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ABSTRACT

GENZTIC AND ECONOMIC SIMULATION MOCELS

DEVELOPING SPECIALIZED TERMINAL AND MATERNAL

LINES OF BEEr CATTLE IN A NUCLEUS Z2REEDING PROGRAM
IMPLEMENTING EMBRYO TECHNOLOCGIES
Nilson Broring Advisor:
University of Guelph Professor J.W. Wilton

A genetic simulaticn model was develcped TC lompare rates ¢

genetic improvement attained by selection within specialized sire
and dam lines and seleczicrn in a single line Ior petn Zermina. ant
maternal traits. An economic simulation model was used tc compare
the economic impact of genetic resr~snse attained in the speciallizea
sire and dam lines, the single multi-purpose line, and a commercial
beef nerd bred by artificial insemination {A.I.}. A Novel breeding

scheme was also defined, in which embryos from a terminal line were

implanted in recipient cows from a dam line. A Non-specialized (NS}
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in contrast, was defined as one in which embryos
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CHAPTER 1

1.0 GENERAL INTRODUCTION

The beef cattle industry has been evolving and changing over

[\l

n

centuries. Its scope includes the wvaricus segments That make Ip an
overall management program, ranging from breeding, feeding, and
marketing cattle with the eventual processing and merchandising of
retail products to consumers (Taylor,1994).

Market animals returning maximum orciit over Time is the gcaLl
of commercial meat production. This goal is concerned with rate and

efficiency of producticn as well as gquality of product, since

long-term consumer demand is determined by price and desirability.

rrom The standpoint ¢i animal expressicn, individual oroductivizy

and quality are paramount.
Most commonly, specialized seed stock herds, usually with pure

pDreeds, rcvide sires used In ccmmercial nerds. Zommercial nerds

'O
+

normally produce their own replacement heifers required for market-
animal oroducrion and toO this extent periorm part 0I The seed sSIocx

function. Under this production system, the genetic content of a
commercial herd is determined py the succession cf sires useg,
implying that seed stock producers become the primary source of

genetic improvement. The genetic improvement of beef cattle, at

this upper level of the industry, is essential for beef cattle



commercial operators to produce the cattle preferred by the

consumer the mest greficapivy.
This thesis looks at using specific breeding systems with

orfectives o develior specialized lines and

ized breedin

(B

specia

o]
(Q

assesses the use of various reproductive technologies. within these

systems.

1.1. Breeding system

The choice of breeds and breeding system has traditionally
been mede independently of the choice c¢f individusls wizhin breeds.
Thus, promising Dbreeds are first identified based on additive

LTS.

'l.

genetic merit Zc¢r important tra

oroducer. These bDreeds rerresent & wide variety of genetic types.
fach breed has strengths and weaknesses, as well as supericr and
inferior individuals.

The diversity of breeds and emphasis on dirfferent traits in

selecticn Drograms as Jenerated severzl Ddiclc

()

a>r tvyoes which

(8]

can interactively be used in meeting commercial breeding
obiectives.

Some breeds have been selected more intensively for traits
like lean growth and carcass quality. Breeds of that class are
identified as terminal breeds. On the other hand, maternal breeds

are recognized to have strengths in cow fertility, mature size,



milk yield and longevity. Taking as an example, the Charolais breed
is widely ackncwledged to excel in the areas cf lean growtn ang

carcass quality. Therefore it is proposed that the breeding goal

Ih

ais preed include only those =raits affecting -ean

(=

or zhe Charo
growth efficiency, carcass and meat quality; growth rate, backfat
thickness, feed efficiency, etc. This is very logical since thne
Charolais breed, under this strategy, woculd not contribute any
genetics to the maternai side c¢f the producticn equation. On the

other hand, the Hereford breed, is recognized to have strengths in

cow fertility, mature size and longevity areas and 1s an Idea.
breed in which to select for the maternal aspects of beef
oroducticn.

Breeding systems are designed to optimize the additive

CONTYXIpUTION CI The component Dreeds and Tne rezliIed ConLIlputlion

[

of heterosis and complementaricy (Hamilton and Wilton, 1987). A
vast amount 0f research nas showrn trnat planned Cressbreeding Zan
produce more pounds cof beef from the same number of brcod cows, at
a2 Lower CosSt per pcound (Eregory and Zundiff, 1343, lLamc 2t &a.l.

1992).

Basic systems of utilizing crossbreeding in beef cattle are

1

kriown as rotaticnal cressing systems. They utilize hybrid vigor bu
largely sacrifice benefits of complementarity. A system of crossing
F. cows to a third breed utilizes both nybrid vigor and

complementarity, but it is a more complicated system because it has



-

some inefficiencies associated with oprcducing the f.'s (Peters,

-t
9]

1969). e In Ccrossbreeding shouid

D

(]

cticn ¢ rpurepreds fcr u

[

[ 9)]

e

stress traits desired in the <crossbred and may include some

nd specific ccmpining abilicy. fFor 4

attenticn Lo gereral

'1;

Fferen:z

1]
._1-

systems of crossbreeding, different breeds and different selection

goais should be considered c¢r there may be conflict in desiraciliicy

of traits.

Selection programs are developed to allow continued genetic

rogress toward some precefined breeding oblective within <che
resulting populaticns. Cartwright {1969) argued that selection for
gerneral purpcse catIle s ¢n z decreasing rate. Limizzticons are
placed on mature size and milk production.
Zmphasis was given c¢n Jevelcpment 0I speciallzed dam lirnes

and/or breeds with focus on relatively small size, early macurity,
desired milking gua_izies, =Ifreedem from calving difficulties,

female f_rtility (perhaps twinning} and general scundness and

adaptapilicy {(Cartwrignz, 1369'. 3Zelecticrn on specizllzed sire
lines and/ or breeds focuses on nigh rate ¢f gain, efficient feed
conversion, high cutcut Dpercent, render and pvalatable creel

{Cartwrignt, 1969). These traits are those desired in a feedict
steer.

Trends towards special purpose beef cattle indicate the
feasibility of considering coordinated or integrated producticn

systems. Both wvertical and norizontal integration or cooperation



of beef production has the effect of shifting emphasis from the

3
0]
)

}

<c groduct

0
)
Q
f

orcduction of individual cows, Dulls Cr steer
herd output/input basis, and consequently changing selection

Criteria.

1.2 Breeding Objectives

The objective of beef cattle improvement programs is to
determine which individuals within a herd are of superior generic
value. In order to attain this goal, it is necessary to define
breeding cbiectives, ard Jdetermine which traits are economically
important to achieve maximum prcfit at enterprise level. Maximizing

profitapility involves muitiple inputs and ocutpbuts and achieving

a palance among them. The traits included in the breeding objective

sr.ould pbe selected DY Their imperTarce, independently I their
difficulty and cost (Pcnzonl and Newman, 1989)}.
Cartwright (1370 stressed tnhe need TC uSe variaTticn amcng

breeds for maternal and cterminal <traits, recognizing the

ity of antageorisms petween sire and dam. Recentl.y,

-

CSsip

'O

simulation models have bpeen developed to analyze the economic
importance of 2. trailts on the whole production System :(Koots,
1994). There is, however, still a need for a simulation model that
accounts for differences among Ppiological traits cn sire and dam
lines and analyzes their genetic and economic feasibility 1in a

nucleus breeding herd implementing reproductive technologies.



1.3. Reproductive Technologies

1)

cf producers using reproductive ~echnolcgies is to

[

The goca

t

increase reproductive potential. The use of artificial insemination
‘AZ) and multiple ovulation and empryc tZransfer (MOET! has proved
that these new technologies can be used to create substantial

genetic improvement of a populaticn {(Land

([} 1Y

increases in the rate ¢
and Hill, 1975; Smith, 1983). A drawback of the use of these

technologies is that they have the potential to increase the rate

of inbreeding. Among the apprcaches devised to prevent inbreeding,

)

-

cccunt

[\

T TI.kes

\Y]

one has to consider the selecticor Ior an index

)

of inbreeding as well as genetic merit. Woolliams and Thompson

I
(IR 1Y

{1994) viewed selection and inbreeding as twcC Jdifferent aspects <
a process that can be described in terms of the matrix of

ics among 2.. members ¢I a goguliation.

)
@
U
ct
[
O
o
n
g
'_1
'0

1.4. General Objectives
The obiectives cf thnis thesis were:

1) To develop and study beef bpreeding precgrams that take advantage

and terminal characteristics.

2)Tc study genetic improvement structures that make use of recent.y
developed reproductive technologies as a tool for accelerating
genetic progress.

3)To evaluate the economic feasibility of these breeding systems



and reproductive technologies.

2 review c¢f =the Literature cn (1.

8]

wn

Chapter presentc

development of specialized lines; (2) embryo transfer and related
technigues; and (2} nucleus breeding programs. The obiective of
Chapter 3 was tc comparatively study the implementation of a beef
nuc.eus breeding program for selecticon in a single line versus
specialized lines implementing MOET or in vitro embryc production
(IVEP) .

Chapter 4 describes a computer model of commercial and

ized Dbeef producticn systems and compares scenarics

[

specia
representing specialized production systems versus a ccmmercial
A.I. beef nerd using zterminal Ccrossing. This study 2also
determined i1f market animals could be produced economically

}

considering embryc Ccosts. A genera. Jdiscussion o

(1)

rhe rasu

implications ©of the studies is presented in the final chapter.

~1



CHAPTER 2

LITERATURE REVIEW
2.1. NOVEL BEEF BREEDING PROGRAM

The genetic iImprovement oI commercial Iivestcck involves
selection among available breeds, choice of a breeding system, and
ongoing selection of individuals within breeds or crossbred types.
Breeds can be considered as lines within a species that differ in
gene frequencies (Miller, 1996;. These differences in frequency are

usually a result of emphasis on different traits in selection,

either human influenced oOr natura. selectiocon 1f “ne Dpreeds

originated from different geographical 1locations. Breeds are

recognized IZcor their contripution o the overall profitapilicy cf

the commercial beef enterprise. Some breeds have been selected more

intensively for <traits 1iIke lean growth and carcass guallity.

}-

Breeds o. that class are identified as terminal breeds. On the

cther hand, maternal breeds are recognized o have stirengtns in zThne
areas of cow fertility, mature size, milk vield and longevity.

Crosspbreeding orograms invceclving a terminzl sire in the commercizl

(maternal} herds are a commcn practice in beef production. A

-

problem occurs on the maternal sSic. when lean growth, carcass and
meat quality aspects enter into the picture. Since the slaughter
calf produced by the maternal line cow carries one-half of her

genetics, the maternal line then has a large influence on lean



growth efficiency, carcass and meat quality genetic potential of
the calf and nence zthe fina: vroduct znd the success of tnis

system. The emphasis of selection goals for either sire lines or

It

Zerent nerds, shifts the Dpeel Industry from =

)=

dam lines, in di
general purpose to specialized strategy for both breeds/lines and

breeders (Cartwright, 1970}.

2.2. NEW REPRODUCTIVE TECHNOLOGIES

New reprocductive technologies, such as muitiple ovulation and
embryc transfer (MOET), i1n vitro embryo production (IVEP), embryc
spiitting, ciconing, sexing ¢f semen and empryos, as well as other

flemie

technolecgical procedures, are peing developed to study biological

', 4
o]
Q
0
)
z
Q
‘g
'0
O
4
ot
[
o
' '
rt
’kl.
(@
(1)}

emoryo development and are consequentiy opent
for genetic improvement programs (Smith, 1984; Smith, 1989;

et al. 1991, Dekkers, 199Z; Betrterigde, 1%9Z; Betteridge and

L SR UPY

N
V/]

(e8]

arne

Rieger, 1993; Wiimut and Campbell, 1994; Hasler et al. 1995;

Lonuis, 199%; Thipier and Nibarz, 1993; Rut.edge, 19%6:.

2.2.1. EMBRYO TRANSFER FOR GENETIC IMPROVEMENT

Zmbryce transfer and related techniques have bDeen The fccus cf
work on the development of breeding strategies to accelerate
genetic progress in cattle and sheep, by decreasing the constraints
imposed by a rather low female reproduction rate. Early studies on

the use of MOET in cattle nucleus breeding schemes (Land and Hill,



1975; Nicholas, 1979; Nicholas and Smith, 1983; Colleau, 1986; J

[
te]
[s3)

(D3]
(b ¥
o
(V4

; Ruane, 19%%3; Woclliams, -9

~e

(8%
«dn

and Maki-Tanila, 1987; Smicr, 19

Keller and Teepker, 1990; Dekkers, 1991; Betteridge and Rieger,
1993; ZLohuis et al. 1993; vVillanueva et &al. 1994: demcnstrazed rhne
potential of reproductive rechniques for cattle genetic
improvement. The principies oI multiple ovulation and embryc
transfer (MOET)are for most simple procedures and enaple a
valuable cow to have more genetic offspring than nature intended.
MOET can add to the response rates with current breeding systems

by alicwing for more Intense and accurare selection, since there

are more records per elite animal for genetic evaluation. Embryo

.

, SincCe tThere are more

,A
]
rt
D
"
<
)
‘-

n

transfer aiso aifects generartion
replacement females available which can raise the culling rate and
_ower the generaticon interval. Smith ‘1988) reviewed and discussed

te mel T

the literature on MOET in the genetic improvement of sheep and
cattie, and pcinted ocut zadvantages that would occur 1f differenc

breeding schemes were adopted. The highest genetic response rates

ained wizTnh nucleus pbreeding-se.ecntnicon uinlits

1

were cited tc pe op

1
j»}
(o]
®
=]
(1)
past
f—‘-
(@]

bred by MOET. Adult MOET allowed for moderate gains

juvenile MOET yielded nhigher gains. Smicth (1382}

resgonse, while
concluded that effective MOET using juveniles was required to fully
implement tne pcssible advantages of MOET in genetic improvement.
Wooliams and Smith (1988) gave an example of an adult scheme in

which cows had 8 progeny by 3 years of age, and a herd with only

10



512 recorded cows could achieve a rate of improvement of 2.4% of

the mean per year, compared with 2.0% per vyear in a large
conventional progeny testing scheme.
Although MOET precduces exirz genetic gain by increasing the

reproductive capacity of females, the details of its implementation
(seiecticn on pedigree or sip information versus progeny testing,
Cclosed versus open schemes, centralized versus dispersed nucleus)
in practical breeding programs are still unclear. Teepker {1390:
indicated that some flexibility on operational parameters {i.e.,
empryc recovery and transfer techrniques, sire and dam usage, 2Ic.:
is needed before practical recommendations of breeding system
structure can pe made. rurther theoretical werk is needed to fully
understand the potential of MOET, and the relationship between

genetic gain and Dbreeding scremes, especially in peef <czattle

breeding.

2.2.2. IN VITRO EMBRYO PRODUCTION (IVEP)

- S & = - —~ 4 — - - - —~ - - - | . -— g = =
Scientific advances Iir embrvys =-ransier nave shif-ed =-—ris

procedure from technical development to commercial potential in

t 4
®

the in vitro maturaticn ard ferzilizaticn z oCcvytes
(IVEP) (Betteridge, 1992). This tech-ology opens the possibility of
producing large numbers of embryos, witn substantial advantages

in the rate of genetic improvement. IVEP can be an alternative to

MOET schemes by decreasing generation interval, and therefcre

11



offering the potential to increase the rate of genetic improvement.
with IVEP, time constraints disappear, since matings are done in
the laboratory. Lohuis (1995) investigated the genetic implications
of IVEP in a dai_y nucleus and suggested penefits higher than those
expected for MOET programs: a 20%-25% faster rate of genetic
improvement than with a progeny testing scheme. It is essential
that before MOET or IVEP is adopted, potential benefits and risks,
both genetic and econcmic, are considered. To be able to make this
decision it 1is necessary to obtain realistic views on both
rechnologies and determine their effectiveness, both now and in rthe

future.

2.3. NUCLEUS BREEDING PROGRAM

Nucieus preeding schemes nave peern advocated o capitallize
on embryo transfer technclogy. Nucleus breeding schemes are
oreeding orograms involving elite groups, the DpDest maies and
females combined in a nucleus (Bourdon, 1997). In a closed nucleus
scheme germ plasm fiows In cnly one directicrn. Animals prcduced In
the nucleus are used in cooperating herds. In an open nucleus
scheme z comparison is made of the stock in the nucleus to the pest
animals available from populations being tested and ranked on the
basis of BLUP. This approach reduces risk c¢f inbreeding {Burnside

and Smith, 1994).

Studies focusing on the consequences of opening dairy nucleus

12



on the male side by selecting sires across those available within
and cutside the nucleus snowed TC be advanragecus in relation to
a closed nucleus (Colleau, 1986; Dekkers and Shook, 1990). The
penefit of cpening a dairy nucleus on the female side =0 cows from
the commercial population is, however, less clear. Opening the
nucieus resulted in a reduction in genetic variance pecause of
increased female intensity and accuracy of selection (Dekkers,
1992). This resulted in a substantial decrease in accuracy in the
nucleus and a large decrease in genetic selection differential for

males, which dominated the increase in selection differencial for

A

'

females. Lower genetic gains for cpen nucleus schemes are a result

of the effects of prior selection on generic variance and accuracy

(™

{Dekkers, 1992).

A nucleus breeding scheme can be defined logistically

[
)1

a

p-

accerding tce ophysica ccation c¢f tZhe Dbreeding females 23s =z

centralized or dispersed nucleus. In a centralized nucleus herd,

e.ite animals are managed In a2 group within a singie locaticr.

Centralized nucleus schemes have the advantage cver dispersed

led and female selecticrn is

p-

nucleus since environment is ccntro
more accurate, but the size of rthe nucleus 1limits selection
intensity and can lead to inbreeding problems (Lchuis, 1993). A
centralized nucleus offers the opportunity to record important
economic traits, such as feed efficiency, and include them in a

breeding objective. Although centralized nucleus schemes can

13



exercise greater contrcl and provide improvement for mcre traits,

Dispersed schemes are strategies in which MOET i1s performed
on elite females o prcduce .arge fuli ang half-sic famillies, which
are then dispersed in the general cow population. Dispersed nucleus
schemes can also allow Zor larger popuration sizes and resulting
ilower inbreeding rates. Dekkers (1992} considered dispersal of the
nucleus in dairy breeding oprograms. Meuwissen (1939) demonstrated
that a centralized nucleus herd doces not have advantages over use
of MOET on pulli-dams ir. & procgerny Test, Decause the _atter _eads
to develcpment of a Jdispersed nucleus. Nevertheless, there are
several advantages To utilization cf 2 centralized nucleus scheme.

Lohuis {1995 argued that in countries with well established and

I()
ry

anbilased national recording rograms, dispersea schemes offer

comparable rates of genetic improvement and are easier to finance.

re ofrten

I\

de The nucleus

S

rt

u

O

Trhe bernelits from recording anima.s

marginal when secondary traits are inciuded in the breeding goal

S

euwissen, _391:.

2.4. SYNTHESIS
Practical techniques for embryo transfer in farm animals were
developed about 20 years ago and since then they have been applied

increasingly in animal breeding, specially in cattle. The methods

14
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industy, which nas made eifective use ¢ AI and =T in such a way

lings and progeny have been accumulated

(o)
=

that large numbers of si

ar normal ccnditions would nave

J

1
(1
'

in a shorter eriod o ime =z

l{i

allowed . Application of AI and ET has never been as -successful in
the beef industry as it has pbeenrn in dairy. Thereiore, it generailly
takes time to get large numbers of reccrds on a group of related
individuals ¢r progeny.

Simulation studies have been used tc comparatively study
different preeding strategies in the dairy, sheep, gcultry and peel

industries. Through simulations a framework can be dJdevelped to

study different scenarios peifore Zield implementation. This thesis

investigates the use of new reproductive technolcgies through the

=
=

closed breeding nucleus. A further step is also attempted which Is

Tc study the economlic feasipilitcy of producing marke:t teef animals

implementing multiple ovulation and embryc transfer.

16



CHAPTER 3
SPECIALIZED TERMINAL AND MATERNAL BEEF LINES VERSUS SINGLE LINE
SELECTION IN A NUCLEUS BREEDING PROGRAM IMPLEMENTING MOET OR

IVEP

3.1 Abstract

A simulation model was developed to investigate rates of genetic
improvement in specialized maternal and paternal lines to compare
with single 1line selection. Specialized and Non-specialized
breeding schemes were comparatively studied in a closed nucleus
herd framework implementing MOET or IVEP.

Rates ©of genetic gain In specialized sire and dam lines were
significantly higher than genetic improvement achieved in non-

acticn in Ncon-specliallized

"A

specizallizea schemes. Efficiency 2of se
lines was greater when genetic correlations between terminal and
materna: traits were favouraple. Zfificiency of selecting in Non-
specialized lines was also dependent on the ratio of heritabilities
and relative economic weights tcetween maternal and Terminal

traits. Efficiency of selecting in Non-specialized 1lines increased

Tralts

(S

()

ities of rterminel ©2> materna

1-4

heritabpi

Fy

as the ratic o
increased. Efficiency of selecting in Non-specialized beef lines

increased as the ratio c¢f economic emphasis between termina.i and

maternal traits decreased.

17



3.2 Introduction

Rather than disperse breeding and selection over many breeders
and A.I. nucleus units, 1t may De better To concentrate effort in

dedicated selection stocks and units. These are usually called

(s}

nucleus units and stocks. Most of the advanrtages of nucleus urizs
are derived from the genetic gain achieved when the elite nucleus
population is formed, being referred tc as genetic lift (Gearhear:t,
1990). Furthermore, nucleus schemes allow for increased accuracy

in selection, and an increased seiection intensit--, Micholas (13%79:

and Nicholas and Smith (1983) outlined dairy cattle breeding

1\

schemes using nucleus units <of elite sires and dams chosen from the
breed pcpulation and allocated within a nucleus for further study
the implications o¢f MCET c¢n geneti:s Improvement 2I dalry
population. The general conclusion was that MOET could produce

n —he rate c<f

enetic imprcovement In any

2

(BN

substantial increases
species in which natural reproductive rate is low; and that if high
rates of empbryc =ransfer ccu.d De achlieved, the rate oI geneti:
improvement cculd even be doubled.

Nucleus preeding schemes with MOET have been propcsed as a way
to further increase the rate of genetic progress in dairy cattle
(Ruane and Thompson, 1991; Dekkers, 1992) peef cattle (Land and
Hill, 1975; Gearheart et al. 1989; Keller et al. 1990; Wray and

\

Simm, 1990} and sheep (Smith, 1986; Wray and Goddard, 1994).

18



Villanueva et al. {1995) reviewed the literature and stated that

early studiles concentrated crn exira genetic

'O

rogress expected wizh

MOET, while more recent studies have also considered possible risks

. — —_—

associated with the use of MOET zechniques. These 3uthers stressed

1]

that by greatly increasing the number of progeny to be produced by
single individuals, genetic oprogress can ope :improved due =o
increased intensity of selection. However, the extra gains can be
accompanied by increased inbreecing since fewer parents contriburte
to the next generation.

Several authors (Smith, 1964; Moav, 1966; Moav znd Hill, 1966;

wm

Cartwright et al., 1972; Gregory and Zundiff, 1950; Senrnet: ez al.,

1983; MacNeil et al., 1988) have studied the development of

5

specialized genetic lines in speci

[

ic roles within crossbreeding
systems in order to improve the profitability of commercial bpeef
oroduction. It 1s, however, not «nown whether there are immediate
gains from selecting for overall performance of a single line or

M : : o ; =3 - ‘ i Pm,aa s L~
selecting 1in specialized sire and dam lines Ffor oroducin

19]

commercial embrycs.

3.3 OBJECTIVES
The specific objectives of this s+—dy were:
1) To develop a computer mecdel simulating a beef nucleus breeding

program implementing either multiple ovulation and embryo transfer

(MOET) or in vitrc embryc production (IVEP) in development of

19



single and specialized lines.

2) To study rates of genetic improvemen: attained in specia

lzeq

()

and single line beef selecrion within a beef nucleus scheme using
MOET and IVEP.
3) To compare relative rates of improvement attained by selecting

within a single line |non-specialized, with selecting within

-

specialized maternal/terminal beef lines.

3.4. METHODS

3.4.1 Description of simulations

A deterministic simulation model was used ¢ predict genetic

— e -~

‘0

response in a closed nucleus herd of beef cattle implementing
either MOET or IVEP. Seiection was assumed e pe for twe tralts

representing a terminal and a maternal trait. Genetic improvement

attained 1in speclalizec sire and dam lines was compared IcC

selectiorn. for the same maternal and terminal traits on a single

-~

multiple purpose line. Accumuliated genetic resccnse over IO

generations of selection was the basis for comparison ¢f MCET and

-

[

VZ? preeding schemes.

Selection in a single line, combined overall performance of

()

two component traits, M represertir. the trait maternal performance
and T representing performance of the market progeny. These can
represent either a single major trait or an index of several

traits involved in each component. Maternal and terminal traits are

20



poth expressed in standard deviation units so chat their

ng .. e The respecTliiue

4]

chenctyric variances are urizy. Let -

heritabilities of the terminal and maternal traits, and rp and rqg

- -} ¥ 3 -~ -3~ - b - v - -
represent the phenotypic enetic Ccorrelaticns between Tne IWe

nd

£)s
[19]

traits. The difference in importance of the maternal toc terminal
Zraits, was taxken into acccunt ty defining =he relative eccncmic
value, (a), as the value of one standard deviation change in M
relative to the value of a change of one standard deviation unicz
in T. The various parameters are combined in a selection index

ze The overall genetlic Imprcwvement

1

(Hazel, 1943} which wil

(B2

maxim

[

towards some specific selection goal. The selecticon goal for a
terminal line differs Zfrom that Ior materna. .ine. Breedirg
fast growth rate, feed efficiency and carcass traits is the main

cal Icr a sire (zTerm

"

Se

)

ction

«Q

i
¥

lines focuses on maternal apbility (milk yield, protectiveness,
mature COwW weight) and reproductive Traits. SelecTion oblective i
a single line was defined by an aggregate breeding value {H), as

or Thie TWO

|_<
V]
]
Q.
)
'

a _.inear functicn c¢I <ne Dpreeding va.ues
component traits.

The genetic improvement realized in sires and dams from
specialized lines is expressed in a specialized breeding program,
defined as a "“Novel” breeding program. In the Novel breeding

program, terminal embryos are implanted in recipient CoOWS

originally from the specialized maternal line. In contrast, in a

21



Non-specialized breeding program, embryos from a single line were

(@]
I
Y
(0]
3

glent COWS 315 “hat single _ine selecticr.

'_l .
[\}]
,,

implanted in rec

The aims of selection wvaried in the different lines. 1In

selecting within a single line ZIcr overall periormance =—he aim is

to maximize the change in aM + aT, while 1n terminal and maternal

lead

ecticn goals are tc imprcve M and T respectively.

pt

lines the se
Whatever the aim o©f selection, a selection index compining

1 provide maximum genetic gain due

(=]

infoermation on both traits wi
to the correlated response on indexed traits if the parameters are

well estimated ‘Sivanacian, 199z,

[

In order to calculate relative rates of improvement by the
different breeding schemes, rather Tharn tThe apsolute rates, cnliy
the heritabilities and the relative economic values of the two
mrairs were considered. A range oI vzlues was specified for zhese
parameters and the relative rates of improvement 1in overall
perfcormance and speciailized lines were caicuiated.
parameters chosen to represent the twoc sets of traits were:

~ o s A
/

1Y ievels of neritapilizies = J.L (10w,

3) genetic correlation = -C.3, -0.4,-0.2,0.0,0.2,0.4,08.5.

4) phenotypic correlation -0.7,-0.3,-0.16,0.0,0.16,0.3,0.7.

Certain combinations of the parameters h- k. ¢ and r were not

possible because the matrix is not positive definite(Searlie, 1961).

22



In those cases, combinations that were not pcssible were excluded

from the data sert.

3.4.2 Type of selection

Selection was assumed to be ¢n an index of economic merit with
records available at 15 mentns of zge on males and femalies, sire,
dam and a group of half and full sibs for the MOET scheme. For the
IVEP program, information on dam and sire was used to calculate the
index for selecting female donors. Dams which had been used in
aspiration were assumed to have made a record for bota the maternal
and terminal traits by the time of selection for the next

n = Tl

generation. Sire selecrticn in —he IVEP prcgram was basec 2n a full

family index as described for the MOET program.

3.4.3 Parameters used for MOET and IVEP
The number of viable embryos per flush, rate of conception on

-

re

)
W]
tn

a fresn implant pasis {MOET scheme! represents =The current

cr
oy
1]
.2
[
&
®
I

obtained in Ontario (Hall, 199%). In the IVEP program

of oocytes, rates of fertility and age ¢f females at aspiraticn

are described by Earl et al. (1994). The parameters used for

-
e 3.1

-4

developing a MOET/IVEP nucleus prcgr - are described in Tab
They include nucleus size, embryo transfer per donor, conception
rates, rate of survival to selection, age at flush or oocyte

aspiration, generation interval, number of donors, number of sires,

23



mating ratio, progeny size and selected proportion ¢f males and
females.

A single flush was assumed in MOET schemes and potential

donors were als. used as recigients ccws, after peing fiushed. In

@]
'J

~ T2

IVEP Dbreeding schemes embryos were implanted into different

-ty

recipients cows, since oocyte aspiration was performed at 2 menths

of age.

3.4.4 Simulation structure and associated standard selection
differential, inbreeding and genetic response.

Selected sires and dams were used only once. The number of

ze and wa

n

[

recipient cows used each generaticn defined the herd s

Q.

set at 510 recipients, according to a small nucleus size describe
oy Kelier et al. (1993:. The progeny generaticn was produced as z

single cohort. A distinct generation was used assuming that average

breeding rsaiues ¢f selected grcup and next generation were nigher

than the present generation. A second assumption £for using a

-
QAo o

distinct generation is based cnn The £ “hat The nuc.eus sice

stuaied was small and the amount of information available for

selecticn in the nucleus 4did not allow for nigher accuracy. rCr

]

schemes relying on one flush pe. donor (MOET), the generation
interval was assumed to be 2 yrs. Oocyte aspiration started on
female calves at 2 months of age and female generation interval was

1.3 vyears.

24



3.4.4.1 Selection differentials
Hill {(1376) showea that standardized selection differenrials

are affected by population structure as well as size. Hill’s

equation was derived fcr selecticn in

1]
‘0
O
'O
[
t

VT
t
)
O
3
O
(R
i

3
ty
o
’ 4
\n
it
D
0

families each of equal size.
Standardized selection differential was adjusted for
population size and structure according =¢ Hill 71976):

I,=1- (1 -p)/{2Ip[ns(l - p} + sp + 1]} (1]

I, = reaiized standardized selectiocon differential

adjusted for population size and structure,

It
bty

—Qr ar

}—

I = standardized selection differentisa

infinite population of unrelated individuals,

C = proocrTion selected,

n = family size,

s = aumper ¢©If groups and

© = lintraciass correlation among observations

in a Zamilvy.
Keller et al. (1989) modified Hi1ll’s equation to account for
nierarchical mating used in closed nucieus breeding schemes.
In a closed nucleus breeding scheme with hierarchical mating, there
is a mixture of full-sib and paternal half-sipb families that peccme

related over time. Realized standardized selection differentials

were computed for selection among full-sib families (I..) and

25



*

selection among paternal half-sipbs (I...)separately, according to

- —

Keller et a>. {19439, Ine intracrass correla-ion ameng full-sibpb

families was estimated as the variance of an index based on full-
sib, paternai halilf-sip, Jdam and sire reccrds divided bdy zthe

variance of an index based on own, full-sib and paternal half sib,

(==

dam and sire records {full index) Hi:l (197€). The intraclass
correlation among paternal nalf-sibs was estimated as the variance
of an index based on paternal half-sib records only divided by th:
variance of the full index. The full sib family size was defined

for the current DbDreeding D

[

)

ogram py 1/% tTimfs <ths nimber o
vaternal half sibs, where x 1s the number of donors per sire. The

) -

cverall realized differential (I.,/was approximated as the weighted

»

sum cf I.,. and I.. as focllows:;

.= 01 = /eI, = Ti/x . ey
3.4.4.2 Effective population size
Recertson {1961 Zound tzhat fcr 2 gopulaticn consisting oI
unrelated families of equal size, the ratio of actua! number of

1 -~

breeding animals (N! to the effective number (Ne: Ccould pe Iound

h

as a function of the standardized selection differential (I..) and

-]
)]
h
®
-4
o}
H
m
()
]
(D

the intraclass correi:ation ameng dgroups i(0j.

effective breeding population size in generation t was predicted

as:

26



Z,

(0}
t

1l
—_—
2

+
1
~
e

+
[am}
'

O
r
()

Equation 73] was used tc predict the efiective number © na

P

it

Sire

n
£

dams separately because N and I., differed between sires and dams

ent macing stTructures examined. Average inTraclsass

I
bt

in the 4i

e

y

correlaticn among full-sibs and paternal half-sibs was used in

equation {3].

3.4.4.3 Inbreeding

Having the effective numbers of sires (Ne.; and dams (Ne,)

1
n

, t—he rarte of inbreedin in generaticn T JAF ¢ wWa

[

from {3

predicted as follows (Falccner and Mackay, 1996) :

AF " = 1/Ne =~ -~ L/Ne, "~ /% 4
The level of inbreeding in generation ¢ {(F } follows a procedure
described by raiconer and Mackay, [1996:, and iz ranges Ifrcm O for

noninbred animails to 1 for completely inbred animals. The level cf

inpreeding at generation T was gpredicted as:

]
]
(g |
w
—

AF "+ (1 = 277

7]
il

3.4.4.4 Genetic response

The expected response to selection for each trait in generation n



+ 1 will bpe:

)

where A'= (AG.AG-}), AG . and AG represents genetic gain rger

(

generation for terminal and maternal traits, G and P are the

genetic and chenotypic variance-covariance ma

~rces LN gener

3T~
2. -0

n; p=(1 1) represents a scaler of index coefficients assigned to

eacn trail

[al

, and I. 1s realized standardized se.ecticn differertial

adjusted for population size and structure (Hill, 1976; Rawling,

1976;. The recurrence relaticnsnip cof the generic variance ma
taking into account the effect of selection (Bulmer, 1971, is,
accordin~ te Tallls and Leppardi (132z::

G .. = (0.5G.+0.5K(b' 2.0} "G.bb’G.}+0.3G = G - - G
where K = -I (I., - ) 1s the change 1in variance as a resu-t =

selection, x 1is the point o©of truncation.

phenotypic variance matrix 1s egual to that of

The change 1in

“he genetic vari

matrix (P. - 2. = G. - G.). To take into account the jcint effects

of drift (sampling effects and inbreeding)

28

and selectiorn,

the



o

between family genetic variance matrix pecomes (1 - 1/£)G 777,

3
3

where £ is the number cf selected parents (Xeightly and =iil,

1987); the within full sib family genetic variance matrix becomes:

Accuracy of selection was obtained as the square root tc the

heritability ©

v

index. Heritability ¢f index was deifined as:

It

}-

h-. = (b'Gb/b’ Pb)
3.5 Statistical analysis
The mean difference of Novel and Non-specialized breeding
programs was tested within each breeding scheme and acrcss preeding

schemes (MCET and IVEP) using a two-tailed paired t-test (Snedecor

-ty

and Cochran, 1989 at different _evels of nerizapiiiries and

phenotypic correlations among the two traits. The paired t-test was

D

performed within each level cf genetiC ccorrelaticn and relatlive
aconomic weights. In order to test if treatments were statistically
significant within a deterministic Iramework, since no repillates

were generated, the approximate mean sguare error fcr cthe

Pt

statistical test was based on the assumpticn that interactions
among the different levels of heritabilities and phenotypic

cant. The initial

’-h

(=8

correlations were not statistically signif
assumption of testing differences on genetic progress was

questioned by Crow (1998), who suggested characterizing the

29



importance of main effects and interactions using sums of squares
instead of testing, and then determining =the variaticn in rhe
outcome expressed in proportional terms. The two different
approaches are discussed interchangeabiy in The results and

n

discussion of this chapter.

3.6 RESULTS
3.6.1 Genetic gain on MOET versus IVEP

Comparing nucleus implementation based on accumulated genetic
response over ten gererations of selection, averaged over all

B

ievels of the genet

(]l

¢ parameters, response of the MCET nucleus herd

[

was significantly (P<0.001) higher tc a nucleus herd implementing

v

abie

(a)

VEE, { .2). GCenetic improvement atrtained in =the Ncvel

-3

4

breeding program (specialized sire/dam lines} was 35% higher in
MCET compared Z2 IVEP cver 10 generations.

Gernietic response on non-specialized schemes in the IVEP

nucleus was a.so sigrnificantly lower (2<{.JC1! <han genert:

-t

~r
-

[\1}
) e

' [
@]

attained in MCET nucleus (Table 2.2),averaging zpproximately 20%

_ess.

The sigrificantly lower rates of genetic improvement

achieved on IVEP nucleus breeding scheme were limited by the

-4+

rates of success attained currently on that technology. Lower
reproductive rates affecred the number ¢f donors available Zfor

selection and number of oocyte aspirations required to maintain

3C



a constant nucleus size. The smaller number cf female donors in
the IVEP nucleus led 0o a lower ocvportunity fcr maintaining the
same selection intensity used in the MOET nucleus scheme. In
order tc¢ maintain constant herd size Zor poth nuclel ‘MOET and
IVEP), an optimum number of oocyte aspirations in the IVEP
nucieus was used leading to nhigher rates of inbreeding.

The lower selection pressure in addition to higher levels
of inbreeding, did not overcome the gain from reduction of
generation interval in the IVEP nucleus, because the generation
interval for IVE? was 32% of that Zor MOET. Conseguiently, IVEP
had a lower annual genetic gain than the genetic gain observed

in the MOET nucleus. These findings agreed with thcse descriped

1)

by Dekkers (1992) and Lohuis {(1995).

3.6.2 Effect of genetic and phenotypic correlation on efficiency
of selection of specialized lines in relation to single line

selection.

The efficiency of selecting within specialised sire and dam
iines, relative to seiection in & single line, is tapulated In
Table 3.3 and Table 3.4 for MOET =-4 IVEP respectively.

When the genetic correlation petween terminal and maternal
traits was favourable, fairly substantial gains in efficiency

were obtained by selecting specialized lines in MOET and IVEP
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breeding schemes (Tables 3.3 and 3.4). Smith (1964) described
similar results tc this research when he compared rates of
improvement by selecting for overall performance in a single

ine with selec=-ion on speciaiized dam and sire lires and

’-l

subsequently crossing them. In the research of this chapter,

pient cCows from a

f-be

specialized embryos were implanted in rec
maternal line. The benefits of having specialized lines were,
therefore, even larger than in the study cf Smith (21964;.

The efficiency of selecting within specialized lines,
compared te selecting in a single line, decreased substanzially
going from a favourable genetic correlation between traits to an
unfavouraole one.

Average efficlency across all levels of relative economic
weights, heritabilities, and geretic correlaticns was 72% with

MOET (Table 3.3) and 70 % with IVEP (Table 3.4).

Decreasing rates of efficiency were larger at hign levels

acicns, with an averzge Jdecrease 0f 1Z% from -

(=

corre
and 22% from 9.4 tec 0.8 in MOET (Table 3.3). Smaller losses in

o

efficiency were found in IVZP preeding scheme, 32

(£
Hh

Tor genetic

correlations ranging from -0.8 tco -0.4 and 10% from 0.4 to 0.8.
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3.6.3 Effect of heritability and relative economic weights on
efficiency of selection of specialized lines in relation to
single line selection.

Loss of efficiency was dependent on the level of

and the relagzive

heritapiliities of terminal and materna. Trai=z

n

economic weights attributed to each trait.

High levels of neritapility and relative economic weights
for the terminal trait led to a dominance of this trait over the
maternal trait. The efficiency of Novel breeding scheme over
non-specialized breeding scheme was higher at low levels of

econcomic weights ¢on The maternal <rals

v

heritapilirty

<
\1}
o
[e}
ty
[{]
' Kl
[\}}
it
'_‘
<
D

In order to fully express the genetic potential of terminal
embryos, recipient ¢cows from a Jdam rine would have TC provide an
adequate environment tc sustain offspring performance at an
optimum level. Therefcre, reduction In genetic respcnse due o
the combined effect of heritabiliny and relative economic

ST s - -~ T - 3 ; - . - SE5 A
welgnts ZCr Tne materna. Tralt Jdecreagsec Tne @II1ClencCy O

specialized herds in comparison to Novel ptreeding scheme. This

conclusion agrees with the findings <f Smitn {1964;, whc
described in the context of a single line, the quantity ap
a=relative economic weight, p=h-./n -} which measures the eccnomic
improvement by selecting for one character relative to the
improvement by selecting for others. Smith (1964) concluded tnat

if ap is large or very small, all selection in the specialized
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lines will favour one cof the traits and effectively ignore the
cther.

The advantage of selecting specialized lines was

significantiy nigher o0 The average across a

=

1 genetic

}- 4

correlaticns and all eccnomic weights, when the proportion of

Or the termina.: and maternal Tralt was . O -,

heritabilities

th

compared to 2 to 1 and 5 to 1, on MOET and IVEP (Tables 3.3 and
3.45.

The decreasing rates of efficiency of specialized lines
over single line selection for different proper-ions cof
heritabilities (1:1,2:1,5:1) were significantly higher when the

ative economic welights of Zerminal £C materna. Tralic

()

| -

ratic of rel

decreased from 90:10 and 60:40 (Tables 3.3 and 3.4). If the

ratic cf ecconomic weights decreased Ifrom 6J:40 tc 30:230,the
efficiency cof selecting specialized lines was significantly less
for ratios of heritabilizties 'Z:1 and 3:1; compared T

{Tables 3.3 and 3.4).

4

dissimilar heritabilities(i:

~ive

A1)

The increase irn rates of efficiency due =2 rel
economic weights showed a similar pattern for the MOET and IVEP
nuciei (Tablie 3.3 and 3.4). Efficiency increasec at a different

rate according to the ratic of heritabilities between the two

(i}

traits. When the heritabilities of the two traits was of the
same level (1:1), the increase in efficiency due toc a decrease

in the ratio of relative economic weighting of the two trairts,
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was 17%. If the heritability of the terminal trait was twice
the materna. trait, efficiency decreased by 9%, as the eccnomic

weilght ratio decreased.

3.6.4 Main effect and interactions of different levels of
heritabilities, phenotypic correlations, genetic correlations,
and relative economic weights.

The main effect and interacticns of different levels of
hericapilities, phenctyplcC correlations, genetic correlations
and relative eccnomic weights are presented in Takle 3.5.

The analysis of sums 0f sguares oI maln effects and

interactions expressed as a percentage of the total sum of

fh

sguares, showed that relatlive economic weights expiained 40 % ¢
the total variation, followed by heritability at 23 % and

genetic corre:aticns at -4 %, Trhe relative imporzance c¢I we-

way interactions was minor compared to the main effects (Table

Y

‘;Che interacticon oI neritaplllity by relative economic

3.

n

weights explained 6.19 % of the total sum of squares.

The advantage o©f Novel cver ron-specia.ized creeding scheres

became svident, since in the Novel scheme economic emphasis was

and ..aternali traits in specizlized

=

na

-1

given in full to the term
beef lines. The efficiency of the Novel breeding scheme over
non-specialized became more evident as the heritability of ocne

trait decreased while the other was kept constant, or maintained
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of 1

of inbreeding (3.9%)fcr a
selection based on family information
Inbreeding can pe a propliem with a sma

Inbreedin
Inbreeding accumulated faster for the MOET and IVEP schemes
¢ interpret

at a higher level
3.6.5 Inbreeding
The annual rate cf inbreeding, AF, was 2.2% in the MOET
scheme and 2.4% in the IVEP scheme £or a constant mating ratic
male to 6 females. Gearheart (1989) described higher rates
ilar mating ratio (1:8; Zo¢or

simi

MOET/IVEP nucleus.

- TC

,<|

outlined, % that it can pe difficu
alone. A ratio of AF per unit of response may be
comparison oI

ion for interpreting AF ZIZor a (
AF to genetic

pressi
The ratio of

ex
1989 ).
onsiderapiy

o~

meaningful
W23 C

(Gibscn,

icn in

breeding schemes
VEP nucleus program

{Figure 3.1;. Cn
AF -z

th

response ter dgenerat
he

CI sSe.Lectlon, The ratic C©

IVEP than for MOET.

“han 1n t

smaller
generations

superior

14
for

average, over

19%

genetic response was
{

3.6.6 Genetic variance
Reduction in genetic variance over 10 generations was 5%
27%) hignher in the IVEP nucleus than in the MOET nucleus
(Figure 3.2). Accounting for selection disequilibrium,

finite population size and relationship structure,

inbreeding,
36



selection response for MOET and IVEP was 69 and 71% in

H PRI
ich. ne..er,

)
ct

generation 10 of the response in the first gener

et al. (1990}, reported for a similar nucleus size, over 20

generations cf seliectiorn, that the combined effect ©

't

a
factors described led to selection response of only 59%, as

large as the response in generation I.

3.6.7 Selection differential

Advantages from MOET/IVEP breeding schemes are largely due
to higher selection intensities that can be applied to females.
Shorter generaticn intervals are possiple fcr IVEP versus MOEZT
{Table 3.6). Theoretical response rates estimated for MOET and
IVEP are shown in Tapie 3.6. In crder toc maintain the same
family structure and alsc due to lower fertility and pregnancy
rates in IVEP, selectiorn intensicy in maies and Iemales was

decreased compared to MOET (Table 3.6). Accuracy of selection

1 IVEP because selection was Dased on pecdigree

[
i}

was alsc lower
information, since female calves started on occyte aspiraticn at
two months of age. By starting female gamete aspiration at an
early stage, a significant reduction in generation interval was
obtained in the IVEP scheme, 1.62 tc 2 years in MOZT scheme. In
spite of the gain in generation interval with the IVEP scheme,

the loss of selection intensity and accuracy of selection

compromised the IVEP scheme’s competitiveness. Average genetic
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eef herd was

o

response per year in the IVEP nucleus

n ]

approximateiy 0% less than zThe MCET breeding crogram |

))
0
I
ty
{

3.3 and Table 3.46).

3.7 DISCUSSION

The results of the research in this chapter pointed to a
nighly specialized beef producticn system. Although this study
concluded that there was an advantage in developing specialized
beef lines, it did not study the effect of using existing oreed
differences for terminal and maternal traits for the
implementation of nucleus peef herds. Amer et a.. (1992}
conducted an analysis of published genetic differences among the

redomirniant peef cattle breeds in Canada. The authors fournd

(=]

'0

impcrtant genectic differences for many traits. Breeds with
larger mature size tended IcC De larger and leaner at a constanct
age and better for maternal calving ease and maternal caif
survival. In contrast, smaller Dreeds were sugericr in thelir
direct genetic contributicn f£or calving ease and calf survival.
Angus were more fertile and Simmenta. Less Zertile than tne
other breeds.

The development of new lines py selection depends on
planned seiection efforts while utilization of availabkble preeds
capitalises on breed resources for maternal and terminal lines.

Gearheart (1989) proposed the use of elite nucleus units in
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beef breeding strategies in general terms. The author indicated

stages oI nucieus formaticn the greatest

that in the initia

immediate gains were likely to come from selecting among iines

T1CSng wgou.d resu.- 1o

~

{breeds;. Formation ¢if elite nuclieus DODU

’_
[\Y]

an initial one-time genetic improvement, or genetic lift, due to

selection of elite population sires and dams.

This study used the concept ¢f nucleus breeding schemes in
a deterministic framework, without considering different
approaches to nucleus formation and continuation, and
demonstrated sigrnificant levels of genetic Imprcovement Icr

specialized and single line selection, but at the expense cf

Ih

racidly increasing inbreegding . It 1s suggested Icor future
research that the effects of size of nucleus and structure of
matings pe studied. Dekkers (1992} reviewea tThe literature,
discussed the advantages and disadvantages ¢f centralized versus
dispersed nucieus nerds and conciuded trnat a centra.ized nucleus
in practice wculd have advantages over the dispersed nucleus.
The advantages were mainly relateqd TC The increased abillizy tc
control and manage the breeding stock. Application cf MOET and
new technoliogies such as IVEP, cculd iead to petter and :1esSs
variable results or, alternatively, measures could be taken to
ensure that donors are flushed or aspirated until sufficient

male and female siblings are obtained. Centralized nucleus herds

are more ideal because the environment is contrcliled and femalis
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selection can be more accurate, but the size of the nucleus

limits selection internsity and can lead ¢ inbreedin rogc.ems

9]
‘0

(Lohuis, 1995). The research presented in this chapter did not

focussea

(i

compare IVEP an~ MCET nuciei of different sizes, Du
on their rate of genetic gain with a constant nucleus size.

The present results are cf most value in indicating that

a highly specialized nucleus breeding system, the use of

ng

B

reproductive technologies such as MOET or IVEP in se.ect
specialized lines leads to a greater rate of improvement than

selecting for overall periormance in a single line.

3.8. CONCLUSIONS

In conclusion, selection of specialized sire and dam beef

lines, and the use ¢f reprcductlive technclogies, _ike MOZT

IVEP, yielded new challenges for future investigation. At the

n
n
i1y
O
A
2]
1
O
‘4
oD
0]
<
-
b
[}y
ot
[
O
o}
[V}
]
Q2
5
b
Iy
<
O

present rates of succe
transfer and for the framework simulated in this study, MOET
nucieus implemenzéaticn nad larger peneiiiTs Than
Progress by selecting in a single line for overall merit
was compared to rcrogress attained py selecting specialii:
and dam lines and subsequently implanting terminal embryos into
maternal recipient dams. The rate ¢f improvement tThrough
specialized lines was considerably higher, and was even better

I Ee)

if there was an unfavourable genetic correlation and large ratio
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of relative ecconomic welights between the terminal and maternal

—raits
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Table 3.1: Parameters used fcr mu
transfer (MOET) zand in vitrc empr

programs.

tiple ovulation and embryo
croductiorn (IVEP} pbreeding

Scheme

Paramerter MOET IVEP
Nucleus size 5130 518
Embryos transiers rer donor ) 0
Conception rate fresh embrycs % 76 33
Rate ©f survival t©O selection 73 C
Age at flush/aspiration {(month) 13 z
Generation interval males (years; z 2
females (years) 2 1.3

Number of doncrs 23 25
Number of sires 14 14
Mating ratio(#% of females per male} © 6
Number of progeny 290 189
Proportion selected malies (%) 5 7.3
females (%) 29 90

Nucieus size was dencted by number cf reciglent COWS

{implants)
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Table 3.2: Accumulated genetic response (d.) for terminal

and

maternal trait for MOET and IVEP nucleus breeding programmes
over 10 generations of selection
Breeding scheme MOET IVEF
NOVEL terminal 2.23 1.62
maternal 2.23 1.62
NS 50/-10 cerminal Z.1 1.61
maternal 0.21 J.16
NS 30/-20 terminal 2,12 1.39
maternal 0.47 0.35
NS 70/-30 terminal 2.02 1.50
maternal 0.84 0.61
NS 60/-40 terminal 1.33 1.52
maternal 1.19 0.886
NS 50/-50 terminal 1.53 1.41
maternal 1.53 1.41

Novel

2,

S80/-20

NS786/-390

100% relative economic weight on a terminal

100% on a maternal trait.

non-specialized 80% relative economic weignt
terminal traits and 20% cn maternal traits.

non-specialized 70% relative econcmic weight

terminal traits and 30% on maternal traits.
NS60/-40 - non-specialized 60% relative econcmic weight
rarminal traits and 40% on maternal traits.
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Table 3.3. Efficiency of selecting within specialized sire and dam lines
versus selection within & single _inme at similar and different levels of
heritabilities for two traits in a MOET nucleus breeding scheme

Selection Genetic correlaticn

Scheme n-- h-, -.38 -0.4 -0.2 0.0 0.2 0.4 ¢.3
NCVEL 0.5¢C 2.5%2 1ce 1900 1Q¢ 100 100 100 100
NS 90/-1¢C G.30 .30 g€ 78 25 33 4G 30 é
NS 30/-2°¢ 20.5C 3.30 g€ 31 71 52 4e 35 e
NS 70/-30 0.50 0.50 97 34 73 @5 55 43 i1
NS 60/-40 5.80 0.:0 37 3 78 c3 s7 49 17
NS 50/-50 0.50 0.50 g7 86 77 73 58 5C 22
NGVEL 3.50 $.25 10¢C 100 13032 10G 100 200 100
NS 90/-10 0.50 0.25 36 81 71 59 Seé 44 24
NS 30/-20 0.5 0.25 37 33 73 61 58 47 25
NS 70/-30 0.50 0.25 7 84 76 64 61 50 26
NS 60/-40 0.50 0.25 g7 85 77 65 oz s1 27
NS 50/-50 0.50 0.25 97 86 78 66 63 53 29
NOVEL 20.50 0..0 100 100 130 100 100 200 10C
NS 90/-10 0.50 0.10 97 86 79 74 67 60

NS 30/-20 0.5¢ 2Z..0 = 87 30 75 58 [ 4z
NS 70/-30 c.50 0.1¢ 97 38 21 76 70 02 45
NS 60/-40 0.5C 0.:10 a7 383 32 77 71 53 16
NS 50/-50 0.59 0C.10 a8 39 54 78 73 64 47

* Efficiency was defined as accumulated genetic respense over 10 generations
for the non-specialized line divided by respcnse for the speclialized line
(Novel) (x 100)
Ncovel ~ 100% relative economic weight on a terminal trait and
15C0% on a materna: traic.
NS80/20 - 80% relative economic weight on terminal traits and
203 on materna: traits.
NS7G6/30 - 703 relative economic weight on terminal traits and
30« on maternai traits.
NS60/40 - 60: relative economic weight on terminal traits and
5+« on maternal. traits.
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Table 3.4. Efficiency” of selecting within specialized sire and dam lines

versus selection within & single line at simiiar and different Levels aof
heritabilities for two traits in a IVEP nucleus breeding scheme

Selection Genetic correlation

Program h-- h-, -0.8 -0.4 -u.2 0.0 0.2 J.4 J.5
NCVEL .30 J.5C 1aC 1a7C 10¢C oo 100 130 2cC
NS 90/1C J.5C 0.:C 93¢ 79 €% 5z 47 29 z
NS 80/20 0.50 0.50 97 32 69 57 46 34 7
NS 7G/36 5.3C 0.30 97 34 75 63 52 4 i3
NS 60/40 0.50 0.50 98 30 73 68 57 47 13
NS 30/50 0.3 2.3 96 39 79 w9 539 49 L3
NOVEL 0.50 0.25 100 100 100 100 100 100 100
NS 90/ 1 0.5C 0.25 a7 82 71 od 55 44 24
NS 80/20 0.50 0.25 97 84 73 67 58 47 24
NS 70/30 ¢.30 0.25 7 35 75 69 61 49 23
NS 60/40 0.50 0.25 98 86 77 72 62 52 27
NS 50/50 0.5 0.25 97 37 78 74 3 53 2
NOVEL 0.50 0.10 100 100 100 100 100 100 130
NS 90¢/10 .50 0.10 a3 37 80 76 %8 &0 43
NS 80/20 0.5¢ 0.10 98 38 81 81 69 ol 45
NS 73/30 0.56 C..9 98 39 82 31 72 82 4z
NS 60/40 0.50 9.10 98 389 83 79 71 63 46
N3 33/530 0.50 G.:I0 93 3c 34 31 73 &4 43

* Efficiency was defined as accumulated genetic response over 10 generations
for non-specialized line divided by response for the specialized line /Novel)
ix 136G
Novel - 100% relative eccnomic weight on a terminal trait and

100 on a maternal trait.

NS80/20 - 80: relative economic weight on terminal traits and
20% on maternal tralits.

NS70/30 - 70: relative economic weight on terminal traits and
3C: on maternal traits.

NS60/40 - 60% relative economic weight on terminal traits and

430: on maternal Traits.
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Table 3.5. Analysis of the variance ¢f accumulated genetic
response over .U generations of seliection.

Scurce of Degrees of Sum of Proportion from
variation freedom sguares cotal sum of
squares (%)

Heritability (h: z 16268.25 23.10
Phenotypic Corr.(rp! g 4:10.1¢ .58
Genetic Corr. {(rg)- 5 9744 .55 23.84
Relative Ec. Wt. (a) 1 28225.59 40.09
h x rp 2 296.3S c.42
h x rg 12 542 .68 0.77
h x a 23 4363.13 6.19
rp X rg 36 209.64 0.29
rp X & 60 480.59 8.65
rg x a 60 9888.02 0.14
Total sum of squares 224 7C408.065

- Phenotypic correlation
Genetic correlation
Relative economic welights
Significant at p<C.Q01

1

Table 3.6. Rates of genetic gain con MOET and IVEP breeding
programs.

Parameters MOET IVEP
Proportion selected (%} & 5 7.5
Proportion selected (%) ¥ 25 43
Generation interval {yrs} ¢ z z
Generaticn interval {(yrs' ¢ 2 1.3
Accuracy o 0.73 0.73
Accuracy ¥ Q.73 T3z
Genetic gain (SD/yr) 0.261 2.232
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Figure 3.1 Ratio inbreeding /genetic
response for MOET and IVEP nucleus

© 0 2 4 6 8 10
Generations of selection

-= MOET -=- [VEP

Figure3.2 Reduction genetic variance
on MOET and IVEP breeding schemes

100
95 N

\

90
85
80
75
70

L4J

Genetic variance (% )

0 2 4 6 8 10
Generations of selection
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Figure 3.3 Genetic response over 10
generations selection on MOET and IVEP

N

4 6 8 10
Generations of selection

-= MOET = IVEP
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CHAPTER 4.

Economic feasibility of embryo transfer for commercial beef
production at various genetic levels of performance

4.1 Abstract

A computer model of specialized, non-specialized and commercial

v

peef production systems was developed TO assess the economic

5

feasibility of embryo transfer for producing market animals. A
Novel preeding program was defined by impianting specialized
embryos in specialized maternal recipients. In a Non-specialized
breeding scheme, embryos from a single line were implanted intce
recipient cows also from that single line. Specialized and Non-
speciaiized breeding schemes were compared eccnomicaily =o a2
commercial beef herd bred by A.I. in a terminal crossbreeding

The Novel breeding prcgram was ecconomically more feasible

than Non-speciallized breeding schemes. The compariscrn of Nen-

specialized preeaing schemes with different economic emphasis on
“erminal and marternal tralts pcointed CuUT Tnat se.ection Cn
mature cow weight, from 20 to 30%, increased embryo value by 6%.
A further emphasis on reducing mature cow weight (30 to 40%) had
the negative effect of reducing embryo value. A ratio of 70 to
30% for selecticn on terminal to maternal trait showed the

highest gross margin and consequently the higher price that

could be paid for embryos from that breeding system.
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4.2 Introduction

Previous studies on the use of embryo transfer {Land and

1

as and 3Smizh, 1983; Smizn, 1935; YVillanueva et

(B

, 1975; Nicho

p-
}—4

T

i

t

al., 1994) have demonstrated the potential of these techniques

for genetic improvement oI cattlie. Oniy i few studies have

investigated the feasibility of embryo transfer as a tocl to

-

produce market animals, bpecause of tThe nigh cost involved In

flushing doncrs and implanting embryos in recipient cows (Ferris

\

and Troyer, 1987;.
Recent improvements in the efficiency of embryo transfer and
related technigues (Berteridge and Rieger, 1993:, along witn T4

advancements made in the areas of genetic evaluation,

statistical technigques and computing rescurces i{Kemp and Wi.tcrn,

1992), have opened the opportunity for maximizing the

preductivity of specia-ized peef producticn systems.

The present study investigates the economic feasibility of
1'% g

~ -
e ceon

-~
~

D
QO
3
’4

embryvo tTransfer fcr commerciz. peef oprcducIion.

na

0O
O
ct
1y
"

feasibility of embryo transfer is addressed in this

pased on the Ifocilowing cob’ectives;

k

1)To develop a computer model of commercial and specialized beef
production systems; and to compare specializea production
systems using embryo transfer versus a commercial beef herd

using A.I..

2) To compare gross margins obtained in specialized sire and dam
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breeding schemes versus grcss margins attained in maternal and
rermina: Traits within single rine selection.
3) To investigate if market animal producticn using embryc

rechnolegy is eccnomicalily.

4.3 Material and Methods

4.3.1 Economic analysis of specialized and non-specialized lines

of beef cattle.

Maximization of profits usually is the fundamental gocal of

104

roducers. A producer must declide wnectrer TC

‘0

commercial peef

‘0

select for animals that produce calves with large weaning

nimals wizrn _ow feed incTaxes

It
O
y
[\Y]

welgnts {ouTtpuIts) C°r se_ect
{inputs) or some combinaticn of inputs and outputs. Determining

nd seilecting amcng

1]

optimal strateglies Ior compirning Inputs
breeding systems is necessary to be competitive in the bee
indusTtry.

With the advance ¢f reproductive technolcgy such as

at n and empryc transier, Deefl prcocducers zre

A
. ——en

’_.l

multiple ovu
facing a new possibility of increasing revenues over COSts.
A cost-benefit analysis of e~»rve technology compared
conventional A.I. breeding scheme is essential for beef
producers to make an accurate decision of whether cr not tcC

adopt MOET or A.I (Figure 4.2).
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In the present research, simulated beef herds impiementing
MCET or A.I. were studied To determine the econcmic feasibillity
of a beef production system based on embryo transfer or

artificiazl inserination.

4.3.2 Description of biological information for simulated beef
herds
The model is deterministic, static and has a one-year
clanning horizon. The model described an integrated beef
production system, includirng a cow-calf operation and a Zfeedlot.

he foilowing ciasses zf zanimals were simulated: Dreeding

T

cows/recipients, calves, feedlot steers and heifers.
Herd size was set =0 100 pregnant females at time oI
pregnancy checking at weaning (Figure 4.1). Herd size was
mairntained by culling crer ccws after the pregnancy check.
Calves were born in -he spring (March and April;, and weaned in

fend ¢I Octcper: flgure &£.:1..

"

Thne Las

t

4.3.3 Feeding programs

Spring and summer feeding programs for beef cows were based
on pasture which was set in tre m~del as peing availapble ZIor 1z4
days (May to end cf October). During the summer, metabolizable
energy (ME) reguirements cof cows were supplied entirely IZrcm

pasture. The energy content of pasture was described by Marshall
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at al. (1998) (Table 4.1;. In fall and winter, cows were assumed

0 pe nhcused and fed a rarticrn cf corn silage and navy_age Jdurin
J ¥-ag

1
Fh
W2

the dry period (November to end of April}, with a duraticn of

131 days (Table 4.1:.

L)}

Simulated feedlot steers and heifers were fed a diet o

i

vy
i\

ay.age (30%) and high moisture ccorn (70%) until they reached
Y J Y

market weigunt (Table 4.1}.

‘

The calf feeding programs were based initially on milx

3

nursing, and gradually forage and milk nursing during the
grazing period.
Net enerqgy requirements (Mcal ME/day) for maintenance and

cns

daily gain were estimated based cn NRC (1396 equat
Maintenance:

Nem = 0.077 * LW "

LW = live weight of calf (Xg)

@)
\Y
s
'_ k]
=
Q
81}
} ]
3

Neg = 0.063% ~ LW - ~ EBG™
Wnich is:
EBG = empty body gain, (Kg/day)

/Xg DM) are

+
O
V1]
’7!
A
1

Energy content of milk and pasture

presented on table 4.1.

Milk yield and its contributicon to suckled calf gains were
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based on experimental findings from the East of Scotland College
of Agriculiture and the Instituze Ior land and Animal
Production described by Alian(1990) (Table 4.2).

Some authors (Gleet and Zerg, 1963; Tiutter and Nielsen,
1987; Fiss, 1989; Lewis et al., 1990; Miller, 1996) .described a
positive association betweern milk yield and weaning weight,and
concluded that higher milk producing cows weaned heavier celves
compared to lower milk producing cows. Based on that finding,
differences in simulated pre-weaning gains were considered a

direct effect of growth,where maternal environment did nct _imi

calf’'s performance.

4.3.4 Metabolizable energy requirements
4.3.4.1 Cow requirements
Energy requirements for the cow/calf sector were pasea on

- . .
- ~2 T~ lAara ~r A
re a_cuLateqa on 2z

0}

NRC (19%6) eqguazions. feed regulirements w
daily basis per age class group and accumulated over the sntire

rements were divided intc 3 groups: replacemen

’-l

period. Cow regu
heifers, dry cows, and lactating cCoOws.

The dry feeding program began Ncvemper 177 until pasture
turn out on May 1.
Maintenance requirements Nem, were:

Ne. (Mcal/day) = [ 0.077 SBW " (L){COMP)] + a.
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SBW = shrunk body weight, xg:

_actation effect on Ne. reguirements {1 if

i

dry or 1.2 if lactating):

th
'O

®

-

B

vicus piane cI nutritTion on Ne.

n

COME = effect oI

A

<
o)
0

Q.

W
0O
0
2
Q.
P
i
[
)
o
0
Q
0
Ia]
®

ted b

e

tm
'—l

e

'-4
0
IR}
O

requirements

e 0f Z, ©on a scai.e 0f 1 lvery

"y

constant average conditfion sco
thin) to 9 (very fat), 1s assumed.
a- = adjustment for previous temperature,

a- = 0.0007(20 - T.), where T. is previous average

daily temperature, °C.
Adjustment for previous temperature was based on the average
temperatures of five environmenta: stations in Ontario cubllished
by Environment Canada (1996). Average temperature during the

- a2 . . . N P ..
.3 °C and during tne dry feeding crogram

-3
)
[§))

actation pericd was i

t

period was -5.64 °C.
Pregnancy requirements were based on expected average calf
pirtn weight and day of gestation NRC [(195%6:.
Ne,. . .Mcal/day = CBW*(x./0.13)*(0.05855~-

0.500096t) =2 - 0

Where;

CBW Calf birth weight;

ficiency of utilization o

7]

(i )

ME

Hh

Values for e

Km

for maintenance, K, = Ne,/ME. Relationships for

converting ME values to Ne. (Mcal/Kg DM) NRC (1996].
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Ne, = 1.37 ME - 0.138ME- + 0.0105ME - 1.12,
ME = Metapclizable energy [(Mcal/Xg DM} for spring/summer

and dry period feeding programs,

(Al
|

= day o2f pregnancy,

e = base of natural logarithms.

Lactation requirements were caicurated using day cf lactaticn,

1

(]

milk fat composition %, milk solids non-fat composition %, NRC

{1996) .

Ne. = milk vyield(kg/day)* E;

in which:
£ = 0.092*MF + 0.049*SNF - 0.0569, Mcal (Ne.)/Kg,
Mt = fat percent per Xg of milk,

SNF = milk solids not fat composition percent per kg of

Milk fat composition (3.16%) and solids (8.63%) were

-

average va.ues cbtained at Zicra Beef Research Station (Watsorn,

1997 personal communication).

4.3.1.2 Feedlot requirements

Energy requirements for steers and heifers in feedlot were
predicted with the Ifcllowing three steps.
Net energy required per day for maintenance of steers and

heifers (NERm) was computed using equations of Lofgreen and

Garret (1968).
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NERm (Mcal/day) = 0.077 LW -
In wnich:
LW = live weignt {(Kg).

Net ener

«QQ

Yy regqulired per day for live weight gzain (NERg!

medium frame bull calves (NRC, 1996) in megacalories of ME/day

was calcuiated from LW and dai

l_J

follows:

Yy weight gai

NERg (Mcal/day) = 0.0635 EQSBW ° EBG'- "

in which:

]
@]
N
w
=
i

EBG = empty ocdy gain, Kg.

Q

p

Derivation following NRC (1996).

in which:

wn

W
=
Il

shrunk body weight, kg

L}

SRW = standard reference weight =

t

pody fat (Tapble 4.3)

23]
#]

BW = final snruink oocady welgnt at

(=

final body fat,

NRC (1996) equations Zor predicting en
requirements for growing cattle assume that
similar body composition at the same degree
{(1984) medium frame steer equation was used

reference base to compute energy content of

57

equivalent shrunk body weight, kg:

- -

cattle have a
of maturity. The
as the standard

gain at various

n {LWG, xg/dayi =as



stages of growth and rates cf 3ain. This was accomplished by

adiusting tne pbcdy welights cI cat:tle oI varliocus pcdy sizes and

D
Q
c
,—‘
<
W
'—
®
)
ot
'—l
'3
e}
O
Q.
<

sexes to a welght at which they were
composizion ¢ medium frame steers descrived by TyluzTki et al.
{1994). The weight equivalent to the NRC (1984) medium frame-
size steer, was cbtained by xnowing the starndard reference
weight (SRW) and final shrunk body weight (FSBW) at the exrected
finral body fat. These values were determined py averaging the
percent body fat within all cattle in each of the three marbling

alidation darta

(_)
(T
[0}
'4
48
ty
0}
1
L
'_l
)
D
Q

categories in the energy and or

NRC (1996} (Harpster, 1978; Danner et al., 1980; Lomas et al.,

1932; Woody et z.1., 1.923:. 3ogdy fat vercent averaged z7.2, z6.-7,

and 25.2 in the small, slight, or trace marbling categcries,

KW ailows adapting —he svsIem =C

)

oc.e

\l)

respectively. This varl

poth J.S. and Canadian grading systems and determining SRW for

marketing cattie at differernt end ocints (Table 4.3..
A survey designed tc determine the preferences of Ontario
vackers on weight, marpling and yield Class (Edwards 1997, anid

statiscs published on Agriculture and Agri-fFood Canada (AAFC)
indicated that the malicority ©I carcasses in Ontario were A
marbling followed by AA and AAA marbling. In the same survey,
retailers indicated preference for AA marpiing; therefore in
this study an AA grade marbling was the target average marbling

Score.
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The NRC (1996) equations required an accurate estimation
of FSBW Zor adiusting different cattle weights tc a medium-frame
steer. Therefore, the final slaughter weight adopted in this
study was based on average carcass welght and yieid described ty
AAFC. The final predicted average slaughter weight for steers
was 534 xg. A similar value was descrited on NRC (1996} for an
average steer in the United States(533 Kg).

Sex differences affect conformation, pvarticulariy opcdy

composition. Taylor (1994) indicated that heifers achieve the

)

same body composition, on a2 live weight basis, 46 o 67 <3

lighter than steers of the same breed and under the same

szudy, sSex was acdliusted ov

w

nutritiona: regime. In tnhi
decreasing FSW by 57 kg, the average of the values menticned by

3y _0or i19%4: .,

Daily ME requirements for maintenance (MERm) in megacalories

K
C

- en -_-— - -

11,

of ME/day were caiculated fcllowing descr

{1980 .

MERm {Mcal/day) = NERm/ (NEm/AME)

in which:
NEm = net enerqgy {(Mcal ME/Kg DM} available in feed for
maintenance,
AME = average metabolizable energy values for the

diet.
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Daily ME requirements of steers and heifers for growcth (MERg) in

megaccicries of ME/day were calculazted as follows:

MERg = MNERg/ (NEg/AME)
in which:

NEg = net energy (Mcal ME/Kg DM) available in rthe feed

for gairn,

Requirements for maintenance and growth (MER) in megacalories of

[ Ba 1Y

ClLLiCWS:

ME/day were calculated as

MER = MERm + MERg

4.3.4.3 Nutrient requirements for replacement heifers

The nutritional program for replacement heifers included the
pericd Ircom breeding o calving. Heifers were cn a2 grazing
feeding crogram from May 1 to October 31. During fall and winter

ap_e 4.. .

. v

neifers hacd access ¢ the same diet as dry Cows
Heifers at breeding time had 65% of mature cow weight as
recciamended by Tavyior (1994 . Growth rate from breeding
calving was defined as the predicted weight at calving

T breedin

jsY]
(2

determined by Brody’s growth egua~ions minus welight
divided by number of days from breeding to first calving. Energy
requirements for growing heifers were determined using NRC

(1996) equations.
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4.3.5 Replacement Rate
A replacement rate was defined by the number of first
calving cows needed to maintain a constant nerd size, dependent

on herd fertility, rates of death, and voluntary culling. The

I-h

oproporticon of cows that conceived after a breeding season was

assumed to oce 80% for the commercial beef herd (Amer et al.,
1392} .

The mortality rate of 2 percent assumed in the present study was
taken from a survey of peef herds in Colorado (Wittum et al.,
1990) . Voluntary culling was simulated to allow for a beef

oroducer to cull heifers/cows that did noz meet minimum

requirements in the herd; for example, poor maternal ability. A
rate 0of 4% was set for cows culied voluntarily.

In the modeling, a replacement rate for a commercial beef herd
was set to 26%, (20% due Tc reprocductive problems, 4% TC
voluntary culling and 2% to death). A large number of heifers
was needed in specialized herds, pecause of lower rates <
pregnancy with fresh embryo transplantation. The pregnancy rate
for fresh embryos was taken to be 76% (H. Hall 1997, Zencor
genetic services, personal communication), which represents
average Ontario rates of pregnancy for fresn embryc

implantation. The same death rate and voluntary culling was

assumed for the commercial herd. The replacement rate in
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specialized herds was therefore set tc 30%.

4.3.6 Cow age distribution

In order to caiculate feed requirements for different
age greoups In the cow/calf porticn ¢of the simuiatiom, zhe age
distribution across the herd was required. Age distributions
within the cowherd were defined according tc Azzam et al.
{1990). The proportions of cows in each age class in the present
study were calculated employing Markov chain thecory. Culling

probabilities for commercial and specialized herds were

calculated based on fertility rates, death and vcluntary

@]

culling. Equal probability of culling for different age groups

a

-— - -

was assumed. The cuiling ovrobtabilizty was calculated as

ne
Loie

t

difference between 1 and the probability ¢f a cow calving the

In this study, cows at 3 years cf age after weaning a calf were
culled, as described by 3ourden and 3rinks

culling at 5 or 10 vears ¢f age. The authors concluded that

]
|

Fficiency occurred withn 2z younger

ca

1+

although optimal piorcg
herd, economic efficiency occurred when cows were culled at 38

years the younger herd of the twe ages examined in the study.

4.3.7 Growth pgrapeters

Cow body weights at calving for various ages were
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By

calculated using Brody’s growth equation {Brody, 1945). The

3rody growth curve was described as:

!
=
I
s
-

- Be™).
In wnich:

A = mature weight (Kqg),

B = time scale parameter {Xg),

K = maturing rate parameter (Kg),

t = age in days from pirzn.
Mature weights of cows (A) were obtained from analvsis of
published results cn genetic differences among the predominan:
beef cattle breeds in Canada (Amer et al.,1992). The value for B
was determined by taxking the difference petween A and —he mean

birth weight expressed as a proportion of mature Cow sSize {as an

(5 &)

exampie for the Herefcrd preed 2 = 561 - 27.7 / 56> = J3.931:,
The range of B values in this study (0.915 to 0.937) were
similar t¢ the values ¢f 0.%z7 o $.933 obtained fcr Angus cross

cows by Montatio-Burmudez and Nielsen (1990). Kcots (1394}, using

1

Lora Beer Research Center (EZBRC) descriped ov

]

from the

Ca
V]
-
fu
-

)

Fiss and Wilton (1992) defined maturicy (K) parameters of

.0027, which was larger than that described by Sanders and

(@]

Cartwright (1979) (0.0022) for similar mature cow weights. Koots
(1994} suggested that a larger K value indicates a faster

maturing genotype which is contrary to expectations based con the
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positive genetic trend generally observed for mature size of

N

Britisnh cattie breeds ' Tayior, 193%89; Agriculture CZanada 139
Koots (1994) argued that the higher K value, therefore, might be

B

I'h
17
‘X1

due Tc the Zeec’ng regime ax C, since cows at EBRC had high

pody condition scores. Comparable values of K for cows in high

pody conditicn were not Ifound in the iiterature. A X value of
0.0022 was therefore used in this model.

The commercial herd was composed of medium frame CoOws
similar in weight to the Angus/Hereford breeds described by Amer

et al. (1962Z: Tor specizllized peef herds, varicus ccw pcdy

weights were simulated as explained in the description of the

rody eqguaLlons were used

speciaiized herd. The weignis Irom the

n

tc estimate feed consumption at varlous age classes.

I pirth weigthis In Tne model were estimated &S © percen:

Cal

of mature weight. This percentage was based on average mature

cow welgrts and calf birtn weight Icr fZive beef Dreagas
described by Amer et al. (1992). This value was similar to those
described by Tiss and Wiltcon 1993, Birth welight 0f neiiers was

assumed to be 0.97 that of steers based con the review by

Woldehawariat et al. i1977:.

4.3.8 Pre-weaning and post-weaning gain
The rates of growth from birth to weaning and from weaning

to slaughter for the commercial beef herd were average values
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over five beef breeds described by Amer et al. (1992) (Table

(R ])

W
o

4.5). Weaning weights of neifers were set zc 3 of The wearnin

0

weight of male calves (Taylor, 1994;.

4.3.9 Dystocia

The degree of calving difficulty was calculated per age
Cclass and averaged over the ccw herd. In the current mode.,
calves have different birth weights since they were from
different sire lines. Because sire and dam genctypes differ, rhe
crobability of calving difficulty may change, due to fetal-

peivis interaction 'Meitering, 1984;. Bourden and 3rinks 13237

function cof pirtn weight ana heifer weignt in first cal’f

heifers, and as a function of calf birth weight alone in two

4V

Older age classes using expected mean va.ues.

In the current model, mean calving ease was predicted using

-
7

(DA

eguations derived from Bourden and 3rinxs 19

DYS = -0.2038 + 0.0564 BW - 0.0032 WM
Cow age = Z

DYS = -0.7227 - 0.02154 2W
(Cow age = 3 or 13+)

1

Dys -0.223 + 0.00608 BW

(3< Cow age <13)



where DYS is the oroportion of cows experiencing dystocia, BW

represents calf pirth weignt expected Ior the genotype simulatsad
and WM is growth curve weight.

Calving difficulty costs were pased on degres of calving
difficulty calculated in each herd simulated. Calviag difficulrty
was Cclassified as unassisted (U}, easy pull (Z), hard ouli H),

or surgical (S). Costs associated with each category were
obtained from Koots {(1994;. The incidence of each category was
based on data obtained from Elora Beef Research Center {1981-

992), as oresented by Xocts 11994 ‘Taple 4.3,

(=]

4.3.10 Feed costs

osts for different animal classes were expressed as

l}’j
D
®
Q.
O

sSTuare ZCSsT

v
n

$/Mcal ME and opbtained Irom Lazenby et gil. 1997 . P
were obtained by Duborn {13997 and represented average costs from

Eilora pasture Ior 199¢ ‘Table 4.1%.

r||

Qverhead c0Sts were gbtained from the Ontaric rarm

Management Analysis Project publication 69 (OFMAP) for 1995.

-t

Overhead costs were defined on a per cow basis for the cow=-ca-

sector, based on an average Ontario beef farm. Feedlot overhead

expenses were expressed on a per kilogram basis (Table 4.6).
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4.3.12 Price data
Cattle prices were based on averages obtained from the

997). Prices paid for

[e)

Ontario Cattlemen’s Asscciacion
replacement heifers were obtained from Edwards {1997), (Table

4.7 .
In a survey described by Edwards (1997), a determination of
welght, marbling and yield class were defined by packers in
Ontario. Agriculture and Agri-Food Canada (AAFC) statistics and
packer survey results descriped the Ontarioc pbeef cat:ile
population. Seventy-two percent of reported cattle purchases
were carcasses weighing 313 ¥g or more, and over 60% oI zhe
cattle yielded 59% or better. In this simulation study average

target carcass weight was set to de 313 X¢. Under the current

Ontaric carcass welght discount-pricing scheme (Table 4.3) nc

ied 0o

s
\l]

sSs petween 23 and 340 kg, a

b

ca

—~
~—

(=]

disccunts were appi
range that covers the target carcass weight simulated in this

study.

4.3.13 Economics aspects of simulation

Commercial and speciailized peef systems were compared pasec
on gross margins. Gross margin was defined as net return above
the variable costs over one production cycie. Variaple costs
included feed, overhead and replacement costs. The production

cycie started at calving and ended at slaughter of that
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offspring, (Figure 4.1)}. Fixed costs did not affect

itapiiity of the beef enterprise in the shor: term arnd were

Hh

oro
therefore ignored in the comparative economic analysis of
commerciar A.I. and speciaiized MCET schemes.

The revenue generated in the commercial and specialized
peef nerds was pased on selling cul.l cows and feedlot steers and
heifers. Cull cows were soid based on live weight and steers and

heifers on a carcass weight basis. Cow revenue was Jdefined as:

Cow revenue($) = cow weight at weaning (kg) x cow price ($/kQq)

{1

teer/neifers revenue = carcass weight {(kg) x price ($ / «g

w

carcass)
The effect of changes of expenses or revenue was based on

Cests and crices described in this study. No sensitivicy

-—

analysis was conducted to determine a single or combined effect

h

of differen CoSTs oo the resulits, Jue tco tzhe

ct
'O
H
b
9]
m
wn
O
ty

¥

that rates of inflation were low in the last five years.
Therefore, cattle prices and groducticn CCSIs simu.ated were
accurately representative of costs and prices for a bpeef

prcduction system in Ontaric.

4.3.14 Semen Price
Semen price was obtained from a commercial A.I. company

and represents what is currently charged tc Cntario peef

(=

producers. Semen prices averaged 15.00 (CANS) per dose of semen,
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with a standard deviaticn ¢f $5.00 (CANS) (L. Smicth, 1997,
Gencor - genetic and services, perscral communicazicn!.
The number of doses of semen per pregnancy of 1.8 was obtained

Irom Gencor, and represents an average Ior Cntaric.

4.3.15 Embryo costs
Embryo costs were split into cost of production and cost of
their genetic value. Commercial costs of flushing a donor cow,

preparation and implantation of embryos in a recipient were

n-

obtained from Gencor. The prices used represented curren

charges to producers in Ontario (Table 4.9).

-

The genetic value attiriputed To empbrycs was derived Irom

opportunity costs. The opportunity cost of an input was defined

2s the return earned in 1Ts Dest zliternative use. rureprec

breeders were considered specialized beef breeders prcducing

seedstocx Icr commercia: producers. These pbreeders’ goais are o

oroduce offspring of superior quality, increasing the chance of

T The commercial _evel. In practice, 2 purecread

1z

rt
\V]

PN

3

Q

her pre
animal could have been sold in one of the following situations.

n —he first situation, 3 steer/heifer was SoLd =C market with =2

[

probability of 25%. In the second category, the animal could
have peen sold as a bull or purebred heifer at an Ontario
average price of $2500.00 (CDN$) (BIO - Beef Improvement Ontario

1997}, with a probability cf 50%. A cthird category assumed that
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an elire animal would be so0ld at a price of $50C(.00 (CDNS) (BIC

-~

vement Ontaric 1997 wiznh

o i Ty £ o5zZ2
orceapilizy of 23%

A1)

- Beef Impr

O

(Appendix 4.1).

Embryo costs per unit were then obtained by subtracting

:

a

7

Y

(1]
o}

ach simulatecd scenaris, 4divid

)

D
e
o]
®
o)
n
0]
w
tty

A
- -

returns from
the product of the average number of viable embryos per flush by
numpber of flushes per dcnor per year. In that calculation,

embryo costs due to veterinarian services were added to genetic

value of embrycs.

4.3.16 Embryo Value

The embryo value indicates the price that a breeder ccuild

paid per empbryo, 1f z breeding scrneme similar IO thnose descripea

»

in this study were adopted. Embryo value was defined as the

in in the specialized nerd minus

ty
Yol

difference between grcss ma

gross margin at commercial terminal herd (Appendix 4.2).

4.3.17 Description of beef herds
Two nypothetical beef herds were simulated in order to
investigate the proposed objectives. The simulated herds

mimicked a commercial/terminal crossbreeding system bred by A.I.

and a specialized herd bred by MCET.
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4.3.17.1 Commercial Herd

In the commercial beef herd cows were bred artificially to
a terminal sire with a mature size similar to the Charolais
breed (Amer et al., 1992). The mature weight of commercial cows
represented an approximate mear 0Z Iive maicr breeds :(Crarcials,
Hereford, Aberdeen Angus, Limousin, Simmental) described by Amer
et al. {1392) (Table 4.11}. Steers were market at a ccnstant
live weight cf 533 kg, which represents average weight for
steers siaughtered in Canada, Agriculture and AgritFood Canada
(AAFC). Heifers were slaughtered at 96% of steers weights
Taylor (1994;. Al: replacement heifers were pred 3
approximately 15 months old to calve at two years of age.

Replacement heifers were purchased just before the star:z ol

=

breeding season and were bred artificially. Steers and heifers

from the terminal crossbreeding system were 31. Sent =0 mar<ert,

4.3.17.2 Specialized Herd

The specialized beef herd was simulated with a producticn

N iRshlle

system based on implanting emprycs from & terminal line I1nic

recipient cows from a maternal line. In Chapter 3, genetic

i-aqd sire and dam lines versus

-+

progress was compared in specia
selection within a single line. Differences in relative economic
weights were attributed to terminal and maternal traits within

single line selection.
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The rates of genetic improvement obtained in the MOET
nucieus breeding programs, after apoiying the described genetic
correlations between preweaning gain and cow mature weight
{Table 4.10}, ‘n the simulation iIn chapter 3, were used in =his
research to compare the economic feasibility of specialized
versus non-specialiized selection lines. The terminai trait was
defined as pre-weaning gain and the cow trait as mature cow
weight. Birth weight and post-weaning gain were also studied as
correlated traits. Correlated response to selection on pre-
weaning gain was used tc predict rates c¢f improvements Cn Thcse
traits, Falconer and Mackay (1996). Phenotypic mean values and

standard deviations were obtained from Amer et al. {199Z2) (Tabl.=s

4.5). Genetic correlations between traits were obtained from

-4
p)

apie 4.12:.

(¥e)

54,

Koozs {2

Genetic responses attained on individual traits in

(3]

Cr cre-wearll

te)

Wl
[\1}
]

specialired selecticn program were obtained
and mature cow weight as directly measured traits, and

rectly tC pirth weignht and pcst-weanling gain. The pnenctypli:

na
na

(BN

mear. values of these traits after ten cenerations of selection

are shown in Taple 4._1.

4.4 Results and Discussion
The results are presented initially based on the biological

effect of traits and then the economic implications of different
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breeding schemes are Jdescribed and discussed. Embryo value was
reported for tTwc lievels of genetic correlation petween terminal
and maternal traicts (-0.17 and 0.57).

C —ralts considered 1n Tnls study,

’-l .

From the four ecorom
mature cow weight had a large effect on economic viability of

different breeding systems. Over 20 vyears of selecticn

implementeud in a closed nucleus scheme bred by MOET, mature cow

O
tn

weight in a speciaiized maternai herd was reduced zo 70% ~hat

in a commercial cow herd. In a single selection line, with

Ity
39

9
1%

Wb

ze © ;, 30 and 40%, mature cow

Jas
\1]
§

eccnomic emphasis 2n Ccow S

~
~—

[N

weight was reduced by 15%, 19%, and 23%, when genet
correlation was -0.17, respectively ccmpared To tne commercial
cow herd scenario (Table 4.11).

The positive genetic correlation petween pre-weaning gain
and mature cow weight{(0.57) combined with favorable economic
weights in cre-weaning gain and urnfavorable eccromic weights in
cow weight led to different rates of gross margin according to
tne breeding scheme studlied. AT 20% oI eccnomic welgnt and 235%
in pre-weaning gain (NS 30/-20), cow mature weight was 5% higher
than commercial cow herd weight (Tapie 4.12:%.
relative economic weights by 10% and 20% 1n cow mature weight
(20 to 30 and 20 to 40) decreased cow mature weight by Z3 and 83

kg respectively, compared to commercial cow weight {Table 4.12).
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4.4.1 Energy intake in the cow-calf phase

A

nnual energy intake

. A

1

SJrowTrn, _a&crtatliln z=na

{

gestation were lower for the commercial herd compared to the

Novel and Non-special

zed herds,

fie

&t the twcC levels of genetic

correlations studied. A similar energy intake was found fcr

cows 1n the commercia: herd and Novel preeding scheme, in spite

cf the
intake

699 kg

vield was also reported by

selecticn oreecding crograms NS

difference in mature size
for cows at Novel was due
above the milk production

o/

N

-~
o

3

Tnergy intake in NS

nigher than in commercial

(Table 4.13). The higher senergy
in part to a higher milx yield.
in the commercial herd ({Table
NS70/3C and NSA0/4C was 13, 13

COwWS.

positive relationshio petween energy intaxe and milk

(X

c/

Miller (1996). Milk yield in sing.e

0 ans NS6J/40 was Ifor

(a)

[NS]

G, NS7Q/

the two levels of genetic correlaticn studied ,56, 32, and 43%

nigher

-~

than milk oroducrtion ©Ff commercial Cows (Tapie 4.14: .

4.4.2 Weaning weight for different breeding schemes.

Weaning welight was s

(=]

gnificantiy

Oy

ner irn the speciallzed

[{®]

single line selection herds compared to the commercial beef herd

{Table

4.14). Weaning weight in

he novel scneme was 26 Kg

higher than weaning weight of commercial calves.

Decreasing progression of weaning weight in the Non-

specialized breeding schemes were dependent on the genetic
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association between pre-weaning gain and mature cow weight and
the relative eccnomic weights atiriputed TC thnose Traits. AT a
genetic correlation of 0.57 between WWG and MCW, weaning weight
decreased twice the amount obrained when genetic correlaticn was
-0.17 (8 to 4 kg) (Tapble 4.14). Comparing NS 70/30 to NS 63/40,

-

Tion J.37 decreased by :

-
A1)

weaning weight at & genetic correl
times compared to NS 70/30 and NS 60/40 at a genetic correlation

-C.17.

4.4.3 Feedlot phase

Heavier weights at the beginning of the feedlot phase in

addition -o nigher rates of post-weaning gain significantly

reduced days on feed and total energy intake for specialized and

non-speciaiized nerds in compariscn To The commercial herd

Feedlct steers and heifers from the Novel breeding program spent

9% fewer days on feed comrared T2 Iommercizl sSteers and

heifers. Energy intake for steers and neifers Zrom the Novel

preeding / Consumption Than

Ny

program represented 2:.7 % less ener

(e}

steers and heifers finishing to the same end-pcint in the

commercial nerds (Tabplie 4.315:.

4.4.4 Costs associated with the cow-calf phase

Annual costs in the cow-calf phase, excluding embryo coStTs
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in specialized and semen costs in commercial herds, were lower
in Novel and Non-specia.ized breeding programs compared Lo 2

commercial herd {(Table 4.16).

efficiency of mature cow size across several breed types and
corciuded that breed size eifects on economic efficiency were
expected and were a function of management, pricing schemes and
their interaction witnh preed size rather than a pioiogica:
effect.

The results of the current study agree with the literarture.

ZC Jreagler mature

The larger cow tends to Jdecrease revenue du

size and higher maintenance costs. Taylor {1994) indicated that

feed ccsts in the cow-cali phase represent 40 tc 70% 0 the

cotal cow-calf costs.

4.4.5 Costs related to replacement heifers

Costs associated with replacement heifers were lower

fam simEm i =
/3%, NSel/al zna

3C/

U)
I\
U)

o, N

TC N

th

cr the Nove.l scneme compared

he commercial herd (Table 4.17). Replacement heifers were

(ml

purchased at 14 months of age based on live weight ‘as 63% of
cow mature weight). Since Novel mature cow weight was the
smalliest of all preeding schemes studied, the purchase price Icr

replacement heifers was proportionally lower compared to the

(}a 1Y

~
cr

other breeding schemes. Overhead COStS were aiso lower



replacement heifers in a Novel scheme compared to NS8(0/20,

Z,
#p]
~J
(@)

/30, NS60/40 and commerciali, since energy for maintenance

and growth from breeding to parturition was considerably less.

-

EmDbryo cost represented 16% ©f zThe cverall costs for acement

3

2D

’.l
-

heifers on Novel schemes. For a Non-specialized herd, on average

e 4.17,.

b

empbryoc costs made up 14% cf the total costs (Tab

4.4.6 Costs for the feedlot phase
Feedlct costs were significantliy nigher for commercial
herds compared to herds implementing MOET (Table 4.17).

Differences in feediot costs decreased at different rates for

t

Novel and Non-specialized breeding schemes compared to the

commercial herd; $34, 331, $Z6, and $17 !CDNS), respectively.

4.4.7 Economic comparison between specialized and non-
specialized breeding schemes.

Comparing economic feasibility, selection for specialized
maternal and Terminal Traits versus seiection in single line,
or non-specialized herds, gross margin favored the Novel
breeding strateqy (Table 4.18j.

A similar gross margin was found between NS 60/40 and NS
70/30, and NS 50/20, for the average of the two genetiz
correlation levels between WWG and MCW. Costs were lower at NS

60/40 but gross income was higher. The difference in gross
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income was due to the extra cow weight sold.

By increasing relative econcmic emphasis from 20 o 30% Lo
the maternal trait, gross margin was 10% higher in NS70/30 than
gross margin in NS8C/:C.

The gross margin generated for the five breeding schemes in

his study, excluding cocsts related to empbryos, was nigher in

1

the Novel and Non-specialized than commercial herd gross
margin{Table 4.18).

The current cost of embryc transfer (an average of $151.35
CDNS ), for producing market animais was oo nhi~h to maks
specialized and non-specialized breeding schemes economically
viacle (Table 4.13}. zmbryc cost in =he Novel preeding scheme

should be reduced by 5.6% ($151.35 to 3$5142.81 CDNS) and 12.7

.04 CTDNS: o pbe economicalliy feasiple at genetic

N

{S131.35 o 313

correlations of -0.17 and C.57, respectively.

i

b

in Non-speciallzed preeding schemes embryc Z¢sts should De

reduced even further than in the Novel scheme. Reducing embryo

~ - -~ “~ A . - - . . o, s A
s, 3 '0/38, anda 3Z% in NS e3/4(,

r -~ -~

o
[97]

in N

(B §)
N

COsSts by 34% in NS V/
for the average of two genetic correlation levels, would make

empryc transier economicaliy feasiple in those breeding schemes.

4.5 Conclusions

Comparing net returns over variable costs showed that

implanting embryos from highly selected lines for growth traits
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into cows that were selected for small pbody size was more
economicaliy viapie than empryos from a singre Zine Implanted in
cows from the same breeding scheme.
If a muiti-trait selection oplective was used 7 maximize
profit, within breeding schemes similar to those studied in this

simulation, caution shou:d De exercised when setting reliative

economic emphasis of terminal to maternal traits. A maternal

[\l

trait, represented in this study as mature cow weight, had
major economic effect on the breeding schemes simulated and
should pe inciuded in a multi-trairt bDreeding ocbiective.
Within the range of relative economic emphasis given to a
termina: tTraiz in relation to & materna: trait In sSingle line
selection, a slight increase in gross margin was :found by

increasing economic empnasis cn mature Cow weignt.

At the current costs of embryo transfer, producing market

arimals py £7 1s not eccnomically viable. Zmbryo prile has to pe

reduced in order to be implemented in highly specialized

[\

Oreeding strategy.

1
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Table 4.1: Diet formulations and feed stuff costs

Ingredient Dry matter - Mcal ME Price- Percent diet ?Price
(%) kg/DM ($/tonne/As fed) (%) {$/Mcal ME)
or w diet
Corn silage 33 2.2 25.00° 30 0.0344
Haylage 38 2.0 30.00 oS 0.0395
Diet 36.5 2.1 28.50 100 0.0381
Feedliot
Haylage 38 2.0 30.00 30 0.0395
HM corn 72 3.3 101.30 7 $0.0401
Diet 62 2.9 63.64 100 0.0400
Pasture 2.35 JL00 5.9291
Milk 12 5.29 *

Source: NRC (1996)
- Source:Lazenby et al. (1997)
* Source: Dubcn (1997)
Source: Miller (1996)
* Percent of milk in caif’s diet presented in Table 4.z

Table 4.2: Proportion of the calf’s diet that is from milk.

Month of % ¢cf calf gain
£

al
rom milk

age
1 100
Z 120
3 75
4 6l
3 51
6 45
7 35
Source: Allen 11990:.
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Table 4.3: Standard reference weights for different final body
compesitions .

Average marbling score

——— - —— — —— ——————— . ——————— ————————— —————

Body fat % 25.2+ 2.9 26.8x 3.0 27.8%3.4

Standard reference .
weight, kg 435 462 478

Source: NRC (139%96;.

Table 4.4: Means, phenotypic standard deviations and
heritability  of traits simulated.

Traits Parameters
_____________________________________ Mearn . SD_ Bl
Cow mature weight {(kg) 580 45 0.50
Direct tirth weight (kg) 34 4 5.3%
Birth to weaning gain (kg/day) 0.9°0 0.126 0.29
Postweanig growth {kg/day) L.2C3C $.115 ¢.3%

Source: Koots (1994}

Taple 4.5: Costs and incidences of caiving difficuirty i
commercial and specialized herds, prices based on Elcra Beef

Research Centre values {1981-15992)-.

Category Incidence (%) Cost (S
Unassisted 56.0 2.00
Lasy Pulil L2 ©.67
Hard Pull 20.4 20.00
Malpresentation 0.GC 72.020
Surgical 3.4 218.00

o
Vel
(Xo]
&N

Source: Koots
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Table 4.6: Variable expenses for cow-calf sector expressed per
cow basis, and Zor feedict per .30 Xg pasis.

Variables Cow-calf Feedlot
Animal health & breeding 30.20 £.56
Other (Stabilization, Suppiies) 3.96 1.78
Marketing, transportation 11.82 7.19
Custom work, equlipment rent 6.71 2.82
Hired labor 2.29 2.79
Machinery & equip. fuel & cil 13.453 1.58
Machinery & equip. Repair 18.36 2.64
Motor vehicle expenses 10.96 2.2
Building, fence repairs 17.85 6.53
Heating Zuel 2.23 .12
Electricity & telephcone 17.69 2.86
Accounting, cffice expenses 6.43 .27
Interest - operating 11.51 5.17
Other cash variable expenses 19.61 J.79
Total variable expenses 173.42 43.34

other than feed costs

Source: Ontario Farm Management Analysis Project

Taplie 4.7: Average cattlie prices- [January to Juliyi, and

replacement heifers purchase price (per kqg).

Cows - 31l weights(live Ccow prigce; ~.0%5
Steer rail price (carcass) 3.38
deifer rail price {carcass: 53.37

2.24

Replacement heifers-
- QOntario Cattlemen’s Associaticn (2987
Zdwards (1597

Table 4.3: Ontaric carcass weight discount prices scheue.
Carcass weignt (kg Discount{$/1C00kg:

204-267 5.29
268-250 2.65
251-340 0.00
341-363 2.65
364-408 5.29
409-498 10.58
499-459 13.23

" Source: Ontario Packers as supplied by Edwards (1997)
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Table 4.9: Costs associated with multiple ovulation and embryo
transfer - (CDNS;

Variables Cost

Semen 15.00/dose"
Drugs 23C.0
Medium 50.00
Labcur 172.00/nrr
Fee 40.00
Price per embryo’ 1Ce.43

- Source: Hall, E (1997) - Gencor

- Average doses of semen per flush 1.3

* Time spent from flushing to implantation of embryos 2 hrs
 Average of six viable embryos per flush

Taprle 4.10. Genetic correlations ' petween trairs simulated.

Traits Genetic correlations

WWD - BWD 0.26
WWD - PWG S.47
WWD - MCW -0.1% , 0.57

Source: Kocts (1994
WWD - Weaning gain direca:
BWD - Birth weight direc:t
PWC - Post-w:zaning gain
MCW - Marture cow weight
Source: Kcots /13294,
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Table 4.11: Mean values (kg) of simulated traits after 20 years

of selecticn for specialized zand ncn specialized line selection:
Selection Traits

iine WWD BWC PWG HMCy MWT
Sire iline iL00/Cy L1..3Z 43 1.447 -—- 534

Dam line (0/100) -— —_—— -—- 403 34
Singlie Iine (30/2ZC 1.119 4z 1.423 434 34
Single line (70/30) 1.102 42 1.410 463 534
Single lire (60/40) 1.040 41 1.387 446 534
Commercial 0.900 34 1.200 580 534

and mature Cow

-+

Q
[\l
[
{2
o
[
]
(1

Genetic correlation between weaning
weight (-0.17)
WWD - Weaning gain dir
BWD Birth weight dir
PWG - Post-weaning gain
MCW Mature cow weigh
MWT Market weight

Table 4.12: Mean values (kg) of simulated traits after 20 years
cf selection for specialized and non specialized line selectiocn
Selection Traits

1ine WNWD SWC PWG MCW MWT
Sire line (108/C 1.152 i3 1.44% -—- 334
Dam line (0/100) -——- -——=- -—- 403 534
Sirngle line {80/20: PRSI 43 1.424 603 >34
Single i+ne (70/30) 1.084 42 1.393 537 534
Singie line {60/40; 1.CZ3 39 2.338 437 34
Commercial 0.900 34 1.200 580 534

- Genetic correlaticon ne-ween weaning gain direct and mature Iow

(0.37)

WWG - Weaning gain direc:
BWD - Birth weight direct
FWG - Post-weaning gain
MCW - Mature cow welght
MWT -~ Market weignt
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Table 4.13: Live weight and energy intake of breeding females
for specialized and non speciaiized peef herds.

Variable Novel NS80/Z0 NS70/30 NS60/40 coMM

(dam Line:

MCW(-0.17)- 374 4357 433 413 32
MCW(0.57) - 373 563 515 459 535
AFI(-0.17) 712z 7539 7579 72645 6993
AETI(0.57)" 7104 8735 8263 7632 6993
- Mature cow weight at calving using genetic correlations of -€.17 and 0.37-

between mature cow weight and weaning gain direct

', Weighted annual cow enerqgy intake using genetic correlaticn o

0.57° between cow mature weight and weaning gain direcct.

Novel - 1003 on a maternal trait.

NS80/20 ~ 80% relative economic weight on terminal traits and
20% on maternal traits.

N37G/30 - 70% relative economic weight on terminal traits and
30% on maternal traits.

NS60/40 - 60+« relative economic weight on terminal traits and
40: on maternal trait.

Tablie 4.14: Calf milk consumrcion and weaning weigh:z
different breeding schemes.

f ~-0.17° and

th
O
ty

Variables Novel NS8C/2¢C NS70/30C NSe0/4¢C COMM
Milk- (kg) 1876 1845 1810 1759 1519
Miilk (Ka) 1885 1847 1777 16358 1519
AW (Kqg) 268 265 261 256 213
WW' (Kg) 27¢C 286 258 243 21z
- Milk yield »n pbreeding scneme when genetic correlaticn between pre-weaning
gain and mature cow weight was -0.17.

Miik yield on breeding scheme when genertic correliation between pre-weaning

gain and mature cow welght was 0.57.

" Weaning weight when genetlic correlation between pre-weaning gdain and mature

cow weight -0.17.

‘Weaning weight when genetic correlation between pre-weaning gain and mature

cow weight $.57.
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Table 4.15: Days in feedlot {d), energy intake (Mcal), slaughter
welght (kg} and carcass weignt(xg: Ior steers Irom different

breeding schemes.

Variables Novel NS8C/20 NS73/32 NS65/49 COoMM
Days-{-0.17) 270 _73 178 182 AL
ME- (Mcal} (-0.17) 4539 4487 4559 4644 5801
Days (0.387, 170 72 133 203 2658
ME* (Mcal) (0.57) 4414 4477 4616 4386 5801
Siaughter wt. 534 534 534 534 534
Carcass wt. 320 320 320 320 320

- Average days in feedlot fcr steers and heifers usiag genetic
correlation of -0.17 between weaning gain direct and mature cow
weilght.

- Average energy intake for feedlot steers and heifers using
genetic correlation of -C..7 petween weaning gain direc:t and
mature cow weight.

" Average days con feedlot for steers and heifers using genetic
correlation cf 0.57 petween weaning gain Jdirect and mature cow
weight.

‘ Average energy intake for feediot steers and neifers usin
genetic ccrrelaticn of 3.57 between weaning gain Jdirect and
mature cow welight.

Table 4.16: Average welignted- cow/calf costs for at two levels
of genetic correiaticn between pre-weaning gain and mature Cow

weight.

Variable Novel NS&5G/ZG NS70/30 NSec/4d coMM
AVG - (-2.17 33C.24 34=,C01 342.29 336.40Q 37L.TZ
AVG- (0.57) 330.45 270.96 359.44 344 .23 371.73
AVG - EB.- 432.49 439.36 493.64 487 .72 392,73
AVG + EB.- 481.30 522.31 510.79 495.53 393.73
- Average weighted costs per animal age class

- Including embryc costs {(151.35 CDN $! in average COW COSTS.
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Table 4.17: Average costs per he
heifers, feedloct steers and neif
schemes (CDNS).

d associated with replacement
for different preeding

Variables Novel NS83/273 NS70/30 NSgi/43C COMM

Replac. Heif .- 233,52 7is.Z2 €77.86C 64z.7¢ 1167.44
Replac. Heif.- 582.11 281.69 306.41 7:9.54 1167.44
Feedlct 217.93 220.3 223.36 223.13 221.31
Feedlot' 216.69 219.95 226.70 240.04 251.31

- Costs associated within replacement heifers when genetic correlaticn
between pre-weaning gain and mature cow weight was -C.17.

- Costs assoclated within replacement neifers when genetic ccrreiation
between pre-weaning gain and mature cow weight was 0.57.

- Average feedlot costs for steers and heifers when genetic correlation
between pre-weaning gain and mature cow weight was -0.17.

‘ Average feedlot costs for steers and heifers when genetic correlaticn
between pre-weaning gain and mature cow weight was 0.57.

Table 4.13: Gross income from Zeediot sSteers and neifers and
cull cows, gross expenses exclusive of embryo costs, gross
margin and embryc value for different breeding schemes
{CDNS/embryo) .
Breeding Gross 3ross Gross: Gross Embryo
scheme income expenses margin margin value’
Novel . -0.17: 114,07 TZ3.L3 415,75 2606.69 _dz.30
Novel (0.57) 1140.89 733.61 407.28 255.93 132.04
NSB8Q3/28 (=0, 1164.70 T2Z.92 332.79 Z3C.44 ~lte.3Z
NS80/20 (0.57) 1194.74 326.75 367.99 216.64 82.76
NS70/30 (-0.17: 1157.90 765.43 352 .47 237,12 L1323
NS70/30 (0.57) 1181.14 310.91 370.23 218.87 94.938
NS6C/4C (-2.17y 1152.23 T764.15 333,085 236.73 1lz.a3%
NS6Q/40 (0.57) 1165.27 793.19 367.08 215.73 91.33
Commercial 1181.19 905.95 z275.24 275.24 o

Base embryo value was 151.35 CDN $
- Gross margin was gross income minus gross expenses
* Embryo value was defined as the breakeven price, or the price
that a breeder could pay to attain the same gross margin as
obtained in a commercial terminal herd.
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Figure 4.1 Biological time line for beef cattle
Buy
{acement
hesfers (April)
Calif born Heifer bred

March

June October May/june

-

Figure 4.2. Making effective

management decision

Analyze
resources

Determine objectives
Producer’s maximun profit

Identify problems

Use of A.I. in commercial breeding

scheme

Cr

of MOET in specialized/ncn

specialized breeding
schemes

Develop alternatives
Commercial A.I. breeding
scheme
Novel treeding scheme
Non-specialized (NS80/20)
Non-specialized (NS73/3G;
Non-specialized (NS60/40}

Choose plan based on
gross margin (CDN $)
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Appendix 4.1

Genetic price of embryos cover veterinary COSts

Variables Vaiue
Pl=male to female ratio 50%

P2 = probability of selling as a market steer/heiler 23%

P3 = probability of selling as an average bull 50%

P4 = probability of selling as a superior du.. Z2%
INCS = income for selling a feedlot steer 1£95.00
INCH = income for seliling a feediof neifer 375.3C
INCAB = income for selling an average bull/heifer 2500.00
INCSB = income for selling a superior pbull/cow 00C0.2C
CFS = costs associated with feedlot steers --"
CFH = costs associated with feedliot heifers --
TEST = costs for having a bull on performance test 700.00
OTH = other costs 10C.00
AVBY = embryo yield per flush o)
NUMBF = number of flushes per year 4

Male income = pl * (C.25*INCS+0.5*INCAB+(0.25*INCSB)

Female income = pi ~ {/J.25~INCH+0.5*INCAB~C.25~INCSB!

Male expenses = pl * (0.25*CFS+0.7?5*CFH+0.75* {TEST*2 +(OTH*2) )

Temaie expenses = i ~ (0,2z25"CFS-0.2

e
®
ot
(oo
!
o
I

- T3~ {TEST~z ~i{QTH*2) .

nm

Ty A
roTru.

(93]

"}

Male income + Female income

Zxpenses = Ma.es expenses + Iema.e expenses

Price = (Return - Expenses)/{AVBY * NUMBF)

Costs associa

Costs asscociated to feedliot

wn

ted tc feedlc depends cn breeding scheme simulated
" .

steer in
neifers depends on Dreedi
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Appendix 4.2. Calculations for estimaticn of embryo value.

Expenses in specialized scheme [NCVEL:

Cow 330.14 (Table 4.17

Repiacement heifers 175.00 (583.5: * 30% rep.acement rat
Feedlot (steers/heif.] 217.93

Total TZ23..3

Income in specialized scheme (NOVEL;

Feedlot 203%.19
Cull cows 105.99 (374.00 * 1.09 *26% culling
rate) (Table 4.13;
TotaLl 114,18
Gross margin 413.04 CDN 3
Commercial herc
Gross margin 275.24 CON $ (Table 4.13)
Emoryc value = Specialized gross margin - Commercia. Jross
margin
Different in gross margin = 412.04 - 273.Z4 {Tabie 4..2:
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CHAPTER 5.

5.1 GENERAL DISCUSSION

The most basic effect of reproductive technologies is to
increase reprcductive potential ({Betteridge, 1993;. This means
that fewer parents are required to produce a given number of
offspring, compared with natural mating. Genetically, this results
in increased intensity of selection, which in turn can result in
an increase in the average genetic merit cf cifspring Land and
Hill, 1975). It follows that if a reproductive technology is used
in a closed populiation, the rate of genetic improvement 1o the
population can be increased. This 1is the essential genetic
advanrtage cifered py reprcductive technoioglies.

Unfortunately, there is alsc a down side to the use of these
technologies: they car. create substantial oprcocbiems In Terms o
inbreeding and variability of response (Villanueva et al.,1995).

T is necessary t©o predict the undesirzp’e COnsSequences,

(K|

which have been in place for many decades. Only in the past ten
years nas the necessary theory Dbeen deveioped to enable Is to

account for wvariability 1in resoonse when planning breeding

(B

programs. There is still much work to be done ¢n the theoretica
side. However, by using simulation, stochastic and deterministic,

geneticists have been able to reach some substantial conclusions
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about the implications c¢f varicus reproductive technologies, and

have come up with practical suggesticns apout how pest to use some
reproductive technolcgies in improvement programs, accounting for

-~

imizaticns (Bourden, 1397).

|-

thelr advantages and thelr

Over the last 20 years the non-surgical recovery and transfer
of embryos has become a rcoutine technique In cattle breeding, and
scientific advances have led to the commercial introducticon of
techniques for in vitro embryo production {IVEP) {Zuo et al.,
1994) .

The cbjectives of this thesis were to develop genetic and
economic models to compare rates Of genetic improvement attained
in specialized and non-specialized beef lines and study the
pcssibility of producing market animals using embryc transier
trechnology. In Chapter 3, <the potential for using reproductive

technology, sSuch as multiple ovulaticon and empryo transfer (MOET!,

It

and in vitro embryo production (IVEP) in a closed nucleus breeding
scheme, was investigated. Selecticon was carried out fcor Z0 years
in terminal and materrnal traits in specialized sire and dam lines,
and in z single line selecticn. Empryes from 2 termina. line were
implanted in recipient cows from a dam line defining a NOVEL
breeding scheme, comparatively embryos fircm single iine selecticnh
were implanted within recipient cows also from single line
selection, ci.aracterizing a NON- SPECIALIZED breeding scheme. The

rates of genetic improvement attained in NOVEL and NON-SPECIALIZED
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schemes for a nucleus implementing MOET and IVEP where then
compared at different levels of heritabilities, relative economic
weights and genetic correlations for specialized and single line
selection.

The comparison of the two different reproductive technologies
showed that genetic response in the MOET nucleus was significantly
(P<0.01) higher than genetic improvement achieved in the IVEP
nucleus, independently o©f the Dbreeding strategy studied.
Implementing a nucleus beef herd by IVEP initially had the
advantage of shortening generation intervals over the MOET scheme,
but current rates of success in addition to lower accuracy of
selectiocon in IVEP were limiting factors and decreased
competitiveness compared to the MOET nucleus.

Efficiency of selection in specialized sire and dam lines,
relative to selection in a single line, was comparatively studied
with different economic emphasis on terminal and maternal traits
in a single line. Independently of the reproductive technolcgy
adopted for nucleus implementation, accumulated genetic response
over 10 generations of selection for specialized sire and dam
lines was significantly higher (P<0.0l) than selection in non-
specialized lines.

When genetic correlations between terminal and maternal
traits were unfavorable, fairly substantial gains in efficiency

were obtained by selecting specialized sire and dam lines.
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Different levels of heritabilities of terminal and maternal traits
also nad an important functicn in determining the supericorizy of
specialized sire and dam lines over single line selection. The
iarger the difference retween tne heritapilicties of the zTerminal
and maternal traits was, the Dbetter it was to select for
specialiized sire and dam lines. =Zfficiency o¢f selecticn in
specialized lines 1in relation to selection in a single line
increased as the ratic of relative economic welghts Dbetween
terminal and maternal «traits decreased in the single line
selection. The dominance o¢f the terminal c¢r mazternal trait in
specialized beef lines showed that efficiency was mainly sensitive
e changes In the dominant tralit, as measured =LY re_ative
economic weights and heritapilities.

n conclusion, the theoretical study in chapter 3 showed Trhat
selection on specialized sire and dam ilines in a nucleus breeding

scheme vielded nhigher gernetic responses compared o selecticn

~r
~ -

Yy

terminal and maternal traits in a single line, There 1s adequate

evidence, pbased in zTnis study and orevious st.dies, That genetic

1

progress to improve peef cattle can be enhanced over tne

ciearly definea

Y]

conventional schemes, if selection is pased con
breeding goal. The gquestion that remains is: Can an apprcpriate
preeding goal be found for a diverse population? A secord
gquestion to be asked is: Are breeders equipped to deliver the

rechnology at relatively reasonable costs?
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Chapter 4 of this thesis addressed economic aspects related

to the feasibility of MOET versus A.I.. The possipilizy of
applying MOET technology as a means of producing market animals

on on a single line for

[=E

was examined and compared ©¢ A.I.. Select
maternal and terminal traits was economically compared to genetic
gain on specialized sire and dam lines. Net returns over variabie
costs showed, that implanting embryos from highly sciected lines
for growth traits intoc cows that were selected for smailer dody
size was economically more viable than implanting embryos from a

single line on recipient cows also from that single line.

Within a single line, gross margin favoured breeding schemes
where selection on reduced cow weight was emphasized. A materna
trait, represented as mature cow weight, had a major economic

effect on the breeding schemes simulated and should De included irn
breeding objectives.

Tconomic comparison of MOET schemes to commercial A.I. showed
that pesides the genertic superlority of 2mdryos and recipient Iows
from specialized and non-specialized breeding schemes, current
empryo Costs are still toc nhigh o be implemented irn commercial
beef production. Embryo costs have to be reduced toc be
economically feasible for producing market animals.

The findings of this thesis indicated that breeding

objectives should focus on selecticn for a specialized purpose.

The rates of success of MCET and IVEP in addition to the costs of
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these technologies were a limiting factor, but producticon costs

B

may be decreased shortly as technology i1s advancing, and in the

9]

near future a premium price could be developed by the Industry for

specialized niche markets :(EZdwards, 1997:.
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