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Abstract

A deterministic Beef Efficiency Model (BEM) was developed and used to evaluaté
production efficiency in traditional, sex-ratio controlled and dairy-beef production systems.
In traditional beef production systems, efficiency declined with age at turnover up to 6 years
of age and then increased marginally in most breed groups thereafter. Improving the
reproducti\"e rate by 10% resulted in 5% to 9% improvement in overall efficiency. However
with a concomitant increase in dam feed cost of 10% - 15% (i.e., dams are being over fed)
this improvement in efficiency disappeared. There were substantial breed differences in
overall efﬁciency, attributable mainly to differences in maturing rates. Month of calving had
little influence on overall efficiency. Maximum overall efficiency was generally obtained
when offspring from the herd were slaughtered at 30% - 60% of maiure weight, usually at
40% maturity. Turning over the herd as quickly as possible appeared to be the most efficient
strategy. In sex-ratio controlled systems of production, ‘all male’ systems were more.
efficient (4% - 79% at the point of maximum efficiency, dependiﬁg on the breed group and
the age at turnover) than ‘all female’ systems. A single-sex bred heifer (SSBH) system was
at least 21% and 27% more efficient than the ‘all male’ and traditional systems respectively.
The cost of sex-ratio control would have to be unreasonably high (about 80 times that in a
traditional system) for the SSBH to be less efficient than a traditional system operated at
maximum efficiency. Trends in efficiency between ages at mrﬁover and breed groups were
similar to those in the traditional system, though efficiency values were higher for sex-ratio
controlled systems. In the dairy-beef production system, efficiency increased with increasing
age at turnover, in contrast to ihe other systems. Yearly increases in efﬁcieﬁcy ranged from

1% -17% depending' on the degree of maturity of offspring at siaughter. This system was



also 9% - 87% more efficient than the SSBH system at a turnover age of 4 years, but was
10% - 265% more efficient at 10 year, depending on the degree 6f maturity of offspring at
slaughter. It was thought that discounts to beef from the dairy-beef system will have te be

very high to make this system not efficient.
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1. General introduction

Efficiency in agriculture has received considerable attention in recent years (see
Spedding et al., 1981) with the realization that natural resources are finite and exhaustible
and that such resources ought to be used sustainably and held in trust for future generations.
Improving efficiency implies "increasing output per unit of input” or conver#ely, "reducing
input per unit of 6utput". Efficiency in animal production often is expressed solely in
biological terms to avoid the effects of variable costs and prices (Dickersoa, 1978).

In beef production, "biological efﬁciency" is defined as the ratio of output (usually
liveweight, or weight of lean meat) to input (usually food units expressed in dry weight, kg,
or metabolizable energy - ME, Thompson and Barlow, 1986). The physical output and input
may then be weighted by their value or cost to convert them to economic terms (Cartwﬁght
and Fitzhugh, 1974; Cartwright, 1982). Though the question of efficiency in beef cattle
| production is not new (Cartwright, 1982; Ferrell and Jenkins, 1985), it has not received
sufficient attention unsii recently. Tiis is related to the difficulty and expense of measuring
food intake,‘accurately’ in beef cattle, and ruminants generally. In those cases ‘that efficiency
has been studied, it has been restricted to mdw:dua' (slanghter animal) efficiency (Thiessen
et al., 1984) and most of the research has stressed output; components with little attention to
input components (Ferrell and Jenkins, 1985; Cartwright and Doren, 1986).

Implicitly, at least, the oirefall objective of the application of genetics to beef cattle
production has always been to imprbve efficiency of the production unit or herd (Cartwright,
1982). Selection on the basis of individual efficiency and/or other traits (as inindex selection)
implies that the individual is the production uait. This assumes that asf.igning relative
economic values to each unit of each character ,appropriateiy accoynts for associated inputs

and outputs (costs and returns). This is an unrealistic simpliﬁcaﬁdn as pointed out by
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Cartwright (1982), as the linearities as-umed are difficult or impossible to accommodate and

interactions between individual animals in a production unit cannot be traced.

There are always more breeding than slaughter cattle in an average beef herd.
Cartwright (1970) estimated that two catle are maisained in the herd for each calf sold
whereas Fitzhugh (1978) estimated that the breeding female and replacements numerically
constitute 40 to .70% of the production unit. Estimates of the nutritional requirements for a
cow throughdut the period needed to produce a saleable calf range from 50 to 80% of the
total requirement of the production unit, depending on the age at which the calf is sold
(Thiessen et al., 1984). Obviously, the cost of maintaining mature females and their
replacements is a major portion of the input to the production unit. This suggests that
efficiency of individual slanghter animals alone cahnot accurately reflect efficiency of the
whole system. The importance of considering efficiency on a herd basis (Joandet and
Cartwright, 1969) with the breeding male, the breeding femaie and nonbreéding prodixce as
the siallest operational unit (Fitzhugh et al., 1975) is intuitive.

Production efficiency is a function of nutrition, physiology, genetics, forage science,
production economics, and marketing. These components often interact in a complicated
non-linear fashion (Joandet and Cartwright, 1975), and thus knowledge of individual
components per se has proven insufficient for understanding their interactions in complex
systems such as beef production. Evaluating efficiency on a herd basis requires the
‘simul_taneous study of all componenis as integrated effects, to better understand the effects
of different alternatives. This approach requires interdisciplinary effort within animal science
and between animal science and other disqiplirxes (Joandet and Cartwright, 1975).

“In a cow - calf production system, conventional wisdom suggests that the cow be

retained in the herd because long as possible as feed costs, when spread over a larger number
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of calves, are reduced (Taylor et al., 1985). However, this has adverse effects on generation

interval and besides cull cow meat is produced less efficiently the later the dam is

slaughtered. Recent simulation studies in sex-controlled beef production systems indicate that

if a cow can produce guaranteed femaie offspring, then slaughtering her soon after her first
offspring would fnarkedly improve efficiency of the system since most of the conventional
maternal overhead of producing a calf becomes associated with productive growth (Taylor
et al., 1985). However, recent empirical studies failed to indicate an adyantage in biological
efficiency in a once-calved heifer system relatiye to heifers conventionally reared for

slaughter (Vincent, 1990). However, it was suggested that the value of the calf might have

“been underestimated and that the economics of the systems could be different since heifers

in the once-calved system were generally fed roughages. |

Current advances in reproductive technclogy suggest that the production of sexed
calyes_ is aneinable and therefore it seems appropriate to evaluate the impact of such
bioeechnological advances on the efficiency of beef production in the Canadian context.
Conventional experimentation to evaluate overall ‘efﬁciency would involve very lér'ge time
consuming and expensive experiments. Advancements in computer technology have spurred
the development of simulation languages andlot techniques which have been successfully
applied to the Qrderly evaluation of complex systems m varied fields sﬁch as ecology,
sociology, plant sciences, physical sciences and engineering (Joandet and Cartwright, 1975).
Application of this technology to beef production could provide an ine#pensive, fast and -

effective means of evaluating total production systems.

- 1.1, Modelling and simulation

A model is a representatio_n of a process or object or "system”, be it a physieal,
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replica on a reduced scale (iconic model, Churchman, 1971), a graphical representation

(visual model), or a mathematical approximation of the physical attributes of the system
(symbolic or abstract model). Symbolic models can be further classified as statistical
(analytic) models (e.g. a regression model) or as simulation models. A simulation model is
a mathematical - logical abstraction and simplification of the real world, specified so as to
capture the principal interactions and behaviour of the system under study and capable of
experimental manipulation to project the consequences of changes in the determinants of the
system’s behaviour (Spedding, 1988). The abstraction of the model frees it from the limits
of physical form, thus rendering this type of model considerable flexibility in both the mode
of its construction and the manner of its use (Dent and Blackie, 1979). Such models may be
static (no time variable) or dynamic. They may also be deterministic (all variables fixed) or
stochastic (at least one random variable). Depending on the level of detail, a model may be
empirical (predictive) or mechanistic (attempt to explain higher levels of organization from
lower levels). The level of detail to which a model is built depends on the objective, the
amount of factual information available and the level of precision required for the answer
(Joandet and Cartwright, 1975). However, the more detail one puts into a model the more
one tends to miss the essence of the system and the more severe is the lack of information.
Model construction and the decisions and processes leading up to it are often referred to as
"modelling".

A "system" is a less well defined concept but implies some boundary (be it physical
~ or conceptual) within which are related components that interact for a common purpose and
react as a "whole” to external or internal stimuli (Spedding, 1988). The complex
interrelationships between components precludes legitimate study of sectors of the system in

isolation; i.e., the "whole" is more comprehensive than simply the "sum of the components”



(Dent and Bikkie, 1979).

If a.system can be represented by a model, and in terms acceptable to a computing
system, and if the system can be characterized by a set of variables with each set of variable
values representing a unique state of the system, then manipulation of the variable values
simulates movement of the system from state to state. Simulation is therefore the art of
mimicking the dynamic behaviour of the system by moving it from state to state in
accordance with defined operating rules (Pritsker and Pegden, 1979). Simulation deals
primarily with the relationships between computers and models, whereas modelling deals with
the relationships between real systems and models (Zeigler, 1984).

The study of systems is called systems research or systems analysis. It uSually
involves an analysis of the components of a system and their interrelationships, construction
of a simulation model and simulation. Systems analysis of beef cattle systems provides new
avenues for more effective research and its application. The effects of newly developed or
anticipated technology may be evaluated over a wide range of conditions rather than in
isolated situations to which we may be limited because of facilities, personnel or funds
(Joandet and Cartwright, 1975).

1.2. Objectives
The purpose of this research is to develop a simulation model for evaluating overall
efﬂciencj in beef production systems with respect to the degree: of maturity of Wi offspring
at slaughter. The model will then be used to study overall efficiency in :

i. Traditional cow - calf systems

fi. Sex ratio-oontroﬁed systems



iii. Dairy - beef systems

In all cases, mature size, reproductive rate, feed costs and the number of calvings per
dam will be allowed to vary. The model will be developed for an integrated production

system - a system starting from the cow and her calf through to slaughter.
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2. The simulation model
Efficiency, for the purposes of this study, will be defined as the ratio of total physical output
to input. Output includes all lean meat produced by slaughter offspring, culled cows and
bulls as well as any excess milk that might be available for sale (mainly in the dairy-beef
system). Input includes all feed consumed by the herd as well as the initial cost of the herd
and cost of maintaining bulls for breeding (breeding cost). Management costs among systems
were assumed to be comparable. Therefore, the model had to be constructed to provide a
fair estimate of the output and input to the system. To obtain the input and output, the
| numbers of animals of different categories (e.g., bulls, cows, etc.) and their sizes and growth
rates at each point in time are required. Feed intake is then computed on a daily basis as a
function of current weight and growth rate. It was therefore convenient to group the growth
and feed intake prediction aspects into a submodel. The numbers of animals available in the
herd at-any time as well as the overall efficiency were also programmed as separate
submodels. The entire model, named the Beef Efficiency Model (BEM), was therefore

developed as a combination of three submodels:

i. growth and feed intake submodel,
ii. herd submodel,

iii, efficiency submodel.

BEM is schematically represented by Figure II.1. The symbols employed in this diagram
are explained in Figure I1.2. Tke herd submodel passes output to the growth and feed intake
submodel for computation of the total input and total output. These are then passed to the

efficiency submodel for computation of overall efficiency. The entire model was
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programmed in the ‘C’ programming language using Turbo C (Borland, 1988). Derivation

of the separate submodels follows.

2.1. The Growth and feed intake submodel
This submocel employs a growth function to predict weight and growth rate. These
are then used to predict the daily feed requirement. The daily feed requirements are
cumulated and scaled by the mature weight of the breed and a relation is deeloped between

cumulated feed intake and degree of maturity (current weight scaled by mature weight).
2.1.1. Growth

Growth is defined as an increase in mass of an animal or tissue over time and usually
is measured as an increase in weight per unit of time (Beitz, 1985). Two functions were
considered for modelling growth:

1. The Richards function (Richards, 1959):

Y =A(d-be™™ e . 1

The growth rate (instantaneous absolute growth rate) computed as the first derivative of the

above equation is given by (see Fitzhugh, 1976):
dY/dt = (mkYbe™) /(1 -be™) .............. PR 2

2. The Brody function (Brody, 1945):



where A is the asymptotic mature size (kg), b is\il‘l\ integration constant, k is the maturing
index (also termed maturing rate, e.g., Brown et al., 1976) and ¢ is age of the animal in days
and m, determines the point of inflection for the Richards function, i.e., shape of the curve.

The growth rate in the latter case is given by:
dy/dt = kYbe®) /(1 -beX) .. ... . 4

Growth functions usually provide a mathematical summary of time-course data on the
growth of an organism or part of an organism. They reflect the lifetime interrelationships
between an individual’s inherent impulse to grow and mature in all body parts and the
environment in which these impulses are expressed (Fitzhugh, 1976). The use of growth
functions is largely empirical but selecting a function that has some biological plausibility and
whose parameters may be useful is preferred (France and Thornley, 1984).

To determine the more appropriate function, each was fitted to weight-age records
from females of four breed groups obtained from the University of Alberta beef ranch in
Kinsella. These included 79 purebred Hereford females born between 1980 and 1984, 375
Beef Synthetic #1 (SY1) born between 1980 and 1985, 259 Dairy Synthetic (SD) born
between 1980 and 1983, and 384 Beef synthetic #2 (SY2), born between 1980 and 1982.
The SY1 population is a composite of Charolais, Angus, and Galioway. The SD population
contains approximately 2/3 dairy breeding (Holstein, Brown Swiss and Simmental) and the
rest from traditional beef breeds. The SY2 group is a recently synthesized composite with
approximately 2/3 Hereford, 10% dairy and the remainder from other beef breeds. The
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numbers of animals declined as the age at which weights were taken increased and was less
than 20 per breed by age of 3088 days (approx. 8.5 years). These were the oldest animals
weighed in the current data set.

In addition to the above, data was obtained from Dr. R. Peterson of the University
of British Columbia (UBC) on 160 Holstein females for the simulation of Dairy - Beef
systems. These records came from cows born in 1985 and 1986 and the maximum age at
which weights were available was 1656 days (approx. 4.5 years). |

Growth curve parameters have been reported for some of the breed greups in this
study. Goonewardene et al. (1981) compared the Brody, Richards, Von Bertalanffy and the
Logistic growth functions using data frdm the Herefords and SY1. They concluded that the
Richards and Brody functions provided the best overall fits. However, the Brody function
tended to consistently overestimate the birth weight. Rosen and Berg (1981) and Rosen
(1982) reported parameters for the Richards function for Herefords, SYI and SD. The
results of Brown (1970) and DeNise and Brinks (1985) comparing the growth functions using
cattle data also indicated that the Richards’ model is slightly superior to Brody’s. Brown et
al. (1976) concluded that the Richards function with a variable point of inflection is most
appropriate for fitting weight . age data when goodness of fit, especially prior to 10 months
of age is critical.

Because of selection in these populations and the lack of parameters for the SY2, it
was felt necessary to estimate more current parameters, since at the very least the mature size -
would have changed in the last decade. This also made it possible to compare the two
functions and decide which best suited the data and which should be used in the modelling.

To determine which function best described the growth data, prediction error mean
squares (PEMS) were calculated by thg formula of Brown et al. (1976).



N t N
PEMS =% EO5-P/Z0-D) - vvvovnreennnannnnnns 5
j=1 i=1 j=1

where N is the number of animals, O; and P; are the observed and predicted weights of
- animal j at age i, t is the number of weights on the jth animal and p is the number of
parameters fitted. The PEMS calculatec! for each function are presented in Table I.1. For
the beef data, the predicted error means squares were much higher for the Brody than for the
Richards functions hence supporting the conclusion of Goonewardene et al. (1981). The two

functions were comparable for the dairy data, the Brody function being slightly better.
Since weights were not always measured at the same age, mean growth curves for

use in the model were then generated for each breed group by reclassifying and averaging
the data using the formula;

Age’ =1+ floor(age®™/30) .......... ...t 6

where floor(x) is a function that returns an integer < x, and Age’ is a new age - weight
class. This was necessary because not all animals were recorded at the same age. The logic
of equation 6 was to group anld,average weights of animals very close -in age (and hence
weight) early in their life, when growth rate is high, and to group togéther animals more
spread out in age (but still close in weight) later in life, since at this stage growth rates are
low and there is not much bias in estimating the mean weight. This resulted in 14 age -
weight classes for all breed groups at the University beef ranch. Since the data from UBC
were only recorded to a maximum age of 1656 days, a slight modification of the above

formula was used to generate 14 age - weight classes as well:



Age’ = floor(age®™/18) . ... ... 7

There was 1o reason for generating 14 different classes but this process appeared to be a
good choice. The mean estimated parameters for both functions are presented in Table IL.2,
and the predicted and observed weights at each age are plotted against time in Figures IL.3a-

IL3e. These figures show considerable smoothing out of the irregularities in growth that
might be expected from field data, and good fits by both functions. The Brody function,
however, does overestimate birth weight consistently in the beef data. This is probably
because it was actually meant to be a post inflection function, though Brody (1945) never
restiicted the function to this age range. However, in the dairy data, the Brody function
slightly underestimated the birth weight and over esnmated the mature weight but Had a
slightly better overall fit than the Richards function (see Table II.1). The Richards functxon
with the parameters reported in Table 11.2 was therefore taken as the best fanction for fitting
‘normal’ growth for the breed groups of this study, since it predicted the growth curve in
‘both beef and dairy data as well as or better than the Brody function.

2.1.1.1. Degree of maturity

Computing the efficiency of beef production systems must consider the point at which
‘product’ is removed i.e., at what point animals are slaughtered. However, differences in
mature size and other genetic effects influence :hamring rates. Hence, comparisons at the
 same age usually means comparison of animals at different stagés of maturity (different
metabolic states), while conversely, comparison at the same weight means » comparison of
animals at different ages and metabolic states. Taylor (1980, 1982, 1985) and Taylor et a.
/(1985) argue that, in both theory and practice_, an animal’s stage of development is more fully
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represented by its degree of maturity (weight scaled by mature weight) than by its age. He
postulates that since maturity is the point when body size is normally or potentially in an
unchanging state, mature body weight could be considered ‘genetic body size’ - é factor
responsible for any differences among and within species. Hence, scaling ‘cumulative
variables’ such as weight (genetic size scaling) by mature weight eliminates the all pervasive
influence of body size and is thus a more valid basis for comparison, since animals at the
same degree of maturity are similar i#fi metabolic status and body composition.

Comparisons of efficiency in the various systems were therefore made at the same
degrees of maturity of the slaughter offspring. This also made it possible to determine
optimum degrees of maturity at slaughter for each system. However, recent studies indicate
that within species (cattle) size scaling may not completely account for differences in body
composition between breeds of varying frame sizes, i.e., small, medium or large (Korver et
al., 1987). Hence, the decision was to simulate breeds of different frame sizes. The
Herefords were assumed to be of medium size with a frame size of 5 based on the frame size
classification of Fox et al. (1988). The other breed groups were all of large but different
frame sizes as follows: SY1 = 7, SY2 = 8 and SD = 9. Degree of maturity was computed
as W/A, where W is the current weight and A is the mature weight estimated for the breed.

Alternatively, using the Richards function, the degree of maturity (u) was computed as:

Since only female data were available, the mature weights for bulls and steers were assumed
to be 1.4 and 1.2 times the mature weight of females, respectively (Taylor et al., 1985).
Though this makes males grow faster than females, their growth rate will probably be less
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than in the feedlot when they are fed high energy rations. A male to female mature weight
ratio of 1.5 is widely used (Cartwright and Doren, 1986; Doren et al., 1989) but there are
suggestions that such estimates are high (Malowe, 1962; Taylor, 1968). A ratio of 1.6 has
also been reported (Brown et al., 1972). However, as long as this assumption did not cause
systematic bias, comparisons among systems would be valid irrespective of the value
assumed. A- .‘

The ww degrees of maturity for each breed are ploited by age in Figure IL.4,
and by metabolic agé (age’ / mature weight™¥, where age’ is the age taken 3.5 days after
conception, Taylor, 1980) in Figure IL5. The rate of maturity of the dairy synthetics was
slowest. The other beef breed groups were fairly similar in maturing patterns, but the beef
synthetic #1 matured fastest smong beet breede. The Holsteins matured slightly slower early
in life but much faster than al} e busf fweuds beyond 2 years of age (Figure I1.4). When
degree of maturity was plotted &,sinss metalo. -1e (Figure IL5), the maturing patterns were
similar to those when plotted against actaal 4ge.

2.1.2. Feed intake

To predict the efficiency in he 2y m of pindistion as a whole, cumulative feed
intake is reqmred for each animal froin birdh until slaugiter. There are few published
celations between the weight of an animal and the amouat & fd consumed to reach that
weight, probably beceuse lifetime feed consumption is tarely recorded. However, the
relation between weight und sumulative feed intake is gerzrally thought to be exponential
(Brody, 1945; Parks, 1970, 15¢2). |

Parks (1970, 1982) presented the following equations to describe cumulative feed
intake in pigs and other species. | | |



W-w = (A -wii - e%F)

dF/dt-D=(C-DXL-€e¥) ... it 10

where W is the weight (biomass) of the animal, w is the initial weight (birth weight), A is
the mature weight and F is the cumulative feed intake. B, C, D, and 7 are constants, C
being the mature feed intake and D the initial feed intake. The second equation (10) is the
daily feed intake. Both of these equations have been standardized by the genetic size scaling
procedures of Taylor (1980) and used to predict cumulative feed consumption in cattle in

Australia (Thompson and Barlow, 1986). The equations derived by Thompson and Barlow
(1986) were:

Equation 11 is the standardised rate of food intake (kg/week kg®™), t’ is the metabolic age
(weeks/kg’?) and t.’ is the standardized exponential time constant for food intake
(weeks/kg®™, 1/t.” denoting appetite of the animal). Equation 12 represents the standardized
cumulated feed consumed to a degree of maturity u, g, is the initial degree of maturity and
F’ is cumulative standardized feed intake. The constant AB was termed the standardized feed
efficiency constant (kg body weight per MJ of ME), free of the maintenance component of
body. weight (Parks, 1982). Taylor (1982) reported a value of 0.023 for this constant in beef
cattle, while Thompson and Parks (1983) and Thompson et al. (1985) reported values of

0.023 and 0.026 respectively for sheep. A value of 0.023 was therefore adopted by
Thompson and Barlow (1986).
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Taylor et al. (1985) using data from the Animal Breeding Research Organization’s

(ABRO) multibreed cattle experiment (Thiessen et al., 1984) derived empirically a relation
between degree of maturity and cumulative (scaled) feed intake. Their relationship was:

F = (10.023){-log(1-£)-0.0736} .. ...ovvreunnnannannnnnns 13

There are no reports of the application of cumulative feed intake equations in the evaluation
of lifetime herd production or efficiency under North American conditions to provide some
validation of such equations. However, equations relating weight to daily feed requirements
which have been validated exist (NRC, 1984, 1987, 1989; Fox and Black, 1984). It should
be possible to derive cumulative functions using predictions from dafy requirements. A
logarithmic equation of the form

was chosen because it transforms in logarithmic form to a simple linear equation (LogF’ =
a+ bmy) which is easy to program and is a good predictor (sg¢ later, sectivn 2.4). This
equation has exponential properties except at the extremes of g = Q@ or p = 1.

A feed intake submodel was therefore developed employing the prediction equations
reported by the National Research Council (NRC, 1984, 1987, 1989) and Fox et al. (1988).
The feeding period was broken into two periods; pre- and post weaning periods. The diet
was assumed to be the same (2.6 Mcal ME kg'! DM) during the pre- and post weaning
periods for slaughter ?gmmals irrespective of gender. Milk was, however, assumed to be
available during the p;eweaning phase A diet consisting of 43% alfalfa hay (DM basis) and
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53% barley grain was formulated to provide the required 2.6 Mcal ME kg DM. This is

similar to ration #2 of the Alberta Agriculture recommendations for calves gaining 0.9 kg
day? (Alberta Agriculture, 1989). This diet was evaluated to cost $0.15 kg and all other
costs relative to diet were evaluated to this base. For breeding animals, a roughage diet (2.0
Mcal ME kg’ DM) was assumed post weaning with intake limited to 2.5% body‘ weight.
If the required feed intake exceeded this limitation, the 2.6 Mcal ME kg DM diet was
substituted to redress the situation.

2.1.2.1. Pre - weaning feed intake

Growth rate is typically high in this phase of growth and equations for predicting
intake based on body weight alone may not be very accurate. Total daily requirement was
therefore predicted as the sum of the requirements for maintenance and growth. Corrections
for environmental influences were computed separately (see section 2.1.2.4). Milk was
assumed to be available during this phase, and was always the first choice. The total

requirement for energy was computed in net energy terms as follows:

where NE, is the total net energy of production (Mcal day™) required and NE,, and NE, are
the net energy requirements (Mcal day™) for maintenance and gain respectivziy. The amount

of milk required (MR) to satisfy this net requirement can be approximated as:

MR (kg day') = NE, (Mcal day®) / NEM, (Mcal kg*) + NE, (Mcal day™)
INEG, Mealkg?; ...................... 16.
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where NEM_, and NEG,, are the net energies of maintenance and gain content (Mcal kg?) of
milk respectively and NE, and NE, are defined by equation 15. The net energy of

production content of milk (NEP,,, Mcal kg) was hence computed as:

NEP, (Mcal kg’) = NE,(Mca) /MR (kg) .............ooounnn 17

The total net energy of production available from milk is then the product of the available
milk dry matter (DMM) and the net energy of production content (NEP,, Mcal kg™).

TNEP, (Mcal) = DMM (kg) * NEP, Mcalkg?) ................. 18

The total net energy of production from milk (TNEP,,) was then compared with the total net
energy of production required. If TNEP, = NE,, it was assumed that only milk was
consumed and any excess milk was discarded. If NEM,, < NE,, the deficit was assumed
to be-made up for with the diet supplied. The net energy of production for the diet (NEP,,
Mcal kg') was approximated by the procedures of equations 16 and 17 above, replacing
NEM,, and NEG, with the appropriate values for the diet (NEM, and NEG,).

If TNEP, 2 NE,, then the actual amount consumed was NE,, so that:
DMIM =NE,/NEP, ..........ccov.... e 19

where DMIM is the: quantity of milk consumed (in dry matter terms). In this case, dry
matter or energy intake from diet is zero. If, however, TNEP, < NE,, the amount

supplied by the diet was computed as:



DMID = (NE,-TNEP) /NEP,........... .. ...t 20

where DMID is the dry matter intake (kg) from diet and all other terms are defined above.

The total daily dry matter and metabolizable energy intakes were then computed as:

TDMI = DMIM + DMID

TMEI = MEM + ME!D

where TDMI is the total daily dry matter intake, DMIM and DMID are the dry matter
intakes from milk and the diet respectively. Similarly, TMEI is the total daily requirement
in terms of metabolizable energy, and MEIM and MEID are the metabolizable energy
consumptions (Mcal day™) from milk and diet, computed as products of DMIM, DMID and
their respective metabolizable energy contents. The requirement for maintenance was

computed as:
NE, =B *0.077 * LWT*"®

(NRC, 1984; Fox et al., 1988), where NE, is the net energy (Mcal day™) required for
maintenance, B is a breed effect and LWT is the body weight corrected to a medium frame
steer equivalent. The factors used to correct weight to a medium frame steer equivalent ars
those reported by Fox et al. (1988) and are shown in Table I1.3 by frame size (breed group).
The breed effect accounts for the fact that Holsteins have maintenance requirements 12%

higher than beef breeds (Haaland et al., 1980, 1981; Jenkins and Ferrell, 1984; Fox and
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Black, 1984). Hence B was set at 1.12 for Holsteins and 1.0 for all other breed groups.

Thus for dairy animals, NE,, was computed as:
NE, =0.086 * LWT" . ... ... i 24

It is possible that the Dairy Synthetic breed group in the present study, which has some
Holstein breeding, may have higher maintenance requirements. However, this was not
considered because of lack of an estimate. The average daily gain (ADG, kg) was predicted
by equation 2 and used to compute the requirements for growth. The formula used was the

‘requirement for live weight gain’ formula of the NRC (1984) given by:
NE, =a*LWI®P*ADG® ..........c.oviniurniininnnn. 25
In this case, NE, Ncﬂ) is the net energy required for live weight gain and the constants g,
b are shown in Table IL.4, by frame size and gender. For Holsteins, NEG was computed
by the equation of NRC (1989) for heifers as follows:
NE, = 0.035 * LWT** ADGMP + ADG . ........0ovvieineenn. 26

and for bulls:

NE, =0.025 * LWI***ADG* + ADG ............... ... 27
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Steers and other market animals of dairy - beef were treated as large frame sized beef
animals and hence their requirement for NE, was computed by equation 24. It was assumed
that calves from the beef breeds were weaned at 180 days (6 months) of age or when they
achieved a live weight of 200 kg, which ever happened first.

A modified Wood’s equation (Wood, 1967, 1969; George, 1984) represented the
lactation curve for each breed group (see sec. 2.1.2.6). For the beef groups, all the
calculated production was assumed available to and consumed by the calf. In the dairy,
célves were assumed to have been weaned at birth and fed milk at the rate of 5 kg d*. This
is similar to the recommendation by Webster (1989) that such calves be fed 1.5 kg of milk
three times per day. The total milk consumed by the calf was then deducted from the total

milk production of its dam and the rest was considered a saleable product.

2.1.2.2. Post weaning feed intake

After weaning, intake was predicted by the intake equation of NRC (1984) as
modified by Fox et al. (1988):

TDMI = LWT*™ * {(a * NEM,) - O *NEM) - ¢} *B. ............ 28

where NEM, is the net energy of maintenance content of the diet (Mcal kg!) and a, b, ¢ are
constants defined in Table IL5. B is a breed effect, increasing intake by 8% for dairy
(Holstein) type (Fox et al., 1988). Equation 28 provides the requirement under
thermoneutral conditions. The requirements under inclement weather conditions were
computed separately (see section 2.1.2.4). The metabolizable energy consumed each day was

then computed as the product of TDMI and the ME content (Mcal kg!) of the diet.



TMEI =TDMI*MED .........c.tiiieiiintnnnoanncnnn 29

where MED is the maintenance energy content of the diet and TDMI is the total dry matter

intake.

2.1.2.3. Cumulative feed intake

The daily dry matter and metabolizable energy intakes predicted by the above
equations were cumulated and scaled by the mature weight for each gender and breed. The
natural logarithm of scaled cumulated feed intake was then regressed on the logarithm of
degree of maturity (i) to generate four equations of the type of equation 14 (Log.F’ = a +
bLag.u):for each breed: one each for breeding females and bulls, and for growing (fattening)
females ‘and steers. The amount of feed consumed from birth to any specific degree of
maturity could then be computed from these equations and used in the efficiency mocel.

The equations (regression coefficients) obtained are presented in Table II.6 for dry
matter intake and for metabolizable energy intake. The nature of these equations are shown

by Figures I1.6 and I1.7, for dry matter and metabolizable energy intakes.

2.1.2.4. Environmental corrections for feed intake

The procedures described above compute feed intake for a thermsneutral
environment. The_ environment in Alberta and the whole of North America can be harsh for
some parts of the year. Functioné to correct feed and energy intake for deviations from
thermoneutrality were therefore developed. To‘do this, mean monthly environmental
éonditions were generated from daily records of weather conditions at the University of

Alberta beef research ranch, Kinsella, Alberta, obtained over the years 1987 to 1989. The
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mean monthly temperatures and wind speeds are presented in Figures 11.8 & I1.9. Monthly

averages were used instead of daily figures partly because it was more pragmatic
(convenience) but more important, because adjustment for these effects is more accurate
if the average environmental state for a period of a week or month rather than daily
fluctuations is used (NRC, 1987).

The function developed for correcting for environmental effects is based on the

equations of Fox et al. (1988) which are basically equations of the NRC (1981, 1984)

with small modifications:
MECS =SA@CT-T)/ I ...ttt 30
SA =000 W e e e 31
LCT =39-(T*HP) ......0iiiietierentannennansns 32
G A J P 33
HP =@EI-NE)/SA ... .ttt 34
NE, =065LE+0.125PE+ NE; ... .....c0o0iviiunnnnn... 35

In the above, MECS is the daily metabolizable energy (Mcal) required for cold stress,
SA is the surface area (m?), W is the live weight (kg), LCT is the lower critical
temperature (°C), I is the total insulation (°C Mcal' m? day™) or the sum of the internal
(I) and external (1) insﬁlations, HP is the heat of production (Mcal m? day™), NE, is the
net energy (Mcal day) required for production, EI is the total daily metabolizable energy
jntake (Mcal day™) including the energy required for pregnancy (PE) and lactation (LE)
whenever applicable, NE, is the net energy (Mcal day™) required for gain, and T is the
- current témperature °C).
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The internal tissue insulation factor was determined using values of NRC (1984)
and Fox et al. (1988), Table I.8, and the values for external insulation were from the
same sources, Table I1.9. In all cases, average flesh condition was assumed.
Determination of I, requires knowledge of the coat depth (length of hair), thickness of
the hide and the condition of the coat. Webster et al. (1968), Young (1969), and Young
and Berg (1970) reported some values for calves 6-12 months of age and mature cows.
Mean values adopted from their results are summarized in Table II.7. In the absence
of empirical values, newbom calves were assumed to have less than 0.5 cm coat dépth
and 1 - 6 month old calves were assumed to have a coat depth of 1.0 cm. For calves,
6 -12 month values reported in Table II.8 were used. For all other #ge groups, a
minimum of 3.0 cm coat depth was assumed. This is partly because these other age
groups were not well represented in the data obtained, but also because it was thought
that older age groups have longer hair. Animals younger than 6 months were assigned
the hide thickness values reported in Table II.8, with 0.5 cm assumed for Herefords and
SY2. For other age groups, a hide thickness of 1.0 cm (average) was assumed for all
breeds. It was also assumed that the coat was dry and clean and hence required no
further adjustment. -
The effect of previous temperature was also computed as follows (Fox, et al.,

1988):
PTE = 0.0007 * (20 PTY0.65 -+« « v e veeeeveeneeannnens 36

where PTE is the previous temperature effect per unit metabolic body weight (Mcal kg*),

and PT is the previous temperature (°C). Because corrections for environmental
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conditions are made only during certain periods of the year, the relation between the

cumulated requirements for adverse environment and degree of maturity cannot be
accurately modelled by regression. Hence the actual cumulated environmental
corrections up to specified degrees of maturity were computed and used.

2.1.2.5. Feed intake requirements for pregnancy

The equations of George (1984) and Fox et al. (1988) were used to predict
requirements for pregnancy. Basically, the prediction is a sum of the cumulations of
energy in the fetal protein, fat, fetal fluids, placenta, cotyledons and the uterus. The
growth of these tissues is predicted using the quadratic exponential models of Prior and
Laster (1979) and the equivalent energy was calculated by multiplying the weight of the

tissue by its energy content. The growth equations are listed below:

i. Protein accretion (Y,):

Y, = 586t oo 37

dY,/dt =(.0345154 -.000100304¢)e 0 wosssaw 38
ii. Fat accretion (Y)):

Y, =.0007696(088s- Xommm 39

dY,/dt=(.0000681096 - .0000001972tpec 8- 000m20x 40

fii. Accretion of fetal fluids (Yy):
Ye=52.1t-4150 ............ ettt e e 41
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The rate of accretion (dY/dt) is therefore constant and equal to 52.1.

iv. Accretion of cotyledons (Y,):
Y, = 14970060 00010% e e e 42
dY./dt=(.08404158 -.0003086814t)e(®6M- XNBWY ... 43

v. Placental accretion (Y,):
Y, = 6133000 44

dY Jdt =(.26850274 -.0009322160)e ™60 L, 45

vi. Accretion of the uterus (Y,):
Y, = 55.208e 005 0000 i i 46
dY,/dt =(1.366398 - .00384137261)e 7 WOBMO L. 47

In all the above equations, Y, is the total accretion in grams up to &y t, of tissue
| x, and dY,/dt is the daily accretion in grams of the x* tissue, and t is time in days. The
gross energy ‘contents of these tissues (Fe:rell et al., 19'76),are 5.505, 9.527, 0.132,
0.539, 0.532, and 0.953 kcal gm® respectively for the protein, fat, fetal fluids,
cotyledons, placenta, and uterus. Hence, by multiplying the daily accretion of each
tissue in grams by its energy content, summing the results and dividing by 1000, the total
energy requirement in megacalories for that day can be computed.

The gross efficiency of metabolizable energy (ME) uﬁe for conceptus development
has been estimated as 11 to 15% (Ferrell et al., 1976) for cattle. The NRC (1984) uses
an average value of 13%. Dividing the amount of energy computed as above by the
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efficiency of ME use for pregnancy (0.13), gives the daily metabolizable energy
requirements. Total requirements over a 281 day gestation can therefore be computed.

The above equations were developed on the basis of a birth weight of 36.4 kg.
To adjust the predictions for a different birth weight, the predicted energy for pregnancy
is computed according to the equation of Fox et al. (1988):

PE,=PPE*BW/364 ........c0iiiiiiriiininnnnnnnnns 48

where PE, is the actual gestation requirement for a birth weight of BW, and PPE is that
predicted for a 36.4 kg calf. Birth weight was further adjusted for age of dam at birth
according to the equations of Fox et al. (1988). The actual age of dam adjustment factors
used, however, were computed from the results obtained by Sharma et al. (1982). Their
results on pure Herefords and the Beef Synthetic #1 indicated that relative to mature
cows, 2, 3 and 4 year old cows had calves that were respectively 5.0, 29and 1.2 kg
lighter for Herefords and 5.2, 2.9, and 1.5 kg lighter for the SY1 at birth. Since no
results were reporked for the other breed groups of this study, and considering the
similarity of the results for the two breed groups reported, values of the SY1 were
assumed for the other breed groups.

2.1.2.6. Feed requirements for Iactation.

Predicting the feed required for lactation implies a knowledge of the daily milk
production, milk composition and the length of the lactation peried. Lactation curves
- have been extensively examined for dairy cattle but are relatively unavailable for beef
| cowé mainly because of the difficulties in measuring milk production in beef cows over
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the duration of the lactation period. Hence very few equations and their coefficients are
available for beef cattle (George, 1984).

Perhaps, the most widely used equation for the prediction of lactation performance
in dairy cattle is that of Wood (1967, 1969):

where M, is the milk yield vn day t, and A, b, carecdnstants, and e is the base of
natural logarithm. Parameters of this equation can be obtained by non linear procedures

~ or by multiple regr&ssion techniques using the logarithmic transform:
InM, =InA +BIn()-ct ........0cviiiiiierrnnennenannn 50

Wood (1976) further proposed the inverse of equation 49 for predicting the compcsition
(e.g., Fat % or protein %) of milk:

MG, = A%t %™ . it i it i i e i 51
with the logarithmic transform:
lpMQ =Ina-bin(t) +ct ...... TR e - ..52

In this case, MC, is the milk constituent (e.g., fat%) and t is the time, in weeks.



32
Equation 49 describes the fairly quick rise in milk yield to a peak and the almost
linear decline thereafter in dairy cattle. A similar pattern has been reported for sheep
and goats (Aboul-Naga et al., 1981; Torres-Hernandez and Hohenboken, 1980). This
inherent pattern may be quite different in beef cattle, but a similar pattern is often
assumed, although it is recognized that low production. poor estimation methods,
difficulty in estimation and eavironmental influences (ambient envirot:ment, feed supply)
make this thythm much less obvious (George, 1984). Some studies in beef cows have,
however, reported a lactation pattern similar to that of #%i: cows (Sommerville, 1977;
Chenette and Frahm, 1981; Holloway et al., 1982, &« :wisis of Gleddie and Berg
{7468 yung Hereford, Angus, Galloway and crosses indicated a linear decline of 0.02
kg milk per day of lactation from June through to October. Milking was, however,
started 40 - 45 days after calving providing not much information of milk yield in the
first month of lactation.
George (1984) modified Wood’s equation for predicting lactation performance in
beef céttle. Equation 49 was modified to:

Mo=A*@E+ 140 %9 e 53

where t is the day of lactation. This modification shifts the curve to the left (by 14 time
units) and ensures a non zero value of milk yield when t = 0. George (1984) also
claims that the modification corrects for under- and over estimation of milk yield

immediately before and after the peak. The milk composition was then predicted as:

MG, =A*[t+ 1)/ el e 54
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This modification also shifts the curve to the left (one time unit) and ensures that MG,
is not zero when t=0. The divisor, 7, converts time to days as Wood’s original model
was in weeks. A final modification to equation 54 was made by replacing parameter A
by 1.01PF, where PF is average fat content of milk over the entire lactation period.

Hence the equation used for predicting milk fat content was:
MC, = 1.01 *PF*[(t + 1)/7TP *ett*D e 55

The model of George (1984) was adopted mainly because it provides approximate
methods for estimating the parameters of the lactation curve using point estimates of peak
milk yield. The estimate of peak milk yield is used to estimate the time of the peak yield
and the two estimates are then used in conjunction to compute the parameters of the

Wood’s equation. The formulae for estimating these parameters are as follows:

g I ¥ S 56
Tpt510 = Tom =5 « e e eeemmmeeeeeennnnnteeeeeeeeeeennnn 57
g VR T (P 58
g VP v P 59
A, = 5.30 - (0.075 * 0 P 60
CAu510=585-(0.090*Tp510) + v e vveeine e 61
Ay=6.65-(0.110%Tg) ..cuvunennreennennnnnnneennnns 62
Ay=4.00-(0.050*T)) . .oouuennrre e, 63
by, = (log.m,, - logay) / [log(Tpe +14)-1] . ... ..., 64

be>10 = (108My 510 - 108.24,510) / fogTpsp0+14)-1] .. ... ..., 65



b = (log.m; - log.as) / [log (T +14) =11 ..o v o inn..... 66
b, = (log.am, -logay)) / [log(T, +14)-1] . ........ .. ... ...... 67
Co=b /(T +14) ..o e 68
Cis>o=bss0o/ Tesr0+14) ..o v, 69
C=b/(M+14) ... e . 70
Lo N A 7 U 7

The above equations are given with respect to age of the cow. T, is the time of
peak lactation for a mature cow. Ty, 510, Tp3, Ty, are the times of peak yield for cows
4 or greater than 10 years old, 3 and 2 year old cows respectively. The parameters A,
b, ¢ of the lactation curve are also specified according to age of the dam as explained
above for time of peak milk yield. M., is the mature peak yield.

Variation in milk yield is maximum at the peak (Wood, 1969). Hence, George
(1984) provided an equation for varying the peak yield of an average mature cow of a
specific breed for production level (PL) within breed:

Mpe=[PL*0.125) + 05751 *M,, ... c v ivv i, 72

where M., is the peak yield of a specified cow and M, is the peak yield of the breed.
M,,, can vary from 50 to 150% of M,,. For purposes of this study PL was set equal to
5 for all breeds (i.e.., average) so that M, = M,,. George (1984) also assumed that
cows that are 2-, 3-, and 4- or older than 10-years had peak lactation yields 60, 82.5
and 92.5% of mature (5- to 10-year-olds) peak yield. These assumptions were accebted
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for Holsteins but were modified in line with the results of Jeffrey et al. (1971) and
Butson and Berg (1984) for the other breed groups so that for each breed group,

where M,; is the peak milk yield of age group i and a is a multiplicative effect, given in
Table I1.10 by breed group. The mature peak milk yields used in this study were from
Butson and Berg (1984). Their figures were the daily averages for June and since
calving began in April, they were assumed to be close to the peak milk yields for each
of the breed groups. The peak yield figures together with assumed fat contents are given
in Table I1.11. It would be noticed that in the Dairy synthetic breed group, animals 4
years old or older than 10 years had greater peak milk yield than mature cows (5 - 10
years old). This anomaly was an artifact of the data available, suggesting the need for
better estimates. It was not thought critical to change these figures for current purposes.
Lactation curves for éach breed group are shown by Figures I1.9 for the beef breeds.
Daily net energy requirements (Mcal) for lastation were then computed according to
NRC, (1989):

NEM, = (0.3512 + (0.0962*DMF)) *M, ... ...t venvnnnn 74

where DMF is the daily milk fat content (%) and M, is the daily milk yield.
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2.1.3. Timing of events

The program begins with a female calf at the start of the calving season (e.g.,
April 1 for spring calving). Her live weight and growth rate are predicted by equations
1 and 2 (section 2.1.1) and feed required to meet such growth is then computed together
with the necessary environmental corrections throughout her productive life in the herd.
A gestation length of 281 days is assumed. A heifer is bred to first calve at two years
of age and hence is assumed to be pregnant by June 23 (for spring calving) or March 27
(for winter calving) after her first year of life (these being computed 281 days
backwards). After calving, a lactation length of 180 days (305 days for Holsteins) is
assumed i.e., to coincide with weaning at 6 months of age of the offspring. Hence,
beyond 2 years of age, the first 3 months of gestation overlap the last three montt.s of
lactation. Milk production was assumed identical for any month of calving. The growth
and feed consumption of the offspring of this female are simulated similarly. However,
to simulate efficiency curves at varying degrees of }maturity at slaughter of the offspring,
growth and intake predictions were carried on for 10 years by which time all breed
groups attain a degree of maturity close to unity.

The time step is one day. Each day in the span of the simulation is reduced to
a point in a 365-day cycle (leap years are not considered) from which the month of the

year is determined:

day = time - (365 * yr)

where day is the point in the 365-day cycle, time is the actual number of days in the
simulation (e.g., day 2000) and yr is year-1, so that the yr = 0 in the first year, 1 in the
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second year etc. Having dstermined the month, environmental conditions for the month
are then obtained from arrays of monthly values, and used to compute environmental
corrections. As expleined in section 2.1.2.4, these adjustments for environmental
conditions are considered to be more accurate if the average environmental state for a
period of about & week or month is used rather than the daily environmental fluctuations
(NRC, 1987). ‘The growth and feed intake submodel is shown schematically by Figure
1{.11 (adapted from Emmans and Oldham, 1988). It indicates the interrelationships
between the'ani‘mal, the feed and environment. While the environment and the feed
provide' the animal with resources to carry out its purposes, they can also act as
constraints to the animal (e.g. inclement weather or poor diet) and act to prevent it from
éan‘ying out those purposes. For the present model, constraints from the diet are
assumed not to exist (i.e., the diet is adequate) and those from the environment are

assumed to have been appropriately catered for.

2.2, Herd submodel

This submodel is lll'esponsible for generating numbers of animals of different classes
to be used in the efﬁéigncy submodel. It traces the numbers of offspring of different classes
(sex and breeding) produced by the cow throughout her life in the herd. Each herd has an
array of age groups and the possibility of three gender types. Modelling the mdvement .of
ahixﬁals between age classes and the numbers of anim}als within each gender type requires
knowledge of input to the herd (reproduction, immigration) and offtake from the herd
| (culling,vdeath, emigrétion) and the rates at which these forces operate, as well as thé
}proba'bility of obtaining a pa;ticular gender. Culling occurs for 4vari'ous reasons suchas old

age, disease, low productivity or marketing of animals originally intended fb: sale. In the
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latter case, the age at culling is fairly easy to determine (e.g., 18 months) whereas in other
cases the age at culling is a fairly random process, hard to determine. Hence modelling herd
dynamics becomes a difficult process, and is often treated as a stochastic (probabilistic)
process. For example, by treating culling as a Markov chain (an evert whose probability of
occurrence depends only on the probability of its occurrence in the nre teding period), Azzam
et al. (1990) computed the age distributions in herds under various culling strategiés.

The process can, however, be simplified and reduced to a deterministic process by
assuming a stable, average, equilibrium herd age structure (e.g., Taylor et al., 1985). For
each herd, average production figures can be computed; e.g., the average reproductive rate
could be 0.8 or the average age at turnover could be 6 years. Hence a conceptual ‘average

"cow’ can be simulated with production characteristics identical to the average herd
characteristics. For purposes of this model, the average female and her offspring then
adequately represents the basic unit of the herd and the herd is now considered as the sum
of the number of females in it and their offspring. It is then easy to trace the fernale and her
offspring over her | productive lifespan and to categorize the offspring by function
(replacement or market). The age at culling of the female is then the average turnover age
of the herd and can be varied to investigate the behaviour of efficiency with age at culling.
The number of offspring produced over each period of residence in the herd can then be
computed and partitioned to males and females depending on the sex ratio. The offspring
can be further classified as crossbred or purebred depending on whether dam replacements
are obtained from the herd or not.

The equations used are explained below and the structure of the submodel is shown
by the flow chart in Figure II.12. The model generates replacements within the herd;

i.e., no feplacement' heifers are purchased. The model uses the reproductive rate
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(defined here as the ratio of the number of progeny surviving to slaughter to the
number of females exposed), the sex ratio of offspring at birth and the fact that at
least one replacement female must be produced per cow to calculate the minimutn
number of years a cow must remain in the herd if a stable herd is to be maintained.
This is used as a check against the user specifying too short a simulation time span.
The submodel obtains the average number of years a cow stays in the herd before
being culled (assuming normal reproduction) from the user. It checks to ensure that
this is not less than the minimum number of years the cow must reméin in the herd
and requests for the age at whichv heifers are first bred. It computes the productive
life span of the cow as the difference between the age at culling and the age at first
breeding and generates the number of calves produced by the cow - duﬁﬁg her entire
residence in the herd.

For purposes of this model, it is assumed that there is no crossbreeding. The
fnodel employs parameters from the synthetic bfeed groups of beef .cattle maintained
at the University ranch and these breed groups are assumed to breed true to type.
The calves are then sexed and those not selected for replacements are fed for
marketing. Such market animals wiilinclude culled cows and spent breeding males.
The maximum age of é coW permitted in this herd by the submodel is 20 years, hence
the productive years of any female can run from about 2 years of age to 20 - a
maximum of 19 reproductive years. However, for purposes of the current study a
maximum age of 10 years will be used. This is basically a logic submodel and the
sequentiall derivation follows. |

The number of calves (ncalves) a cow can produce in N (re)productive years

is given by:



ncalves = N ¥TIEPrale .......cvvviinenenenennnnnnennennnns 76

where reprate is the reproductive rate, defined here as the number of calves raised
to market as a proportion of the number of cows exposed. The number of female

offspring (nfemale) in this will be:
nfemale = N *reprate * (1-sexratio) .........c.covvinenvnnnnnn 77

where sexratio is the male to female offspring ratio. At least one female offspring

must be produced if the cow is to replace herself, so that nfemale is at least 1 or:
N *reprate * (l-sexratio) =1 .........coouiiiiii ity 78

Since one female offspring must be produced as a replacement, the aumber of years
required to produce it is the minimum (minyrs) reproductive years a cow requires to
produce her own replacement, on average. Thus if N in equation 78 is replaced by

minyrs, the result should equal one, i.e.,

minyrs *reprate * (1 -sexratio) =1 ............. ... i, 79
or
minyrs = 1/(reprate *(1 -sexratio)) .........ccciiiiiiiian., 80

The simulation span stipulated by the user is checked against minyrs to ensure that

it is not less than the minimum years required to sustain herd numbers. It is also
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used in the calculation of minimum offspring numbers. The minimum age at which
a heifer can be culled (minage) is the sum of her age at first breeding (agebred) and

the minimum number of years required to produce her replacement (minyrs).

minage = minyrs +agebred ...........c . 0l 81

The minimum number of offspring (nmin) that must be produced to maintain

stability in the herd structure is:

nmin = minyrs *TePrate .. ......ccceverearrianaceciceneoans 82
={1/(reprate * (1 - sexratio))} *reprate ..............cc0..n 83
=1/(1-TEPrate) ... .iviiiii ittt ittt 84

The total number of offspring a2 cow can produce during her life time in the herd

(ntotal) is given as per equation 76 by:

ntotal = number of reproductive years *reprate ................ 85

= (nyears - agebred) * Teprate  ........... e eeereaeas 36

and must be greater than or equal to nmin. The total number of males is then

computed as a product of the total number of offspring and the sexratio:

nmales = ntotal * SEXIato . ....vvveterrrrererrennnonrennnnes 87
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The numbers of female offspring can be calculated in a fashion similar to that

of the male offspring. The only difference is that we replace "sexratio” with "(1 -
sexratio)". Alternately, these could be calculated as differences between male

offspring numbers and the total offspring numbers. The formulae are as follows:

nfemale = ntotal * (1 - sexratio)

= (nyears - agebred) * reprate * (1 -sexratio) ............ 89
where nfemale.is the total number of female calves. One of these female calves has
to serve as a replacement for the dam. Hence, the number of females available for

market (mfemales) is then:

'mfemale = nfemale -1

.................................... 90
npfemale = nmin * (1 -sexratio) ..........ccciiiiiiiiiinnn. 91
= (1/(1-sexratio)) * (1 -sexratio) ................c.... 92
e NS 93
nxfemale = nfemale -npfemale ................... ... .. ... 94

In the above, nfemale, npfemale, nxfemale represent the total number, the number
of purebred and the number of crossbred female offspring.
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2.3. The efficiency submodel
Overall efficiency was defined as the total output (in terms of lean meat
production) to the total input (in terms of feed requirement in kg or Mcal ME). The

computation of the total input to, and output from the herd is discussed below.

2.3.1. Total input to the herd

The total input included the initial cost of breeding stock, breeding cost (cost
of maintaining a bull for sérvice) as well as the feed consumed by all classes of
animals in the herd and the extra feed for pregnahcy and lactation. All costs were
converted to their equivalent in feed terms. The total input was therefore computed

as;

Total Input = Feed intake of slaughter female progeny from birth to slaughter
+ Feed intake of the slaughter male progeny from birth to slaughter
+ Feed intake of steers fiom birth to slaughter
+ Feed intake of culled breeding 'bullS
+ Feed intake of culled dams
+ extra feed for pregnancy
" + extra feed for lactation
+ extra feed for environmental corrections
+ breeding cost (feed equivalent)
+'initial cost of stock (feed equivalent) ................... 95
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Each of these inputs was scaled by the mature size of the breed. The total input

henceforth referred to as ‘equivalent feed intake’. Cumulated feed intake to any
degree of maturity at slaughter was computed by the regression equations of section
2.1.2.3 (Table II.6). Feed intake corrections for the environment were cumulated
separately and printed out for each degree of maturity. In the case of breeding
females, the extra feed requirements for pregnancy and lactation were aiso cumulated
separately and generated yearly until the dam was culled from the herd. The
breeding cost was calculated as the total feed coﬁsumed by breeding male plus its
initial cost (feed equivalent) minus its value at slaughter divided by the average
number of offspring sired by him. The breeding practice of the University of Alberta
beef research ranch, Kinsella, was used to estimate the number of calves produced
by the bull over his lifetime in the herd. Bulls are used as yearlings and 75% of
them are culled; the other 25% are used again at 2 years of age and all are then
culled. The average cost of feed per bull was therefore calculated as 0.75times the
feed consumed to 1 year plus 0.25 times the feed consumed to 2 years. The value of
the bull at slaughter was similarly weighted. Each bull is mated to 25 cows and hence
has the potential to produce 0.75*25 (first year) plus 0.25*50 (second year) = 31.25
calves. If the reproductive rate is not unity, then the actual number of calves
produced will be 31.25r where r is the reproductive rate. The cost carrying an
additional 2 bulls per 100 cows per year as an insurance for the availability of bulls
was also included. The initia} cost of the siock was estimated as the cost per kg
liveweight multiplied by the initial liveweight. Unfortunately, Alberta Agriculture
does not report cost of breeding animals and hence the price for slaughter animals

was inflated by 50% and assumed as the cost of breeding stock.
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2.3.2. Output from the herd
The main output from a beef herd is lean meat from slaughter offspring,
culled dams and the culled breeding males. The output from the spent male relative
to the output .from his slaughter offspring was, however, considered to be negligible.
The total output in terms of lean meat per kg mature weight was calculated as:
Total output = lean output from slaughter male offspring
+ lean output from slaughter female offspring
+ lean output from steers |
+ lean output from culled dams
+ lean output from culled breeding males.
+ extra milk available for sale (lean meat equivalent) ....... 96

The total output was scaled by the mature size of the breed, and is hence referred
to as ‘equivalent lean output’. Hencé, the computed efficiency has units of grams
lean meat per kg feed intake or per Mcal ME intake, since weight uhits in the
¢xaominators of the total input and the total output cancel.

Lean :eat from differen: ::a,';a_ughter offspring pdtentially grade differently and
hence result in a nei diffrronve in value. For example, heifer carcasses are slightly
discounted relative to steer carcasses Jile intact males have a potentially larger
discount. Culled cows have the highest discount. To account for these differences,
lean meat from steers was considered the standard. The value of lean meat from
other types of animals were then specified relative to the value of lm from steers.
The value of meat for each type 6f animal was obtained by computing the
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proportions of animals grading specific grades, multiplying such proportions by the

prices obtained for the grades and then summing the results, i.e:

where P,, is the weighted average price for a herd of animals of type x, e.g.,heifers,

p; is the proportion of animals grading G;. Hence the value of a carcass relative to

that of a steer is,

where v, is the relative value, P, is the weighted average value of lean for a herd of
animals of type x, eg culled cows, and P, is that of a herd of steers.

There are few reports on how many animals of a specific type meet specified
grades. Jones et al. (1987) reported that Canada Al/A2 carcass grades make up
over 90% of the carcasses in the youthful grades. Price and Berg (1981) aﬁd Graham
and Price (1982) categorized culled cows into three classes, youthful (2 - 3 years old),
intermediate (4 - 5 years old) and mature, and reported the nuribers of animals
grading specified grades in each category. The numbers of animals ixi;/olved were,
however, too few to be meaningful in the current study.

Slaughter records of the University beef cattle ranch were therefore used to
compute the proportions of animals of specified type grading specified grades. The
proportions obtained are given in Table II.12 for steers, heifers and intact males.

Those for culled cows are given in Table II.13 according to the age classification of
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Price and Berg (1981) and Graham and Price (1982). The average prices of 100 1b
(approx. 45 kg) of beef of differing grades reported by the Alberta Agriculture (1985
-1989) over the years 1985 to 1989 (inclusive) are given in Table II.14. The
proportions of animals in Tables 12 and 13 were then used to weight these average
prices to obtain the relative worth of cattle of the different types. It was assumed
that the price given for bulls was for spent (breeding) males, not intact males whose
original purpose was for slaughter. In this case, the prices for the various grades of
stéer cawass&s were assumed for intact males as well. There was no price reported
for grade E and so the price reported for breeding males was assumed in this case.
However, only 1% of the intact males graded E and hence the last assumption had
little impact on the weighted price for intact males. The derived mean (weighted)
prices for 100 Ib beef from various types of animals together with the worth of such
animals relative to steers are given in Table II.15. The relative values were then used
to weight the output of lean from each type of animal. For culled cows, for example,
this is qﬁ@ent to saying that a carcass of 500 kg is equivalent to a steer capeads of
500 * 0.69 = 345 kg. Hence, the total output of lean from the herd is then given by:

Lean tot =EvL, «euouvvuenn... U 99

where L, is the lean content (grams) of animal type x, eg slaugliter heifers. The lean
content _of each animal was assumed to be 33% of the live weight (Taylor et al.,
1984). The lean content of the synthetic breed | groups of this study could, however,
be as high as 38% for the beef synthetic #1 (Shahin and Berg, 1985). Variation in
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lean percentage was therefore considered as a factor to be investigated, rather than
assumed.

In the dairy - beef system, the price of milk relative to lean meat from steers
was used to weight the excess milk over calf consumption available for sale. The
mean farm value of milk (Alberta Agriculture, 1985 - 1989) was $0.49 per kilogram

of milk. Hence the value of milk relative to a kilogram of beef was computed as:

Vo = price kg milk / value kg™ lean beef
=049/ (74.6/45.45) =0.2979 . .. ...ttt 100

i.e.,a kg of fresh milk is equivalent to approximately 300 g lean beef from a steer.
At any specified herd tumover age, the efficiency was computed relative to the
degree of maturity of the slaughter offspring, since as explained in section 2.1.1.1an
animal’s stage of development is better represented by its degree of maturity than by

its age or size.

2.4. Model validation
Most of the equations employed in this study have been independently
validated (see NRC, 1981, 1984, 1987, 1989; Fox et al., 1988; George, 1984).
However it was thought wise to attempt separate validation for each aspect of the
model. For the growth and feed intake submodel, the critical check is on the
regressions developed between cumulative feed intake (scaled by mature weight) and
degree of maturity. The daily feed intake predictions from the model, that were

cumulated 1o generate these regressions, are compared to intake predictions from the
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Beef templates of Dr. Mathison in Figure II.13 to generate corroborative evidence
that the computations of this model were not radically wrong. These beef templates
represent an implementation of the NRC (1984) beef cattle feed intake requirements
in a Lotus” spreadsheet. Only the results of the medium sized breed (Hereford) and
the largest sized breed (Dairy synthetic) are presented and the body weights
employed in the predictions cover the entire growth cycle. The maximum difference
between any two predictions was less than 1.5kg, and correlations between the two
predictions were all greater than 0.99. The slight differences between predictions are
probably due to different adjustments for different sized breeds. For example, the
NRC (1984) increases feed intake by 10% for large frame steer calves and medium
frame bulls, and 5% for large frame bulls. There is also a 10% reduction in intake
for medium frame heifers. Fox et al. (1988) do not make similar adjustments. These
results indicate that the daily predictions of feed intake from the model are
computationally valid.

To evaluate the cumulative equations of feed intake generated by the model,
the mean predicted feed intake (kg' mature weight) for each breed group were
plotted together with those from the equations of Taylor et al. (1985) and Parks
(1970, 1982). Taylor et al. (1985) and Parks (1970, 1982) assumed that a single
equation would describe feed intake for each breed adequately. Figure II.14isa plot
of the scaled cumulative metabolizable energy intake in units of MJ kg' mature
weight against the degree of maturity. There is an obvious and large disparity
between the predictions of the current model and those from the equations of Taylor
et al. (1985) and Parks (1970), when offspring are more than 40% mature. This
disparity can probably be explained by differences in maturing rates between beef
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breed groups used in the different studies. Actual growth, maturing rates and

cumulated feed intake data for the animals involved in the study of Taylor et al.
(1985) have been reported by Taylor et al. (1986) and Thiessen et al. (1984). When

maturing rates are compared the animals of Taylor et al. (1985) are realised to be
maturing much faster than animals in the current study (Figure II.15a). The Hereford

breed group was employed in the comparison because its mature size was about the
same as the 550 kg mean mature weight reported for the animals of Taylor et al.
(1985). By 72 weeks of age the animals of Taylor et al. (1985) were 72% mature.

These animals were housed year round and fed ad libitum on a diet supplying 2.4
Mcal ME and hence would be expected to grow and mature very fast. In contrast,
the animals of the current model are fed on range and are only 54% mature at 72
weeks. They require an extra 61 weeks to be 72% mature, i.e.,an extra year and 2
months of feeding. This difference in the length of time at feed will account for the
obvious disparity in Figure II.14. If, however, we compare the cumulated feed
consumed to the same ages (i.e., similar times on feed) the cumulated intakes are
then similar (Figures II.15b & c).

The appropriateness of equation 14 as a cumulative function for predicting the
feed intake required to attain a specified degree of maturity was, however, examined.
The nature of the relationship between cumulative feed intake and degree of
maturity is thought to be exponential (Parks, 1970, 1982; Brody, 1945; see also figures
4 & 5), but is probably not exact. If this relation were exactly exponential, then a
logarithmic transformation would linearize it. ie, if y = ac™, then log.y = log.a +
bx is linear exactly. Figure II.16a is a plot of actual cumulated (scaled) feed intake
(F’) against the degree of maturity (x) and Figure II.16b is the plot of F’ against
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log,(1-u). The latter plot represents the relationship employed by Taylor et al.
(1985), since equation 13 is actually of the form F’' = a + blog.(1-n). Obviously
Figure II.16b is not linear and hence fitting a linear regression equation will not
result in a good predictor of feed intake, especially in the early stages of maturity
when linearity is most affected. This is further evidenced when we include the actual
fits in the plot (Figure II.17a). The relation between logF’ and log(1-u) is even less
linear (Figure II.16c) and regressions were not fitted for this relation. Figure I1.16d
indicates a plot of the natural logarithm of actual cumulated feed intake against the
natural logarithm of the degree of maturity. This is the relation employed by the
current model. It indicates that although the relation is not exactly linear, it is far
more linear than any other. It thereforg appears that fitting a linear regression to
this transformation should provide a better predictor than the other transformations.
This is also evidenced by the plot of cumulative daily intake and predicted
cumulative intakes against degree of maturity (Figure II.17b). The model equation
is a fairiy good predictor especially in the early stages. Fitting a Taylor’s type
equation would underpredict intake in the early stages but predict intake accurately
in the later stages. It therefore seems that equation 14 is an appropriate equation
for predicting cumulative intake from degree of maturity in this model and that the
predictions from it are quite valid.

The daily requirements for pregnancy in terms of metabolizable energy,
generated‘ by the equations of this model are comparedv to thosé generated by the
| equation of the NRC ‘(1984). The results are shown in Figure I1.18. They indicate
close agreement in predictions except later in the third period of pregnancy. All

correlations between the model values and those frbm the NRC (1984) are greater
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than 0.97 indicating close association. George (1984) obtained similar results when
he compared the output from the current equations with those from the equations
of Ferrell et al. (1976). The requirciments for pregnancy generated by these
equations are therefore assumed to be valid.

There are no practical figures for validating the lactation curves generated and
hence the feed requirement for that lactation. However, Gleddie and Berg (1968)
reported a linear decline of 0.02 kg milk day™ of lactation in crossbred animals from
June through October. Since it has been assumed that milk yield peaked in June,
regression of yield beyond the peak on day of lactation should provide a clue to the
behaviour of the predicted lactation curves. The coefficients from such regressions
are shown in Table II.16. It will be realized that except for the purebred Herefords
and some 2 years old heifers of some breed groups, the linear decline in milk yield
beyond the peak is close to 0.02 kg day”. This suggests that the lactation curves
generatedl are at least declining as might be expected beyond the peak and provides
partial validation for using such lactation figures.

The herd submodel is based on !ogic rather than quaniitative relationships.
It is difficult to validate logic models because experiments seldom duplicate the
domain of the model control variables over the entire life cycle. The model was,
however, checked and verified to ensure that it is not generating unreasonable results

and evaluated for robustness (see Pomar et al., 1991).

2.5. Sensitivity analysis
Sensitivity analyses were conducted by varying the parameters of the growth

(Richards) function +10% of their actual values and examini~g the effect on the
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overall efficiency. For this analysis, the reproductive rate and the mean age at herd
turnover were set at 0.8 and 6 years, respectively. These values were believed to be
close to those attainable under commercial conditions. In addition, the effect of
varying the degree of maturity of the dam (u_d) at turnover and the lean content (%)
of each animal by +10% were also examined.

The effect of varying the mature size (A) of each breed by +10% while
holding the other parameters constant is shown by figure II.19. An increase or
decrease in Aresults in a éhange in overall efficiency of less than 3% across breeds,
given that the other parameters are held constant. The model is therefore not very
sensitive to changes in A and hence accuracy in the estimation of A is not critical.
Similar results were observed when the inflection parameter, m, was varied (figure
11.20). However the magnitude of the differences ranged from less than 0.1% to 3.8%
in this latter case, depending on the breed and the degree of maturity of the offspring
at slaﬁghter. The model is therefore not very sensitive to changes in m either, and
accuracy in the estimation of this paraméter is also not critical. On the other hand,
varying the maturing rate parameter, k, by +10% results in a 3 to 6.5% change in
overall efficiency (Figure I1.21). It was not possible to investigate the integration
: ‘constant, b, similarly because increasing b always resulted in numerical problems.
The mpdel therefore appears not to be sensitive to tiie parameters of the
- growth function except the maturing rate parameter, k. It shou_ld, however, be
“pointed out that varying any of these growth parameters has a profound effect on the |
growth characteristics of the animal. For example, when A is increased by 10% while
holdihg the other parameters constant, we are essentially forcing a biggef animal to

mature within the same time frame and at the same rate as another animal 10%
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smaller in size. In other words, the bigger animal is forced to grow faster to mature
at the previous (fixed) maturing rate. Conversely reducing the mature size by 10%
forces a smaller animal to grow slower than it would otherwise. Varying k has similar
effects on growth, but varying m imposes a different shape on the growth curve and
the results are not easy to predict. Hence varying the parameters of the growth curve
varies other aspects of the growth characteristics of the animal as well and so the
effects on overall efficiency might not be as simple as would be expected.

Figure I1.22 represents the effects of varying the dams degree of maturity
(¢_d) at turnover by +10%. The change in overall efficiency ranged from about 8%
to 33% for the Hereford, Beef Synthetic #2 and Dairy Synthetic breed groups and
from 9 to 35% for the Beef Synthetic #1. The differences at the point of maximum
overall efficiency were 29% for the SY1 and about 26% for the other breed groups
irrespective of the direction of change of u_d. It should be noted that, in contrast
to the growth parameters, an increase in p_d results in a decrease in overall
efficiency while decreasing it results in an increase in overall efficiency. These
changes in overall efficiency imply high sensitivity to the degree of maturity of the
dam. The explanation is that as the dam ages she consumes a lot more feed than she
is producing output (Taylor et al., 1985). This is particularly so here since the
turnover age is not changing with the degree of maturity of the dam but is constant.
In other words, when p_d is increased, we are not allowing it to produce more
offspring to help compensate, but are making it carrying a heavier maintenance load.
Conversely, when p_d is reduced she would then be producing more offspring than
she normally would at that degree of maturity and she will carry less maintenance

load as well since she will be younger and smaller throughout the period.
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Figure II. 23 represents the effects of varying the lean content (%) +10%.
The change in overall efficiency was fairy uniform for all breeds between 4.5% to
8.7%. At the point of maximum efficiercy, the change (decrease or increase) was
nearly constant at 6.5%. The model is therefore fairly sensitive to changes in lean
content.

In summary, varying the mature size (A) and the inflection parameter (m)
while holding the others constant has little influence on overall efficiency. Increasing
the maturing rate parameter, Kk, or the lean content, however, increases efficiency.
Conversely, reducing k or the lean content would tend to reduce overall efficiency.
However, increasing the degree of maturity of the dam at a spemﬁed turnover age,

tends to decrease overall efficiency, but decreasing it will improve overall efficiency.

2.6. Relation to other models

This model was constructed along the lines of the model of Taylor et al.
(1985). However, the tréatment was not taken to the same mathematical depths of
Taylor et al. (1985) and as much as possible, all parameters were estimated rather
than assumed. For example, whileTaylor et al. (1985) made assumptions about the
degree of maturity of the dam at first and subsequent calvings, and also the decline
in the value of the carcass of ‘the dam (salvage value), such values were estimated
from either the growth curves generated or from available sale prices reported for
dams (Alberta Agriculture, 1985 - 1989). Furthermore, the costs of pregnancy and
maintenance of each animal from year to year were prédictéd from available ieed
predicﬁon equations. The possibility of breeds‘ différing in feed intake and/or overall

efficiency was also not discounted in the current model, and hence breeds of diffeﬁng
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mature sizes and maturing rates can be examined. There are also extensions to
include the investigation of dairy-beef production and partial sex control. While
Taylor et al. (1985) provided mathematical formulations for evaluating partial sex
control, such evaluations were not actually made. Other input factors such as initial
herd costs not considered in the model of Taylor et al. (1985) were considered in the
current model.

The model, however, has the basic limitations of that of Taylor et al. (1985),
having been designed specifically for evaluating overall efficiency, especially as it
relates to the time offspring are taken off the herd (degree of maturity of offspring
at slaughter). Output is therefore rather specific, generated on the basis of any
turnover age specified by the user, but no yearly output is generated. Hence general
production systems models such the Texas A & M University (TAMU) model
(Sanders and Cartwright, 1979; Cartwright and Doren, 1986) and the Winrock model
(Fitzhugh, 1978) have more capability and generality. However, such models have
been developed over long periods of time. The current model cannot track particular
animal over its life time in the herd (such as the TAMU model) and is not capable
of evaluating crossbreeding and other mating systems. It has no capability for
optimizing dieis for specified groups of animals, such as the Winrock model, but
could evaluate the influence of cost of such diets on overall efficiency. The herd
dynamics model is rafher simplistic, in line with that of Taylor et al. (1985), starting
with and ending with a herd in perpetual equilibrium. Such simplicity, however,
confers a lot of flexibility and allows the evaluation of a complex situation rather
simply. The submodels are also easy to modify and hence the entire model can easily

be adjusted to account for some of the factors not currently considered. The model
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of Thompson and Barlow (1986) investigating the effects of changes in growth and
feeding parameters on overall efficiency is perhaps more limited than tj¢ current
model although it was also constructed following the methods of Taylor et al. (1985)



Table II.1. Predicted error mean squares for each growth function

Breed Richards function Brody function
Hereford 120.69 196.22
Beef Synthetic 1 106.36 208.46
Beef Synthetic 2 136.38 237.44
Dairy Synthetic 199.83 189.21

Holstein 199.83 189.21




Table I1.2. Estimated mean growth curve parameters for females of beef and dairy breed

groups’.

Breed Mature

Group Weight (A kg) b k*10°3 m
Richards’ function® parameters

Hereford 587.32 + 12.70 0.9836 1.0239 0.68725

Beef syn. #1 610.80 + 16.36 0.9891 1.1006 0.63739

Beef syn. #2 639.34 + 25.22 0.9917 0.8518 0.61360

Dairy synthetic 706.64 + 45.36  0.9979 0.5543 0.49260

Holsteins 689.21 + 24.80 0.9319 1.6475 1.11540

Brody’s function! parameters

Hereférd 567.31 + 6.63 0.9095 1.4181

Beef syn. #1 584.47 £+ 7.63 0.9098 1.6690

Beef syn. #2 590.98 + 13.41 0.9085 1.4659

Dairy synthetic ~ 633.02 + 18.08  0.8793 1.3408

Holsteins 702.59 + 16.75 0.9579 1.4899

*Number of age - weight points = 14 in all cases.

*The Richards’ function is given by: Y = A(l-be™m

The Brody’s function is given by: Y = A(1-be™)
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Table I1.3. Multiplicative factors for adjusting body weight of gromsing cattle tc the weight

of a medium frame steer equivalent”

Gender
Breed Frame size Steers Heifers Bulls
Hereford 5 1.00 1.25 0.83
Beef syn. 1 7 0.91 1.14 0.76
Beef syn. 2 8 0.87 1.09 0.73
Dairy syn. 9 0.83 1.04 0.69

"From Fox et al. (1988).
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Table 1L.4. Values of constants a and b used in the prediction of net energy content of gain
(NRC, 1984)

W

Constant Heifers Steers Bulls

i. Medium frame

0.0686 0.0557 0.0493

b 1.1190 1.0970 1.0970
ii. Large Frame

a 0.0608 0.0493 ‘ 0.0437

b 1.1190 1.0970 1.0970
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Table ILS. Values of constants used in the prediction of postweaning dry matter intake.

Constant
Type of animal a b c
Breeding females 0.1462 0.0517 0.0074

Growing animals 0.1493 0.0460 0.0196




Table I1.6. Regression constants and coefficients for "LogF* = a + bLog.u"
(equation 14), by breed and gender.

Gender

Breeding Femsles  Fattening Females Steers Bulls

Breed a* v a b 8 b a b

Regressions for Dry Mauer Intake (kg DM kg* mawre wi)

Hereford 3.8260 3.2813 39256 33381 3.7165 33372 3.5370 33221
Beef Syn. 1 37170 3.4050 3.8164 34618 3.6029 3.4748 3.4282 3.4560
Beef Syn.2 37733 33072 38751 33609 3.6622 33716 3.4902 3.3539
Dairy Syn. 39114 33946 40170 34514 3.8051 3.4663 3.6248 3.4473

Regressions for Metabolizable Energy Intake (Mcal ME kg™ mature wt)

Hereford 47100 3.1200 4.8687 31776 4.6589 3.1715 4.4797 3.1567
Beef Syn. 1 46651 3.2327 47634 32908 45493  3.2956 43751 3.2785
Beef Syn.2 47139 3.1431 43148 3.1982  4.6009 3.2015 4.4295 3.1859
Daity Syn. 43451 32302 4.9497 32888 4.7364  3.2954 4.5566 3.2774

‘Constant of the regression equation
‘Regression coefficient



Table I1.7. Mean coat depth and hide thickness in breeds of cattle used in this study”.

Age
Calves (6 - 12 month) Adults
Breed Coat (cm) Hide (cm) Coat (cm) Hide (cm)
Hereford 1.76 1.1
Beef synthetic 1 1.65 0.43 1.83
Dairy synthetic 1.51 0.40
Holstein 1.44 0.37

“Adapted from Webster et al. (1968), Young (1969) and Young and Berg (1970).



65

Table IL8. Internal tissue insulation (I;, °C Mcal® m? day™) factors’

e B D e P

| Flesh code

Animal type 1 5 9
Newborn calf 2.5 2.5 2.5
1 -6 months old 6.5 6.5 6.5
6 - 12 months old 5.5 6.8 8.0
Adult - 6.0 9.0 12.0

“From NRC (1981, 1984).
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Table I1.9. External tissue insulation (I, °C Mcal! m? day") factors”

Coath depth, cm.

Wind speed <0.5 1.0 1.5 3.0
(km h)
1.6 7.0 11.0 14.0 17.0
6.4 5.0 1.5 10.0 13.5
12.8 4.0 5.5 8.0 9.0
258 3.0 4.0 5.0 6.5

“From NRC (1981, 1984).
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Table I1.10. Multiplicative factors for correcting peak mature milk yield to that of a specified

age group.
Age of dam
Breed 2yr 3yr 4or >10yr
Hereford 0.62 0.76 0.85
Beef synthetic 1 0.77 0.83 0.95
Beef synthetic 2 0.67 0.99 0.98
Dairy synthetic 0.84 0.96 1.11
Holstein 0.60 0.825 0.925
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Table II.11. Peak mature milk yields (kg) and fat contents (%) for breed groups in the

study”.
Breed group Peak Milk yield (kg) Milk fat content (%)
Hereford 6.9 4.9
Beef synthetic #1 1.9 4.7
Beef synthetic #2 8.3 4.8
Dairy synthetic 8.7 4.8

“From Butson and Berg (1934)
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Table I1.12. Proportions (%) of animals of specified type in specified grades.

——_—w

Type of animal
- Grade Steers Heifers Bulls
Al/A2 90.5 90.6 84.9
A3/A4 6.0 5.9 4.7
B/C 3.5 24 9.4
D 0.0 12 0.0
E 0.0 0.0 1.0

Number of animals 116 85 403



Table I1.13. Proportions (%) of culled cows grading specified grades.

70

Age class
Grade Youthful Intermediate Mature
Al/A2 58.3 0.0 0.0
A3/A4 3.1 0.0 0.0
B/C 30.1 28.8 LS
D1/D2 8.6 71.3 89.7
D3/D4 0.0 0.0 8.8
Number of animals 163 80 68
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Table I1.14. Mean price ($) in Edmonton for 100 1b beef from different types of animals

(Alberta Agriculture, 1985 - 1989).

Grade
Type of Al/A2 A3/A4 B/C D1/D2  D3/D5 D4
animal .
Steers 75.33 69.43 64.84
Heifers 73.73  66.47 62.32
Cows 52.03 46.72 43.67

Bulls

64.34
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Table 11.15. Mean weighted and relative prices of meat from different types of animals, and
milk used in the model.

.

Item Mean price ($) /100lb Relative price
Steer 74.60 1.00
Heifer 72.96 0.97
Intact male 73.82 0.9
Cows, youthful 68.28 0.92
Cows, intermediate 55.05 0.74
Cows, mature 51.58 0.69

Milk 22.27 - 030




Table I1.16. Regression coefficients of milk yield beyond the peak on day of lactation®

Age Hereford Beef Syn. 1 Beef Syn. 2 Dairy Syn.

2 yr old Heifers -0.0065 -0.0130 ~ 0.0119 -0.0187

3 yr old cows -0.0081 -0.0147 -0.0228 -0.0247
4 & >10 yr olds -0.0109 -0.0189 -0.0225 -0.0306
Mature -0.0139 -0.0197 -0.0222 -0.0252

YA S0.98



Figure II.1. Schematic representation of the Beef Efficiency Model (BEM)
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Figure I1.2. Explanation of symbols used in BEM diagram (figure 1). Each term is defined

below.

i. Source. A source is a point of origin or a beginning condition: e.g., for growth, the
starting point is birth weight.

ii. Rate. Rates represent material transfers per unit of time, e.g. growth rate.

iii. Auxiliary. Auxiliary variables influence calculations of rates of material transfers: e.g.
the breed or gender influences the growth raéi

iv, Level. These are state variables and represent points of accumulation of material
within the system: e.g. weight is the cumulation of growth rate.

v. Sink. These represent end (termination) points or final conditions.



Figure 11.3. Growth curves of the breed groups in this study, fitted by the Richards and

Brody functions employing the parameters reported in Table H.2.
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Figure I1.4. Degree of maturity of five breed groups plotted against age in days.
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Figure I1.6. Predicted cumulative dry matter intakes (kg DM kg mature weight} by degree

of maturity and breed
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Figure IL7. Predicted cumulative metabolizable energy intakes (Mcal ME kg! mature weight)

by degree of maturity and breed.
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Figure II.8. Mean monthly temperatures at the University of Alberta beef research ranch,

1986 - 1988.
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Figure 11.10. Predicted lactation curves of 4 breed groups of beef cattle by age at lactation.
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Figure I1.11. A scheme for predicting growth and feed intake (adapted from Emmans and
Oldham, 1988)



Figure I1.12. Flow diagram of the herd submodel. It indicates that, for any cow, the number
of calves produced depends on the entire productive life, the reproductive rate and the breed
{genetics). The number of calves becoming cows or bulls depends on the sex ratio and the
numbers of animals sold or slaughtered depends on the culling rate. F recr’ and *M recr’

are the female and male recruitment rates.
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Figure II.13. Comparison of daily feed intake predictions from the model with those from
the Beef feed intake templates of Dr. Mathison (University of Alberta, Dept of Animal

Science).
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Figure ILI4. Comparison of predicted cumulative metabolizable energy intake from the
model and those of Parks (1970, 1982) and Taylor et al., (1985) (all units in MJ kg! mature

weight)
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Figure I1.15. Comparison of maturing rates and cumulated feed intake (kg or MJ ME) to

specific age points between animals of this study and those of Taylor et al. (1985).
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Figure 1I.16. Behaviour_of cumulative feed intake: a. predicted cumulated feed intake (F’,
Mcal kg! mature weight) against degree of maturity (). b. predicted cumulated feed intake
against In(1-p). c. natural logarithm of predicted cumulated feed intake (InF’) against in(1-y).

d. InF’ against In(u).



99

Ny mupbe
Liw) pesy pepinuno pemos jo Boj 8L} )0 0id

R Provee
LU F ]
——
T

(- 1) upmbe
G L) PeS) PeRnuING Perecs §0 10id

B 8 8 ¢ 8 °
(D) ®reu peanwm peag

° z -
T L L
..... —
sk S P
e
T
1.1
lo ¥
3
4
)
- L) wupde
Liw) posy peinuns pemes 12 53] 011 )0 19iy
z ) (]
' °
.- 02
qor
o
oo
1
..... o
C ]
e 1o 2
frremsyyre) - ~ o3
o
[

() Axangews jo enslop pupbe
o L) povs pepnunc pemos jo 0]




Figure 11.17. Plots of (a). F’ against In(1-x) and (b). InF’ against In(x) together with the

fitted regression equations.
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Figure IL.18. Comparison of daily metabolizable energy requirements for pregnancy as
estimated by the model and by the NRC (1984).
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Figure I1.19. Effect of increasing or reducing the mature size of the breed (A) by 10% on

the overall efficiency.
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Figure II.20. Effect of increasing or reducing the inflection parameter (m) of the breed by

10% on the overali efficiency.
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Figure 11.21. Effect of increasing or reducing the maturing rate parameter (k) of the breed

by 10% on the overall efficiency.
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Figure 11.22. Effect of increasing or reducing the dam’s degree of maturity (z_d) at turnover

of each breed by 10% on the overall efficiency.
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Figure I1.23. Effect of increasing or reducing the lean content of each animal from each

breed by 10% on the overall efficiency.
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3. Efficiency in Traditional Beef Production Systems.

3.1 Introductioﬁ

A traditional system of beef production is taken as a production system in which the
male : female offspring ratio is 1 : 1, a cow is allowed to remain in the herd, as long as she
prod:ces a calf annually. The logic in such a system is to spread the cost of maintaiﬁing the
dam over as large a number of calves as she can possibly produce, thus minimizing this cost.
Overall efficiency in such a system could be influenced by the breed of cow (Morris and
Wilton, 1976), the reproductive rate in the herd, the number of offspring she is allowed to
produce (mean age at turnover, Taylor et al., 1985) and probably the month of calving. A
reyiew by Morris and Wilton (1976) indicates that small cows are superior in biological
efficiency if orily combined cow and calf feed requirements and calf weights were considered.
However, when the feed requirements for replacements to the breeding herd were included,
with extra salvage weight of saleable beef from the breeding herd as cow weight increased,
biological efficiency was little affected by cow size, unless reproductive performance also
changed. They concluded that little variation is expected in biological efficiency due to
differences in size of cows, though considerable changes in outputs and requirements per
animal may be introduced by changing mature size.

Energy intake influences reproduction (Wiltbank et al., 1962, 1964; Dunn et al.,
1969). Hence, there is a belief that there is an optimum reproductive rate for each breed of
cow under normal feeding, and that exceeding such a reproductive rate in the herd could be
the result of excessive feeding (feed wastage), leading to increased (probably excessive) dam
feed costs (Berg, personal communication). Alternately, if the reproductive rate falls below
the optimum, then the herd is probably being undérfed. This suggests that studies of herd

- reproduction in which the reproductive rate varies should be accompanied by varying dam
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feed costs. The results of Taylor et al. (1985) contradict traditicnal logic that dam
maintenance costs are reduced with the increase in the number of offspring she is allowed
to get. They suggest that the dam be culled as soon she produces her replacement.

This study was conducted to investigate the behaviour of overall efficiency in a
traditional beef production system, as it is influenced by the breed group, the turnover age
of the herd, and the reproductive rate of the herd. Overall efficiency was evaluated with
respect to the degree of maturity at which slaughter offspring are taken off the herd. Studies
of the reproductive performance of the herd also investigated the level to which the cow herd
can be overfed without efficiency dropping unacceptably, given that the reproduction is

changing as well.

3.2. Materials and Methods

The model (BEM) described in chapter 2, was employed in simulation studies to
evaluate the influence of breed group, repro'duttive rate, turnover age and month of calving
on the overall efficiency in traditional beef production systems. To investigate the breed
effect, the mean age at culling and the mean reproductive rates reported by Berg et al. (1990)
and Arthur et al. (1991) were employed to simulate basé overall efficiencies. The mean
reproductive rates (calf crop weaned) reported by Berg et al. (1990) were 0.75 for the
Hereford, and the Beef synthetics 1 and 2, and 0.77 for the Dairy synthetic. The mean ages
at culling were 3.7, 4.5, and 5.2 years respect.i&ely for the vHerefor‘ds, Beef synthetic #1 and
the Dairy synthetics (Arthur et al., 1991). The meém age at culling for all three was 4.2
years and was assumed for the Beef synthetic #2 as well. The breeds were also compared
at the same reproductive rate (0.8, assumed to be the reproductive rate attainable under

“’normal conditions’, see Arthur et al., 1991) and age at culling (6 years, assumed to be the
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industry average). In both cases, the sizes of the synthetic breed groups relative to the

Herefords were considered in computing the outputs. It was also assumed that all breeds had
the same lean content of 33% of live weight. However, the SY1 could have as much as 38%
lean (Shahin and Berg, 1985). Therefore, the effect of changing the SY1 lean content to 38%
was also examined.

To investigate the effect of turnover age on overall efficiency, reproductive raves
reported by Arthur et al. (1991) were rounded to 0.8 and assumed to be the rate attainable
under 'normal feeding’. The age at culling (age at turnover) was then varied from the
minimum (see chapter 2) to a maximum of 10 years. The 10 years maximum was thought
to be reasonable because a maximum age at culling of 16 years was reported by Arthur et
al. (1991). To investigate the influence of reproductive rate, a mean culling age of € years
was assumed and reproductive rate was varied from 0.5 to 1.0. The effects of concomitant
changes in feed intake were evaluated by assuming that increasing the normal reproductive
rate from 0.8 to 1.0 was associated with extra feed costs for the dam. Hence by maintaining
r at 1.0 and increasing additional dam feed costs from 0 to 10% in increments of 5%, the
extra level of feeding could be investigated and the behaviour of overall efficiency compared
with those for r = 0.8 (the "normal" reproductive rate). To investigate the month of calving
effect, reproductive rate was kept constant at 0.8 and the age at turnover at 6 years and the

month of calving varied.

3.3. Results and Discussion
3.3.1. Breed effects on overall efficiency.
Results of overall efficiency expressed in terms of grams lean per kg dry matter (DM)

intake or per megacalorie (Mcal) metabolizable energy (ME) intake were similar in trend and
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hence only those on a Mcal” ME basis are reported. Figure 1.1 indicates the mean ME
intake (Mcal, scaled by mature weight) for the four beef breeds. The Beef Synthetic #1 (SY1)
had the lowest energy consumption kg mature size at any degree of maturity, whereas the
Dairy Synthetic (SD) had the highest. On that basis, one would expect the S$Y1 to be the best
breed group in terms of overall efficiency and the SD the worst breed group.

The breed group comparisons for overall efficiency are shown by Figure 1112 for the
base efficiencies, employing the reproductive rates (r) and turnover ages reported by Berg
et al. (1990) and Arthur et al. (1991). Differences in overall efficiency between some of
these breed groups were .substantial. These differences range from a minimum of less than
1% to a maximum of 25% and the difference between the best and the poorest breed group
at the point of maximum efficiency (degree of maturity of offspring at slaughter, p = 0.4)
was 24%. The SY1 breed group had the lowest efficiency when offspring are slaughtered
before 20% maturity, but thereafter the Hereford was the worst, up to 80% maturity. The
SD breed group was the most efficient followed by the SY2. At the point of maximum
efficiency the SD'bl"wd group was 24, 20, and 12% more efficient than the Hereford, SY1
and SY2 respectively. It is surpriéing that the SD group was most efficient, as it had the
highest feed intake (Figure III.1) and was culled latest (at 5.2 years). These differences can,

“however, be interpreted in the light of the sensitivity analysis (section 2.5). It will be recalled
that the degree of maturity of the dam was the parameter to which the model was mosf
sensitive and that an increase in the degree of maturity of the dam results in lowered overall
efficiency. Though the SD breed was culled (turned o&er) latest in life, the dams of this
group were still relatively the youngest (80% matufe). By contrast the SYl group were culled
on avérage at the age of 4.5 years and had dams 89% mature, whereas the Herefords (culled

at 3.5 years) and the SY2 (culled at 4.2 years) were 82 and'8'3% mature respectively.
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Hence, the SD breed group had a longer productive life relative to the other breed groups

and its dams were still younger. These two factors account for nearly all the differences
between the SD and the other breed groups. By contrast, the SY1 which was most mature
at culling would be disadvantaged, since more maturity implies lowered efficiency, but also
because it had a shorter productive life (i.e., fewer offspring relative to its maturity) than the
SD. The fact that the SD breed becomes least efficient when its offspring are allowed to
remain in the herd 120 long is probably a reflection on its relatively higher feedv intake and
its absolute size. This breed group is so large that as it matures its overall efficiency declines
faster. Though the differences displayed in Figure IIL.2 are not easy to interpret, if it could
be assumed ﬂ1at the reproductive rates and turnover ages reported by Berg et al. (1990) and
Arthur et al. (1991) are similar to the industry averages (i.e., if one raised these breeds, he
would on average achieve these production characteristics), then it could be argued that the
relative differences in Figure IIL.2 represent the differences between these breeds that could
be expected in the industry.

The breed group comparisons at the same turnover age and reproductive rate are
shown by Figure HIL.3 (r = 0.8). The trends were similar for other reproductive rates. The
Hereford breed group was consistently the poorest breed group in overall efficiency, followed
by SY1 group especially when the age at turn over was less than 10 years. The SD breed
group was still the most efficient. The differences in overall efficiency ranged from less than
1% to 33% depending on the age at culling and the degree of maturity of the offsprjng at
slaughter. The SD, SY2 and the SY1 were 31, 12 and 4% respectively more efficient than
the Herefords at the point of maximum efficiency (u = 0.4) when the age at culling was 6
years. The respective differences were 17, 8 and 7% at a culling age of 10 years implying

that the differences declined with age at culling for the SD aﬁd SY2 breed groups .but'
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increased slightly for the SY1 and by 10 years of age there is virtually no difference between
the SY1 and SY2. The differences between breed groups reported here are substantial, and
differ from the preponderance of research in this area. Brody (1945) and Kleiber (1947)
believed that differences in mature size were unlikely to be associated with differences in
productive efficiency and this appears to be supported by the sensitivity analysis on mature
size (section 2.5). Since then, a review by Morris and Wilton (1976) concluded that little
difference exists among breeds when the cost of replacement, and the salvage value of the
cull_ed cow are considered. Dickerson (1978) suggested that factors associated with size such
as longer gestation and lactation, dystocia and post weaning rate of gain preclude size per se
- from having a major effect on life-cycle production efficiency. Experimental work comparing
cattle of differént sizés at the same finish (% fat, Smith et al., 1976; Barber et al., 1981;
Kempster et al., 1982; Stewart and Martin 1983) seem to confirm these opinions.

However, most of the éicperimental Studies compare efficiency over some portion of
the life of the slaughter offspring without examining the entire production System and most
usually impose some resource constraint (either feed or space). If significant differences in
managemeni costs exit between the breed gfoups, this could influence the overall efficiency,
: bui such differences were assumed to be minimal in the current study. There are also
differing 6pinions. in this area. Blaxter (1968) and Taylor and Young (1966) argue that
individual differences in rate of maturmg are likely to be associated with differences in
production efficiency. In experimental studies, Cundiff et al. (1981,' 1984) reported
significant differences in efficiency between large and small breed groups corripared at the
same marbling or fat trim points. They reported that breed groups feaching these end points
_faz:er were more efficient because of lowgr energy for niaintenance.- It appears likely that

while the mature size per se will not influence breed differences, the .overali effect of small
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differences in maturing rates, mature sizes and feed intake do have an effect on breed

differences in overall feed efficiency.

The unexpectedly low overall efficiency of the SY1 can be explained by its faster
growth and maturing rates (as suggested by Taylor and Young (1966) and Blaxter (1968))
and are in line with the results of the sensitivity analysis (section 2.5). It shpuld be recalled
that increasing the dam’s degree of maturity by 10% resulted in a redu-tion in overall
efficiency. It should also be recalled that the SY1 was the fastest maturing breed (see Figures
1.3 & 114, chapter 2) and that dams are culled on an age basis, not on a "same maturity*
basis. Therefore, at any age of herd turnover, the SY1 dams are bigger, more mature and
carry a relatively larger maintenance load. Since the dam’s intake is by far the larger
proportion of the input to the herd, the large and more mature dams of the SY!1 at any
turnover age would make this breed less efficient. By contrast, the SD which was the slowest
maturing would be the least mature at any turnover age and therefore more efficient.

If we change the lean content of SY1 to 38%, it is still not as efficient as SY2 or SD
at early turnover ages and early degrees of maturity of the offspring at slaughter (Figure
II1.4a) but becomes the most efficient breed group when the turnover age is 10 years (Figure
Ill.4c) and offspring are retained in the herd beyond 40% maturity. Increasing the lean
content of SY1 therefore does not confer dramatic advantages in overall efficiency, because
the model is not very sensitive to this parameter. The improvement in overall efﬁcien;:y
shown, however, should not be surprising since changing the lean content did not include a
corresponding rise in feed requirement, i.e., the output has been increased while input
remains the same.

Therefore, a faster maturing large-sized breed is probably not the most advantageous

in terms of overall efficiency in a cow-calf system unless such a breed has other qualities.
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This is mainly because the dams of such a breed mature quickly and hence carry a large
maintenance load for the rest of their life in the herd. In a feedlot, the offspring of such a
breed would reach market weight and condition quickly, saving the operator a lot of feed,
and hence improving his efficiency. This suggests that such offspring ought to command a

premium price, a condition not considered in the current analysis.

3.3.2. Effect of reproductive rate

The effect of changing the reproductive rate (r) from 0.5 to 1.0 on the overall
efficiency is shown by Figure III.5 for an average turnover age of 6 years. The effects of
changing r were similar in trend for all breeds but varied slightly in magnitude and stage of
occurrence from breed to breed. In any breed, imbroving r improved overall efficiency as
long as the offspring were marketed or slaughtered early enough. For the Hereford and SY2
breed groups, this implies not retaining offspring bgyond 70% maturity in the herd. For the
SY1, offspring should not be retained beyond 75% manmty and for the SD breed group, the
offspring should not be retained beyond 65% maturity. This implies that for all four breed
groups, offspring must be slaughtered Before 4 years of age. This is of course not a
limitation since most beef animals are slaughtered befére 2 years of age. Beyond the switch-
over'points the decline in overall efficiency is rapid at 'higher values of r. Before the switch
over in overall efficiency, ﬁxe SY!1 breed group was most sgnéitive to changes in r, followed
by the SY2 and the Herefords. The maximum differences in overall efficiency before the
switch (beiween r = 1.0 and r = 0.5) for all breed groups were 28.7%, 24.9%, 25.3% and
23.8% for the SY1, SY2, Hereford and the §D respectively.

These differences are of course very substantial especially for breed groups such as
the SY1. In the SY1 breed group, r = 1.0 was 8.8% more efficient than r = 0.8 at the point
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of maximum efficiency. This difference is of practical significance since a reproductive rate
of 0.8 approximates what is obtained under field conditions. The values for other breed
groups were 6.6, 7.2 and 7.5% for the SD, SY2 and Hereford respectively. These compare
very well with the conclusion of Dickerson (1978) that 10% or 8% improv&ssnt is
biological efficiency could be expected in lamb or beef from 2 20% genetic increase in the
number of offspring produced (by an increased reproductive r3¢). The results obtained in
this study are in most respects similar to those of Taylor et al. (1985) g™ vy did not
find as ri;»d & dechre m overall efficiency beyond the peak. Their resulis indicated an
increase of 4% to 5% at the point of maximum efficiency for a proportionate increase of 0.1
in r and efficiency curves did not cross over. The differences obtained in the current study
range from 3.9to 6.5% for a 10% increase in the reproductive rate. Fennessy and Thompson
(1989), working with farmed red deer obtained 5 - 9% improvement in efficiency for a 10%
increase in r. The current results therefore agree reasonably well with thie few estimates
published.

The switch-over in efficiency is rather puzzling. However, cumulative feed intake
is exponential in nature. Hence the longer the offspring are maintained in the herd the more
rapid the cumulative feed intake increases. On the other hand, total lean output probably
increases linearly. The larger the number of offspring (higher r), the more pronounced will
the increase in feed intake be with advancing maturity and hence the switch over.

The above discussion did not consider concomitant changes in feed intake (feed costs)
as r increases. Figure II1.6 compares the overall efficiency for r = 0.8 and r = 1.0 with
the feed cost required to achieve r = 1.0 increased in steps of 5% over that required to
achieve r = 0.8. The efficiency for r = 1.0, when the cost of achieving both reproductive

rates are assumed to be equal is also given for comparison. It will be realized that increasing
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the dam feed costs by 10% reduces the overall efficiency of r = 1.0 to that of r = 0.8 at the
6 and 8 year turnover ages. At a turnover age of 10 years, the difference in efficiency might
justify the extra feed costs. However, increasing the dam feed cost by 15% lowered overall
efﬁciency irrespective of age at turnover. Taylor et al. (1985), investigating the effects of
reducing dam feed costs, also reported marked influences on overall efficiency. This suggests
that it is probably unwise to overfeed stock (especially beyond 10% of normal levels) to
achieve better reproduction. This of course does not consider the possibility that overfeeding
could lead to excessive fattening and poorer reproduction. Thus, if for the same level of
feeding the reproduction can be improved, some amount of improvement in overall efficiency
is possible.

3.3.3. Effect of age at ﬁnrnover on overall efficiency

The influence of age at turnover (culling) is shown by Figure IIL.7 for each breed
group. These val;x&s were evaluated for a reproductive rate of 0.8. In gerieral, the overall
efficiency declines the longer cows are maintained in the herd. However, beyond 6 years of
age the decline in overall efficiency is minimal and indeed in some breed groups (Hereford
and SY1) the overall efficiency begins to recover, depehding on when the offspring are
slaughtered. In general, maximum efficiency was obtained if offspring were slaughtered
betwgen.SO to 60% mature, usually at 40% maturity. At the latter degree of maturity, the
SY1 breed group has recovered in efficiency enough to make culling at 10 years of age 4 -
| 9% more efficient than culling at 4 years of age. Hence, for this breed grdup these results
suggest it might be worthwhile retaining cows as long as possible, though offspring mu#t be
slaughtered before they are 60% mature. The differences in overall efficiency rangéd from
less than 1% to 53% depending on the breed group and the degree of maturity of the
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offspring at slaughter. At the point of maximum efficiency, p = 0.4, turning over the herd

at 4 years of age was 5.4%, 3.1%, 7.3% and 9.5% more efficient than at 5 years of age.
Relative to turnover at 6 years of age, 5 years was 2.8%, 1.1%, 4.3% and 6.4% mors
efficient at the point of maximum efficiency for the respective breeds listed above. However,
culling at 6 years of age was only -0.8%, -1.5%, 0.4% and 2.5% more efficient than culling
at 7 indicating that the trend in overall efficiency was reversing for most of the breeds by this
turn over age. These results are similar in some respects to those of Taylor et al. (1985),
who reported a maximum difference of 15% at the point of maximum efficiency and 8%
between overall efficiency at 5 and 7 years of age at turnover. In the present study, maximal
differences at the point of maximum efficiency (u = 0.4) were 8.5%, 13%, 12% and 19%
for the Hereford, SY1, SY2 and SD breed groups respectively. However, the efficiency
curves derived by Taylor et al. (1985) were relatively unchanging at the maximum (very
platykurtic) and overall efficiency continuously declined with increasing age at turn over.
Results similar to those of Taylor et al. (1985) were also reported by Fennessy and
Thompson (1989) for red deer but the changes in overall efficiency with the length of
residence in the herd were smaller in their study. They attributed this to the fact that the red
hind was much more mature at first calving than cattle and hence the efficiency at first
calving would be smaller than that for cattle. Subsequent changes in overall efficiencies
would then be expected to be smaller as well.

The decline in overall efficiency from year to year (in the first 6 years of this study)
is probably attributable to the dam aging, eating a lot more but contributing a lot less to the
output. As explained by Taylor et al. (1985), when a dam is young she uses her feed
consumption both for reproduction and productive growth, since her carcass is still of prime

value. However, as she ages, her carcass is less valuable and she is consuming a lot more
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feed, that is not being used for productive growth. Hence she consumes more feed than she
is producing output (both from her salvage value and the offspring she is producing). The
reversal of the trend in overall efficiency beyond 6 years of age at culling differs noticeably
from the results of Taylor et al. (1985). This is probably the result of a difference in the
treatment of the price of cull cow (dam) meat. Taylor et al. (1985) employed a function (P,
= 1.02 - 0.02n, where P, is the price of dam meat at her n® calving) that decreases with
age (number of calvings) to predict the value of cull cow meat. As the value of the culled
cow declined her contribution to the total output declined fairly constantly as the age at which
she was culled increased. In the current study, however, the value of culled cow meat
remained constant over some age ranges, 2 - 3 years, 4-5 years and 6 years or older. Beyond
6 years of age, no more penalty is incurred in the value of lean from a culled cow and hence
the contribution of the dam to the output will tend to stabilize a bit and not decline as fast
as in the case of Taylor et al. (1985). This effect is illustrated by Figure III.8 and is
evaluated at offspring degree of maturity of 0.4. It indicates the contribution of the dam to
both input and output (%), depending on her age at culling (values were evaluated at
offspring degree of maturity = 0.4). It can be seen that while the proportion of output due
to the dam is decreasing fairly constantly for each breed group, the decline in the
contribution of the dam to output is less rapid beyond 6 years of age. This improvement in
the dam’s contribution to output together with the increased number of offspring probably
made the dam’s maintenance cost less important, and hence the imgigémement in overall

efficiency beyond 6 years of age.

3.3.4. Effect of month of calving on overall efficiency

The cumulative intake of feed to satisfy environmental corrections are shown for the
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SY1 breed for different months of calving in Figure IIL.9. It is obvious that there are some

differences in the cumulated scaled energy intake (Mcal ME kg™ mature size), depending on
the degree of maturity considered. These differences are independent of differences in the
cost of management of the calves between months of calving. It should, however, be noted
that beyond one year of age (when animals are more than 40% mature), no further
corrections are computed because the calculated lower critical temperatures for all animals
at this stage are far lower than the environmental temperatures used in this study. Indeed for
calving in the month of May, no corrections are computed at all. All the cumulated
corrections for feed intake for any month of calving are therefore less than 1 Mcal ME kg
mature size. These cumulated corrected feed intakes are low and hence will not be expected
to result in large changes in overall efficiency. The resultant overall efficiencies are plotted
in Figure III.10. The largest difference in overall efficiency was only 2.6% (between May
and November, when g = 0.3). November and December were the least efficient months of
calving while May and June were the most efficient. Hence unless calves from November
and December calving attract premium prices for some reason, these months will probably

be the worst months of calving since calf rearing at this time will also be expensive.
3.4. Summary and Conclusions

A deterministic Beef Efficiency Model (BEM) was used to evaluate overall efficiency
in traditional beef production systems using four breed groups of beef cattle available at the
University of Alberta beef research ranch, Kinsella. The breed groups were the Beef
Synthetic #1 (SYi), Beef Synthetic #2 (SY2), the Dairy Synthetic (SD) and purebred

Hereford (H). When the average turnover ages and reproductive rates reported for each breed
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group were employed in the simulation, *he Hereford and SY1 breed groups were less
efficient than the SY2 and SD breed groups, mainly because of differences in the maturity
of their dams and the lengths of their roductive life. When breeds were compared at the
same reproductive rate and turnover age, the Hereford breed group was least efficient,
followed by the SY1. In the lattzr breed group, this was thought tb be because the dams of
this breed group were more miture at any turnover age since this breed group was the fastest
maturing. There was improvement in overall efficiency with increase in reproductive rate but
this improvement declined rapidly if offspring were not slaughtered early enough. There was
a dramatic decline in overall efficiency as the age at turnover increased from 4 to 6 years.
However, beyond 6 years of age most breed groups began to recover in overall efficiency
- and any decline in efficiency was marginal. Calving during the months of May and June
resulted in the most efficiency though differences between months were mérginal overall.
This comparison, however, did not take into consideration ariy differences in the value of

calves depending on the month of calving.
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Figure III.1. Breed mean cumulative energy consumptions (Mcal kg mature wt) to specific

degrees of maturity.



Figure II1.2. Base overall efficiency (g equivalent lean Mcal? ME) values for the four beef
breed groups, simulated using the longevity values (years) and reproductive rates reported

by Berg et al. (1990) and Arthur et al. (1991)
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Figure II1.3.Overall efficiency (g equivalent lean Mcal’ ME) in four beef breed groups

simulated at the reproductive rate (0.8) and turnover age (6 years).
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Figure II1.4. Effe¢t of changing the lean content (%) of the SY1 breed group to 38% while
maintaining the other breéd groups at 33% lean content on overall efficiency (g equivalent

lean Mcal* ME).
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Figure INL5. Effect of varying the reproductive rate on the overall efficiency (g equivalent
lean Mcal? ME) in the four beef breeds.
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Figure IIL.6. Comparison of the overall efficiency (g equivalent lean Mcal? ME) for
reproductive rates of 0.8 and 1.0, while varying the feed required by the dam to achieve the

reproductive rate of 1.0.
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Figure I11.7. Effect of varying the age at turnover on the overall efficiency (g equivalent lean
Mcal! ME), reproductive rate = 1.0.
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Figure I11.8. Proportionate contribution of the dam to the input to, and the output (%) from

the herd and the degree of maturity of the dam at culling (herd turnover).
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Figure I1L.9 Cumulated environmental corrections (Mczi ME kg! mature size) by month of

calving.
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Figure 1I1.10. Influence of month of calving on overall efficiency (g equivalent lean Mcal™
ME) in Beef Synthetic #1
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4. Efficiency in sex-ratio controlled and dairy-beef production systems

4.1. Introduction

Advances in biological technology has made complete sex ratio control in farm animals
feasible. Although success in the sexing of semen has been reported (Shapley, 1983), the
accuracy of such procedures is still in doubt (Van Vleck, 1986) and therefore this method
of sexing is not yet practical (Church et al., 1986; Nicholas, 1989). Altered sex ratios
resulting from subjecting semen to various treatments (Nicholas, 1989) have however been
reported and since there is a difference between the X and Y male gametes, one can speculate
that it is only a matter of time before a procedure to separate or selectively inactivate the
sperm types from a semen sample is developed (Nicholas, 1989).

Successful sexing of embryos at early swages of development has also been reported
(Betteridge et al., 1981; White et al., 1984) and more progress has been noted in this area
(Nicholas, 1989). Splitting embryos into two identicals is now a relatively common
commercial practice (Bakef and Shea, 1985), though regular production of larger numbers
of identicais from a single embryo appears to be less practical (Nicholas, 1989) and perhaps
also less desirable from the stand point of increased inbreeding. Technigues such as multiple
ovulation and embryo transfer (MOET) are already in use especially in dairy cattle (Seidel,
1984, Roberts, 1986). Hence multiple sexed-embryo transfer is practical even though this
will require a lot of technological input. In Canada, the cost of producing sexed embryos
appears to be declining while the success rate (in terms of successful sexing and pregnancy
rate on transfer) appears to be increasing (Davidson, 1985, 1989, 1991) and some farmers

are already employing embryo freezing and transfer in their operations (Davidson, 1991).
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The technology to control the sex of animals born is therefore available. Whether the cost
of achieving such control is justified is a moot point and hence studies to evaluate the
usefulness of sex control, be it achieved by semen sexing or embryc sexing and splitting,
appears warranted.

In Europe, beef is produced mainly as a by-product of dairying. Zarnecki and
Stolzman (1986), and Freeman (1988) estimate that 80% of the beef in Western Europe is
derived from dairy and dual purpose cattle whereas Eastern Europe and the Soviet Union
'derive probably more than 90% of their beef from the same source (Zarnecki and Stolzman,
1986). Only about 20% of the beef originates from dairy herds in North America (Freeman,
1988). In a dairy herd, a cow is often required to conceive only as means of getting her to
milk. The resultant calf (unless) when required for replacement) is of no significance to the
dairy industry. It makes intuitive sense to use such calves for beef production. Therefore,
unless when a replacement is required, crossing dairy cows to beef bulls and using the
resulting calves for beef ought to be a more efficient system, relative to the traditional
cow/calf system. Andersen (1978) claims that from a bfological point of view, this is‘the
most efﬁcienf production form, as the maintenance requirement of the breéding cow
simultaneously forms the basis for milk production, cal’ sroduction and the cow’s own
growth till the age of 4 years. It will therefore be interesi.ag to compare the efficiency of
such a system and that of the traditional as well as the sex-controlled systems. of beef

production.

The objectives of this study were therefore:
i. To investigate the effect of complete and partial sex ratio control on the overall efficiency

of beef production, taking into consideration the cost of achieving such control.



159

ii. To evaluate the efficiency of beef production from a dairy herd with an average milk

production.
In both cases the system will be compared to the traditional system of beef production.

4.2. Materials an¢: methods

The model, BEM, (chapter 2) was used to simulate overall efficiency under various
sex-controlled scenarios. It was first assumed that sex-control was complete. An ‘all male’
and an ‘all female’ system were then evaluated. In the all male system, it was assumed that
except for dam replacement, all offspring produced were male. The cost of breeding (cost
required to attain given levels of reproduction and sex control) was then successively
increased by 10% relative to the original cost of achieving pregnancy in a traditional system.
A case of incomplete sex control was also considered. In traditional systems, the sex ratio
is 1:1. Instances where one sex has 80% or 90% probability of occurring (ie sex ratios of
4:1or9:1) were also considered. In all cases, the age at turn over was varied from the
minimum possible to 10 years. A reproductive rate of 0.8 and 1.0 were investigated in all
cases.

The all female system was then modified to evaluate the theory of Taylor et al.,
(1985) that if a cow could be slaughtered soon after her replacement is produced, the system
would be more efficient. This is the ‘single sex bred heifer’ system (SSBH, Taylor et al.,
1985). In such a system, the possibility of the herd becoming rapidly extinct is high (Taylor
et al., 1985) unless sex control is complete (100%) and accompanied by a reproductive rate
of at least 1.0. Conversely, if sex control is not complete the herd would still become

rapidly extinct even with a reproductive rate of 1.0. Such a system will therefore require a
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lot of technological input and so the breeding cost is likely to be extremely high relative to
that of a traditional system. Hence the cost of breeding, relative to that in a traditional
system, was also increased successively to investigate the effect of the high cost of achieving
and maintaining such a system. The breeding cost in traditional systems was computed as
the cost of maintaining a breeding male minus his salvage value at slaughter divided by the
number of offspring sired by him (see chapter II, section 2.3.1).

Taylor et al. (1983) assumed a breeding cost of 1 MJ kg™* mature weight in traditional
systems. Under the current calculations (chapter II), the breeding cost for all breed groups
(converted from Mcal kg™ mature weight to MJ kg mature weight) ranged from 0.5 to 0.62.
These values are therefore about half the value assumed by Taylor et al. (1985). However
the breeding cost figures used here are fairly conservative since in the industry bulls are not
turned over as rapidly as at the University research station.

For dairy-beef systems, mature milk production was assumed to average 5000 kg
milk (3.5% fat) per cow per year. This was intended to be a conservative estimate as the
average milk production reported for dairy cows in Canada for the years 1988 and 1989 were
5,689 and 5,806 kg cow’ year! respectively (Dairy Farmers of Canada, 1990). A
reproductive rate of 0.8 was assumed and the effect of age at culling was also investigated.
The results were then compared to the traditional and sex controlled system under the same
reproductive rate and age at turn over. The dairy breed was assumed to be crossed with the
Beef synthetic #1 as the terminal sire breed group. Since growth parameters of offspring
from such a croés were not available, the mean values of the parent breed groups (Table 1.2) -
Were assumed.

In all cases, modelling experiments were intended to compafe a sex-ratio controlled

system with the same reproductive rate and turnover age, a traditional system with identical
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reproductive rate and operated at maximum efficiency (turned over as soon as the dam

replacement is produced) and a traditional system turned over at 4 years of age with the

dairy-beef system.

4.3. Results and discussion

4.3.1. ‘All male’, ‘all female’ and the ‘single sex bred heifer’ production systems

The results of oierall efficiency in the mainly male and all female systems are shown
by Figure IV.1, for a reproductive rate of 1.0 and complete (100%) sex control. The values
reported are for only the SY1 and SD breed groups, representing the fastest and slowest
maturing breed groups. The mainly male system was generally more efficient than the all
female system, and the difference between the two tended to increase with increase in the
degree of maturity of the offspring at slaughter and also with increase in the age at turnover.
In the SY1 breed group the difference between the male and female systems ranged from 4%
to 52% (depending oﬁ the degree of maturity of offspring at slaughter) when the culling age
is 4 years but increased to 12 - 77% when the culling age is 10 years. In the SD breed
group the differences were 3.5 - 58% and 12 - 79% at 4 and 10 years of age at culling. The
male system also tended to attain its maximum efficiency at a later degree of maturity than
the female system.

The differences between male and female production systems reported here are large.
The trend is in agreement with the fact that males are more efficient than females in the
feedlot. Foote and Miller (1971) estimated an increase in efficiency of 10% in male systems
of beef production and an economic advantage of $20.00 for each male offspring replacing
a female. Fenri:nsv . “hompson (1989) reported a similar trepd in efficiency in favour

of male red deer compar~: - females. The difference between sexes were however small
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in their study (1% - 3.5%). In contrast, Taylor et al., (1985) predicted little difference
between male and female systems. They attributed this to the fact that the dam’s
maintenance cost was indeed the largest cost and that maintaining either male or female
offspring did not significantly influence this cost and hence the lack of difference in overall
efficiency. Taylor et al. (1985) however used one equation of intake for all genders and
breeds. Hence males and females had identical scaled feed intakes. This would minimize
male and female differences in overall efficiency. In the current study, all males were
assumed to be intact and from the cumulative feed intake curves (chapter 2, figures IL.S and
11.6) it would appear there is a large enough gender difference in intake (less intake for males
per unit mature size) to account for a difference in efficiency. Besides, the males were
assumed to be 1.4 times the size of the female at each degree of maturity. Hence the males
would produce 1.4 times more lean meat but consume less feed.

Comparisons of males and females were similar to the above under partial sex
control or reproductive rates less than unity, though the actual differences tended to be less
than those reported above. |

For corparison, the results for the single sex bred heifer (SSBH) system and the
maximum overall efficiency possible in a traditional system with reproductive rate of 1.0
and a similar traditional system turned over every 4 years are included and presented in
Figure IV.2. The SSBH was clearly the best system exceeding all others in efficiency by at
least 21% (Beef synthetic #1) or 30% (Dairy synthetic). The ‘all male’ system turned over
at 3 years of age was the next best system, but this system was at most 5% more efficient
than a traditional system operating at maximum efficiency (incidentally this traditional system
is turned over at 3 years as well). The traditional system the SSBH was 27 - 77% (Beef

synthetic #1) and 37 - 140% (Dz;ity synthetic) more efficient than the traditional system
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operating at maximum efficiency, depending on the degree of maturity of offspring at
slaughter. The all female system was less efficient than either the all male system or the
traditional system at maximum efficiency, but all systems were more efficient than the
traditional systems turned over at 4 years. If however the sex controlled systems are turned
over at 4 years of age instead of 3 years, the traditional system at maximum efficiency is
7% (Beef Synthetic #1) or 12% (Dairy synthetic) more efficient than the all male system.

In comparison, Taylor et al. (1985) reported that the SSBH was 50% more efficient
than their best traditional system. This though is not directly comparable to the current
results since the reproductive rate for the traditional system was set at 0.85 and their dams
were crossed to terminal sire breeds 1.8 times larger. However, they did not find any
difference between all male systems and traditional systems but their all female system was
more efficient than the traditional system. The reverse is true here as under current
conditions there is a fairly large difference in intake between males and females to precipitate
a difference in efficiency. The reason for the high efficiency of the SSBH system is the feed
cost of the dam. In this system, the dam is culled at 2 years, shortly after her first calf. Her
carcass is still of prime value (92% of the value of a steer carcass, Table I1.15). Indeed
under practical conditions most of such cows would produce carcasses that grade A1/A2.
This makes the production of her replacement almost incidental, as if the calf was produced
in the process of fattening the dam for market. Hence the efficiency would tend to be very
high, approaching that of an individual animal.

The implication is that if a sex-ratio controlied system of production is to be
considered, the best option would be the single sex bred heifer system. If however a male
system is considered, then it is best to turn it over as quickly as possible ‘:very 3 years)

since only' then will it out-perform the most efficient traditional system. There appears to
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be no point in adopting an all female system beyond the SSBH stage since the best traditional

system would do better.

4.3.2. Cost of sex-ratio control

The effect of increasing the breeding cost (cost required to maintain a specified
reproductive rate and level of sex control) in a complete (100%) sex-ratio controlled system
in multiples of 10, relative to that in a traditional system, is shown by Figure IV.3 for a
reproductive rate of 1.0, and turned over at 2 years of age (SSBH). As the breeding cost is
increased, the overall efficiency declines as would be expected, and when this cost is 80
times the cost in a traditional system, the system is no longer more efficient than the
traditional system of production operated at maximum efficiency, for all breed groups. If,
however, the system is turned over every 4 years instead of 2 years, breedimg costs
exceeding 30 times that of the traditional system would make the traditional system, operated
at maximum efficiency, as efficient as the sex-ratio controlled system (Figure IV. 4).
Furthermore, if the reproductive rate is 0.8, breeding costs exceeding 30 times the traditional
system also makes the system less efficient (Figure IV. 5). In dollar terms under the current
calculations, the breeding cost in the traditional system is about $3.85 - $5.00 per calf
(compare with the estimate of Taylor et al., 1985, of £5.00, equivalent to about $10.00).
Hence in the case of a SSBH system, the cost of sex control must exceed $300.00 - $400.00
for it not to be profitable. This is a large sum, and implies that‘ for this system not to be
efficient, the technology of sex control must be really inefficient, and hence costly.
However, if the system is turned over at 4 years, or if the reproductive rate is 0.8, then the
cost of technology need only exceed $115.00 - $150.00 for the system not to be efficient;

i.e., sex control should be highly efficient and therefore cheap for such systems to be
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efficient. In addition, the longer such systems are maintained before turnover, the higher the
efficiency in sex control technique will have to be and hence cheaper, for such systems to
be profitable.

The conclusion from this is that, whatever type of sex control operation is adopted,
as rapid a turnover as possible provides the best chance for success, even if the cost of the

sex control is high; i.e., even if the technology is not efficient.

4.3.3. Level of sex control

Figure IV.6 is a comparison of 3 levels of sex-ratio control, 100%, 90%, and 80%
and the turnover ages for each system is the earliest possible for each, 2, 2.11 and 2.25 years
respectively, all represented here as 2+ years. The levels of sex-ratio control indicated here
represent the proportion of male offspring in the herd, and rises by 10% each time to 100%.
The results indicate that higher levels of sex-ratio control result in more efficiency than
lower levels, as might be expected. Differences between sex-ratio control levels increased
with the degree of maturity of the offspring at slaughter, but declined with age at turnover
(compare Figures IV.6 and IV.7). The differences were largest in the SD breed group and
smallest in SY1 breed group. In the former group, the difference ranged from 6% to 27%
from one level to the other at 2+ years of age at culling but declined to <1% to 5% by 4
years of age at culling. In SY1, the respective differences were 2% to 13% and <1% to
4% at 2+ and 4 years of age at culling. Beyond 4 years of age at turnover however there
were no obvious further declines in the differences in efficiency from one level to the other
up to 10 years of age at culling. Fennessy and Thompson (1989) reported increases in
efficiency from about 1% at 23 weeks of ag: slaughter to0 3.5% at 63 weeks in red deer, with

Saiy 10% increase in the proportion of male offspring. However, they did not investigate
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the effect of age at turnover in this case. Their results are therefore similar to those reported
here, at least in trend. By contrast, Taylor et al (1985) reported less than 1% differences
even at 100% sex-ratio control.

It should be noted that under practical conditions, differences in level of sex-ratio
control will be associated with differences in cost, possibly negating the differences in overall
efficiency. It is however likely that in the case of the SSBH system, the cost differences will
have to be substantial to make it less efficient. These results also imply that under partial
sex control, the cost of sex control should be really cheap for the systems to be efficient.
For example, in the SD breed group, 80% partial sex contzol turned over at 2.25 years is
still 25 - 59% more efficient than the traditional system at maximum efficiency. If however
this system is maintained for 4 years instead of 2.25, then it will be 16 - 35% less efficient
than the traditional system at maximum efficiency, so that if the cost of sex control is not

cheap, the efficiency will be far worst in this situation.

4.3.4. Other trends

The influence of age at turnover in sex-ratio controlled systems was similar in trend
to that in traditional systems. Overall efficiency declined with increase in age at turnover up
to 6 years. Beyond 6 years turnover age there was some recovery in overall efficiency,
though this was marginal in the case of the all female system. These results are shown in
Figures IV.7 (all males) and IV.8 (all females). The declines in overall efficiency from 2
years to 3 years of age at culling and from 3 years to 4 years at culling were large, but
beyond 4 years were marginal up to 6 years. At the point of maximum efficiency (offspring
degree of maturity at slaughter, x, = 0.4), the reduction in efficiency between culling at 2

years and other ages ranged from 26.4% to 48% for Hereford, 19% to 43% for Beef
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synthetic #1, 30% to 66% for Beef synthetic #2 and 30% to 74% for Dairy synthetic in the

all male system. This is probably a function of the decline in dam carcass value over the
years (see Table I1.15) and the corresponding rise in her maintenance cost with increasing
maturity.

Breed differences under sex controlled systems were also similar to those under
traditional systems. Differences between breed groups in the mainly male system ranged
from 1% to 42% (depending on the degree of maturity of offspring at slaughter) when the
culling age was 4 years, but declined to <1% to 20% when the culling age was 10 years.
Differences between breed groups at the point of maximum efficiency ranged from 3 - 40%
at 4 years and declined to 2 - 20% at 10 years of age at culling (Figure lV.9); As in the
traditional system, the SY1 breed group tended tc maintain its efficiency better than the other
breed groups with increasing age at culling. The all-female system followed a similar pattern
as the male system but differences were less and the decline in efficiency beyond the peak

was more rapid.

4.3.5 The dairy-beef system

Overall efficiency curves for the dairy-beef system with a reproductive rate of 0.8 are
presented in Figure IV.10. Overall efficiency increases with increase in age at turnover.
This contrasts with the traditional and sex-ratio controlled systems in which efficiency
declined with increasing turnover age. in further contrast to the traditional and sex-ratio
controlled systems of beef production, the maxima are generally obtained when the offspring
are slaughtered within he early stages of inaturity (i.e., 10% to 30% mature). This implies
that to obtain maximum Genefit at cu.2 turnover age offspring should be sold before they are

40% mature i.e., within their first year of life (at weaning, since this is most practical).
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Differences between consecutive turnover ages ranged from a low of 1% to 8% to a high of
1% to 17% depending on the offspring degree of maturity at slaughter. The difference
between the overall efficiency when turnover age is 10 years and that when it is 4 years (best
and worst turnover ages in the study) ranged from 1% - 95%. Differences between turnover
ages were generally largest during the early stages of maturity of the offspring. However
as the turnover age increases, the decline in efficiency is more rapid with advancing maturity
of the offspring and by the time offspring are slaughtered at 90% maturity, differences are
1% or less. Of course, there is no reason to maintain offspring in the herd till they are 90%
mature before slaughter.

The explanation for this trend is found in Figure IV.11. The dam’s feed intake is still
the largest proportion of the total input but it is decreasing with increase in turnover age
(Figure IV.11a). There is however an opposing and probably larger effect; milk output is
increésing with age at turnover and is a far larger proportion of the total output than the
dam’s feed intake is of total input (compare Figures IV.11a & c). This tends to offset the
declining dam’s feed cost and hence the increase in overall efficiency with increase in age
at turnover. Although the extra feed required to produce the milk also rises with age, its
contribution to total input is not as large as the contribution of milk to output, nor the
contribution of the dam’s féed intake to input. The cffect of the extra and increasing amount
of feed required for milk production can therefore be considered marginal.

Comparisons between the dairy-beef system, the traditional and sex-controlled systems are
presented in Figure IV.12. The intention was to compare systems with the same reproductive
rate and turnover age. However, the efficiency figures obtained for the dairy-beef system
were so large that it did not make sense comparing them to far less efficient systems. Hence

for this comparison, the most efficient system in the current studies (the single sex bred
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heifer (SSBH) system, reproductive rate = 1.0 and sex control = 100%, breed group =

Dairy synthetic) and the most efficient traditional system (reproductive rate = 1.0, and age
at turnover = 3, breed group = Dairy synthetic) were used. Of course such systems are not
available and will require some technological investment to implement, whereas dairy-beef
systemn as described here requires no new technology or investment to achieve. Hence the
comparisons ought to be biased in their favour and any superiority of the dairy-beef system
over these systems should be considered very conservative. It should also be noted that such
comparisons are corifounded by environmental influences because the beef and dairy breed
groups were raised in different environments,

It is obvious from the figure that the worst dairy-beef system (4 years of age at
turnover) is still more efficient than either of the best sex-ratio controlled and traditional
systems. Differences between the dairy-beef system at 4 years of age at turnover and the
single sex bred heifer (SSBH) system ranged from 9% - 87%, whereas at 10 years of age
at turnover the dairy beef systems were 10% - 265% more efficient than the SSBH (i.e., 1.1
to 3.65 times more efficient). However, relative to the best traditional system, the lowest
difference from the dairy-beef system was 160%. These differences are significant and
indicate that a dairy-beef system will be more efficient than a sophisticated, high technology
beef system. Although it is likely, that beef from dairy herds will be discounted, the current
results suggest that even with a large discount, such systems are unlikely to be less
economical than pure beef herds.

There are virtually no reports comparing a dairy-beef system with either pure beef
or dairy systems. In Europe, where dairy-beef systems are operating, the focus appears to
be on evaluating different terminal (beef) sire breeds (e.g. Liboriussen, 1982; Southgate,

1982; Southgate et al., 1982, 1987; Langholz, 1986) or investigating scenarios for the most
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profitable dairy-beef production (e.g. Doyle et al., 1985). However, Rozzi et al. (1984) used
a linear programming approach to compare dairy-beef production systems with pure dairy
systems. They found that producing beef from the dairy system made it 30% more efficient.
However, the focus in the current study was on comparing beef production systems hence

pure dairy systems were not considered.

4.4. Summary

A deterministic beef efficiency model (BEM, Chapter II) was used to evaluate and
compare system efficiency in sex-ratio controlled and dairy-beef production systems. The
results indicated that the ‘mainly male’ system was 4% - 79% more efficient than the ‘all
female’ system, as the degree of maturity of offspring at slaughter varied. The male system
was about 5% more efficient than a comparable traditional system operated at maximum
efficiency. However, all the above systems were far less efficient than the single sex bred
keifer system (SSBH), the latter being 27% - 140% more efficient. 'I'he results also indicated
that the cost of achieving the sex control would have to be at least 80 times the breeding cost
in a traditional system for the SSBH to be less efficient than the best traditional system.
Increasing the proportion of male offspring in the herd by 10% results in about 5%
improvement in overall efficiency beyond 3 years age at turnover. At 2 and 3 years turnover
age, the differences were larger. Efficiency in a dairy beef system tended to increase with
age at culling in contrast to the other systems, because of increasing total milk output. This
system was by far the most efficient system. The least difference between it and any other
system was 9% (this occurring only if offspring wese retained in the herd till they were 90%

mature before slaughter) and the least difference berwizen it and the best tradition system was



171
160%. It was thought unlikely that discounting beef from the dairy-beef system would make

the system less efficient than the pure beef systems.



Figure IV.1. Comparison of ‘all male’ and ‘all female’ systems of beef production for

different ages at turnover.
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Figure IV.2. Comparison of some Sex-ratio controlled systems of beef production with the

traditional systems.
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Figure IV.3. Effect of increasing the breeding cost in a single sex bred heifer system by

multiples of that in the traditional system: a comparison with the traditional sysiem.



177

5““ Y LN\
}5 . / /// g' i) 8 I°
%3? 3\\\\\\\ i L &\\\\\§
i L pp HE 3
i R g i i\mg
i3 ikl S
i ;i\\\\\\\\\g Il TN
I T ? % i\

'''''''

(-]
FFFFF -§ g ﬁ 'y e © :§
] . " -

that of & tradRional

controlied system in mulliples of
systom; breed = Hevelord,
lA V‘,A G

= 1.0, 8= 100%.

e of that of a tradRtionel
r=10,8= 1

Effect of increesing breeding coet (bc) of asex
Effect of Incieasing hrseding cost (be) of a sex
in multiples




Figure IV.4. Effect of increasing the breeding cost in a sex--ratio controlled system with a
reproductive rate of 1.0 and turned over at 4 years of age on the overall efficiency (g

equivalent lean Mcal” ME) relative to that in a traditional system.
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Figure IV.5. Effect of increasing the breeding cost in a sex-ratio controlled system with
reproductive rate = 0.8 and turned over at 3 years on the overall efficiency (g equivalent

lean Mcal? ME) relative to that in the traditional system.
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Figure IV.6. Effect of level of sex-ratio control (proportion of male offspring) on overall

efficiency (g equivalent lean Mcal*! ME).
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Figure IV.7. Effect of age at turnover on the efficiency (g equivalent lean Mcal*! ME) in ‘all

male’ systems of beef production
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Figure IV.8. Effect of age at turnover on efficiency (g equivalent lean Mcal? ME) in ‘all

female’ systems of beef production
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Figure IV.9. Breed effect on the efficiency (g equivalent lean Mcal” ME) in sex controlled
(all male) systems of beef production.
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Figure IV.10. Effect of age at turnover on efficiency (g equivalent lean Mcal! ME) in a

dairy-beef system of production
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Figure IV.11. Contribution of the dam and milk output to the total inputs and outputs in a

dairy-beef production system.
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Figure IV.12. Comparison of the dairy-beef, single sex bred heifer and traditional beef

production systems in overall efficiency (g equivalent lean Mcal? ME).
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§. General Discussion

In Agricultural research as in other fields of study, some problems are either
impossible to investigate experimentally or too expensive both in time and material to
conduct. Measuring the efficiency of an entire beef herd or production system is one such
problem that is too expensive to evaluate experimentally. The development of immense
computing power and its increased availability ard accessibility in recent years has stimulated
interest in the use of computers to model and simulate such problems, at least to identify
focal points for actual experimentation.

The model described in Chapter II was developed in light of the above, to enable the
investigation of trends in overall efﬁciency in an entire beef herd, and to enable comparisons
of such systems. Total (feed equivalent) input included the feed intake of the entire herd, the
initial costs of the herd and breeding costs. Total (steer lean equivalent) output included the
total lean meat produced by the herd up to turnover and any excess saleable milk. Growth
was predicted by a Richards’ function (Richards, 1959) and used to predict daily feed
consumption using standard equations (NRC, 1984, 1987, 1989; Fox et al., 1988).
Cumulated feed c'dnsumption and body weight were then scaled by mature weight and a
relation between the two developed. Herd prodﬁction was simulated by the performance of
a conceptual ‘average cow’ similar to Taylor et al. (1985) and vefﬁciency was evaluated with
respect to the degree of maturity of offspring at ‘siaughter. |

While efficiency in a herd can be influenced by a number of factors, the results in
traditional beef production systems (Chapter III) suggest that the average age at which the

herd is turned over should be carefully considered. Overall efficiency tended % degline with
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increasing turnover age up to 6 years, and then increased marginally in most breed groups

thereafter. The decline in efficiency with increase in age was first reported by Taylor et al.
(1985) and has subsequently been shown for red deer as well (Fennessy and Thompson,
1989). The implication here is that females be culled as soon as their replacement is
produced. Hence in a herd with a reproductive rate of 0.8 and sex ratio of 0.5, it should be
possible to cull 40% of the cows shortly after their first calf (at 2 years). This of course
would also tend to reduce the generation interval and make genetic selection more effective.
Unfortunately it does not appear that this concept has received any commercial attention.

Increasing the reproductive rate increased efficiency as expected. However, if such
an increase were assumed to result from increases in feed consumption by the cow herd (i.e,
over-feeding), then a 10% excess in feed intake results in less efficiency (Chapter III). This
seems to suggest that as long as costs to the herd are not substantially increased in the
process of achieving improved reproduction, the overall efficiency will improve accordingly.
However, increases in overall costs could impinge on any improvement in efficiency. For
example, if improvement in the reproductive rate is the result of improved management
without increased input, that would improve overail efficiency more than the case in which
improvement in reproduction is the result of higher level of nutrition. The level of
impro?ement in efficiency (3.9% to 6.5% for each 10% improvement in the reproductive
rate) is similar to those of Taylor et al. (1985) and Fennessy and Thompson (1989).

There were also substantial breed differences in overall efficiency explainable by
differences in maturing rates of the breed groups. Since dams are culled on the basis of age,
faster maturing breed groups like the Beef synthetic #1, were always more mature and hence

carrying a larger maintenance load at each age at culling. Such breed groups, contrary to
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expectation, were always less efficient at each turnover age. This is because the maturity of

the dam was the most sensitive parameter in the model and it was negatively related to
overall efficiency (Chapter II). The model was not sensitive to factors such as mature size
and hence mature size could not be a major reason for breed group differences. These
results imply that some thought be given to breed selection in the beef enterprise. For
example, if there is a premium for faster growth, then the early maturing breeds might not
be less efficient than the later maturing breed groups.

In systems where sex of offspring is controlled, those in which mainly male calves
are produced were more efficient than systeras producing only female calves (Chapter IV).
This contrasts with the results of Taylor et al. (1985) but is similar to that of Fennessy and
Thompson (1989). At the same turnover age however, a traditional system operated at
maximum efficiency is only 5% less efficient than the mainly male system, implying that
there might be a definite limit on how much sex-ratio control can cost before such systems
are not efficient. However, a female system operated as a single sex bred heifer system
(reproductive rate = 1.0, sex-ratio control is 100% and herd is turned over every 2 years)
was far more efficient than either mainly male or traditional system operated at maximum
efficiency. Tlus result agrees with the earlier findings of Taylor et al. (1985) and Fennessy
and Thompson (1989). It is a reflection of the importance of the dam’s feed intake as a
proportion of the total input. In a single sex bred heifer system dams are culled at 2 years,
shortly after weaning their first calves, and hence yield a carcass of prime value and their
own replaoemeﬁt. The feed cost of the dam then serves the dual function of productive
growth as well calf production (Taylor et al., 1985). The cost of sex-ratio control would

have to be at least 80 times that in the traditional system for this system not to be efficient.
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This implies that unless cost of achieving 100% sex control and a reproductive rate of 1.0

exceeds about $350.00 per cow, this system is the most efficient. In other words this system
is efficient enough to withstand high costs in sex-ratio control.

The dairy-beef system has been described as the most efficient production form
(Andersen, 1978). The results of the current study although conservative in every respect
seem to support this notion (Chapter IV). The difference between this system and a
traditional system with higher reproduction and operated at maximum efficiency was at least
160%. The minimum difference between this system and a single sex bred heifer system was
9%. However, this occurs only when offspring are slaughtered at 90% mature. This is
unlikely to happen in practice hence the difference will usually be larger than 9%. The
maximum difference between the dairy-beef and any other system ranged from 87% to
265%, depending on the offspring degree of maturity at slaughter. Comparison of efficiency
in the dairy-beef system with pure beef production systems has hardly been done, probably
because of the difficulty of measuring such efficiencies to start with. However differences
as large as those reported here ought to stimulate some thoughts. In sharp contrast to the
traditional and sex-ratio controlled systems, efficiency in this system incre. ~ with turnover
age, because milk production is such a large proportion of the total output and milk
production increases with turnover age.

The model built and used in the current studies has its limitations, developed along
that of Taylor et al. (1985). As pointed out in Chapter II, it will not identify individual
animals and is not as general as other beef models such as the Texas A & M Beef model
(Sanders and Cartwright, 1979; Cartwright and Doren, 1986). It only treats the case of ad

libitum feeding without consideration for other feeding schemes, and is not capable of



203

evaluating crossbreeding. However, it emphasizes the influence of the degree of maturity of
offspring at slaughter, indicating optimum times to market the offspring and traces trends in
efficiency with respect to single variables such as age at turnover. The influence of
simultaneous cﬁanges in two wariables were not evaluated in the current study mainly because
of lack of a three dimensional graphics presentation system. It should e an interesting
consideration in future studies. Development of a more realistic herd meZel and including
some stochastic elements in model could also be considered in the future. The current
efficiency values are also basically biological and will not necessarily agree with economic
evaluations. However as suggested by Thompson and Barlow (1986), "although economic
efficiency is perhaps the more relevant figure for producers, biological efficiency is a stable
measure across national boundaries and over time, around wﬁich_the economics can be built".

The uselof computers in modelling livestock syStem's is still new. Cartwﬁght (1982)
suggests that it has captured the imagimation of some as a progressive addition to livestock
production science, but appears to others asv a useless diversion. He contends that the truth
probably lies somewhere between, a_nd that solutions to real world pfqblems ultimately have
to be found in the real world, Whatever opinion we might have of this method of
investigation, as pointed out above, the magnitude of sdme of the differences reported here

ought tc generate some amount of empiricism.
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Appendix. Listing of program statements

Three programs, feed.c, herd.c and eff.c were written and combined into a project file, BEM.PRJ. This
is a listing of the program statements.

Feed.c
1 #include <ctype.h>
2 #include <math.h>
3 #finclude <conio.h>
4 #include <stdio.h>
5 #include "b:\modeld.h"
6
7 /* Main program %/
8 main()
9
10 {
11 char op_type; /* operation type */
12 int sex_cont; /* type of sex control i.e, ali male or all female */
13
14 float nyears=10.0;
15 start (&op_type, &sex_cont);
16 dynamics(nyears);
17 over_eff(op_type, sex_cont);
18 return (0);
19}
20/ end of main func. g dookololol
21
22
23 float richards(int time, float mrate, float beta, float inflex, float matwt)
24 {
25 float X2, X3, X4, X5, X6, T;
26
27 T = time;
28 X2 = mrate * T *(-1.0); [kt */
29 X3 = exp (X2); I*exp(-kt)*/
30 X4 =beta * X3; /*Bexp(-kt) */
31 X5=1.0-X4; /* 1 - B(exp(-kt)) */
32 X6 = pow (X5, inflex); /* (1 - B(exp(-kt))"M */
33 : ‘
34 return(matwt * X6); 1*A(1-B(exp(-kt))"M */
35 }
36 »
371/ end of function Richards *

38
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/* function for computing regressinons */

39

40 void regress(float num, float cumX, float cumY,, float crossP, float squareX,
41 float squareY, float *bee, float *ea, float ¥rsq)

21{.

43 float meanX,

4 meanY;

5

46 meanX = cumX / num;

47 meanY = cumY / num;

48 '

49 *bee = (crossP - (num * meanX * meanY))/ (squareX -(num * meanX * meanX));
50 *ea = meanY - (*bee * meanX);

51 *sq = *bee * (crossP - (num * meanX * meanY)) / (squareY - (num *meanY

52 *meanY));
53} .
54/ ot i **end of regress function /
55 :
56 , _
* 57 void calf_inteke(float cor_wt, float gain, float milk, float Matwt,
58 float MEd, float NEGd, float NEMd, int brd_size,
59 int sex, float *dmi, float *ei, float *NEga)
60
61 {
62 float _
63 M_dm kg=0.12, - f*#milk dry matter and energy values*/
64 = M_NEM=3.34, /*milk net energy for maintenance/kg */
65 M_NEG=2.16, /*milk net energy for gain/kg */
66 M_ME=5.29, #milk metabolizable energy/kg */
67 shrt=0.0, '
68 NEMr,
69 NEG,
70 NEP, /* net enegry of production required */
! NEPM, /* net energy of prod. content of milk, per kg */
72 TNEPM, /* total net energy of production from milk */
73 NEPD, ‘ /* net energy of prod. content of diet, per kg */
74 MR, /* amount of milk required to satisfy NEP */
75 DDMR, /* amount of diet required to satisfy NEP */
76  .cor_brd, :
m Diet MEI,
78 Diet DM, _ , , '
79 Milk_MEI, I*total milk net energy for maintenance */
80 A, - : ,
81 Milk_DM]I,
82 Milk_DM;
83 :
84 Milkk DM = milk * M_dm_kg;
85 _ .
86 A = Matwt;

87 cor_brd = (brd_size < 5)? 1.0: 1.12; .
88 NEG = gain_neg(brd_size, cor_wt, gain, sex);
89 NEMr =cor_brd * 0.077 * (pow(cor_wt, 0.75));



90 *NEga = NEG;

)|

92

93 NEP = NEG + NEMr;

94 MR = (NEMr / M_NEM) + (NEG / M_NEG);

95

96 NEFM = NEP / MR;

97 TNEPM = Milk DM * NEPM;  /* total net energy of production from milk */
98

99 if (TNEPM > = NEP)

100 {

101  Milk DMI = NEP / NEPM; /* milk dry matter actually consumed */
102  Milk MEI = Milk DMI * M_ME;

103  *dmi = Milk DM/ A; /* A is mature wt - scaling */
104  *ei = Milk MEI/ A;

105 }

106 else

107 {

108  shrt = NEP - TNEPM;

109  Milk DMI = Milk_DM;

110  Milk MEI = Milk_DMI * M_ME;

111  DDMR = (NEMr / NEMd) + (NEG / NEGd);
112  NEPD = NEP / DDMR;

113 Diet DM = skrt / NEPD;

114  Diet MEI = Diet DM * MEd;

115  *dmi = (Diet_DM + Milk_ DM)/ A;

116  *ei = (Diet MEI + Milk MEI) / A;

117 }

118}

119

120 /##istdiciickak end of calf_intake function /

121

122

123 /* This function computes cummulated weights and cummulated log_wts for regression
using my ’reg’ 124 function  */

125 ' '

126 void totals_wt(float wt, float In_wt, float *cum wt, float *log_wt,

127 float *wt_sq, float *log_wtsq)

128

129  *cum wt += wt;

130  *log wt += In_wt;

131 *wtsq +=wt*wt;

132 *og wisq += In_wt * In_wt;

133

134/ y end of totels_wt function
135

136

137

138 /* This function cammulates energy, log energy and their crossproducts with
139 weigth and log weight for regression :

140%

141

—



142 void totals(float dm, float wt, float In_wt, float E, float *cum, float
143 *cum e, float *log_cum, float *cum_sq, float *log_cumsq,
144 float *xpdt_E, float *xpdts, float *loy_xpdts, float *inxpdt E,

145 float *In_Esq, float *In_E, float *Esq)
146

147  float log_dm,

148 log_E;

149

150 log E =log(E);

151 log_dm = log(dm);

152 *cum e +=E;
153  *Esq +=E*E;

154 *"hE += log_E;

155 *n Esq +=log E *log E;
156 *xpdt E +=E*wt;

157 *inxpdt E +=log E*ln_wt;
158 *cum += dm;

159 *og cum += log_dm;

160 *cmsq +=dm*dm; :
161  *log_cumsq += log dm *log_dm;
162  *xpdts - += wt*dm;

163  *og_xpdts += In_wt * log_dm;
164

165 /+ w44# end of totals function **
166 ' _

167 /* This function centers a string on screen at the specific row
168

169

170 void center(char *S, int row)

171§

172 ¢lrser();

173 gotoxy(40 -strlen(S) /2, row);

174 cprintf(" %s",S);

175}

176

*/

177 / end of centering function ***
178

179 /*This function cozaputes predicted feed intakes by sex/function.
180 sex 1 = breeding females, sex 2 = fattening heifers, sex 3 = steers

181 and sex 4 = bulls

k]

182 */

183

184 void feed(int sex, float NEM, float ME, float wt, float breed, float mwt,
185 int brd_size, float *dmi, float *ei, float *NEga, float NEGd)
186 S

187

188 float intake, size;

189 float size, eff{3)[2] = {{0.90, 1.00},

19 {1.10, 1.10},

191 {1.00, 1.05}};

192 int index1, index2;

193

~—
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194 index1 = (brd_size > 1)?1: 0;
195 index2 = (sex <=2)?0 : (sex-2);

196

197 size = size_efffindex2][index1];

198

199

200 switch(sex)

201

202 casel: /* breeding females */

203

204 intake = pow(wt, .75) *((0.1462*NEM) - (0.0517*NEM*NEM) - 0.0074)
205 * breed * size;

206  break;

207 case2: * heifers */

208  case 3: I* steers: &/

209 case 4: I* bulls */

210 intake = pow(wt, .75) * ((0.1493*NEM) -(0.0460*NEM*NEM) - 0.0196)
211 * breed * size;

212 break;

213}

214 *NEga = (intuke - (0.077 * pow(wt, 0.75)/ NEM)) * NEGd; /*net E for

215 gain available*/

216 *dmi = (intake/mwt);

217 *ei = (intake*ME/mwt);

218

219)

220 /- . end of feed function **

221
222/*lhisﬁmcﬁonobuinstheﬁwtorforcomcﬁngweighttoamdiumframe
223  steer equivalent.

224 %/

225

226 float equiv_wt(int breed, int sex)

227 {

228 intb;

229 extern float matrixEQ[4][3];

230 b = (breed == 5) ? 4 : breed; /* This assumes the dairys breeds are of */
231 return(matrixEQ[b-1][sex-1]); /* frame size 9, same as the SD */
232 )

233

234 [*srrrnkeres end of equivalent weight function *
235

236/*Thisﬁmeﬁoneomputesthenetenergyrequiredforspeciﬁedgain, sex
237 and breed _ '

~—

—

238 %/

239

240 float gain_neg(int brd, float wt, float adg, int sex)

241§

242 extem float matrixX[2][3], /* coefs for NEG equation */
243 matrixP[3]; .
244 float NEG;

24S int breed;



246 breed = ((brd >1) 7 1 : 0); /* decisions based on medium or large frame size %/
247
248 NEG = matrixX[breed][sex-1] *(pow(wt,0.75)) * (pow(adg, matrixP[sex-i]));
249 return(NEG);
250 }
251/ end of net energy for gain function
252
253 4wtk hreed correction fo maintenance requirement **
254 This fonction returns the correction for breed size, mainly dairy breed
255 ¢/
256
257 float breed_cor(int breed, float actual_wt, int gender)
258 {
259 float value;
260 if(breed < 5 || gender == 4)
261 value-lo
262 if(breed =
263  value = (wtmlwt>3180)"108 1.0;
264
265 return (value);
266
27}
268 / ++ end of breed correction fetion ¥
269
270
271 /* This function resds growth parsimetses fros: e externsl matrixGP  #/
21
213
274vondgmwth_pums(ﬁoat*xl Sloat *x2, float #x3, flos! %:4. int brd_size)
25{
276 extem float matrixGP{S}{4];
2 int b;
278 b = brd_size;
219  *x1 = matrixGP{b-1](0);
0 *x2 = matrixGPb-11{2];
1 *x3 = matrixGPb-1]1}
282  *x4 = matrixGP[b-1][3};
283 )
284 /¢ # % % » % % % % % engd of growt_parms function * * * * ¥ # * ke s % 4/
285
286
287 /* This function obtains the temyperstuie of the month and the correciion for &. ¥/
288
289v{roidTemp('mtmth,intmm, fiow “mpi, float *cor_t, float *wad)
290
291 extern float tmp(2}{12};
292 extem float wind{2]{32};
293 float cur_tmp,
294 cor_tmp;
295 char ans = °x’;
296
297 %tmpl = cur_tmp = tmp[season-1]J{mth-1);

~—

—
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212

298 *wnd = wind[season-1]{owh-1};

299

300 if{cur_tmp > 35.0 && ans == '¥")

301 cor_tmp = 0.9;

302 if(cur_tmp >35.0 && ans =="K")

303 cor_tmp = 0.65;

304 else if(cur_tmp >35.0)

305 {

306 printf("Is there night time cooling ?2(Y/N)\n");
307 scanf{" %c", ans);

308  while(toupper(ans) !="Y’ || toupper(ans) != 'N’)

309 {

310 BEEP;

311 scanf(" %c", ans);

312

313  cor_tmp = (toupper(ans) == "Y") ? 0.9 : 0.65;
314

315 if(cur_tmp > = 25.0 && cur_tmp <= 35.0)

316

317 cor_tmp = 0.90;

318 if{cur_tmp > = 15.0 && cur_tmp < 25.0)

319 cor_tmp = 1.0;

320 if(cur_tmp > = 5.0 && cur_tmp < 15.0)

321 cor_tmp = 1.03;

322 if(cur_tmp > -5.0 && cur_tmp < 5.0)

323  cor_tmp = 1.05;

324 if(cur_tmp > = -15.0 && cur_tmp <= -5.0)

325 cor_tmp = 1.07;

326 if(cur_tmp < -15.0)

327  cor_tmp= 1.16;

328 *cor_t = cor_tmp;

329}

330 /44 ++*end of Temp function y o
331

332

333 /* Beginning of month of yr program. It returns the month of the year by using 2 *for loops® to
334 reduce any moment in the simulation to a point in a 365 day cycle and determine
335 the month from there.

336 */

337

338 void mthofyr(int time, int Cal_p, int *yr, int *mnth)

339 {

340

341 int i, j, k, days;

342 extem float tmp{2][12];

343 extern int cum_days{2]{12], yr_days{[20];

344 for(j=0; j <20; j+ +)

345 { /* first *for loop® */

36 i=j+1;

347 if(time <= yr_days[0]) /*This loop ensures days !> 365 so that month */
348 { /*is always decided on 365 day cycle */

349 days = time;

~—



350 wyr=1;

351 break;

352 }

353 elseif(time > yr_days[j] && time <= yr_days{i])

354
355 days = time - (365 * i);
356 Wr=1+1;

213

357 break;

358 }

359

360 }

361 /* second *for loop® */

362 for(k=1; k< =12; k+ +) /* decides month of year*/
363 {

364 if(days <= cum_days[Cal_p-1][0])

365 |

366 *mnth = I;

367 break;

368 }

369 else if(days > cum_days{Cal p-1][k-1] && days <=cum days{Cal_p-1][k])
370 {

n *math = k+1i;

n break;

373

374 )

375)

376

3771 skt end of month of year program ***
378

379 void totals_c(float cdmi, float cei, float In_wt, float *cum_cdmi, fioat
380 *cum_cei, float *cdmi_sq, float *cei_sq, float *xpdcmi,
381 float *xpdce)

382

383 *cum cdmi += cdmi;

384  *cum cei += cei;

385 *cdmi_sq += cdmi * cdmi;
386  *cei_sq += cei * cei;

387  *xpdemi += cdmi * In_wt;
388 *xpdcei += cei * In wt;

389
390 /+tssnrrsrmerinsrintan eng of totals wt function * kbt
391
392 void preg(int day, int year, int brd, float *preg_e, float bwt)
393 {
394 double ff,
395 fp,
396 fe,
397 oW,
398 ce,
399 nw,
400 uw,

401 ne,
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402 ct,

403 ue,

404 q = 0.0;

405 static float qc[3]{4] = {{5.0, 2.9, 1.2, 0.8}, {5.2, 2.9, 1.5, -0.3},

406 {3.6, 2.3, 0.9, 1.4}};
407 if(brd > 2)

408 brd-=1;

409

410 if(year <= 4)

411 q = qc[brd-1][year-2};

412 if (year > 9)

413 q = qc[brd-1][3];

414

415 f=(0.00006811 -(0.000000197*day))*(exp((0.088S -(0.0001281*day))*day));
416 fp = (0.03452 -(0.0001094*day))*(cxp((0.0589 -(0.00009334*day))*day));
417 cw = (0.084042 -(0.0003087*day))*(exp((0.05614 -(0.0001031*day))*day));
418 nw = (0.2685 -(0.0009322*day))*(exp((0.04378 -(0.000076*day))*day));
419 uw = (1.3664 -(0.0038414*day))*(exp((0.02475 -(0.0000348*day))*day));
420

421 fe = ((5.505 * fp) + (9.527 * f));

422 ce = 0.539 * cw;

423 ne = 0.539 * nw;

424 ue = 0.952 * uw;

425 fe += (ce + ne + ue + 0.006877);

426

427 *preg_e = fe * ((bwt - q)/36.4)/(1000.0 * 0.125);

428 /*mcal ME /day for pregnancy, assumes 12.5% efficiency of
429 ME use for preg. */

430}

431/ ¢ *end of preg function * ¢ b /
432

433

434 void e _lact(float *tot_e, float *daily milk, float *fat, int day_lact,

435 int breed, int year)

436 {

437 static float BAP[S]={6.9, 7.9, 8.3, 8.7, 30.0};
438 static float BAF[5]={4.9, 4.7, 4.8, 4.8, 3.5};
439 static float age_coef[3){5]={{0.62, 0.77, 0.67, 0.84, 0.60},

440 {0.76, 0.83, 0.99, 0.96, 0.825},

441 {0.85, 0.95, 0.98, 1.11, 0.925}};

442

443

444

445 float PYm, /* Peak milk yield for mature and other ages */
446 PY4,

447 PY3,

448 PY2,

449 DPYm, /*day of peak lactation */
450 DPY4,

451 DPY3,

452 DPY2,

453 Wam, /* Wood’s equation, 'a’ coefficient */



454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
mn
472

Wbm, /* Wood's equation, ’b’ coefficient */
Wem, /* Wood’s equation, 'c’ coefficient */
DYm, /*daily milk yield */

DMF, /* daily milk fat % */
PMF, /* peak milk fat % */
LE; /* metabolizable energy for lactation mcal / day */

473 float bap, dayl, bwsadj = 5.0; /%breed adjustment */
474 int yr, day;
475 if (breed ==

476
4n
478
479

3

{

*daily milk = I.0;
*at = 3.5;

}

481 else

{

bap = BAP[breed - 1];
PMF = BAF[breed - 1);

PYm = ((0.125 * brdadj) + 0.375) * bap;

PY2 = age_coeff0)[breed-1) * PYm; I*age coefs correct mature milk yield*/
PY3 = age coef{1][breed-1] * PYm; /™o age specific basis */

PY4 = age _coef{2][breed-1] * PYm;

DPYm = PYm + 40;
DPY2 = DPYm + 10;
DPY3 = DPYm - 10;
DPY4 = DPYm - 5;

Wam = 5.30 - (0.075 * DPYm);
Wa2 = 4.00 - (0.05 * DPY2);
Wi3 = 6.65 - (0.11 * DPY3);
Wad = 5.85 - (0.09 * DPY4);

Wbm = (log(PYm) - log(Wam))/(log(DPYm + 14) -1);
Wb2 = (log(PY2) - log(Wa2))/(log(DPY2 + 14) -1);
Wb3 = (log(PY3) - log(Wa3))/(log(DPY3 + 14) -1);
Wb4 = (log(PY4) - log(Wad))/(log(DPY4 + 14) -1);
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506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
54
545
546
547
548

549 1%0.651 eff. of conversion of ME to NE! */
550 *fat = DMF;

551 }

552} ‘

553 [wwen ead of lactation function

Wem = Wbm / (DPYm + 14);
Wc2 = Wb2 / (DPY2 + 14);
Wc3 = Wb3 / (DPY3 + 14);
Wc4 = Wbd / (DPY4 + 14);
day = day_lact + 14;

dayl = (day lact + 1.0)/7.0;

if (year > 1 && year < 4)

yr = year;
else if(year == 4 || year > 10)
yr=4
else
yr =5;
switch(yr)
{
case 1:
*daily_milk = 0.0;
break;
case 2:
*daily_milk = Wa2 * pow(day, Wb2)*exp(-Wc2*day)*(PY2 /
(age_coef{O]bresd-1] *10.0));
break;
case 3:
*daily milk = Wa3 * pow(day, Wb3)*exp(-Wc3*day)*(PY3 /
(age_coef{1][breed-1] *10.0));
case 4: .
*daily milk = Wa4 * pow(day, Wb4)*exp(-Wc4*day)*(PY4 /
(age_coef[2][breed-1] *10.0));
break;
case 5:
*daily milk = Wam * pow(day, Whm)*exp(-Wem*day)*(PYm /10.0);
break;
}
DMF = 1.01 * PMF * pow(dayl, -0.13) * exp(0.02 * day1);

*tot_e = (0.3512 + (0.0962*DMF)) * (*daily_milk)/0.6510;

216

]
/

554 /* This function computes enviromental corrections by proceedure of Fox et al 1988)#*«#nssts/

555

556 void eaviro(float cei, float NEG, float pe, float le, int age,



557 float tmp, float wt, float wind, float *MEc)

558

559 {

560 static float TI[4][3] = {{2.5, 2.5, 2.5}, /* tissue insulation values */
561 {6.5, 6.5, 6.5},

562 {5.5, 6.8, 8.0},

563 {6.0, 9.0, 12.0}};

564

565 static float EI{4]{4] = {{7.0, 11.0, 14.0, 17.0}, /*external insulation */
566 | {5.0, 7.5, 10.0, 13.5},

567 {4.0, 5.5, 8.0, 9.0},

568 {3.0, 4.0, 6.5, 6.5}};

569

570 static float skin{4] = {1.0, 0.8, 0.5, 0.2}; /*skin condition */

571 I*clean & dry =1.0 etc */

572 static float hide[3] = {0.8, 1.0, 1.2};  /*thickness of the hide */
573
574 int agel, flesh = 1, wnd, coat;

608 }

575 float insl,

5§76 - ins2,

571 ins,

578 sa, I* surface area */
579 dm_maint,

580 dm_gain,

581 ME_gain,

582 NEFP,

583 HP,

584 MECS,

585 LCT;

586 '

587/ wiokk oot age factor for reading TI & EI */
588

589 if (age <= 30)

90 { |

591 agel = 1; /*new born*/

592 coat = 1; /* hair <0.5%/
593 } } ‘

594 else if (age > 30 && age <= 180)

595 - {

596 agel = 2; :
597 coat = 2; /* hair = 1 cm */
598

599 else if (age > 180 && age <= 365)

600 { ‘

601 agel = 3;

602 coat = 3; : , /*hair = 1.5cm */
603 } '

604 else

605 {

606 agel = 4;

607 coat = 4; /* hair = 3.0 cm */
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609

610/ ook oet vind factor for reading EI : /
611

612

613 if (wind <= 1.6)

614 wnd = 1;

615 else if (wind > 1.6 && wind <= 6.4)

616 wnd = 2;

617 else if ( wind > 6.4 && wind <= 12.8)

618 wnd = 3;

619 else

620 wnd =4;

621

622 [*¥domisioir obtain TI & EI and compute total insulation y kf
623

624 ins1 = TIfagel-1][flesh];

625 ins2 = EI[wnd-1][coat-1] * skin[0] * hide[1]; /*clean skin moderate hide */
626

627 [¥ieiiciokacioik coppute total insulation
628

629 ins = insl + ins2;

630

631/ compute surface area ok f
632

633 sa = 0.09 * pow(wt, 0.67);

634

635 [k ¥ compute net energy for production * /

636 ~

637

638 NEFP = (0.65 * le) + (0.125 * pe) + NEG;

639

640 [Hidsiolioioiolk compute heat production * ; ; */
641

642 HP = (cei - NEFP)/sa;

643 [wikiiokiiakiokak compute lower critical temp bk y dl

~

644

645 LCT = 39 - (ins * HP);

646

647 [Hewirknioniok compute ME for cold stress %+ 7
648 MECS = sa * (LCT - tmp) / ins;

649 »

650 if (MECS < 0.0)

651 MECS = 0.0;

652 *MEc = MECS;

653 }

654

655

1656 [*xiink THis function computes the effect of previous temperature */
657 '

658 void pre_tmp(int mnth, int sea, int yr, float *pretmp_eff)

659 { : : ' _

660  extern float tmp[2][12]; /* monthly tmps by season of calving */



661 float pretmp;

662

663 [*#wannk ggsion 0,0 to pretmp effect in first month of simulation. **+**/
664

665 if(yr == 1&& mnth ==1)

666 *pretmp_eff = 0.0;

667

668 /*##rx compute effect of pretmp by NRC 1981 equation in other cases *¥¥4¥/
669

670 else if (mnth == 1)

671 {

672 pretmp = tmp[sea-1][11];

673 *pretmp_eff = 0.0007 * (20.0 - pretmp)/0.65; /* divide by .65 to

674 : convert to ME */
675 }

676 else

677 {

678 pretmp = tmp[sea-1]{mnth-2];
679 *pretmp_eff = 0.0007 * (20 - pretmp)/0.65;

680 )
681 }
682
683 :
684 / g end of previous temp function */
685 ' :
686 void.dymsmics(float years)
. 687 {
688 float Iem,
689 wind,
690 - temp,
691 time,
692 breed f, [*breed correction factor */
693 Cor_dm,
694 . Cor E,
695 core, /* enviro. energy, not weight by metabolic wt */
696 temp_cor, /* temperature correction for feed intake */
697 Mwt_f, '
698 matwt,
699 ‘mrate,
700 - inflex,
701 beta,
702 wt_now,
703 met_wt,
704 wt eq, -
705 cor_wt,
- 706 scaled wt,
707 log wt,
708 PADG,
709 MEd = 2.60,
- 710 NEGd,

711 Md,
712 milk, -
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713 cumwt,
714 logwt,
715 NEGa,
716 DMI,
717 El,

718 cumfeed,
719 logfeed,
720 xpdts,
721 witsq,
722 cum_E,
723 log E,
724 xpdt_E,
725 Esq,

726 Inxpdt E,
727 InEsqg,
728 feedsq,
729 logxpdts,
730 logwtsq,

731 logfeedsq,
732 cum_dm p,

733 cum_dm },
734 cum_e p,

735 cum_e |,
736 dm p,
737 dm_},
738 le,

739 Pe,

740 mfat,
741 bwt,
742 tei,

743 cum_cdmi,
744 cum_cei,
745 dmi,

746 ei,

747 pretmp,

748 pretmpeff,

749 logB, logA,logrsq,

750 ‘

751 logBl, logAl, logR1_sq;
752

753 float chk_pretmp([12];

754

755

756 int i, j, limit, k, m,

-~ 757  gender, sex,

758  month, year, day, day2,
759  calving_mth, array_index,
760  breedsize; v
761

763
764

220

I*net E for gain consumed (available)*/

/* total intake to age i, Y1i for regression purposes®/
/* total energy intake to age i */

/* sum Y1i by previous terminology */

/* sum log Y1i ¥/

/* sum XiY1i */

/* sum Xsq */

/* sum Y2i, energy */

I* sum log Y2i */

/* sum XiY2i crossproducts energy and wt */
/* sum Y2sq */

/* crossproducts in log form, energy and wt */
/* sum log Y2sq */ :

/* sum Yisq */

/* crossproducts in log, dm intake and wt */

/*cum dm for pregnancy */

/*cum dm for lactation */

/* cum energy for preg. */

* cum energy for lact. */

/*daily dm for pregnancy */

/*daily dm for lactation */

/* daily lactation energy */

/* daily preg. energy */

/* milk fat - not used in this function */

/* birth weight */

*total daily energy intake, include pe & le */
[*total corrected dm intake to age i */

/*total corrected caergy intake to age i */

/* daily dm intake without preg. or lact. */
/* daily energy intake , no preg or lact. */

I* previous terap. effect */

/* prevoius tmp effect weight by metabolic weight */
/* regression parameters */

/*temp. mat. used to ensure previous tmp eff is not

. computed unless there was environmental corrections in the

last month */

762 extern int matrix AGE[5][10], min_age{7]; /*age at specific mieu & minimum */
/*age at culling for dams - */

/* variables for passing value to other models */



765
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766 extern float eq_coefs[2][S](8], /* regression coefficients */

e_off_dm[5][4][10], /* enviro. cor. to specific mieus */

e_off e[S][4]{10),

¢ dam_min dm{5)(7), /* enviro cor. dm to specified min ages, dams */
¢_dam min_e[5][7], /* enviro cor. E. to specified min ages, dams */

767
768
769
770
m
772
773
774
775
776
7
778
779
780
781
782
783
784
785
786
7817
788

e¢_dam _e[5][10], /* eaviro cor. E. to each yr end, dams */
e_dam dm[5])[10]; [* enviro cor. dm to each yr end, dams */
len = DAYSINYEAR * years;  /* number of iterations, days */
limit = len; I*converts len to an integer */
array_index = 2; :
cprintf(*Input month of culving from 1 (Jan) to 12 (Dec)\n");

scanf(" %d", &calving_mth);

shiﬁ_énm_days(ealving_mth—l); /*rearrange cum. days to appropriate month */

shift_tmp(calving_mth-1);

[*rearrange temperature to appropriate month */

shift_wind(calving_mth-1); /*rearrange wind speed to appropriate month */

NEMd = (1.37 * MEd) - (0.138 * MEd * MEd) + (0.0105 *(pow(ME4,3))) - 1.12;

NEGd = (1.42 * MEd) - (0.174 * MEd * MEd) + (0.0122 *pow(MEd, 3))) - 1.65;

. 789 for(breedsizc=5; breedsize < =5; breedsize+ +)

790

. 191

792
793
794
795
796
797
798
799
800
801
802
803
804
- 805
- 806
807
808
809
810
811

812

813
814
815

816

growth_parms(S&:Mwt_f, &mrate, &beta, &inflex, breedsize); /* obtain growth*/
for(gender = 1; gender<=4; gender++) I*paramgters*l

cumwt=0.0;
logwt=0.0;
DMI = 0.0;
El = 0.0;

Cor_dm = 0.0;
Cor E = 0.0;

cor_e =0.0;

cum_cei=0.0;

cumfeed=0.0;

logfeed=0.0;

cum_cdmi=0.0;



817  lnxpdt_E=0.0;

818 InEsq=0.0;
819 feedsq=0.0;
820 logxpdts=0.0;

821 logwtsq=0.0;
822 pretmpeff =0.0;
823 logfeedsq=0.0;

824

825 if (breedsize == 5§ && gender >1)

826 {

827 beta = 0.9605;

828 mrate =0.00137405;

829 inflex =0.8764;

830 }

831

832 adult wt (&matwt, Mwt_f, gender, breedsize);
833

834 sex = (gender <= 2)? 1 : gender-1; /* assigns breeders & heifers same*/
835

836 wt_eq = equiv_wt(breedsize, sex); /* equivalent weight */

837

838 canter(MES, 12);

839

840 for(i=1; i <=limit; i++)

841 {

842 time = i;

843 ifi == 1)

844 {

845 BWT (sex, mrate, beta, inflex, matwt, &bwt); /* birth wt */

846 if (gender == 1)

847 bwts[breedsize-1J[0] = bwt; /* females */

848 else if (gender == 4)

849 bwis[breedsize-1J[1] = bwt; /* males */

850 }
851 wt_now =richards(time, mrate, beta, inflex, matwt); /* current wt */
852

853

854 PADG = (richards(+ +time, mrate, beta, inflex, matwt) - wt_now);/*
855 predicted daily gain */

856

857 cor Wt = wt_now * wt_eq; /* wt corrected to medium frame steer equiv.*/
858 met_wt = pow(wt_now, 0.75); /* metabolic weight */

859 scaled_wt = wt_now/matwt;

860 log wt =log(scaled_wt); /* remember retura to "scaled_wt */

861 breed_f = breed_cor(breedsize, wt_now, gender);
862 mthofyr(i, array_index, &year, &month); /* obtain month of year */

863 Temp(meonth, array_index, &temp, &temp_cor, &wind);

864

865 , /* requirements for p & 1 */
866 Preg_lact (i, &le, &milk, &mfat, &pe, bwt, breedsize, year);
867 ' ,

868 if(i< 180 || wt_now < 200.0)



869 /* preweaning feed intake */

870 calf _intake(cor wt, PADG, milk, matwt, MEd, NEGd,

871 NEMd, breedsize, sex, &dmi, &ei, &NEGa);

872

873 else

874 /*post weaning feed intake */
875 feed(gender, NEMd, MEd, cor_wt, breed f, matwt,

876 breedsize, &dmi, &ei, &NEGa, NEGd);

877

878 /* compute cumulated values */
879 cum_all (&tei, &EI, &DMI, &cum ¢ p, &cum_dm_p, &cum e |, &cum dm 1,
880 pe, le, ei, MEd, dmi, matwt);

881 '

882 /* obtain eviromental correction - energy only */
883

884 enviro(tei, NEGa, pe, le, i, temp, cor_wt, wind, &cor_e);

885 chk_pretmp[month-1] = cor_e; /* assign corrections for current month */
886 pre_tmp(month, array_index, year, &pretmp);

887 '

888 if (month == 1 && year == 1) || chk_pretmp[month-2] == 0.0)
889 pretmp = 0.0; :

890 pretmpeff = pretmp * met wt;

891 '

892 Cor_E = cor_e + pretmpeff;

893  Cor_ dm = Cor E / MEd;

894 cum_cdmi += Gor dm / matwt;

895 cum_cei += Cor_] E / matwt;

896 totals ;_wi(scaled_wt, log_wt, &cumwt, &logwt, &wtsq, &logwisq);
897 totals(DMI, scaled_wt, log_wt, El, &cumfeed, &cum_E, &logfeed,
898 &feedsq, &logheedsq, &xpdt E, &xpdis, &logxpds, &loxpdt E,

899  &lnEsq, &log E, &Esq); |

900 get_cum_vals(cum_cdmi, cum cei, breedsize, year, gender, i);

901 } 1* end of for loop */

902 regress(len, logwt, logfeed, logxpdts, logwtsq, logfeedsq, &logB1,
903 - &logAl, &logR1_sq); /* dm regressions ¥/

904 regress(len, logwt, log. E, Inxpdt_E, logwtsg, InEsq, &logB,

905 &logA, &logrsq); /* energy regression */ :
906 _

907  get coef(logA, logB, logAl, logB1, breedsize, gender);

908

909 get_preg_hct(genderbreedsmyeus,cume_p,cumdm_p,
910 cum_e |, com_dm 1);

911 pnntf("\nForsex %d, the 3 regressions are\n”, gender);

912 printf("The relation between log feed and log maturity is\n");

913 printf{"Log Feed Intake = %.4f + (%.4fLogwt)\n",logA, logB);

914 pﬁntf("me relation between log energy and log maturity is\n");

915 printf{"Log Energy Intake = %.4f + (%.4fLog_mat.)\n",logAl, logB1);
916  printR"The R-sq for the DM relation is %.4f\n",logR1_sq); ,
917 printf("*The R-sq for the Energy relation is %.4f\n",logrsq);

918 } - I* end of gender loop */

919 } 1™ end of breed loop */



921}

922 /%44 dokadi® end dynamic aspects 4 */
923

924 void adult wi(float *matwt, float mwt_f, int gender, int b) /* mature_wt by sex */

925 {

927 {

928  switch (gender)

929

930 casel:

931  *matwt = mwt f;

932  break;

933 case 2:

934  *matwt = 649.895;

935  break;

936 case3:

937 *matwt = 779.982;

938 case 4:

939  *matwt = 909.979;

940  break;

941 }

942 }

943 else if(gender==3) [*steers assumed to 1.2 times mature wt of females */
944  *matwt = mwt_f*1.2;

945 else if(gender==4) [*oulls*/

946 *matwt = mwt_f*1.4;

947 else

948  *matwt = mwt f; /*female mature wt, breeders and fatteners */
949 }

950 /#awickritik end of mature weight function #sesstinns ih /
951

952 void BWT (int gender, float k, float b, float m, float a, float *bwt)
953 {

954 switch(geader)

955 { /* compute birth weights */
956 case 1:

957 *bwt = richards(1.0, k, b, m, a);

958 break;

959 case 2:

960 case 3:

961 *pwt = richards(1.0, k, b, m, a * 1.4);

962 break;

963 )

964 }

965 / ' ek end of BWT function - . /
966 .

967 void Preg_lact (int time, float *le, float *milk, float *mfat,

968 float *pe, float bwt, int breed, int yr)

969 { '

970 static int day, day2=300;
971 float milk e, mlk, mik_fat, preg_e;



972

973

974 if (time == ((yr-1) *365)+1)
975 day=1;

976 if (day > 180)

97171 {

978  *milk = 0.0;

979 #e = 0.0;

980 }

981 else

982

{
983 ¢ lact(&milk e, &mik, &mlk fat, day, breed, yr);
984 ¥e = milk ¢;
985  *milk = mlk;
986 *mfat = mik_fat;

987  day++;
988 }
989

990  if (time == ((yr-1) *365)+95) /*  if (day == 95) ¥/
991 dy2=1;

992  if (day2 <= 282)

993 {

994  preg(day2, yr, breed, &preg_e, bwi);

995  *pe=preg_c;

996  day2++;
97 '}

998 else

999  *pe =0.0;
1000

1001 if (yr == 1)
1002 {

1003 *pe=0.0;

1004 *e=0.0;

1005 }

1006 }

1007 [#sssssanrnsss end of preg_lact function *4srests e |
1008

1009 void cum _all (float *tei, float *EI, float *DMI, float *cum_e_p,

1010 float *cum_dm p, float *cum e |, float *cum_dm 1,

1011 float pe, float le, float ei, float MEd, float dmi,

1012 float matwt)

1013 {

1014 float dm p, dm };

1015 dm p = pe/MEd;

1016 dm_] = le/MES; '
lOl‘l*cnme_p + = pe/matwt; /* scaled cummulated p & 1 requirements */
1018 *cum dm p += dm_p/matwt;  /* by mature size */

1019 *cum e 1 += le/matwt; v

1020 *cum_dm | += dm_l/matwt;

1021 *DMI += dmi;

1022 *El += ei; ,

1023 *ei = (ci*matwt) + le + pe;




1024 }

1025 / bk end of function cum_all /
1026

1027

1028 void get_cum _vals{float cum_cdmi, float cum_cei, int brd, int yr,

1029 int sex, int time)

1030 {

1031 extern float e_off_dm{5][4)[10}, e_off_e{S][4]{10],

1032 e_dam_¢{S][10], e_dam _dm[S](10],

1033 e_dam_min_dm{5)[7}, ¢_dam_min_e[S][7};

1034

1035 extern int matrix AGE[5]{10], min_age[7};

1036 int k;

1037

1038

1039

1040 for(k = 1; k <1ll; k++)

1041 {

1642 if {tizme == muatrix AGE[brd-1]{k-1])

) (RS i

1044 = _off dmfbrd-1][sex-1]{k-1] = cum_cdmi; /* eavironi*+utal cor. */
1045 &_ui¥_o[brd-1][sex-1][k-1] = cum_cei; /* to specified mieus */
1046

1047 }

1048 for k=0;k < 7; k++)

1049 {

1050 if (sex == 1 && time == min_age[k])

1051 {

1052 e_dam min_dm[brd-1)[k] = cum_cdmi;  /* enviro. cor. for minimum */
1053 e_dam _min_efbrd-1][k] = cum_cei; /* ages at culling */
1054 }

1055 }

1056  if (time == yr * 365 && sex == 1)

1057 {

1058 e_dam_dm[brd-1][yr-1] = cum_cdmi; /* yrly e cor. for dams */
1059 ¢_dam_e[brd-1][yr-1] = cum_cei;

1060

1061 }

1062 / ‘ ead of get cum vals function *&* /
1063

1064 _

1065 void get_coef{float constt, float bee, float log_const, float log_bee,

1066 int brd, int gender)

1067

1068 {

1069 extern float eq_coefs[2][5][8];

1070

1071 switch (gender)

1072 { |

1073  case 1: eq_coefs[0]{brd-1][0] = constt;

1074 eq_coefs{O]{brd-1][1] = bee;

1075 eq_coefs[1]{brd-1)[0) = log_corist;



1076 eq_coefs{1][brd-1]{1] = log_bee;

1077 break;

1078  case 2:

1079 eq_coefs{0)[brd-1][2] = constt;

1080 eq_coefs{0][brd-1}[3] = bee;

1081 eq_coefs{1]{brd-1}{2] = log_const;

1082 eq_coefef1]{brd-1][3] = log_bee;

1083 break;

1084  case 3:

1085 eq_coefs[0][brd-1][4] = constt;

1086 eq_coefs{0][brd-1]{5] = bee;

1087 eq_coefs{1][brd-1]{4] = log_const;

1088 eq_coefs{1){brd-1][5] = log_bee;

1089 break;

1090 case 4:

1091 eq_coefs[0)[brd-1){6] = constt;

1092 eq_cocfe{0}[brd-1][7] = bee;

1093 eq_coefs{1][brd-1][6] = log_const;

1094 eq_coefs[1)[brd-1]{7] = log_bee;

1095 break;

1096

1097 }

1098 /#xaoiokh * end of get_coef function * ook g /
1099

1100

1101 void get_preg_lact(int sex, int brd, float yr, float e_p, float dm_p,
1102 float e _1, float dm [) '
1103 {

1104 extem float p_cum_e[5)[2], /* breed by type of calf */
1105 p_cum_d[5){2],

1106 lact_cum[2][5]);

1107

1108 if (sex == 1) ' /* female calves */
1109

1110  p_cum efbrd-1J{0] = ¢ _p / (yr-1); /* mean preg. req’ts over simulation span*/
1111 p_cum dfbrd-1)[0] = dm p / (yr-1);

1112 }

1113

1114 else if (sex==4) /* male calves */

1115

1116 p_cum_efbrd-1J{1] = ¢_p / (yr-1); /* mean preg. req’ts over simulation span*/
i117 p_cum d[brd-1){1] = dm p / (yr-1);

1118 }

1119 lact_cum[0][brd-1] = e 1/ (yr-1);

1120 lact_cum{1][brd-1] = dm 1 / (yr-1);

1121}

1122

1123

1124

1125

1126 void

1127 shift_cum_days(int monthno)

227



1128 /* monthno - starting month of the second season */

1129

1130 {

1131 it i; I* cursor for arrays */

1132 int prev_cum; /*cumulative amount to previous month in the second season*/
1133 1* this routine offsets the cumulative days so that the second season starts
1134 * with a month other than January

1135 * this algorithm works by calculating the length of each month from the
1136 * first cum._days , i.e. length of month{i] = cum_days{0}{i] - cam_days [0}[i-1]
1137 * these are cumulated to calculate the new cum_days into cum_days[1]{i].
1138 * The December to January transition is handled by a special case

1139 *

1140

114] prev_cum=0;

1142 if (monthno == 0)

1143 {

1144 for (i=0;i < 12;i++)

1145 {

1146 cum_days[1][i] = cum_days[O]{i];

1147 }

1148

1149 else

1150

1151 for (i=0;i < 12;i++)

1152 {

1153 cum_days[1][i] = cum_days[0]}[(i +monthno) %12]

1154 - cum_days[0][(i+monthno -1)%12] + prev_cum;

1155 if ( (i+monthno)%12 == 0) cum days[1][i} += 365; /* handle year end */
1156 prev_cum = cum_days[1]{i);

1157 }

1158

1159 }

1160 / ¢ oth ¢ woikkend of shift_cum_days routine »k##hihidohik/
1161

1162 void

1163 shift_ tmp(int monthno)

1164 /* monthno - month that is to be the starting month of 2nd season */

1165 /* this routine shifts Ghe temperatures so that the 2nd season

1166 * starts with a month other than January

1167 */

1168

1169 {

1170 int i; I* cursor for passing through months */
1171 :

1172 for (i=0; i < 12; i+ +)

1173

1174  tmp{1]fi] = tmp[0][(i+monthno) % 12 ];

1175 }

1176 }

1177 e aanae #+tend of shift_tmp routine ¥#ssssmichiks/
1178 void

1179 ghift wind(int monthno)




1180 /* monthno - month that is to be the starting month of 2nd season */
1181

1182 /* this routine shifts the wind values so that the 2nd season
1183 * starts with a month other than January
1184 */
1185 ,
1186 int i; I* cursor for passing through months */
1187
1188 for (i=0; i < 12;i++)
1189
1190  wind[1][i) = wind[0][(i+monthno) % 12 ];
1191 }
1192}
1193 /* detckl wissiirend of shift wind routine *kiaiokiok/
Herd.c

1 /* This module generates the numbers of animals of different
2 classes in ths herd on tae basis of the performance of the

3 conceptual ‘average’ female.

4%

5

6 #include "b:\herd.h"

7 void start(char *type, int *cont)

8

9 /# - *type returns the type of operation and

10  *cont returns the type of sex control

11 */

12 {

13 char ansf2];

14 | i s ok . A
15 * nmalesf]MAXYEARS], number of male offspring per dam *

16 * nfemalef]MAXYEARS], number of female offspring per dam *
17 *  npmales, number of pure bred male progeny per dar::  *

18 * nxmalesfMAXYEARS], number of cross bred male progeny per dam *
19 * npfemale, number of pure bred female progeny per dam *

20 * nxfemalefMAXYEARS], cross bred female progeny per dam *
9] okdiei » ' ——
22 float nyears,

23 nmin,

24 ntotal,

25 miniage,

26 miniyrs,

27 sexratio,

28 1eprate,

29 2 .

30  nxmalesf]MAXYEARS],

31  nxfemale]MAXYEARS],
32  nmales]MAXYEARS],



33 nfemale[MAXYEARS],

34 npfemale,

35 npmales;

36

37int i,

38 arraysize;

39

40

41 clrscr();

42 heading();

43 memn();

44 cprintf("\n\nMake a choice, eg 1, 2, etc.\n");

45

46 gets(ans);

47 *type = ans[0];

48

49 switch(ans{0])

50 {

51 case’l”

52  case’3:

53  break;

54

55 getherdinput(&reprate, &sexratio, &agebred, &nyears);

56 numbers(&nmin, &atotal, reprate, sexratio, agebred, nyears);
57 minyrs(&miniyrs, reprate, sexratio);

58 miniage = miniyrs 4+ agebred; *minimum age at which a cow*
50 *can be culled from the herd*
60 validinput(nyears, miniage, nmin, ntotal, &reprate,

61 &sexratio, &agebred, &nyears);

62

63 berd(nxmales, nxfemale, nmaics, nfemale, &npmales, &npfemale,
64 &arraysize, sexratio, agebred, nyears, reprate);

65

66 printf("the reproductive rate is  %.2f\n",reprate);

67 printf("the male to female ratio is %.2f\n",sexratio);

68 printf("the age at first breeding is %.2f\n",agebred);

69 printf("the mean age at culling is %.2f\n",nyears);

70 get key(;

T clrscr();

72 break;

73

74  case "2:

75 cprintf("Is this an all male or mainly male system? (Y/N)\n");
76 gets(ans);

7 if (toupper(ans[0]) == "Y’)

78 *cont = 1;

79 else if (toupper(ans[0]) == 'N’)

80 *cont = 2;

81 break;

82 case 4

83 exit();

8 }

230



85 )
86

231

87/ iopkbsadkend of main®
88 void heading(void)

89 {

90 tab{(20); |

91 cprintf("BEEF EFFICIENCY MODEL \n");

92 tab(26);cprintf("Version 1. \n");

93 tab(20);

94 cprintf(" “n\n\an");

95}

96

Q7 [k Maadiokkend of heading
98 void menu(void)
99 {
100 tab(9);
101 cprintf("1 - Simulate efficiency in traditinal systems\n\n"); -
102 tab(9); '
103 cprintf("2 - Simulate efficiency in Sex controlled systems\n\n");
104 tab(9);
105 cprintf("3 - Simulate efficiency in Dairy beef systems\n\n");
106 cprintf("4 - Quit \n");
107 }

108 JHtioksiolok g ++*end of menu
109

110 void tab(int end)

111 { '
112intcol = 1;
113 do

114 {

115 putchar(’ *);

116 col++;

117 )while(col <= end);
118}

119

120/ . . end of tab function
121 '
122 void getherdinput(float *p1, float *p2, float *p3, float *p4)
123 - [* obtains herd parameters from user */
124¢

125
126  puts(MSREPRATE);

127  scanf(" %f",pl);

128 puts(MSSEXRATIO);

129 scanf("%f",p2);
130 puts(MSAGEBRED);

131 - scanf("%f",p3); .

~

132  puts(MSYEARS); Nan kool ;

133 scanf("%f", p4); /* user input of number of years a cow */
S 134 : L

135 } /* getherdinput */

136

S~

~



137/ o end of obtaining herd parameters function
138 int validherdinput(float min, float total)

139 {

140 if (total< min) /*if (y2-y1)*r < 1/(1-1), r = reprate, y2 = nyears,
141 yl=agebred */

142 {

143  puts(MSNMIN);

144  retum(FALSE);

145}

146 return(TRUE);

147}

148 /Aciaiokkkend herd input validation *
149

150 void numbers(float *x1, float *x2, float m1, float m2,

151 float m3, float m4) /* calculates total and minimum */
152 I*numbers of offspring per cow */

153

154 {

155 *x2 = (m4 - m3) *ml; /*(y2-yl) *r, see previous function */
156 *x1 = (1.0 / (1.0 - m2)); /* 1/(1-sexratio) */

157}

ke f

158 / end of numbers function **
159 /*void minage(float *x3, float x4) calculates minimum age at culling i

160 { not detrimental

161

162 float minyears;

163

164 minyrs(&minyears);

165 *x3 = minyears + x4;

166 } */

167 /[ end of minimum age function **
168 void minyrs(float *yrs, float y1, float y2)

169 {

170 float chk1;

m

172 chkl = y2;

173 if (chkl == 1.0)

174 *yrs = 1.0/yl; /* # of yr required for a replacement in complete

175 sex control. This is essentially the # of yr for
176 one offspring */
177 else

178  *yrs = 1.0 /(yl * (1.0 - y2)); /* y1 = reprate, y2 =sexratio */
179}

180 /4 koo okoR kool end of minyrs function
181 int get_key(void)

182 /* Uses the BIOS to read the next keyboard character */
183{ -

184 int key, lo, hi;

185

186 key = bioskey(0); .

187 lo = key & OXOOFF; -

‘188 hi = (key & OXFF00) > > 8;

232



189 return((lo == 0) ? hi + 256 : lo);

190 } /* getkey */

191/ " **end of getkey *¥+ g /
192 int validyrs(float yr1, float yr2)

193  /* checks that the number of year is within valid bounds: minyrs - 20 */
194 {

195

196 if (yrl > MAXYEARS) /* yrl = nyears = age at culling ¥/

197 {

198 puts(ERRMAXYEARS);

199 printf(" %4d\n" ,MAXYEARS);

200 retum(FALSE);

201 '

203 if (yrl < yr2)/* yr2 = minyrs = minimum yrs of residence in herd b4 cull */
204 {

205 puts(MSMINYRS);

206 retum(FALSE);

207 }

208 return(TRUE); _

209} - ‘ /* validyrs() */

210 o

211

212/ b okl end of years validation function *
213
214 void validinput(float k1, float k2, float k3, float k4,
215 float *rep, float *sex, float *age, float *nyrs)
216
217 /*1 = nyears, k2 = miniage, k3 = nmin, k4 = ntotal;
218 rep = reprate '
219 sex = sex_ratio
220 age = age at first breedmg (agebred)
221 nyrs = age at culling.
222%
223
224 {
225 int yrs = TRUE,
226  input =TRUE;
227 . o
228 yrs = validyrs(kl, k2);
229 input = validherdinput(k3, k4);

230
231 if (yrs == FALSE)
22
233  puts(MSTRYAGAIN);
o234 if (get_ key() == ESC)
235  exitQ);
236 else
237 '
238 printf("input age at culling agam\n"),
239 scanf(" %f", nyrs);

240 }

—~—



234

241}

242

243

244 if (input == FALSE)
245

{
246 puts(MSTRYAGAIN);
247 if (get_key() == ESC)

248 exit();

249 else

250

251 printf("input reproductive rate, sex ratio and age at first\n");

252 ptintf("breeding again, on the same line with spaces between\n");
253 scanf(" %f %t %f", rep, sex, age);

254 }

255 }

256 }

2571 end of validinput function olokkoh . /
258

259 /* herd dynamics module:

260 * This is function is set up for computing numbers ,
261 * of different classes of animals for a stable herd

262 * structure

264 ,

265 void herd(float nxm[], float nxf[], float nma(], float nfe[], float *npm,
266 float *npf, int *index, float x1, float x2, float x3, float x4)
267 '

268 {

269 float years, nmin;

270 /* minimum # of yrs to maitain herd equilibrim */ -

271 int1i, j;

272 int temp; [*temporary var. - least (non - fractional) # of yrs > minyrs*/
273

274 amin = 1.0/(1.0 - x1); /*least # of offspring per cow */

275 nma[0} = nmin * x1; f%*x1 = sexratio */

276 nfe[0] = nmin * (1.0 - x1);

277 *npm = nma[0];

278 *npf = nfe[0];

279 nxm([0] = nma[0] - *npm;

280 nxf[0] = nfe[0] - *npf;

281

282 minyrs(&years, x4, x1); /* x4 = rep rate, x1 - sexratio) */

283 temp = years + x2 + 1; /*minimum age (mmyrs + agebred) truncated and
284 *incremented

285

286for(]-temp x2, 1—lJ<-x3 x2;j++,i++) [*x2 = agebred,
287 * x3 = nyears */

288 { '

289  nmafi] = j * x4 *xI;
290 nfefi] =j *x4 *(1 -x1);
291  nxmli] = nmafi} - *npm;
292  nxfli] = nfeli] - *npf;



293 }

204 *index = i ; /* number of elements calculated in this loop */

295

296 }

297

208 [# end of herd dynamics function Hskick/

Eff.c

1 #include <stdio.h>
.2 #include <math.h>
3 #include <conio.h>
4 ffinclude "b:\eff.h"
5

6

7 void over_eff(void)

8
9

10 float b1, b2, b3, b4, /*regression coefficients for heifers, steers & bulls */
11 /* and dams */

12 cl, ¢2, c3, c4, /*constants IR "N
13
14 mieu_d, /% degree of maturity of dam at culling */
15 cor_d; /* enviromental corection for dam */
.16
17 int breed,
18 - reprate,
19  energydm,
20  years,
21 season,
2 ij
2 ‘ ,
24 cprintf("Input the breed number from 1 to 5\n");
25 scanf(" %d", &breed);
2% ,
27

28 season = 1;

29 for (breed = 1; breed <= 4; breed++)

30 { '

31 printf("The resuits for breed %d are\n”, breed);

32 for(energydm = 1; energydm <=1; energydm+ +)

33 { : o .

34  printf("Energy or dry matter level is %d\n", energydm);

35 ‘eq_parras(breed, &cl, &bl, &c2, &b2, &c3, &b3, &c4, &b4, energydm);
37 printf{"The intake equations are\n\n");

38 - printf("%f %f %f %f %f %f %f %f\n", cl, bl, c2, b2, ¢3, b3, c4, bd);
40 for(reprate = 1; reprate <=7, reprate++)

235



41

42 {

43 get_rep_)'l'(l‘eptﬂe. &i);

4 printf("For rep. rate %d\n", reprate);

45 for(years=i; years< =10; years+ +)

46

47 {

48 if (reprate== 1) /* j is the index to the */
49 j = years -2; /* array holding herd numbers*/
S0 else if (reprate > 1 && reprate <6)

51 j = years - 3;

52 else if (reprate == 6)

53 j = years - 4;

54 else

55 j = years - 5;

56 printf("Year %d\n", years);

57 eff(c2, c3, c4, cl, b2, b3, b4, bl, breed,
58 reprate, years, j, season, energydmy);
59

60 '} /* end years loop */

61 } /* end of rep. rate loop */

62 } /* end of energy or dm loop */

63 } /* end of breed loop */

64} /* end of function */

65

66 /*

67 | This is the efficiency module.

68 | It receives regression parameters on

69 | the relationship between feed intake(cummulative)

70 | and degree of maturity and computes the efficiencies
71} at various degrees of maturity of the slaughter offspring.
72 %

73

74

75

76

77

¥3

79

80 void eff(float c_h, float c_s, float c_b, float c_d, float b_h, float b_s,
81 float b b, float b_d, int brd, int rep, int yrs, int index,

82 int season, int eordm)

83{ :

84 float lean_h, /* lean from heifers */

85 lean s, /%" " steers ¥/

86 lean b, /" " bulls¥

87  lean d, /* " * called dams */

88 milk=0.0, /* milk available for sale */

89 feed h, /* cummulative feed from heifers */
90  feed s, /** " steers */

91 . feed b, /* * * bulls¥

92 feedd /* ® " called dams */

236



93 feed 1, /* feed for lactation */

94 feed_m, /*feed for total milk accounts for
95 number of lactations */

96 feed p, /* total pregnancy requirements */
97 feed_pf, /* feed per female pregnancy */

98 feed_pm, I* feed per male pregnancy */

99 b_cost, /* relative breeding cost */

100 qual h = 0.97, /*meat quality from heifers */
101 qual s = 1.00, /*meat quality from steers */
102 qual b = 0.99, /*meat quality from bulls */
103 qual d = 0.92, /*meat quality from culled dams */
104 value_m=0.3, /*value of milk relative to meat */
105 num _h,

106 num s,

107 num b,

108 num d =1.0,

109 wt h,

110 wt_s,

111 - wt_b,

112 wtd,

113 peent b = 0.33,

114 s = 0.33,

115  peent b = 0.33,
116  pcent d = 0.33,

117 output,
118 input,
119 efﬁcmcy

120 cor_h, /*environmental corrections for heifers, steers etc */
121 cor_s,

122 cor_b,

123 cor_d,

124 tot_num, /* total number of offspring - to corsect lactations and
125 pregnancies */

126 lean bb = 0.33, /* lean from breeding bulls */
127 xcost_b /* initial cost of bulls */ :
128 icost_c, /* initial cost of cows */

129 init_cost, /* tota! initial costs */

130 m, /* relative breed size - relative to herefords */

131 T, /* rep rate */

132 mien_d, _

133 mieu = 0.1;

134

135 extern ﬂoat D_ME,

136 lact_cum[Z][S],

137 p_cum e{5](2],

138 ~ p_cum_d[5][2),

139 brd_val{3][4],

140 -~ e_off dm{5][4){10], [*enviromental corrections, 5 breeds, 10 mieus */
141 , e_off_e[S][4][10], *and 4 genders, mieu == degree of maturity */ .
142 ‘ -

143 extern float U_d _y:[lO][4].
144 e_t ‘dam, e[S][lO],I"' yrly envnr cor for dams */



145 e_dam dm[5][10];

146

147

148 int i;

149 if(yrs==4 || yrs ==5)

150 qual_d = 0.7386;

151 elseif (yrs > 5)

152 qual_d = 0.6902;

153

154 if(brd == 2)

155  pcent_h = pcent_s = pcent_b = pcent d = 0.38;

156

157 feed 1 = lact_cum|[eordm-1][brd-1];

158

159 feed_pf = (eordm == 1) ? p_cum_e[brd-1][0] : p_cum_d[brd-1]{0];
160 feed_pm = (eordm == 1) ? p_cum_e[brd-1][1] : p_cum_dfbrd-1][1];
161

162 b_cost = brd_val[season]{brd-1};

163 get_init_cost (brd, &icost_c, &icost_b);

164

165 init_cost = (eordm == 1) ? (icost_c + icost_b} * D_ME : (icost_c +icost_b);
166

167 if (brd == 1)

168 m= 1.0;

169 else if (brd == 2)

170 m = 1.04;

171 else if (brd == 3)

172 m = 1.09;

173 else if (brd == 4)

174 m =1.20;

175 else

176 m = 1.17;

177 '

178 if (rep == 1) r =2.0;'¢lse if (rep == 2) r = 1.0; else if (rep == 3) r = 0.9;
179 else if (rep == 4) r = 0.8; else if (rep == 5) r = 0.7; else if (rep == 6)
180 r = 0.6; else r = 0.5;

181

182 nums(&num h, &oum_s, &num_b, rep, index);

183 /*

184 num_h =0.617;

185 num s =0.0;

186 num_b =1.617;

187 ¥/

188 tot num = num_h + nuvm_s + num_b;

189 feed m = tot_num * feed I; /* total feed for lactation */

190 feed p = ((oum_s +num_b) * feed_pm) + (num_h * feed pf);  /* total feed preg. */
191 '

192 for(i=1; i<10; i+ +, mieu +=0.1)

193 {

194  switch(eordm)

195 |

196 case 1:



197 cor_h = ¢ _off_e[bed-1]{1]{i);
198 cor_s = e_off_efbrd-1](2][i};
199 cor_b = e _off_efbrd-1){3]fi);
200 cor_d = e_dam efbrd-1][yrs-1];
201 break;

202 case 2:

203 cor_h = ¢_off_dm[brd-1J{1]G];
204 cor_s = e_off_dm[brd-1]{2]{i);
205 cor_b = ¢_off dm[brd-1]{3](i];
206 cor_d = e_dam_dmfbrd-1]{yrs-1];
207 break;

208 }

209 wth=wts=wtb=mieu;
210 wt d = U_d yrfyrs-1]{brd-1]; /* mieu_d - degree of maturity of the dam */
211 mieu d =wt d;

213 lean_ b = num h * wt b * qual_h * pcent h;

214 lesn s = num s * (wt s * 1.2) * qual_s * pcent s;
215 lean b = num b * (wt_b * 1.4) * qual_b * pcent b;
216 lean d = num d * wt d * qual_d * pcent_d;

217

218 output = ((lean_h + lean s + lean_b + lean_d + lean_bb) * m
219 + (milk * value_m)) * 1000;

220

221 feed h = (exp(c_h + (b_h * mieu)) + cor_h) * num_b;
feed_s = (exp(c_s + (b_s * miew)) + cor_s) * num_s;
feed b = (exp(c_b + (b_b * mieu)) + cor_b) * num b;
feed_d = (exp(c_d + (b_d * mieu_d)) + cor_d) * 1.05;

222
223
224
225
226 input = feed h + feed s + feed b -+ feed d + b_cost
227 + feed p + feed_m + init cost;

228

229

efficiency = output/input;
230

231 entf("%.1f %.2f %.4f\n", r, miew. efficiency);
232 /% prind("%d X.35 %.2f %.4f %.4/:". yrs, mieu, mieu d,
2% (lean_d * wy/r=:om2*100, feed diinput); */
234
23§
236 }
237}
238
239
240 void eq_parms(int brd, float *cl1, float *bl, float *c2, float *b2,
241 float *c3, float *b3, float *c4, float *bd, int E_or_dm)
242
243 {
244 exter float eq_coefs{2][S](8};
245
1246 *c] = eq_coefs[E_or. dm-1]{brd-1J{0};
247 "1 = eq_coefs[E_or_dm-1][brd-1][1];
248 *c2 = eq_coefs[E_or_dm-1][brd-1][2};

239



249 %2 = eq_coefs[E_or_dm-1][brd-1][3];
250 *c3 = eq_coefs[E_or_dm-1][brd-1]{4];
251 *3 = eq_coefs[E_or_dm-1}{brd-1][5};
252 %c4 = eq_coefs[E_or_dm-1][brd-1][6);
253 *b4 = eq_coefs[E_or_dm-1][brd-1][7);
254 }

255

256 void nums(float *h, float *s, float *b, int rep, int yr)
257 {

258 extern float numst{7][4][9]);

259

260 *h = numst{rep-1][0}{yr];

261 *s = numsrjrep-1]{1][yr];

262 *b = numsrirep-1][2]{yr};

263}

264

265 void get_rep_yr(int rep, int *yr) /* get yr immediately after the min #yr a */
266 { /* cow must stay in the herd */
267

268 switch(rep)

269 {

270 case 1:

2N = 3;

272 break;

273  case 2:

274  case 3:

275 case 4:

276 case 5:

271 yr = 4;

278 break;

279 case6:

280 *yr = §;

281 break;

282 case7:

283 *yr = 6;

284 break;

285}

286

287}

288 / x4 end of get mieu_d function
289

290 void get_init cos (int brd, float *cost_c, float *cost_b)
291

292 /* obtain the initial cost of the breeding stock. Assuming 1 bull per 25cows
293 and 1 reserved bull for 100 cows, the cost of bulls per cow is the sum of
294  (cost of bull/25) and (cost of bull/100). Each converted to a feed equivalent
295

296 ¥/

297 { - .

298 extern float bwts{5][2], matrixGP[5](4];

299 float cost kg_b,

300. cost kg ¢,



312 bwt_c = bwts[brd-1][0];

313 bwt_b = bwtsbrd-1](1];

314

315 mwt_c = matrixGP[brd-1][0];

316 '

317 tot_cost_b = (bwt_b *cost_kg_b / 25) + (bwt_b *cost_kg b/ 100);
318

319 tot_cost_c = bwt_c *cost_kg_c;

320

321 *cost_b = (tot_cost_b / feed_cost kg) / (mwt_c * 1.4);
322 *cost_¢ = (tot_cost_c / feed_cost kg) / (mwt_c);
323}

241



