Adjusted
net income, $

+

-2,177.1* 5,402.7*
1,100.7 -1,390.9
3,350.0* -1,950.0%*

-1,386.1 2,116.0*

988.5 -905.3
548.1 -2,380.5

single
Adjusted

net income, $

+

40.4 -1,957.9*
-202.0 -2,087.2
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Table 14. Changes in profit due to <changes in single
traits -Tx.

Net income Adjusted

/cow exposed, $ net income, $

+ - + -
Birth Weight?® 1.491* -0.601 9.9 -877.1
Weaning Weight? 5.026 -9.225" 1,922.7°-3,682.2"

& 20% change
f 22% chapge
value differs from base (P<.05)

The following tables (15 through 19) show effect of
changing genetic potential of traits. These tables are
similar to tables 10 through 14, however, they are expressed
as change in profit per unit change in each trait. They were
determined by dividing the total change by the number of units
that trait was changed (i.e. M1 mature ‘ﬁeight change in
adjusted net profit per unit change in trait = -3021.8/103.2=
-29.28). Tests of significance for tables 15 through 19 were
carried over from tables 10 through 14. Traits were changed
a fixed percentage for each trait ranging from 6% to 22%.
These changes resulted in a large differencé in actual amount
each trait was changed. For example, in M1 a 20% change in
mature weight resulted in a 103.2 kg difference while a 20%

change in birth weight caused a 7.402 kg change (table 15).
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Table 15. Changes in profit per unit change in trait -Mil.

Net income Adjusted

/cow exposed, $ net income, $

+ - + -
Mature Weight?® -.01 .07" -29.28" 38.67"
Birth Weight? -.16 .26 77.37 -=57.48
Weaning Weight® .05 -.10" 38.20" ~-31.25
Conception Rate? .31 -.69" -29.92 70.96
Age at Puberty® -.01 .00 10.89 7.80
Milk Productionf - .28 -1.31 -595.23 =-611.8

103.2 kg change

7.402 kg change

49.018 kg change

5.65% change

75.8 day change

2.281 kg change

value differs from base (P<.05)

* ~h 0 O O U

Table 16. Changes in profit per unit change in trait -M2.

Net income Adjusted

/cow exposed, $ net income, $

+ - + -
Mature Weight?® -.01 -.04" -30.44" 53.13"
Birth WeightbY -.17, .01 .86 -61.99
Weaning Weight*® .08 -.15 86.80 -31.33
Conception Rate? .08 -, 78 -284.12 203.50
Age at Puberty® -.01 '-.02 7.45 4.72
Milk Production? .14 -1.03 60.59 =-282.76

110.2 kg change

7.513 kg change

50.651 kg change

5.65% change

74.6 day change

2.309 kg change ,
value differs from base (P<.05)

* - 0 O 0 T o
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Table 17. Changes in profit per unit change in trait -M4.

Net income Adjusted

/cow exposed, $ net income, $

+ - + -
Mature Weight? .31 -.83" -19.03" 47.23"
Birth Weightb .03 -.17 147.17* -185.97*
Weaning Weight® .06 -.15" 67.01" ~39.00"
Conception Rated .26 -.98" -253.40 386.84
Age at Puberty® -.02 -.04, 13.25 -12.14
Milk Production’ .53 -3.17 243.28 -1056.59

114.4 kg change

7.479 kg change

49.996 kg change

5.47% change

74.6 day change

2.253 kg change

value differs from base (P<.05)

* -+~ 0 O 0 U o

Table 18. Changes in profit per unit change in trait -M3.

Net income Adjusted

/cow exposed, $ net income, $

+ - + -
Birth Weight® -.79" .07, 6.48 -314.12
Weaning Weight® -.01 -.09 -4.43 -45.73

# 95.2 kg change
6.233 kg change
: 45.645 kg change
value differs from base (P<.05)

o
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Table 19. Changes in profit per unit change in trait -Tx.

Net income Adjusted

/cow exposed, $ net income, $

+ - + -
Birth WeightP .17, -.07 1.14 -100.91
Weaning Weight® .10 -.18" 37.00° -70.86"

4 121.2 kg change
b 8.692 kg change
: 51.967 kg change
value differs from base (P<.05)

Table 20. Average incidence of dystocia®.

Changes in Changes in

mature weight birth Weight

+ - + -
M1 27" 38" 37 26,
M2 24 40 38 25*
M4 25" 37" 39" 26,
M3 : 31 32 46" 15
Tx 33 32 31 32

: average incidence of dystocia in base runs = 32
value differs from base (P<.05)

Table 21. Average calf weaning weight (kg)?.

Changes in Changes in Changes in

mature weight peak milk weaning weight

+ - + - + -
M1  228.37 225.9] 232.8 221.87  232.0] 222.1
M2 228‘.3* 225.9* 233.5* 221.4* 232.4* 221.7*
M4 228.2 225.9 233.2 . 221.1 232'4* 221.8*
M3 228.0 227.2 NA NA 229.2* 225.4*
Tx 227.8 227.2 NA NA -234.3 220.5

: average weaning weight in base runs = 227.5
value differs from base (P<.05)
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Table 22. Average herd size with changes in conception rate.

Original Adjusted

herd size? herd size®

+ - + -
M1 674, 577, 493" 500"
M2 680" 570" 492" 501"
M4 684 563 493 502
2 average adjusted base herd size = 637

average adjusted base herd size = 496

* value differs from base (P<.05)

Table 23. Average years of age of cows weaning calves.

Changes in
conception rate?®

3 : -
M1 5.58 5.23:
M2 5.60 5.22°
M4 5.58 5.22

: average age of cow weaning calves in base herd = 5.49
value differs from base (P<.05)

Table 24. Average adjusted net income?®.

Changes in | Changes in .
conception rate, $ Birth weight, $

+ - + -
M1 56,085 56,654 56,826 55,828
M2 54,648 57,403 56,260 55,788
M4 54,867 58,370 57,254 54,863
M3 NA NA - 56,294 54,296
Tx NA NA 56,263 55,376

: average income in base run = 56,254
value differs from base (P<.05)
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Table 25. Average income from sale of yearling heifers®.

Changes in
conception rate, $

+ -
M1 3,151.9 7,772.3"
M2 3,072.8 8,614.7.
M4 3,200.2 8,624.7

2 average income in base run = 5,812.8
E adjusted to fixed feed resource
value differs from base (P<.05)

Table 26. Average income from sale of 2-year-old heifers®

Changes in Changes in
conception rate, $ birth weight, $
+ - + -
M1 10,743 13,091 12,468, 9,743,
M2 9,762 13,320* 13,257 8,661*
M4 9,408 14,587 13,684* 9,311*
M3 NA NA 16,491 6,421

Tx NA NA 9,382 10,671

2 average income in base run = 10,825
® adjusted to fixed feed resource
value differs from base (P<.05)
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Table 27. Average total income from sale of all animals®.

Changes in

Changes in

conception rate, $ birth weight, $

+ - + -
M1 202,151* 204,609 203,716 201,995
M2 200,565* 205,468 203,243 202,079
M4 200,692 206,782 204,264 201,353*
M3 NA NA 204,250 200,119
Tx NA NA 202,570 202,082

8 average income in base run = 202,896

® adjusted to fixed feed resource
value differs from base (P<.05)

Table 28. Average total cost for system®.

Changes in

conception rate, $

Changes in

birth weight, $

+ - + -
M1 146,067: 147,955: 146,890 146,167
M2 145,917, 148,065, 146,984 146,291
M4 145,825 148,413 ‘146,910* 146,491*
M3 NA NA 147,957 145,824
Tx NA NA 146,307 146,706
8 average total cost in base run = 146,642

: adjusted to fixed feed resource
value differs from base (P<.05)
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Table 29. Average number of calves weaned per cow exposed“.

Changes in Changes in Changes in
conception rate mature weight milk prod.
+ - + - + -
M1 -837, .799; .836 .795" .827 .824
M2 .839* .796* .823 .802* .821 .827
M4 .840 .791 .833 .794 .819 .814
M3 NA NA .837 .820 NA NA
TX NA NA .921 .815 NA NA
3 average calves weaned per cow exposed in base run = .826

f adjusted to fixed feed resource
value differs from base (P<.05)
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Regression Estimates

Tables 30 through 34 give regression estimates of change
in profit per unit change for all traits examined in all
strains. Regressions predict the slope of a line caused by
changing a variable by one unit. The regressions calculated
were essentially the average effects (both increase and
decrease) from previous tables.

Most estimates were expected after examining above
results. One regression estimate which appeared to be
significant but unexplained, was the effect of changing age at
puberty on adjusted net income in M4. This result was perhaps

due to random wvariation.

Table 30. M1 regression estimates of economic weights.

Net income Adjusted

/cow exposed net income
Mature Weight ($/kg) .0293" -33.97"
Birth Weight ($/kg) -.2110" 67.43
Weaning Weight ($/kq) .0782" 34.73
Conception Rate ($/%) .4271" -50.40
Age at Puberty ($/day) -.0074 : 1.54
Milk Production ($/kg) .7926" 8.30

*

P<.05
P<.01

%k
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Table 31. M2 regression estimates of economic weights.

Net income
/cow exposed

Adjusted
net income

Mature Weight ($/kg)
Birth Weight ($/kg)
Weaning Weight ($/kg)
Conception Rate ($/%)
Age at Puberty ($/day)
Milk Production ($/kg)

.0185" -41.78"
-.0870 31.42
-1178” 57.67..
.4310 -243.81
.0038 1.37
.5838 171.68

*

P<.05
P<.01

sk

Table 32. M4 regression estimates of economic weights.

Net income
/cow exposed

Adjusted
net income

Mature Weight ($/kg)
Birth Weight ($/kg)
Weaning Weight ($/kg)
Conception Rate ($/%)
Age at Puberty ($/day)
Milk Production ($/kg)

.0371" -33.13"
.0135 166.57"
.1060" 53.00"
.6212" —320.11f
.0121 12.69"
1.8513 649.95

*

P<.05
P<.01

*%

Table 33. M3 regression estimates of economic weights.

Net income
/cow exposed

Adjusted
net income

Birth Weight ($/kg)
Weaning Weight ($/kg)

—.4314?
.0423

160.30:
20.65

*

P<.05
P<.01

*%




80

Table 34. TX regression estimates of economic weights.

Net income Adjusted

/cow exposed net income
Birth Weight ($/kg) -1203 51.02
Weaning Weight ($/kg) L1371 53.93

dek

P<.01
Selection Indexes

Selection indexes were calculated using the regression
estimates of economic weights from tables 30 through 34.
Phenotypic and genotypic parameters used to calculate the
indexes (tables 35 and 36) were taken from Koots (1993a,b).
only regression estimates of economic weights which were
significant were used in determining selection indexes.
Despite being significant in some strains, conception rate and
birth weight were not included. in selection index
calculations. As previously discussed, changing either
conception rate or birth weight resulted in a change in the
average age of the herd and it was not necessarily desirable
to include these traits in the selection indexes with the
determined estimated economic weights. Voluntary culling of
a greater number of animals could ﬁroduce the same result of
decreasing average age of the cows. This would be more
desirable than a decreased conceptlon rate as this gives the

producer the option of which animals to cull.
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Table 35. Heritabilities and phenotypic standard deviations.?

Trait h? S.D.
Birth Wt, kg 4 .31 4.3
Weaning Wt, kg .24 25.
Test ADG, kg/d .31 .134
Scrotal Circ., cm .48 2.7
Backfat, mm ‘ .44 2.6
Mature Cow Wt, kg .50 54.
Mat. Birth wt .14

Mat. Weaning Wt .13

& Taken from review by Koots, 1993a.

Table 36. Genetic and phenotypic correlations.?
Trait (No.) 1 2 3 4 5 6 7 8
Birth Wt (1) .50 .32 .04 =-.27 .67 =-.35 =14
Weaning Wt (2) .46 .44 .19 .24 .57 =.05 =-.16
Test ADG (3) .19 .09 .28 .19 .06 .04 .11
Scrotal Circ. (4) .13 .34 .36 .78 .00 -.07 .19
Backfat (5) -.07 .16 .18 .27 .00 .00 .00
Mature Cow Wt (6) .34 .45 .10 .00 .00 .00 .00
Mat. Birth Wt (7) .39

Mat. Weaning Wt (8)

a Taken from review by Koots, 1993b. _
Genetic .correlations above diagonal, phenotypic
correlations below diagonal.

Tables 37 through 44 give selection indexes for the five
strains of cattle. The economic weight of mature weight in

maternal strains was considered to be 2/3 of estimated
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regression to account for previously discussed éffects of
mature weight on profit. Only those regressioﬁ estimates of
economic weight of a trait.wﬁich were significant (P<.05) were
included in selection index calculations.

The predicted responses in ali maternal strains_show.a
desirable decrease in mature weight. As well, birth weight is
also predicted to decrease.- M1 and M2 both have a decrgase in
weaning weight which may not be desirable, however, it was,
deterﬁined that decreasing mature weight had a more
'~ significant effect on profit. |

H; and Mz'were weighted for weaniné weight and mature .
weight only. Maternal effect on weaning weight was used with
M4 along with weaning weight and mature weight. This was done
because it was shown that milk had a significant effect on

profit with M4 and this is translated through its effect on

weaning weight.
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Table 37. Selection indexes for the M1l strain.?

Bull Heifer

Economic Index Predicted Index

Trait Weight Weight Response Weight

Birth wt, kg 0.0 -55.1 ~-.97 ~50.0

Weaning Wt, kg 35.0 2.92 ~1.60 2.9
Test ADG, kg/d 0.0 874. .008
Scrotal Circ., cm 0.0 .15
Backfat, mm 0.0 .31

Mature Cow Wt, kg -22.6 -3.63 ~16.3 -3.65
Mat. Birth Wt, kg 0.0 .04
Mat. Weaning Wt, kg 0.0 .46

a

Economic weight = predicted change in adjusted net income
per unit change in trait.

Bull index = index weights used to rank bulls at end of
gain test.

Predicted response = predicted response in each trait per
phenotypic standard deviation of selection applied in
bull index.

Heifer index = index weight used to rank heifers and
bulls at weaning. For bulls, this 1is the "Pretest

Index".
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Table 38. Selection indexes for the M2 strain.?

Bull Heifer
Economic Index Predicted Index
Trait Weight Weight Response Weight
Birth Wt, kg 0.0 -67.5 -.80 ~59.6
Weaning Wt, kg 58.0 6.61 -.03 6.72
Test ADG, kg/d 0.0 1347. .016
Scrotal Circ., cm 0.0 .23
Backfat, mm 0.0 .38
Mature Cow Wt, kg -28.0 -3.98 -13.5 4.3
Mat. Birth Wt, kg 0.0 .06
Mat. Weaning Wt, kg 0.0 .71

a

Economic weight = predicted change in adjusted net income
per unit change in trait.

Bull index = index weights used to rank bulls at end of
gain test.

Predicted response = predicted response in each trait per
phenotypic standard deviation of selection applied in
bull index.

Heifer index = index weight used to rank heifers and
bulls at weaning. For bulls, this 1is the "Pretest
Index".

Table 39. Selection indexes for the M4 strain.?

Bull Heifer
Economic Index Predicted Index
Trait Weight Weight Response Weight
Birth wt, kg 0.0 -57.8 -.60 -50.0
Weaning Wt, kg 53.0 8.23 1.51 8.34
Test ADG, kg/d 0.0 "1328. ~.022
Scrotal Circ., cm 0.0 .30
Backfat, mm 0.0 .42
Mature Cow Wt, kg -22.0 -2.89 -9.88 2.3
Mat. Birth Wt, kg 0.0 .08
Mat. Weaning wt, kg 32.0 .91

a

Economic weight = predicted change in adjusted net income
per unit change in trait. :
Bull index = index weights used to rank bulls at end of -
gain test.

Predicted response = predicted response in each trait per
phenotypic standard deviation of selection applied in

bull index.
Heifer index = index weight used to rank heifers and

bulls at weaning. For bulls, this is the "Pretest
Index". : -
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Two selection indexes were calculated for M3. The first
selection indexes (table 40) give those calculated using
economic weights determined previously. The second selection
indexes (table 41) were calculated with change in birth weight
constrained to zero. This was done because the markefiné
strategy for M3 is based on low birth weight. Constraining
change in birth weight to zer§ would reflect a cohtinuing
commitment to this strategy. Increased birth weight is not
desirable and when not constrained the predicted résponse was
an increase of .69 kg for every standard deviation of

selection applied.

Table 40. Selection indexes for the M3 strain.?
Bull Heifer

Economic Index Predicted Index

Trait Weight Weight Response Weight

Birth wWt, kg : 0.0 2.16 0.69 4.3

Weaning Wt, kg 21.0 4.37 6.16 4,40

Test ADG, kg/d 0.0 374. .032

Scrotal Circ., cm 0.0 .32

Backfat, mm 0.0 .22

Mature Cow Wt, kg 0.0 10.5

Mat. Birth Wt, kg 0.0 .08

Mat. Weaning Wt, kg 0.0 .99

@ Economic weight = predicted change in adjusted net income

per unit change in trait.

Bull index = index weights used to rank bulls at end of
gain test.

Predicted response = predicted response in each trait per
phenotypic standard deviation of selection applied in
bull index. :
Heifer index = index weight used to rank heifers and
bulls at weaning. For bulls, this is the "Pretest
Index".
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Table 41. Selection indexes for the M3 strain - change in
birth weight constrained to zero.?

Bull Heifer
Economic Index Predicted Index
Trait Weight Weight Response Weight
Birth wWt, kg 0.0 -9.9 0.00 -11.5
Weaning Wt, kg 21.0 4.04 5.35 4.44
Test ADG, kg/d 0.0 236. ©.025
Scrotal Circ., cm 0.0 .62
Backfat, mm 0.0 14.9 .73
Mature Cow Wt, kg 0.0 4.5
Mat. Birth Wt, kg 0.0 .08
Mat. Weaning Wt, kg 0.0 1.00
@ Economic weight = predicted change in adjusted net income

per unit change in trait.

Bull index = index weights used to rank bulls at end of
gain test.

Predicted response = predicted response in each trait per
phenotypic standard deviation of selection applied in

bull index.

Heifer index = index weight used to rank heifers and
bulls at weaning. For bulls, this is the "Pretest
Index".

Three selection indexes were calculated for Tx. Table 42
gives selection indexes when only weaning weight is given
importance. Table 43 shows selection indexes when weaning
weight and test average daily gain are given equal importance.
Table 44 gives selection indexes when only test average daily
gain is given importance. Test average daily gain is
considered to be important in Tx and is the measurement that
has been used in the past for Tx. MacNeil et al (1993) were
able to show that economic. weight weaning weight was an
important trait to consider when weaning was the endpoint

(calves sold at weaning), but had less importance when
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ownership of calves was retained for a longer period of time.
Bourdan and Brinks (1987) also had similar results.

Test average daily gain was not measured in simulations
as all calves were considered to have been sold at weaning,
however, economic weights were estimated using weaning weight
economic weights. ‘This was done by determining the amount of
change required in kilograms per day in average daily gain to

equal a total change in weaning weight.

Table 42. Selection indexes for the Tx strain.?

Bull Heifer

Economic Index Predicted Index

Trait , Weight Weight Response Weight

Birth Wt, kg 0.0 5.55 .69 11.17

Weaning Wt, kg 54.0 11.24 6.16 s cs §
Test ADG, kg/d 0.0 963. .032
Scrotal Circ., cm 0.0 .32
Backfat, mm 0.0 .22
Mature Cow Wt, kg 0.0 10.51
Mat. Birth Wt, kg 0.0 .08
Mat. Weaning Wt, kg 0.0 .99

a Economic weight = predicted change in adjusted net income
per unit change in trait.
Bull index = index weights used to rank bulls at end of
gain test. '
Predicted response = predicted response in each trait per
phenotypic standard deviation of selection applied in
bull index.

Heifer index = index weight used to rank heifers and
bulls at weaning. For bulls, this is the "Pretest
Index".

As more emphasis was put on test average daily gain, the
predicted response of mature weight decreased. However, the
predicted response of weaning weight also decreased slightly

but test average daily gain increased, especially between the
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index with no weight for test average daily gain and where
weaning weight and test average daily gain are considered with
equal importance. With this in mind, it might be.desirable to
use the selection index which weights weaning weight and test
average daily gain with equal importance. This would allow
weaning weight to still increase, as well as test average
daily gain, while mature weight does not increase as much as
with all weight on weaning weight.

Table 43. Selection indexes for the Tx strain - equal

importance given to weaning weight and test average
daily gain.?®

Bull . Heifer
Economic Index Predicted Index
Trait Weight - Weight Response Weight
Birth Wt, kg 0.0 5.21 .67 1.7
Weaning Wt, kg 54.0 15.35 5.74 1131
Test ADG, kg/d 7560. 3231. .041
Scrotal Circ., cm 0.0 .35
Backfat, mm 0.0 .24
Mature Cow Wt, kg 0.0 . 8.05
Mat. Birth Wt, kg 0.0 - .07
Mat. Weaning Wt, kg 0.0 .96

a Economic weight = predicted change in adjusted net income
per unit change in trait. _
Bull index = index weights used to rank bulls at end of
gain test.
Predicted response = predicted response in each trait per
phenotypic standard deviation of selection applied in
bull index.
Heifer index = index weight used to rank heifers and
bulls at weaning. For bulls, this is the "Pretest
Index".
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Table 44. Selection indexes for the Tx strain - importance
given to only to test average daily gain.?

Bull Heifer
Economic Index Predicted Index
Trait Weight Weight Response Weight
Birth Wt, kg 0.0 -.34 .55 1.17
Weaning Wt, kg 0.0 4,11 4,51 .31
Test ADG, kg/d 7560. 2268. .044
Scrotal Circ., cm 0.0 .34
Backfat, mm 0.0 .23
Mature Cow Wt, kg 0.0 4.43
Mat. Birth Wt, kg 0.0 .06
Mat. Weaning Wt, kg 0.0 .79
a Economic weight = predicted change in adjusted net income

per unit change in trait.

Bull index = index weights used to rank bulls at end of
gain test.

Predicted response = predicted response in each trait per
phenotypic standard deviation of selection applied in

bull index.
Heifer index = index weight used to rank heifers and
bulls at weaning. For bulls, this is the "Pretest

Index".
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CONCLUSION

The objectives of this project were to determine economic
measures for different strains of cattle in different matiﬁg
systems and calculate economic weights and selection indexes
for genetic traits within the different strains. The system
simulated an operation which retained ownership of calves only
to weaning.

Several limitations of this research must.be considered
when interpreting and using the results. The environment
which was simulated was the Northern Great Plains with costs
and price received for livestock taken from Montana. Further,
calves were simulated only until weaning. It would be
possible to apply these results_té other breeds of cattle,
however, only if they are of similar biological types.
Economic weights and selection indexes were determined using
a rotationél-termiﬂal mating system (ROT3X).

Using a rotationalhcrossbreeding system with easy calving
sires bred to replacement heifers and high growth rate
terminal cross sires used on mature cows proved to be the most
profitable system. Most purebred strains, especially maternal
strains, were fairly similar in estimates of adjusted net
profit.

Performance traits in ROT3X system were compared using
net profit per cow exposed and adjusted net income. Both
mature weight and weaning weight were important tr;its

considered in maternal strains. Weaning weight and birth
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weight were important in M3. The only trait impértant in Tx
was weaning weight.

When attempting to determine breeding goals for
Beefbooster Cattle Alberta Ltd., many factors should be taken
into account. The previous traits mentioned were obviously
important, however, as noted earlier, mature weight had
confounding factors. Part of the profit differences exhibited
due to changes in mature weight in maternal strains were
associated with changes in fertility. Despite this, changes
in adjusted net income were still large enough for mature
weight to be considered important in selection of maternal
strains.

Rate of conception and birth weight had effectsAopposite
to what was expected. This was due to a shift in distribution
of age of the herd. Upon initial examination, this would seem
to indicate that it would be desirable to select for decreased
rate of conception and increased birth weight. This was not
the case. Changes in both of these traits resulted in
different culling rates within the herd which resulted in
changing distribution of age of the herd. If pregnancy rate
were to decrease and birth weight increase, "involuntary"
culling would increase leading to less choice of the producer
to select desired animals. . Furthermore, adequate or even
excellent producing animals may be culled. For these reasons
it is desirable to maintain rate of conception as high as

possible and birth weight low and to voluntarily cull low
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producing cows and poor replacemenf heifers trying to maintain
as young of an age distribution in the herd as possible.

The model proved to be more sensitive to reproductive
traits than any other. Any errors in predicting these traits
for current beefbooster strains would then have had a larger
effect on the systenmn. It is important to estimate these
traits as accurately as possible, especially rate of
conception.

In the model, birth weight only affected incidence of
dystocia in first calf heifers. Because of this, estimates of
economic efficiency may have been underestimated, especially
in Tx. This is because it is possible that an increase in
birth weight may cause an increase in dystocia in older cows.

Age at first estrus was estimated from mature weight as
no direct data on puberty were available. Using estimated
ages, changing these ages has no effect on the system. It is
important to realize that if actual age at first estrus is
later than what was estimated, then it may be an important
factor.

Chaﬁging‘milk production essentially had no effect on the
results. This was a result of a tradeoff between higher
weight output and higher forage consumption. It may have been
more important if weaning weight was altered at the same time.
As weaning weight was shown to be one of the more important

traits, it might be considered wise to add some emphasis on
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increasing milk production when selecting for higher weaning

weights.
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APPENDIX A

Sample Output From Simulation Run
of ROT3X System
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EXECUTION BEGAN 04-21-1993 09:16:55:07 INPUT FILE - RN\RUN\1243X.002
MATING SYSTEM = M3 + Tx + Rotational

GENOTYPE NUMBER

124 17

142 17

214 17

241 17

412 17

421 17

NO. OF YEARS NO. OF COWS NO. OF MGT. GRPS.
12 102 4
NO. OF
CALVES

YR STRS AVGWT RHF T HF AVGWT TCV  AVGWT  AVEAGE cwT
2 0 .00 0 0 W , O 0 - -
3 48 222.63 1 0 39 2202 8 221.5 207.7 19273.5
4 31 227.39 1 0 39 217.6 70 221.9 194.4 15535.0
5 31 228.20 1 O 33 209.8 64 218.7 192.5 13996.9
s 28 235.49 1 O 30 2245 58 229.8 193.2  13329.7
7 22 236.24 10 20 231.1 _  233.3 192.8 11898.1
8 26 2443110 20 233.9 46 239.8 196.8  11030.8
9 20 237.39 10 20 221.8 40 229.6 188.9  9184.6
10 19 239.96 1 O 15  226.7 34 234.1 192.2  7959.4

11 16 240.81 1 15 230.8 31 235.9 195.1 7314.3
12 13 238.14 1+ 95 14 235.5 27 236.8 196.4 6393.2

o



DEAD
YR AGE //0ONS  COWS
2 [ 95 0
3 2 76 0
4 3 66 0
5 4 60 0
6 5 55 0
7 6 48 I
8 7 43 1
9 8 39 I
10 9 33 2
11 10 27 2
12 0 0 2
CLVS BORN CLVS WEANED
540 508
CLVS BORN CLVS WEANED
540 508
CALF ©JT. WEANED/COW EXP.
188.481
# COWS EXP. (NOT LAST EXP)
615
TOTDM  (kg) TOTME  (kg)
27392210 65481280
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SOLD AVGFATZ
COWS  //DYSTO  AVG WT  (@BRDING)
7 0 418.63 .1068
26 28 621.68 .2619
36 4 631.07 .2694
a2 | 628.36 .2666
a7 0 619.52 .2543
53 5 610.81 .2424
58 2 607.45 .2373
62 2 611.81 .2438
67 | 611.09 .2428
73 611.23 .2424
100 611.03 .2416
M1 M2 M3 M4 T
58 66 87 68 229
MI M2 M3 M4 T
58 66 87 68 229

NUM. CALVES PER COW EXP.
.826
TOTAL # OF COWS EXP.
642
TOTCP  (kg) TOTMLK (kg)
393280.3 785989.2



Output

Calf Weight

Yr . Heifer Weight
2 Yr. Weight

3+ Yr. Weight
Total Cow Weight
Total Weight
Steer Wt. Equiv.

kg
AUM

Output

Calf Weight

Yr . Heifer Weight
2 Yr. Weight

3+ Yr. Weight
Total Cow Weight
Total Weight

Steer Weight Equiv.

108

Biological Inputs ($/kg)

DM ME CP
28.8195 68.8932 4.1377
703.5104 1681.7470 101.0056
217.9291 520.9612 31.2889
57.0610 136.4049 8.1925
42 4896 101.5717 6.1004
17.1721 41.0501 2.4655
21.7073 51.8915 3.1166
FEED ($) NONFEED ($) CASH ($)
132462/80 58452 .48 194030.00
GRASS HAY ALFALFA HAY RANGE
439711.60 605656.30 1656532.00
1444 .52 1989.67 5441 .96
Cash Inputs ($/kg)
FEED NONFEED CASH
1.3936 -6150 2.0414
34.0202 15.0123 49_.8325
10.5386 4.6504 15.4368
2.7593 1.2176 4.0419
2.0547 -9067 3.0097
.8304 .3664 1.2164
1.0497 -4632 1.5376
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STEER HEIFER YRLNG 2-YR 3&>-YR TOT
PRCE
® 2.08 1.99 1.79 1.32 1.12
WT
kg) 659208.19  35839.38 3893.65 12569.32 48005.09 159515.60
DLRS
® 119700.50 69285.12 6601.38 15678.97 51738.88  263004.90
NET INCOME (%) - 68974 .92
NET INCOME/EXP ($) = 112.15
NET INCOME/TEXP ($) - 107.44

ADJUST - .7718
Adiusted Cash Inputs ($/kg)
Output FEED NONFEED CASH
Steer Wt. Equlv. -1304 1.3759 1.5063
HAY BOUGHT kg $
GRASS HAY 114361.10 6303.58
ALFALFA HAY 42434 .13 3508.03
NET INCOME ($) - 56285.97
AGE IN YEARS - o 12 3 4 5 6 7 8 9 10 11 12
MGT GROUP - 12 3 4 5 6 7 8 9 10 11 12 13
MGMT START STOP WEAN SELL NO. NO . CREEP
GROUP BRDNG BRDNG DATE DATE FOR. SUP. CODE
1 130 190 275 300 2 1 0
2 130 190 275 300 3 3 0
3 144 204 275 300 3 2 0
4 144 204 275 300 4 0 0



HO

MANAGEMENT GROUP NO. 1

FggéEE BEGIN LIMIT ME/DM NDF/DM  CP/DM RDP/CP $/DM CONSUMED
1 280 1.0 2.60 -5000 -1400 -6500 .03 24081.05
2 331 99.0 2.10 -4600 -1700 -6500 .08 26260.58
SUPPLEMENTS
1 280 1.0 3.04 -1900 -1350 -7300 .10 9527.03

MANAGEMENT GROUP NO. 2

EggéGEBEGIN LIMIT ME/DM NDF/DM CP/DM  RDP/CP  $/DM CONSUMED
2 | 99.0 2.10 -4600 -1700 -6500 .08 109264 .50
| 121 1.0 2.60 -5000 -1400 -6500 .03  199453.20
2 331 99.0 2.10 -4600 -1700 -6500 .08 40218.90

SUPPLEMENTS
1 | 1.0 3.04 -1900 -1350 -7300 .10 16617.19
2 151 0 3.04 -1900 -1350 -7300 .10 .00
3 331 1.0 3.04 -1900 -1350 -7300 .10 3611.84

MANAGEMENT GROUP NO. 3

EggéGEBEGIN LIMIT ME/DM NDF/DM CP/DM  RDP/CP $/DM CONSUMED
2 | 99.0 2.10 4600 .1700 6500 .08 148452.50
1 121 1.0 2.60 .5000  .1400 6500 .03 245638.00
3 331 99.0 2.05 .6000  .1200 6500 .06 23418.59
SUPPLEMENTS
1 | 1.0 3.04 1900 .1350 7300 .10 7636.17

2 75 0 3.04 -1900  .1350 7300 .10 .00
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MANAGEMENT GROUP NO. &

FORAGE . ' .
CODE BEGIN LIMIT ME/DM NDF/DM CP/DM RDP/CP $/DM  CONSUMED

3 1 99.0 2.05 .6000 .1200 .6500 .06  298675.40
2 75 99.0  2.10 .4600 .1700 .6500 .08  281459.80
1 121 1.0 2.60 .5000 .1400 .6500 .03 1187359.00
3 331 99.0  2.05 .6000 .1200 .6500 .06 . 117617.50
SUPPLEMENTS

EXECUTION ENDED 04-21-1993 09:26:36:90
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APPENDIX B

Supplemeritary Tables for
Systems Profitability
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Table 45. Calf weight weaned per cow exposed.

Strain/mating Calf weight weaned
system per cow exposed, kg
ROT3 189.98°
ROT3X 187.90°
ROT 186.98%
M2 175.51°
M1 166.06°
M4 165.07°
Tx 163.42°¢
M3 ' 140.84¢

abed Means within columns with different subscrlpts differ
significantly (P<.05).

. Table 46. Number of calves per cow exposed.

.8train/mating Number of calves
system ‘per cow exposed
ROT3 .833%
ROT3X .826%
ROT . .8232
M2 .808P
M1 .789°¢
M4 .780°¢
Tx .774°

M3 L7224

abed Means within columns with different subscrlpts differ -
significantly (P<.05).
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Table 47. Number 6f cows exposed.

Strain/mating Original Adjusted®
system .

ROT3 - 649b 496f
ROT3X 637" 495f

ROT 632P 496f

M2 592¢ 5114

M1l 5449 537¢

Tx 5324 , 501°

M4 5244 5124

M3 421¢ 587°

a Adjusted to the fixed feed resource base
f Means within columns with different subscripts dlffer

51gn1f1cantly (P<.05).

Table 48. Breakeven prices.

Strain/mating Orlglnal Adjusted
system )
M3 1.73P 1.71°
Tx 1.65°¢ 1.64°
M1 1.64° 1.63°
M4 1.64° "1.63°€
M2 1.63¢ . 1.60¢
ROT : 1.57¢ . 1.56°¢
ROT3 1.56° - 1.56°

~ ROT3X 1.55° 1.51f

a Adjusted to the fixed feed resource base
f Means within columns with different subscrlpts dlffer

significantly (P<.05).







