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ABSTRACT

Breeds of cattle (Hereford, Angus, Gelbvieh, Simmental, Charolais and Limousin) were

evaluated to establish economic values of production performance and determine the

optimum breed proportion in the composite that wilt maximize net merit. Breed data were

sourced from Beef Improvement Ontario and Meat Animal Research Center which

conduct studies or collate data on beef cattle performance. Production performance

included mature size, survival rates of calves with assisted and unassisted calving,

residual feed intake in growing and mature animals, fertility rates of heifers and cows,

survival rate of cows and peak milk production. Cost of production as well as avetage

price of marketed animals in Manitoba were used to estimate economic values of

production performance. A farm model was developed to describe animal feed intake,

growth patterns and sales of the various classes of animals. The profitability of the

classes of animals was estimated using a profit function. This model was then used to

estimate the economic values of animal traits. The economic values derived from the

profit function were used to obtain the optimum net merit and breed proportion in a

composite line of beef cattle. Breed performance levels combined with economic values

had an influence on the proportion of each breed in the optimum composite. The

optimum composition of the composite included Angus, Gelbvieh, Simmental, Charolais

and Limousin breeds. In addition to the influence of breed effects, heterosis contributed

signiflrcantly to the profitability of the optimum composite. The proportion of each breed

in the optimum composite varied according to breed data source and production system.
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1. General introduction

A composite breed is a breed formed from a combination of existing breeds and is

meant to be more suitable for a given production system or environment than the existing

breeds. The development of a composite breed of beef cattle requires crossing of existing

cattle breeds which vary in morphological characteristics and production performance to

give a new breed with optimum net merit. The net merit will be based on economic worth

and depend upon important traits associated with beef production. Composite breeds of

beef cattle are an alternative that the industry is beginning to use.

The beef cattle population in Canada has undergone a genetic change as a result of

importation of breeds beginning in the early 1960's. Breeds from Continental Europe

referred to as exotic breeds, have replaced a proportion of the British breeds, which were

prevalent. This shift in breed popularity was driven by the demand from the consumers

and need of producers for improvement in production effrciency, product quality and

economics. The British breeds were charactefized by smaller mature size, earlierrate of

maturity and less lean carcass while the exotic breeds were known for heavier mature

sizes, late maturing rate and leaner carcasses.

Breed differences among cattle have been evaluated in considerable detail (Amer et

al., 1992; Gregory et al., 1993; Marshall, 1994; Schenkel et al., 2004). While some breeds

have better performance in carcass traits, others do in dairy characters and growth traits.

Information regarding these differences becomes pertinent to producers (especially

purebred breeders) in the classification of breeds based on their productive potentials.

The information on breed differences is based on studies at the Meat Animal Research



Center (Gregory et a1., 1999; Cundiff et al., 2004) in the United States and crossbred

performance records from Beef Improvement Ontario in Canada (Sullivan ef a1.,1999).

Economic worth of important traits is used to derive selection indices in many species

of farm livestock. The adoption of multi-trait indexes has been slow in the beef cattle

industry. The acceptance of such systems would result in increased genetic response to

selection. Various studies have developed methodology for the identification and

derivation of economic values of important traits in the beef industry (Brascamp et al.,

1985; Koots and Gibson, 1998a; Lewis et a1., 1990). Economic values for the traits as

reported in these studies varied from study to study suggesting importance of traits

depended upon specific environment or production systems. V/hile the importance of

survival traits is similar across most production environments, other traits may be unique

to specific environment e.g. trypano-tolerant cattle

Important traits possessed by individual breeds can be exploited by crossbreeding.

Some breeds excel in milking and mothering ability while others have superior growth

rate and carcass quality. Breeds that excel in maternal ability may be used to generate

replacements, while breeds with superior growth and carcass quality are better suited as

terminal sires.

While crossbreeding has been accepted in the beef cattle industry, the use of

composite breeds based on exploiting the desirable morphological characteristics and

production performance among breeds has attracted interest in the industry (Hayes et al.,

2000) especially when based on reasonable economic objectives and selection for the

optimization of breeding objectives. More uniform progenies are produced from

crossbreeding because of segregation in the newly developed composite breeds. The Beef



Booster, Hays Converter and Shaver Beef Blend are composites in Canadawhereas Beef

master, Brangus, santa Gertrudis, Braford etc., were developed elsewhere.

The review of Shrestha (2005) suggests that the development of most composite

populations in the world has not been based on quantitative genetic principles but rather

an outcome of crossbreeding activities. To build upon the genetic base of such crosses,

there is need to put together the components required in the formation of a composite line

of beef cattle incorporating available information on the contributing breeds as well as

knowledge of the performance of the expected composite. Lin (1996) has described a

procedure of achieving an optimum proportion of each breed in the development of a

composite breed.

This study was undertaken to follow the quantitative genetic principles guiding the

formation of a beef cattle composite line, incorporating information on important traits of

parental breeds, economic values of traits and derivation of the composite line that would

maximize net merit. This would include

1. Determination of the profitability of the alternative genotypes best for production

systems evaluated.

Derivation of the economic values of important traits in the production systems.

Derivation of the breed proportions in the composite that would generate the

optimum profit.

2.

J.



2. LITERATURE REVIE\il

2.1 Breeds

There are many definitions of what constitutes a breed, (Hammack, 2005). The most

accepted definition is that given by Lush (1948) i.e. "a breed is a group of domestic

animals, termed such by cornmon consent of the breeders" and followed by registration.

Many breeds are named according to geographical origin, for example Hereford and

Aberdeen Angus. Breeds are often easily identified by physical characteristics such as

color. Knowledge of requirements, pedigree, morphological characteristics and

production performance of each breed is necessary for breed selection in crossbreeding

programs (Fiss and Wilton, 1992). Evaluation of some beef breeds in the United States

(Wheeler et al.2005) concluded that differences exist among the continental breeds and

the British breeds. The continental breeds have been reported to surpass the British

breeds in leanness, muscling, carcass yields, but have less marbling and similar growth

rate.

Phylogenetic studies have supported the grouping of the two classes of breeds on the

basis of Microsatellite (MacHugh et a1., 1997) and Amplified Fragment Length

Polymor-ohism (AFLP) (Ajmone-Marsan et a1.,2002). The studies showed closer clusters

among the British breeds and the continental breeds i.e. Bos taurus according to

geographic origin following domestication and migration.

2.1.1 The British breeds



The Hereford and the Angus (red and black) are the most popular British breeds in

Canada and for many years, so was the Shorthorn and have had a long history of

adaptation to the environment before the introduction of the exotic breeds from

continental Europe. The traditional British breeds were known for their early maturity,

small to medium frame and good foraging ability. The Hereford breed with origin in

Herefordshire England was introduced into Canada in 1860 (CAGR, 1997). It is

preponderantly red in colour with the head, brisket, throat, belly, feet and switch all white

in colour. They can be polled or horned. Lack of pigmentation on the eyelids of some

purebred Herefords predisposes them to cancer eye disease (New South Wales

Department of Agriculture, 2005). The Aberdeen Angus breed was first imported into

Canada in I876. Most literature does not delineate the type of Angus breed since some of

them may be the carriers of the red gene, nevertheless both red and black Angus cattle

have same characteristics and are naturally polled (Canadian Angus Association, 2005).

2.1.2 The continental exotic breeds

The continental breeds from Europe introduced into Canada in the early 1960's \¡/ere

driven by the demand for lean meat. Apart from having lean carcasses, they are also

characteized by larger frames, heavier weights and some with higher milk production

than the traditional British breeds. These European breeds were late maturing with rapid

growth. Four popular breeds are the Charolais, Gelbvieh, Limousin and Simmental.

The Gelbvieh is a dual purpose breed (milk and meat) of German origin derived from

Celtic German Landrace, Simmental, Shofhom and Heil-Brown Landrace although

many other breeds have been incorporated into it (CAGR, 1997). The North American



Gelbvieh is often selected as a maternal breed due to milking ability. The breed has both

horned and polled animals with the coat colour ranging from reddish-yellow to light

brown although some black has been introduced into the breed. This Simmental is a

Swiss breed introduced into Canadain 1966 from France. Originally developed as a triple

purpose breed, they may be white or red in colour with the red ranging from dark red to

fawn or tan with their faces, legs and tail white in colour. They can be homed or polled.

The Charolais is usually white in color was imported from France. The breed was the first

exotic breed to be introduced into Canad a n 1966 comprising 30 bull calves and 79

heifer calves. The Canadian Charolais Association reports that the first Charolais crosses

were imported into Alberia by a producer in 1953 and the association was formed in 1959

and formally recognized in 1960. The Charolais is known for rapid growth and large

body size.

The Limousin originated from France and historically was mainly used for draft. It

was introduced into Canada in 1967 and has been developed purely as a beef breed

(CAGR, 1997). They are dark yellow-red or light red in areas around their eyes, muzzle

and legs. They may be polled or horned.

J'' Breed traits

Breed comparisons reported by Meat Animal Research Center (MARC) in U.S.A and

Beef Improvement Ontario (BIO) in Canada provide information on the current trend and

genetic progress. Breed comparisons reported by MARC are carried out among calves

born in same period of time. They are progenies of parents of different breeds that have

been kept under uniform environmental conditions and receive the same feeding and



management. The standardization of the environment offers comparison of the breeds.

The female progenies are usually compared for growth, fertility traits, matemal

performance and age at puberty, while the steers are compared for growth and carcass

traits (Cundiff et al.,1993).

The current genetic trends and status of some traits of breeds assessed in Canada

expressed on annual basis represent the average changes that have taken place within the

breed. The direction of improvement of the different traits varies from an increase in

yearling weights or mature sizes, or decrease in birth weight. The results vary among

breeders and are averaged over a variety of herd environments.

2.2.1 Body weights

Mature weight is reached when any further increase in live weight (other than gut fill)

only results in increased fatness (Phillips, 2004) or maximum point of muscle deposition

(Owens et al., 1993). While some body parts such as skeletal dimension rarely display

negative growth, traits such as the body weights are much more affected by

environmental factors (Fitzhugh and Taylor, l97t) such as the forage environment

(Sandelin et a1., 2002) which affect achievement of mature size at a particular age of the

cattle.

The estimation of the mature weight of animals especially beef cattle is necessary

because of its significance in the growth pattern. An accurate method may be to compute

the average of all the weights on an individual animal when it has stopped growing.

Another method may be use of the Brody's gro\¡/th curve which gives the mature weight



of an animal as the highest point of the curve that results in insignif,rcant increases in

growth @ullock et al., 1993).

Mature weight is highly heritable (Kaps et al., 1999), with estimates of 0.5 for ,Bos

taurus and 0.55 to 0.85 for Bos indicus @hillips, 2004). Genetic correlations between

mature weight with yearling weight( 0.89), birth weight (0.64) and weaning weight

(0.80) (Bullock et al., 1993). Taylor and Fitzhugh (i971) reported low to moderate

genetic correlations between time taken to mature and mature weight. This however

indicates that it takes a longer time for genetically heavier individual within a breed, to

attain their mature body weight. Animals heavier than average at maturity tended to

mature slowly. Heavy mature weights have been reported to be undesirable for ruminants

intended to be kept for reproduction due to likelihood of increased birth weight and

dystocia (Owens et al., 1993)- These observations indicate that animals of higher mature

sizes may not really have an advantage over the lighter ones given the time and feed

considerations, therefore one must balance mature size and growth rate, especially in

steers.

Mature weights are shown in Table 2.1 from Meat Animal Research Center (Gregory

ef al. 1999) where mature sizes are observed directly on 6 yr old cows and the Beef

Improvement Ontario (Sullivan et al. 1999) inferred from the yearling weights based on

the assumption that yearling weights constitute 58% of the mature weight.



able 2.1: Various wei

Breeds

Hereford
Ansus

Gelbvieh
Simmental

Birth weight

Charolais

measures for the different breeds of cattle

39.7

Limousin
TheBIornaturesizeswerederivedfromtheBIoyearlingweights(Sullivanetal'1999)
weight is 58% of the mature size. The MARC (Gregory et aI. 1999) mature sizes represent the average breed mature sizes from 6 yr
old cows. Mature size values shown here are adjusted for genetic trend and used later in Table 3.4.

38

Beef Improvement Ontario weiehts (Ke)

.1

40.s
43.3

Weaning
weisht

42.4
38.8

237.7

249.t
244.s
280.3

Yearling
weieht

271.4
244.8

399.r
406
4t3.4

.l

435.t
430.6

Mature size

408.3

688.1

700.2

712.8
750.2

IVIeat Animal Research Center weishts (Ks)
Birth weight

742.4
704.0

36.r
34.4

43.3

42.&

Weaning
weisht

44.6

39.3

185.0

t99.5
247.3
247.3

Mature size

237.3
209.5

533.2

538.2

6t4.s
6t3.2
650.5
588.2



Weaning weight is another growth measure on calves which depends on the growing

ability of the calves as well as the maternal ability of the dam. Weaning usually occurs at

the end of the lactation of the cow when calves reach 7 to 8 months of age. Weaning

weights are necessary in beef production because it is usually the rnarket endpoint in

many cow-calf production systems. In the system utilized in this thesis, calves are

marketed at weaning and heavier calves attract greater value.

The birth weights of steers are estimated to be 0.064 of the mature cow weight (Fiss

and V/ilton, 1993) and of heifers is 0.97 the birth weight of steers. It is considered an

important breed characteristic and reference point on subsequent development of

individual cattle (Bakir eta1,2004). Va¡'ious relationships exists between birth weight

and other traits such as gestation length, calf sex, dystocia (Bellows et al., 1971b) and

prenatal mortality (Johanson and Berger, 2003). Longer gestation length increases the

weight of the foetus before calving. This is due to increased deposition of tissues on the

calf before bith. Such Dystocia has been associated with calves of high birth weight

unlike those with low birth weight. Higher birth weights have been reported for male

calves than female calves (Melton et al., 1967). Breed effect is significant for birth

weight (Ferrell, 1982; Jenkins and Ferrell, 1994). Some reasons suggested for the

differences include differing gestation lengths and differences in the size of dams. High

birth weights are discouraged due to the associated death of calves or the increase in cost

spent in assisting cows experiencing dystocia.

10



2.2.2 Milk production characteristics

In general, beef breeds are not good milkers, although some are of dual purposes, for

milk and beef. The milk producing abilities of any cattle breed affects their maternal

characteristics as well as the rate of growth of the calves. Higher milking cows tend to

produce rapid growing and heavier calves at weaning which may influence suwival rates

of calves to weaning.

Most cattle breeds follow the standard lactation curve (Jenkins and Fenell, 1993). of

the cow which progresses gradually until reaching the peak and starts declining. Milk

production can be related to the breed, body size as well as the weight of the calf. Some

North American studies have reported higher milk yield at peak lactation for the

Gelbvieh and Simmental breeds (Jenkins and Ferrell,7993; NRC, 1996) and lower values

were reported for Charolais, Hereford and Limousin. Koots and Gibson (1998a) adapted

an equation from the study of Fox et al. (1988) which describes an association of peak

milk yield to the weaning weight and mature size.

The milk production pattern of most beef cattle progresses as the calf grows, peaks at

a point before decreasing in the last lactation phase. The milk yield ability of a cow is

influenced by the calf and the cow and is considered as an important trait (Miller and

Wilton, 1999) in beef cattle production. Beef cattle milk production is considered a major

maternal effect on growth of calves till weaning, having a genetic component and a

permanent environmental component due to the cow (Meyer et al., 1994).

Estimations of various parameters for lactation incorporates factors such as cow or

replacement heifer age, week of peak lactation (n) or days to peak lactation, peak milk

yield ( PKYD) and duration of lactation. Other requirements are composition of milk fat,
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solids non-fat and milk protein. Models for estimation of the milk yield have been

presented both on daily basis (Koots, 1994) and on weekly basis (NRC , 1996) and which

has been used to calculate the metabolizable energy requirement (Fenell and Jenkins,

1e8s).

Beal et al. (1990) on Angus or Angus-Holstein crossbred cows used two procedures,

these were suckle-weigh (SW) and milking machine (MM) procedures to estimate milk

production. Hand milking can also be used in the estimation of milk production,

although direct means in estimating milk production are not popular because of

unavailability of records and difficulties encountered in measuring actual milk production

(Diaz et a1., 1992; MacNeil and Mott, 2006).

Other methods have been sought for in the estimation of milk yield of beef cattle. One

of which is the use of maternal weaning weight expected progeny difference (EPD). The

matemal weaning weight EPD is calculated from the preweaning gain of beef calves and

can be used as an aid in selection on milk production (USDA-ARS-LRRL, 2005).

Weaning weights of calves have been used as an indicator of the milk production ability

(Diaz et al., 1992) ormothering ability of the dam as well as growth of the calves. The

matemal weaning weight EPD or combined maternal EPD (Evans and Buchanan,2}}4)

is half the weaning weight EPD and the milk EPD and are measures of weaning weight.

The milk production differences between sires can be predicted directly from the milk

EPD of their daughters (Diaz et al., 1992; Marston et al., 1992). MacNeil (2002) reported

that a 24kg increase in milk production in a lactation is associated with a lkg increase in

milk EPD. The relationships among milk EPD, total milk yields (TMÐ and adjusted calf
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weaning weight (aCWW) are shown on table 2.2 fu the Angus and the Simmental

breeds.
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Table 2.2: Regression coeffrcients among milk expected progeny difference (EPD), total
milk yield (TMÐ and adiusted calf weaning weight (aCWW).

Regression of Angus Simmental

Milk EPD on TMY

TMY on aC'WW

Milk EPD on aC'W-W

42.1

0.t4

4.85

69.30

0.03

3.74

From Marston et aL. (1992)
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2.2.3 Fertility rate and embryonic survival rate

Fertility is a major indicator of a cow's reproductive performance. Darwas et a|.

(1997) defined fertility as the ability of an animal to conceive and maintain pregnancy.

The conception rate can be used to evaluate the fertility of cows @ousquet et al. 2004)

due to the high correlation. Some factors such as age have been observed to influence

the fertility of cows. The review by Bousquet et al. (2004) reports decreasing fertility in

dairy cows with increasing age. Cows have been reported to have about 50%o (Tribe,

1999) lower conception rates than heifers possibly due to restriction in performance,

nutrition, health and production. Some producers may argue this given that first calf

heifers are more diffrcult to breed than cows. Embryo loss after conception has been

identifred as a major problem facing the cattle industry (Monis et al., 2001) which may

reach as high as29-39%o (Dunne et al., 20OO)resulting in reduced reproductive effrciency.

2.2.4 Calving ease

Calving ease is a measure of the ease with which a calf is bom, an important

reproductive economic trait (V/ang et a1.,2002). Calving ease has been measured as

unassisted (U), easy pull (E), hard pull (H), surgical (S) and malpresentation (M). The

estimation of calving ease is difficult to analyze statistically and usually indirectly from

birth weight (due to its moderate correlation with calving ease) which is a continuous

quantitative observation while the calving ease categories are discrete (Wang et al.,

2001). The Snell score is used to improve discrete approach of the traditional

classification of calving ease by expressing it as a proportion of unassisted birth. Another

was a scoring system with scores from I to 4 for "no assistance", "minor assistance",
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"major assistance" and "caesarlrart" (Ritchie and Anderson,1994). Calving ease can be

partitioned into two components i.e. the direct component and the maternal component.

The maternal calving ease effect is due to characteristics of the dam giving birth e.g

pelvic dimensions, while direct effects refer to characteristics of the calf such as the calf

size @ekkers, 1994).

The term, dystocia, refers to difficult birth. The difficulty in calving is more coÍrmon

in heifers. The major factor causing dystocia is birth weight (Paputungan et a1., 1998)

relative to size of mother. According to Meijering (198a) feto-pelvic incompatibility may

be the most important single cause of dystocia. There is a higher occrlrrence of dystocia

in male calves (Bellows et al., 1996; Laster et al., 1973) (in both first and second

parrurition) with birth weight of 45.5 kg or greater (Rutter et al., 1983) however, weight

\ryas not considered a significant factor influencing dystocia for female calves with no

significant increase in dystocia occurred among female calves at first parturition until

birth weight exceeded 50kg. The correlation between birth weight and calving ease is

negative (-0.19) and non linear (Wang et al., 2001).

Other factors influencing dystocia are dam age at calving (Laster et al., 1973), hip

width and rump length on pelvic area (Bellows et al.,I97la), season (in winter months,

gestation length increased leading to increase in calf size) (McClintock et al., 2005) and

crossbreeding. Crossbreeding cattle of different mature sizes may result in increased

incidence of dystocia. It has been reported that crossbred calves tolerate higher levels of

stress during dystocia than straightbreds (Laster and Gregory, 1973).

Calving difficulty seems to be an important risk factor contributing to the early

culling of beef females, and management may seek to reduce its frequency or mitigate its
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effects (Rogers et a1.,2004). Calving diffrculty can be reduced or controlled by genetic

selection using expected progeny differences (EPD) for birth weight or calving difficulty

(Wang et al., 2001). Dystocia can also be reduced by up to l0%o in the short term by

selecting heifers that have larger pelvic area per kilogram of body weight, making use of

the ratios of the heifer pelvic area to estimated average calf birth weight or heifer pelvic

area to body weight (Basarab et al., 1993). The long term effect of this selection as

reported may lead to increase in cow frame size which may counteract the short term

gains.

The occurrence of difFrculty in calving can vary in its effects from increased time of

parturition to mortality of the calf or dam. Apart from the dangers posed to the animals, it

increases the cost of production of the cow-calf sector. There is also the case of delayed

returns in cases where rebreeding is deferred due to non conception of the cow or early

culling of cows due to such reproductive problems. Furthermore, the requirements of

medication and attention of a veterinarian also increase the input costs.

2.2.5 Preweaning sulival rate

Jenkins and Ferrell (1994) while studying eleven breeds of cattle indicated some

differences in the survival rates of the calves from birth to weaning from 80% for the

Simmental to I00Yo for the Red Poll. Mortality in calves from birth to weaning adds

significantly to beef production costs (Cundiff et al., 1986). Higher mortality rate has

been reported in calves that experienced dystocia (Azzan et al., 1993; Laster and

Gregory, 1973),while survival to weaning of calves increases with age of dam (Sacco et

al., I99l). This may be as a result of improved maternal abilities of the dams in their
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subsequent parities. Survival to first week was also noticed to be affected by size of calf,

weather condition (temperature and precipitation), age of dam and calving season

(Azzarn et al., 1993); showing that calves born in late spring to 2 yr old dams have lower

mortalþ compared to those born early in the calving season

2.2.6 Survival rate of calves from weaning to market age

Steers or bulls and heifers survive in the herd from weaning to market weight. Carlwright

(1974) reported 9SYofrom weaning to yearling and 100% from yearling to market or

slaughter. This affects the productivity costs of keeping the animals from birth through

weaning. Losses of calves after weaning are not frequent, except for moilalities due to

diseases or accidents. There has been no known study on breed effects on post weaning

survival.

2.2.7 Cow survival rate

Koots (1994) defined cow survival as the probability of a cow to survive the yearly

cycle, independent of involuntary culling (due to non pregnancy). Cow longevity (Rogers

et a1.,2004) and stayability (Snelling et al., 1995) are measures that are related to cow

survival. Increased longevity or cow survival has been observed to include reduced

annual production costs associated with raising replacement heifers and increase the

number of high producing mature cows.

The rate of survival of the cow in the herd would also depend on the culling rate and

reasons for culling of cows. These are influenced by reproduction (Bascom and Young,

1998; Rogers et alr, 2004), production and mastitis (Bascom and Young, 1998). The
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proportion of heifers that form the replacements depend on the rate of culling of the older

cows (Koots, 1994) which is about 20% in typical cow herds (Anderson et al., 2005).

Older surviving cows of the herd will most likely produce more milk due to more

developed udders and are likely to have better nursing ability which would indirectly

influence the viability of calves.

2.2.8 Bull survival rate

The functionality of bulls in herds is important in the absence of artificial

insemination. The retention of herd bulls is influenced by both phenotypic and genetic

factors, some of which include good structural soundness, high libido and good scrotal

circumference. High culling rate of bulls due to lack of sexual activity arising from

physical defects or genetic shortcomings increases the production cost of the system.

2.2.9 Residual feed intake (growing /maturing animals)

Residual feed intake or net feed intake is considered an alternative to feed conversion

ratio (FCR) in estimation of biological efficiency (lt[otter,2002) and can be defined as the

differènce between the actual feed intake of animals and the predicted requirement for

maintenance of body weight, growth and production. Residual feed intake has been

described as the difference between metabolizable energy intake and metabolizable

energy required for maintenance and gain (Okine, 2000).

Genetic variation in feed intake exists in both growing and adult cattle (Herd et al.,

2003). The differences among animals in converling feed into body tissues are important

in determining net income of beef cattleoperations (Koch et al., lg63).Improvement of

t9



the efficiency of feed utilization should be given considerable attention in breeding

programs since feed costs represent approximately one half the total cost of production

for most classes of livestock (I(ennedy et a1., 1993). Despite the importance, little

attention is given to reduction of inputs (Arthur et al., 2001) .

Feed intake is predicted from production requirements and body weight

measurement. The study by Archer ef al. (2002) calculated residual feed intake as actual

feed (daily) intake minus predicted feed intake based on average daily gain and mid-

weight (average of start and end weights) raised to the power of 0.73. This measurement

is expensive compared to other traits used in genetic improvement programs (Herd et al.,

20AÐ because anirnals are usually kept in individual pens and feed consumed is recorded.

This is usually done electronically since rejected feed would also be accounted for.

Residual feed intake partitions intake into portions required for stage and level of

production and a residual portion that is related to true metabolic efficiency (Crews,

200s).

2.3 Cross breeding

Crossbreeding is a mating of two or more breeds. Differences exist in the objectives

of producers which are usually improvements of their herds' production or reproduction.

The choice of breeds to achieve the specific objectives is important. In a study on British

and continental breeds in North America, Lamb et aL (1992) reported that purebreds of

British origin are more biologically efficient while those of continental origin are more

e conomically effrcient.
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Different reasons have been given for crossbreeding. New combinations may be

formed when there is a perceived need for some production type better suited to the

prevailing conditions (Hammack, 2005). These conditions are in some cases related to

temperature and diseases prevalence in the environment and animals are improved to be

more tolerant to the environment. Crossbreeding is a tool that can be used to optimize the

level of performance that conform to the environment of the animal given their genetic

potentials (Cundifl 2004). Measures of effrciency such as energy requirements and input

costs can be improvedby 14% and20% respectively in crossbreds (Lamb et al., 1992).

Most traits in the beef cattle usually improved by crossbreeding are those that have

lower heritability and non additive genetic effects. Beef production efficiency is

improved by crossing diverse genetic resources of different breeds (Cundiff et al.,

2004a). The use of continental breeds by the Canadian beef industry over the past 20

years has led to increased weaning weights, rates of gain, muscling and leanness

(Mandell et al., 1997). Other observations in the crossbreds include higher dressing

percentage, fewer digestive disorders and lesser variability of the crossbred steers.

Nunez-Dominguez et al. (1991) and Cundiff et al. (1992) have observed heterotic effect

in crossbred cow for longevity and in the lifetime production of crossbred calves

respectively. Various estimates for heterosis are;0.8 to 10.0 for reproductive traits

(Bourdon, 1999; Hansen et al., 2005; McAllister,2002),3.2 to 5.7 ror growh traits

(McAllisteg2002), 1.7 to 4.6 for viability (ASA, 2005; Buchanan and Northcun, 2005;

McAllister,2002),3.0 to 5.0 for mature weight (Bourdon, 1999: Munay, 2002).0 to 0.6

for dressing percentage (ASA, 2005; Buchanan and Northcutt, 2005).
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2.4

Crossbreeding has some downsides which limit its use in breed improvement. This

may lead to difficulties in marketing crossbred stock and bull calves (Weigel and Barlass,

2003). Another limitation is that crossbreeding is associated with dystocia and subsequent

mortalities.

Profit and economic evaluation of breeds

The ability to predict the productive ability of an animal is important in livestock

production. Improvement of the animals, especially breeding stock is the wish of

producers. They make their choice of selection based on the expected outcome of their

herd considering their individual levels of production and/ or the performance of the

relatives. These choices differ according to the system of production. Beef cattle

production, as ruminants, is a forage-based industry where forage make up to 85% of diet

(Greene, 2000). The feeding period is variable for the marketed animals which depend on

the objective of the producer and the extent of finish at market. The feeding period for

marketed calves to attain their finished weight may take between 15 and 24 months

(NCBA, 2006). The knowledge of feeding length and feed quantity is imperative in any

production process.

A breeding objective should consider the totality of the production system taking

cognizance of traits that contribute to the efficiency of the system. It should form a part

of the planning process in a farm system since it sets the direction for attaining the goals

but in most cases, less regard is given to it (Koots and Gibson, 1998a). Beef cattle in

general have low biological efficiency (Gregory et al., 1990) indicating that efforts

should be geared towards optimizing the available resources and reproduction rate.
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Breeding methodologies in beef cattle sector differ in emphasis placed on specific

haits and approaches to maximize profit. While reproductive effrciency and calf vigor are

emphasized in the cow-calf the feedlot emphasizes growth and feed eff,rciency. Some of

the traits found may be antagonistic limiting the success of the breeding objectives. High

birth weight is usually discouraged in the cow-calf system because of its association with

dystocia, increased veterinary and labor costs as well as risks to the dam. However in the

feedlot, faster growing animals are desired because of their better feed efficiency.

Unfortunately the faster growing animals are those that have higher body weight, at birth

and at maturity.

2.4.1 Productionsystems

A system defined is the connection between interrelated set of physical objects which

exist within their boundaries. Most studies have resorted to modeling to understand the

behavior of the components. Carfwright (1979) evaluated beef cattle production systems

based on inputs and outputs that contribute to an outcome. This helped identiff the roles

played by different sub-sectors towards the system especially in evaluation of breeding

value of individuals. V/ilton (1g7g) reported the use of production systems analysis in

determining mating systems and selection goals. The components assessed were

economic information, mating plan and evaluation techniques.

in terms of economics evaiuation, system anaiysis shouici be abie to identi$r the

contributions made by the various sectors of the production system towards profit. The

production factors (inputs) and products (outputs) determine the efficiency of the

production system (Groen, 1989a). A good analysis of the beef production system is
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based on the inputs from different classes of animals which include cows, bulls,

replacement heifers, heifers and steers (Koots and Gibson, 1998a; MacNeil et al., 7994).

Different production systems are influenced by different traits economically. These

result in different economic values of such important traits urder different production

systems (Groen, 1990). The breakdown of the entire system into component parts

simplifies the calculation involved and also assists in identification of the particular areas

that have greatest effects on the costs and retums. For example, Groen (1989b) showed

restrictions such as quota applied to products such as milk at the farm level had a

negative effect on the economic value of milk (without fat and protein) at the same time

increased the relative economic values of beef production traits.

2.4.2 Breeding objectives

Breeding objectives refer to a number of important traits which affect the efficiency

of production of breeding animals. It defines and sets the direction for a selection

program. It may be used to prioritize the animals under selection that meet the

requirements. The primary objective of most livestock producers is to carry out a

profitable (Saveli et a1., 2003) operation so as to secure adequate income and realize their

socio-economic desires (Harris, 1970). Correspondingly, goal of genetic improvement in

livestock should be defined in terms of profit, return on investment or cost per unit

production, and should be expressed in the primary unit of selection of the animal, which

is the individual.

Breeding pïograms should be based on breeding goals (Groen, 1990). The goals give

a definite direction in the various selection programs of the beef industry. Breeding goals
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or objectives are not only influenced by economic variables but can also embrace ethics

of production and biodiversity (Groen et al., 1997). Atthough there may be common

intents among producers along the production chain in beef cattle production, for

example heavier animals are desired both in the cow calf (at weaning) and feedlot (at

finishing) sectors. An objective of having individuals with higher body weights may be

more favorable for the feedlot sector than the cow calf sector due to some diffrculty that

may arise in calving. These differences are marked by conflicting desires of the producers

along the chain which direct the selection of their choice calves.

Another challenge in the case of the beef industry is the limitation created by the

different forms of the marketing end product as well as the frequent changes in ownership

of the animals. These factors limit the direct interaction between breeders and consumers

for satisfaction of their demands. The breeders should be aware of the needs of

consumers to satisff their demands (MacNeil et al., l9g4).

A breeding objective for the composite population and parental breeds is necessary

for optimization of total productivity (Ì.{ewman et a1., 199S). According to Newman et al.

(1993a), the proportions of the different breeds to be contained in the composite should

depend on the purpose and adaptability to the environment. There is need for information

on traits on economic importance for optimization of the composite. Some of these traits

which have been identified as important in composites include calf growth and carcass

^^--^-:.:^-^ /ÈT-------.- -4 -l I ñ^a1-\ -C--ril:L- --- L_-____!¿_ûûîi:rpûsitioü (l.lewirlaü ei ai., i99ílJ), ieitiii-ry and parasrte resisiance (Hayes et al., 2ûûû),

longevity of breeding stoek (Rogers et al., 2004). Some of these traits such disease or

parasite resistance may be critical for survival in more diffrcult environments.
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2.4.3 Economic values

The relative economic values help in identiffing traits whose unit change has the

most impact on the overall animal performance. Amer and Fox (1992) described them as

weights which indicate the importance of various traits incorporated in a livestock

improvement program. The relative economic value of a trait is the change in cost or

returns as a result of unit change in the level of the trait. A profit function is used to

determine the economic values of traits. This is based on the economics of the production

system including costs and retums of inputs and outputs on the animals as well as the

environmental infl uence.

Economic values serve different purposes in the beef production sector. These values

are attached to different traits to indicate their relevance in a production setting and are

used for estimations and derivations especially in the breeding industry. These may

reflect incentive which producers will receive for improving the genetic traits of their

stock (Amer et al., 1994). Economic values indicate the extent the economic efficiency of

a production system by improving the traits contributing to it (Groen, 1989a). They are

needed in the calculation of the profitability (van Arendonk, 1991) and development of

selection index (Saveli et al., 2003) of individual animals.

Cost of production and prices of beef products determine the relative economic

importance of cattle production traits due to their influence on the marginal inputs and

outpnts (Groen, 1989a). Many traits have a linear effect on profit, such that this increase

or decrease results in the same change in profitability across a wide range in performance

levels (Groen et al., 1997). Other traits such as those relating to quality have an

intermediate economic range and would result to a zero economic value if the population
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mean deviates considerably from the optimum since there is a dependency between the

economic value and the population mean (Hovenier et al.,lgg3).As an example, there is

penalty for beef carcasses that exceed the optimum fat thickness.

The description of the production system is critical in deriving the economic values

(Koots and Gibson, 1998a). These range from simple deterministic herd level profit

models (MacNeil and Newman, 1994) to more complex bio-economic models (I{oots

and Gibson, 1998; Saveli et a1.,2003).

Most common method used for determining economic weights of traits are the use of

payment system for the product (for example in milk). This depends on the monetary

value of the products or deduction of costs from the payment system (Gibson, 1989). The

profit equation is also used to estimate relative economic values but this has been

reported to be non linear (Moav and Hill, 1966) even in milk production traits, as a result

of non-linear increase in the amount of energy required for marginal milk production.

Economic values have also been used to define linear aggregate breeding objectives

(Brascamp ei a1.,1985) by taking the partial derivative of the profit with respect to traits

(Brascamp et al., 1985; Groen, 1989a; Koots and Gibson,1998a; MacNeil et a1.,1994;

MacNeil and Newman, 1994). The basic profit concept used is the deduction of costs

from revenues. The simple profit as described by Brascamp et at. (1985) is given below

P : N(nwV-nCrd- Cz)

,,,1..^-^ D i- -*^fi+vvlrwlv r rù IJrvrrL,

N is the number breeding females,

w is weight of product per offspring,

V is value per unii of product,
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n is the number of offspring per year,

Cr and Cz are the yearly costs per individual and per female respectively and

d is days to attain market size for each individual.

The costs are partitioned into the fixed costs and variable costs associated with the entire

production system. The fixed costs refer to costs that are constant or discontinuously

variable with respect to the size of the farm (Groen, 1989a).

The units for measuring the changes in profit has been reported in bases that refer to

the different perspectives of production (Amer and Fox, 1992). These units are based on

unit product, individual animal or per breeding female (Amer and Fox, 1992; Cartwright,

r979).

2.5 Composites

Harnessing the desired qualities of various breeds into one breed is one technique of

genetic improvement especially in situation of changing consumer demands both in the

areas of quality and quantity. The reasons for formation of composite lines in the beef

cattle industry are similar to reasons for crossbreeding. Creation of a composite

population requires diverse breeds (Cundiff et al., 2004b) and offers an alternative to

continuous crossbreeding. For example the development of composite for small scale

dairy farms has been identified to be easier route to improve the tropical dairy cow than

rotational crossbreeding (Syrstad, 1996). Other reasons for creation of a composite

population of beef cattle also include the maintenance or improvement of genetic

productivity (Mohd-Yusuff et a1.,1992; Newman et al., 1993b) and advancing the genetic

potential of rare breeds (Shrestha, 2005). Formation of composites reduce the
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inconveniences associated with maintaining purebred lines for crossing pu{poses (Flayes

et a1.,2000) thereby enabling desirable breed combinations to be made producing some

heterosis (Cundiff, 2004; Gregory et a1., l99la; Gregory and Cundiff, 1980; Hammack,

2005a). Cundiff (2004) reported that composites yield greater uniformity of progeny or

the end product than the use of rotational crossing. There is a direct effect on the pricing

and grading of the carcass. There are fewer discounts on carcasses of composites due to

the equal proportions of the constituent breeds unlike the in rotational crossbreeding with

unequal breed composition.

Composites are products of crossbreeding two or more founding breeds to establish a

stable proportion of contribution from the parent breeds. Most composite populations that

currently exist in the world were not put together in a systematic way (Shrestha, 2005). In

Canada, composite breeds of cattle were developed by systematic crossbreeding (Hays

Converter, Shaver Beef Blend and several Beef Boosters). Some of the còmposites

developed in other parts of the world include Beefinaster, Brangus, Santa Gertrudis and

Braford.

Composites are more heterozygous than their parental breeds and part of their

performance improvement depends on level of retained heterosis. Heterosis has important

effects on reproductive rate (Newman et al., 1993a), milk production in the female parent

and in the male parent through paternal heterosis which may have effects on fertilization

^-,1 ^*L--'^-:^ ^,,-,:-,^l /aL-^^+L^ .)n^<\
cultJ çrrrLrrJ\Jlllv ùLlr vrv(rr \ùrIIçòLtta¡, LvvJ),

Breed complementarity has been described as the total improvement in a crossbred

ofßpring's performance as a result of "crossing breeds of different but complementary

biological types" @ourdon, 2000). It has also been described as the advantage a
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crossbred has due two or more complementing traits from parental breeds (Cartwright,

1970). An example of this is in combining a breed known for growth rate with a breed

known for milking ability. This would produce a composite in which rapid early growth

would be supported by milk production.

The other component of composites is the expression of heterosis. Composites are

developed intentionally to maintain high levels of heterosis in future generations without

additional crossbreeding (Hammack, 2005). Heterosis depends on the level of

heterozygosity in the composite which in turn depends on the difference in gene

frequency between contributing breeds. It is maximized when the founder breeds vary in

gene frequency and the favorable gene must exhibit some dominance ('Willham, 1970).

There will be no heterosis if the difference in the gene frequency between the two parent

breeds is zero for genes affecting the trait. The proportion of initial Fl heterozygosity

after crossing and subsequent random mating within the crosses for equal contribution by

n breeds is proportional to (n-l)/n. A composite formed from an equal conhibution of 2

breeds lras a heterozygosity level that is (2-I)12 : 0.5 of the original F 1 . Table 2.3 showns

values for heterozygosity and retained heterosis for a two breed composite up to eight-

breed composite. With eight breeds contributing equally to a composite, the

heterozygosity is 87.5%. The influence on calf weight per cow exposed is noted also

with an increase of 20.4 kg of calf weight per cow exposed for an eight-breed composite

relative to the pure bred average. If there is unequal contribution (Pi) of n breeds to the

foundation composite, then the mean heterozygosity is proportional to

')
p, (Dicherson, 1973). In a two breed composite, for example, with 3/+ of one1-I

i
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breed and % of another, the level of heterozygosity would be = 0.375

relative to the Fl (see Table2.3)

Gregory et a|. (1gg2) observed that retained heterosis was proportional to expected

heterozygosity for growth traits, survival traits, puberty traits (in heifers), and scrotal

fiaits (in bulls) for the population thus confirming the theoretical model. However they

also observed that retained heterosis for fetal survival was less than the retained

heterozygosity of the trait. Gregory et at. (1991b) reported that the retained heterosis

observed for calf survival and growth rate in advanced generations of inter se mated

composite populations was not less than that expected from retained heterozygosity. The

report suggested that heterosis for these traits may be due to recovery from accumulated

inbreeding depression in the breeds.

'-[1)'-[Ð'
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Table 2.3: Estimates of percentage heterozygosity and calf weight increase in crosses.

Mating type Heterozygosity Estimatedincreasein
percent relative calf weight weaned per

to Fl cow exposed

Pure breeds
2breed rotation
3 breed rotation
4 breed rotation

Two Breed Composite
F 3 -TI2AII2B
F 3 -sl8A 3/88
F3 -3l4A1l4B

Three Breed Composite
F3 -TI2AII4B TI4C
F3 - 3/8A 3l8B U4C

Four Breed Composite
F3- U4A U4B U4C t/4D
F3- 3/8A 3/88 1/8C 1/8D
F3- UzA U4B UgC llSD

Five Breed Composite
F3- 1l4A v4B U4C 1/8D 1/8E
F3-1t2A l/88 1/8C 1/8D 1/8E

Six Breed Composite
F3- U4A U4B UgC 1/8D 1/8E 1/8F

Seven Breed Composite
F3 3tr6/^3116B 1/8C l/8D 1/8E

Eight Breed Composite
F3- 1/8A 1/8B 1/8C 1/8D 1/8E 1i8F 1/8G 1/8H

0

66.7
8s.7
93.3

50
46.9
37.5

62.5
65.6

75
68.8
6s.6

81.3

85.2

87.5

0

15.5

20
21.7

11.6
10.9

8.7

t4.6
15.3

17.5
16

15.3

18.2

T6

i 8.9

19.8

20.4

78.1
68.8

From Gregory et al. (1985)
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3. MATERIALS AND METHODS

The purpose of this section is to develop a farm model to determine economic values

of traits. lmportant traits in the beef industry are considered in areas of production,

reproduction and milk traits. Two systems of production namely the cow-calf production

system and the integrated production system were evaluated using some costs and retums

of a typical farm in Manitoba. The resulting economic values will be applied in the

derivation of the optimum breed proportion in the composite.

3.1 Beef production in Manitoba

A survey of beef producers in Manitoba shows that the number of beef cattle as well

as the number of beef cattle producers in Manitoba has been increasing slowly for the last

couple of decades (Small and McCaughey 1999).

The beef operations are mainly charucterized as commercial with fewer pwebreds.

Most producers either had combination of both more continental breeds and continental

and British, while a smaller proportion had British breeds. The exotic breeds of choice

were mainly Charolais and Simmental while that of British were Angus and Hereford

(Laborde, 2004; Small and McCaughey, t999). Commercial production of cattle is

composed of cow-calf backgrounding (feeding strategy to increase the frame size of light

calves) and feedlot operations (Miller, 2002). The majority of the producers in Manitoba

^^1C 1i<O/\ --l +L- -^---:--:-- trO/ f-^Jl^¿ /'\r^T\^ 
^^^11-- 

c----ll ---Iar(' uuw uillr \7J7o) 4uu ulç rçul¿nrxlrË J7o rËtruru[ (Ivj.\-r.É\, Lvvûli; ölfiail arrü

McCaughey, t999). These animals are raised along with cereals or oilseed production.

According to the survey, most regions had less than 50Yo farm income from beef

production. More than half of the respondents had their primary product as weaned
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calves or feeder calves. Some cow-calf producers incorporated backgrounding of feeder

calves into their farm operations. The purpose of this activity is to allow the feeder calves

to deveiop a good frame before they enter the feedlot. A small proportion of producers in

Manitoba are able to finish their calves. Feedlot operations, with slaughter and processing

is largely done in Alberta (Schmitz et al., 2003).

The majority of the producers market animals through the public auction or use of a

combination of various oomarketing alternatives" and a lower percentage used exclusively

private, contract or satellite sales. An average producer in Manitoba maintains a herd size

of less than 50 animals. Across herds, a variety of feedstuffs is offered to the animals.

This variety reflects what is available orland in order to cut down on cost of feeding and

also while supporting the maintenance and production needs of the cow. Low nutrient

value feeds such as hay and straw are commonly offered to cows while minimum use is

made of silage, stockpiled pasture or swath grazing.'Winter housing consists of barns

used for calving. Twelve percent of respondents supplemented feed during the winter

with commercial mixes while 40%o supplemented with barley and 36% with no

supplementation. Most of the respondents indicated that winter feeding was

supplemented with salt and minerals.

The abundance of pasture in the prairies gives the producers in Manitoba alarge area

of grazingwhich starts on the average in May (McMillan et al., 2002). Most pasture used

by beef producers is composed of native or seeded grasses e.g. timotþ grass and

legumes. Compared to pasture areas used for beef production, less land was used for

silage, swath grazing, green feed or grains. Seasonal supplementation was usually creep

feed for calves and hay for cows. Hay was from seeded land which consists of typically
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grass or alfalfa-grass mixture. The calving season ranged from January to June with most

calving taking place in January and February.

3.2 Model development

A bio-economic model was used to determine the economic values of important traits

in a cow-calf production system and an integrated production system. Therefore, cow-

calf production system typical in the Manitoba environment (Small and McCaughey,

1999) was used for the study. The integrated production system (Koots, 1994; Koots and

Gibson, 1998a; Lamb et al., 1992) consists of the cow-calf and feedlot to market animals

for slaughter. This type of production facility is not common in Canada but the purpose

of using it here was to evaluate the impact of breeding choices on an industry wide basis.

Breed average performance values were taken from studies at two North American

organizations on six breeds of cattle because of uniformity of comparison.. These include

the Meat Animal Research Centre (MARC) U.S.A. (Gregory et al., 1999) and the Beef

Improvement Ontario, Canada (Sullivan et al.. 1999).

3.2.L Cow- calf production

The beef industry in Manitoba is made up of mainly of cow-calf production (Small

and McCaughey, 1999). The production period is annual and feed requirements are

calctl!sfe¡l nn ¡tlailt-t heqie 1-hc tc¡rriremcntc anrl nìrfnrìfq oro ¡aln,rla+-Á L-.-,{ ^- <n ^^,,,v¡¡ s*¡¡J u4rrr. ¡ ¡¡v rvYsrrvr¡¡v¡riù G¡u UurPuLir .¡¡ú VdiiVijidilç\¡ ¡iaÍsüíj íJi¡ -iv UUW

herd size. In this model the endpoint for calves is at weaning (Figure 3.1) except those

females that are retained for replacements. The major income is sale of weaned calves.

Revenues as shown in Figure 3.2 include culled bulls, which are replaced every 2 yeats,
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the culled cows and replacement heifers and the cows that don't survive. It is assumed

that about half of the non surviving cows are salvaged.
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Figure 3.1:Model of the cow-calf productionherd

Winter Feed

Mar Apri Mav Jun Jul Aug Sept Oct Nov Dec Jan Feb

Creep

Calving Breedine Weaning
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Figure 3.2: Cow-calf production input and output model

Replacement

Reproducing

Purchase/returns
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Cows in the herd are of different ages (2 to 10 years) averaging 4.6 years. Culling of

cows based on reproductive failures depend on their fertility rates (Gregory et a1.,1999).

Cows 10 years or older were culled. Using the fertility rates of the cows and the heifers,

the cow age distribution was determined as defined in Azzam et al. (1990). Table 3.1

contains proportions based on age distribution resulting from fertility rates of cows in the

herd culling of infertile cows. The fertility rates used to calculate this table is shown later

in Table 3.4. The replacement heifers calve at 2years and their proportions indicate the

replacement rate for each breed.

Angus and Charolais have the lowest replacement rate which is a function of the

reproductive ability of the females known to be highly fecund. On the other hand the

Hereford breed had the greatest replacement rate of approximately 2l%o with a fertilþ of

83%.

A weighted average of the daily weights and gains of the different age classes of the

cow herd were used to estimate the nutritional requirements for maintenance, growth,

lactation and gestation requileinents. The glowth pattem of the cov¡s was on daily basis

using the Brody growth equation. As expected, cows make little or no gains as they

approached their mature weight.
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Table 3.1 : Cow age prolrortions for the different breeds.

Breed
Hereford

Angus
Gelbvieh

Simmental
Charolais
Limousin

0.2t
0.t7
0.19
0.19
0.t7
0.19

0.16
0.14
0.15
0.15
0.r4
0.15

0.14
0.13
0.13
0.13
0.13
0.13

Age (years)

0.t2
0.12
0.12
0.12
0.12
0.r2

0.10
0.1r
0.10
0.10
0.11

0.10

0.09
0.10
0.09
0.09
0.10
0.09

0.08
0.09
0.08
0.08
0.09
0.08

0.06
0.08
0.07
0.07
0.08
0.07

l0
0.06
0.07
0.06
0.06
0.07
0.06
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Bulls are introduced into the herd as yearlings and replaced every two years meaning

that half of the bulls in the herd are purchased and sold every year. They are sold at 30

months of age. The cow herd size determines the number of bulls to be used since a bull

is usually allocated to 25 cows. Bulls are assumed to be 50% heavier at mature weight

than cows (Taylor and Murray,1987).

The cost of bull (92166.67) is the average cost of replacing a bull in a herd. The input

costs were average costs incurred by bulls from the Manitoba Agriculture Food and Rural

Initiative (MAFRI) cow calf production costs from 2000 to 2005 (Blawat, 2006). The

other costs of herd management for bulls are shown in Table 3.2.

The weights of bulls are assumed to be linear between months 12 and24,then24 and,

30 months. The weights at these periods were estimated with the Brody's growth

equation (Brody, 1945).

The calves under both systems are assumed to be born from February through April

with March as the average calving date. Shorter calving periods are usually desired by

producers to reduce the expenses and time associated with calving. In the cow-calf

system, all the calves are sold at weaning except replacement heifers since it is a self

replacing herd. All calves are sold at the prices indicated in table 3.2.They attracthigher

prices per unit weight than finished cattle.

Replacement heifers are assumed to be generated from within the herd. The

renlacement heifers form the nrnnnrtinn of the cnr-¡-¡ her¡l fh f io ?'¡oo'o nl¿l on'l ,lo^o-.lo^v¡¡¡¡ r¡¡v ¡r¡uÌrv¡ i¡v¡¡ v¡ i¡¡w vu iï ii'vii,¡ Li¡ÉiL iÈ L JçaüÙ UiU äiiu UËijiiitul;

on the culling rate in the cow herd (Azzam et al., 1990). The replacement rates of heifers

range from 18% in the Hereford to25%o in the Gelbvieh as shown in Table 3.i.
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Table 3.2: Costs of production forvarious classes of cattle
Classes V

($Æ{ead ($ÆIead) ($ÆIead) husbandry costs prices (fînished (weaned calves) o

Steers

Heifers
Cows

Replacement
Heifers*

Bulls
6 -y ear averages (2000-2005)
*Culled heifers for replacement stay extra time on herrl and thereby incur more cost.
u Based on average cost of $15.67 for 625kgfeedlot animal.
b Based on average cost of $18.25 for a 614kg cow
'From Agriculture and Agri-Food Canada(2006)
dF.om Blawat (2006)

17.32
t7.32
13.88
18.00

66

10

10

10

10

19.s
19.5

19.5

20

Costsd

46.82 0.025^ r.973
46.92 0.025u 1.965'
43.38 0.030b 0.ggd

48.00 0.025u 1.965'

76 0.030b 1.10d

ead) (fìlke) calves

2.74
,.r_o
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3.2.2 Integrated beef production

An integrated beef production unit consists of production processes from calving to

slaughter. This system is same as the cow-calf production system with the addition of the

feedlot sector. The model for an integrated beef enterprise is shown in Figure 3.3.

Calving is assumed to occur in March with weaning in September. Calves then enter a

stocker/grower periods, followed by finishing or feedlot. The use of these two phases of

post weaning management reflects what exists in the industry.

Revenues come mainly from the sale of finished steers and heifers (Figure 3.4). Cull

animals, cows, bulls and heifers also contribute to the income. Half of the cows that do

not survive are salvaged. Production and management costs come from all classes of

animals although maintenance of cows accounts for most of the costs.

Steers and heifers in the integrated production system are separated from their dams

after weaning at 205 days of age. The final weight at 296 days is derived by the Brody

growth equation. The average daily gain at this period is taken from the difference

betr,veen the weights at weaning and 296 days as a ratio 'n' of the difference in days (91

days). The animals are expected to attain 78% of their mature size at finishing. The

finishing average daily gain derived from the growth curve reflected typical gains in the

feedlot (MAFRI, 2006b).
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Figure 3.3: Model of the integrated beef production herd:
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Figure 3.4: Integrated beef production input and outout model

Replacement

Reproduction
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3.3 Feeding regimes

Animals are fed to meet energy requirements for mainten¿ulce, gtowth, gestation and

lactation (Fenell and Jenkins, 1985). Although some physiological functions refer to all

classes of animals such as the maintenance and growth, others are class specific. For

example, gestation and lactation requirements are specific to cows and replacement

heifers, while certain phases of growth are for marketed offsprings.

Feeding young animals to market weight3.3.1

In the preweaning phase immediately after calving, calves have total dependence on

the milk of cows for energy source and survival. The milk consumption increases with

the milk production of the cows as well until a certain point when it is insufücient to

meet the needs of the calves due to growth. The milk production of the cow to an extent

is driven by the requirements of the calf until peak lactation is attained. Creep feeding is

then incorporated as a supplement to the milk produced by the cow and to encourage the

consumption of solid food. It gradually replaces the milk of the cattle just before the calf

is weaned and serves as a means of increasing weaning weights @rouillard and Kuhl,

1999; Vicini et a1., 1982b). Beef cows produce less milkthan dairy cows and may not

provide the sufficient requirements of the calves for maintenance and growth. Various

feedstuffs have been used as creep ranging from milk replacers (Johnsson and Obst,

1984) to pasture. Fescue creep feci caives have been reporteci to have DM intake (kgid)

and ME intake (Mcalid) of 2.4 and 5.3 respectively; DM intake and ME intake of 1.6 to

3.4 and 3.6 to 7.3 respectively have been reported (Vicini et a1., 1982a). The authors

concluded that inclusion of higher quality forages as creep pasture for calves such as
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blue-grass white clover resulted in greater DM consumption. The review of Drouillard

and Kuhl (1999) indicates that creep feeding had no effect on milk consumption but

reduced the intake of forage. Importance of creep feeding in the supplementation of milk

is to achieve the calf s genetic potential unless restricted.

In the model the calves are creep fed for the first 61 days with rolled oats (Table 3.3).

Intakes for growth and maintenance are first satisfied by the dam's milk, additional

requirements by the calves are then met with the creep feed (oats). The following 144

days before weaning are spent on pasture from May to early September. During this

preweaning period, producers maximize the use of pastures in feeding the calves. The

pre-weaning average daily gain was assumed to be linear from birth to weaning and was

derived as the average of the difference between the birth weight and the weaning weight

during this period.

Grower phase of the calves refers to the various activities that occur between weaning

and the finishing phase. The backgrounding phase entails the feeding, growing and

managing of newly r,'¿eaned calves to feeder yearling weights (MAFRI, 2006a). The

calves are placed on low energy feeds usually roughages for varying periods.

Backgrounding enables more muscle to be deposited and frame developed before the

deposition of fat (Block et al., 2001a;Block et al., 2001b; SAFRR, 2003).

In the model, after weaning, the steers and the heifers are backgrounded for a period

of 9i days. They are initially ccntinued on past';re .,r'hich consists mainly of mixed

grasses/pasture. They are later transferred to a grower diet of 80% Timotþ hay and20%

barley grain for a period of 53 days when pasture quarity reduces.
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Table 3.3: Feeding components, energy values and costs.
Period Components Net energy of diet Net energy of Metabolizable Costof

for maintenance diet for energy of diet feed per
NEmb (McaYkg) growth NEgo MEb MEU

(Mcal/kg) (Mcal/kg) $il\4E
Creep Oats

Grower 80%Timothy hay
20Yobarley grain

Feedlot 8}%obarley grain,
2DYoTimothyhay

Pasture Grass pasture

Winter 20% Alfalfa-60Yo
grass(Timothy) hay

1.850
t.436

t.904

1.540
r.456

1.220
0.848

r.262

0.940
0.866

2.780
2.3r4

2.858

2.420
2.334

0.0495
0.0239

0.0384

0.0048-
0.027s

20YoBarley grain

b from NRC (1996)
*Derived from 6-yr averages.
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Finishing phase of the beef calves involves feeding of high energy feed materials to

achieve rapid gains and fatten to the desired market weight. The ration of feedlot animals

usually contains 85 to 95Yo grain (Andrae et al., 2000; MAFRI, 2006b). The steers and

the heifers on feedlot are on a finishing diet of 80Yo barLey grain and 20Yo Timothy hay

(Table 3.3) at 296 days until they reach the target slaughter weight. A study on grain type

and processing for feedlot animals indicates that it varies among catfle, farm type and

costs associated with processing (Owens et al., 1997).

3.3.2 Breeding heifers

A proportion of the heifers raised that are not finished for market are retained as

replacements and selected on their pedigree or individual performance. They are fed to be

in good body condition for reproductive purposes but do not make high gains.

Heifers are bred to conceive between 14 and 16 months (Ferrell, 1982; Schillo et al.,

1992) to calve at 2 yearc (Ferrell, 1982; Morrison et al., 1992). Emphasis is usually

placed on the time of breeding of the replacement heifer which is dependent on puberty

(Dow(Jr) et al., 1982; Schillo et al., 1992). The lifetime productivity of the replacement

heifers is maximized when bred to calve at two years @atterson et al., lggz)

3.3.3 Cow herd and breeding bulls

There is a pericC cf past';re feed.ing and a period cf winter feeding. Bulls are breC to co.;¡s

in May after spending two months in the herd. Both classes are kept for 183 days on

mixed pasture from May to October. The winter feeding lasts about 182 days from
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November to April as shown in Figures 3.1 and 3.2. The daily energy and growth

requirements were calculated using the NRC (1984) requirements of beef cattle nutrition.

Winter feeding refers to use of stored forages for feeding the animals. This activity is

necessary in Canada due to long period of winter from November to April. It is usually

expensive @rouillard and Kuhl, 1999) when compared to pasture feeding. This is due to

costs associated with labour, harvesting and storage. Winter feed materials have reduced

quality depending on time of harvest or length of storage. These are usually hay made

from grasses or legumes which contain less energy and high fiber. The winter feed is

assumed to comprise alfalfa grass, timothy hay and barley grain. Energy requirements

during winter are influenced by breed, size, environment, and body condition. The body

condition of cows is the most unstable (Thompson et al., 1983) indicating that a cow in

an optimum body condition would have less requirements than one in a bad body

condition especially during the winter.

Pasture (grasses and legumes) used for grazing animals forms an inexpensive source

of feedstuff for beef cattle. The land for seeded pastures may not be suitable for growing

food crops, although sometimes residues from harvested crops are used for grazing cattle.

The pasture on which cattle is grazed may vary in quality depending on the stage of

growth and availabitity. The qualþ of pasture is greatest when young and lush and

diminishes while approaching maturity. The age of the pasfure also affects its dry matter

content.

Animals æe pastured in Canada from May to October when the weather is

appropriate for growing plants. This coincides with the calving period up to weaning with

lactating cows and the growing calves. At this period, the cows and bulls are maintained
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on pasture with some supplements. The calves may also be supplemented while on

pasture as they approach weaning. The use of pasture feeding cannot be overemphasized

in terms of economics. Cost of production is lower with inclusion of pasturing in beef

production (Lewis et a1.,1990).

Finishing steers or heifers on pasture has been known to be associated with deposition

of yellow fat which is usually downgraded. There is also less marbling on pasture

finished beef. Jannasch et al. (1998) reported that beefcattle on pasture and feedlot had

similar grades of carcass. Although on energy basis, forage is the most expensive energy

source (Bartle and Preston, I99t) it is almost impossible to exclude it in rations.

Effrciency of pasture utilization in a cow-calf production depends on many interacting

factors such as forage quality, forage availability, physiological needs and other nutrient

sources (Vicini et al., 1982a).

3.4 Ðescribing animal feed requirements

Feed requirements for each class of stock in the model were based on the equations in

NRC (1984) requirements considering the level of performance of each breed. Feed

requirements for the different classes of stock are estimated within each of the

subroutines shown in Figure 3.5.
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Figure 3.5: Schema of the FORTRAN program
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Maintenance requirement is energy required to maintain its physiological functions

without gaining or losing weight (Evans et a1',2002; Ferrell and Jenkins, 1985). About

70-75% of total annual energy requirements of cows are for maintenance (Fenell and

Jenkins, 1985) and 50%o of total beef production energy (Montano-Bermudez et al.,

1990). Variation in energy expenditure that exists between animals is attributed to

maintenance compared to growth and reproduction (Fenell and Jenkins, 1985).

The net energy system is used to describe the total energy an animal uses for

maintenance and production. The net energy for maintenance (NEm) requirement is

primarily due to heat production (Lofgreen and Garrett, 1968). Adjustments for breed,

physioiogical state anci activity (if on pasture) can be incorporated in the estimation of

maintenance requirements QrlRC, 1996).

The estimation of net energy requirements for maintenance OiEm) depends on the

body weight (W) of animals and calculated as

NEm= (0.077xW0 75)

Increments of 10Yo and l5o/o of maintenance requirements ha.¡e been made when all

animals were on pasture and during lactation (for cows and replacement heifers)

respectively (Koots and Gibson, 1998a).

Growth requirement estimation of the net energy for gain (NEg) incorporates the

body weight (W) of the animal and average daily gain values (ADG). The constants refer

to differences in the growth requirements for growing aninnals and naat;rs s¡f¡¡als fNIRI-

1984) are shown below

NEg: 0.0493xW0'isxADGr'0e7 for bulls

NEg: 0. 06S6xV/'T5xADGI' I re for heifers
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NEg: 0.05 57xW0'7s*4D61'oet fo. steers

NEg: 0.063 5xW0'7s*AfiÇ1'oetfot co*t

Gestation is the period from conception to calving. There is progressive foetal growth

for an average of 282 days. There is a lower enelgy requirement for foetal nourishment

from the cow in the initial stages of pregnancy but this increases during the last trimester

ofpregnancy.

The nutrient requirements for pregnancy (NEpreg) (Mcal NEm/day) in replacement

heifers and cows were calculated using the estimated birth weight (B\Ð of calf and

cunent day of gestation (P) (Koots and Gibson, !998a;NRC, 1996)

NEpreg: (0.576x8Wx(0.4504-0.000766xP)xe(0 
03233-0'00oozzs*r)n;/1 000

The energy requirement to maintain lactation (NElact) in cows was estimated from

the equation of Ferrell and Jenkins (1985) using milk energy value (E), day of lactation

(t) and rate constants (a, P)

NElact: pqvlaeot)¡¡e

Where

a is (days to peak lactation)/(e PM) PM is peak milk yield'

p is l/(days to peak lactation).

e is the base of natural logarithm

Feed consumption of all classes of cattle in the herd is a primary factor affecting

biological production efficiency of the her<i. This influences reprociuction an<i production

of diverse germplasm resources (Jenkins and Ferrell,Igg4). The dry matter intake (DMÐ

of an animal describes the consumption capacity of the animal in order to satiate its

energy requirements given the nutrient content of the feed.
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Factors that regulate dry matter intake by ruminants are complex and not fuily

understood but the factors that affect DMI are classified into physiological,

environmental, management and dietary factors (NRC, 1996). The level of intake is

usually based on weight of the animal, level of production and energy content of the

feedstuffs. Animals of larger sizes have greater intake than smaller ones to meet their

body size demands at any feed nutrient content. There is also higher dry matter intake in

animals with greater production levels. For example pregnant or lactating cows demand

extra for body maintenance to support the growing foetus or milk production. Lower

quantities ofhigh energy feeds such as concentrates are provided instead offeedstuffof

less nutrient value. High energy feeds (grains) would require less intake than low energy

feeds such as hay. The dry matter intakes of the various classes of animals in this model

were estimated from the net energy requirement of the animals and the net energy value

of the feedstuff offered.

3.5 Animal performance and input traits

All mammals share a similar sigmoid pattern of growth (Taylor, 1985). The body

weight of most animals increases at an increasing rate in early life. This rate slows down

so that at maturity, the rate approaches zero. Knowing this pattern of growth, the size of

the animal af ånr¡ time can be estimated.

An animal's body weight (W) at any particular day (t) is estimated from the Brody's

growth function (Brody, 1945) which makes use of the mature size (A), maturing rate

parameter (k) and growth scale parameter (B). Animals grow differently as a result of the
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differing mature sizes, so the B values were calculated differently for each breed at a

constant k value.

The equation is given below as

W(t): A(1-Be-k)

The growth scale parameter (Koots 1994) indicates a ratio of the remaining size (the

mature size minus the birth weight) as a fraction of the mature size.

3: (Matur e size-Birth weight)/ Mature size'

The birth weights of calves are derived from matur e size of the breed' The birth

weight of males is set at 0.0667 of the mature size while that of heifers is 0.064699 of the

mature size being 3o/o lowet than that of the males as incorporated by Koots and Gibson

(199Sa). The mean birth weights for the different breeds were taken from the average of

the birttr weights of steers and heifers'

The growth patterns for the diffierent classes of animals wefe assumed to be linear

within certain ages/ periods. Average daily gains were calculated from the differences

between the initiat weight and the final weights of the particurar periods. These initial and

final weights were based on the growth curve assumed for the breed' For example the

pre-weaning and backgrounding average daily gains were calculated as

Pre-weaning ADG: (Weaning weight- Birth weight)/pre-weaning period

Backgrounding ADG: (Backgrounding endweight-weaning weight)/ backgrounding

period.

The weights from the end of backgrounding to attainment of the finishing weight

were calculated from the Brody's growth curve. The average daily gain during this

period was calcuiated from the cumulated gain during this period. The average daily gain
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for the bulls is assumed to be linear between 12 and 24 months; then 24 to 30 months'

The daily gains were computed as average of the differences between the weights at these

periods. The average daily gains for the cows and the replacement heifers were assurned

to be linear within different age classes whereby the annual average of the differences in

weights for the different age classes constituted their average daily gains'

Prediction of weaning weight for a breed may come from the mature size as well as

the milk production. Koots and Gibson (1998a) reported a model for predicting the

weaning weight of steers from the mature size and peak milk yield of dam' Higher

milking dams would produce heavier calves due to more available milk'

Weaning weight tbr steers is equai to

87.7 + 0.202x Mature size * 6.04 x Peakmilk yield (Fox et al', 1988)

The weaning weight of heifers is assumed to be 94Yo that of the steers. The weights of

calves at the end of the backgrounding/growing period (296 days of age) are derived from

the Brody's growh curve. The weights of the heifers are also assumed to be 6 o/o less than

that of the steers. The weights of the calves at finishing v/ere proportions of the rnature

size, according to Koots (lgg4) 7 8%o for steers and 66 3% for the heifers'

The mature cow sizes of the different breeds of cattle evaluated are shown in Table

3.4. They have been adjusted to reflect current values by considering the genetic changes

in each breed. The mature size of bulls is assumed to be 50Yo grealer than the mature

sizes of eows (Koots a¡d Gibson, 1998a)'

The justification for using data from MARC for the present study is that for each

breed, for animal genetic evaluation purposes, the North American population is
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considered as one population. The MARC experiment was a result of sampling from the

respective breeds of these populations.
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Table 3.4: Peak milk and mature sizes for the different breeds

The peak milk yields for both MARC and BIO'were derived from the milk EPD tables from Van Vleck (2006) and Sullivan et

ntario (gtO) Megt 4ninlql Resgarch Cent_et (MARC) , .

Br"ed
756.9 7.t6 693.2

Angus 11.03 770.2

Gelbvieh 11.03 784.1

Simmental 11,.41 825-2 12.31 797 '2
charolais 9.9 816.6 10.5 845.7

T imn,rcin 10 R5 774 4 7.46 764.7

al. (1999) respectively.
The present mature sizes for MARC data are assumed to have increased by 30% since 1985 while BIO data is assumed to have

increased by 10% since 1999 and were derived from the values shown in Table 2.1.

Limousin 10.85 774.4

8.89 699.7

t1.07 798.9
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With an assumed average of 70 days to attain peak lactation in beef cows, the yields at

peak lactation were derived for each of the breeds. The lactation model of Koots and

Gibson (1998a) was used as a base for the deviation for the individual breed milk yields.

The yield at peak lactation was derived from the total milk yield using the matemal EPD

reports from BIO and MARC. Maternal EPD values are reported for these breeds and

represent the kg of weaning weight due to milk production of their darn. These are breed

deviations. These values can be converted into differences in milk production in a

lactation using results from Marston et al. (1992). They give an average of 55.7 kg milk

per kg maternal EPD across a range of breeds. This was used to determine total milk

yield deviation and yield at peak lactation for the different breeds.

The milk lactation curves shown in Figures 3.6 and 3.7 were derived using the

standard lactation curve. The peak time of lactation (70 days) incorporated in this study

was greater than that assumed by Koots and Gibson (1998a). Peak lactations for various

breeds vary from 62 to 78 days (Jenkins and Fenell, 1992) or more (Marston et al.,

teez).
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Figure 3.6: Lactation curves for different breeds based on Sullivan et al. (i 999) values.
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Figure 3.1: Lactation curves for different breeds based on Cundiff et aI. (2004)
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Table 3.5: Survival and fertility parameters

Survival rate Survival rate
from of calves from

Fertility Fertility
rate of rate of Cow
cows heifers retention
FRc* (FRh) rute (%)

unassisted
calvingn

birth to
weaning

Breed (SIUAC) (%) (SlBw) (%) (%) (%) (S3CS)
Hereford
Angus
Gelbvieh
Simmental
Charolais
Limousin

92
96
95
94
90
95

9T

95
94
93

89
93

86.0
9r.3
88.5
87.8
90.8
87.8

77.4
82.2
79.7
79.0
81.7
79.0

93

91

92
92

9t
92* from Gregory et al. (1999)

Fertility rate of heifers is assumed to be l0% less than that of cows. Cow survival rate is
derived from the proportion of cows above 2 years in the herd.
nSIUAC is derived from Cundiffet al. (2004), from the same population as Gregory et al.
(leee).
S1BW is derived from SIUAC, see text.
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Reproductive and survival parameters shown in Table 3.5 are from cattle studies at

MARC reported by Cundiff et al. (2004). These values were used for both sets of weight

data (MARC and BIO). The survival rate of calves from birth to weaning (SIBW) was

dependent on the replacement rate (RR), assisted calving in cows (ACalvc) and heifers

(ACalvh), survival rate of calves with assisted calving (SIAC) and unassisted calving

(sruAC).

SlBW:RR(ACalvh SlAC+(l-ACalvh)SlUAC)+(1-RR) (ACalvc SIAC+(1-ACalvc)SlUAC

Differences in breeds accounted for the different values of traits used as inputs for the

estimation of some requirements include the mature size, peak milk yield and fertility rate

of heifers (Cundiff et a1., 2004; Gregory et a1., 1999; Sullivan et al., 1999) as shown on

Table 3.7 . The fertility rate of heifers \ /as assumed to be 10% less than that of cows and

so was a function of the fertility rate of cows. The replacement rate was the proportion of

the cows of 2 years of age. The replacement rates for the different breeds were dependent

upon the fertility rates and the survival rates of the cow of ages 3-10 years.

Some traits were assumed to be constant for ali the breeds. These were the assisted

calving (25%) for heifers (ACalvh), 60á assisted calving for cows (ACalvc), 83% for pre-

weani¡rg survival rate with assisted calving (S1AC),98% survival rate of cows and dry

matter content of milk which is assumed to be 12Yo. Due to limited information on the

studies done on the embryo survival rate, the assumption is made that embryonic survival

rate is 98%. The day of peak lactation was assitrned to'oe 7û ciays.
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3.6 Input costs

The various prices attached to the feeds and husbandry activities that were used in the

estimation of the total cost for maintenance of the cow herd (Agriculture and Agri-Food

Canada (2006) and MAFRI (2006c)) are shown in Table 3.2. Avercge prices of the inputs

for 6 years were computed from 2000 to 2005.

3.7 Animal prices and marketing prices

The prices attributed to the different classes of caftle and the costs of marketing them

(Table 3.2) were acquired from the archives of the beef cattle prices on the average

annuai prices from the Agricuiture anci Agri-f'ood Canada website tbr Manitoba and also

the Manitoba Agriculture Food and Rural Initiatives (Blawat, 2006). These selling prices

of animals (on hoof) were from 6 year production cost estimates. The effect of change in

the selling price of heifers and steers was applied and observed within the model. The

selling prices of the steers and the heifers were increased by l0%. This was referred to as

the Adjusted scenario, while the Base scenario consisted of the original prices. These

averages would yield another estimate given the fluctuations that occuï due to seasonality

of these agricultural products and unexpected outcomes like the BSE in 2003.

3.8 Profit equations

The equations for calculating profits (Appendix 4) for the different classes of aninaals

were based onKoots and Gibson (1998a). They made use of the cost of the inputs and

revenues generated from the sale of the animals, which are on a liveweight basis for

finished animals in the integrated beef production system and weaned calves in the cow-
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calf production sYstem. The total

cost of feed energy requirements

costs associated with the production systems include

of the different classes of animals, husbandry and

marketing costs.

The profit from cows depends on the number of cows and on factors such as the

survival rate of cows, stuvival rate of calves from birth to weaning, fertility rate of co\ils'

embryonic survival, cost of calving ease of covr's' cost of feed for growth, maintenance,

gestation and lactation. Other factors include the returns from each cow as well as herd

management cost. It is assumed that the ratio of bulls to cows is 1:25.

profit from replacement heifers depend on the number of replacement heifers and on

survival and fertility rate of cows, cost of associated calving difficulty, and survival rate

of calves from birth to weaning as well as cost of feed requirements for maintenance,

growth, gestation and lactation. The revenues from the replacement heifers as well as

management costs contribute to determination of the profit.

The profit from market calves (steers and heifers) depend on the number of calves

to be sold. The number of calves sold depends on the embryonic survival rate, survival

rate of calves from birth to weaning and ftom weaning to market size or slaughter. Their

feeding costs for growth and maintenance as well as herd management costs are

considered in determining the profits. Other determinants of profits from bulls are their

purchase prices, feeding costs for growth and maintenance, management costs as well as

the saivage vaiues from each'ouii.

The revenue for each class of animal is calculated from the sales of the slaughter and

weaned animals on a liveweight (LW) basis given the prices ff) for the different classes

of animals shown in Table 3.2. Revenues (Rcc) from cow-calf production system come
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from sale of live animals. The marketing costs (Cm) are deducted from the sales as

described in the following equations

Rcc:LW (V-Cm)

3.9 Economic values

Economic values as mentioned earlier indicate the relative importance of a trait to the

production process. They indicate the extent to which profit is altered as a result of

changing the level of any of the traits in the model. The model is assumed to be a pure-

breeding mating system whereby the eventual breeds selected would form the composite

iine. Heritabiiity an<i phenotypic stanciarci <ieviation (PSD) vaiues reporteci in iiteratures

were assumed for the input traits as shown in Table 3.6. The PSD for SIAC, SIUAC,

FRh, FRc and 53 were assumed to be 1% under the threshold model (Koots and Gibson,

1998a). For each of the traits shown in Table 3.6, the level of each of the traits was

increased by 5% of the phenotypic standard deviation while holding others constant. The

increase in farrn profit as a result of increasing the trait was taken as the economic value

of the trait. The results were expressed in dollars per genetic standard deviation per cow.
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Traits Heritability Phenotypic Standard
Deviation

Mature Size
Survival rate of calves with
assisted calving
Survival of calves from birth to
weaning with unassisted calving
Residual feed intake in growing
animals
Residual feed intake in mature
animals
Fertility rate in heifers
Fertility rate of cows
Survival rate of cows

0.50
0.14

0.14

0.35

0.35

0.27
0.27
0.04

54.0
0.0i

0.01

1.3

1.3

0.01

û.01
0.01

From Koots (1994)
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3.10 Sensitivity analysis

Sensitivity analysis is conducted in this study

independent variables affect an outcome. This was

which there is limited information.

to find out how changes in some

important for those parameters for

The effects of change in some phenotypic measures were evaluated for each breed.

These are indicators that may likely influence the selection process of producers. The

effects of changes in the mature sizes and milk production abilities of the breeds were

evaluated by changing the breeds constituted in the BIO data set. The objective here then

is to weigh the effects of increase or decrease in mature size and milk production on the

economic value. Selections for increase in mature sizes are accompanied by heavier

weights at weaning and slaughter resulting in higher income from sales. However, higher

mature sizes increase maintenance and husbandry costs. In addition crossbreeding

increases incidence dystocia and costs associated with it.

Increases and decreases of 10% were applied to mature size and milk production to

breeds with the largest and the smallest mature size and milk production respectively.

The new set of breeds will then constifute a mix of highly variable phenotypes. From the

average performance table, the Simmental ranked highest in mature size and milk

production while Hereford was the least for mature size and peak milk yield. The changes

on each of the breed's performance for mature weight were 907.7kg and 681.2kg for

Simmenfnl en¡l lJq.ofn¡rf rco¡cnti¡.olt, o-.:! ! 1 <<l-^ o-l Q 1Á1,- -^-^^ +i.'-1., f^- *^^1. *:ll-u¡¡rurrw¡l!4l els trvrwrv¡s ¡vÐl/wvr¡vwrJ 4ru LL.JJ^ó 4rru u.¿T¡\Ë rútPúUaj.ViJ¡J j-Uj. Pfr¿ü\. ¡i¡¡i¡i

yield.
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3.11 Optimalify in forming a composite

Composites are developed to maintain a definite proportion of the founding breeds

and aim for uniformity of performance after several generations (Newman et a1., 1998).

In the development of a synthetic population, the goal is usually the genetic improvement

in the traits of the new line whereby the merits of the founding breeds are combined.

While crossbreeding programs are undertaken to improve genetic merit of progeny

(Shepherd and Kinghorn, 2005) composites are usually developed to maximize the net

merit. Previous procedures of determining the optimal composition of a synthetic breed

for single trait were based on empirical measures, the challenge arises when the more

breeds are incorporated or more traits are included. Lin (1996) described a technique

which yields a breed composition that would give maximum net merit in a synthetic line.

The mean net merit of a composite breed according to (Lin, 1996) is given by

bb
tt-ZZn,n¡t,

i=l j =l

where ¿r is net merit of the synthetic line,

P¡ or P.¡ are the various breed proportions of the constituent breeds,

t¡ is the economic merit of the Fl cows in a cross between breeds i and j.

This net merit can also be expressed in matrix notation as

P:PtT P

Lin shows thal the optimal proportions can be calculated with the expressions

p -b'r-tu)-'r-tu
where T:0.5(Avu/ + ur/R) + H

P is the vector of breed proportions,

u is a unit vector of (bxl) dimension (b is the number of breeds)
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v is a vector matrix of economic values of traits with dimension txl (t is the number of

traits),

A is a vector of additive genetic effects for all traits for all breeds,

T is a matrix of net merit derived from the combination of the breed. Its constituents are

the genetic values (additive and non additive genetic effects) and the economic values of

the haits included and

H is the vector of heterosis values from the possible breed combinations, it is of size bxb

(b is the number of breeds).

An example is shown below that will demonstrate the process

If we have 3 breeds E, F and G each having additive genetic effbcts fbr each of the 3

traits mature size, dressing percentage and fertility rate (x, y, z) we want to improve.

Assuming only additive genetic effects, the A matrix is shown below

lt* Ey t,f fsoo 
61.60 e1.ool

A:l fü Fy Gzl:1820 61.00 83.00 |t_ttt
LG* Gy GrJ laro 6r.40 84.s01

With the rows being the breeds while the columns are traits. The traits (x, y and z) have

economic values $0.98, $5.18 and $0.49 respectively. The vector of the economic values

become

Ivll [o.qs¡l
,- L,? l:l . t"" I" l,o I l".trt I

L"¡l lo.+oz)

If we assume heterotic values of 5kg, lo/o and 6%o result from the possible combinations

the H-matrices for the different traits will be
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[orrl [ottl [06 ol
H,-15 o sl Hr=lr o tl H"-16 o al-'x 

L; so] 
--Y 

[t1o.] "lu6ol
The diagonals of the H matrix are zeros because there will be no heterosis in purebred

situations rather betwe en crosses (off-diagonal s)

Using the A matrix and the v vector (bxl) of economic values, we derive the T matrix by

also incorporating a (bxl) unit vector u and a H matrix for the traits. The H matrix has

zeros in the diagonals representing the purebreds which do not have any associated

heterosis effect.

T-

lIsoo

;l l"'
[18 1o

:l
o_l

61.60 e 1.001[0.e831 l-rl

61.0 83.00 ll r.trr ltt 1 1l* | t l¡o.nm
6r.4 a+.sol[0.4s2) Ltl

lossl l-0 111 [06
fl t o sl*fsntlj o rl*þ+rzl o o

[s5ol [tro] lo6

5.r77 0.492

820 810

6t 6r.4

83 84.5

I soo

ll or.o

L nt

+ [o.es:

the T matrix becomes

[r,, \z hrf [t tso.ozs Lt69.4zB 1165.918-l

r- l r", tc.¡ t"^l=lnag.qza n62.6g3 1172.226l

672)Itrr, tzz t.

The values on the diagonals \ttzz and t33 represent the economic merit in dollar units of

the iú purebred individuals represented by p + ai. With p representing the population

mean profit and ai representing profit deviation due to the ith breed. The off diagonals

indicate the economic merit of the Fl breed combinations (breed i and j) with p +
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(a¡+a¡)12+H. The value of heterosis arising from Fl breed combinations is added to the

average of the values of additive genetic effects of two combined breeds and this gives

the off-diagonals a higher value due to the advantage of heterosis.

'With Lin's formula, the optimal breed composition P is calculated as follows:

(
P:IF 1

t

[r rso.ozs

l rrur.o^
l,,ur.n,,

[r rso.ozs
I

rll r r 6e.4zv

lr ros.era

1169.428

t162.693

rt72.226

rr6s.428 rr6s.sn-l-' [tll-'
1162.693 1172.2261 I 1 I I X
tt7z.z26 rrss.672) LtlJ

ll:,1,llll [| lïl[l,ll]
The net merit of the composite is obtained by combining the optimum breed proportion

(P vector) and the dollar value of the genetic effects of the composite.

[r rso.ozs rt6s.4zr 1t6s.91sl [o.tol
Net MeriF þ.ro 0.s8 0.321 Lr6s.42B rr6z.6s3 1172.226ll t tt 

I

Ll 165.918 1172.226 lrss.6721 10.321

:51166.37

Thus a composite formed with 0.10 E, 0.58 F and 0.32 Gproduces the highest return of

$1166.37. In case one of the breed proportions is found to be negative, then that breed is

deleted and the optimization repeated

The procedure described by Lin (1996) was used in the present study to derive the

optimum breed composition for a composite. Six breeds of cattle were evaluated in the

two systems cow calf and integrated. The traits which were used here were mature size

(MS), fertility rate of females (FRÐ averaged over heifers and cows, calf survival (S1)

averaged for the calves born with and without assistance and peak milk yield (PM). The

t3



traits included were observed to have some economic impacts on both the integrated and

cow-calf production systems. The RFIM and RFIG were not included because there is

limited information on these traits. It is also difficult to have practical measures of these

traits.

An alternative method using SAS 9.1 (2003) was developed to validate the solutions

of the Lin (1996) procedure. This method evaluated all possible breed combinations. This

was computationally demanding and was used for verification only. ln all cases the Lin

method was validated.

3.11.1 The optimal composite considering six breeds

Breed parameters were expressed as deviations from the Simmental trait values for the

analysis done here since it is one of the heaviest breeds as well as the highest milk

producer. The fertility rate of females is a weighted average of heifers and cows given the

proportion of heifers and cows in the herd. The calf survival is also an average of calves

born with and without assistance given the average proportion of assistance in the herd.
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Table 3.7: Breed. means for
Breed

Hereford 693.2
Angus 699.7 77A.2 8.89 11.03

Gelbvieh 798.9 784.1 11.07 I 1.03

Simmental 797.2 825.2irnrnenfel '|qi ) n.5 ), 12.?1 ll.4l 93 82.85

Charolais 845.1 816.6

Mature size
(Ke)'

Limousin
s.

Milk EPDs were derived from 2004 MARC averages (Van Vleck and Cundiff, 2006). Survival and fertility rates are based on

MARC data userJ for both BIO and MARC analysis.

'Breed avetage perforrrance values from Meat Animal Research Center
v Breed average performance values from Beef Improvement Ontario

ic e,a.< '1 Rl6 6 I O 50 I 90 89 83.72
in 7Á4 "1 774 4 7 46 10.85 93 80.26

Mature size
(Ke)t

ization

764.t 774.4

Peak milk
(Ke)'

4.4 7.46 10.85

7.t6 9.15

Peak milk
(Ke)t

t2.3r lt. l
10.s0 9.90

Mean survival
rate ofcalves

9l
95
94
93
89

93

Mean fertility rate

of females (%)

83.72
76.79

75



The breed additive effects were expressed as deviation from the Simmental. The columns

of the A matrix indicates the traits (mature size, survival rate of calves to weaning,

fenility rate of females and peak milk) while the rows are the various breeds (Hereford,

Angus, Gelbvieh, Simmental, Charolais and Limousin). The matrices in the two sources

of information are shown below

A (Bro):

A (MARC):

-68.3 -2
-55 2

- 4r.1 1

00
-8.6 -4
- 50.8 0

3.46 - 2.26

0.87 - 0.38

- 6.06 - 0.38

00
0.87 - 1.51

-2.59 - 0.s6

-r04
-97.5

1Ftr. t

U

48.s

- 32.s

- 2 3.46

2 0.87

1 - 6.46

^ÛU

- 4 0.87

0 -2.59

- 5.15

- 3.42
a 

^/l- t.¿+

U

1.81

- 4.85
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The heterosis matrices for the four traits are Hl (matwe size), H2 (average calf

survival), H3 (fertility rate of females) and H4 (Peak milk yield). Since the breeds are all

Bos taurus breeds, it was assumed that the Fl heterosis effects for each pair of breeds on

a percentage basis would be similar. The contents of the H matrices were derived as the

heterosis percentage of the average of any 2 combining breeds.

ie H¡ : h% ((Breed i + Breed j)/2)

The heterosis values were also shown in Table 4.3 for mature size (Murray, 2002),

fertility rate of females(Bourdon, 2000a) calf survival to weaning (American Shorthorn

Association, 2005) and milk production (Buchanan and Northcutt, 2005). The heterosis

matrices f'or the BIO breeds are shown below

H1:

0 22.91 23.t2 23.73 23.60 22.96-

22.91 0 23.31 23.93 23.80 23.17

23.12 23.31 0 24.14 24.0t 23.38

23.73 23.93 24.14 0 24.63 23.99

23.60 23.80 24.01 24.63 0 23.87

22.96 23.i7 23.38 23.99 23.87 0

0 3.72 3.70 3.68 3.60 3.68

3.72 0 3.78 3.76 3.68 3.76

3.70 3.78 0 3.74 3.66 3.74

3.68 3.76 3.74 0 3.64 3.72

3.60 3.68 3.66 3.64 0 3.64

3.68 3.76 3.74 3.72 3.64 0
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H3=

H4:

0

5.10

4.89

5.07

5.10

s.00

s.10 4.89

0 4.82

4.82 0

5.00 4.79

5.02 4.82

4.92 4.7r

0 0.91 0.91

0.91 0 0.99

0.91 0.99 0

0.93 1.01 1.01

0.86 0.94 0.94

0.90 0.98 0.98

5.07 5.10 5.00

s.00 5.02 4.92

4.79 4.82 4.7t

0 5.00 4.89

s.00 0 4.92

4.89 4.92 0

0.93

1.01

1.01

0

0.96

1.00

0.86 0.90

0.94 0.98

0.94 0.98

0.96 1.00

0 0.93

0.93 0

78



4. RT,SULTS AND DISCUSSION

Weights and average daily gains for calves in the different phases of growth are

shown in Tables 4.la (MARC) and 4.1b (BIO). Higher weaning weights were observed

for the higher milking breeds especially the Simmental and the Gelbvieh breeds. This was

due to the effects of the favorable growing environment created by the dam's high milk

producing ability on such calves. The high weaning weights of calves from Charolais

were due to effect of genetic ability for growth of individual calves.

Economic weights for the traits were derived for each of the six breeds of cattle under

consideration. Results for the cow- calf and integrated production systems are presented

each for BIO and MARC data sets.
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Table 4.1a: Weight measures, average daily gains and days in feedlot for the different breeds

Breed/Class
Hereford

Heifer
Steer

Angus
Heifer
Steer

Gelbvieh
Heifer
Steer

Simmental
Heifer
Steer

Charolais
Heifer
Steer

Limousin
Heifer
Steer

Birth Preweaning
isht

4t1.85

46.24

ADG

45.27
46.67

51.69
53.29

51.58
53.r7

5¿1.72

56.41

205 day Growth'Weaning 
phase

r.02
1.10

1.08

1.15

1.20
1.28

r.23
1.32

t.2r
1.30

1.08
1.15

wel

2s4.7t
270.97

265.77
282.73

ADG Endwei

Average Daily Gain (ADG)
'weaning weight as a proportion of the mature size
Breed average perfonnance values from Gregory et al. (1999)

0.87
0.93

296 day
Growth

296.98
3t5.94

49.48
51.01

0.79
0.84

334.t7
355.5

337.30
358.83

385.12
409.71

384.30
408.83

407.68
433.71

368.64
392.17

303.70
323.09

302.63
321.95

269.99
287.23

Finishing Finish

0.97
1.03

0.89
0.94

1.1s

1.23

1.08
1.15

ADG Endwei

t.32
t.42

1.42

1.51

1.55
t.67

Weaning Days
effrciencf on

459.59
540.70

463.90
s45.77

529.67
623.t4

37
39

38

40

37
40

t.62
t.73

1.53

r.69

feedlot

9s
130

89
124

93
128

s28.54
621.82

1.36
1.49

s60.70
659.6s

507.00
s96.47

38
4t

36
38

35
38

89
123

100

t34

t02
r37
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Table 4.1b: Weight measures, average daily gains and days in feedlot for the different breeds

Breed/Class
Hereford
Heifer
Steer

Angus
Heifer
Steer

Gelbvieh
Heifer
Steer

Simmental
Heifer
Steer

Charolais
Heifer
Steer

Limousin
Heifer
Steer

Ilirth
wel

48.97 r.t2 278.1t
50.49 1.20 295.8€t

49.83 1.18 29t.31
:;1.37 t.26 309.90

:i0.73 1.19 293.95
:i2.30 1.27 312.71

53.39 r.22 303.91
55.04 1.31 323.31

52.83 1.18 2%.7A
54.47 t.26 312.45

50.10 1.18 29t.08
51.65 1.26 309.66

Preweaning
ADG

205 dav Growth
Weaning phase

ADG

Average Daily Gain (ADG)
t weaning weighlt as a proportion of the mature size
Breed average performance values from Sullivan et al. (1999)

0.9s
1.01

296 day
Growth

Endwe

0.88
0.94

364.88
388.17

37t.29
394.99

377.99
402.r2

397.80
423.t9

393.66
418.78

373.3r
397.14

Finishing Finish

0.92
0.98

1.03

1.10

1.10
I.T7

0.90
0.96

ADG Endwei

1.44

1.56

1.55

r.66

t.54
t.66

1.57
r.7t

t.49
r.64

1.54
1.64

Weaning
efficiency'

501.82
s90.38

510.64
600.76

519.86
611.60

Days
on

feedlot

37 95

39 130

38
40

547.11
643.66

37
40

54r.41
636.9s

5t3.43
604.03

90
T24

37 95
39 r29

92
126

36
38

38
40

99
133

9t
126
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Table 4.2;Proñt levels for each of the breeds.

Hereford
Angus

Gelbvieh
Simmental
Charolais
Limousin

Profit level ($)
Cow-calf

'Profits from cow-calf are calculated up to weaning of calves
v Profits from integrated system include the feedlot operations

MARC BIO
t5284.7t t7410.09
17677.t3 20t04.64
20220.96 19961.41
20726.69 20653.57
19000.08 18241.61
17398.14 19s48.80

Profit level ($)
Integratedy

MARC BIO
15271.09 17192.47
17167.64 19345.15
196r0.48 t9323.56
19879.92 20067.16
18557.08 17864.19
t7543.74 189s1.64

Cow Mature size
(Ke)

MARC
693.2
699.7
798.9
797.2
845.7
764.7

BIO
7s6.9
710.2
7114.r

8t¿5.2

816.6
714.4

Peak milk yield

Ke)
MARC

7.16
8.89
11.07
t2.31
10.50
7.46

BIO
9.15

1 1.03

I 1.03

tt.4t
9.90
10.85
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4.1 Influence of breeds on farm profïtabitity

Profits for the different breeds (shown in Table 4.2) were evaluated based on

production and marketing conditions in Tables 3.2, 3.3, 3.4 and 3.5. Profits for the

integrated production systems were generally lower than those of the cow-calf system for

all the breeds except the Limousin breed using the MARC data. Although the weaned

calves are marketed at lower weights and younger ages, they are compensated by the

payment of higher prices per kilogram of weight as in agreement with MAFRI (2006c).

The ranges for profits under the cow-calf production systems for the MARC and BIO

values were $15284.71 to 820726.69 and $17410.09 to $20653.57. The ranges of profits

for the integrate<i systems ior iviARC anci BiO were $i527i.09 to $i9879.92 and

$17192.47 to $20067.16 respectively. These profits indicate a loss in the integrated

production system ranging ûom $13.62 to 8846.77 and 8217.62 to 5759.49 respectively

for the MARC and BIO values.

The profits derived for both systems of production were higher than the values

reporteci by Koots anci Gibson (1998a). These may'be as a resuit of the input prices and

costs used in this model. Higher profits are expected in the integrated production system

due to addition of values to the individual animals through finishing and other production

activities however the results from this study suggests otherwise given the Manitoba

costs. This may be due to higher cost of production especially in meeting the nutritional

requirements of the animals in the feedlot.

Highest profit for the cow-calf production system came from the Simmental breed

llnth 520726.69 and 520653.57 for the MARC and BIO breed values respectively. The

least profit came from the Hereford with 515284.71 and $174i0.09 for the MARC and
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BIO values respectively. The profit for the integrated production system was also highest

for the Simmental breed using while the least also came from the Hereford breed.

Higher profits were more consistent for higher milking breeds (such as Gelbvieh and

Simmental) than for the heavier breeds. Simple correlations \¡/ere calculated between size

and profits and between milk production and profit. The correlation results of profits with

mature size and milk production abilities gave averages of 0.55 for mature weight (cow-

calf),0.97 peak milk (cow-calf), 0.59 mature weight (integrated) and 0.95 peak milk

production (integrated). There is thus a greater contribution of cow milk producing ability

to profit. The cow mature size also contributes to profitability to an extent given the

correlations with profits; however the result is as not strong as that for milk production.

Other contributions to profitability may also come from the reproductive characteristics

of the breeds especially fertility rates which was an indicator of calf number. The survival

rates of calves also affected the number of animals that reached market age.

Differences in profit between the cow-calf and integrated systems (Table 4.2) were

variable. For example a profit of $17398.14 for cow calf (Limousin, MARC) while

917543.74 for the integrated. This gives a retum due to feedlot operation of $146. This

profit change between the cow- calf and the integrated operations ranged from -$847 in

the Simmental to -$146 in the Limousin (under the MARC data). The heavier milking

breeds as well as some of those with high mature sizes tended to attract more losses in the

integrated production system. Bourdon and Brirks (i987) in their sirrruiated stridy

observed that biological efficiency of animals with high mature sizes were reduced due to

higher feed consumption. There is also increased requirements for lactation by heavier

milking breeds. Given the profits in both systems, highest losses in the integrated system
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with respect to the cow-calf system were observed for the Simmental breed ($847) using

the MARC values while the Angus indicated the greatest loss using the BIO values with

8759. The least losses came from the Hereford breed for the MARC and BIO values

respectively, whereas the Limousin gained using the MARC data.

Most producers in Manitoba do not finish their calves in the feedlot but rather sell

them at weaning. The profitability profile for feedlots issued by MAFRI (2002) indicates

that most feedlots operators do not break even. Sales of finished steers to other provinces

atlract negative returns (-812.62 to -$65.20) per head except those sold in Nebraska. This

is because the U.S. was a major market for most of Manitoba slaughter cattle and thus

making the market forces of demand and supply in the U.S. to determine the price of

cattle produced in Manitoba (Honey, 2006). The beef industry in Canada (Manitoba

inclusive) is still recovering from the poor market of finished beef as a result of the

incidence of BSE. The disease outbreak which led to closure of the U.S. border to

Canadian meat had greater effect on the Manitoba producers who relied mainly on the

U.S. market without sourcing for alternative markets in Canada. CanFax reports have

also indicated that the feedlot sector is prone to market fluctuations which may lead to

negative profits in some periods (MCPA, 2006a).

Tables 4.3a,4.3b and 4.4a,4.4b show the different economic weights under the two

systems respectively for mature size (MS), calf survival with assisted calving (SlAC),

^^l{. ^,..-,:-,^l --,.i+L "-^--i-+^J ^^I-,:-- ^-Å /c.1T T 
^ 

,^1\ -^^:l--^t f^^l j-+^l-^ :. .tr¿trr ùLrrvrv¿ai wrlir u¡¡ass¡stEtu íJaivrI¡B AIIU (ùirJ.õ,\-j, fçSiOUAi IeeG iilaKe ifr $iO-Win$

(RFIG) and mature cattle (RFIM). Others include fertility rate in heifers (FRh) and cows

(FRc), cow survival rate (S3) and peak milk yield (PM). MS, SIAC, SIUAC, FRc and

PM indicated positive economic values in both systems while the RFIG, RFIM and 53
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showed negative economic values. Economic values for FRh were all positive in the cow

calf sector but were negative in the integrated production system.

The cow-calf system has economic values for mature size"ranging from $11.19 to

$12.63og'rcowl and $1 1.24 to $12.50og-r"o*-t respectively for the MARC and BIO

data. The economic values for mature size were higher in the integrated production

system than in the cow-calf system. The values ranged from $1 1.45 to g16.42o g-tcow-l

and $1 1.88 to 516.29 o g'tcowt for the MARC and BIO data respectively.

Koots (1994) observed mature size to have positive economic values which is

consistent with the result found here. In a study of crossbreeding using specialized dams

and sire lines by MacNeil et al. (1994), negative economic values for cow weight were

found for the dam line.
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Table 4.3a: Relative economic values of selected traits in the base scenario (cow-calf
production system)'. ($ o g-lcow-l¡
Traits* Hereford Angus Gelbvieh Simmental Charolais Limousin

MS
SlAC
S1UAC
RFIG
RFIM
FRh
FRc
S3
PM

12.37
0.23
2.1,2

-2.21
-4.36
0.25
0.09
-0.52
4.50

12.57
0.23
2.22
-2.33
-4.32
0.22
0.08
-0.58
4.82

12.43
0.26
2.50
-2.30
-4.34
0.26
0.06
-0.63
4.69

12.63
0.27
2.s6
-2.29
-4.34
0.28
0.10
-0.62
4.43

I 1.19

0.26
2.58
-2.1s
-4.32
0.23
-0.04
-0.69
4.52

12.4t
0.24
2.26
-2.29
-4.34
0.23
0.00
-0.59
4.72

Table 4.3b: Relative economic values of selected traits in the base scenario (cow-calf
production cyclq). ($ og'rcow-r)
Traitsx Hereford Angus Gel6

MS
SlAC
SlUAC
RFIG
RFIM
FRh
FRc
S3

PM

12.20
0.26
2.34
-2.21
-4.36
0.27
0.07
-0.s7
4.46

t2.42
0.25
2.45
-2.33
-4.32
0.24
0.06
-0.64
4.81

12.44
0.26
2.47
-2.30
-4.34
0.26
0.07
-0.62
4.68

12.31

0.27
2.57
-2.29
-4.34
0.27
0.04
-0.64
4.66

TT.24

0.26
2.50
-2.16
-4.32
0.23
-0.03
-0.67
4.5r

12.50
0.26
2.45
-2.29
-4.34
0.27
0.09
-0.60
4.64

* Traits include Mature Size (MS), Survival rate of ca
of calves from birth to weaning with unassisted calving (SIUAC), Residual feed intake in
growing animals (RFIG), Residual feed intake in mature animals (RFnyf), Fertility rate in heifers
(FRt ), Fertility rate of cows (FPrc), survival rate of cows (s3) and peak milk (pM).
'Breed average perforrnance values from Meat Animal Research center
v Breed avetageperformance values from Beef Improvement ontario
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Table 4.4a: Relative economic values of selected traits in the base scenario (integrated
produclion cycle)]. ($ o g-tcowr)
Traitsx Hereford Angus

slAC 0.24
S1UAC 2.T7
RFIG .6.00
RFIM -4.36
FRh -0.04
FRc -0.02
s3 -O.ss
PM 3.55

15.1 I
0.23
2.25
-6.32
-4.32
-0.02
0.04
-0.61
3.96

13.99
0.27
2.51
-6.21
-4.21
-0.05
-0.06
-0.66
4.09

16.42
0.27
2.54
-6.25
-4.34
-0.06
-0.04
-0.65
2.15

1r.45
0.26
2.s9
-5.82
-4.32
-0.04
-0.12
-0.71

2.2t

t4.90
0.2s
2.32
-6.05
-4.34
-0.04
-0.08
-0.62
3.6s

Table 4.4b: Relative economic values of selected traits in the base scenario (integrated
nrn¡{rr¡*inn ^.,^l^\y /<f ^ ^-1^^..¡lr.löøs ^cow

Traits* Hereford Angus Ge
MS
C1 i\/'r\) lÃu

t4.48

^ 
-tl

t3.17
n.)<

2.46
-6.31
-4.32
-0.03
-0.01
-0.66
2.5r

16.29

^ 
1É.

2.48
-6.23
-4.34
-0.0s
-0.04
-0.6s
2.44

12.53
rì 10v.La

2.57
-6.15
-4.34
-0.06
-0.09
-0.67
2.38

I 1.88

^ 
aÉ.

2.51
-s.84
-4.32
-0.04
-0.10
-0.69
2.23

14.30

^ 
1É.

2.45
-6.21
-4.34
-0.05
-0.04
-0.63
4.06

RFIG
RFIM
FRh
FRc
S3

PM

S 1UAC 2.36
-6.00
-4.36
-0.05
-0.07
-0.59
3.74

*TraitsincIudeMatureSize(MS),Survivalrateofc

of calves from birth to weaning with unassisted calving (SIUAC), Residual feed intake in
gro';ring anirnals (PJIG), Residua! feed L.rtake in mature animals (RFIL4), Fertilif rate h heifers
(FRlt), Fertility rate of cows (FRc), Survival rate of cows (s3) and peak milk (pM).
'Breed avetage performance values from Meat Animal Research center
v Breed average performance values from Beef Improvement ontario
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4.2 Economic values of traits

The economic values for this ûait \within each production system did not have wide

variations. The values were high in both systems of production indicating the relative

importance of the trait in beef production under a purebreeding setting. Such results show

that increasing the mature weight of the different breeds tended to increase the profit

accrued from both production processes through weaning of heavier calves and also the

sale of heavier animals at finishing. Animals of heavier mature sizes are known to have

the potentials to be heavy throughout their growth phases unless there is an

environmental interference. Although they will add higher gains, their nutritional demand

may be higher than those of lighter animals.

The economic values for the mature size in the cow calf production system were

lower than that of the integrated production system for all the breeds. This suggests that

increase in the mature size will have greater value in the integrated production system

than in the cow-calf.

The survival in calves was partitioned into 2; calf survival with assisted calving

(SIAC) and calf survival with unassisted calving (SIUAC). The economic values for

both survival traits were similar across the breeds within each production system. The

cow-calf production system has economic values for SIAC and SIUAC ranging from

$0.23 to $0.27og-rcowr and $2.I2 to 2.58øg-lcowr respectively. The integrated

ploduction system also gave similalvalues ranging $0.23 to $0.28og-lcor.vl and $2.17

to $2.59øg-rcowr for the SIAC and S1UAC respectively.

Economic values for assisted calving were consistently lower than that of unassisted

calving. This reflects the relative importance of increase in the unassisted calving by
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cows thereby incurring minimum expenses associated with assisted calving. The values

were similar in both systems of production.

There were similar economic values for residual feed intake for the breeds among the

breed data sets used (MARC vs BIO) within each production system and also between

the mature animals in both production systems. The economic values for the residual feed

intake in the cow-calf production system range from -$2.15 to -$2.33og-lcow-r and -

$4.36 to -$4.32dg-rcowr for growing animals (RFIG) and mature animals (RFIM)

respectively. The integrated system has economic values for RFIG ranging from -$6.32 to

-$5.82 d g-rcow-r and -$6.31 to -$5.84 d g-rcowr for the MARC and BIo values.

The negative coefficients for the economic values of residual feed intake indicate that

additional levels of feed intake causes a negative return to production. This is due to the

effect of higher feed costs that accompany animals that consume more feed to meet their

requirements or to attain desired market size. Such conditions are related to the biological

efficiency (Fenell and Jenkins, 1988; Notter, 2002) of the animals in utilizing the

available feeds. Animals that require less net feed intake to attain a desired size are

deemed to be more profitable than those that consume extra feed.

The economic values of residual feed intakes were similar for most of the breeds due

to the specified time spent in the herd for the growing (RFIG) and mature (RFIM)

animals. The growth phase for the growing animals (mainly steers and heifers) was fixed

until the animals entered the feedlot. The average daily gains in the feedlot accounts fbr

length of finishing the aniinal to attain the required market weight. Differences between

the breeds were identified in the period of finishing since the time to reach desired weight

varied among breeds. The economic values were higher for growing animals than mature
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ones in the integrated system because of the greater number of individuals in that

category. Although the RFIM economic values in the integrated production system were

same as those in the cow-calf production system, the values for the RFIG were lesser in

the cow-calf production system. Similarities existed in RFIM because same classes of

older animals are maintained for self replacing herd in both systems of production. On

the other hand, the RFIG in the cow-calf is lower because the calves are sold at weaning

and therefore are kept for a shorter time than the finished calves in the integrated

production system. Therefore the effect of extra feeding will be greater in the integrated

system than the cow-calf.

The economic values of fertility rates for the heifers (FRh) were higher than that of

cows in the cow calf production system while they were generally lower in the integrated

system. The economic values for the FRh and FRc ranged from $0.22o g-rcow-l to

$0.28og-lcow-l and -$0.04og-lcow-l to $0.10og-lcowl respectively for the entire

cow-calf system. Economic values for fertilify rates of heifers and cows were generally

negative in the integrated production system. The values ranged from -$0.06 Õ g-lcow-l to

-$0.02 o'g'tcowt for FRh while FRc ranged from -$0.12 d g-lcowl and $0.04 øg-lcow-r.

The economic values for fertility rate in the cow calf system were generally higher

than those in the integrated system. The results were generally lower than the values

obtained by some others studies for cow fertility (Koots and Gibson, l99}a) and female

fertilrb' (llacNeil et al., 1994). The results indicate that improving the fbmale fertilify

will generate more value in the cow calf system whereas in the integrated it may cause a

reduction. Normally, increased fertility is expected to be associated with more calves and

more income, but if the farm is not making profit or if the cost of maintaining animals is
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close tol higher than the revenue, any extra cost associated with production will entail

losses to the farm. ln this case, the increased number of calves (as a result of increased

heifer or co\¡/ fertility) will increase the management and nutritional demands.

The economic values for the survival rate of cows were negative for all breeds. The

values were also similar within the two production systems and among the individual

breeds. The cow-calf production system has economic values ranging from -$0.69 to -

$0.52og-lcowt while the integrated system has values ranging from -$0.71 to -

$0.55 d g-rcow-r.

The survival rate of cows gave negative economic values indicating that greater

retention of old cows in the herd was detrimental to the profitabilþ of both production

systems. In practice, this may be observed for cows greater than I years. Such results

indicate that maintenance costs for the cows were greater than the revenues. Increasing

the survival of the cows meant increasing the proportions of the older cows in the herd.

These cows are bigger in size and would have more nutritional demands than younger

females; moreover the prices of the colils are discounted during sales. Since the revenue

from their sales do not cover their management and feeding costs, any increase in the

number of this class of animals will generate negative profit. The result from this study

does not conform to Koots and Gibson (1998a) which gave a highly positive value of

SI4.72dg-t"o*t for the purebreeding system. This may be as aresult of reduced cost

associated with cows in his model or that the selling prices of the cows were able to

offset the keeping costs of the cows.

The economic values for the peak milk production were generally higher in the cow-

calf system than in the integrated production system. These values were higher than those
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reported by Koots and Gibson (1998a). The values ranged from $4.43 to $4.82 d g-tcow-l

and $2.15 to $4.09 6r g-lcowl respectively for the cow calf and the integrated production

systems. The importance of the maternal abitity is reflected in the economic value of the

peak milk yield. At a fixed day of peak lactation, the milk yield of a breed indicates their

maternal ability in weaning heavy calves. The economic values for peak milk yield in this

study were positive in both systems. The values were higher in the cow calf production

system than in the feedlot. This may be due to fewer costs associated with supplementing

(creep) the calves' requirements. Calves whose dams produced more milk were heavier at

weaning and this also affected their weights up to finishing in the feedlot.

There was relatively little variation in the economic values for the most of the traits

among the breeds within each system. The economic values for some traits were also

similar across the two production systems evaluated'
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Table 4.5a: Relative economic values of selected traits in the Adjusted scenario (cow-calf
production system)'. ($ o g-lcowl)
Traits* Hereford Angus Gelbvieh Simmental Charolais Limousin

MS 13.80 14.14 13.94 14.12
slAC 0.26 0.25
sluAc 2.36 2.47
RFIG -2.2t -2.33 -2.30 -2.29 -2.15 -2.29
RFrM -4.36 -4.32 -4.34 -4.34 -4.32 -4.34
FRh 0.33 0.29
FRc 0.28 0.27

0.29 0.31
2.78 2.85

0.34 0.37
0.27 0.32

12.64 i3.91
0.29 0.27
2.86 2.51

0.31 0.31

0.17 0.20
s3 -0.52 -0.s8 -0.63 -0.62 -0.69 -0.s9
PM 4.94 5.30 5.16 4.89 4.97 5.18

Table 4.5b: Relative economic values of selected traits in the Adjusted scenario (cow-calf
production cycle)v. ($ o g-rcow-l)
Traits* Hereford Angus Gelbvieh Simmental Charolais Limousin

MS 13.63 13.98 13.95 13.80 t2.69 14.00
slAC 0.29 0.28 0.29 0.30

2.75 2.85
0.28 0.29
2.77 2.72S 1UAC 2.60 2.73

RFIG -2.2t -2.33 -2.30 -2.29 -2.15 -2.29
RFIM -4.36 -4.32 -4.34 -4.34 -4.32 -4.34
FRh 0.35 0.31 0.35 0.36 0.30 0.3s
FRc 0.28 0.26 0.28 0.27 0.17 0.30
s3 -0.57 -0.64 -0.62 -0.64 -0.67 -0.60
PM 4.91 5.29 5.15 5.r2 4.96 5.10
* Traits include Mature Size (lttfS), Survival rate of calves with assisted calving (SIAC), Survival
of cal'¡es from birth to weaning with unassisted calving (SiUAC), Residual feed intake in
growing animals (RFIG), Residual feed intake in mature animals ßFn4), Fertilþ rate in heifers
(FRh), Fertilþ rate of cows (FRc), Survival rate of cows (S3) and Peak milk (PM).
'Breed average performance values from Meat Animal Research Center
v Breed average performance values from Beef Improvement Ontario
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Table 4.6a: Relative economic values of selected traits in the Adjusted scenario
(integlated production cycle)". ($ o g-rcowr)
Traits* Hereford Angus Gelbvieh Simmenffi
Profit ($) '18332.70 20613.89 23377.99 23634.60 22327.92 21032.30

RFIG -5.99 -6.32
RFIM -4.36 -4.32

MS
SlAC
S l UAC 2.46

FRh 0.06
FRc 0.21
S3

PM

0.26
2.55

0.06
0.25

-0.55 -0.61
3.70 4.ts

14.37 17.78
0.30 0.28
294 2.64
-5.82 -6.0s
-4.32 -4.34
0.05 0.06
0.13 0.16
-0.7r 0.62
2.50 3.78

18.06 18.04 16.86 19.0s
0.27 0.30

2.85
-6.21
-4.34
0.05
0.20
-0.66
4.24

0.31
2.88
-6.25
-4.34
0.05
0.22
-0.65
2.45

Table 4.6b: Relative economic values of selected traits in the Adjusted scenario
(integlated production cycle)v. ($ ø g-rcow-r)
Traits* Hereford Angus Gelbvieh
Profit ($) 20535.33 23130.68 23035-04 2389s.04 215t2.94 22580.97
MS 17.17 t6.20 18.96 rs.49
slAC 0.29
S l UAC 2.67

0.28 0.30 0.31
2.79

14.78 17.t1
0.29 0.30

2.8r 2.9r 2.85 2.18
-5.84 -6.21
-4.32 -4.34

0.05 0.05 0.0s
0.21 0.18

-6.00 -6.32 -6.23 -6.15
RFIM -4.36 -4.32 -4.34

0.05
-4.34

FRh 0.05

RFIG

FRc
S3

PM

0.19
0.06
0.23

-0.59 -0.66
3.88 2.83

-0.65
2.74

-0.67
2.67

0.t4 0.21
-0.69 -0.63
2.52 4.21*Treitsinc!ude}'4at';reSize(tr'{S),Sur',i.''aIrateofcal'¡eswitIiasslstedcal.ry

of calves from birth to weaning with unassisted calving (SIUAC), Residual feed intake in
growing animals (RFIG), Residual feed intake in mature animals (RFIM), Fertility rate in heifers
(Fnr,), Fertility rate of cows (FRc), Survival rate of cows (s3) and peak milk (pM)
'Breed average performance values from Meat Animal Research center
v Breed average performance values from Beef Improvement Ontario
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Tables 4.5(a,b) and 4.6(a,b) indicate the economic values of the traits as a result of

10% increase in the selling prices of the steers and heifers. This translated to increased

profits under both systems of production. At such market prices for the heifers and steers,

the integrated production system became more profitable than the cow-calf production

system although the margins varied ¿ìmong the breeds.

There were also changes in the economic values of the traits evaluated. There were

general increases in all economic values of traits especially the fertility rates of females

(which was negative in the base scenario under the integrated production system). This

result v/as expected since increase in fertilþ of females would increase the number of

marketed animals; in this situation of profit per individual animal sold, increased number

of animals sold would increase the total profit of the farm. The economic value of

residual feed intake was unaffected.

The effects of changing the mature cow size and milk production on the economic

values of the traits are shown in Table 4.7afor the cow-calf system and Table 4.7b for the

integrated system. Among the breeds compared, the changes were applied to the

Simmental and the Hereford breeds which were the heaviest, highest milk producer and

lightest, lowest milk producer according to the BIO data. While the economic values of

other breeds remained constant, observations were made on the economic values of the

Hereford and Simmental to which changes were made.
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Table 4.7a: Sensitivity of the economic values under changes in mature size and peak
milk yield (Cow-calÐ. ($ o g-lcowt)
Traits* Hereford Simmental
MS
S lAC
S1UAC
RFIG
RT'IM
FRh
FRc
S3

PM

12.43
0.24
2.t6
-2.21
-4.36
0.26
0.t4
-0.52
4.45

12.00
0.30
2.77
-2.29
-4.34
0.28
-0.01
-0.70
4.6s

Table 4.7b: Sensitivity of the. economic values under changes in mature size and peak
milk yield (Integrated). ($ o g'rcow-r)
Traitsx Hereford Simmental
XrfW
stAC 0.24 0.30
sluAc 2.18 2.76
RFrG -6.09 -6.09
RFIM -4.36 -4.34
FRh -0.04 -0.07
FRc 0.01 -0.16
s3 -0.54 -0.73
PM 3.70 2.27
* Traits includeMature Size (MS), Survival rate of calves with assisted calving (SiAC), Survival
of calves from birth to weaning with unassisted calving (SIUAC), Residual feed intake in
growing animals (RFIG), Residual feed intake in mature animals (RFIM), Fertility rate in heifers
(FRh), Fertilify rate of cows (FRc), Survival rate of cows (S3) and Peak milk (pM)
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The reduction of the mature size and peak milk yield in the Hereford affected the total

profit in both systems as well as the relative economic values of some traits. There was

approximately l}Yo reduction in total profits of the cow-calf system ($1707) as well as in

the in the integrated system ($1770). Increase in the mature size and milk yield of the

Simmental increased profit by lX%in both the cow-calf production system ($1955) and

the integrated production system ($1861).

Changes in the economic values of traits were observed for some traits in the cow calf

production system. There were little increases in the economic values of some traits (MS,

FRc and 53) the traits in the Hereford breed. The RFIG and RFIM were constant while

SIAC, SIUAC, FRh and PM reduced for the breed. The Simmental breed had reduced

values in the MS, FRc, 53 and PM. Economic values for SIAC, S1UAC and FRh

increased in their economic values while RFIG and RFIM were constant.

The integrated production system experienced more obvious changes in the economic

values of the MS in the Hereford breed. There was reduction in the economic values of

both breeds for the PM while MS increased. The other traits experienced little changes as

shown in Table 4.7b.

Generally, the changes in the mature size and peak milk yields had more effect on the

total profit of each of the production systems. Net effect on the changes in proftts was

greater for the Simmental breed than the Hereford. The changes in total profit (shown in

Figures 4.la and 4.lb) of each sector as a result of the rescaling were expected because

changing the milk and the mature weight of a breed will affect the revenue from the

marketed product. There will be correlated changes in the weights at weaning as well as

at finishing due to more/less production of milk by the dam. The cost of creep feeding
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would also be affected because the milk produced by the dam may not meet the needs of

the calf if there is lesser milk production by the dam or there wiil be less cost attached to

creep feeding if the dam's milk production supports all requirement of the calf.

These results indicated that the changes made to mature size and peak milk yield

affect most of the individual traits in the cow-calf production system but the changes

\ /ere very small. The little changes that occurred indicate that the economic values seem

not be affected much by changes in the cow mature size and peak milk yield. The results

were similar in the integrated system. The economic value of mature size for the

Hereford was affected to a greater extent than the Simmental breed indicating that errors

in the actual values of such traits of individual breeds would affect the resulting economic

values. This is in agreement with the findings of Koots and Gibson (1998b).
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Figure 4.1a: Changes in the profit as a result of 10% increase in mature size and peak milk yield in the Simmental breed.

Effect of increasing the mature size and peak milk yield in the

Simmental breed

g, 20000

e lsoooÈ

10000

Figure 4.lb: Changes in the profit as a result of 10o/o decrease in mature size and peak milk yield in the Hereford breed.

Cowcalf lntegrated
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Effect of decreasing the mature size and peak milk yield in the

Hereford breed
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4.3 Breed proportions in the optimum composite

The determinationof the optimum composite will be described in this section. The "v"

matrix is a vector of the economic values for the various traits (t) to be selected and is

based on the average (median) values of economic values by breeds for the various traits

studied. Table 4.8 (a, b) also shows the economic values of the different traits

incorporated in the optimization. The economic values of traits þer unit of measurement)

under the two scenarios, the base scenario and the adjusted scenario (10% increases in the

selling price of the heifers and steers) are shown. The matrix is of dimension t x 1.

Figures 4.2 and 4.3 show the similarities in the relative economic values of the difflerent

traits, for clarity, the maximum and the minimum values have been indicated. The

economic values of the traits to be incorporated in the optimi zafionprocedure have been

expressed as dollars per unit of measurement.
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Table 4.ga: Direct heterosis estimates and mean economic values for traits in the base scenario.

Traits
Mature weight
Calf survival
Fertility rate of females
Peak milk vield

Unit
Kg
%
%

Table 4.8b: Direct heterosis estimates and mean economic values for traits inLthe a4

Direct Heterosis o/o

3.0
4.0
6.0
9.0

Traits
Mature weight
Calf survival
Fertility rate of females

Peak milk yield

Cow calf
0.32
6.46
0.20
11.72

Unit
Kg
%
%

Economic values ($/tJnit of trait)

Direct Heterosis o/o

3.0
4.0
6.0
9.0

t Ontario Meat Animal Research Center

integrated Cow calf integrated

0.36 0.33 0.39

6.48 6.25 6.34
-0.10 0.20 -0.93
6.24 11.61 9.08

Cow calf integrated
0.36
7.19
0.56
12.88

Economic values
rovement Ontario

usted scenario.

0.44
7.35
0.33
7.02

nit of trait
Meat Animal Research Center

Cow calf integrated
0.36 0.47
6.94 7.20
0.54 0.34
12.77 9.43
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Figure 4.2: Maxímum and minimum economic values for the various traits in the BIO
cow calf production system (base scenario) ($ o g-tcow-t;.

Mature size (MS), Survival rate of calves with
with unassisted calving (SIUAC), Fertility rate
Peak milk yield (PM).

assisted calving (SIAC), Survival rate of cows
of heifers (FRh), Fertility rate of cows (FRc),
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Figure 4.3: Maximum and minimum economic values for the various traits in the BIO
cow calf production system (adjusted scenario) ($ o g-rcowt¡

Mature size (MS), Survival rate of calves with assisted calving (SIAC), Survival rate of cows

with unassisted calving (SIUAC), Fertilþ rate of heifers (FRh), Fertility rate of cows (FRc),

Peak milk yield (PM).
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The T matrices are shown below. These represent deviations from the Simmental and are

in units of $ per cow. The values of the purebreds are located on the diagonals and these

were mostly negative values with respect to the Simmental values. The off-diagonals

represent profitability of the Fl crosses and were mostly positive except the values in

column I and 5 as well as rows I and 5.

For the cow calf production system, the T-matrices were:

T (BIO -base scenario):

- 60.58 2.08 0.22 6.49 -r7.89 - 5.48

2.08 -8.97 27.54 33.81 9.43 2t.84
0.22 27,54 -12.34 31.95 7.s7 19.98

6.49 33.81 31.95 0 13.84 26.25

-17.89 9.43 7.s7 13.84 - 46.10 1.86

- 5.48 21.84 19.98 26.25 1.86 -23.33

T (MARC base scenario):

- 105.93 48.73 -22.54
48.73 - 59.22 2.33

-22.54 2.33 -8.77
-17.60 7.17 33.36

- 33.98 -9.21 16.98

- 53.92 -29.15 -2.96

-17.60
7.17

33.36

0

21.92

1.98

- 33.98

-9.21
16.98

21.92

- 29.82

-14.40

- 53.92

- 29.15

- 2.96

1.98

-14.40

- 67.54
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For the integrated system the T- matrices were

T (BIO base scenario):

- 52.02 - 0.07 - 0.56

- 0.07 - 9.30 21.88

- 0.56 21.88 - 10.05

4.42 26.86 26.37

- 15.83 6.62 104.20

- 6.49 |s.96 15.46

4.42 - 15.83

26.86 6.62

26.37 6.12

0 11.10

11.10 -38.54
20.44 0.20

- 6.49

15.96

15.46

20.44

0.20

- 21.51

T (MARC base scenario):

-100.32 - 47.29 -20.12 -t7.91
- 47.29 - 56.48 3.05 5.26

-20.t2 3.05 -3.7 32.43

-17.91 5.26 32.43 0

-30.67 -7.50 19.67 2r.87

- 48.12 - 24.95 2.21 4.42

-30.67
-7.50
19.67

2r.87

- 22.94

- 8.34

- 48.r2f

- 24.95

2.2t

4.42

- 8.34

- 56.47

The T matrix for both methods in the optimization procedure indicated that the higher

values of the Hereford and Lirnousin breeds resulted in negative relative to the purebred

Simmental when combined with other breeds. In the MARC data set, the Hereford breed

accumulated high negative performance although fewer combinations were negative.

Such results may indicate shortcoming in the breed given the weighting factors

(economic values) for the traits incorporated. These weights favor individual breeds with

high performance for any of the traits (MS, S 1, FR and PM) by assigning a high value to

their outcome. In both the MARC and BIO data used, the Hereford breed consistently

had the lowest performance for peak milk yield and mature weight (except in MARC
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data) whereas the Charolais breed had low values for the peak mitk yield and also the

lowest performance for the mean calf survival.

In deriving an optimum, the procedure chooses a combination which gives the highest

net merit. Results of the optimum breed proportion for the six breeds (Hereford, Angus,

Gelbvieh, Simmental, Charolais and Limousin) are shown in Tables 4.9(a, b). The initial

results (with the BIO data set) using Lin's methodology to generate the optimum breed

proportion given the values in the T matrices indicated negative proportions to two

breeds (Hereford and Limousin) in the both production systems. Deleting these two

breeds (Lin, 1996; Hayes et al. 2000) and a re-run of the pïogram with the remaining

breeds gave breed proportions shown in the table below for the different systems of

production using the BIO and MARC data. The net profit from the optimum composition

of each composite under each system is also shown in Table 4.9. These values are

relative to the purebred Simmental which is the reference point. Breed proportions other

than the optimum generate lower net economic merit in the composites for example a

composite with }Yo Hereford, 40% Simmental, 30% Gelbvieh and l\Yo each of the

Angus, Limousin and Charolais would give a net economic value of $12.47lcow (MARC,

cow calf) greater than that of the Simmental, thus less than the optimum ($24.38).
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Cow calf Intesrated
Breed BIO MARC

Hereford
Angus
Gelbvieh
Simmental
Charolais
Limousin

0.00
0.28
0.23
0.40
0.00
0.09

0.00
0.00
0.43
0.36
0.2r
0.00

0.00
0.27
0.25
0.4t
0.00
0.07

0.00
0.00
0.44
0.34
0.22
0.00

Net value ($cow-') 19.27 24.38 15.21 23.53
Breed additive
value ($cowt;

-7.45 -10.03 -3.52

Heterosis value
($cow-r¡

26.72 34.41 18.73 30.21

Table 4.9b: Breed proportions in the composite line (adjusted scenario).

Cow calf Integrated
BIO MARC BIO MARC

Hereford
Angus
Gelbvieh
Simmental
Charolais
Limousin

0.00
0.29
0.22
0.40
0.00
0.09

0.00
0.00
0.51
0.46
0.03
0.00

0.00
0.27
0.23
0.43
0.00
0.07

0.00
0.00
0.s2
0.44
0.04
0.00

Net value ($cow-') 21.99 24.37 t7.28 23.76
Breed additive
value ($cow-l;

-8.77 -6.87 -8.65 -3.90

Heterosis value
($cowr;

30.76 31.24 25.93 27.66
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Figure 4.4: Effect of breed
proportion on the profit of
the composite the cow-
calf production system.
Each of the six breeds are
shown here and the
optimum point for each
breed is shown with an
¿rrrow. With each
proportion for a breed,
there is a vertical range in
profit, which is the result
of other breeds that are
present. The optimum
solution here is
Hereford (0.0), Angus
(0.28), Gelbvieh (0.23),
Simmental (0.40),
Charolais (0.0) and
Limousin (0.09).
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Figure 4.5: Effect of breed
proportion on the profit of the
composite in the integrated
production systern.
Each of the six breeds is shown
here and the optimum point for
each breed is shown with an

arrow. With each proportion
for a breed, there is a vertical
range in profit, wlúch is the
result ofother breeds that are
present. The optimum solution
here is
Hereford (0.0), Angus (0.27),
Gelbvieh (0.25), Simmental
(0.41), Charolais (0.0), and
Limousin (0.07).
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The optimum breed proportions in the composite for both sets of data (MARC vs

BIO) were different even though similar reproductive parameters and survival rates for

both sets of data. Use of the MARC data indicated that only three of the breeds

(Gelbvieh, Simmental and Charolais) would produce the maximum net merit in the

composite. The BIO data produced a maximum net merit with four breeds comprised of

Angus, Gelbvieh, Simmental and Limousin.

In both data sets, the major component breed in the composite is the Simmental while

the least was Charolais or Limousin. This is due to the high weight assigned to peak milk,

Simmental was consistently the highest milking breed while the Hereford had the least

size as well as milking ability. This would also contribute to consistent placement of a

breed above others in both data sets.

Validation of the Lin's method involved calculating profit from all possible

combinations of the six breeds. The results of this are shown in Figure 4.4 and 4.5. Each

of the six graphs in a set shows the relationship between profit and the proportion of a

given breed. Optimum points are indicated with affows. This could be a useful tool for

breeders who may intend some compromise either in profit or in heterosis. It will be

noted that in some breeds e.g. Gelbvieh and Angus, the net profit is almost the same over

a range of proportions, 0.1 to 0.3 (as shown in the graphs). The results shown in Figures

4.4 and 4.5 then avail the producer some flexibility in terms of choice of breed

proportions in tlie coinposite tliat w-ouid give iiiüi siiniiar pror'rt level as the optimum

breed proportion.

Tables 4.9a and 4.9b also indicate the breed additive and heterosis effects on profits

for the optimum composite. The values are relative to the Simmental breed. The negative

11r



signs indicate lower performance than the Simmental breed. The contribution of the

hybrid vigor was deduced frorn the T matrix given the optimum breed composition in the

composite. For instance, in the cow calf system (base scenario) using the MARC data, the

contribution of the breed additive effects (located in the diagonals of the T-matrix) in the

composite excluding hybrid vigor would be $10.03 per cow lower than the value of the

Simmental whereas the composite value incorporating the hybrid vigor gives $24.38

above the Simmental. It is important to note that heterosis for profit \ryas a major part of

the net value of the composite.

The degree of heterosis is proportional to the level of heterozygosity. Deviation from

equal proportion of breeds in a composite reduces the hybrid vigor. The procedure thus

makes a "choice" to have a higher level of heterozygosity with a lesser profit from the

optimum or capitalize on the profit due to breed additive effects. This also fosters the

retention of the maximum (F1) heterosis when more breeds are included. For example in

the cow-calf production system, a producer intending to include Angus in less than 50%

of the composite would be ready to lose some part of the profit.

The results in both procedures in the cow-calf system indicate that the Simmental or

Gelbvieh breed forms the major breed in the composite that would maximize the net

merit. This may be due to its high performance milking ability and also given that the

economic value of the trait in the system is higher than other traits. The optimum

composite would have combined effects of calf survival (Angus), size (Simmental and

Charolais) and milking abilities (Simmental, Gelbvieh). These are important traits in both

the cow-calf production system and the integrated production system.
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Shrestha (2005) gave the illustration of the development of the 2-breed and 3-

breed composites. In both cases, the crossings in the third generation of crossings were

used to produce the composites. These conclusions about the best combination of breeds

are based on the assessed value for breed mean performance. For the present study, the

composite would be formed from animals that are breed average. There is much genetic

variation within each breed (Cundifl 2004) and the specific animals chosen to represent a

breed could be much different than average. The results shown here give some indicators

of the types of animals thatmay produce better results. For example, within limits of size

dictated by market for slaughter animals,larger size seems to be better.
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5. CONCLUSIONS

Two production systems were considered in the development of the economic values

for traits of importance in beef production. Six breeds of beef cattle were evaluated for

these traits and the profitability of the breeds under the two production systems were

estimated. Given the costs and returns used in this study, the integrated system of

production may not be favorable for such beef production environment. This is as a resuit

of the losses in the value of the animals at finishing compared to the cow calf operations.

The cow calf operation seems more profitable for this environment.

There is some influence of milk yield in the profitability of the beef industry

especially the cow-calf production sector given the results of this study. Breeds with

higher milking abilities were more profitable in the cow-calf system than in the integrated

production system. Mature size alone does not determine profitability but contributes to

it. Therefore selection of individuals for replacements should be based on total merit of

the desired traits.

The economic values of traits among breeds were very much similar to one another

under each production system. Such similarities suggest that the same economic value

can be used for traits when comparing breeds or making selection of individuals for the

development of a composite line. The mature size and calf survival as well as residual

feed intake were observed to have high economic vaiues indicating that improvement in

these traits will be of high incentives to producers. The changes in the genotypes (mature

size and peak milk yield) had significant effects on the profitability of the different

production systems. The economic values of the most beef traits studied were not
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affected by changes in mature size and peak milk. The prices of products also have high

influence on the outcomes of the economic values of the traits.

Breed means for various breeds from two studies were used to obtain the optimum

composition of a composite line of beef cattle. Two scenarios were considered, the

integrated production system (birth to feedlot-finish) and the cow-calf production system.

Each system used economic values of important traits affecting the system which were

contributors to the selection process of breeds that would maximize the net profit in the

composite line.

The Angus, Gelbvieh, Simmental, Limousin and Charolais were found to give the

maximum net merit in the composite using both systems of production using Lin's

method and affirmed by the verification procedure. It can also be observed that hybrid

vigor plays an important role in the formation of a composite by adding more value to the

mix of breeds.

The results of the optimum breeds indicate that breeds with high milking ability had

greater proportion in the composite due to the high economic value of the trait.
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5.1 Future research

1. There is need for collation of more information on breeds that will suit the

estimation models as those contained in later editions of the Beef Nutrient

Requirements (NRC, 2000).

2. Additional research is required in development of programs that will model

composite formations or crosses as well as indicating the number of individuals

and generations required to achieve such results.

116



LIST OF'REF'ERENCES

Agriculture and Agri-Food canada. 2006. Livestock market review.
http ://www. ag r. qc. calred meaUa I mrca lendar. htm

Ajmone-Marsan, P., R. Negrini, E. Milanesi, R. Bozzi,I. J. Nijman, J. B. Buntjer, A.
Valentini and J. A. Lenstra.2002. Genetic distances within and across cattle
breeds as indicated by biallelic AFLP markers. Animal Genetics 33:280-286.

Amer, P. R. and G. c. Fox. 1992. Estimation of economic weights in genetic
improvement using neoclassical production theory: An alternative to rescaling.
Animal Production 54: 341 -350.

Amer, P. R., R. A. Kemp, G. c. Fox and c. smith. 1994. Aneconomic comparison of
beef cattle genotypes for feedlot traits at their optimal slaughter end point.
Canadian Journal of Animal Science 74:7-t4.

Aniet, P. R., R. A. Kerrç aä.i C. Süiitli. i992. GeneÍic 'iiffereüces aloüg tiie
predominant beef cattle breeds in Canada: An analysis of published results.
Canadian Journal of Animal Science 72:759-771.

Anderson, R. V., R. J. Rasby, T. J. Klopfenstein and R. T. Clark .2005. An evaluation of
production and economic effrciency of two beef systems from calving to
slaughter. Journal of Animal Science 83:694-704.

Andrae, J. G., c. w. Hunt, S. K. Duckett, L. R. Kennington, p. Feng, F. N. owens and s.
Soderlund. 2000. Effect of high-oil com on $owth performance, diet digestibility,
and energy content of finishing diets fed to beef cattle. Joür¡:al of A.rrimal Science
78:2257-2262.

Archer, J. 4., A. Reverter, R. M. Herd, D. J. Johnston and p. F. Arthur.2002. Genetic
variation in feed intake and efficiency of mature beef cow. 7th World Congress on
Genetics Applied to Livestock Production.

Arthur, P. F., J. A. Archer, D. J. Johnston, R. M. Herd, E. c. Richardson and p. F.
Parnell. 2001. Genetic and phenotypic variance and covariance components for
feed intake, feed efficiency, and other postweaning traits in Angus cattle. Joumal
of Animal Science 79:2805-2811.

American Shorthorn Association .2005. Crossbreeding systems for beef cattle.
httÞ://www. heterosis.com/DesktopModules/Articles/ArticlesView.aspx?TablD=0&ltemlD=
33&mid=300

Ãzzam, S. M., A. M. Azzatrt, M. K. Nielsen and J. E. Kinder. i990. Markov chains as a
shortcut method to estimate age distributions in herds of beef cattle under
different culling strategies. J. Anim Sci. 68:5-14.

117



Azzarn, S.M., J. E. Kinder, M. K. Nielsen, L. A. Werth, K.E.Gregory, L. V. Cundiff
and R. M. Koch. 1993. Environmental effects on neonatal mortality of beef.
Journal of Animal Science 7l:282-290.

Bakir, G., A. Kaygísiz, and H. Ulker. 2004. Estimates of genetic and phenotypic
parameters for birth weight in Holstein Friesian cattle. Pakistan Joumal of
Biological Sciences 7: 122I-1224.

Bartle, S. J. and R. L. Preston. 1991. Dietary roughage regimen for feedlot steers:
reduced roughage level (2%) during the mid-finishing period. J. Anim Sci. 69:
3461-3466.

Basarab, J. 4., L. M. Rutter and P. A. Day. 1993. The effrcacy of predicting dystocia in
yearling beef heifers: I. Using ratios of pelvic area to birth weight or pelvic area to
heifer weight. J. Anim Sci. 7l: 1359-1371.

Bascom, S. S. and A. J. Young. 1998. A summary of the reasons why farmers cull cows.
J. Dairy Sci. 81:2299-2305.

Beal, W. E., D. R. Notter and R. M. Akers. 1990. Techniques for estimation of milk yield
in beef cows and relationships of milk yield to calf weight gain and postparlum
reproduction. Joumal of Animal Science 68:937-943.

Bellows, R. 4., P. C. Genho, S. A. Moore and C. C. Chase, Jr.1996. Factors affecting
dystocia in Brahman-cross heifers in subtropical southeastern United States. J.

Anim Sci. 7 4:1451 -1456.

Bellows, R. 4., R. B. Gibson, D. C. Anderson and R. E. Short.1971.a. Precalving body
size and pelvic area relationships in Herefor<Í heifers. Journai of Animai Science
33: 455-457.

Bellows, R. 4., R. E. Short, D. C.Anderson, B. W. Knapp and O. F. Pahnish.l9Tlb.
Cause and effect relationships associated with calving diffrculty and calf birth
weight. Joumal of Animal Science 33:407-415.

Blawat, P. 2006. Average Manitoba costs and market information (2000-2005). Personal
communication.

Blawat, P., D.Hodgson, and K. Yaworski. 2004. Guidelines for estimating Timothy hay:
Production costs -for export.
http://wv,¡w. qov. mb.calaqricu ltu reifinancial/farm2004/cac60s01 . html

Block, H. C., J. J. McKiruron, A. F. Mustafa and D. A. Christensen.2001. Manipulation
of cattle growth to target carcass quality. J. Anim Sci. 79: 133-140.

Bourdon, R. M. 2000a. Mating strategies based on animal performance: Random and
assortative mating. In: Understanding animal breeding. pp.325-332. Prentice
Hall, Upper Saddle River.

118



Bourdon, R. M.2000b. Hybridvigor. In:Understanding animal breeding. pp.378-379.
Prentice Hall, Upper Saddle River.

Bourdon, R. M. and J. S. Brinks. 1987. Simulated effrciency of range beef production. I.
Growth and milk production. Journal of Animal Science 65:943-955.

Bousquet, D., E. Bouchard and D. DuTremblay. 2004. Decreasing fertility in dairy cows:
Myth or reality? World Buiatrics Congress 23: l-6.

Brascamp, E. V/., C. Smith and P. S. Gwakisa. 1985. Derivation of economic weights
from profit equations. Animal Production 40: 175-180.

Brody, S. 1945. Bioenergetics and growth: with special reference to the effrciency
complex in domestic animals. Reinhold, New York

Buchanan, D. S. and S. L. Northcutt. 2005. The genetic principles of crossbreeding.
http://www. iowabeefcenter. org/pdfs/bch/0 1 400. pdf

D,,tl^^l- l¡ Tì I V Þã."â^..l ^.^l T T D^-=,-!.^l- .!ôO1 /-:^_^¿:^ ^..J ^_-,.t_^__^_¿^lrJtltrtrerrr l\. l-,r., J. rr. .f)çlllar¡U ¿i¡¡U j-. iJ. ifçI¡JSÎCK. i't7i. rJeneüC Anû envifûämeniAi
parameters for mature weight and other growttr measures in polled Hereford
cattle. J. Anim Sci. 71:1737-1741.

canadian Angus Association. 2005. Angus cattle- The Angus advantage.
http://www. cd nan g u s. cala n q us cattle/anq us adva ntaqe. shtm I

Cartwright, T. C. 1970. Selection criteria for beef cattle for the future. Joumal of Animal
Science 30:706-711.

Cartwright, T. C. 1974. Net effects of genetic variability on beef production systems.
Genetics 78:541-561.

Cartrvright, T. C. 1979. The use of systems analysis in animal science with emphasis on
animal breeding. Journal of Animal Science 49 Bl7-825.

Crews, D. H. 2005. Genetics of effrcient feed utilization and national cattle evaluation: A
review. Genetics and Molecular Research 4: 152-165.

Cundiff, L.V.2004. Beef cattle short course: Implications of breed file evaluations.

cund-ifl L" v., M. D. Ma-cNeil, K. tr,. Gregory, a:rd R-. M. Koch. 1986. Bet.¡reen- and
within-breed genetic analysis of calving traits and survival to weaning in beef
cattle. Journal of Animal Science 63:27-33.

cundiff, L.v., R. Nunez-Dominguez, G. E. Dickerson, K. E. Gregory, and R. M. Koch.
1992.Heterosis for lifetime production in Hereford, Angus, shofthorn, and
crossbred cows. J. Anim Sci. 70: 2397-2410.

119



Cundiff, L. V., F. Szabo, K. E. Gregory, R. M. Koch, M. E. Dikeman, and J. D. Crouse.

1993. Breed Comparisons in the germplasm evaluation program at MARC. Beef
Improvement F ederation 2 5th Anniversary conference.

Cundiff, L. V., T. L. Wheeler, K. E. Gregory, S.D. Shackelford, M. Koohmaraie, R. M.
Thallman, G. D. Snowder, and L. D. Van Vleck. 2004. Germplasm evaluation:
Progress report 22: l-16.

Darwas, A. O., G. E. Lamming and J. A. Woolliams. 1997.The phenotypic association
between the interval to post-parhrm ovulation and traditional measures of fertility
in dairy cattle. Anim. Sci. 65: 9-16.

Dekkers, J. C. M. 1994. Optimal Breeding Strategies for Calving Ease. Journal of Dairy
Science 77:3441-3453.

Diaz, C, D. R. Notter, and W. E. Beal. 1992. Relationship between milk expected
progeny differences of polled Hereford sires and actual milk production of their
^-^..L-^'{ rq¡ohfers Inr¡1al of }nirnal ScienCe 701.396-402.vauoùurvu s4s6¡¡iú¡ú. Jú-Éi¡É¡ ui ¡uüii¡*i u!¡v¡:!! , !-'.

Dickerson, G.8.1973. Inbreeding and heterosis in animals. Proc. of the Animal Breeding
and Genetics Symp. in Honor of Dr Jay L.Lush.54-77.

Dow(Jr), J. S., J. D. Moore, C. M. Bailey and'W. D. Foote. 1982. Onset of puberty in
heifers of diverse beef breeds and crosses. Journal of Animal Science 55: 1041-
t047.

Drouillard, J. S. and G. L. Kuhl. 1999. Effects of previous grazingnutrition and
management on feedlot performance of cattle. Journal of Animai Science 77: l-
11.

Dunne, L. D., M. G. Diskin, and J. M. Sreenan. 2000. Embryo and foetal loss in beef
heifers between day 14 of gestation and full term. Anim. Repr. Sci. 58: 39-44.

Evans, J. and D. S. Buchanan.2004. Expected progeny difference: Part III, maternal trait
EPDs. Oklahoma Cooperative Extension Service.
http://pods.dasn r. okstate. edu/docushare/dsweb/GeVDocu ment-2004/F-
3161web.pdf#search=%22milk%20epd%20and%20maternal%20weaninq%2Oweiqht%22

Evans, J. L., B. L. Golden and B. L. Hough. 2002. A new genetic prediction for cow
maintenance energy requirements.
http://www.bifconference.com/bif2002/BlFsvmposium pdfs/Evans 02BlF.pdf

Ferrell, C.L.1982. Effects of postweaning rate of gain on onset of puberty and
productive performance of heifers of different breeds. J. of Anim. Sci. 55: 1272-
1283.

t20



Ferrell, C. L. and T. G. Jenkins. 1985. Cow type and the nutritional environment:
Nutritional aspects. Journal of Animal Science 6l: 725-74I.

Ferrell, c. L. and T. G. Jenkins. 1988. lnfluence of biological types on energy
requirements. Beef research progress report 3: 86-90.

Fiss, C. F. and J. W. Wilton. 1992. Contribution of breed, cow weight, and milk yield to
the traits of heifers and cows in four beef breeding systems. Joumal of Animal
Science 70 3686-3696.

Fiss, C. F. and J. V/. Wilton. 1993. Contribution of breed, cow weight, and milk yield to
the preweaning, feedlot, and carcass traits of calves in three beef breeding
systems. J. Anim Sci. 71 :2874-2884.

Fitzhugh, H. A. and C. S. Taylor. 1971. Genetic analysis of degree of maturity. Joumal
of Animal Science 33 717-725.

Fox, D. G., C. J. Sniffen, and J. D. O'Connor. 1988. Adjusting nutrient requirements of
beef cattle for animal and environmental variations. Journal of Animal Science
66:1475-1495.

Gibson, J. P. 1989. Selection on the major components of milk: altemative methods of
deriving economic weights. Journal of Dairy science 72:3176-3199.

Greene, L. W. 2000. Designing mineral supplementation of forage programs for beef
cattle. American Society of Animal Science.
h ttp : //www. a s a s. o rglsym po s ialproce ed i n qs/O 9 1 3. p df

Gregory, K. E. and L. V. Cundifï. 1980. Crossbreeding in beef cattle: Evaluation of
systems. Journal of Animal Science 5l:1224-1242.

Gregory, K. E., L. V. Cundiffand R. M. Koch. l99la. Breed effects and heterosis in
advanced generations of composite populations for growth traits in both sexes of
beef cattle. Joumal of Animal Science 69 3202-3ZlZ.

Gregory, K. E., L. V. Cundiffand R. M. Koch. 1991b. Breed effects and heterosis in
advanced generations of composite populations for preweaning traits of beef
cattle. Joumal of Animal Science 69:947-960.

Gregory, K' 8., L. V. Cundiff and R. M. Koch. 1992.Breed effects and heterosis in
advanced generations of composite populations for reproduction and maternal
traits of beef cattle. Joumal of Animal Science 70 656-672.

Gregory, K' E., L. V. Cundiff and R. M. Koch. 1999. Composite breeds to use heterosis
and breed differences to improve effrciency of beef production.

t21



Gregory, K.E., L. V. Cundifl R.M. Koch and D. D. Lunstra.1993. Differences among
parental breeds in germplasm utilization project. Beef research progress report 4:
22-42.

Gregory, K.E., L. V. Cundifl R.M. Koch, D. D. Lunstra and G. V/. Hays. 1985.
Germplasm utilization in beef cattle. Beef research progress report 2: 17-19.

Gregory, K.E., S. E. Echtemkamp, G. E. Dickerson, L. V. Cundiff, R. M. Koch and L. D.
Van Vleck. 1990. Twinning in Cattle: III. Effects of twiruring on dystocia,
reproductive traits, calf survival, calf growth and cow productivity. Journal of
Animal Science 68: 3133-3144.

Groen, A. F. 1989a. Economic values in cattle breeding. I. Influences of production
circumstances in situations without output limitations. Livestock Production
Science 22: l-16.

Groen, A. F. 1989b. Economic values in cattle breeding. II. Influences of production
circi¡r-ästances in situations with ouþut linaitaticns. Li'¡estock Froduction Science
22: 17-30.

Gtoen, A. F. 1990. Influences of production circumstances on the economic revenue of
cattle breeding programs. Animal Science 5l:469-480.

Groen, A. F., T. Steine, J. Colleau, J. Pedersen, J. Pribyl, and N. Reinsch. 1997.
Economic values in dairy cattle breeding, with special reference to functional
traits. Report of an EAAP-working group. Livestock Production Science 49: l-2L

Hammack, S. P. 2005a. Breeding systems. Texas Cooperative Extension E-l89.
http://stephenvil le.tam u. ed u/-shammack/545202-E 1 89. pdf

Hammack, S. P. 2005b. Creating cattle breeds and composites. Texas Cooperative
Extension E-180.
http://animalscience.tamu.edu/ansc/publications/beefoubs/E180 composites.pdf

Hansen, L., B. Heins and T. Seykora. 2005. Crossbreeding: Why the interest? What to
expect. Florida dairy extension, University of Florida .

http://dairy. ifas. ufl. ed u/d pc/2005/Hansen. pdf

Ha:ris, D.L.1970. Breeding for effrciency in livestock Production: Defining the
economic objectives. Joumal of Animal Science 30: 860-865.

Hayes, B. J., s. Newman and R. K. shepherd. 2000. Technical note: constrained
optimization of breed composition in composite populations to balance net merit
and risk. J. Anim Sci. 78: 2105-2107.

122



Herd, R. M., J. A. Archer and P. F. Arthur. 2003. Reducing the cost of beef production
through genetic improvement in residual feed intake: Opporrunity and challenges
to application. J. Anim Sci. 8l :9-17.

Honey, J.2006. Manitoba cattle and beef industry. Department of Agribusiness and
Agricultural Economics, University of Manitoba.
httÞ://vwvw.umanitoba.calafs/aqric economics/staff/CattleandBeeflndustrv2006.pdf

Hovenier, R., E. 
'W. 

Brascamp, E. Kanis, J. H. J. van der Werf and A. p. A. M.'Wassenberg. 
1993. Economic values of optimum traits: The example of meat

quality in pigs. Joumal of Animal Science 7l:1429-1433.

Jannasch, R. w., T. stewart, A. H. Fredeen and R. c. Martin. 1998. A comparison of
pasture-fed and feedlot beef. organic Agriculture centre of canada .

httÞ://www.orqanicagcentre.calResearchDatabase/res qrass vs feedlot.html

Jenkins, T. G. and C. L. Ferrell.1992. Lactation characteristics of nine breeds of cattle
fed various quantities of dietary energy. J. Anim sci. 70: 1652-1660.

Jenkins, T. G. and C. L. Ferrell.1993. Characterization of lactation curves for nine breeds
of cattle fed differing rations. Beef research: Progress report 4: 158-159.

Jenkins, T. G. and C. L. Ferrell. 1994. Productivity through weaning of nine breeds of
cattle under varying feed availabilities: I. Initial evaluation. Journal of Animal
Science 72:2787-2797.

Johanson, J. M. and P. J. Berger. 2003. Birth weight as a predictor of calving ease and
perinatal rnortality in Holsrein catrle. J. Dairy sci. g6: 374s-375s.

iohnsson, i. D. and J. M. Obst. 1984. The effects of level of nutrition before and after 8
months of age on subsequent milk and calf production of beef heifers over three
lactations. Animal Production 38: 57-68.

Kaps, M., W. O. Herring and V/. R. Lamberson. 1999. Genetic and environmental
parameters for mature weight in Angus cattle. Journal of Animal Science 77:569-
574.

Kennedy, B. W., J. H. van der Werf and T. H. Meuwissen.1993. Genetic and statistical
properties of residual feed intake. Journal of Animal Science 71:3239-3250.

Koch, R. M., L. A. swiger, D. chambers and K. E. Gregory.1963. Efüciency of feed use
in beef cattle. Journal of Animal Science 22:4g6-494.

Koots, K' R. 1994. Studies on the genetic and economic parameters required for beef
cattle improvement. Ph.D The University of Guelph.

Koots, K. R. and J. P. Gibson. 1998a. Economic values for beef production traits from a
lrerd level bioeconomic model. Canadian Journal of Animal Science 78:29-45.

t23



Koots, K. R. and J. P. Gibson. 1998b. Effects of production and marketing circumstances
on economic values of beef production traits. Canadian Joumal of Animal Science
78:47-55.

Laborde, L.2004. Dairy and beef- Contrasting industries.
http://wr,vw.statcan.calenqlish/ads/96-325-XPB/pdf/96-325-M1E2004007.pdf

Lamb, M.4., M. W. Tess and O. W. Robison. l99Z.Evaluation of mating systems
involving frve breeds for integrated beef production systems: I. Cow-calf
segment. Journal of Animal Science 70:689-699.

Laster, D. 8., H. A. Glimp, L. V. Cundiffand K. E. Gregory. 1973. Factors affecting
dystocia and the effects of dystocia on subsequent reproduction in beef cattle.
Joumal of Animal Science 36 695-705.

Laster, D. B. and K. E. Gregory. 1973. Factors influencing peri- and early postnatal calf
morrality. J. of Anim. sci.37: 1092-1097.

Lewis, J. M., T. J. Klopfenstein, G. A. Pfeiffer and R. A. Stock. 1990. An economic
evaluation of the differences between intensive and extensive beef production
systems. Journal of Animal Science 68:2506-2516.

Lin, C. Y. 1996. Technical note: Optimization of breed composition to maximizenet
merit of synthetic populations. Joumal of Animal Science 74: 1477-1480.

Lofgreen, G. P. and W. N. Garrett. 1968. A System for expressing net energy
requirements and feed values for growing and finishing beef cattle. Journal of
Animal Science 27 : 793-806.

Lush, J. L. 1948. The genetics of populations. Ames,Iowa. Mimeo.

MacHugh, D. E., M. D. Shriver, R. T. Loftus, P. Cunningham and D. G. Bradley.1997.
Microsatellite DNA variation and the evolution, domestication and
phylogeography of Taurine andZebu cattle (Bos taurus and Bos indicus).
Genetics 146: 1071-1086.

MacNeil, M. D. 2})2.Relationship between milk EPD and milk production. Hereford
America. l0: 27 . I-10-2002.

MacNeil, M. D. and T. B. Mott. 2006. Genetic analysis of gain from birth to weaning,
milk production, and udder conformation in Line 1 Hereford cattle. J. Anim Sci.
84:1639.

124



MacNeil, M. D. and S. Newman. 1994. Selection indices for Canadian beef production
using specialized sire and dam lines. Canadian Journal of Animal Science 74:
419-424.

MacNeil, M.D., S. Newman, R.M.Enns and J. Stewart-Smith. 1994. Relative economic
values for Canadian beef production using specialized sire and dam lines.
Canadian Journal of Animal Science 74 4Il-417.

Manitoba Agriculture, Food and Rural Initiatives. 2002. Profitability profiles for the beef
cattle industry in Manitoba. http://www.qov.mb.calaqriculture/staiistics/aa09s01.html

Manitoba Agriculture, Food and Rural Initiatives. 2006a. Backgrounding beef cattle-
Health programs. http://www.gov.mb.ca/aqriculture/livestock/beef/baa06s03.html

Manitoba Agriculture, Food and Rural Initiatives. 2006b. Beef cattle production - Rations
for finishing beef cattle. http://www.qov.mb.calaqriculture/livestocldbeef/baa05s02.html

Manitoba Agriculture, Food and Rural Initiatives. 2006c. Guidelines for estimating beef
production costs (2000-2005).

Mandell, I. 8., E. A. Gullett, J. w. v/ilton, o. B. Allen and v. R. osborne . rgg7. Effects
of diet, breed.and slaughter endpoint on growth performance, carcass composition
and beef quality traits in Limousin and Charolais steers. Canadian J. of Anim. Sci.
77:23-32.

Marshall, D' M. 1994.Breed differences and genetic parameters for body composition
traits in beef cattle. Joumal of Animal science 72:2745-2755.

Mar-ston, T.T., D. D. simrns, R. R. schalles, K. o. Zoellner, L. c. Martin and G. M.
Fink. 1992. Relationship of milk production, milk expected progeny difference,
and calf weaning weight in angus and Simmental cow-caHpãirs. Journal of
Animal Science 7 0: 3304-3310.

McAllister, A. J. 2002.Is crossbreeding the answer to questions of dairy breed
utilization? Joumal of Dairy Science 85.2352-2357.

McClintock, S., R. Poole, K. Beard, and M. Goddard. 2005.
cattle: The effect on calving ease. htto://www-
interbu ll. sl u.se/bulletins/bu lletin32/McCl intock. pdf

Cross breeding in dairy

McMillan, R' J., R. N. Betcher and A. D. V/oodbury.2002. Sturdies of seepage beneath
earthen manure storages and cattle pens in Manitoba.
httÞ://www.qov. mb.calaqricu ltu re/livestock/livestockopUpapers/mcmillan. pdf

Manitoba Cattle Producers Association.2006a. Building a small feedlot in Manitoba.
Manitoba Beef Prospects .

t2s



Manitoba cattle Producers Association. 2006b. Mission statement of Manitoba cattle

producers association. http://www.oov.mb.calaqriculture/livestoctdbeef/mcÞa'html

Meijering, A. 1984. Dystocia and stillbirth in cattle: A review of causes, relations and
" 

iãplications. Livestock Production Science 1l:143-177 .

Melton, A. A., J. K. Riggs, L. A.Nelson and T. c. carnvright.196T ' Mjlk Production'

Composition an"d óaHGains of Angus, Charolais and Hereford Cows' Journal of

Animal Science 26: 804-809'

Meyer, K., M. J. Carrick, and B. J. P. Donnelly.1994. Genetic Parameter for Milk

Production of Australian Beef cows and v/eaning v/eight of Their calves'

Journal of Animal Science 72:1155-1165'

Miller, S. P. 2002. Beef cattle breeding programs:,Progress and prospects' 7th world

CongresscnGeneticsAppliedtoLi.¡estockProduction2.

Miller, s. P. and J. w. wilto n.1999. Genetic relationships among direct and maternal

components of milk yield and maternal weaning gain in a multibreed beef herd'

Journal of Animal Science 77: Il55-1161'

Moav, R. and W, G. Hill. 1966. Specialized sire and dam lines: [V' Selection within

lines. Animal Production' 8: 375-390'

Mohd-yusuff, M. K., G. E. Dickerson and L. D. Young.1992. Reproductive rate and

genetievariationincompositeandparentalpopulations:experimentalresultsin
sheeP. J. Anim Sci. 70: 673-688'

Montano-Bermudez, M., M. K. Nielsen and G' H. Deutscher' 1990' Energy requirements

for maintenance of crossbred beef cattle with different genetic potential for milk'

J. Anim Sci. 68: 2279-2288'

Morris, D. G., M. Grealy, H. J. Leese, M. G.Diskin and J. M. Sreenan' 2001' cattle

embryo growth,-development and viability' Beef Production series 36'

http://wr¡¡lv,teaqasc.ielresearch/reports/beef/4388/eopr-4388'pdf

Morrison, D. G., J. I. Feazel, C. P. Bagley and D. C. Blouin. 1992' Postweaning growth

and reproduction of úeef heifers exposed to calve at24 ot 30 months of age in

spring and fall seasons. Joumal of Animal science 70:622-630'

Murray, B.zlIz.Dairy crossbreeds- The rare breed. Ontario Ministry of Agriculture and

Rural Affairs. httP:

National Research Council. 1984. Nutrient requirements of beef cattle'

Washinglon,D'C., National Academy Press'

r26



National Research Council. 1996. Nutrient Requirements of Beef Cattle.

National Research council. 2000. Nutrient requirements of beef cattle.
http://www. nap. edu/na p-cqi/skimit. cqi?isbn=0309069343&chap=2 1 9-223

National Cattlemen's Beef Association. 2006. Fact sheet: Feedlot finishing cattle.
httP://www.beef.org/uDocs/Feedlot%2ofinishinq%20fact%20sheet%Z0FINAL 4%2026%2
006.pdf

New south wales Department of Agriculture. 2005. cancer Eye in cattle.
http://www. aq ric. nsw. oov. a u/reader/1 0 g g

Newrnan, S., B. Hayes, B. Kinghom, C. J. Olleill and J. E. Frisch. 1998. Frediction of
optimal composites for growth from a tropical crossbreeding experiment. 6th
World Congress on Genetics Applied to Livestock Production23:235.

Newman, S., M. D. MacNeil, W. L. R_eynolcls, B, W. Kna_pp, a:rd J. J. Unck. 1993a.
Fixed effects in the formation of a composite line of beef cattle: I. Experimental
design and reproductive performance. Joumal of Animal Science 7I: 2026-2032.

Newman, s., M. D. MacNeil, v/. L. Reynolds, B. w. Knapp and J. J. urick. rgg3b.Fixed
effects in the formation of a composite line of beef cattle: IL Pre- and
postweaning growth and carcass composition. J. Anim Sci. 71:2033-2039.

Notter, D. R. 2002. Defining biological efficiency of beef production.
http://r¡¡vu¡v. beefimprovement.orq/02proceedinqs/Notter 02Bl F.pdf

Nunez-Dominguez, R., L.v. cundiff G. E. Dickerson, K. E. Gregory and R. M. Koch.
1991. Heterosis for survival and dentition in Hereford, Angus, Shorthorn, and
crossbred cows. J. Anim Sci.69: 1885-1898.

Okine, E. 2000. Nutritional aspects of residual feed intake and feed efficiency. National
beef science seminar: Summary of Proceedings 2000.
http:/ires2. aqr.calleth bridqe/n bss/n bss00/okine e. htm

Owens, F.N., P. Dubeski and C. F. Hanson. 1993. Factors that alterthe growth and
development of ruminants. J. Anim Sci. 71: 3138-3150.

owens, F. N., D. S. Secrist, 'w. 
J. Hill and D. R. Gill. 1997.The effect of grain source

and grain processing on performance of feedlot cattle: A review. J. Anim Sci.
75:868-879.

Paputungan, U., M. Makarechian and M. F. Liu. 1998. Effect of sire birth weight on
calving difficulty and matemal performance of their female progeny. 23:l-4.

t27



Patterson, D. J., R. C. Perry, G. H. Kiracofe, R. A. Bellows, R. B. Staigmiller, and L. R.

Corah. 1992. Management considerations in heifer development and puberty. J.

Anim Sci. 70: 401 8-4035.

Phillips, A.2004. Genetic effects on the mature weights of cattle. J78, I-4.
http://kakadu.nt.qov.au/pls/portal30/docs/FOLDER/DBIRD Pl/ANIMALS/PUBLICATIONS
/ANIMAL MANAGEMENT/J78. PDF

Ritchie, H. D. and P. T. Anderson.1994. Calving diffrculty in beef cattle.
http://web1 . msue. msu. edu/imp/modaa/e1 61 1 92 1 . htm I

Rogers, P. L., C. T. Gaskins, K. A. Johnson and M. D. MacNeiI.2004. Evaluating
longevity of composite beef females using swvival analysis techniques. J. Anim
Sci.82: 860-866.

Rutter, L. M., D. E. Ray and C. B. Roubicek. 1983. Factors affecting and prediction of
dystocia in Charolais heifers. Journal of Animal Science 57: 1077-1083.

Sacco, R. E., J. F. Baker, T. C. Cartwright, C. R. Long and J. O. Sanders.I99l. Heterosis
retention for birth and weaning characters of calves in the third generation of a
five-breed diallel. J. Anim Sci. 69: 4754-4762

Saskatchewan Agriculture, Food and Rural Revitalization. 2003. Backgrounding beef
cattle in Saskatchewan.
http://www.agr.gov.sk.caldocs/livestock/beef/backqroundinq/backqroundinqBeefSK03. pdf

Sandelin, 8..A.., A. H. Brown, Jr., M. A. Brown, Z. B. Johnson, D. W. Kellogg and A. M.
Steizieni. 2AA2. Genoffie x environmental interacticn fbr mature size and rate of
maturing for Angus, Brahman, and reciprocal-cross cows grazing bermudagrass

or endoph¡e infected fescue. J. Anim Sci. 80: 3073-3076.

Saveli, O., E. Pama and I. A. Dewi. 2003. Derivation of economic values of beef
production traits of Estonian Holstein cattle. EFITA Conference. 1-6.
http://www. date. h u/efita2003/centre/pdf/45. pdf

Schenkel, F. S., S. P. Miller and J. V/. Wilton.2004. Genetic parameters and breed
differences for feed efficiency, growth and body composition traits of young beef
bulls. Canadian Journal of Animal Science 84:177-185.

Schillo, K. K., J. B. Hall and S. M. Hileman.1992. Effects of nutrition and season on the
onset of puberty in the beef heifer. J. Anim Sci. 70: 3994-4005.

Schmitz, 4., M.Ayars, T. Highmoor and B. Perillat. 2003. An assessment of western
Canadian beef development.
http://www.csale. usask. calPD FDocuments/assessWestCd n Beef. pdf

t28



shepherd R.K. and Kinghorn B.P. 2005. A tactical approach to the design of
crossbreeding programs. http://www-
personal. u ne. edu. au/-bkinq hor/OWCGALP wwM6wcgalp. html

Shrestha, J. N. B. 2005. Conserving domestic animal diversity among composite
populations. Small Ruminant Research 56:3-20.
http :/iwww. scienced i rect. com/science/article/B6TC5-4 D 1 R3V4-
1 /2/67 1 fe05ef6e4d6 3ad29 7b69f30004557

Shrestha, J. N. B. and Hansen, C. @ds). 1998. Canada animal genetic resources: Cattle
breeds in Canada.

small, J. A. and w. P. McCaughey. 1999. Beef cattle management in Manitoba.
Canadian Joumal of Animal Science 79: 539-544.

Snelling, W.M., B. L. Golden and R. M. Bourdon. 1995. Within-herd genetic analyses of
stayability of beef females. J. Anim Sci. 73:993-1001.

Sullivan, P. G., J. W. wilton, S. P. Miller and L. R. Banks. 1999. Genetic trends and
breed overlap derived from multiple-breed genetic evaluations of beef cattle for
growth traits. J. Anim sci. 77 : 2019-2027 .

Syrstad, O. 1996. Dairy cattle crossbreeding in the tropics: Choice of crossbreeding
strategy. Tropical Animal Health and Production 28: ZZ3-229.

Taylor, C. S. 1985. Use of genetic size-scaling in evaluation of animal growth. Joumal of
Animal Science 61 (Suppl. 2): ll8-143.

Taylor, C. S. and H. A. Fitzhugh. 1971. Genetic relationships between mature weight and
time taken to mature within a breed. Journal of Animal Science 33:726-731.

Taylor, C. S. and J. Murray. 1987.Inter-breed relationships of birth weight and matemal
and paternal weight in cattle. Animal Production 44:55-64.

Thompson, W. R., J. C. Meiske, R. D. Goodrich, J. R. Rust and F. M. Byers. 1983.
Influence of body composition on energy requirements of beef cows during
winter. Journal of Animal Science 56 1241-1252.

Tribe, K. i999. A breecier's <iream. http://www.xvinc.com/news/articles/old/dream.html

USDA-ARS-LRRL. 2005. Genetic components of maternal quality in beef cows. Fort
Keogh Researcher .

httÞ://www.ars.usda.qov/SP2UserFiles/Place/54340000/Decembe12005researcher.pdf#s
earch=o/o22maternalo/o2]weighwo2}oaino/o21ando/o2}bee'ÍVoã}milkyo2}oroductiono/022

129



van Arendonk, J. A. M. 1991. Use of profit equations to determine relative economic
value of dairy cattle herd life and production from field data. J. Dairy Sci. 74:
I 101-l 107.

Van Vleck, L. D. and L. V. Cundiff. Across-breed EPD tables for the year 2006 adjusted
to breed differences for birth year of 2004. 2006.

Vicini, J. L., E. C. Prigge, W. B. Bryan and G. A. Varga. l982a.Influence of forage
species and creep grazing on a co\il-calf system.I. Intake and digestibility of
forages. Journal of Animal Science 55:752-758.

Vicini, J. L., E. C. Prigge, W. B. Bryan and G. A. Varga. l982b.Influence of forage
species and creep grazing on a cow-calf system. II. Calf production. Joumal of
Animal Science 55: 7 59-7 64.

W*g, Y., S. P. Miller, F. S. Schenkel, J. 
'W. Wilton and P. J. Boettcher.2002.

Performance of a linear-threshold model to evaluate calving ease and birth
"'oi-'!.1 i- ¡ mrr'ltihree¡l hecf nnnlllefinrr ?th \I/nrl¡l (-nncrrecc nn Geneficq AnnlierlvvvréuL lll 4lllsl!¡úrúú\¡ úúúj. P\tPUiéLiU¡i. i Lii ïï UiiU -vv¡iËiwùù ui¡'J!¡i!!i!- - -ff----

to Livestock Production 17(10). http://cqil.uoquelph.calpub/TWCGALP^¡úanq.pdf

W*g, Y., S. P. Miller, J. V/. Wilton, P. Sullivan, and L. R. Banks. 2001. The
relationship between birth weight and calving ease in a beef herd.
http://bru.aps. uog uelph.calArticlesO 1 /2001 -pq 1 4. pdf

V/eigel, K. A. and K. A. Barlass. 2003. Results of a producer survey regarding
crossbreeding on US dairy farms. J. Dairy Sci. 86: 4148-4154.

Wheeler, T. L., L. V. Cundiff, S. D. Shackelford, and M. Koohmaraie. 2005.
Charucteúzation of biological types of cattle (Cycle VII): Carcass, yield, and
longissimus palatability traits. Journal of Animai Science 83: 196-207.

S/illham, R. L. 1970. Genetic consequences of crossbreeding. Journal of Animal Science
30:690-693.

Wilton, J.W.1979. The use of production systems analysis in developing mating plans
and selection goals. Journal of Animal Science 49: 809-816.

130



APPENDIX

1: Yearlv a for costs 000-200s
2000 2001 2002 2003

calf market price($/cwt)
(575lbs)

Cost of straw @Iton/cow
Cost of straw @lton/bull

Calf medication $lhead
Cow medication $/head
Breeding costs $/bull
Bull replacement $/bull
Pasture cost $/bull
Salvage value

Commission on calves
$/head
Commission on cows
$/head

Replacement cost of heifer
Average cost of cow
Cull cow price (1350 lbs)
Community pasture
grazing
CosVcow/day
Cost/calflseason

100

22
22

r20

22
22

t52

20
20

t45

15

15

0.55
13.06

69
2200
52.36
1500

15.75

18.25

0.55
13.34

64
2st0
51.59
1800

15.75

t8.25

0.55
13.34

70
2504
50.t4
1600

15.75

18.25

0.63
13.84

70
I 800
48.53

300

15.75

18.2s

100

0.42
13.84

58
i 800
51.55
250

15.75

18.25

18

18

130 124.5

20 19.s
20 19.5

0.48 0.53
12.68 13.35
6s 66

2200 2166.67
60.86 52.51
600 1008.33

15.75 1s.75

18.25 18.25

1000 1000
900 1033.33
375 545.83

t200 1200 1000 800 800
1400 1400 1100 700 700
850 900 700 2s0 200

0.35 0.36 0.36
15 17 20

0.36 0.36 0.36
20 20 20

0.36
18.67

Yearly average slaughter prices for grades of beef carcass.
From Agriculture and Agri-Food Canada(2006)
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Appendix 2: Prices of slaughter animals on liveweight basis.

Slaughter
2005 2004 2003 2002 2001 2000 Total

($/cwt) ($/cwt) ($/cwt) ($/cwt) ($/cwt) ($/cwt) ($/cwt) $/lb $/ke
Steers
Heifers
Cows D1,2

D3
Bulls

80.47 1t.74 90.22 96.9t 103.4s 95.28 89.68 0.90 1.97
79.20 7r.2s 89.76 96.90 103.4s 9s.3r 89.31 0.89 r.96
27.61 22.31 39.26 58.65 66.43 61.55 45.97 0.46 i.01
18.30 14.58 32.47 53.04 57.81 s3.26 38.24 0.38 0.84
26.69 20.75 44.08 74.84 78.78 73.20 53.06 0.53 1.17

Yearly average slaughter prices for grades of beef carcass.
From Agriculture and Agri-Food Canada (2006)
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Feed Material $/tonne

ndix 3: Feecl material costs

Timothy ha
Timothy hay 39.4b 0.039
Barley grain" 120 0.12
Alfalfa grass hay' 75 0.075
oats" 130.56 0"13056
a Blawat et al. (2004)
b Rob Berry, Dairy cattle specialist, Manitoba Agriculture Food and Rural l:nitiatives.
c Manitoba Agriculture Food and Rural Initiatives, 2006.

8r.47 0.08147
$/A4E
0.039s
0.0191
0.0432
0.0371
0.0495
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Appendix 4: The profit equations

Total profit is generated from 5 classes of animals on the farm namely cows Qlrofc), bulls (Profb), steers @rofs) heifers (Profh)

and replacement heifers (Profr). The total profit fi'om a herd is the sum of profhts from all the classes. The profit equations

shown below are based on those used by Koots and Gibson (1998)'

Total profit = Profc + Profb + Profs + Profh + Profr

Profits from cows (Profc): The profit from the cows is dependent on the retunrs from non-fertile and non-surviving cows less

the cost of feeding for maintenance, lactation, gestation and costs of management and marketing.
profc =(l-RR) *NCw xS3CS x((1 -FRc)Rcwc -ESxCEccv¡ -CF4gm -CF5rf
ESxCF6gr -0.5x(l-S3CS) x(Rcwc -ESxCEccw -CF4gm -CFSrf -ESxCF6gr
0.5x(1 +SIBW) xESxCFTlr -Chm)

Profit from bulls @rofb): Profit from bulls depends on the retums from the bulls, cost of feed for maintenance and growth of
the bulls as well as cost of purchasing the bulls and cost of bull management and marketing.

Profb =((NCwÆR)/ 25)x(0.5xRcwb -Chmb -CFl2gmb -0.5xCbp)

Profit from steers (Profs): The profit from steers depends on the number of steers, feed costs for growth and maintenance as

well as management and marketing costs.

Profs =(0.5xNCw xESxSIBW xS2WS) x(Rcws

(1 +S2WS) x(CFzgf +CF3rhg +Chg)
2 x S2WS

SIBV/ x S2V/S

CEcclf (l + SIBW) x CFlnnmlk
2xSIBW xS2WS
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Profit from heifers @rofh): The profit from heifers depends on the number of heifers sold, including replacement heifers that
don't conceive and excluding the older replacentent heifers, the feed costs fcrr maintenance and growthas well as management
and marketing costs.

Profh: (0.5x Ntlwx ESx S lBWx S2WS- RR x NCw)x [Rcwh

(1+S2WS)x (ClF2ef+ CF3rfig+ C!g)
2 x S2WS

(1+SlEW)xCFlnnmlk
2xSlBWxS2'WS

Profit from replac;ement heifers (Profr): The profit for replacement heifers depends on the number of replacement heifers
culled after their f,rrst calf, their feed costs for glowth, maintenance, gestatio:n and lactation. Other costs include management as
well as marketing costs.

profr = RR xNCw xs3cs x[((FRc) xRcwr) -(,=,=91tt11 .,,.* 
(l+slBW) xcFlnnmlk

'(SIBW x S2WS) (2 x SlBW x S2WS)

( I + S2WSXCF26 + CF3rfig+ Chg).,

Z * SZIWS 
-'

(1+s2\MS)x(cF9+chg))-(cFsrf+cF9gm+ESx(cEccw+cFl0gr)+0.5x(t+slBw)xESxcFtllr+chmr)l
(2 x S2WS)

I +RR xNcwx (((l-FRh)xRcwhl8)- cEcclf
S lBWx S2WS

+ 0.5 x RR x NCw x (l - S3CS) x fRcwr - Z * 1--!Ettll_-* (]t + slB\M) x CFlnnmlk
,(SIBW 

x S2WS) (2 x SIBW x S2WS)
(1+s2ws)x(cF9+chg))-(cF5rf+cF9gm+ESx(cEccw+cFr0gr)+0.5x(1+slBw)xESxcFtllr+chmr)l

(2xS2'WS) ' \ --

'Where 
Ncw is number of pregnant cows in the fall in the herd.

The animal traits related to fertility, survival and replacement are as follows:
FRh, FRc, FR are fertility rate of heifers, cows and mean herd fetility respectively
ES is embryonic survival rate
SIBW is calf survival from birth to weaning

S lBWx S2WS 2 x S lBWx S2WS

CEcclf (l + SIBW)x CFlnnmlk
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S2WS is calf survival from weaning to slaughter
S3CS is average yearly cow survival
RR is replacement rate

Costs are as follows, feeding costs are calculated based on nutritional requirernents of animals. Husbandry costs are given in
Table 3.2

CEcclf, CEccw are cost of calving ease orl calf and dam respectively
CFlnnmlk is cost for preweaning non-milk energy requirement (creep feed)
CF2gf, CF4gm, CF8, CF9gm are costs of energy requirements of stocl<er to finisher calves, cows, replacement heifers
(weaning tol8 months, and 18 to 13 months) for growth and maintenance
CF 1 0gr, CF 1 1lr are cost of energy requirements of cow for gestation and lactation respectively
CF3rfig, CF5rm are cost of residual energy intake in growing and mature animals
Chm8, Chg, Chm are husbandry costs in replacement heifers, growing;and mature animals respectively

Returns from individual animals within each class are expressed as Rcwc (corns), Rcwb (bulls), Rcws (steers), Rcwh (heifers)
and Rcwr (replacement heifers)
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Appendix 5: Weight measures and average daily gains for the steers and heifers in both systems*

205 day Growth Growth 296 day
Birth Preweaning weaning phase phase Growth Finishing
weight ADG weight ADG' ADG Endweight ADd

Hereford
Heifer 44.85 1.02 254.71 0.77 0.87 3i4.r7 r.4z
Steer 46.24 1.10 270.97 0.82 0.93 3:55.5 1.51

R.Angus
Heifer 45.27 1.08 265.77 0.78 0.79 3i7.30 1.43
steer 46-67 1.15 2s2.73 0.83 0.84 358.83 t.52

Gelbvieh
Heifer 51.69 1.20 296.98 0.89 0.97 3B:,5.t2 1.63
Steer 53.29 1.28 315.94 0.95 1.03 4A9.7t t.74

Simmental
Heifer 51.58 t.23 303.70 0.s9 0.89 38i4.30 t.63
Steer 53.17 \.32 323.09 0.95 0.94 408.83 1.74

Charolais
Heifer s4.72 r.2r 302.63 0.94 1.r5 4a7.68 t.7iSteer 56.41 1.30 321.95 1.00 1.23 433.71 1.84

Limousin
Heifer 49.48 1.08 269.99 0.85 l.0B 36i,8.64 t.S6
Steer 51.01 1.15 287.23 0.91 t.l5 3g'2.t7 1.66

Average Daily Gain (ADG)
'Derived from the growth curve given the actual weaning weights without m.atemal effects.
v Derived by adjusting the average daily gain using the Blody growth curve.*Breed average performance values from Meat Animal Research center

Finishing
ADG

Days
Finish on

Endweight feedlot

459.59 95
540.70 130

46390 89
545.77 124

529.67 93

623.14 128

528.54 89
62t.82 123

s60.70 100
659.65 134

507.00 t02
596.47 137

t.32
t.42

r.42
1.51

1.55

t.67

1.62

1.73

1.s3
1.69

r.36
1.49
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Appendix 6: Weight measures and average daily gains for the steers and heifers in both systems*

205 daY Growth Growth 296 daY

Birth Preweaning V/eaning phase phase Grorvth Finishing

weight ADG weighi ADtr ADc Endw,right ADC/

Hereford
Heifer 48.97 l.l2 278.11 0.84 0.95 364.88 1.55

steer 50.49 1.20 295.86 0.90 1.01 388,17 1.65

R.Angus
Heifer 49.83 1.18 291.31 0.86 0.88 371.29 1.58

steer 51.37 1.26 309.90 0.91 0.94 394.99 1.68

Gelbvieh
Heifer 50.73 1.19 293.95 0.87 0.92 377.99 1.60

sreer 52.30 1.27 312.71 0.93 0.98 402.12 l-71

Simmental
Heifer 53.39 1.22 397.8 0.92 1.03 397.80 l-69

Steer 55.04 1.31 323.3t 0.9s 1.10 423.19 1.80

Charolais
Heifer 52.83 1.18 293.70 0.91 1.10 393.66 1.67

Steer 54.47 1.26 312.45 0.g7 t.l1 418.78 1-78

Limousin
Heifer 50.10 1.18 291.08 0.s6 0.90 373.31 1.58

steer 51.65 1.26 309.66 0.92 0.96 39',1'.14 1.69

Adjusted Flereford (Hereford3); Adjusted Simmental (Simmental3); Average Daily Gain (ADG)

ÐËrived from the growth curve given the actual weaning weights without m¿rternal effects.
v Derived by adjusting the average daily gain usi.ng the Brody growth curve.
*Breed average performance values from Beef Improvement Ontario

Finishing
ADG

1.44
1.56

1.55

t.66

Days
Finish on

Endweight feedlot

501.82 95

590.38 130

sr0.64 90

600.16 124

519.86 92
611.60 126

547.11 95

643.66 129

541.41 99

636.95 133

513.43 9r
604.03 126

1.54
1.66

r.57
r.7l

1.49

1.64

1.54
1.64
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Appendix 7: The FORTRAN codes for calculation

I Program for the Simmental- breed in J-ntegrated production system where steers
!and the heifers are sold at finish time.
Program 4111

Implicit none

Real :: A, B, k, NCw, CFPasture, Chm, Chmb, Chmr, Frac, &

NEmCreep,NEmGrow, NEnFL, NEmwinter,NEmpasture, &
NEgcreep, NEgGro$r, NEgFl,, NEgWinter, NEgipasture, &

MECreep, MEGrow, MEFL, MEWínter, MEpasture, &

TotMEPlB,
TotMEPastlE, TotMEÌVinter' TotMEPasture, TotMELactW, lotMEpregw, TotMELactp, TotMEpreg
Pr&

TMEIWinterR, TMEfPastureR, TMELactlriR, TMEl,actPR, TMEPTegWR, TMEpregpR, &
NCw, ES, S]_BlV, S2[ùS, S3, S3CS, RR, FR, FRh, FRc, &

Rcwh, RcwsrRcwrrRcwb,Rcwc, MCs, MCh, MCrrMCc.MCb, pvalue, AValue,
MilkYieJ-d, Vr7540, &

Days toPeak, PeakMilk, MilkEnValm, Mi lkEnVa1g, MEMi lk, Mi IkEnval, e
CF1nnm1k, CE2gf , CF3rf ig, CF4girn, CF5rf , CF6gr, CF?1r, CEgg-m, CF9gm,

CF10gr, CFlJ-1r, e

Chg, CEccLf, CEccw, Dp, Dpr,Dpc,Cbp,Ccspb,Ccsph, Ccsps,
CcsPr.. CcsPc, CcsPh8..MCh8.. Chg8, ,&

RFIG, RFIM, CF1, CFGrow, CFpasture,
CFVùinter, CFFdI-ot, BirthWts, BirthWth, MBirthWt, &

PROFh, PROFs,pROFr,pROFb,pROFc, profit, prChange, prChperGSD,
PrChGSDCow, &

ACalvh, Acal_vc, S1AC, SIUAC,FinishADGh

Character(Len:10), Dimension(10) : : TraitName
Real, Dimension(10) :: TraitMean, Herit, pSD, GSD, proflist(0:10)

lAge distribution is returned from cow subroutÍnes and. is cal-culated from
fertility
! rates of cows and heifers
Real : : AgeDist(9),coweight(9)

fnteger fT, NT

Open (22, File:' all1detai1 . out', Status:' REPIACE', Access:' SEQUENTIAL',
Action: TWRITE' 

)

lBreed size parameters
A:845.7; k=0.0022; DP=O.613 lDp is that of steers and heifers
Birthû]ts:0 . 0 6 67 *A; Birthwth:0 . O 64699* Ai MBirthWt= ( Birthwts +Birthv{th ) / 2B: (A-MBirthwt) /A

lAssisted calving in cows and heifers
ACalvh=O. 25; ACalvc=O. 06

! Survival and fertitity rates
ES:.98
S1-AC:0.83; SIUAC:O.9011 ! Survival- ïates of calves from assisted and

unassisted calvings
S2WS:1.00; S3=. 98; RR=0; FRh=.817;Fps=. 969
CEccIf:6. 23,. CEccw=0 . I6

!Milk parameters
DaystoPeak=70; PeakMilk:10.5; Mil_kBnValm:O .5256
MiJ-kEnVaIg=O. 4444; MEMilk=O. 6348;MilkEnVal:O. ?031

lHerd size
NCw:S0.

! Feed characteristics
NEmCreep=l. 85; NEgCreep=l. 22; MECreep:2.18
NEmPasture=1. 54; NEgPasture:0. 94; MEpasture=2. 42
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NEmGrow=1. 436; NEgGrow=0. B4B; MEGrow=2.314
NEmFL=1. 904 ; NEgFL=\.262¡ MEFL=2. 858

I NEnFL=2.06; NE9FL=I.4; MEFL=3.04
NEmlriinter=1. 456; NEgWinter=O. 866; ME!Ùinter:2. 334

! É'eed and husbandrY costs
CF1:0.0495; CFGrow:o .0239; CFFdlot=o.0384;
CFVlinter=O .02'75 ; CFPasture:0. 0048; Cbp:215U' U,
Chm:43.38; Chq:46.82; Chmb:76.00; Chmr=43.38; Rrte=0. ; RFIM=O.

!Carcass and marketing Prices
CcsPh:l-. 965; CcsPs=]-. 973;

CcsPr=l. 965; CcsPc=0. 890; CcsPb:l-.096 ! ; CcsPc:l-.011; CcsPb=L.221
MCh:0.025; MCs:0.025; MCr:0.025; l¡Cc=0.030; MCb=0.030
CcsPhS=l-. 965; MChS=O. 030; ChqB:48.00

CcsPh:CcsPh*1 . 1 ; CcsPs:CcsPs*1. l-

! Calculate genetic standard deviation for each trait
I

NT=10
TraitName (1)='A' ; TraitName(2) :'Sl-AC' ; TraitName (3) ='S1UAC' ;

TraitName (4) -'RFIG' ; TraitName (5) : TRFIMI

TraitName ( 6 ) : ' FRh ' ; TraitName ( 7 ) = ' FRc '
TraitName ( I ) :' Sl-Bw' ; TraitName ( 9) =' S3' ; TraitName (10 ) :' PeakMiIk'

TraitMean(1-):At TraitMean (2) =S1AC; TraítMean (3) :S1UAC

TraitMean ( 4 ) :RFIG; TraitMean ( 5 ) :RFIM
TraitMean ( 6) :FRh; TraitMean (7) :FRc
TraitMean ( 8) :SlBW; TraitMean ( 9) =S3
TraitMean ( 10¡ =P".*' tO

Herit(1)=0.5; Herit (2):-1-4; ; Herit(3)=.14; Herit( ):.35
Herj-t (5):0.35; Herit (6):.2"1; Herit (7):.21
Herit (8):.l-a; Herit (9) =0.04; Herit (1-0)=g ' 13

PsD(1):54. ; PsD(2)=0.01; PsD(3):0.01; PSD(a):1.3
PSD(5):1.3; PsD(6)=0.01-
PSD(7):0.01; PSD(B):0.01; PSD(9)=0.01; PSD(10):1.10
Do IT:1, NT

GSD(IT):SqTt ( HCTiI (IT) *PSD(TT) *PSD(IT) 
)

EndDo

Frac=. 05
t---------
! ---------
! Loop for each trait to evaluate for effect on profit

Do IT:0, NT
If (IT.eq.1) then

A=A+(Frac*PSD(1) )

EndIf
If (IT.eq.2l then

A:A- (Frac*PSD(1) )

SIAC:S1AC+ (Frac*PSD (2 ) )

EndIf
If (IT.eq.3) then

SIAC:SLAC- (Frac*PSD (2) )

SIUAC:S1UAC+ (Frac*PSD (3) )

EndIf
If (TT.eq.4) then

SIUAC:SIUAC- (Frac*PSD (3) )

RFIG:RFIG+ (Frac*PSD (4) )

EndI f
If (rT.eq.5) then
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RFïc:RFfc_ (Frac*pSD (4) )

RFIM:RFIM+ (Frac*PSD (5) )

EndIf
If (IT.eq.6) then

RFIM:RFIM- (Frac*PSD (5) )

FRh:FRh+ ( Frac*PSD ( 6 ) )

EndIf
If (IT.eq.7) then

FRh:FRh- (Frac*PSD ( 6) )

FRc=FRc+ (Frac*PSD (7 ) )

EndIf
If (IT.eq.8) then

FRc=FRc- (Frac*PSD (7 ) )

SIBW=S1BI{+ (Frac*PSD (8) )

Endlf
rf (IT.eq.9) then

SIBW:S1BVü- (Frac*PSD (8) )

S3:S3+ (Frac*PSD ( 9) )

EndI f
If (IT.eq.L0) then

S3:S3- (Frac*PSD (9) )

PeakMilk:PeakMilk+ ( Frac*PSD ( 10 ) )

Endff
t----

Use Fertility rates of heifers (FRh) and cows (FRc) to calculate
proportion of cows in each of 9 age qroups, (2,3, 10)
Replacement Rate (RR) becomes the proportion of animals in the youngest age

group
CalI CowAge(FRh, FRc, AgeDist, fT)
RR=AgeDist ( 1 )
Write(*,295) IT, FRh, FRc, AgeDist, RR

295 Format (/'Trait#' ,14,' FRh=',88.4, '
FRc: I r EB.4, /'AgeDist=' , 9FB . 4, /'RR:' , F8. 4)

I Cal-culate Sl-BW : Sl-Prime from KG32
!

SI-BW=RR* (ACalvh*S1AC+ (1-ACaIvh) *S1UAC) + (1-RR) * (Acalvc*S1AC+ (1-
ACalvc) *S1UAC)

! Cal-culate S3CS as the weighted average of 53 and 0 (zero for proportion of
the herd
! that is 1-0-year-old cows)

S3CS:S3* (1-AgeDist (9) )

!FR is calcul-ated as the weighted mean fertility of the herd from the FRc and
FRh

¡¡= ( 1-RR) *FRC+RR*FRh

Write (* ,296) S3CS, SlBW
296 Format (' S3prime and Slprímê ârê=rr 2y8,2)
!-------

Cal-1 Cowl (4, B, kf FRh,FRc,NEmtr{i-nter, NEgWinter, ME[rJinter,.NEmpasture,
NEgPasture, MEPasture, &

DP, DPc, RR, NCr^r, CEccf f , Sl-BW, S2WS, S3CS, Chg, Chm, ES, CEccw,
MCc, CcsPc, &

DaystoPeak, PeakMilk, MilkBnVal, coweight, &

TotMEWinter, TotMEPasture, TotMElactw, Tot.MEpregw, TotMELactp, TotMEpregp, &

AgeDist' TMEIV'linterR/ TMEIPastureR, TMELacthlR¿ TMELactPR, TMEPTegWR, TMEpreqpR, &

CF[finter, CFPasture, CF4g,rn, CF5rf, CF6gr, CF71r, RFIM, Rcwc, pROFc, IT)
Write (* ,205 ) CF4grm, CF5rf, CF6gr, CF7Ir, Rcwc, PROFc

205 Format (/'For cows: gromain resíd gest l-act returns profit,/6fL2.2)
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CaIl- 8u111 (4, B, k, FR, NEmPasture, NEgPasture' MEPasture, NCr¡¡¿ DP, Cbp,
CcsPb, &

CFPasture,NEmWinter, NEgWinter, MElalinter, Chmb' Rcwbf PROFb'

MCb,CF5rf,RFIM, IT)
trririte (*, 200 ) Rcwb, PROFb

2OO FormaÈ (/'îor Bulls: rgmt Totals for CîL2, Rcwb and Profit:'/ &

46x, 2EB .2 , 4x, î8 ,2)

Cal1 RepHeiferl- (4, B' k,NEmCreep, NEgcreepf MECreep'NEmPasture, NEgPasture,
MEPasture, &

NEmGrow, NEgGroI^r, MEGrow,NEmWinter, NEgtr{inter, MEwinter' &

RR, NCw, FRc, CEcclf'S1BW, S2WS, S3CS, Chg,Chmr, ES, CEccw, &

DaystoPeak, PeakMilk, MiIkEnValm,MilkEnValg, MEMilk'&

TMElwinterR,TMEIPastureR,TMELactWR,TMELactPR,TMEPregwR,TMEPregPR, V'1540, &

CF5rf , CFBgrn, CFggm' CF10gr, CF11-1r, CF1-nnm1k' RFIM, &

CFL, CFWinter, CFPasturer CFGrow, DPr, DP,

CcsPr¿CcsPc'MCr'TotMEPl-8, TotMEPastlB, &

PROFT, Rcwr, IT,BirthVtlth)

Write (* | 203) CFLnnmIk, CF5rf , CFBgm, CF9gim, CF10gr, CFI-1f r, Rc$tr' PROFr

203 Format(/'For RHeifers: profit inputs: nnmlk rfi fdbf18 afta18 preg l-act
returns profit'/ e

10x,7FB .2,2x,F8.2)

Call Heiferl (4, B, k, RFIG, NEmCreep' NEgCreep, MECreep'
NEmPasture,NEgPasture, &

MEPasture, NEmcrobr' NEgGrow, MEGrow'NEmFL, NE9FL, MEFL, DP, &

DaystoPeak, PeakMiIk, MilkEnValm,MilkBnValg, MEMilk,
!ü540, FinishÃDch, &

NCw, ESr SLBW' S2WS' RR, FRh, CEccIf,CFlnnmlk, CF2gf, CE3rfig,
CFBgm, &

CcsPhE. MCh8, Chg8, Chg, CcsPh, MCh, CF1, CFPasture' CFFdLot, CFGrow,
PROFh, Rcwh, fT,Birthwth)

Write (*,20L) Rcwh, CFlnnmlk, CF3rfig, CE2gf, PROFh

2OI Format(/,Eor Heifers: totals are Rcwh CFlnnmlk CF3rfig CE2qf PROFh :'/ &

46x,4F.8.2,2x,F8.2\

Cal-1 Steerl (4, B, k,NEmCreep, NEgcreep' MECreep,NEmPasture' NEgiPasture'
MEPasture, &

NEmGrow, NEgGrow, MEGrowrNEmFL, NEgFL' MEFL,NCw, ES, S1BW, S2i{S,
RR, FRh, &

DaystoPeak, PeakMilk, MilkEnValm,Mil-kEnVaIg, MEMilk,
Chg, FinishÄDch, &

CF3rfig, CEccIf, CFBgm' DP'CcsPs' MCs' CFl-, RFIG' CFPasture,
CFFdlot, &

CFGrow, PROFS,Rcws, fT,BirthWts)
Write(*t202) Rcws, CElnnmlk, CF3rfig, CF2gf, PROFs

202 Format(/'totals are Rcws CFlnnmlk CF3rfig CF2gf PROFs :'/ &

46x,4F'8.2,2x,88.2)

Pro f i t:PROFc+PROFs + PROFr+PROFb+PROFh
Write (*,L26], IT, Profit

126 Format ( / 'tt= ' , I3, ' Prof1I:PROFc+PR0Fs+PROFT+PROFb+PROFh=' ,F20 .4\

Profl,ist ( IT) :Profit

EndDo

lrlrite (* , L2'l ) Frac
L27 Format. ('Fractional change used to increment traits to eval-uate
Ec.VaI .:i tf6.4t &
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/'Traits and change in profit per Frac*pSD unit' &

/'then per GSD unit and per GSD unit per cow, &

,/' TrNum Trait Name Newprof Oldprof', &

ProfChlO GSD PSD profChGSD prchcsDcowr)
Do IT:1¡ NT

PrChange=ProfList (IT) -Profl,ist (0)
PrChPercsD:PrChange* (sgrt (Herit (IT) ) /Erac¡
PTChGS DCow:PrChPe rGSD/NCw

tr{rite(*,I28) IT,TraitName(fT), proflist(IT),proflist(0),prChange,cSD(IT),
PSD (IT), &

PrChPerGSD, PTChGSDCow
128 Format (I6, 5x,410,3F10 .2, 2810. 4,2FL0. 4)
EndDo

Stop
End Progran 4111
!---------
subroutine 8u111 (4, B, k, FR, NEmpasture, NEgpasture, MEpasture, Ncrnr, Dp, cbp,
CcsPb, &

CFPasture,NEmúVinter, NEgtr{inter, MEwinter, Chmb, Rcwb, pROFb,
MCb,CF5rf,RFIM, IT)

ImpJ-icit none

.Real :: A, B, k, TNEm=0., TNEq:Q., &

NEmV,linter, NEg!üinter, MEWinterr &

NEmPasture, NEgpasture, MEpasture

Real :: TNEm, TNEg, TotMEpasture, TotpasturerTotMElrlinter, Totwinter, &
Weight, fnitialVteight, EndVùeight, ADG, Weight

! important inputs for profit
ReaL:: CFWinter, CFPasture, Rcwb, pROFb, CFl2gmb=O.,c

Chmb, Cbp,CF5rf,RFIM

! Perculiar inputs
Real : : llCvr, FR, DP, DPb, Ccspb, NfCb

! Significant days
Real : : BullStartDay:355, BullEndDay:900, pasturestartDay:62, pastureEndDay:244

Integer : : I, ,J, JJ, Bul1Age, TT
Rea1, Dimension(550) :: NEm, NEg, DMIpasture, DMIWinter

NEm=O. ; NEg:O.; DMIPasture:O. ; DMIWinter=0.

Bul ÌAge=Bu1 1 StartDay ; J=0 .

DPb=DP-O. 03

If (ft.eq.0) Vrlrite (22,L00) PastureStartDav, PastureEndDay, Bull-StartDay,
BullEndDay
l-00 Format ( I8u111 

' ,/ ' Signif icant days : ' /, &I PastureStartDay:' ,86.0/, &I PastureEndDay= , ,î6,0/, &I Bul-lStartAge: ',î6,0/, &

' BullEndÀge: ', f6.0)

Do I:I,2
If (I eq.1) then

BuJ-1Age=BuJ- lStartDay
rnitiallVeight:A* 0 . 7I * l- . 5
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I InitialVüeight:A*1. $* (i-.O-B*exp (-k*BullAge) )

f,le i ght= Ini t i a ltrrie i ght
EndVüeight:A*l. 5* (1. O-B*exp (-k* (BulIAge+365) ) )

ADc= (End!ìleight-VrIeigh-*) / 365 .

EndIf
If (I.eq.2) then

BuItAge:BullStartDaY+3 65
InitialWeight=A*1- ' 5" (1.O-B*exp (-k*BullAge) )

We ight=Init ialVleight
Endl{eight=A*1 . 5*0. 8595 ! KG34

! EndWeight:A*L.5*(1.O-B*exp(-k*BullEndDay) )

ADG= ( Endwei ght -V{eight ) / ( Bul- lEndDay-Bul IAge )

EndIf

If (IT.eq.0) Write(22,1-0I) I, BullAge, InitialVfeight, EndÌfeight, ADG

101 Format('significant days, weights and ADG:'/, &

Year: ' ,16/, &

' BullStartAge= t ,16/, &

' StartVieiqht: ',88.2/, &

r EndWeight= ' ,88.2/, &
r ADG: 'rFB.4)

If (IT.eq.0) Vürite(22,200],
I 1 23 412341234123456'7 81.23456'18t23 456'7 8t23456'7 81.23456'7 81-234567I
ZOO Eormai ( / ' Tear Day Àge Vüeigiit ì{Em NEE Dt{f Pasture DMIl^linter I 

)

Do JJ=l,365
BullAge=BuIlAge+1-
J:J+l-
If ( (I.gt.1) .and. (BuIIAge.gt.Bull-EndDay) ) exit
If ( (JJ.qe.PasturestartDay) .and. (JJ.LE.PastureEndDay) ) then

Nfm(J)=(0.077*Î'leight**0.75) *1.1 !increase in 10? during pasture
NEg ( J) : ( 0. 04 93* (Weight**0. 75 ) *ADG**l- - 097 )

DMrPasture (J):NEm(j ) /NEmPasture+NEg (J) /NEgPasture
Weight:Vleight+ADG

EndIf

If ( (JJ.lt. PasturestartDay) . or. (JJ'GT' PastureEndDay) ) then
NEm (J) : (0. 077 *Weight**0. 75)
NEg (.1): (0.0493* (Weight**0.75) *ADG**1.097 )

DMIwinte r ( J ) :NEm ( J) /NEmrvinte r+NE g ( J ) /NngWinter
lrleight=Weight+ADG

EndI f

If (IT. eq. 0) Write (22' 207],
I, JJ, Bu]lAge. [rleight, NEm ( J), NEg ( J), DMlPasture ( J), DMlvlinter ( J)
201 Format (3I4, FB .2, AFB. 4)

EndDo
EndDo

TNEm:Sum(NEm) ; TNEg=5*n(NEg) ; lotPasture:Sum(DMIPasture) ;
TotWinter=Sum ( DMfWinter )

TotMEWinter:Totlvinter*MEWinter ; TotMEPasture=TotPasture*MEPasture

CF5rf: (RFIM* ( (364*cFWinter) + (366*CFPasture) ) *L-5) /1.466
CFL2qmb:( ( (lotMEwinter*CFWi-nter)+(TotMEPasture*CFPasture) ) *1.51 /1.466
Rcwb : (Weight* (CcsPb-MCb) ) /1.466
PROFb= ( (NCw/FR) / 25) * (0. 5*Rcwb-Chmb-cFl2gmb-0. 5*Cbp)

If ( I1. eq. 0 ) Write (22,202)'
I 123 4L2345618123 456't 8L23456181-2345 6'7 8]-234567 8L234567I
202 Eormat('8u111'/' NEm NEg DMrPasture DMrtr{inter')
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If (IT.eq.0) Write(22,203) ?NEm, TNEg, TotPasture, TotWinter

! 1234561 L01,234561 20
203 Format(/'DMI and NE Totals :, /,20x, 4î8.2/)

If (IT.eq.0) Write(22,204) TotMEPasture, TotMEWinter
2 04 Format (/ 'ME Tota]s : ' / &

36x,2EB .2)

Return
End subroutine buII1
! ---------
Subroutine Heiferi- (.A, B, k, RFIG, NEmCreep, NEgCreepf MECreep,
NEmPasture, NEgPasture, &

MEPasture, NEmcrour, NEgGrow, MEGrowrNEmFL, NEgFL, MEFL, Dp, &

DaystoPeak, PeakMil_k, MilkEnValm, MilkEnvalg, MEM1lk,
tr{540, Finish.A,Dch, &

NCw, ES, S1_BVü, S2WS, RR, FRh, CEcclf,CFlnnmlkt CEZgf.t CF3rfig,
CF8gm, &

CcsPh8,MCh8, Chg8, Chg, Ccsph, MCh, CF1, CFpasture, CFFdIot, CEGrow,
PROFh, Rcwh. IT,Birthvüth)

Implicit none

Real :: A, B, k, lNEm:O.r TNEg:0., &

NEmcreep, NEgCreep, MECreep, &

NEmPasture, NEgPasture, MEpasture, &

NEmGrow, NEgGroür, MEGrow, FinishADGh, C

NEmFL, NEgFL, MEFL, ADJ=I-.25

I Milk production parameters
Real :: DaysÈoPeak, PValue, AValue, peakMilk, Milkyield
Real :: MilkEnvalm !carcul-ate as 5.29 Mcal ME/kg DM (12EDM) (Kc34)

! 0.828 efficiency of use for
maintenance ( . 6348*. 828)
Real- :: MilkEnValg ! 0.700 efficiency of use for gain (0.634g*.?00)
Real- :: MEMiIk

! important inputs for profit - values are received from the main calling
program
Real :: NCw, ES, SIBW, S2VíS, RR, FRh, CFlnnmlk, &

Rcwh, CF2gf, CF3rfig, Chg, CEcclf, CFBgrn, Dp, W540, &

CcsPh, MCh, CFl, RFIG, CFpasture, CFFdIot, &

CFGrow, PROFh, &

CcsPhE, Rcwh8, MChB, ChgB

Real : : VùeaningDay=205, PastureStartDay=gl, pastureEndDay:244, n
GrowEndDay=1P5, FinishEndDay:600

Real- : : BirthWt, Weaningvùt, WeaningVùti, NnMJ_k, prebieanADG, BirthWth, &
GrowEndh7t, GrowADG, FinishEndWt. FinishADG, FinishA,DGi, Weight.,

MeanFlúit, ADG, &

FinalDay, FFT4, FFGf DMI , !{8, TNEn, TNEqr TotMiì_k., TotCreep,
TotPasture, TotGrow, &

TotFeedl_ot, TotMEMilk, TotMECreep, TotMEpasture, TotMEGrow,
TotMEFeedlot, &

x1, DiffNEm, DiffNEg

Integer :: ,I, IT, FinalDayi
ReaI, Dimension(700) :: NEm, NEg, Wt,wtw, DMIMiI_k, DMICReep, DMIpasture,
DMIPast, &

DMfGrow, DMIFeedlot

PVal-ue=1 . /DaystoPeak
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Avalue:DaystoPeak/ (exp ( 1. ) *PeakMilk)

BirthV'lt=Birthr¡lth
Weight:BirthWt

Weaningwt:(87.?+0 .202*A+6.04*PeakMilk) *0. 94 ! (KG33)

Weani-ngVlti: (A* (L.O-B*exp (-k*VleaninSDay) ) ) *0. 94

P re!ùe anADG= ( [f e an ingVrTt -Bi rthVüt ) /Vûe aningDa y

GrowEndtr{t: (A* (1.o-B*exp (-k*GrowEndDay) ) ) *0. 94 ! as compared with the value got
from KG43
lGrowEndi^1t:A*0.47 lif heifers attain 41? of A at this time.
GrowADG= ( GrowEndWt-Vrieaninglf t i ) / ( GrowEndDay-WeaningDay )

FinishEndtr{t=0. 663*A

I -----------we need a do loop to get the average finishADG before adjustment
Do J--291 ,100

wtw (J) = (A* (1.O-B*exp (-k* (J) ) ) ) *0. 94

If (wtw(J) .Se.FínishEndWt) then
FinalDayi=J; Ex j-t

EndIf
EndDo
Write (*, 600) FinalDayi,wtw(297),wtw (FinafDayi)
600 Format (/'the final ciay for Ìieifei:s ís :'/ 14, 2F9.3)
FinishADGi: (wtw (FinalDayi ) -wtw (297 ) ),/ (Final-Dayi-GrowEndDay)
I ---------

FinishADGh=FinishADG i* 2 . 6
FinishADG=FinishADGh

! Fini shEndDay=6to""ttdDay+ ( Fini shEndVÙt-GrowEndwt ) / Fini shADG

MeanFLWt: ( FinishEndwt+GrowEndWt) / 2.
t234567 L0L23456't 20L23456't 30L234567 40123456'7 501234567 60123456'7 '107234561

BO

If (IT.eq.0) Write (22,:-90) PasturestartDay, WeaningDay' PastureEndDay, &

GrowEndDaY' FinishEndDaY
190 Format ( 'Heiferl'/'Significant days (should form a progression) :' / , &

' Calvj-ng DaY= O '' / , &

r PastureStartDaY=',86.0/, &

' WeaningDaY: I ,F6 '0/ , &

I PastureEndoaY= t ,86.0/, &

' GrowBndDaY: ' ,86.0/, &

' FinishEndDay: r,F6.O, ' or when target weight is reached')

If (IT.eq.0) l{rite (22t19L\ BirthVit, !,IeaningWt, PreweanADG, GrowEndWt' GrowADG'

FinishEndWt, FinishADG
191 Format(/'Significant weights:' &

/' Birthvlt- f ,î8.2, &

/' WeaningWt: ',8e.2, ' PreweanADG= 
"F8.4, 

&

/' GrowEndwt: ' ,F8.2t I GrowADG= ', F8.4, &

/' FinishgndWt= ,,88.2, ' FinishADG: 'rF8.4)

NEm=o. ; NEg=O. ; DMIMilk:Q.; DMICReep=o. ; DMIPasture:o.; DMIGrow=o. ;

DMIFeedlot:0.
CFlnnmi-k:0.
If (TT.eq.0) Wríte (22,2001
I 1 234123456't 8L234561 8L234567 8123456'1 8L23 456'7 812345 67 B

200 Format('Heiferl'/'IDay l{eight ADG NEm NEg DMIMilk DMfCree', &

DMIPast DMIGrow DMI-FLr )

Do J:1, FinishEndDay

If (J.LT.PastureStartDay) then
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NEm ( J) : ( 0 . 077 *V,leight**0. 75 )

NES (,1) : ( 0 . 0 68 6* (Il,leight** 0 . ?5 ) * PreWeanADG* * 1 . l-1 9 )

MiIkyield:J/ (AValue*exp ( pValue* J) )

xl:NEm(,J) /MilkEnval-m ! Meet maintenance requirements from
milk?

If (Mi1kYie1d. 9e . xl- ) then
Di f fNng: (Mi I kYield-x1 ) *MilkEnValg
If (DiffNEg.ge.NEg(J) ) then

DMrMilk (J) =NEm(.T) /MilkEnval-m+NEg (J) /MilkEnvafg
DMICTeeP ( J) =0 .

EIse
DMIMilk ( J) :MilkYield*0. 12
DMIcreep (J) = (NEg (J) -DiffNEg) /NEgCreep

EndIf
Else

DMIMilk ( J) :MitkYield*0 . 12
Di f fNEm: ( x1 -MilkYield) *Mil-kEnVaIm
DMICreep ( .l) =Di f fNEm/NEmCreep+NE g ( J) /NE gc reep

EndIf
ADG:Prelf eanADG
Weight:I{eight+ADG

EndIf

If ( (J.GE.PasturestartDay) .and. (J.LE.lveaningDay) ) then
NEn(J):(0.077*illeight**0.75)*1.1 !increase in 108 during pasture
NES (J) : (0. 0686* (üleight**0.75) *PreVùeanADG**1.11-9)
Milkyield:J,/ (AValue*exp ( pValue* J) )

x1:NEm('J) /UilkEnVa]m ! Meet maintenance requirements from
milk?

If (MifkYield.ge.xl) then
Dif fNng: (MilkYield-x1 ) *MilkEnValg
If (DiffNEg.ge.NEg(J) ) then

DMrMilk (J) =NEm (J) /MilkEnval-m+NEg (.1) /MilkEnvalg
DMIPasture (,1) :0.

El-se
DMIMilk ( J) :MitkYiel-d*0. i-2
DMIPasture (J): (NEg (J) -DiffNEg) /NEgPasture

EndIf
El-se

DMIMilk ( J) :MilkYield*0 . 12
Dif fNEm: (x1-MilkYieId) *MilkEnVaIm
DMIPasture (,1) :DiffNEm/NEmPasture+NEg ( J) /NEgPasture

Endff
ADG=PreWeanADG
Weight:Weight+ADG

EndI f

If ( (,f.GT.lveaningDay) .and. (J.LE.PastureEndDay) ) then
NEm(.1):(0.077*Weight**0.75)*1.1 !increase in 108 during pasture
NEg (J) : (0.0686* (Weight**0.75) *GrowADG**1.119 

)

DMIGrow (J) =NEm(j ) /Nnmpasture+NEg (J),/NEgPasture
ADG=GrowADG
Weight=VleJ-ght+ADG

EndIf

If ( (J.GT. PastureEndDay) .and. (J.LE.GrowEndDay) ) then
NEn (J) = ( 0. 077*Weight**0. 75)
NEs (J): (0. 0686* (tlùeigh¡**9,75) *GrowADG**1 .l-19)
DMIGrow (J): (NEm(j ) /NEmCrow+NEg (J) /NEgGrow)
ADG=GrowADG
Weight:Weight+ADc

EndTf

147



If ( (J.GT.GrowEndDay) .and. (J.LE.FinishEndDay) ) then
NEm(J):(0.077*Weight**0.75) ! Equations from KG34
ADG=FinishADG
NEg ( J) :0. 068 6*!Veight* *0 . 75*ADG** 1 . 119
DMIFeedIoI (J):NEm(J) /NEMFL+NEg (J) /NESFL
Weight:Weight+ADG
If (weight. ge . FínishEndt',lt) then
FinaIDaY:¡r; Exit

EndIf
EndIf

If (1T.eq.0) Wrj-te (22,20t\
J,Weight,ADGf NEm(J) ,NEg (.1) , DMIMilk (J) 

' 
DMICreep (J) , DMIPasture (J) , &

DMIGrow (J) , DMIFeedlot (J)
201 Format (I4, FB .2,î8. 4 t788. 4)

EndDo

TNEm=Sum(NEm) ; TNEg:5um1¡Eg) ;TotMilk=Sum(DMIMilk) ; TotCreep:Sun(DMICreep)
TotPasture=Sum(DMIPasture) i TotGrow:Sum (DMIGrow+DMIPast) ;
TotFeedlot=Sum ( DMIFeedlot )

TotMEMilk=Sum (DMIMilk) *MEM1Ik; TotMECreep=TotCreep*MECreep;
TotMEPasture=TotPasture*MEPasture
T o tME G r ow=T o EG r ow * iuiE G r ow,' I ot¡,íE Fe e cì i o l- :T o i Fe e d 1 o-L * ì'íE FL

Rcwh : (vrleight* (CcsPh-MCh) ) / (FinalDay/365)
RcwhB : Í1540* (CcsPhS-MChB) / (540/365)
CFl-nnml k:TotMECreep *CF1 * 1
CF3rfig:
(RFIG*((61*CF1)+(144*CFPasture)+(91*CFGrow)+(8S*CFFdl-ot))*1)/(FinalDay/365)
CE2qf: (TotMEPasture*CFPasture+TotMEGrow*CFGrow+TotMEFeedlot*CFFdlot) / (FinalDay/
365)

PROFh : (0.5*NCr,r*ES*S1BIiù*S2WS-RR*NCw) * &

(Rcvrh-CEcclf,/ (S1BW*S2WS)- ( (1+S1BW) *CFlnnrnlk) / (2*S1BW*S2WS) - &

( (L+S2WS)* (cF2gf+CF3rfig+Chg) )/ (2*S2v\ÌS)) + &

RR*Ncw* ( ( ( 1_FRh) *Rcwh8) _CEcclf,/ (S1BW*S2WS) _

( (1+S1BVù) *CF1nnmlk) / (2*S]-BvÍ*S2WS) - &

( (1+S2v'iS)* (CFBgm+CF3rfig+chg8.) ) / (2*S2v{S))

If (rT.eq.0) Vürite (22t202)
! 123 4123 456'7 81234567 8L234567 8]-23456'18123456'181234567I
202 Eorma:L('Heiferl'/' NEm NEs DMIM1Ik DMICree', &

DMIPast DMIGTo\^I DMI-FL' )

If (IT.eq.0) v,irite(22,203) TNEm, TNEg, TotMilk, TotCreep, TotPasture, TotGrow,
TotFeedlot, FinalDay, &

Fini shEndDay-GrowEndDay
! l_23456'7 L0L23456't 20
203 Format(/'DMT and NE Total-sz'/,2Ox,"788.2/ &

'Final Feedlot Day:'rF8.i-, I Days on Feed=',F8.1)

If (IT.eq.0) Vilrite(22,204) TotMEMiIk, TotMECreep, TotMEPasture, TotMEGrow,
fotMEFeedlot
204 Format(/'ME Totals:'/ e

36x,5F8.2)

Return
End subroutine heiferl
! ---------
Subroutine Steerl (4, B, k,NEmcreep, NEgCreep, MECreep'NEmPasture, NEgPasture,
MEPasture, &
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NEmGrow, NEgGrow, MEGrow,NEmFL, NEgFL, MEFL,NCw, ES, S1BW,
s2[vs, RR, FRh, &

DaystoPeak, PeakMilk, Mil-kEnVaLm, MilkEnValg, MEMilk,
Chg, Fini-shADGh, &

CF3rfig, CEcclf, CF8gm, DP,CcsPs, MCs, CF1_, RFIG, CFpasture,
CFFdlot, a

CFGrow, PROFsrRcws, IT,Birthlüts)

Implicit none

Real- :: A, B, k¡ TNEm=O,, lNEg=O., &

NEmcreep, NEgcreep, MECreep, &

NEmPasture, NEgPasture, MEPasture, &

NEmGrow, NEgGrow, MEGrow, FinlshÄDGh, c
NEmFL, NEqFL, MEFL, ADJ=1

! MiJ-k production parameters
Real :: DaystoPeak, PValue, AValue, PeakMilk, Milkyield
Real- : : MilkEnValm lCalculate as 5. 29 Mcal ME/kg DM (1_2%DM) (KG34 )

! 0.828 efficiency of use for
maintenance ( . 6348*. 828)
Real :: MilkEnVa1g ! 0.700 effíciency of use for gain (0.6348*.700)
Real- : : MEMilk

I important inputs for profit
ReaI :: NCw. ES, S1Bll7, S2WS, RR, FRh, CElnnmlk=0., &

Rcws, CE2gf:O., CF3rfig, Clng, CEcclf, CFBgm, Dp, &

CcsPs, MCs, CFI-, RFIG, CFPasture, CFFdlot, &

CFGrow, PROFS

Real : : VrleaningDay:205, PastureStartDay=62, PastureBndDay=244, n
GrowEndDay=2 $ f ' FinishEndDay:600

Real :: BirthWt, WeaningWt,tr{eaningWts, NnM1k, preWeanj\DG, BirthWts, &

GrowEndblt, cror¡rADc, FinishBnd!ùt, FinJ_shADG, FinishA,DGs, ViTeight,
MeanFLWt, ADG, &

FinalDay, FFM, FFG, DMI, WE, TNEm, TNEg, TotMilk, TotCreep,
TotPasture, TotGrow, &

TotFeedlot, Totl{EMi1k, Tott"fECreep, TotMEPasture, Tottul6Grow,
TotMEFeedIot, &

x1, DiffNEm, DiffNEg

Integer :: J, IT, FinalDays
Real, Dimension(800) :: NEm, NEg', l.jt,wtw, DMIM1I_k, DMICReep, DMIpasture,
DMIPast, &

DMïGrow, DMIFeedlot

PVal-ue=1 . ./ DaystoPeak
Avalì.re:DaystoPeak/ (exp (1 . ) *PeakMiLk)

BirthWt:Bi rthVlts
Weight=BirthVlt

IaleaningWt: (87 .'1 +0. 202*A+6. 04*PeakMilk)
Weaningtr{ts: (A* (1. 0-B*exp (-k*WeaninSDay) ) )

Preble artADG= ( Weaningwt - B j_ rthWt ) /Weanin g Day

GrowEndWt= (A* (1.O-B*exp (-k*GrowEndDay) ) )

GrowADG: ( GrowEndWt-!VeaningWt s ),/ ( GrowEndDay-WeaningDay )

Fini shEndlVt:0 . 7 B *A
Finish.ADG:Finish-ADGh / O .94
MeanFLi{t: ( FinishEndWt+GrowEndlVt ) /2
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tf (IT.eq.O) Write (22,LgO) PastureStartDay, V,teaningDay, PastureEndDay, e

GrowEndDaY' FinishEndDaY
l-90 Eormat('Steerl'/'Significant days (should form a progression):'/, &

' Calving DaY: 0 '' / ' &

' PasturestartDay:r ,F6.O/ t &

t !ûeaningDaY= 'tE6.O/ | &

' PastureEndDaY: ' ,86,0/, &

' GrowEndDaY= t ,î6.0/, &

r FinishEndDay: 'rF6.O, I or when target weight is reached')

If (IT.eq.O) iririte (22tLgt) BirthWt, l,TeaningWt, PrevteanADc, GrowEndvüt¡ GrovIADG,

FinishEndlVt, FinishÄDG
l-91 Format (/'Si-gnif icant weights: | &

/' Birthwt- I ,88.2, &

/' VleaningWt= ',î8.2, ' PreweanÃDG= 
"F8.4, 

&

/' GrowEndWt: ',88.2, ' GrowADG= ',F8.4, &

/' FiníshEndWt=,,î8.2,' FinishADG=,,F8.4)

NEm=0. ; NEg:Q. ; DMIMilk:Q. ; DMICReep:O. ; DMlPasture=O. ; DMIGrow:O. ;

DMIFeedIot:0.

If (IT.eq. 0) Write (22'200)
! 1 2341234567 8t234567 8723 4567 8L234567 8123456't 81-23456'7 I
200 Formar ( , sreerl ' /;i::l 

"ffiåi:; 
DMr:;:, ) 

ÌùÊftr Ì'tBe- Di'íri'rirk Dr'rrcrêer , s

Do J:l, FinishEndDaY

If (J.LT.PastureStartDaY) then
NEm (J) = (0.077*Vfeight**0 ' 75)
NEg (J) = (0. 055?* (Weight**0.75) *PrehleanADG**1. 097 )

MiIkYield=J/ (AValue*exp ( PValue* J) )

xj_:NEm(J) ,/MilkEnval-m ! Meet maintenance requirements from
mifk?

If (MilkYield.ge.xl) then
Dif fNEg: (MiIkYieId-xL ) *Mi IkEnValg
ïf (DrffNEg.ge'NEg(J) ) then

DMrMilk ( J) :NEm ( J) /Mi tkEnValm+NEg ( J) /MilkEnvalg
DMICreep ( J) :0 .

Else
DMIMilk (.r) =MilkYieId*0 ' 12
DMICreep (J): (NEg (J) -DiffNEg) /NEgCreep

EndIf
El-se

DMIMilk (J) =MitkYield*0 ' l-2
Dif fNEm= (x1-Mi1 kYield ) *Mi lkEnValm
DMIcreep ( J) =DiffNEm/NEmcreep+NEg ( J) /NEgCreep

EndIf
ADG:PreWeanADG
Weight:Weight+ADG

EndIf

If ( (J.cE.PasturestartDay) .and. (J.LE.WeaningDay) ) then
NEm(J) = (O.07?*Weight**0.75) *1. l- ! increase in l-0% during pasture
NEg ( J) : ( 0 . 0557* (Weight** 0. 7 5 ) *PreV'leanADG* *1 . 0 97 )

MiIkYield=J/ (AVaIue*exp ( PValue* J) )

x1:NEm(J) /MilkEnvalm ! Meet mai-ntenance requirements from
milk?

If (MilkYield.ge.xl-) then
Di f fNEg: (MilkYield-xl- ) *MilkEnValg
If (DiffNEg.ge.NEg (J) ) then

DMrMilk (,1) =NEm (J) /MilkEnvalm+NEg (J) /MilkEnvaIg
DMIPasture ( J) :0 .
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Else
DMrMilk (,I) :MilkYield*0 . l-2
DMlpasture (J) = (NEg (J) -DiffNEg) /NEgpasture

EndIf
Else

DMIMilk (U):¡a1tn" ' eld*0. 12
Dif fNEm: ( x1 -MilkYieId) *MiIkEnValm
DMIPasture (.f ) :pitt*"m/NEmpasture+NEg ( J) /NEgpasture

EndIf
ADG:PreWeanA,DG
Vüeight=[l]eight+ADG

EndIf

If ( (,J. GT. VleaningDay) . and. (J. LE. pastureEndDay) ) then
NEn(J):(0.077*lVeight**0.75) *1.1 lincrease in 1oB during pasture
NEg (,I) = (0. 0557* (Wei-ght**0. 75) *GrowADG**1. O9?)
DMIGrow (J) :NEm ( j ) /NEmpasture+NEg ( J) /NEgpasture
ADG:GrowADG
Vùeight=Weight+ADc

EndIf

ff ( (J.cT.PastureEndDay) .and. (,J.LE.crowEndDay) ) then
NEm (J) = (0. 077*Weight**0.75)
NEg ( J) : ( 0 . 0557 * (VrTeight* *Q. 75 ) *GrowADc* * 1 . 097 )
DMrGrow (J) : (NEm ( j ) ,/Nnme row+NEg ( J) /NEgGrow)
ADG=GrowADG
Fleight=Vüei9ht+ADG

EndIf

If ( (J.GT.GiowEndDay).and. (J.LE.FinishEndDay) ) then
vrt (J): (A* (1.0-B*exp (-k*,J) ) )
NEm(J)=(0.077*Weight**0.75) ! Equations from KG34
ADG=FinishADG
NES ( J) :0. 0557 *V{eight**0. 75*ADG* *1. 097
DMrFeedl_or ( J) :NEm ( J) /NEmFL+NEg (J) /Negrr,
[Veight:üte ight+ADG
If (l^leight. ge. FinishEndWt) then

FinalDaY=J; Exit
EndIf

EndIf

If (TT.eq.O) Write (22,20Ll
J,lfei-ght,ADG,NEm(J) ,NEg (J) , DMIMilk (J) , DMICreep (J) , DMlpasture (J) , e

DMIGrow (,J) , DMIFeedlot (,J)
201 Format (f4, F8 -2,88. 4 t788. 4)

EndDo

TNEm:Sum(NEm); TNEg:Sum(NEg);TotMilk:Sum(DMIMilk); TotCreep=Sum(DMICreep)
TotPasture:Sum (DMIPasture) ; TotGrow=Sum (DMIGrow+DMlpast) ;
TotFeedlot=Sum ( DMI Feedlot )

TotMEMi I k=Su-rn ( DMIMi 1k ) *MEM1 I k,. TotMECreep:TotCreep*MECreep ;
TotMEPasture=TotPasture *MEpasture
TotMEGrow=TotGrow*MEGrow; TotMEFeedlot=TotFeedlot.*MEFL

Rcws : (Weight* (CcsPs- MCs) ) / (Final-Day,/365)
C F1nnml k:TotMECreep* CF1 * 1
CF3rfig=
(RFIG*((61*CFL)+(144*CFpasrure)+(91*CFGrow)+(118*CFFdlot))*1)/(FinalDay/365)
CE2gf= (TotMEPasture*CFPasture+TotMEGrow*CFGrow+TotMEFeedlot*CFFdl-ot) / (FinalÐay/
36s)

PROFs = (0.5*NCw*ES*S1BW*S2ütS) * (Rcws-CEcclf,/ (S1BW*S2WS) - e
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( (1+S1BW) *CF1nnmlk) / (2*Sl-BV'l*S2llS) - &

( (l-+s2!{s) * (cF2gf+CF3rfig+chg) ) /2*s2ws)

lf (IT.eq.0) Write(22,202)
I 1 234123 4567 8L23456'7 8:-234567 8L234567 81234567 8L234561 8

NEm NEg DMIMilk DMICreet, &202 EormaL(/' 
' DMïpast DMrGrow DMr-FLr)

ïf (IT.eq.O) Write(22,203) TNEm, TNEg, TotMilk, TotCreep, TotPasture, TotGrow'

TotFeedfot, FinaIDaY' &

Fini shEndDaY-GrowEndDaY
! l- 23456'7 r0t234567 20
203 Format(/'DMI and NE Totafs '/,20x,7î8'2/ e

'Fína1 Feedlot Day=', FB. l-, r Days on Feed=', F8.1)

If (IT.eq.o) wríte (22,204) TotMEMilk, TotMECreep' TotMEPasture, TotMEGrow'

TotMEFeedIot
204 Format (/'ME Totals: '/ &

36x,5F8.2)
Return
End Subroutine steerl-

subroutine RepHeiferi- (4, B, k,NBmcreep, NEgcreep, i"íECreep,ì{EmPastuIe'
NEgPasture, MEPasture' &

NEmGrow, NEgGrow, MEGrow,NEmwinter' NEghlinter, MEWinter'
&

RR, NCw, FRc, CEccff,SlBW' S2WS, S3CS, Chg,Chmr, ES'

cEccw, &

DaystoPeak, PeakMilk, MilkEnValm, MiLkEnvalg' MEMilk/ &

TMEIV,linterR,TMEIPastureR,TMELactwR¡TMELactPR,TMEPTegWR,TMEPTegPR' W540' &

CFSrf , CFBgln' CF9gm, CF10gr, CFI-1lr' CF1-nnmlk' RFIM' &

CF1-, CFWinter, CFPasture, CFGrow, DPr, DP, CcsPrrCcsPc'
MCr,TotMEPl8, TotMEPastlS, &

PROFT, Rcwr, IT, BirthV'lth)

Implicit none

Reaf :: A, B, k, TNEn:O.r TNEg=O.' &

NEmCreeP, NEgCreeP' MECreeP' &

NEmPasture, NEgPasture' MEPasture, &

NEmGrow, NEgGrow' MEGrowr &

NEmWinter, NEgWi-nter, ME!Ìinter

I MiIk production Parameters
Real :: DaystoPeak, PValue, AValue, PeakMilk, MilkYield
Real :: MilkEnValm lCa1culate as 5.29 Mcal ME/kg DM (12?DM) (KG34)

I 0,828 efficiencY of use for
maintenance ( . 6348*. 828)
Real :: MilkEnValg ! 0.?oo efficiency of use for gain (0.6348*.700)
Real :: MEMilk

! significant days
tntãger : : WeaningiDay:295, PasturestartDayl=62, PastureEndDayl:244' &

PastureStartDay2:421| PaStureEndDay2:609, BreedingDay=449' n

GrowEndDaY=29 6, RHEndDaY=1 29

ReaI :: DayPregr Birth[rlt, weaningllt,weaningtr{ti, PrevùeanADG,Birthwth' ç

GrowEndWt, GrowADG,FinishEndWt, EinishADG, lVeight, ADG, W540, &

FinalDay, FFM, FFG, DMI, lNEm, TNEg,TotNEPreg,TotMilk, Totcreep,
TotPasture, &
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TotGrow, TotFeedlot, TotMEMil-k, TotMECreep, TotMEPasture, ToIMEGrowf
TotWinterl-, TotPastl, &

Totlrlinter2, TotMEtr{inter1, TotMEpastl, TotMEWínte12, TotMEpast2,
TotPast2, &

x1, DiffNEm, DiffNEg, &

TME TWinte rR, TME I PastureR, TMELactWR, TMELact PR, TMEPreg!ùR, TME Pre gpR

! important inputs for profit
ReaI : : RR, NCw, FRc. CEcclf, Sl_BW, S2WS, S3CS, Chg, &

Chmr, ES, CEccüi, &

CF5rf , CFBgm, CF9gm, CF10gr, CFl_1_1r, CF1_nnmIk, RFIM, &

CF1, CFWinter, CFPasture, CFGrow,Dprc, Dpr, Dp, Ccspr,Ccspc, MCr, &

TotMEV,linterl-=0. , TotMEPl-8, TotMEPastlE, TotMEViTinter2=O. , TotCostr=O. , &

PROFT, Rcwr,MEPregl:0., MEPreg2=O.

Inteqer :: J, IT
Real, Dimension(729) :: NEm, NEma, NEg, NEpreg, DMTMilk, DMrcReep, DMrpasture,
&

DMIGrow, DMI!'linter, MEPreg

PVa1ue=1. /DaystoPeak
Aval-ue=DaystoPeak/ (exp (1. ) *PeakMiIk)

Bi rthVùt=Birthtllth
bleight=Birthwt
WeaningWt: (87.7+0 .202*A+6.04*PeakMilk) *0. 94 I (I{G33)
WeaningWti: (A* ( 1. O-B*exp (-k*WeaningDay) ) ) *0 . 94
P reVleanADG: ( úVe anin gWt -B i rthWt ),/We aning Day
DPr=DP-0. 03
DPrc:DP-0.06
GrowEndtr{t= (A* (1.O-B*exp (-k*GrowEndDay) ) ) *0.94
!GrowEndViTt:A*O.4'7 lif heifers attain 47e¿ of A at this time.
GrowADG: ( GrowEndWt-!VeaningWt i ) / ( GrowEndDay-VùeaningDay )

FinishEndV,tt: (A* ( 1. O-B*exp (-k*RHEndDay) ) )

FinishADG: (FinishEndWt-GrowEndwt) / (RHEndDay-GrowEndDay) lRHEndDay-GrowEndDay
('129-296) =433

If (IT.eq.0) Write (22,790) WeaningDay, pasturestartDayl, pastureEndDayl,
GrowEndDay, &

PastureStatLDay2t PastureEndDay2, RHEndDay
L90 Format('RepHeiferl',/'Significant days (should form a progression):,/, &

' Calving DaY: 0,' / , &

' I{eani-ng Day: , tI6/, &I PastureStartDay=', I6/, &I PastureBndDay= ' ,16/, &

' GrowEndDay= ' ,Í6/, &I PastureStartDay=t, I6/, &I PasLureEndDay= t ,T6/, &

' RHEndDay= ',16)

If (IT.eq.0) ÛVrite (22,1-9L) BirthWt, Vùeaningl¡lt, PreweanADG.- GrowEnclWt, GrowADG.-
FinishEndV'lt, FinishADG
191 Format (/'Significant weíghts: ' &

/, Birthvùt: ,,89.2, 
&

/' Weaningwt: ' ,88,2, I PreweanADG= '. F8.4, &

/' GrowÐndWt: ,,î8.2r' GrowADG= t,EB.4, &

,/' Finj_shEndWt=,,F8.2,' FinishADG:',F9.4)

DMIMilk:0. ; DMfCReep=0. ; DMfPasture=O. ; DMIGrow:O. ; DMIWinter=o.
NEPreg=Q. ;NEm:Q. ; NEg=6.

If (IT.eq.0) Write (22,200)
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! 1234t23456'7 8123456'7 81234567 8t234567 81234567 8]-23456'7I
200 Format(rRepHeifeylt /tlDay DayPreg v{eight ADG NEm NEg NEPreg

MEPreg DMIMilk', &
tDMICree DMIPast DMIGrow DMIvÙinr)

Do J:l,RHEndDay
DaYPreg=Q.

If (J.LT.PasturestartDayl-) then
NEm ( J) : ( 0 . 077*Weight**0. 75)
NEg (J) = (0. 0686* (irieight**0. ?5) *PreWeanADG**1. 119)
Milkyield=J,/ (AValue*exp ( PValue* J) )

xl-=NEm(J),/MifkEnvalm ! Meet maintenance requirements from
milk?

If (MilkYie1d.ge.xL) then
Dif fNEg: (MilkYield-x1 ) *MilkEnvalg
If (DiffNEg.ge.NEq(J) ) then

DMrMilk (J):NEm (J) /MilkEnvalm+NEg (J) /MilkEnvalg
DMICreep (J):0.

Els e
DMIMilk ( J) :MilkYield* 0 . 12
DMIcreep (J): (NEg (J) -DiffNEg) /NBgcreep

EndIf
Else

ÐMIM1lk (J) =MilkYiel-d*0 . l-2
Dif fNEm: ( x1-Mi lkYield ) *Mi lkEnVaIm
DMIcreep ( J) :DiffNEm/NEmcreep+NEg ( J) /NEgCreep

EndIf
ADG=PreWeanADG
Weight=Weight+ADG

EndIf

If ( (J.GE. PasturestartDayi-) .and. (J'LE.WeaningDay) ) then
NEma (J): (0. 077*Weight**0.75)
NEm(J) =NEma (J) + (NEma (J) *0.1) I increase in 10Íl during pasture
NEg (J) : (0. 0686* (V'leight**0. 75) *PrehleanADc**l-. 119)
MilkYield:,J/ (AValue *exp ( PValue* J) )

><1=NEm(J),/MilkEnvaln ! Meet maintenance requirements from
milk?

If (MilkYield.ge.xl) then
Di f fNEg: (MiIkYield-x1 ) *Mil-kEnValg
If (DiffNEg.ge.NEg(J) ) then

DMIMilk (J) =NEm(J) ,/Mif kEnvalm+NEg (J) /MilkEnvaIg
DMIPasture ( J) :0.

Else
DMIMitk ( J) =MilkYield*0 . 12
DMIPasture (J): (NEg (J) -DiffNEg) /NEgPasture

Endff
Else

DMlMilk ( J) :MitkYieId* 0 . l-2
Di f fNEm: ( xl--MilkYieId) *Mi1 kEnVaIm
DMIPasture ( J) :DiffNom/NEmPasture+NEg (,J) /NEgPasture

EndIf
ADG=PreWeanADG
[,Ieight=Weight+ADG

EndIf

1f ( (J.GT.VüeaningDay) .and. (J.LE. PastureEndDayl) ) then
NEma (J) : (0. 07?*Weight**0. 75)
NEm (J):NEma (J) + (NEma (J) *0. 1) ! increase in 108 during pasture
NEg ( J) = ( 0 . 068 6* (WeÍght* *0. 75 ) *GrowADG**1. 119)
DMIGrow(J):NEm(J) /NEmpasture+NEg(J) /NEgPasture ! l ! ! ! !

ADG=GrowADG
Weight:Weight+ADG
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EndTf

lf ( (¡.cT. PastureEndDayl) .and. (J.LE.GrowEndDay) ) then
NEm (,J) = (0. 077 *V'leight* *Q . ?5)
NES (,J) = ( 0. 068 6* (Weight**0 . 75 ) *GrowADG* *1. 11 9 )
DMIGrow (J) = (NEm (j ) /Nnmerow+NEg (J) /NEgGrow)
ADG:GrowADG
Vieight:[Veight+ADG

EndIf

If ( (J.GT.GrowEndDay) .and. (J.LT.pasturestartDay2) ) then
NEm(,J) =(0.077*Weight**0.?5) ! Equations from KG34
NEq ( J) :0 . 068 6*Weight**0. 7s*ADG**1. 11 9
DM]vüinter (.t) :Nem (J) ,/NEmWinter+NEg (J) /NEgwinter
ADG:FinishADG
Weight=l{eight+ADG

EndIf

If ( (J.GE. PastureStartDay2) .and. (,J.LE.pastureEndDay2) ) then
If (,:.cE.449.) then I so Breeding occurs at day 44g

DayPreg:¡l-449. ! NEpreg see NRC43, corrected from
l-atest edition

NEPreg (J) = (0 . 57 6*BirthWt* (0. 4504-0. 000766*Daypreg) * &

exp ( (0. 03233-0. 0000275*Daypreg) *Daypreg) ) /1000.
MEPreg (,J)= (NEPreg (J) /NEmpasture) *MEPasture

Endff
NEma (,J) = ( 0. 077*Weight* *0 . 75 )

NEm(J):NEma (J) + (NEma (J) *0. 1) I increase in 10% during pasture
NEq (J) = ( 0. QS$6* (Weight**0.75) *GrowADc**1. 119)
DMfPasture (J) =NEm(j ) /Nempasture+NEg (J) /NEgpasture+NEpreg (J) /NEmpasture
rf (J.eq.540) then
W5 4 0:Weight
EndIf
ADG:FinishADG
Weight=vùeight+ADG

Endlf

If ( (J.GT.PasiureEndDay2) .and. (J.LE.RHEnclDay) ) then
DayPreg=¿r-449, ! NEpreg see NRC43, corrected from latest

euf LfolÌ
NEm ( J) = ( 0 . 077*bjeight**0 . 75 )

NEg ( J) : ( 0 . 0 686* (bTeight* *0 . 75) *GrowADc**1 . 119 )
NEPreg (J) : (0. 576*BirthWt* (0. 4504-0. 000766*Daypreg) * &

exp ( (0. 03233-0.0000275*DayPreg) *Daypreg) ) /1000.
MEPreg (,1) = (NEPreg (J) /NEmWinter) *MEWinter
DMrtrÙinter (,:¡ :¡"* (J) /NEm!,Iinter+NEg (J) /NEswinter+NEpreg (,J) ,/Nnmwinter
ADG:FinishADG
Weight=vleight+ADG

EndIf

lf (IT.eq.0) VrirÍte(22,201,) J, Daypreg, Weight,
ADG.. NErn (J) .. NEq ( J) ¡ NEpreg (.T) , MEpreg (J) , DMTMiI-k (J) , e

DMICreep (J) , DMIPasture (J) , DMIcrow (,J) , DMIWinter (J)
201 Format(I4,F8.0, 2x, 2î8.4,88.4,14F8.4)

EndDo

TNEm=Sum(NEm); TNEg=5un(NEg);TotNEPreg:sum(NEPreg);TotMil-k=Sum(DMrMiIk);
TotCreep:5um (DMTCreep) ; TotPasture=Sum(DMIpasture)
TotGrow: (Sum (DMIGrow (lrTeaningDay+1 : GrowEndDay) ) )
TotPas t 1:Sum ( DMI Pas ture ( pas turestartDayl : UeaningDay ) )
TotWinterl=Sum ( DMMinter ( GrowEndDay+1- : pastureStartDay2- 1 ) )
TotPast2:Sum(DMfPasture (pastureStartDay2 : pastureEndDay2) 

)
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Tot!ùinter2:Sum ( DMIWinter ( PastureBndDay2+I: RHEndDay) )

TotMEMilk:Sum ( DMIMÍlk) *MEMIlk; TotMECreep:lotCreeP*MECreep
lotMEPas ture:TotPasture*MEPasture
TotMEGrow:((Sum(DMIcrow(WeaningDay:PastureEndDayl)))*MEPasture)+((Sum(DMIGrow(P
astureEndDayl-+l- : GrowEndDay) ) ) *MEGrow)

TotMEWinterl:Tott¡linterl*MEúlinter !tota1 feed for first winter after growing
from 297 xo 426
TotMEPastl:TotPastl *MEPasture
TotMElvinter2:TotWinter2*MElrlinter !total feed for winter stage after l8months
from 6LO-'129
TotMEPast2:TotPast2 *MEPasture
lotMEP18:(Sum(DMIPasture(PasturestartDay2:540)))*MEPasture !total- feed for
pasture from 427 to 540(l8months)
TotMEPastlS:(Sum(DMIPasture(540:PastureEndDay2) ) ) *MEPasture !total- feed on
pasture after 18 mont.hs from 541-609,6'J-0-'729

CFlnnmlk : CFL*TotMECreep*1
CFSrf= RFIM* ( (182'rCFwinter) + (l_83*CFPasture) ) *1
CF89m= (CFGrow*ToIMEGro!'r+CFWinter*ToIMEWinterl+CFPasture*TotMEPlBl / (540/365l'
CF9qim: ( (TMEIPastureR*CFPasture) + (TMEIVlinterR*CFWinter) ) *1 ! other component
must come from cow
MEPregl: (Sum(MEPreg (BreedingDay+1 : PastureEndDay2) ) )

MEPreg2: ( Sum (MEPreg (PastureEndDay2+1- : RHEndDay) ) )

CF10gr:
( (MEPregl*CFPasture) + (MEPreg2*CF'Winter) + (TMEPTegPR*CFPasture) + (TMEPregI{R*CFVíint

CFll-1r= ( (TMELactVrlR*CFWinter) + (TMELactPR*CFPasture) ) *1- !Must come f rom cows
Totcostr:CFl-nnml k+cF5 rf+CFB gm+cF99m+cE1 0gr+CF1- 1 1r
Rcwr : Weight* (Ccspc-MCr) / (540/3651
PROFr= RR*NCw*S3CS* ( ( (i--FRc) *Rcwr) - (CEceIf/ (S1BW*S2WS) + (1+S1BW) *CFlnnnlk/ e

(2*SlBhl*S2WS) + (1-+S2WS) * (CFBgm+Chg) / (2*S2vlS) )- (CF5rf+CF9gm+ES*
&

(CEccw+CFl0gr) +0.5* (1+S1BW) *ES*CF1l-lr+Chmr) ) + &

0.5*RR*NCw*(1-S3CS)*(Rcwr-2*(CEcclf/(Sl-Bül*S2WS)+(L+S1BV0)*CFlnnmlk/ &

(2*S1BW*S2WS) + (1+S2WS) * (CFBgm+Chtg) /2*S2wS) - (CFSrf+CFggm+ES* e

( CEccw+CFl0gr) +0 . 5* ( 1+S1Bbl) *ES*CF1 1]r+Chmr) )

tf (IT.eq.0) Write (22,202)
I t_ 23 4L23 456'7 87234567 8t234567 8L234567 81234567 8]-234567 I
202 Format (rRepHeiferlt/r NEm NEg NEPreg DMIMilk
DMlCree t, n 

, DMIPast DMIGrow DMIIriinl DMIPastl- DMIV,lin2 DMIPast2r )

Tf (IT.eq.0) Write(22,203) TNEm, TNE9,TotNEPreg, TotMilk, Totcreep, TotPasture,
Totcrow, &

TotWinterl, TotPastl, TotWinter2, TotPast2, FinalDay' RHEndDay-
GrowEndDay
! 1234561 101234561 20
203 Format(/'DMI and NE lotals:'/,20x,L2F8.2/ e

t Final Feedl-ot Day: ' , FB . l-, I Days on 
"."¿=' 

, 18 )

1f (IT.eq.0)Write (22,204) TotMEMilk' TotMEcreep' TotMEPastl, TotMEGrow'
ToIMEVJinterJ-, &

TotMEPaSt2,
TotMEI{inte12,MEPre9L,MEPîeg2,TotMEPlSrTotMEPastlS,TotMEPasture'Weight
204 Format ( /'ME Totalsc weight: '/ c

36x,7688.2)
Write (*,215) !.]540
215 Format (rweight at 540 ist F8.2)
End Subroutine RepHeiferl
| _________
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subroutine cowl- (4, B, k,FRh,FRc,NEmv'linter, NEgwinter, MEWinter,NEmpasture,
NEgPasture, MEPasture, &

DP, DPc, RR, NCw, CEcclf,S1BW, S2WS, S3CS, Chg,Chm, ES, CEccw,
MCc, CcsPc, &

DaystoPeak, peakMilk, MilkEnVal,coweight, &

TotMEWinter' TotMEPasture, TotMELactW, TotMEPreglf, TotMELactp, TotMEpregp, &

AgeDist, TMEIwinterR' TMEIPastureR, TMELact[rlR, TMELactPR, TMEPregblR, TMEpregpR, &

CFWinter, CFPasture, CF4 gm, CF5 rf , CE 69r, CF7 1r, RFIM, Rcwc, pROFc, IT )

Implicit none

INOTES: KG33 refers to Koots and Gibson paper, page 33;
I NRC117 is NRC pubrication, page 117; and K196 is Koots thesis, page
196.

! Growth curve parameters
Real :: A, B, k !KG34 top

! Feed characteristics
Real :: NEmWinter, NEgtrùinter, MEVùinter, &

NEmPasture, NEgPasture, MEpasture

ReaJ- : : DP, DPc, RR, NCw, CEcclf , S1BW, S2V'IS, S3CS, Chg, &
Chm, ES, CEccw, MCcrCcspc,&
CFWinter, CFPasture, &

TME IWint.e rR' TME I Pas t.ureR, TMELactWR, TMELactPR, TMEPTe güfR, TME pre gpR

Fertility rates of heifers and cows, and herd age distribution vector
The val-ues of FRh:.764 and FRc=.8?4 can be cal-culated from values on K235.
These val-ues reproduce the cow age proportions shown ín R244.

Real- :: FRh, FRc
Real, Dimension(9) : : AgeDist, Agelist: (/2,3,4,5,6,7,8,9,L0/l

! Ages' weights, annual- gain, and totals for each of the nine cow ages
Real, Dimension(9) : : Age= (/'730,l-095,1460, t825,2L90,2555,2920,3285,3650/)
Real, Dirnension ( 9) : : Weight, Gain, Ti{Em, Tii¡Eg, &

TDMMinter, coweight, &

TMEfWinter, TMEIPasture, TMEI, &

TMELactW, TMELactP, TMEpregW, TMEpregp

Real : : TotMEv'linter, TotMEpasture, TotMELactlrl, TotMEpregÍV, TotMELactp,
TotMEPregP, &

CF4 gm, CF5 rf. CF6gr, CE1 Lr , RFIM, Rcwc, pROFc , Acwhlt

! Age distribution of cows is calculated from FRh and FRc by the subroutine,
CowAge
! and this is done in the main program. The values in the AgeDist vector are
passed
! to this Cowl- subroutine from the main program.

! AOCMilk Age of Cow adjustments for peak milk yieJ_d, KG33 top
ReaJ-, Dimension(9) :: AOCMilk=(/0.'78,0.88,0.96f1.00,1.00,1_.00,1.00,1.00,0.9gl)

! Milk production parameters
Real :: DaystoPeak, PVaIue, AValue, peakMil_k
ReaL : : Mil-kEnVaI
(NRC117 )

!Cal-culate as 0. 092*MilkFat+0.049*SNF-0.0569

! with MiIkFat:4 and SNF=8 passed from main
program
I Arrays to hold Daily amounLs of NE, DMI and MEI
Real, DJ-mension(365) :: NEm, NEg, NELact, NEpreg, DMI, MET/ NEma
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! Significant days of the year
Integer : : lr1eaningDay:265, BreedingDay=79, PasturestarlDay=62,
PastureEndDay:24 4

! CalculatJ-ng variables
ReaI :: CowWt, CowADG, BirthWtr DayofPreg
Integer :: I, J, IT

! Calculate cow weight at the beginning of each year,
! and the weight gain to be made each year
! 2 year-olds are 730 days of age
! 10 year-olds are 3650 days of age

Do I:l-, 9

Weight (1):A* (1.0-B*exp 1-k*Age (I) ) )
EndDo

Birthhlt:0. 0667*A
coweight:0.
Gain:0.
Do I:1,8

!K192 middle, for steers

Gain ( I ) :V'lej-ght ( T+l-) -Weight ( I )

EndDo
! Calculate for each cow age group
! 1 23 4561_23456123 456123 456123456'7 8t234567 81234567 8123 4567 8L234s67 I
If (IT. eq.0) Write (22,200)
200 Format('CowLr/'Average ages, r¡/eights, and totals for energy and dry matter
needs I , &

/t Age Prop Wt Gain TNEm TNEgr, &
I TMEIPast TMEIWint I , &

rTmel,act!{ TmelactPr, &
rTmePregW TmePregP')

Do I:1, 9

I Assume equal ADG throughout the year from the given start point, V'leight (I)
!

Cor'rtrrlt:Weight (I) ; Cor¡ADG=Gain (I) /365.
coweight (I) :weight ( I) +Gain ( I )

!

! Parameters for the milk production curve
PVal-ue:1 . /DaystoPeak; AValue=DaystoPeak,/ (exp (1. ) *AOCMiIk(I)*PeakMi-lk)

NEm=O.; NEg:O.; NELact:O.; NEPreg=Q. ! Zero the 365-length arrays
!----------

Do J:1,365
If ( (J.Se.1).and. (J.lt.PasturestartDay) ) then

NEma (J):0.077* (CowVtTt**0 ' 75)
NEg ( J) :0 . 0 635* (Cowû,lt* * 0 . 7 5 ) * ( CowADG* * 1 . 0 97 )

NEm(J)=NEma (J) *1.15 ! Increase NEm by 15* during lactation,
KG34

NELact (J) =MilkEnVal* (J/ (Avalue* (exp (Pvalue*J) ) ) )

DMI ( J) =NEm ( J) /NEmWinter+NEq (J) ,/NrgW j-nter
MEr (J) =DMT (J) *MElfinter
CowWt:Cowtr{t+CowADG

EndIf

If (J.St.BreedingDay) then
DaYofPreg=J-7 9 .

latest edition
NEPreg (J) : (0. 576*Birthwt* (0. 4504-0. 000?66*DayofPreg) * &

exp ( (0.03233-0. 0000275*DayofPreg) *DayofPreg) ) /1000.
EndIf

Gestation length j-s 286 days, K196
so Breeding occurs at 365-286:'19
NEPreg see NRC43, corrected from
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ff ( (.¡.9e. PasturestartDay) .and. (J.le.WeaningDay) ) then
NEma (,J) =0.0'1-l* (CowWt**0.75)
NEg (¡):0.0635* (Cowllùt**0.75 ) * (CowADG**1.097)
NEm(J):NEma(J) +NEma(.I) *0.1-+NEma(J) *0.1-5 ! Increase NErn by 10? and 153

when on pasture, K199
NELact (J) -MilkEnVaI* (J/ (Avalue* (exp (pvalue*J) ) ) )
DMI (J) :NEm ( J) /NEmpasture+NEg (J) /NEgpasture
MEI (J):DMI (J) *MEpasture
CowWt:Cow[Ìt+CowADG

EndIf

If ( (J.ge.WeaningDay).and. (J.te.pastureEndDay) ) then
NEma ( J) :0 . O7 1 * (CowV'It* *0. 75 )
NEg (J):0.0635* (CowWt**0.75) * (CowADG**1 . O9? )
NEm(J):NEma(J)+NEma(J)*0.l+NEma(J) *0.15 ! Increase NEn by l_0å when onpasture, K1_99
DMI (,t) :NEm ( J),/NEmpasture+NEg ( J) /NEgpasture
MEÏ (J):DMI (J) *MEPasture
Cow[ùt=CowWt+CowADG

EndIf

Tf ( (¡.gt.PastureEndDay) .and. (J.Ie.365. ) ) ttren
NEma (,J) =0 . 077 * (cowwt**0. 7$ )
NEg ( J) :0. 0635* (CowWt**0. 75) * (CowADc* *1 . 097 )
NEm (.T):NEma (J) +NEma (J) *0.15
DMI (J):NEm ( J) ,/NEmWinter+NEq ( J) ,/NEgWinter
MEI ('J):DMl (J) *M*Winter
C ow[r]t = C owtf t + C ohrADG

EndIf

!--------
If ((IT.eq.0) .and. (I.eq.4) ) Wrire (22,21_O) J,

NEm(J) ,NEg (J) ,NELact (J),NEPreg (J) , DMI (J) ,MET (J)
210 Format('CowDay:t,14,' NEm:', Fl_o,2,' NEg:',FLO.2,' NELact,,E!0.2,,
NEPreg' ,870.2, &

' DMf='tF]-1.2, r MEI=',FL].2)
EndDo
npc:nP-n fìÁ
TNEn(r):Sum(NEm) ; TNEg(r) :Sum(NEg) ; TME] (I):Sum(MEI)
TMEIPasture (f):Sun(MEI(pasturestartDay:pastureEndDay) ) !needed for

replacement heifers
TMErwinter(I)=sum(MEr(l-: (PastureStartDay-1) ) )+sum(MEI ( (pasturegndDay+l):365) )!needed for replacement heifers
TMELactW ( I ) : ( Sum (NELact ( 1 : ( pasturestartDay-

i-) ) )+Sum(NELact ( (PastureEndDay+t ) :365) ),/NEmWinter)*MEWinter
TMELactP(I):(Sufn(NELact(pasturestartDay:pastureEndDay))/l¡¡rnpasture)*MEpasture
TMEPTegW (I) : (Sum(NEPreg (i_ : (pasturestartDay-

1) ) ) +Sum(NEPreg ( (pastureEndDay+l) :365) ),/NEmwinter) *MEWinter
TMEPTe9P (l): (sum(NEPreg (PasturestartDay: PastureEndDay) ) /¡¡empasture) *MEpasture

rf (IT.eq.0) Write (22tZO!)
Age (I),AgeDist (I),, Ueight ( I), coweight ( I ), Gain (I ), TNEm (f ), TNEg (I), e

IMEIPasture (I), TMEÏi{inter (f ), TMELactW (f ), TMELactp (I), &

TMEpregtd ( r ) , TMEpregp ( I )
201 Format (F6.0, F6.3¡ 3F6.1,l_l_FB.2)

l,/'Year Day Coweight NEm NEg NEIact Dayofpreg NEpreg DMf MEf,/
!---------
EndDo

TMEfVüinterR=TMEIVüinter (1) ; TMEIPastureR=TMEfpasture (1) ; TMELactV,lR=TMELactVü(1) ;TMELactPR:TMELactP ( 1 ) ; TMEPTegV'tR:TMEpreSW ( 1 ) ; TMEpregpR=TMEpregp ( 1 )
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TotMEWinter:Sum (AgeDist (2 : 9) *TMEIWinter (2 z 9\ )
TotMEPasture=Sum(AqeDist (2 : 9 ) *TMEIPasture (22 9\ )

TotMELactW=Sum (AgeDist (2 : 9) *TMELactW (2 : 9)
TotMELactP=Sum (AgeDist (2 : 9) *TMELactP (2 : 9)
TotMEPregW:Sum (AgeDist (2 : 9) *TMEPregI{ (2 : 9)
TotMEPregP=Sum (AgeDist (2 : 9 ) *TMEPregP (2 : 9)
ACwWt: (Sum(coweight (2: 9) *AgeDisL(2t9\ ) ) / (l-AgeDist (1) )

If (IT.eq.0) V,lrite (22,204) (AgeDist (I),
T.:1 ,9 ) , TotMEV'linter, TotMEPasture, TotMElacthI, TotMELactP, &

TotMEPregW, TotMEPregp
204 Format(/'weighted averages across cow age groups excluding age group 1-'l &

/'AgeDist(1-9) Mewint Mepast MelactW Melactp MepregV,I
MepregP I / 9f8 .4 / 681,2 .2)

CF  grn: ( ( TotMEWinter*CFlüinter ) + ( TotMEPasture*CFPasture ) ) * 1
CFSrf: RFIM* ( (61*CFVlinter) + (l-83*CFPasture)+ (121_*CEWinter) ) *1
CF6gr: ( (TotMEPregW*CFWinter) + (TotMEPregP*CFPasture) ) *1
CF?lr: ( (TotMEI,actVl*CF[rlinter) + (TotMELactP*CFPasture) ) *1-

Rcv¡c : ACwWt* (CcsPc- MCc)
PROFc: (l--RR) *NCw*S3CS* ( (1-FRc) *Rcwc- &

ES*CEccw-CFAgm-CFSrf-ES*CF6gr-0 . 5* &
(l-+S1BVl) *ES*CF?]r-Chm) +0 . 5* 11-RR) *NCw* &
(l--S3CS) * (Rcwc-ES*CECC'.{-CFAg:n-CFSrf- e
ES*CF6gr-0 . 5* ( 1+S18!Û) *ES*CF7 1r-Chm)

write (*,209) ACwVùt
209 Format(/'the weight of cow:' F8.4)
End Subroutine Cowl-

Subroutlne CowAge (FRh, FRc, AgeDist, IT)
I 

-________

Implicit none

! Subroutine to calculate stable age dÍstribution of cow herd,
I uses subroutine Invrt to invert the M matrix.

Real :: FRh, FRc
Real, Dimension(9,9) :: M

Real, Dimension(9) :: PVec, AgeDist

Integ'er :: I, J, IT, N:9

! FilI M matrix, as defined in Azzam et al.(1-990) JAS 68:5-14
! Koots and Gibson onl-y use heifer and cow fertility values, FRh, FRc
! instead of having different values for each age group.
M:0.
Do I:1,N

If (I.eq.l-) then
M (r, t¡:¡q5

ElseIf (Leq.N) then
M(I,I)=1.

Else
M(I, T):FRc

EndIf
M (N, I)=1 .

If (I . St. 1) M (r-1, I ) =-l- .

EndDo

If (I1.eq.0) Vürite(22,20L) FRh,FRc
201 Format(' Fertility Rates:'/'Hej-fers (FRh):t,F8.2/,Cows (FRc):',F8.2)
PVec:(/0., 0., 0., 0., 0 ., O., 0., 0., I. /)
If (IT.eq.0) Write(22,202) PYec
202 Format ( 'PVec:' ,9f5.L/ )
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If (Ir.eq. 0 ) V'trite (22,203)
203 Format ('M Matrix')
Do I:l,N

If (IT.eq.0) Write (22,204) (M(I,,J) ,J:1,N)
204 Format ( 9F8. 4 )

EndDo

Call Invrt. (M, N, N)

AgeDist=MatMuL (M, PVec)

End Subroutine CowAge
I 

--------_

Subroutine Invrt (4, IA, N)
I 

---------

! This program is from K Meyerrs DFREML package
! A contains the matrÍx to be inverted, and is repraced by its inverse
! upon completion of the subroutine.
! IA is the number of rows,/columns of the matrix A
! N is dimension of the actual matrix to be inverted, may be equal to rA
!

! Removed references to doubl-e precision variabl-es, egi, real-(B) and dabs(XX)

rea1, dimension (ia, ia) , intent (inout) : I a
l*!^-^- ¡-!^-! /:-\rrlLsge!/ rrrLvrtu\l¡¡i :: 1ArÌ-1

real, dimension(:,:), all_ocatabte :: b
rea1, dimension(:), al-locatable :: vec
ínteger, dimension(:), all_ocatable :: iflag
integer : : ii, imax, i, j, k
real :: zero:1,e_Brdiagr.offrxxrzz
allocate (b (n,n),vec (n), 1fIag (n), stat:ii)
if (ii>0)stop'al_1oc invrt,

DIAG:O . DO

OFF:O. D0
ífl-ag=1¡ (i,i:l,n) /)
B:A(:n,:n)

DO 2 I:1,N

I FIND MAXTMUM ELEMENT TN THE COLUMN (START AT I-TH EL. ONLY)
XX:ABS (A(I,I))
IMAX=I
DO 3 J:f+l¡N
ZZ:ABS (A (J, I ) )

TE (ZZ. GT . XX) THEN
YV-A O

ÏMAX:J
END IF

3 CONTINUE

CHECK FOR SINGULARITY
IF (XX. LT. ZERO) THEN

II,IRITE (*, * ) ' "INVRT" : MATRIX IS SINGULAR '
ùIUT

END IF

ÏNTERC¡IANGE ROI/,] T AND ROW V{TTH MAX. ELEMENT TN THE COI,UMN
rF(IMÄX.GT.I)THEN

DO K:l-, N

SAVE=A ( I, K)
A(I,K):À(II4AXTK)
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A ( IMAX' K) =SAVE
end do
TSAVE:TFLAG ( T )
IFLAG(I):TFLAG(IMAX)
IFLAG ( IMAX) =TSAVE

END IF

I TRANSFORM THE MATRIX
SAVE:1 .D0,/A(l,l)
A(:n, f ):A(:n, I)*SAVE
A(I'I)=SAVE
DO K:1,N
1F(K.ne.ï)then

DO J=1,N
rF (,l.NE.I)A (J, K):A (J, K) -A (J, I) *A (I, K)
end do
A(I,K)=-A(I,K) *SAVE

end if
end do

2 CONTTNUE

! INTERCH-A,NGE COLUMNS (ANALOGOUS TO PREVIOUS ROV,I CHANGES )

Dô T:1 -N
vec( (/ (if]ag(k) ,k=1,n) ,/) ) =a(i,:n)
A(I':n):Y¡g
end do

I MULT]PLY MATRTX WTTH ITS INVERSE, CHECK ELEMENTS
Do I:1,N
DO J:1rN
XX:dot_product (a ( :n, j ), b (i, : ) )

rF(r.E0.J)THEN
! rF(ABS(XX-1.D0).GT.ZERO)PRTNT *,r,XX

DTAG=DÏAG+XX
ELSE

! TF(ABS(XX) .GT.ZERO) PRINT *,I,J,XX
OFF=OFF+XX

END IF
end do
end do

! XX:DIAG/N
! PRIN'¡'*,TDIAGONAL : SUM =r,DIAG,r AVERÀ65:r,XX
! xx=oFF/ (N* (N-1) )

! PRÍNT *, IOFF-DIAG : SUM :r,QFF r I AVERAGE :rrXX

deallocate ( b,vec, iflag, stat=ii)
if (ii>0) stop rdeaffoc invrt'

RETURN
END subroutine invr
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