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Chapter One. 

INTRODUCTION. 

New Zealand's national lamb weaning percentage has been around 1 00% 

since 1 960 (Walpole, 1 995), and as prol ificacy is a major determinant of 

productivity and economic efficiency in  sheep production systems ( N itter, 

1 987 IN :  Maria, 1 995; Gabina, 1 989), the improvement of th is trait at a 

national level is of significant economic importance. The development of 

more reproductively efficient sheep can be achieved through selection within  

breeds, by crossbreeding, or by importing new genetic materia l .  

This  study examines two ways of i mproving the pro l ificacy of sheep; by 

crossbreeding newly imported genetic material with the N ew Zealand 

Romney, and by altering the selection methods for prol ificacy by using an 

alternative selection character. 

The Finnish Landrace and East Friesian are both pro l ific sheep breeds ,  and 

their  introduction to New Zealand has provided a potential opportunity to 

increase prol ificacy in New Zealand by crossbreed ing them with the current 

New Zealand sheep population. By assessing their performances under New 

Zealand environmental and management practices, and in relation to and 

with current New Zealand sheep, their potential may be predicted .  l t  is 

important to take advantage of both their additive gene effects and their  non­

additive genetic interactions (or heterosis) with current N ew Zealand breeds. 

The aim should  be to achieve an ideal breed composition either as a new 

composite breed or as regularly reconstituted crossbred stock. The additive 

and non-additive figures can be used to predict the phenotypic performances 

for d ifferent breed composites by simulating the outcomes of crosses 

between d ifferent ram types made up of d ifferent combinations of the breeds 

with current New Zealand sheep. 

D irect selection for prolificacy in sheep has been generally accepted as an 

effective practice (Bradford, 1985; Bradford et al., 1986; Bhuiyan and 
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Curran, 1 995b). However, prolificacy (commonly referred to as l i tter s ize) 

can be so d ifficult to accurately measure and record for every ewe on a 

commercial farm as to be impractical. lt is  also considered to have a low 

heritabi lity - the average figure reported in  the literature is  0 . 1 0  (Bradford, 

1 985: IN :  Perez-Enciso et al. , 1 995). Whi le accepting the relative importance 

of the trait, this low heritabi lity, coupled with measurement and record ing 

d ifficulties raises the issue of alternative methods wh ich may provide greater 

genetic gains. Many farmers in New Zealand are using ultrasound 

pregnancy scanning as a management tool. They separate thei r  ewes into 

mobs of s ingle and multiple foetuses, and empties at scanning and applying 

d ifferential management treatments accord ingly. This separation could be 

taken advantage of by using these scanning results as a replacement 

selection predictor for numbers of lambs born to increase the genetic gain in 

sheep productiv ity, as well  as being a useful management too l .  This system 

could be a more accurate form for recording the litter size of ewes (than 

number of lambs born) ,  and the heritabi li ty of the foetal numbers could be 

h igher due to less environmental effects, thus the potential for overall 

genetic gain could be increased . 

The replacement of the number of lam bs born by ultrasound pregnancy 

scanning figures as a selection character i s  studied to predict the d ifferences 

in expected genetic gain for a breeding o bjective and for the three traits in  

the breeding objective - number of lambs born, liveweight at  8 months and 

fleeceweight at 1 2  months .  
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Chapter Two. 

LITERATURE REVIEW. 

2. 1 .  Breeding objectives, sel ection indexes and breeding programmes. 

The use of a yardstick or selection index for measuring the net merit of 

breeding animals was introduced by Hazel i n  1 943. I n  practice several or 

many traits influence an animal's pract ical value, a lthough they do so to 

varying degrees. The information regarding d ifferent traits may vary widely, 

some coming from an animal's relatives and some from the animal 's own 

performance for traits which are expressed once or repeatedly during it's l ife. 

These factors make wise selection a compl icated and uncertain procedure .  

In  addition fluctuating,  vague, and sometimes erroneous ideals often cause 

the improvement resulting from selection to be much less than could be 

ach ieved (Hazel ,  1 943: IN : Harris and Newman, 1 994). 

2. 1 . 1 .  Breeding Objectives. 

The definit ion of a breeding objective is the first and most important step in  

the design of a breeding programme (Ponzoni ,  1 982) .  In the past breeding 

objectives have been based on objective and subjective traits, for example, 

early attempts at defin ing selection objectives for the New Zealand Romney 

concentrated on v isual traits and would not have lead to rapid improvement 

on productivity (Morton ,  1 932: 1N Wickham and McPherson, 1 985). A 

breeding objective is now considered to cons ist of traits that are of economic 

i mportance and that exh ibit variation, such as measure(s) of reproductive 

success (Johnson and Garrick, 1 990). 

One defin ition of a breeding objective is a weighted combination of the traits 

that a breeder wishes to improve by genetic means because they wi l l  

influence financial costs and returns to  the breeder. 
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The breed ing objective should be simi lar for a l l  breeders and producers 

involved in the production of a certain type of sheep, therefore the a im 

should be that stud breeders define their breeding objectives according to 

their commercial breeder cl ients own breed i ng objectives, and to the 

demands of the respective processors and retai lers. 

The biggest difference amongst the many defin it ions of breeding objectives 

for sheep production, is due to the d ifferent production systems of the sheep, 

e.g. for lean meat production, or  wool production. Some examples of 

d ifferent breeding objectives fol low. 

A breeding objective developed for the Austra l ian Merino sheep based on a 

profit equation by Ponzoni ( 1 986) .  The profit equation is defined as : 

Profit = Income - Expense, where 

Income ( I ) = lamb's wool x price per kg 

+ hogget's wool x price per kg 

+ breeding ewe's wool x price per kg 

+ surplus offspring x price per indiv idual 

+ cu l l  for age ewes x price per indiv idual and, 

Expense (E) = offspring (birth to hogget age) feed intake x feed cost per kg 

+breed ing ewe's feed intake x feed cost per kg 

+ hogget husbandry costs 

+breed ing ewe husbandry costs 

+ lamb's wool x cost of harvesting and marketing per kg 

+ hogget's wool x cost of cost of harvesting and marketing per 

kg 

+breeding ewe's wool x cost of harvesting and marketing per 

kg 

+ surp lus offspring x cost of marketing per ind ividual 

+ cul l  for age ewes x cost of marketing per individual 

+ fixed costs 
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Simm and Dingwal l  ( 1 989), examined selection ind ices for terminal sire 

sheep breeds. The breeding objective was for lean meat production, and the 

objective traits were carcass lean and fat weight at 1 50 days of age. They 

did mention that feed intake should have also been included but because of 

a scarcity in genetic parameters they did not include it . The selection index 

characters considered were l iveweight, ultrasonic fat depth and u ltrasonic 

muscle depth in the thoracic or lumbar region, at a constant age. 

Other breeding objectives can be more simple, where number of lambs and 

the weight of the lambs produced per ewe can be the objective traits, as 

efficient production of meat from sheep depend upon these two factors 

(Oitenacu and Boylan, 1 981 ) .  

The defin ition of the breeding objective for purebreeding can be d ifferent to 

that of one for crossbreed ing for the fol lowing reasons; 1 )  the percentage of 

each breeds' genes in  the reproduction system depends on the mating 

programme adopted, therefore crossbred performance aslo depends upon 

breed fractions, 2) genera l ly when ewes are mated to a ram of another breed 

al l  of the offspring are sold ,  and 3) product prices and means for some traits 

may change e.g . , a crossbred lamb may be heavier and have a greater 

value. However Morris et al., ( 1 979 I N :  Ponzoni ,  1 982) and Ponzoni  and 

Walkley, ( 1 981 ) do not agree, saying that as maximis ing monetary gains is 

the goal of commercia l  producers, then there is  no d ifference between the 

goals of purebreeding and crossbreeding systems, as long as the sources of 

returns and cost are identified and, the traits influencing the returns and 

costs are assigned an economic value.  

2 . 1 .2 .  Selection Indexes. 

The selection index consists of traits, known as characters that are used for 

selection to improve the traits in the breeding objective. The characters are 

genetica l ly  correlated with traits in the breeding objective or phenotypically 

correlated with other characters, which provide a cost-effective increase in 

accuracy of prediction a l lowing for measurement d ifficulty (Johnson and 

Garrick, 1 990). 
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As it is sometimes not feasible to measure some traits that are defined in a 

breeding objective in both sexes, traits are selected that are considered 

more feasible than the objective traits and developed into a selection index. 

Therefore a selection index is usual ly considered the next main step in 

breeding operations. The selection characters can also be chosen because 

they are considered easier to measure, or can be measured at an early age. 

The selection index consists of selection characters and their corresponding 

weighting factors. The weighting factors indicate the relative importance 

each trait has for selection based upon their correlations with the objective 

and economic importance of the objective tra its. One of the objectives in 

developing a selection index is to maximise its correlation with the breed ing 

objective. 

There are two other common methods of selection used for animal 

improvement - independent cul l ing levels and tandem selection. The index 

selection method has been found to be the most accurate of the selection 

methods (Young, 1 961 ; Turner and Young, 1 969) . 

2 . 1 .2 . 1 .  U ltrasound Pregnancy Scanning. 

Direct selection for l itter size has been successful in  sheep (Bhu iyan and 

Curran , 1 995; Schoenian and Burfening, 1 990; Bradford ,  1 985; Bradford et 

al. , 1 986; Bhuiyan and Curran, 1 995b ) ,  therefore the number of lambs born 

per ewe is commonly used as a selection predictor for most types of 

breeding objectives. 

The d ifficulty in measuring l itter s ize, however is thought to contribute to 

many inaccuracies (Perez-Enciso et al. , 1 994) ,  and coupled with a low 

heritabi l ity - average of 0 . 1 0  (Bradford, 1 985: IN: Perez-Enciso et al. , 1 995) 

has resu lted in a number of other options being studied,  including selection 

on ovulation rate, and embryo surv ival .  

Ovulation rate (OR), embryo survival (ES) and a combination of the two have 

been studied as possible selection predictors of pro l if icacy by Perez-Enciso 

et al. , ( 1 995). They found ovulation rate to have a heritabi l ity of 0.35 and a 

positive correlation with l itter size, and embryo survival a heritabi l ity of 0. 1 1 ,  
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but a negative correlation with ovu lation rate. Simulation studies have shown 

that an index combining ovulation rate and embryo survival rate can improve 

upon d irect selection for l itter size approximately 1 .5 t imes (Perez-Enciso et 

al. , 1 994 ) ,  but the selection experiment by Perez-Enciso et al., found that 

neither ovu lation rate on its own, nor its combination with embryonic survival , 

provided any advantage over selection using l itter s ize only. Waldron and 

Thomas ( 1 992) found the expected response in l i tter s ize due to indirect 

selection on ovulation rate was 93% as large as the expected response to 

d irect selection on l itter s ize in Ramboui l let sheep. L itter s ize and ovulation 

rate combined was estimated to produce 1 23% as much response to 

select ion for l itter size alone. 

The use of OR by itself or OR and ES combined may not be acceptable to 

stud or commercial  farmers, due to the method and cost of measurement 

combined with the large numbers of ewes to measure. Foetal number 

provides a much more attractive option. lt can be determined by ultrasound 

pregnancy scann ing wh ich is a l ready in use by many farmers as a 

management tool .  

Kel ly ,  ( 1 986) found that from the time the ewe is 30 to 40 days pregnant 

through to lambing, less than 5% of developing foetuses are lost. A study by 

Kel ly et al. , ( 1 989) on foetal mortal ity from day 30 of pregnancy in Merino 

ewes offered different levels of nutrition found that more foetuses were lost 

in  ewes bearing twins on lower maintenance levels than h igher maintenance 

leve ls .  Kleemann, et al . ,  ( 1 988), found that preferentia l  feedi ng in late­

pregnancy increased the twin-lamb survival of F+ Booroola x S .A Merino 

ewes. This information shows that ewes carrying mult ip le foetuses, but then 

losing 1 or more due to environmental causes before parturition are 

recorded as having a lower fecundity than ewes not losing any foetuses if 

pro l ificacy is based on l itter size at birth. This can result in incorrect 

fecundity and fertil ity recording and ranking of ewes in  a flock. 

There have been many techniques avai lable for d iagnosing pregnant ewes 

over the years (Johns, 1 986). Real-time ultrasonic scanning of pregnant 

ewes was pioneered in Austral ia (Sharp and Robertson ,  1 985), with real-
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t ime 8 mode transabdominal scanning being the method used in  N ew 

Zealand. 

U ltrasound scanning,  used as a management tool can be used to identify: 

a) p regnant or non pregnant ewes for cul l ing ,  re-breeding or d ifferential 

feed ing, 

b)  the number of foetuses each ewe is carrying, 

c) foetal viabi l ity ( Buckra l l ,  1 988), and 

d) the gestational age of the ewes, or week of conception with an 

accuracy of >90% for an experienced operator (Johns, 1 993). The 

use of scanning for determin ing the gestational age of the ewes and 

therefore the estimation of foetal age can be of great practica l  and 

economic value. (Aiumlama i ,  et al., 1 992) .  

There have been various reports publ ications on the accuracy of the 

scanning method currently used in New Zealand, and recommendations on 

the best t imes to carry it out: 

-Sharp and Robertson, ( 1 985) recommend that scanning should be carried 

out in commercial  flocks after the last ewe mated is  45 days pregnant and 

before the first ewe mated is 1 OS days pregnant. 

- Johns ( 1 986) in a review of pregnancy diagnosis using scanning in 

Austral ia reports that by the 25th day of pregnancy, flu id can be detected 

in the uterus, by the 40th day, pregnancy can be detected with 1 00% 

accuracy and the number of foetuses 95% accuracy (or b etter), and that 

thi s  degree of accuracy is  maintained between the 40th and 1 20th days of 
' 

pregnancy. Johns specifies that to achieve this degree of accuracy, 

operators must learn the correct procedure and gain experience. 

- Goel and Agrawl, ( 1 992) and lshwar, ( 1 995) reviewed pregnancy 

diagnosis techniques in  sheep and goats. They found that ultrasound 

scanners can d iagnose pregnancy at 40-45 days post breeding with over 

90% accuracy (logue et al., 1 987 IN:  lshwar, 1 995; Buckral l ,  1 988; 1N :  

l shwar, 1 995; White, et al., 1 994 ), and s ingle versus multip le  bearing 

ewes can be detected at 50 - 1 00 days of gestation. 

- The d ifferentiation between twins and triplets or quadrupl ets at any stage 
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is  difficult to determine (White and Russel ,  1 984; Wilkins and Fowler, 

1 984 I N :  Gael and Agrawl , 1 992) ,  but Gearhart et a/, ( 1 988) reported a 

1 00% accuracy for ewes carrying one lamb and 97 .3% for ewes carrying 

two lambs on days 5 1  to 75 of gestation. 

- Fredriksson et al., ( 1 996; IN :  Aiumlamai et a/. , 1 992) found that scanning 

is also useful in  the detection of foetal death or abnormal ity. 

- Owens and Armstrong,  ( 1 985) assessed the accuracy of real t ime 

u ltrasound in determi ning l itter size in  prol ific ewes, particularly those 

carrying 3 or more lambs. They found that 94.2% of ewes predicted to 

lamb with 3 or more lambs lambed with 3 or more lambs and of ewes which 

lambed with 3 or more lambs 21 . 1 %  had been accurately predicted to lamb 

with <3 lambs. The scanning was carried out between 62 and 75 days of 

gestation. The scanning technique used in  New Zealand is  therefore 

considered rel iable and relatively easy to carry out under farming 

conditions. 

2 . 1 .3 .  Formation of breeding systems. 

A paper by Harris et a l ,  1 992 lays out the systematic approach to the design 

of a breeding system. They recommended a 9 step procedure for the 

designing of comprehensive animal breeding systems, and have reviewed 

some principles and procedures in designing and implementing co-ordinated 

breeding strategies in segmented industries. 
' 

These 9 steps are briefly described below. The authors state the importance 

of carrying out the steps sequential ly from 1 through 9, whi le  anticipating the 

requirements of the later steps in the earl ier steps. 

Step 1 .  Describe the Production System(s). 

Step 1 requ ires a description of the whole farming operation concerning the 

ava i lable resources, normal management pol icies and current production 

figures. For example, the land/farm can be described by the land type, area, 

location, dry matter production patterns, ava i lable shelter, paddock numbers 
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and sizes and labour can be described by the yearly labour unit pattern. The 

management pol icies can be described by the approximate t iming of events, 

such as shearing, weaning, sel l ing,  and mating times and the management 

procedures, e .g . ,  whether hoggets are mated (or not}, and if they are, is  it 

based on target weights, or are all of them presented to the ram, and when 

are supplements suppl ied .  The current production figures can i nclude 

expected fert i l ity, fecundity, wean ing, slaughter, hogget, and mature body 

weights, and wool weights. The complete l ife cycle of the production animals 

needs to be described , even if the animals are involved in more than one 

operating system or ownersh ip during their production cycle. 

Step 2. Formulate the objective - both simpl ified and comprehensive - of the 

system. 

The objective is formulated as a mathematical function or set of functions 

that describes the contributions of various aspects of the system (especia l ly 

the genetic aspects) to its productive efficiency. The objective shou ld include 

the total efficiency of the parental l ifetime reproductive performance of an 

individual, a long with the efficiency of production from the offspring.  The 

relative economic importance of a l l  the component traits to the efficiency or 

profitabi l ity of the enterprise must a lso be considered in the objective. The 

objective of the system can be described in two forms - a simpl ified objective 

for the production units and a comprehensive objective of the complete 

integrated system. The simpl ified objective is focused on the performance 

characteristics for production units of parent females and offspring. If most of 

the animals in the system are e ither production animals or parents, then the 

simpl ified version wi l l  more accurately approximate the other form. But, if 

there is more than one production system, the comprehensive system, or the 

average of the comprehensive and s impl ified systems is  used. For example, 

a breeding objective for a meat animal would involve a female parent and al l  

her offspring,  including the fraction of males needed for her production, a 

dairy animal or hen would involve the animal producing the milk or eggs with 

a description of the cost of producing that animal (parents' reproductive 
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efficiency). The comprehensive objective al lows for the costs of the 

evaluation and selection programme (steps 5 and 6) and the effectiveness of 

the purebreeding or crossbreeding programme (step 3) .  These three steps 

are important when considering classes of l ivestock that have low 

reproductive rates ,  as only 1 /2 - 1 /3 of the animals in the total system are 

described by the s impl ified objective, whereby the comprehensive objective 

includes al l  of the animals i nvolved in the production system. 

Step 3 - Choose a breeding system and breeds. 

The breed performances for the traits described in Step 2 are stated for the 

avai lable breeds, and incorporated in an analysis of the breeding systems. 

The types of breeding systems that can be studied include; 

1 )  a purebreedi ng system with an establ ished breed or strain, 

2) a purebreeding system with a new synthesised population, 

3) a rotational crossbreeding system with a specified number of strains, 

4) a rotational crossbreeding system to produce parent females to be 

terminal ly mated to sires of a different breed, stra in or cross, and 

5) a specified crossing system with 2 or more breeds. 

The choice of breed ing system wi l l  influence the performance characteristics 

and costs of the production animals. 

Step 4 - Estimate selection parameters and economic weights. 

The selection parameters i .e . ,  trait heritabi l ities, phenotypic variances, 

additive genetic variances and covariances between the relevant 

characteristics specified in step 2 and/or potential selection traits, are stated 

and used to evaluate the potential of the alternative systems in steps 5 and 

7 .  The relative economic weights for the objective characters are the amount 

by which the profit may be expected to increase for each unit of improvement 

in that trait. The selection parameters can be found from l iterature or direct 

evaluation and the economic weights from the combination of steps 2, the 

simplified breeding objective, and step 3 to yield the economic weights 

needed for steps 5 through 7. 
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Step 5 - Design an animal evaluation system.  

An evaluation system is designed to measure and record relevant 

characteristics,  such as weights, age at puberty and fert i l ity at appropriate 

times for inclusion i n  the selection criteria (step 6), subject to the constrai nts 

of reproduction and longevity. The evaluation system is a detai led l ife cycle 

of a l l  the groups involved in the production system and includes data about 

ind ividuals, test a nimals, and their s ib l ings or progeny, and when their 

measurements are taken and used for selection and/or cul l ing. The l ife 

cycles are arranged so that appropriate numbers of each sex and breed ( if 

using a crossbreed ing system) are avai lable for mating at the appropriate 

times. If it is a crossbreeding system, the various strains or breeds may 

require different testing, selecting and mating systems, especial ly the s ire 

breed in contrast to the dam breeds. Al l the possib le selection options can 

be eva luated in th is  step, for example, selecting early in the l ife cycle, so 

g iving a long reproductive l ife but l imit ing the potentia l  for evaluation. 

Step 6 - Develop selection criteria. 

Selection criteria are an appropriately weighted mathematical function of 

relevant d irect and indicator traits of individuals and near relatives. For each 

sex, and possib ly for each breed or stra in  selection criteria are developed for 

each selection point. A selection criterion a l lows for mult istage selection and 

determines the correlation between selection criterion and selection 

objectives. 

Step 7 - Design matings for selected animals. 

Step 7 determines the proportions of an imals to be selected at each 

selection point. The issues of i nbreeding,  assertive mating and random 

mating strategies a re considered, as wel l  as mating ratios (males to females) 

and numbers of breeding seasons. The primary goal for breeding population 

sizes should be to maintain  a population large enough to sustain sufficient 

genetic variabi l ity for long term response to selection while reproducing from 

the selected animals to produce the next generation of test animals. These 
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design decisions affect the intensity of selection that, with accuracy of 

selection (correlation between selection criterion and selection objective), 

and the generation interval ,  wi l l  decide the rate of change achieved from the 

additive genetic variabi l ity present. 

Step 8 - Design a system for expansion. 

Genetic gains can be transferred or expanded upon by crossing improved 

strains or breeds with other strains or crosses, or within the improved strain 

or breed , or by using artificial insemination to improve female and male 

breeding stock. Improvements can be transferred and expanded 

concurrently with the crossing of the improved strains or breeds to improve 

female and male breeding stock or by using artificial insemination to sire 

production an imals. The choice of transfer strategy requ ires consideration 

of: 

- mass, the number of improved animals produced, and 

- magnitude, the expected genetic i mprovement. 

The benefits of the mass x magnitude relation relative to the costs of 

expansion and crossing are of primary concern as an adequate return on 

investment is requ ired. The generation delays in achieving the magnitude 

and the requ i red mass must also be taken into account, a lthough the large 

potential for expansion usual ly outweighs economic cost of the delay. The 

poultry industry has developed an expansion strategy by increasing the 

mass of genetic improvement reaching  the production phase, through a 1 

generation d elay in  magnitude (by us ing grandparent stock). The expansion 

system for l arger meat animals is  not as developed as that for poultry, 

although the use of artificial insemination has helped improve the process. 

Artificial i nsemination has al lowed greater accuracy of evaluation for sires, 

greater selection intensity, and has enhanced the expansion system for 

d isseminatin g  genetic improvements to improve production efficiency. The 

smal ler production systems within  a production system can be studied as to 

whether the genetic improvements resulting from the breeding programme 

13 



are financial ly viable or whether they should be developed to support the 

other systems or vica versa. 

Step 9 - Compare alternative combined programmes. 

Step 9 al lows for a comparison of the d ifferent options taken in the previous 

steps. The merits of each opt ion combined with the other steps can be 

studied in terms of the relative costs and benefits. The benefits reflect the 

mass x magnitude of genetic improvement of the overal l  production 

efficiency, and the costs the combined functions of selection, expanding, 

crossing ,  producing and processing. 

The authors suggest that future modifications to the breed ing programme wi l l  

probab ly be  needed. There are numerous potentia l ly  changeable i nfluences 

that wi l l  affect even the most wel l designed breeding programme, such as a 

change in the economic and marketing situation, a change in  the ava i labi l ity 

of outside germplasm, a change in methods and procedures for evaluation, 

and reproduction technology. 

There are a number of people i nvolved in making decisions in an animal 

industry and this can result in a variety of approaches to the 9 steps. The 

impact of breedi ng programmes on commercial production has been quite 

small considering the potentia l  benefits and increased returns. A lack of an 

accurate defin it ion of the object ives for an overal l  breeding programme and 

the subjective opin ions have also thought to have hampered the progress of 

genetic improvement for financial benefits. In some countries there is 

central ised control to overcome these problems. An alternative to this for 

other countries would be the co-operation and co-ord ination of many smal ler 

breeders and producers to form breed associations a l lowing concerted 

action. 

The authors conclude with the statement that improving the efficiency of 

animal production would benefit not only the developers of that improvement 

but also al l other segments of the industry, including the consumers of 

animal products. 
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Steps 1 through to 6 have been used in this study to evaluate the effects of 

using the Finn and the East Friesian breeds crossed to the New Zealand 

Romney. 

2.2. Crossbreedi ng. 

Crossbreeding is the mating of d ifferent breeds,  l i nes or specified groups of 

a species, or the crossi ng of d ifferent species, eg donkey x horse to 

produce an ass. lt is uti l i sed to take advantage of heterosis and/or breed 

differences in additive genetic merit (Ciarke, 1 982a). 

In sheep, crossbreed ing has been used for many years to combine the 

attributes of more than one breed into crossbred progeny. The crossbred 

progeny being more closely adapted to a particular complex of 

environmental and economic conditions than any read i ly avai lable pure 

breed. (Rae, 1 952) .  

In  many cases the crossbreeding of a combination of older breeds has led to 

the formation of new breeds (Mohd-Yusuff et a/., 1 992). These breeds are 

known as composite or synthetic breeds and they have continued their  

existence as some of the common breeds known today, e.g . ,  the Coopworth 

is a New Zealand breed developed in the 1 960's from crossing the Border 

Leicester with the Romney, the Borderdale in the 1 930's from the Border 

Leicester with the Corriedale, and the Border Leicester thought to be a cross 

of the Engl ish Leicester and Cheviot (New Zealand Wool Board, 1 986) .  N ot 

al l  crossbreeding leads to the formation of composite breeds though. In New 

Zealand, breeds such as the Southdown are crossed with the Romney to 

produce a crossbred lamb for slaughter (New Zealand Wool Board, 1 986) . 

This cross occurs at each generation and the crossbred progeny are not 

used for further breeding.  

Once a desired breed combination is  found however, it can for a variety of 

reasons be more practical to develop it as a composite breed. The 

management of composites is s impler than crossing each generation to 
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maintain desired combinations of breed effects plus part of the maximum 

crossbreeding heterosis (Mohd-Yusuff et al. , 1 992) .  The type of breeding 

system chosen does depend upon the breeding objectives of the production 

system, and the type of production system e. g . ,  terminal s ire production. 

Rae, ( 1 952) reviewed l iterature on crossbreeding of sheep for the formation 

of breeds and for lamb and mutton production. The history of sheep farming 

in New Zealand shows that New Zealand has made some use of 

crossbreeding to keep abreast of developments in  technology and the 

economy. For example the fi rst breed of sheep in New Zealand was the 

Merino breed (Rae, 1 952) .  When refrigerated transport a l lowed the 

transportation of meat, the emphasis of carcass conformation in sheep was 

increased, so the Merino was crossbred to improve its carcass conformation. 

Merino ewes were crossed with the Lincoln breed in 1 878 by James Little to 

produce halfbreds. Engl ish Leicester rams were also crossed with Merino 

ewes to produce a halfbred. The two types of halfbreds have s ince been 

crossbred together to form the Corriedale (Rae, 1 952) .  Another example is 

the South-Suffolk which is a cross between the Southdown and Suffolk. 

C larke, ( 1 982a) reviewed l iterature on the uti l isation of breed resources in  

the improvement of sheep productivity. Clarke considered recent New 

Zealand experi ments, and concluded that for many production systems it wi l l  

always be difficult to make effective breed comparisons. This is  because 

conditions vary markedly much from one farm to the next or because so 

many of the important costs of production are difficult to access and ascribe 

to appropriate paths in the chain of production leading to the final product. 

Breed evaluat ion is a step-wise process which gradual ly i ntensifies as 

i nformation is ga ined and used to d iscriminate among a lternative breeds, 

crosses and management systems, (Carter, 1 976 IN :  C larke, 1 982a). 

Predictions of N itter ( 1 978, IN: Clarke, 1 982a) showed that the superiority of 

crossbreeding over stra ightbreeding would depend largely upon the extent 

to which crossbreeding strategies were able to exploit heterosis i n  maternal 

performance i n  addition to heterosis i n  l amb traits. High estimates of hybrid 

vigour for breeding ewes have suggested a future for rotational 
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crossbreeding for better exploiting heterosis and perhaps also better 

avoid ing the effects of recombination loss. C larke stressed that research 

studies on the comparative feed ing costs of d ifferent genotypes would be 

particu larly valuable.  

Crossbreeding enables the additive genetic effects of each breed to be 

combined and the non-add itive genetic interactions to produce heterosis or 

hybrid v igour. The i mpact of add itive genetic effects in crossbred an imals 

can be calcu lated as the mean phenotypic value of the two breeds. The 

heterosis expressed in the progeny can be calculated by the d ifference in 

the measurement of the trait between the actual measurement in  the 

crossbred progeny and the expected measurement based on the mean 

add itive genetic values of the parental breeds, expressed as a percentage of 

the mean add it ive genetic values of the parenta l breeds. 

2.2 . 1 .  Crossbred S i res 

In 1 963, Bradford et al. , discussed the performance and variabi l ity of the 

offspring of crossbred and purebred rams. They indicated that there was 

infrequent use of crossbred males by l ivestock producers and l ittle 

experimental i nformation on the effects of using crossbred sires. They 

conducted a study using the Hampshire and Suffolk sheep breeds, crossing 

purebred and crossbred rams over purebred ewes. The mean performances 

of the crossbred offspring was found to be at least equal to, and with 

variabi l ity no greater than that of the purebred offspring. They also found 

that survival and fin ishing abi l ity of the purebred offspring may be superior to 

that of the crossbred, but this aspect was not s ignificent. 

The effect of paternal heterosis on lamb production traits of the ewe was 

studied by Ch'ang and Evans ( 1 986). Purebred, F 1 , and F2 rams were 

mated to F 1  ewes to study the effect of paternal heterosis on lamb 

production traits and to investigate the retention of paternal heterosis based 

on the dominance model . They found an impact of paternal heterosis, and, 
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while it was retained, it was considered unl i kely to have the same practical 

impact as the rentention of maternal heterosis .  

2 .2 .2 .  Heterosis 

Heterosis was reported by Mendel in  his plant experiments when he reported 

that hybrid plants revealed vigour in excess of either par_ents ( IN :  Bowman, 

1 959). The same phenomenon was also noted in animals, prompting further 

study of heterosis in animals, (Sang 1 956 IN :  Bowman, 1 956 I N :  Bowman 

1 959; Bowman, 1 956 IN :  Bowman 1 959). 

Heterosis is the non-additive gene interaction that is thought to be the 

genetic cause of the d ifference in progeny performance from the mean of 

two parents. The bigger the non-add itive gene frequency d ifferences 

between the breeds, the greater the amount of heterosis that wi l l  be 

expressed. Therefore, crosses between d ifferent breeds and d ifferent traits 

show different degrees of heterosis. Traits of low heritabi l ity, such as ferti l ity, 

show the most heterosis whi le those of h igh heritabi l ity, such as m i lk  fat 

percentage, show l ittle or none (Donald, et al. , 1 977) .  

The word heterosis was introduced by Schul l  in  1 91 4  (Bowman, 1 91 4  IN :  

Bowman 1 959; Sheridan, 1 981  ) ,  to describe the increased vigour of hybrids 

relative to thei r  parents. lt had original ly been referred to as hybrid vigour 

and heterozygosis (Bowman, 1 91 4  I N :  Bowman, 1 959), and today is referred 

to as both heterosis and hybrid vigour. 

There have been many theories postulated on the causes of heterosis, with 

more than one cause thought to contribute to the overal l  heterosis effect. 

( Rendel , 1 953). Today, the most commonly accepted reason i s  the 

dominance theory, and the effects of epistasis. �eterosis is general ly 

considered the reverse of inbreeding depression. In 1 91 2, East ( IN :  

Bowman, 1 959), postulated that the decl ine in vigour due to the inbreeding 

of natural ly cross-ferti l ised species and the increase in  v igour due to 

crossing such species were evidence of the same phenomenon. .With 

inbreeding ,  the degree of homozygosity in a population is increased as the 

population ( l ine or breed) becomes more i nbred, thus increasing the number 
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of undesirable homozygous recessive a l leles. By crossi ng genetica l ly 

separated populations the recessive al leles are (on average) covered up 

and the greater the proportion of dominant a l le les that are expressed by the 

crossbred progeny, thereby increasing performance. However the same 

theory can also be appl ied to eo-dominance, incomplete dominance, and 

overdominance and epistasis effects. Thus, heterosis can be considered to 

be caused by a l l  the various types of gene interactions except additive gene 

action. 

Some theories postulated throughout the last century can be related to 

today's theories. 

Amongst the more common 'explanations' of the past are: 

( 1 ) Harmful mutation theory. This theory proposes that the frequency of a 

gene in a closed population can be increased by mutation, and in  the 

absence of selection or reverse mutation it wi l l  eventua l ly reach unity. If the 

gene is harmful the overa l l  'fitness' of the population is reduced and if the 

gene is completely recessive, selection wi l l  a ct on the homozygotes. By 

crossing non-inbred l ines, the recessive genes can be masked for a 

generation so that no individuals are produced with reduced fitness. An 

estimate based on a reasonable guess at mutation rates and gene numbers 

puts the increase in fitness possi ble by this means at not more than 5% 

(Rendel , 1 953) . 

(2) Euheterosis theory . Heterosis is  considered by Dobzhansky ( 1 950) to be 

the result of the i nteraction of polygene complexes carried in the 

chromosomes with d ifferent gene arrangements. The heterozygotes had 

h igher adaptive values to the environment than homozygotes. 

Two explanations that today can both be referred to as the overdominance 

theory are: 

3) Overdominance theory. The heterozygote is  considered to be better than 

either of the two homozygotes, with the q ual ities of the homozygotes 

combining i nto what is considered a better ind ividual .  'The two al leles are 
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considered to both do something d ifferent in  the heterozygote form' (Rendel ,  

1 953) . 

4) Biochemica l  versat i l ity. Described by Reeve and Robertson ( IN :  Sang , 

1 956) , the hybrid is  considered to be better and more adaptable to the 

environment, as it has more d ifferent kinds of genes, and thus can cope 

more successful ly in the non-static environment. 

5) Genetic-Environment Interaction Theory. Griffing and Zsirosis ( 1 97 1 ) 

postu lated th is theory that heterosis is the result of the interaction between 

genetic and environ ment stimu l i .  They stud ied the flowering plant 

Arabidopsis thaliana, and found that the different kinds of heterosis were 

definable depend ing on how the heterotic phenomenon was influenced by 

facets of the physica l as wel l  as biotic environment. Thus, nutrient­

dependent and temperature-dependent forms of heterosis were observed. 

2.2.2. 1 .  Tvpes of heterosis. 

Heterosis has been d iv ided into three types of heterosis - i nd ividual ,  

maternal ,  and paterna l .  These three types can b e  explained as summarised 

in a paper by Sheridan ( 1 981 ): 

(a) Individual heterosis ,  is  the improvement in performance or vigour in an 

individual animal ( relative to the mean of the parents) that is not 

attributable to e ither maternal ,  paternal or sex- l inked effects, 
-

(b) Maternal heterosis ,  refers to heterosis in  a population attributable to 

using crossbred instead of purebred dams ( eg increased mi lk  

production, improved prenatal environment, larger l itter s ize) ,  

(c) Paternal heterosis ,  refers to heterosis in  a population attributable to 

using crossbred instead of purebred sires. 

These three types of h eterosis were reviewed for thei r  contribution to breed 

uti l isation for meat production in sheep by N itter ( 1 978). N itter summarised 

the avai lable l iterature to produce averages for crossbreeding effects which 
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were compared to straightbreeding performances. The crossbred values 

were also used to study the efficiency of different systems of breed 

uti l i sation. The summaries included: 

1 )  On average crossbred lambs had a 5% h igher wean ing weight at 1 00-

1 20 days than purebred lambs due to individual heterosis and individual 

lambs born from crossbred ewes had about a 6 - 7% higher weaning 

weight at 1 00 - 1 20 days than those from purebred ewes. S imi lar values 

were found for ind ividual heterosis in pre-wean ing and post-wean ing 

growth rates, with the improved growth rate due to an association of 

ind ividual and maternal heterosis for birth weight (about 3 and 5% 

respectively), 

2)The estimates for single reproductive traits were found to be more 

variable than those for growth . Fert i l ity was improved more by using 

crossbred ewes ( hM = 9%) than by generating crossbred lambs out of 

purebred dams ( hi = 2 - 3% ) .  Individual and materna l heterosis for 

prol ificacy ( l itter size) were found to be 3% each, with no heterosis on 

average found for ovu lation rate. Lamb surv ival was found to be 

improved by producing crossbred lambs ( hi = 1 0% ) and by using 

crossbred dams ( hM = 3% ) . There were few reports found on the 

possib i l ity of improvi ng reproductive performance by using crossbred 

rams. 

3) The effects of heterosis were cumulative, for example, the total weight of 

lambs reared per ewe mated to the ram is a product of fert i l ity, 

prol ificacy, lamb survival and ind ividual weaning weight and these 

combined effects accounted for an 1 8% advantage of crossbred 

progeny over purebred lambs ( hi ) and an additional 1 8% for 

maternal heterosis ( hM ) .  Combining the average estimates for each 

of the traits ind ividua l ly wou ld provide s imi lar overal l  effects. 

4) Rotational breeding was found to be the most efficient form of 

crossbreeding. 
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2.2 .3. Crossbreeding Systems 

There are a number of regular crossbreeding systems ava i lable to breeders. 

The potential success of each system depends upon the additive genetic 

effects, the non-additive genetic interactions or heterosis, and the 

management requ i red to mainta in the part icu lar system and the effects of the 

systems, e .g . , increased fecund ity may result in an excess number of 

progeny that the breeder is unable to manage in labour, capital ,  land, and 

resource terms.  The uti l i sation of the heterosis in crossbreeding systems 

also depends upon the selection appl ied e ither during the inbreeding or at 

the crossing of the inbred l ines ( Bowman and Falconer, 1 960). 

The more common crossbreeding systems are: 

- Specific Crossing. Specific crosses also referred to as fixed percentage 

crosses and can involve 2 or more 'straightbred' parent l ines, known as 

two, three or four breed specific crosses. In a two breed specific cross 

the two d ifferent parent l ines, e .g . ,  Romney breed and Finn are 

crossed to produce crossbred progeny that are 1 /2 Romney and 

1 /2Finn. The progeny exhib it 1 00% ind ividual heterosis (of the original 

heterosis from the two d ifferent breeds) . A three breed specific cross 

involves crossbred progeny from a two breed cross crossed to a th ird 

breed, e .g . ,  1 /2R1 /2F x East Friesian. The resu lt ing crossbred progeny 

have a breed composition of 1 /4 of the two first breeds and 1 /2 of the 

thi rd breed, e .g . , 1 /4R1 /4F 1 /2EF.  The progeny express 1 00% 

individual heterosis from the three d ifferent breeds, and dams express 

1 00% maternal heterosis if the dam is a crossbred and the si res 

express 1 00% paternal heterosis if they are crossbreds. 

- Rotational C rossing. Rotational crosses are also known as variable 

percentage crosses. They can involve 2 or more breeds and fol low a 

repeatable series of steps. For the two b reed rotati onal cross, two 

breeds are crossed to produce crossbred progeny (F 1  ) , as in a two 

breed specific cross. The F 1  progeny are then backcrossed to one of the 

orig inal parent breeds to produce F2 progeny. The F2 animals are 
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backcrossed to the other of the original parent breeds, and these 

crossbred progeny backcrossed to the first breed (their g randsire 

breed) .  Equ i l i brium i s  reached where the breed composition of the 

progeny is 2/3 of the sire breed and 1 /3 of the maternal s i re breed. At 

equi l ibrium, 2/3s of both maternal heterosis and 2/3 individual heterosis 

is expressed . A three breed cross involves three breeds in a rotat ion 

simi lar to the two breed rotation. The three d ifferent equ i l i brium 

compositions are 4/7 of the sire breed, 2/7 of the maternal grandsire 

breed, and 1 /7  of the maternal great-grandsire breed. There is 6/7 of 

both the maternal and ind ividual heterosis expressed. An alternative to 

the standard rotational cross is the period ic rotation cross, where the 

sire breeds are used 'unequal ly' in the rotation , i . e . ,  instead of using sire 

A then sire 8 ,  then s i re C,  it cou ld be sire A-C-A-8-C-C . This al lows less 

variation in performance between generations, and can a l low for some 

breeds to be used less. There is general ly less heterosis expressed in  

periodic rotations than the standard rotations. Under certain cond itions 

where the additive effects are more beneficial than the non-addit ive 

genetic interactions, some periodic rotations are more suitable than 

conventional rotations, (Falconer, 1 960) .  

- Composite (or synthetic) breeds. Composite breeds are 'new' breeds that 

have been establ ished by interbreeding the crossbreds from other 

crossbreeding systems. A specific or rotational cross is halted at a 

certain breed composition and the crossbred animals inter se mated with 

each other to form the new breed. The production system is then 

managed as a stra ightbred production system. In a two breed synthetic 

system 1 /2 of the original heterosis is retained, and in a three breed 2/3 

of the heterosis is retained, this can be calculated by the formula: 

heterosis retained = 
(m - l) , m 

where m is  the number of parent breeds involved. 

23 



2.2.4.  Crossbreed ing in Austral ia and the United Kingdom. 

C rossbreeding plays a large part in sheep production in Austral ia and the 

U nited Kingdom. Aged ewes from the h i l l  flocks are mated to special ised 

breeds such as the Border Leicester to produce F1  ewes wh ich in turn are 

mated under better cond itions to special  purpose terminal s ires for 

p roduction of three-way cross lambs for slaughter (B ichard ,  1 97 4; Fogerty, 

1 978: IN C larke, 1 982) .  Accordingly, the Suffolk and Border Leicester breeds 

have developed from orig inal loca l ised types to breeds having a major role 

as special-purpose male l i nes in an industry-wide crossbreeding programme. 

A study of breed ing in the U .K. showed that 43% of ewes were mated to 

Down rams - nearly 80% of them being Suffolks, wh ich also sired 27% of 

crossbred ewes compared with the 33% sired by Border Leicesters. H i l l  

breeds comprised 38% of a l l  ewes and d irectly contributed only 1 8% of 

carcass meat, but ind i rectly through crossbreeding their total genetic 

contribution to lamb meat supply was 63% and to the dams of slaughter 

lambs it was 57%. 

2.3. H istory of the Finn and East Friesian i n  New Zealand. 

In 1 972 the F innish Landrace and East Friesian breeds were among four 

breeds of sheep imported to New Zealand from Britain (Meyer et al. � 1 977) 

with the aim of increasi ng ferti l ity and/or growth attributes of the New 

Zealand Romney. 

A report about the progress of these new exotic breeds was publ ished by 

Meyer et al. , (1 977) h igh l ighting their  introduction to the country and 

subsequent preproduct ion and production performances u nder experimental 

conditions. 46 ewes and 4 rams of the Finn breed and 5 ewes and 1 ram of 

the East Friesian breed were held at Somes Island Maximum Security 

Quarantine Station for six months. They were then transferred to Mana 

Island Research Stat ion, where their numbers were rapid ly increased using 
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artificial breeding tech niques. In 1 976, the crossbred stock born at Mana 

Is land were transferred to Crater Research Station near Rotorua for breed 

evaluation. 

The breed evaluation programme consisted of a comparison of the progeny 

from the crossbreeding of the exotic breeds and some current New Zealand 

breeds with Romney ewes. The Romney ewes were a flock made up of a 

wide selection of Romney ewes from throughout New Zealand. 

Al l  of the exotic halfbreds had a mean lamb surv ival rate equal to or better 

than any of the local breed crosses, despite the Finn cross having the lowest 

mean b irth weight (averaging 0.3kg l ighter than the stra ightbred Romney 

at birth). 

The East Friesian half cross was found to have a higher average weaning 

weight than the Finn ha lf cross, F inn and East Friesian quarter breeds (3/4 

Romney) and stra ightbred Romney. 

The ewe hogget fleece weights of the East Friesian crosses were found to 

be comparable to the straightbred Romney and loca l breeds, with the F inn 

(and one local breed) fleeces s l ightly lower in weight and with a higher 

i ncidence of wool break than the other breeds. The authors commented that 

with the high selection intensity possible in a breed as prol ific as the Finn ,  it 

may be possib le to put more emphasis on selection for fleece weight and 

wool break. 

F inn and East Friesian ewe crosses were found to have an extremely low 

i ncidence of bareness, h igh l itter size, and good lamb surviva l ,  despite the 

h igh frequency of multip le b irths. The combination of these factors resulted 

i n  lambs docked/ewe mated of 1 .36 and 1 .29 respectively as compared to 

0 .67 , 1 .03, 0.83, for the Cheviot, Dorset, and German Whiteheaded Mutton 

crosses and 0 .53 for the straightbred Romney. 

The authors concluded that the high performance of the East Friesian and 

Finn exotic breed crosses made them look very useful for potential 

i ncorporation into the national sheep population, although the optimal 

breeding system for thei r  i ncorporation and needed to be determined.  
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Unfortunately, a l l  of the newly i ntroduced and derived crossbred stock were 

destroyed after one of the East Friesian ewes was suspected of carrying 

scrapie. Scrapie is a neurologica l  d isorder, with a long incubation period and 

apparent hereditary influence,  so the sheep were destroyed as part of the 

cont inuing quarantine safeguards  to the national flock. 

The East Friesian was reintroduced into New Zealand in 1 992 with 1 1  

pregnant ewes and 4 rams from Sweden. They were first released within 

New Zealand i n  Apri l 1 996 via artificial inseminat ion. Al l ison, ( 1 995) 

considers the East Friesian with large body size, h igh fecund ity and mi lk 

production, leanness, and moderate wool production wi l l  l i kely prove the 

catalyst for a sheep mi lking industry, and wi l l  be a valued component of a 

productive meat and wool dam. 

2.4. Performance data on the Finn and East Friesian. 

A review of avai lable data on F inn sheep throughout the world by Mai jala 

and Osterberg, ( 1 977) has summarised a general descr iption of the breed. 

The reproductive traits of the Finn show it to be an early sexual ly maturing 

breed, with both sexes being able to be used for breeding  at 6-8 months of 

age. The conception rates are averaged at 94% for ewe lambs and 95-98% 

for adult ewes, with fecundity or l itter size for 1 year old ,  2 year old and adult 

ewes at 1 .8, 2 .4 ,  and 2.7, respectively. There was a considerable range in 

reports for lamb mortal ity, 7 to 40 %, due to l itter size ( larger l itter s izes 

produced smal ler lambs and lower survival rates, and the age of the dam 

affected their abi l ity to raise the larger l i tter sizes). Assistance was reported 

to be needed at lambing in  1 0-1 2% of cases. The majority of ewes were 

found to be able to conceive out of season .  The rams were reported to show 

h igh l ibidos and good fertil ity, a lthough there was no mention about their out 

of season performance. 

In the review of body weights, the average birth weight was found to be 

about 2 .4kg, but varied with l itte r  s ize. The mean 1 50 day weight in  F inland 
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is 30kg and dai ly gain 1 87g. The weig ht gain during the first 6 weeks was 

found to depend upon l i tter size - with total l itter weight at 1 50 days around 

71 kg , ( l itters of 4-5 lambs were three t imes as heavy as single l itters) .  

The carcass yield of the lambs was reported to be competitive with other 

breeds, but carcass qual ity ( percentage of muscle and subcutaneous fat) 

was 5-1 0% poorer. Fat was found to be located mainly in  body cavities, not 

subcutaneously. 

Fleece weights were reported to be inferior to most other breeds, being 

about 2kg as greasy and 1 .5kg as clean .  The wool was between 35-28 

microns for average fibre d iameter, white, semi- i ll ustrious, soft and s i lky 

and with rare medul lation. 

An independent study by B ranford Oltenacu and Boylan, ( 1 981  ) , was 

conducted on the performance of pure and crossbred Finnsheep with the 

Suffolk, Targhee and Minnesota 1 00 breeds. The average recordings for 

b i rth weight, weaning weights, fleece wei ghts and tota l weaning weight of 

lamb per ewe for d ifferent age groups have been summarised in table 2 .4. 1 . 

A study by Olthoff and Boylan ,  ( 1 991 ) considered the potential of the Finn 

breed as part of a composite ewe for use in a termina l  sire production 

system. The Finn ewes were crossed with terminal s i res (Suffolk, Targhee, 

Dorset and Lincoln) to evaluate their performance. They recommended the 

use of 1 /2 or 1 /4 F inn crossbred ewes in a terminal s i re production system 

to increase the reproductive capacity in the ewe, with l itt le or no reduction in 

lamb performance to market weight. 

The use of F inn sheep to improve reproductive performance is recognised to 

be due to both additive and non additive genetic effects (Snowder et a/, 
1 996) .  The reproductive performance can decrease due to genetic 

recombination and loss of heterotic effects, however Snowder et a/, ( 1 996) 

found that selective inter se breeding of Finn crossbred ewes can recover 

the lost reproductive performance within three generations of selection for 

total l itter weight of lamb weaned. 
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Table 2.4. 1 Average trait performances for F inn crosses. (Branford Oltenacu 

and Boylan, 1 981 ) 

Purebred 1 /2 Fin n  1 /2 Finn 3/4 Finn 1 /4 Finn 
Finn (1 st cross) (backcross) 

Birth Weight - 2.60±0.04 3.34±0.02 3 . 1 9±0.04 3 . 1 0±0.04 3.34±0.04 
breed of lamb (kg) 
Weaning Weight - 1 7 .6±0.30 1 7 .8±0. 1 6  1 8 .0±0.28 1 8 .0±0.27 1 8 .4±0.31 
breed of lamb (kg) 
1 year ewe weight 42.9±0.9 48.6±0 .4  44.0±0.8 43.2±0.7 45.3±0.8 

(kg) 
2 year ewe weight 51 .2±1 . 1  56.9±0.4  52.2±1 .4 51 .5±1 .0 55.5±1 .4 

(kg)  
3 year ewe weight 57.7±1 .4 63.4±0.7  60.7±2.4 56.7±1 .7  No figure 

(kg) avai lable 

Total adjusted 1 9 .8±1 .7 1 5.6±0 .8  1 2.0±1 .4 1 5 .9±1 .4 1 0.8±1 .5 
weight of lamb 

weaned per 1 year 
old ewe (kg) 

Total adjusted 38.4± 2.2 27.8± 0 .9  23.5± 2.7 26.5± 2.0 22.4± 2.6 
weight of lamb 

weaned per 2 year 
old ewe (kg) 
1 year fleece 2.0 ± 0.08 2.8 ± 0.04 2.4 ± 0.07 2.4 ± 0.07 2.8 ± 0.08 
weight (kg) 

2 year fleece 2.2 ± 0 . 10  3 .0  ± 0 .04 2.5 ± 0 . 13  2 .6  ± 0. 1 0  3.0 ± 0. 1 4  
weight (kg) 

3 year fleece 2.2 ± 0 . 13  3 .0  ± 0 .06 2.6 ± 0.22 2.5 ± 0. 1 6  No figure 
weight (kg) available 

The East Friesian is known as a mi lk ing sheep international ly. lt is regarded 

as the most productive m i lking breed with production at 500- 600 l i�res per 

lactation (AI I ison, 1 995). 

The breed has a large body size, ewes averag ing about 85kg, and a 

fleeceweight of about 4 - 4.5kg, and average wool fibre diameter of 37 

microns. The lambing percentage (at birth) is 230% for mature ewes. The 

breed is considered to be lean, with l ow subcutaneous fat but g ood internal 

fat reserves (AI I ison, 1 995). 
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Chapter Three. 

MATERIALS AND METHOD. 

3.1 . Finn and East Friesian analysis. 

The effect of the two breeds when combined with the New Zea land Romney 

were predicted by crossing ram types made up of d ifferent combinations of 

the breeds (F inn, East Fr iesian and Romney) with commercial Romney ewes 

in a s imulation study. The performance on ten traits was stud ied, including 

weaning percentages. 

The study was carried out in  3 parts: 

Part 1 - 23 Ram types crossed to commercial Romney ewes. 

Part 2 - Effect of 8 ram types on a breedi ng flock. 

Part 3 - Analysis  of lamb and wool production rate per k i logram of 

ewe l iveweight 

Some of the methodology used in this study was based upon the ideas of the 

studmasters' of a Sheep Stud in Southern Hawke's Bay (0 180 Genetics) .  The 

0 180 flock was stra ightbred Romney unti l  the F inn breed was i ntroduced in  

1 991 , and  the East Friesian breed in  1 996. 

The studmasters' a im is to breed a crossbred ram composed of the three 

breeds to ' produce ewes that wi l l  raise 2 fast growing lambs (weaned at 1 2  

weeks, each weighing 30 kg) from the 1 year hogget stage' . 

3.1 . 1 .  Part 1 : 23 Ram types crossed to Romney ewes. 

Twenty three different 'ram types' , made up of d ifferent percentages of the 

Romney, Finn and East Friesian sheep breeds ,  were crossed to what was 

considered a standard Central North Island Romney ewe. The predicted 

phenotypic measurements for ten traits were generated for 4 'crosses' of 

each ram type. 
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3. 1 . 1 . 1 . Ram types 

The twenty three ram types used for part one of the study, (numbered from 

Ram 1 to Ram 23) were generated by using different breeding systems. 

The systems used were considered to be the quickest ways to produce the 

specified ram type. 

The ram type, identification number and method of production are shown in  

table 3. 1 . 1 . 1 . 1 .  where; C olumn 1 : shows the ram type identification number, 

Column 2: shows the breed composition of each ram 

type, 

Column 3: shows the breeding system used to 

produce the corresponding ram type. 

Column 4: shows the number of generations and 

crosses required to produce the ram type 

based on their respective breeding 

system, and , 

Column 5: the actual crosses of breeds to produce 

the ram type based on the breeding 

system. 
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table 3.1 . 1 . 1 . 1 . continued . . . . . . .  . 
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table 3 . 1 . 1 . 1 . 1 . continued . . . . . . . .  . 
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table 3.1 . 1 . 1 . 1 . continued . . . . . . . .  . 

3. 1 . 1 .2 .  Crosses . 

Each of the 23 ram types were crossed with the 'average Romney ewe' and 

then thei r  respective progeny, grand-progeny and great-grand-progeny for a 

total of 4 crosses. 

Cross 1 for each ram type involved the ram and the Romney ewe label led as 

Dam 1 (01  ) , to produce crossbred progeny - Progeny 1 ( P 1  ) . The P 1  ewe 

hoggets from each cross then became the D2s and were backcrossed to 

their respective sire breed types in cross 2 to produce the P2s. The P2 ewe 

hoggets were backcrossed to their respective sire breed type as D3s for 

cross 3 to produce the P3s and final ly the P3 ewe hoggets as D4s 

backcrossed to their respective s ire breed types for cross 4 to produce the 

P4s. Therefore, 4 different types of progeny were produced for each of the 

23 ram types. In total 92 (23 ram types * 4 crosses/ram type) crosses were 

simulated. 

An example of the 4 cross procedure for each ram can be demonstrated by 

detai l ing the four crosses of one ram type. 

e.g. , The 4 crosses of Ram type 6 -1 /2R1/4F1 /4EF: 

Cross 1 :  

Romney ewe x 

01 X 

1 /2R1 /4F1/4EF ram = 3/4R1/8F1 /8EF progeny 
R6 = P1 
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Cross 2: 

3/4 R 1 /8F1/8EF ewe 

02/P1 

Cross 3: 

x 1 /2 R 1 /4F1/4EF ram = 5/8R3/1 6 F3/16EF progeny 

x R6 = P2 

5/8R3/1 6F3/1 6 E F  ewe x 1 /2 R 1 /4F1/4EF ram = 9/1 6R7/32F7/32 EF progeny 

03/P2 x R6 = P3 

Cross 4: 

9/1 6R7/32F7/32 E F  ewe x 1 /2 R 1 /4F1/4EF ram ewe = 1 7/32 R 1 5/64F 1 5/64EF 

progeny 

04/P3 X 

where R6 is ram type 6, 

R6 = P4, 

0 1 , 02 , 0 3  and 04 represent dam types 1 ,  2 ,  3, and 4 and, 

P1 , P2, P3 and P4 represent progeny types 1 ,  2, 3 ,  and 4. 

3. 1 . 1 .3 .  Traits studied. 

Ten traits were studied to establ ish possi ble parameters of production from 

each cross. The parameters establ ished are based upon breed and flock 

averages. 

The ten traits studied were: 

1 and 2) Weaning Percentage for MA and hogget ewes. 

Weaning percentage was based on number of lambs born ( NLB) and 

survival rate to weaning (STW) for the number of ewes at mating. Weaning 

percentage was considered important to derive information for: 

- number of animals avai lable for s laughter 

- number of animals ava i lable for flock replacements by selection 

- number of animals to include for budgeting of resources, e.g . ,  

Dry Matter (DM).  

3) Birth Weight. 
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4) Weaning Weight. 

Although weaning weight can be dependent upon d ifferent management 

pol icies, weaning weight g ives an indication of: 

- dai ly g rowth rate from b i rth, and therefore resources used (by 

ewe) 

- total l itter weight produced per ewe when multip l ied by weaning 

percentage information 

- indication of how much OM and time requ i red for lambs to 

be ready for slaughter. 

5) S laughter weight. 

S laughter weight i s  an important consideration for breed evaluation, in 

particular to obtain an indication of how much OM is  required (along with 

number of days from weaning) .  

6) Hogget ewe l iveweight. 

The weight of the hogget ewes was estimated to provide information for; 

- feed budgets. 

7) M ixed age ewe l iveweight. 

The weight of the mature ewe was included to: 

- calculate the required OM for maintenance and 

reproduction 

- assess the practicality of carrying those ewes in terms of 

resources requi red compared to what they produce i .e . ,  total 

l i tter weight -(weaning percentage x weaning weight), and wool 

production. 

8) Hogget fleece weight. 

Hogget fleece weight was included as it i s  a part of the sheep income 

equation. 

9) Ewe fleece weight. 

Ewe fleece weight is  included as it is part of the sheep income equation.  

1 0) Average fibre diameter. 

The average fibre diameter was considered to study the change in qual ity of 

the wool. 
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These 1 0 traits were selected for inclusion in this study, as they are integral 

components of most sheep system profit equations. As a consequence, they 

are potentia l  breeding o bjective traits and/or selection index characters. 

3. 1 . 1 .4 .  Calcu lations of expected phenotypic performances. 

The predicted phenotypic measurements were ca lculated using the add itive 

genetic and non-add itive genetic figures for the breeds. The Romney breed 

was divided into two l i nes - Original Romney (commercia l  Romney), and 

Stud Romney, as they were considered to be genetica l ly  d ifferent for 

add itive effects. The h eterosis figures were assumed to be the same for a l l  

of the breed interactions, i .e . ,  R x F and 1 /2R1 /2EF x F had the same 

heterosis figures, and there was no heterosis assumed between the Original 

Romney and Stud Romney l ines. The figures used for each of the 1 0  traits, 

guesstimated from performance information provided by DIBO Genetics and 

from published l iterature, are in tables 3. 1 . 1 .4 . 1 . and 3. 1 . 1 .4 .2 .  
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A Microsoft Excel programme was used to calculate the expected phenotypic 

performances for each cross and each trait. 

A worksheet was establ ished for each trait, with each sheet compris ing 6 

tables: Table 1 :  Heterosis effects - for trait. 

Table 2: Add itive effects - for trait. 

Table 3: Total heterosis for each component of trait. 

Table 4: Percentage of heterosis expressed by each 

individual involved in analyses. 

Table 5: Breed composition breakdown of every individual 

involved in  analyses. 

Table 6: Results table for trait. 

The formulae used in the tables for one of the ram types is s hown in  

Appendix I .  A general explanation of each of the tables has been 
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summarised in the fol l owing paragraphs: 

Table 1 :  Heterosis effects - for trait. 

Table 1 shows the heterosis figures for the breed crosses. The heteros is 

effects have been d iv ided into ind ividua l ,  maternal and paternal effects for 

each trait (where appropriate), and the figures are in decimal form as a 

percentage of the un it used to measure the particular trait. There is  a lso 

another column in the table of ' 1  's that are required as part of the final 

equation.  

Table 2: Additive effects - for trait. 

Table 2 shows the raw data for the additive effects for each of the breeds, 

F inn, East Friesian, Original Romney (the commercial Romney flock figures) 

and Stud Romney (the stud Romney figures) .  

Table 3 :  Total heterosis for each component of trait. 

Table 3 shows the actual heterosis percentage expressed for each of the 

d ifferent genotypes of the progeny. The heterosis has been d ivided i nto the 

maternal heterosis  from its dam (based on it's dams genotype, paternal 

heterosis from its s i re (based on it's sires genotype) and ind ividual heterosis 

(based on its own genotype) . The percentage figure is calcu lated by 

multiplying the percentage of original heterosis expressed by each genotype 

( in table 4) with the orig inal heterosis for each trait ( in  table 1 ) .  

Tables 4a. 4b. and 4c: Percentage of heterosis expressed by each 

individual involved in analyses. 

These sub-tables show the percentage of origi na l  heterosis expressed as an 

ind ividual ( individual heterosis), and as a parent i .e. , maternal and paternal 

heterosis ,  based on the breed composition or genotype of the individual . 

Table 4a shows the ind ividual heterosis expressed or retained by each 

individual genotype, Table 4b, the maternal heterosis expressed by the dam 
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of each individual genotype, and Table 4c, the paternal  heterosis expressed 

by the sire of each individual genotype. 

The tables are identical for a l l  of the traits, as the percentage of original 

heterosis expressed is the same for al l  of the traits. 

The method used to calculate the percentage of orig inal  heterosis expressed 

is the Heterosis Fraction Method , that can be referred to in Appendix 1 1 .  

Table 5 :  Breed Composition breakdown of every individual involved in 

analyses. 

Table 5 shows the fractions of each breed in the compos ition of all of the 

rams, dams and progeny involved in the analyses. The table is  structured to 

show a ram identification number, then the fractions of h i s  breed composition 

(breed fractions), then the breed fractions of the first dam 01 , then that of 

the P 1 , P2, P3, and P4s across the same rows. Each ram and h is  respective 

dam and progeny breed compositions are on rows identified by the ram type 

identification number. 

The order of the breeds for the ram types is Romney, F inn, East Friesian. 

The order for the dams involved in the first cross (01 s) is Orig inal Romney 

(OR) ,  Finn and East Friesian and the order for the a l l  of the progeny (and 

remaining dams) is Total Romney, Original Romney, Stud Romney, Finn and 

East Friesian. 

The fractions are formatted to take up two rows, with the numerator in the 

row above its respective denominator, in order to use the figures to calculate 

the percentage of original heterosis for table 4. The fractions for the Original 

Romney are entered into one box, as they are not requ ired for the heterosis 

calculations, i . e . ,  it is  assumed in this study that there is  no heterosis 

between the Stud Romney and Original Romney, therefore only the total 

Romney figures are required. 

These figures in this  table are a lso used to calculate both the additive effects 

in  table 6. 

Table 5, l ike table 4 is a lso identical for al l  of the traits. 
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Table 6: Results table for trait. 

Table 6, the resu lts table, shows in column 1 ,  the ram type, column 2 the 

dam genotype, and column 3 the resulting progeny genotypes from the cross 

of the s i re and dam i n  columns 1 and 2 respectively. Column 4 shows the 

total heterosis percent for the trait, column 5 the total additive effect for the 

trait (from tables 2 and 5) .  The expected phenotypic performance is in  

column 6 and is calculated by mult iplying the heterosis and additive figures 

effects in columns 4 and 5. 

3. 1 .2. Part 2: Effect of 8 ram types on a breeding flock. 

Based upon the thoughts of the studmasters of 0 180 ,  and the resu lts from 

part 1 ,  ( in  Appendix IV) , 8 ram types were selected for further analys is .  Each 

ram type was assigned an option number for parts 2 and 3. 

The 8 ram types selected were: Ram type 6 - 1 /2R 1 /4F 1 /4EF (Option 1 )  

Ram type 7 - 1 /4R 1 /2F 1 /4EF (Option 2) 

Ram type 8 - 1 /4R 1 /4F 1 /2EF (Option 3) 

Ram type 1 9 - 1 /7R 4/7F 2/7EF (Option 4) 

Ram type 3 - 1 /2R 1 /2F (Option 5) 

Ram type 1 - R (Option 6) 

Ram type 1 1  - 2/3 R 1 /3 F (Option 7)  

Ram type 1 7 - 2/7R 4/7F 1 /7EF (Option 8) .  

The ram types were crossed to the ewe flock for 4 consecutive years, and 

the predicted phenotypes averaged to calculated the flock averages for a 5 

year period. 

3. 1 .2. 1 . Ram types chosen. 

The 8 ram types were chosen for a number of reasons. Types 7, and 1 7  

represented a ram type with a majority F inn genes, then Romney and 1 /4 or 
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less of East Friesian. Types 3, 6, 8 and 1 9  were chosen as a variation on 7 

and 1 7. Ram 1 was chosen to provide a comparison of the various crossbred 

rams to the purebred Romney, and ram type 1 1  was chosen as a variation 

on th is .  0180 Genetics a lso expressed an interest in ram types s im i lar to 

ram types 6, 7, and 1 7. 

3. 1 .2 .2 .  Annual calculations . 

The phenotypic performance figures calculated in part 1 , for each of the 

selected 8 rams were used to calculate the overal l  flock performance, based 

on the age structure of the flock for each year. 

Two different flock age structures, option a and option b, were used to 

calcu late the effect of rate of replacement of hogget ewes into the flock. 

Option a is consi dered to be a 'base' structure, where the breeding flock 

consists of a l l  age groups from hogget up to 6 years. Option b has a h igher 

percentage of hoggets selected for the breeding flock, and the 5 year old 

age group is  the oldest age group in the breeding flock, this lowers the 

generation interval .  

Both of  the age structure options were expressed in two forms: 

- % of hoggets and % of MA flock, where the % of hoggets 

figures was used to calculate the figures for the hogget traits -

hogget weaning percentage, hogget l iveweight and hogget 

fleece weight, and the % of MA flock used to calculate the MA 

ewe traits - weani ng percentage, ewe l iveweight, and ewe 

l iveweight. 

- % of breeding flock, to calculate the birth, s laughter, and 

wean ing weights, and average fibre diameter of the wool .  

The performances for each trait in each year are calculated, based on the 

proportion of each age group and their respective performances. In option a ,  

a l l  of the calculations have been based upon the age structure in  option a. In 

option b ,  the first two years - years 0 and 1 are based upon the age structure 

of option a and then for years 2, 3, 4 and 5, the selection rate i s  changed to 

that of option b. 
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Table 3 . 1 .2 .2 . 1 .  shows the percentages of each age group for each option. 

Table 3 . 1 .2 .2 . 1 .  Standard age structure of flock for options a and b for each 

ram type. 

The detai ls of what happens in  each year have been summarised in the 

fol lowing paragraphs, and the genotypes in each year and age group in the 

tables 3 . 1 .2 .2 .2 ,  and 3 . 1 .2 .2 .3 .  

Year 0 - the base year, where a l l  of the phenotypic measurements for a l l  of 

the traits are from the base flock genotypes or the Original Romney figures. 

Year 1 - is the year that the ram type is  first crossed to the breeding ewes in  

the flock, therefore the ind ividual traits - hogget and ewe l iveweights, fleece 

weights and fibre d iameters wi l l  remain the same, but the weaning 

percentages, birth, weaning and s laughter weights of the lambs produced in 

year 1 and measured in  year one wi l l  be based upon the genotypes from 

cross one. 
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Year 2 - i s  the second year the ram type is  crossed to the breeding flock. 

The weaning percentage from the hogget ewes wi l l  be based on cross 2, as 

the hoggets are the first year lambs that were produced from cross 1 , 

therefore making them P 1 102 classification . The weaning percentage from 

the 2 years and older ewes are based upon the performances from cross 1 ,  

as al l  of the ewes are the original genotype (01  ) .  The birth , weaning ,  and 

s laughter weights of the lambs from the hogget ewes in year 2 are based on 

the phenotypic results from cross 2,  and from the 2 years and older ewes 

from the phenotypic results in cross 1 ,  as the ewes are a l l  the original 

genotype (01 ) . The hogget l iveweights and fleece weights for year 2 are 

based upon the phenotypic results from cross 2, as the genotypes of their 

dams 02 are from cross 1 ,  i . e . they are P1 s .  The MA ewe l ive weight and 

fleece weights are the same as years 0 and 1 , as they have the same base 

genotype. 

Year 3. The weaning percentage from the hogget ewes is from the 

phenotypic results from cross 3, as the dams are P2s/03s, the weaning 

percentages from the 2 year old ewes is based upon the phenotypic results 

from cross 2,  as the dams are P1 s/02s. The older ewes are sti l l  of the 

orig inal genotypes, therefore their weaning percentages are based on cross 

1 .  The birth,  weaning and slaughter weights are measured from P3's from 

the hogget ewes, P2's from the 2 year old ewes and P 1  's from the three year 

old and o lder ewes .  

Year 4 - i s  the last year the ram is  crossed to the flock. The progeny in year 

4 are made up of 4 d ifferent genotypes, as there are 4 types of ewes in the 

breedi ng flock. There are 3 d ifferent genotypes for hogget and ewe 

l iveweights and fleece weights and fibre diameter. 

Year 5 - is the first year the P4s are included into the breeding flock. Two 

d ifferent age groups of ewes have produced P4s. 
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Table 3 . 1 .2 .2 .2 .  Type of progeny i n  each age group in each year for the 

traits; Weaning percentage for hogget and MA age ewes, 

birth weight, weaning weight, and slaughter weight. 

Table 3 . 1 .2 .2 .3 .  Type of progeny in  each age group in  each year for the 

traits; Hogget and MA ewe l iveweights , hogget and 

MA ewe fleece weights, and average fibre d iameter 

3. 1 .2 .3 .  Traits studied. 

The traits studied were the same as in part 1 ,  except the two weaning 

percentage traits (weaning percentage for MA ewes and weaning 

percentage hogget ewes), were joined together to obtain  an average 

weaning percentage for the flock. 
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The birth, s laughter, and weaning and s laughter weights of lambs from 

hogget ewes are normal ly different to that from when the ewes of the same 

genotype are 2 years and older, and under the same envi ronmental 

cond itions. However, in this study they were assumed to be the same, as the 

figures were calculated as averages. lt was also assumed , for the purpose of 

this study, that the effect of the simpl ification was insign ificant. 

3.1 .3. Part 3: Predicted changes in fl ock performances and analysis of 

lamb and wool production rate per kilogram of ewe l iveweight 

The expected changes for years 1 to 5 from the base year 0 for the traits in  

part 2 were calculated and tabu lated. The figures were calculated by 

subtracting the base year performances from the annual performances for 

each trait, using the figures calculated in part 2.  

The efficiency of production for ewe l iveweight was calculated for: 

- Tota l lamb weight weaned, (measured as ki lograms of lamb 

per ki logram of ewe l iveweight), and 

- Total fleeceweight produced, (measured as grams of wool 

per ki logram of ewe l iveweight). 

Both efficiencies were calculated by dividing the total production of each trait 

by the ewe l iveweight. The calculations were done for Years 0 to 5. 

45 



3.2. Number of foetuses scanned as a selection predictor. 

To use ultrasound pregnancy resu lts as a selection predictor, the number of 

foetuses scanned (NFS) is used as a replacement selection predictor for 

number of lambs born (NLB) in a set breeding objective. 

A breeding objective, and two selection indices - the NLB selection index 

and the NFS select ion index, were s imulated to calculate the genetic 

changes of the two predictor options and the expected differences in index 

ratings of individuals in a flock. 

3.2. 1 .  Calculation of the figures used for the analysis. 

The breeding objective and NLB selection index were those used for the 

default Romney option used in Animalp lan (Sherlock, 1 996) .  An imalplan 

economic values were also used . 

The breeding objective was: 

T = l 0.5GNLB + 0.55GLW8 + 3.0GFWI2 I 

where: T is the breeding objective, 

G NLB i s  the genotypic value of the dam for the trait number of lambs 

born , 
GLws i s  the genotypic val ue for the trait l iveweight at 8 months of 

age, 
G Fw12  is the genotypic value for the trait fleece weight at 1 2  months 

of age, 
1 0.5 is  the relative economic value for the trait number of lambs born , 
0.55 is  the relative economic val ue for the trait l iveweight at 8 months 

and, 
3.0 is the relative economic value for the trait fleece weight at 1 2  

months of age. 

The two selection indexes referred to as the NLB index and NFS index are: 

1 )The NLB selection index: 

I NLB = bNLBX NLB + bwwrXwwr + bLWI2I X Lwm + bLWI2PHsX LW12PHs + bFWI2I X FWI2I + bFW12PHSX FW; 

where: I NLB i s  the selection index, 
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bNLB ' bWWI' '  bLWJ21 ' bLWJ2PHS • bFW!21 • 
and bFWJ2PHS are the 

weighting factors for the phenotypic deviations, and 

X NLB · X wwr 
, X LWJ2I , X LWJ2PHs • X FWJ2I · X FWI2I • X FWJ2PHs are the 

adjusted (for systematic environmental effects) phenotypic 
deviations for the selection characters number of lambs born to 
the dam, weaning weight, ind ividual l iveweight at 1 2  months, 
paternal half-s ib l iveweight at 1 2  months, individual fleeceweight 
at 1 2  months ,  and paterna l  half-s ib fleeceweight at 1 2  months, 
respectively. 

2) The N FS index is  the same as the NLB index, except bNLB X/'o.'LB is replaced 

by bNFS X NFS , e .g . , 

where: I NFs is the selection index, 

bNFs is the weighting factor the NFS phenotypic deviations, and 

X NFs is the adjusted (for systematic environmental effects) 

phenotypic deviations for the selection character number of 
foetuses scanned of the dam. 

Calculations: 

- The 'b' weighting factors for each adjusted phenotypic deviation in the two 

selection index equations were derived as best l inear pred ictors (BLP) ,  so 

the prediction error variance (PEV) was min imised between the objective 

and index i . e . ,  Var(l - 1) = Var(I) + Var(T) - 2Cov(I, 1) . 
- The prediction error variance equation was d ifferentiated with respect to 

each of the b factors and each equation set equal to zero. The two sets of 

normal equations are shown to in  appendix I l l ,  3. 1 .  

- The genetic and phenotypic parameters requi red to solve the normal 

equations are g iven in table  3.2. 1 .  
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Table 3.2 . 1 .  Genetic and phenotypic parameters for traits in the objective 
and selection indices. 

Heritabi l it ies are on the d iagonal ,  phenotypic correlations are above the 
d iagonal and genetic correlations below the d iagonal . 

NLB = Number of lambs born .  
L W8 = Livewei ght at 8 months. 
FW1 2 = Fleece weight at 1 2  months of a shorn lamb. 
N FS = Number of foetuses scanned. 
WWT = Weaning Weight. 
LW1 2 1  = Liveweight at 1 2  months of ind iv idual .  

( References, Johnson et a l . ,  1 989; Fogarty, 1 995) .  

The blank cel l s  in table 3.2 . 1 .  are empty as the correlation figures between 

those traits are not requ i red in the calcu lations. The NFS values in table 

3.2 . 1 .  were estimated based on the equivalent N LB figures. lt was assumed 

that the heritab i l ity of NFS would be higher than that of NLB ,  and the 

phenotypic standard deviation of NFS would be lower than N LB due to the 

reduced opportunity for environmental i nfluences. That is, ewes wi l l  have 

been exposed to 2-3 months of pregnancy before N FS is measured whi le 

they have had 9 months of pregnancy before N LB is measured. 

The simultaneous equations were solved to calculate the index weighting 

factors, using M icrosoft Excel .  The normal equations for each of the two 

options were formatted i nto a set of simultaneous equations, where: 

Pb = G , 

The equation Ph = G was solved to find b by inverting the P matrix, then 

multiplying it with the G matrix ( including relative economic values) to get 
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the b values, i.e. , b = p-1G . A set of 6 b values for the 6 selection 

characters in each of the two options were obtained using this method . 

3.2.2. Comparison of the two different selection predictors. 

The weighting factors and co-variances and variances derived in the 

previous sect ion were used to compare the two different selection index 

options by: 

- The expected genetic gain in the objective, objective traits and 

index characters, and 

- The correlation of the two estimated select ion index values for 50 

hogget ewes in a s imulated flock. 

3.2.2. 1 .  Expected genetic gain in objective, objective traits and index 

characters. 

The expected genetic gain was calculated for annual gain per animal .  

The formulas used to calculate the expected genetic gains are: 

Breeding Objective 

The expected genetic gain in the breeding objective was calcu lated as cents 

per animal per generation, using the formu lae: 

11GT =ifJTio-I '  

where 11Gr i s  the genetic change i n  the breeding objective 

i is the selection i ntensity, 
Cov(T, I) . . fJTI = Var(l) , (and IS assumed to be equal to umty, as the b 

weighting values h ave BLP properties), and 
a-I is the standard deviation of the Index. 
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The standard deviat ion of the index, CJ I = .Jvari , for the I NLB is :  

Vari = b�Var(XNLB ) + b�Var(Xwwr ) + bZw1 21Var(XLw12I ) + bzw12PHsVar(XLw12pHs ) 
+b;WI 2I Var(X FWI21 ) + b:WI2PHsVar(X FWI2PHs ) + 2bNLBbwwr Cov(X NLB > XWWT ) 
+2bNLBbLWI2I Cov(X NLB , XLWI2I ) + 2bNLBbLWI2PHsCov(X NLB , XLWI2PHs )  
+bNLBbFWI2I Cov(X NLB , X FW12I ) + 2bNLBbFWI2PHsCov(X NLB , X FWI2PHs ) 
+2bwwrb LW121 Cov( X wwr , X LW12I ) + 2bwwrb LW1 2PHsCov( X WWT '  X LW12PHs ) 
+2bWWTbFw121 Cov(Xwwr , X FW12I ) + 2bwwrbFW1 2PHSCov(Xwwr , X FW12PHS ) 
+2bLWI2I bLW12PHsCov(X LW12I ' XLWI2PHs )  + 2bLW12I bFW12I Cov(X LWI2I , X FWI2I ) 
+2bLWI2IbFWI2PHsCov( X  LWI2I , X FWI2PHs ) + 2bFWI2IbFWI2PHsCov(X FWI 2I , X FWI2PHs ) 

The variance formu lae for the I NFs option was the same, except for the 

replacement of the NLB variances and covariances with the other selection 

characters being replaced by NFS variances and covariances, and the I NFs 

weighting factors being used. 

The variance of the selection index was calculated by using a matrix algebra 

method to check previous calculations by : 

- ( b' P b matrix transposed) x P matrix to get the standard deviation 

for the Selection Index. 

There are 3 different selection i ntensity figures based upon the d ifferent 

flock age structures, labeled as options 1 ,  2, and 3. Option 2 is used to 

calculate the genetic changes for the breeding objective, and objective traits 

and selection characters. 

To calcu late the genetic gain per animal per year, the figures were divided 

by the average of the ram and ewe generation intervals ,  as stated i n  the 

flock detai ls .  

Breeding objective traits and selection characters. 

The formulae used to calculate the genetic gains in the breeding objective 

traits and selection characters are the same for the I NLB and I NFs indexes, 

except for the respective CJ I values.  
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The formulae are: 

N umber of lambs born: 

A G _ iCov(GNLB , I) h L.l. NLB - , w ere 
(J"I 

!!.G NLB is the expected genetic change in units for the trait number of 

lambs born per animal per generation, 
i i s  the selection intensity, 
Cov(GNLB , l) is the eo-variance between the genotypic value for number of 

lambs born and the selection index, and 
u 1 is the standard deviation for the selection index. 

Cov(GNLB , I) = Cov(GNLB ,bNLB XNLB + bwwrXwwr + bLWI2I X LWI2I + bLwizPnsXLWI 2PHs 

+bFW121 X FW121 + bFW12PHSX FW12PHS ) 
= bNLBVar(GNLB ) + bwwrCov(GNLB ,Gwwr ) + bLW12ICov(GNLB , GLW1 2I ) 

+bFWI2l Cov( G NLB , G FWI2I )  + bFWI2PHsCov( G NLB , G FWI2PHs ) 

The un its for the genetic gain in the trait are number of lambs per animal per 

generation. The genetic gain was d ivided by the generation interval to g ive 

the genetic gain per animal per year. The same format was used for the 

other objective traits and selection characters: 

Liveweight at 8 months (kg per animal per generation) :  

L1G = 

iCov( G 
Lws , I) 

LW8 
(J"J 

F leece weight at 1 2  months (kg per animal per generation): 

L1G = 

iCov(GFW12 , 1) 
FW12 

(J"J 

N umber of foetuses scanned ( lambs per animal per generation): 

AG 
_ iCov( G NFs ,  I) 

L.l. NFS -
(JJ 

Weaning Weight (kg per animal per generation) :  

L1G _ iCov( G WWT , I) 
WWT -

(J"J 

I nd ividual l iveweight at 1 2  months (kg per animal per generation): 

L1G 
_ iCov(GLwiu , f) 

LW121 - (J" I 
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3.2.2.2 .  Calculating estimated selection index values. 

The selection i ndexes for the hogget ewes were calculated for both of the 

two each selection indexes. 

The N LB index formula was: 

EBV = bNU3 (XNLB - X� ) + bWJIIT (XWJIIT - X� ) + bLW12/ (XLW12/ - X�Wl2/ ) +  

bLW12PHS (X LW1 2PHS - X�Wl 2PHS ) + bFW1 21 (X FW1 21 - X�121 ) + bFW12PHS (X FW1 2PHS - X�12PHS ) 

where b 
NL B , bwwr , bLw121 , bLWllPHs . bFW1 21 . and bFWllPHs are the weighting 

factors for the selection phenotypic deviations, 

ex NLB - x�B ) , (X wwr - x� ) ,  (X LW12/ - x�W12/ ) , 

(XLW12PHS - X�Wl2PHS ) ,  ( XLW12PHS - X�W12PHS ) , and 

(X FWllPHs - X�wl2PHs ) are the phenotypic deviations of each of the 

hogget from the flock mean for each of the selection characters; 

number of lambs born of their dams, weaning weight, ind iv idual 

l iveweight at 1 2  months, paterna l  half-s ib l iveweight at 1 2  

months, individual fleece weight at 1 2  months, and paterna l  half­

s ib  fleece weight at 1 2  months respectively. 

The NFS index formula was the same as the NLB formu lae except for the 

rep lacement of bNLB (XNLB - X� ) for bNFs (XNFs - X�s ) , and the N FS b 

weighting factors used . 

3.2.2.3.  F lock detai ls .  

The simulated flock detai ls used in the study were: 

1 )  F lock means for phenotvpic performances .  

The flock means for the selection characters are in table 3.2.2.3. 1 .  
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2) Selection d ifferentials .  

Tables 3 .2 .2 . 3 .2 . , and 3 .2 .2 .3.3.  show the selection d ifferentials used in  the 

calculations. The ram : ewe ratio is 1 : 1 00, so with a 1 00% average of 

lambs weaned per ewe joined to a ram,  and assuming a 50 % male : female 

ratio of hoggets, the proportions of ram hoggets selected each year (used for 

2 years) i s  0 .0 1  ( 1  %) .  

The calcu lat ions of the figures in tab les 3.2 .2 .3.2. , and 3.2 .2 .3 .3 . are in 

appendix I l l . 

Table 3.2 .2 . 3 .2 . Selection d ifferentia ls for ewes. 
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4) Generation Intervals. 

The ewes are mated to lamb at 2,  3, 4, 5, and 6 years of age. The generation 

intervals for each of the selection options are calculated in table 3.2 .2 .3 .4 .  

Table 3 .2 .2 .3 .4 .  Generation intervals of ewes. 

The rams are mated for their lambs to be born when the rams are 2 and 3 

years, so their generation interval i s  (2 + 3)/2 = 2.5 years. 
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Chapter Four. 

RESULTS . 

4.1 . F inn and East Friesian Resu lts . 

4. 1 . 1 .  Predictions of phenotypic measurements for the 4 crosses of each of 

the 23 ram types. 

The phenotypic figures for each of the 1 0 traits of the 23 ram types are in 

append ix IV.  The ram type, (numbered 1 to 23) ,  and result ing progeny type 

are shown for each of the 4 crosses (Cross 1 :  Ram type x Straightbred 

Romney ewe (01 ) = P1 ; Cross 2: Ram type x P1 ewe = P2 . . . . .  ). The 

predicted additive genetic and non-add itive genetic interaction (heterosis) 

figures and phenotypic measurement expressed by the progeny based upon 

it's sire, dam and individual genotypes are in the corresponding columns. 

The heterosis figures for each ram cross are made up of the percentage of 

the orig inal individual ,  maternal ,  and paternal heterosis for each trait 

depending upon the breed compositions of the s i re, dam and indiv idual 

involved in  each cross. The methods used to calcu late these figures are 

explained in Section 3. 1 . 1 .4 . :  Calculations of expected phenotypic 

performances, (Chapter 3 Materia ls and Methods in the paragraph labeled 

table 4) .  

The highest and lowest phenotypic values after the 4th cross of the ram 

types (composed of a l l  3 breeds) are shown in tables 4. 1 . 1 . 1 .  and 4 . 1 . 1 .2 .  

and indicate the range of predicted phenotypic performances  for the 1 0 

traits. The highest value for the pro l ifacy traits - NLB, and HNLB is for the 

ram type with highest amount of Finn genes, and least amount of Romney 

genes, and is produced by a 3 breed fixed crossbreeding system. The lowest 

value for the prol ifiacy traits is from the ram types with the most amount of 

Romney genes. The traits - B.WT, H .WT, and E.WT are highest for the ram 

types with the most East Friesian genes (produced by rotational 
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crossbreeding systems), and the lowest values for the ram types with the 

most Romney genes (and least heterosis) . The fleeceweight traits are 

highest for the ram types of either the ram types with the most Finn or East 

Fries ian genes. They are lowest for the ram types with the most Romney and 

Finn (produced by rotational crossbred system) genes. The fibre d iameter 

values are highest for the Ram types with the most Finn ( rotational cross) or 

East F riesian genes, and lowest for the ram type with the most amount of 

Finn g enes (fixed cross) .  

The l evel of heterosis varied for the different ram types due to the breed 

composition i .e . , percentage of breed of each ram type and the 

crossbreeding system used to produce it. The h ighest heterosis value was 

expressed in the phenotypes of the progeny from Ram type 7 

( 1 /4R1 /2F 1 /4EF) .  The progeny of Ram type 1 ( R) expressed no heterosis at 

a l l ,  due to only one breed being i nvolved in the crosses. 

The add itive values for number of lambs born increased with each cross for 

a l l  of the ram types, and the survival to weaning decreased as the proportion 

of F inn  increased in the crosses. The level of heterosis for some ram types 

increased with each cross, peaked and then e ither decreased for some ram 

types, or stabi l i sed for others. 

The ram with the highest weaning percentage was Ram type 9 ( 1 /2F 1 /2EF) -

208%, (Cross 4),  where there was a big increase in the phenotypic value 

from Cross 1 ( 1 04%) to Cross 2 ( 1 73%). Most of the ram types had this large 

increase from Cross 1 to Cross 2, compared to the changes between the 

other crosses. Ram type 9 d id  not have any Romney genes and had a 4% 

higher predicted weaning percentage than the highest ram type composed of 

al l  3 breeds - Ram type 7 ( 1 /4R1 /2F1 /4EF) .  

The ram with the lowest weaning percentage was the straightbred Romney 

ram,  ram type 1 .  The predicted weaning performance of the Romney ram 

type d id  improve with each cross, due to the genetic additive d ifference of 

the stud Romney with the original Romney ewes, however not as much as 

the other ram types. 
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Table 4 . 1 . 1 . 1 . H ighest phenotypic values for the 1 0  traits (for ram types with 

a l l  three breeds in their composition) .  

Table 4 . 1 . 1 .2 .  Lowest phenotypic values for the 10 traits (for ram types with 

al l  three of the breeds in their composit ion). 
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4. 1 .2 .  Effect on performance of 8 selected ram types in a breeding flock 

over a 5 year period. 

The effect of the 8 selected ram types on the average flock performance of 

a Romney ewe flock has been summarised into 1 6  Summary tables label led 

from 4. 1 .2 . 1 to 4. 1 .2 . 1 6. They show the predicted phenotypic 'flock 

averages' (for the 1 0  traits) for the base year 0 (orig inal  flock performances) 

and 5 consecutive years - year 1 to year 5 (year 1 being the year ram type is 

first crossed to the flock). The summary tables are in the order of decreasing 

proportions of the Romney breed in the ram type. 

The effect of the different selection options, a and b can be seen for each 

ram type, where options a and b are two d ifferent flock age structures (refer 

tables 3. 1 .2 .2 . 1 .  and 3. 1 .2 .2 .2) .  The d ifference between the two options is  

larger for the h igher performing ram types, e .g . ,  1 66% and 1 76% for the 

weaning percentage in year 5 of ram type 7, compared to 1 08% and 1 09% 

for ram type 1 . 

Table 4. 1 .2 . 1 .  Summary Table of Yearly Performance for 

Option 6a - Ram 1 :  R 

Table 4. 1 .2.2.  Summary Table of Yearly Performance for 

Option 6b - Ram 1 : R 
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Table 4. 1 .2 .3 .  Summary Table of Yearly Performance for 

Option ?a - Ram 1 1 :  2/3R1 /3F 

Table 4. 1 .2 .4 .  Summary Table of Yearly Performance for 

Option 7b - Ram 1 1 :  2/3R1 /3F 

Table 4 . 1 .2 .5 .  Summary Table of Yearly Performance for 

Option 1 a - Ram 6: 1 /2R1/4F 1 /4EF 

Table 4. 1 .2.6.  Summary Table of Yearly Performance for 

Option 1 b - Ram 6: 1 /2R1/4F1 /4EF 
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Table 4 . 1 .2 .7 .  Summary Table of  Yearly Performance for 

Option Sa -Ram 3: 1 /2R 1 /2F 

Table 4 . 1 .2 .8 .  Summary Table of Yearly Performance for 

Option Sb - Ram 3: 1 /2 R 1 /2F 

Table 4 . 1 .2 .9 .  Summary Table of Yearly Performance for 

Option 2a - Ram 7: 1 /4R1 /F 1 /4EF 

Table 4 . 1 .2 . 1 0. Summary Table of Yearly Performance for 

Option 2b- Ram 7: 1 /4R1 /2F1 /4EF 
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Table 4 . 1 .2 . 1 1 .  Summary Table of Yearly Performance for 

Option 3a - Ram 8: 1 /4R1/4F1 /2EF 

Table 4 . 1 .2 . 1 2. Summary Table of Yearly Performance for 

Option 3b - Ram 8: 1 /4R1 /4F1 /2EF 

Table 4. 1 .2 . 1 3 . Summary Table of Yearly Performance for 

Option Sa - Ram 1 7 : 2/7R4/7F1 /7EF 

Table 4. 1 .2. 1 4. Summary Table of Yearly Performance for 

Option 8b - Ram 1 7: 2/7R4/7F1 /7EF 
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Table 4 . 1 .2 . 1 5. Summary Table of Yearly Performance for 

Option 4a - Ram 1 9: 1 /7R4/7F2/7E F  

Table 4. 1 .2 . 1 6 . Summary Table of Yearly Performance for 

Option 4b - Ram 1 9: 1 /7R4/7F2/7EF 

4. 1 .3 .  Expected changes in average flock performances and efficiency of 

lamb and woo l  production for corresponding ewe l iveweight. 

4. 1 . 3. 1 .  Expected changes in flock performance.  

The predicted expected changes in  average flock performances from the 

base year 0 for 5 traits are in Appendix V. 

The traits are: - Total weight of lamb weaned per ewe 

- Average ewe hogget l iveweight 

- Average MA ewe l iveweight 

- Average ewe hogget fleecewe ight 

- Average MA ewe fleece weight 

The changes have been calcu lated to raise the management and plann ing 

issues of the analys is. For example the total weaning weight of lambs per 
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ewe is predicted to increase by 43 kg for Option 2b - Ram type 7 

( 1 /4R1/2F1/4EF) .  This increase in output per ewe suggests a change in  

requi red input such as kg of  Dry Matter for feeding . The results from this 

section may enable a feasibi l ity analysis of the predictions in terms of 

avai lable resources and types of management changes needed. 

Annual changes in  lamb production and ewe l iveweight. 

Year 1 

The average weight of the ewes does not change in the first year, as the 

ewes are al l  0 1  s, however their lamb production increases from 2 .5  kg for 

Ram type 1 ( R) to 9 kg for Ram type 7 ( 1 /4R1 /2F1 /4EF) .  As the ewes are 

a l l  of the same genotype, they al l  have the same average expected l evel of 

production, therefore al l  of the ewe progeny (within each ram type option) 

can be assessed for potentia l  second generation dams (to produce the P2)s. 

As the ewes are a l l  of the same genotypes for a l l  of the ram options, i . e. ,  55 

kg ewes, the ewes with the h igher producing lambs may a l ready need a 

change in their management. 

There are no d ifferences between the selection options (a and b), as the 

selection rates are the same in year 1 .  

Year 2. 

There is sti l l  no change in the weight of the mixed age ewes in  year 2,  as 

they are al l  01 s ,  and the P 1  s/D2s are at the hogget age. Year 2 is  the first 

year the change in selection pol icies becomes an option, and there is an 

increase in the total weight of lambs weaned from the orig inal selection rate. 

The larger the change in the lamb weight i ncrease, the greater the effect of 

the selection rate change ( i n  kg). The lowest increase is with Ram type 1 -

( R) ,  3.5 kg for both options, and the greatest is  Ram type 7 -

( 1 /4R1/2F1 /4EF) ,  with 1 4  kg and 1 5.5 kg for options a and b accordingly. 
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Year 3 .  

Year 3 is the first year there is  a change in ewe weight, with one generation 

of P1 s - the 2 year old ewes. The increase in l iveweight is  greatest for Ram 

type 7 - ( 1 /4R1 /4F1 /4EF) ,  4 .5 ,  and 6 kg for each selection option a and b, 

and lowest for Ram type 1 - ( R), 0.5 kg for both selection options, a and b. 

The increase in total weight of lamb weaned per ewe is g reatest for Ram 

type 7 - ( 1 /4R1 /2F1 /4EF) ,  22 kg and 25kg for the selection options a and b.  

The lowest increase is for Ram type 1 ( R) ,  4 .5 kg for both selection options, 

a and b. 

Year 4. 

The average increase in ewe l iveweight is again greatest for Ram type 7 ,  1 0  

kg and 1 3  kg and lowest for Ram type 1 , 1 kg for both options. The weight of 

weaned lamb is  again greatest for type Ram 7 - 30 kg and 35 kg , and lowest 

for Ram type 1 ( R), 6 kg for both select ion options, a and b.  

Year 5. 

In year 5, the MA ewes are a mixture of POs, P1  s ,  P2s, and P3s. The 

average l iveweight is greatest for Ram type 7, 25 and 1 9  kg heavier than in  

the base year 0, and lowest for Ram type 1 ,  at 1 kg heavier than the base 

year. The range in actual ewe l iveweights for Ram type 7 is 55 kg (POs) to 

79 kg (P3s), and for Ram type 1 the range is 55 kg ( POs) to 58 kg ( P3s) .  The 

greatest increase in weight of lambs weaned per ewe greatest for Ram type 

7 ,  at 37 kg and 43 kg and lowest for Ram type 1 ,  at 6 .5  kg for both selection 

options. The ewe genotypes, including the hogget ewes range from POs to 

P4s. The range in total weight of lambs weaned per ewe for Ram type 7 is 

29 kg (P1 s) to 64kg ( P4s) , and for Ram type 1 the range is from 24 kg to 30 

kg. 

4. 1 .3.2. Efficiency of lamb production and ewe fleeceweight. 

The efficiency of Jamb and fleeceweight production relative to ewe J iveweight 

has been calculated and graphed to show the 'efficiency rates' between the 
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ram types, and for decreasing amounts of Romney genes. Actual figures for 

the analys is are in Appendix VI .  The graphs are in  two sections : Lamb 

production (weight of lambs weaned per ewe l iveweight) , and wool  

production (fleeceweight produced per ewe l iveweight). 

The legend is the same for a l l  of the graphs: 

Ram type 1 - R 

Ram type 1 1  - 2/3R1 /3F 

Ram type 6 - 1 /2R1 /4F1 /4EF 

Ram type 3 - 1 /2R1 /2F 

Ram type 7 - 1 /4R1 /2 F 1 /4EF 

Ram type 8 - 1 /4R1 /4F1 /2EF 

Ram type 1 7 - 2/7R4/7 F 1 /7EF 

Ram type 1 9  - 1 /7R4/7F2/7EF 

Weight of lambs weaned per ewe l iveweight. 

I n  the base year 0 the ratio of lamb weight weaned or produced per kg of 

ewe l iveweight is 0.35 kg of lamb weaned per kg of ewe l iveweight for a l l  of 

the ram type options. The production rate increases each year for a l l  of the 8 

ram types and for the change in  selection options from a to b, except for 

option 6 - Ram type 1 ( R) .  The general pattern of the graphs indicates an 

i ncrease in lamb production efficiency as the percentage of Romney genes 

in the ram types decreases. For all of the years (Year 1 to Year 5), the ewes 

from option 2 - Ram type 7 ( 1 /4R1 /2F1 /4EF) have the highest effidency of 

lamb production and the ewes from option 6 - the purebred ram, Ram type 1 

( R) have the lowest efficiency of lamb production. The ratios for each ram 

type and selection option (a or b) have been graphed for the base year 0 

and the 5 fol lowing years - figures 4. 1 .3. 1 to 4 . 1 .3.6. 
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F leeceweight production per ewe l iveweight. 

The grams of wool produced per kg of ewe l iveweight for the base year - Year 

0 is 62g/kg of ewe l iveweight. The wool production efficiency is the same for 

Years 1 and 2 as the base year, because the ewes in the flock a re sti l l  a l l  

Romney ewes . The fi rst generation of  'crossbred' progeny ( P 1  s )  are not 

classed as mature age ewes unti l  year 3. 

The wool production efficiency genera l pattern is opposite to the efficiency of 

lamb production with the wool production efficiency decreasing with 

decreasing percentages of Romney genes with the exception of Ram type 6 

( 1 /2R1 /4F 1 /4EF) .  The pattern from year to year is  a lso d ifferent to that of the 

efficiency of lamb production, with a m ixture of increases, decreases, and no 

changes between increasing years. Ram types 6, 1 ,  and 1 1  cause an 

increase in the wool production efficiency from the base year 0 ,  4 of the ram 

options cause a s l ight decrease in the wool production efficiency - Ram types 

7, 8, 1 9, and 1 7 , and Ram type 1 7  has no change in the wool production 

efficiency ratio with ewe l iveweight, 

The highest wool production efficiency ratio is from Ram type 6 

( 1 /2R1 /4F 1 /4EF) , at 68g/kg and 70g/kg in Year 5.  The lowest woo l  

production is from option 3 - Ram type 8 ( 1 /4R1 /4F 1 /2EF) ,  at 60g/kg for both 

selection options in year 5 . The annual performances have been graphed in  

figures 4. 1 .3 .  7 to 4. 1 . 3. 1 0 .  
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4.2. Number of Foetuses Scanned as a Selection Predictor. 

4.2. 1 .  Weighting factors. 

The weighting factors calculated for the two selection indexes, in table 

4.2. 1 . 1 . show the d ifference between the two d ifferent pred ictors - NLB and 

N FS.  The negative values are l i kely to be a reflection of the negative 

phenotypic correlation of ind ividual 1 2  month fleeceweight with the 

reproductive traits - NLB and NFS.  

4.2.2. Genetic response in the breedi ng objective, traits and characters. 

Whi le there are negative weighting values in  both selection options the 

breedi ng objective and al l  of the traits and characters show positive genetic 

responses for both selection indexes. Table 4.2.2. 1 .  shows the predicted 

annual genetic responses for the selection indexes. 

The genetic gain for the breeding objective is h igher for the NFS index due 

to the faster genetic gain in the N LB trait than is  achieved by the NLB index. 

This greater rate of gain in NLB outweighs the slower rates of gain in LWB 

and FW1 2 in the N FS index. 
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Table 4 .2 .2 . 1 .  Predicted annual genetic response/ewe for the two selection 

indexes - I NLB and I NFS . 

The annual genetic response per ewe has been mult ip l ied by 1 000 to g ive 

the estimated increase of income for a flock of 1 000 ewes in dol lars per year, 

and graphed, see figure 4.2 .3 . 1 .  Three different selection options have also 

been included (different flock age structures) ,  but the d ifference between 

them appears negl ig ib le.  The d ifference in the expected increase in i ncome 

between the two selection indexes 1s approximate ly $500 (50 

cents/ewe/year: 1 6% increase) . 

4.2.3. Ewe Hogget Indexes. 

The 50 ewe hoggets were ranked for both of the selection indexes, from 1 to 

50, with 1 being the lowest value and 50 the highest for each respective 

selection index. The top and bottom 1 0  (top and bottom 20%) ewes for each 

selection index were selected to compare the respective rank numbers of the 

two ind exes for selection. A Spearman's rank correlation coefficient for the 

two rank ing systems was calculated at 0.64. The nul l  hypothesis that there 

was no correlation at the 0.01 level of significance was tested and rejected, 

concluding a relationship between the two selection i ndex rankings. 
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Chapter Five. 

DISCUSSION. 

5. 1 .  Finnish Landrace and East Friesian. 

The introduction of the F innish Landrace and East Friesian sheep genes into 

New Zealand has provided an opportun ity to change the current gene pool 

and hence the phenotypic performance of sheep in New Zealand, especial ly 

the reproductive traits. By crossbreeding them with the current New Zealand 

breeds there is flexib i l ity avai lable in uti l is ing these new genes (Ciarke, 

1 982b). 

An important question for sheep breeders in New Zealand, such as 0180 
Genetics, is what proportions of genes from these new breeds a re best for 

N ew Zealand management and resource conditions. Recognition of how 

these genes a re best introduced into commercial breeders flocks, also 

requires consideration. 

One way to look at the composition aspect is to set objectives such as those 

of the studmasters' of 0180 Genetics. Their  aim is for their cl ients' ewes to 

wean two 30kg lambs per year (60kg) from the hogget age. The average 

N ew Zealand ewe currently weans one 24kg lamb per year (Walpole, 1 995). 

Thus the 0180 objective requires an increase in  production by 1 50% relative 

to the New Zealand average. This can not occur in one year from just one 

cross, and to g et the whole flock producing at this level wi l l  take even l onger. 

Therefore ram breeders, must find a ram type that can be introduced to their 

cl ients' flocks to increase their production to the performance levels they 

advertise without excessive costs in management and resources. 

Furthermore, the change needs to be as risk free as possible, and enable 

the farmer to stabi l ise some sort of breeding system within thei r  flock. Ram 

breeders' must also consider how economical and feasible it is to produce 

the ram type by taking advantage of the heterosis effects and assessing the 

potentia l  for genetic i mprovement of the ram type at the stud level .  lt is  
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important to analyse a l l  aspects of production costs and returns, due to the 

changes in breed rankings for different traits ( Ciarke and Meyer, 1 982) .  In an 

attempt to account for performance in a variety of traits, 1 0 different traits 

were analysed in th is study. 

5. 1 .2. Ram composite production. 

D IBO Genetics wanted a ram type made up of the three breeds - Romney, 

Finn and East Friesian, so 23 ram types were simulated to cover as many 

options as possib le .  The three purebred rams of each breed type were 

included to act as a comparison to the crossbreeding- Ram types 1 ,  2 ,  and 

4. Of the 20 crossbred ram types 1 1  were composed of all three breeds and 

9 were composed of 2 breeds. Of the 9 two breed types a l l  of them except 

for 1 had the Romney breed in them. The majority of the two breed type rams 

were a variation of the Romney and Finn breeds, due to the D IBO 

studmasters stating a preference for those two breeds over East Friesian. 

The 20 crossbred ram types were simulated by d ifferent rotational and fixed 

breed crosses that were considered the quickest and easiest ways to 

produce them. 

The ram types can then be developed into e ither a composite breed or be 

continua l ly generated from the purebred parents breeds. If the breed is 

developed into a composite breed, a number of issues are raised - are the 

numbers involved large enough to a l low for continual genetic improvement 

or wi l l  inbreeding effects occur, and the effects of the increased variation in  

the crosses beyond the first cross. The composite breed wi l l  a lso lose 1 /3 of 

the original heterosis ( if 3 breeds are equal ly involved) for each of the traits. 

Therefore any genetic improvement must be made either by selection within 

the new composite breed, or by continuing to generate the composite type 

from the purebred breeds and introducing the new genes i nto the flock 

(through rams or ewes). 

If the desired ram type is not developed into a composite breed but is 

continua l ly produced by the crossbreeding methods, then the number of 
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crosses, generations, and surp lus composite types must be considered. The 

genetic improvement would then depend upon the genetic improvement 

made within the purebred parent breeds, and the selection methods for 

crossbreeding. These two factors may also be influenced by the numbers of 

animals i nvolved, especial ly in  the case of the Finn and East Friesian 

breeds. The rams produced by fixed breed crossing can be formed after 

less crosses and generations than the ram types formed by rotational 

crossing (see Chapter 3 .  Materia ls and Methods, table 3. 1 ) .  Therefore if the 

ram chosen is produced by a rotational system then a number of sheep of 

the less desired genotypes are produced before the desired composition is  

reached. I n  addition it takes two further cycles each time to breed more rams 

and to upgrade the ram types, if a composite is  not formed. Ram 7 type 

( 1 /4R1 /2 F 1 /4EF) can be produced by a fixed crossbreed ing system with just 

two d ifferent crosses, and two generations, whereas Ram type 1 7  

(2/7R4/7F 1 /7EF) i s  produced by a rotational crossbreed ing system, taking 

more than 4 generations and 4 crosses to produce from the purebred 

parental breeds. Of the ram types that have a l l  three breeds in them, Ram 

types 6, 7 ,  and 8 are the 3 ram types that can be produced most quickly, and 

the rotational ly bred rams the longest. The continual production of the 

desired ram type wi l l  require access to a continual supply of the purebred 

parent breeds, and there wi l l  be a lot of stock produced of d ifferent 

genotypes. 

5. 1 .3.  Ram type analysis .  

Due to the relatively recent introduction of the Finn and East Friesian breeds 

into New Zealand, there was very l ittle  data avai lable to calculate the 

additive and non-addit ive figures used for the analysis. The majority of the 

additive figures and al l  of the non-additive figures had to be guesstimated 

based on l iterature publ ished overseas and from some performance figures 

from D IBO Genetics. The non-additive figures were assumed to be the same 

between all of the breeds for all of the 1 0 traits. These basic genetic 

parameters are very important in making decisions on the ways in which 
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breed resources may be uti l ised efficiently in alternative crossbreeding 

strateg ies (Ciarke, 1 982b). Therefore the performances of the crossbreds 

and purebreds in New Zealand at present are very important for determining 

the ideal ram type compositions. 

Al l  of the 23 ram types in this study had an overal l  positive effect on the 

simu lated flock, increasing the phenotypic measurements of a l l  1 0 of the 

traits. The lowest increase in performance (from the original F lock Romney 

figures) was from the straightbred Romney ram. Although some of the 

add itive effects from the Romney ram - ram type 1 were the same as for 

some of the other ram types, there were no heterosis effects (as the only 

breed involved was Romney, and no heterosis was predicted between the 

Stud Romney and F lock Romney l ines) , thus making the overa l l  phenotypic 

performance lower than those rams types . Ram type 7 ( 1 /4R1 /2F1 /4EF) ,  

had the h ighest heterosis effect of a l l  of the ram types: 1 6% for lambing 

percentage at lambing,  34% for lamb weaning weight, 26% for ewe 

l iveweight, and 25% for ewe fleece weight. 

The predicted phenotypic performances in this study were a l l  h igher than the 

figures recorded for the Crater Research Station tria ls in the early 1 970's in 

Meyer et al. , ( 1 977).  The l ines of the breeds used in the research are 

d ifferent to the l ines i n  use in New Zealand at present, and the additive 

figures used in this study were d ifferent to the purebred measurements in the 

trials. For example the additive figures for number of lambs born used in the 

study are different to that of the recorded figures in the Crater Research 

figures: 2 .7 and 2 .5 for the Finn and East Friesian on Somes Island and 2.2,  

and 2. 1 on Mana Islands compared to the figures, 2.75 and 2 .3 as used in 

this study. 

From the results of part one of the study - the 4 crosses of each ram type, 

and the objectives of DIBO Genetics,  8 ram types were selected for further 

analysis. D IBO Genet ics wished to evaluate having a majority of F inn breed 

in the ram type, with less Romney and a smal l  East Friesian contribution. 

Consequently variat ions on this theme were chosen, as wel l  as the Romney 

ram to compare the straightbred Romney option with crossbreeding. F urther 
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analysis of a l l  23 ram types may have provided different end resu lts to those 

presented here. 

5. 1 .4 .  Introduction of genes to commercial flocks. 

P lanning the introduction of a ram composite into a flock is very important, 

as the three breeds involved in the ram types create a range of d ifferent 

genotypes, and potential phenotypes. These changes in the ind ividual 

crossbred progeny suggest different requirements for management 

practices. For example, if the ewes are going to be larger in l iveweight and 

produce more lambs, they are going to requi re more feed. lt is also important 

to enable ful l  uti l i sation of the breed and crossbreed ing effects. 

In this study the objective of using the ram type across a flock for 5 years 

was to simu late the result of a farmer buying a certain ram type and using it 

for 4 years. The result ing mixture of genotypes were used to calculate the 

average phenotypic performance of the flock for each year. 

The results calculated in year 5 are not the final phenotypic performances to 

be expected from the ram type, as there is a large range of genotypes 

involved in the 'average' figures reported, e .g . ,  P1 s, P2s, P3s and P4s (refer 

tables 3. 1 .2.2.2. and 3. 1 .2 .2 .3 . , page 44 ). The figures calculated in  part 1 of 

the study - the 4 crosses of each ram type would be more of an indication of 

what the flock performance would end up at, as they are the actual cross 

performance. 

The introduction of the genes can be planned for individual s ituations based 

upon a farmer's personal preferences, management ski l ls , and avai lable 

resources. The cl ient has to decide at what rate they want to i ntroduce the 

new genes into their flock. Some may wish to introduce the genes and 

upgrade their ewes to get a uniform flock as quickly as possible, and others 

may want to introduce them at a slower rate, to enable their management 

ski l ls  to evolve more slowly. 

In this study the method of introduction was in year 2 to select replacement 

ewes (for the breeding flock) from the first cross progeny (P1 ) , in year 3 to 

select ewe replacements from the second cross progeny (P2) and so on. 
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The other progeny were not considered as replacements and the ewes not 

breeding replacements were sti l l  crossed to the composite ram.  An 

a lternative to this system wou ld be to cross the ewes not breeding 

replacements to some other breed such as a terminal s i re (which would 

result in even more heterosis) .  Two flock structure options (a and b)  were 

taken with in  the study of each of the 8 selected ram types, to study the effect 

of d ifferent selection rates of replacements into the flock, and to lower the 

generation interval .  The d ifference between the two selection options of 

each ram type was greatest for the h igher producing rams, for example the 

average weaning percentage of the flock crossed to the h ighest performing 

ram type - Ram type 7 i n  Year 5 was estimated to be 1 66% for option a and 

1 76% for option b, and was 1 08% and 1 09% for the selection options of the 

l owest producing ram type - Ram type 1 (R) .  Therefore by increasing the 

replacement rate the flock can be upgraded to the desired performance 

l evels at a faster rate, the performance wh i le upgrading is h igher, and wh i le  

more replacements are chosen (thereby lowering the selection d ifferential ) 

there are more progeny of that particular cross produced, and increased 

numbers to select for producing the next generation. In it ial ly some ram 

buyers may not wish to cross the ram composite to their whole flock, and 

may just use it across the o lder sheep to get an idea of the production and 

management changes requ ired ( if any). Another possib le alternative is to 

adapt a 2- breed fixed system for crossing the ram composite to the 

straightbred ewes and sel l  of the first cross (P1 ) ewes to other farmers for 

them to either upgrade thei r  ewes of for them to use them as replacements 

i nto their flock of P 1 /D2 ewes. The farmer breeding the P 1 /D2s would  also 

need to al low for replacement of the straightbred ewes. The buyer of the first 

cross ewes could then breed second cross (P2) progeny that cou ld be 

passed on to other farmers. These types of systems are not used in N ew 

Zealand though, being more common in Austral ia and the U . K. 

There is no obvious way of avoiding the mixture of genotypes in  a flock, if 

the breeder wishes to reach a desired composite as  quickly as possible. 

However, with some careful planning the ful l  benefits of the new breeds 
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should outweigh the costs of this problem. 

A good 5 year  plan of what is going to happen in the flock is important not 

only to manage the matings of the d ifferent genotypes, and to a l locate the 

appropriate resources, but to also provide a checking system, where 

phenotypic  performances can be regulated against thei r  genotypic potential , 

and acted upon accordingly.  

5 . 1 .5 .  Profit Analysis. 

When considering a change in any operation, al l tra its that contribute to the 

overal l  system must be studied. In  a sheep breed ing operation this can be 

undertaken by using a profit analysis which incorporates all such 

contributing factors whereby the pred icted income and costs are studied. 

This was not carried out in th i s  study, but is considered to be the next step in 

the analysis. 

Some examples of the changes in income could include direct income and 

ind i rect benefits such as: 

- H igher weaning percentage, therefore more lambs to send for 

slaughter, and h igher numbers of ewes to select from for replacement 

into the breeding flock. 

- Faster growing lambs, resulting in shorter finish ing t imes giving 

management flexib i l ity for a staggered system of weaning and slaughter 

times. 

- Higher wool weights. 

- Increased hogget fert i l ity and fecundity, therefore more profitable 

hogget stock units. 

- Larger lambs to send to works, 

and costs: 

- Larger ewes, therefore increased OM requirements. 

- Increased average fibre d iameter of wool .  

- Change in management to manage h igher producing ewes, i .e. , more 
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lambs. 

- Short-term management costs from the m ixture of genotypes, e. g . ,  mob 

separations. 

- Cost of purchasing new rams. 

5. 1 .6.  Appearance of new breeds. 

There is also another issue that comes with the F inn and East Friesian 

sheep breeds .  They do not look l ike the traditional New Zealand sheep in 

terms of their pink noses and ears. lt has been observed that the crossbred 

offspring of the Finn and East Friesian with some New Zealand breeds are a 

combination of black and pink facial  features. Some personal opinions of this 

subjective trait may play a part in the in it ial acceptance of these breeds. 

Whether these features have a significant effect on production in New 

Zealand or not i . e . ,  does it make them more susceptible to skin cancer etc. , 

wi l l  become apparent and appropriate selection and management 

techn iques developed in time. 

5. 1 .  7 .  How study resu lts can be used. 

As has been previously mentioned, it is  important to have some idea of 

expected flock performance and requirements, and to plan management 

strategies. However as there is l ittle known about the new breeds' 

phenotypic performances in N ew Zealand, and their heterosis effects when 

crossed with current New Zealand breeds (and each other) the predictions in 

this study can at the most can only serve as bal lpark guidel ines. However, 

the calculations used for the predictions have been designed to faci l itate the 

re-calculation of the predictions (and results tables) for different additive 

and/or non-add itive interaction figures by changing the data in tables 1 and 

2 of the trait computer worksheets. 

The results in part 1 , the expected phenotypic measurements are given 

based upon the genotypes of the individuals, dams, and sires, a l low an 
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assessment of the expected additive values, heterosis effects and 

phenotypic performances of d ifferent combinations of the three breeds - for 

first, second, third ,  and fourth crosses. The results in part 2 are an example 

of the effect of 8 ram types on an entire breeding flock. The results in part 3 

show the increase in production each year from the base year for the system 

chosen in this study. This may g ive some guidel ines for the commercia l  

farmer to consider and plan for, for example Ram 7 ( 1 /4R1 /2 F 1 /4EF) 

increases the average l iveweight of the mixed age ewes by 1 5kg in year 5 

(from 55 kg to 70kg) for option a and by 1 9kg (from 55 kg to 7 4kg) for option 

b, and the average weight of lambs weaned per ewe by 37kg in year 5 (from 

1 9kg to 56 kg) for option a and from by 44kg (from 1 9kg to 63kg) for option 

b. This may mean changes in numbers of ewes in the breeding flock to cater 

for increased OM requirements. 

The production efficiencies of lamb and wool production are important as a 

large ewe who has a high l iveweight but only produces the same amount of 

weaned lamb as a ewe of a much lower l iveweight is going to lower the 

efficiency of the production system. 

The traits - weight of lamb weaned per ewe, ewe l iveweight and ewe 

fleeceweight were analysed in  more depth than the other traits, as they were 

considered to be the main parameters of the profit analysis. However the 

other traits such as hogget l iveweights, wool weights and slaughter weights 

are also important in the overa l l  analysis, and must also be considered . 

As the ram breeder has already experienced first hand the new breeds and 

the management of the d ifferent composites, then they can play an important 

part in offering advice to their cl ients and prospective clients, whi le  

remembering that a l l  of the cl ients wi l l  have their own individual situation to 

cater for. 

5. 1 .8 .  Ram type choice .  

Without considering the costs of the breed effects, e .g . ,  increased ewe 

l iveweights, Ram type 7 ( 1 /4R1 /2F1 /4EF) is  the most efficient producer of 
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the 8 analysed ram types for total lamb weight at wean ing per ewe l iveweight 

- 0. 80 and 0.85kg lamb/kg ewe l ive weight for the two selection options in 

year 5. I ts fleece production ranking is  lower - only being the 5th h ighest at 

61 g wool/kg ewe l iveweight for both selection options in year 5. lt has the 

most heterosis of a l l  the 23 ram types for the first, second, th ird and fourth 

crosses, and relatively high additive values compared to the other ram types. 

If the breed type was stabi l ised , 1 /3 of the heterosis wou ld be lost , but 2/3s 

of the original heterosis expressed as individual , maternal and paternal 

heterosis would  be retained. 

The ewe body weight of the Finn is not as big as the East F riesian (58 kg 

and 80 kg respectively), so 1 /2 Finn and 1 /4R (58 kg l iveweight) wi l l  

min im ise the ewe s ize increase, with the 1 /4 East Friesian enabl ing some 

body s ize for lambing bigger lambs at b irth . The mi lking abi l ity of the East 

Friesian was not studied , but by includ ing some East Friesian genes, it is 

assumed it wi l l  be beneficial to lamb growth. The average fibre diameter of 

the Finn breed is  lower than the other breeds. During the establ ishment of 

the breed composition of the flock the 1 /2 F should enable some selection 

for fibre d iameter to be carried out. The input of 1 /4 East Friesian, heterosis 

and selection shoul d  increase average wool weights. 

The production rat ios of the lamb weight weaned per ewe l iveweight and 

fleeceweight per ewe l iveweight provided mixed resu lts for a l l  of the ram 

types. Ram type 7 had the highest lamb production efficiency, but one of the 

lower wool production efficiencies, compared to the 7 other ram types. As 

the l i veweight establ ished itself, the wool production may increase, 

especia l ly  after adjusted management practices, as more information is 

received on the breeds. 

The production of the ram type 7 by a three breed fixed breeding system is 

more efficient for ram production than some of the other systems, as there is 

only one cross of progeny ( 1 /2R1 /2EF) produced to get the 1 /4R1 /2F1 /4EF. 
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5.2. Ultrasound Pregnancy Scanning. 

This study looked at the possib i l ity of using the resu lts from u ltrasound 

pregnancy scanning - number of foetuses scanned to assist with selection 

decisions. As scanning is already in used as a management too l ,  and the 

recording of data is carried out by the paddock separations, (as mentioned in 

Chapter 1 - The Introduction) the use of NFS as a selection predictor was 

studied .  

Two models were s imulated: A model considered to be an example of the 

current models used today - The NLB model ,  and the NFS model ,  where the 

NFS selection predictor replaced the NLB selection predictor. 

Al l of the figures for the parameters were obtained from publ ished l iterature, 

except for those involving NFS. As there was no avai lable data they a l l  had 

to be estimated based on the corresponding NLB figures whi le assuming 

that there would be less environmental influence on the phenotypic values. 

The rates of expected genetic change for the objective traits of both 

selection indexes were found to be s imi lar to that of Cal low et al., ( 1 986) .  

The N LB index was more simi lar than the NFS index, especial ly for the trait -

number of lambs born , where the publ ished figure of Cal low et al. , ( 1 986) 

and the NLB index were both 0 .024 lambs/ewe, and the NFS index was 

0.028 lambs/ewe. The hogget fleeceweight genetic change figures were 

lower for the figures in this study than the publ ished figure of Cal low et a/. , 

( 1 986). The overa l l  objective genetic gain was found to be h igher for the 

N FS index than the N LB index, thereby indicating the value of using the NFS 

data. The N LB trait was a lso h igher for the NFS index, but the two other 

objective traits, and the selection characters were higher for the N LB index. 

The rates of genetic change compared to the N LB results showed a larger 

overa l l  objective gain and N LB gain than the NLB selection index. The other 

objective traits and predictor characters were lower for the NFS i ndex than 

the N LB index. 

The higher expected breeding objective gain adds to the already beneficial 
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practice of u ltrasound pregnancy scanning - the management benefit, 

differential treatment being able to be appl ied to dry, s ingle and multiple 

bearing ewes. Dry ewes can be re-mated or managed separately from the 

pregnant ewes e.g . ,  by being sold .  The pregnant ewes can be managed 

accordingly to the number of lambs they are carrying , hence mult ip le bearing 

ewes are not underfed meaning wool growth and their own l iveweight and 

lamb rearing ab i l ity do not suffer, and s ingle bearing ewes are not overfed, 

causing dystocia problems and over fat ewes. 

U ltrasound pregnancy may also be easier to record than NLB ,  where the 

number of lambs born to each ewe have to counted and recorded in some 

way under paddock conditions. If due to some environmenta l cause e .g . , 

snow at lambing many ewes loose their lambs, it may be impossible to 

recognise what has happened , or a number of ewes have lost their l ambs for 

other reasons e .g. , nutritional or d isease during gestation. At lambing time 

these ewes wi l l  have reduced numbers of lambs and wi l l  be recorded as 

having the same ferti l ity and fecundity as ewes that were never in lamb or 

had concieved a lower number of foetuses. The preferential treatment may 

also enable the genotypic potentia l  to be uti l i sed more, thus some of the 

traits that were pred icted to have lower rates of genetic increase may be 

h igher phenotypica l ly. 
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Chapter Six. 

CONCLUSION. 

The two methods, the s imulation of crossbreeding newly imported genes 

with current genes in New Zealand and number of foetuses scanned as a 

selection pred ictor have both been found to have positive effects on the 

prol ificacy, and other traits of the sheep in this study. 

The 2 imported breeds - Finnish Landrace and East Friesian were crossbred 

with the New Zealand Romney to generate 23 d ifferent ram types for use by 

commercia l  farmers. The rams were produced by d ifferent crossbreeding 

systems, therefore some were generated from the straightbreds faster than 

others. They also offered d ifferent additive genetic values and breed 

interaction values to the ewe flocks. The 23 d ifferent ram types - a variation 

of the different breed compositions a l l  gave increases in performances 

relative to the Romney base for the ten traits studied. 

The ram type chosen as being potential ly the best composite of the new 

genes (Finn and East Friesian) in this study for increasing weaning 

percentage was Ram type 7 - 1 /4R1 /2F1 /4EF. Ram type 7 can be produced 

relatively s imply by a three breed fixed cross system, involving 2 d ifferent 

crosses and 2 generations: 1 )  R x EF 

2)  1 /2R1 /2EF X F.  

Ram type 7 had the highest weight of lamb weaned per ewe l iveweight of the 

8 analysed ram types - 0.8 and 0.85kg lamb/kg ewe l iveweight for the two 

selection selection options, and the fifth h ighest fleeceweight production per 

ewe l iveweight of 61 g wool/kg ewe l iveweight for both options at year 5 .  The 

straightbred Romney ram produced 0.5 kg lamb per kg ewe l iveweight and 

66 g wool per kg of ewe l iveweight for both options in year 5. 

There were a mixture of d ifferent genotypes in the commercial flocks from 

the crossbred rams, highl igting a need for management p lanning to be taken 

for a l l  of the 20 crossbred ram types, and 2 purebred ram types. 
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The production rate from the ewes of each ram type and the consequences 

of the generation and continual production of the ram types are the important 

issues to consider i n  the decision of finding the desired breed composition. 

The scarcity of data ava i lable to estimate the breed additive and breed 

interaction figures has l imited the val id ity of the results, providing only a 

guidel i ne unti l  more data is obtained. More data is very important from 

throughout New Zealand on the breed performances in the New Zealand 

envi ronments and their crossbreeding performances to enable more 

accurate pred iction of phenotypic performances. The cost- benefit analysis 

of the study as mentioned in the discussion wou ld be a further step to th is 

study and the continuation of a l l  23 ram types analysed further, not just the 8 

ram types in  this study. Some carcass evaluat ion would also provide 

valuable information . 

The potentia l  of using ultrasound pregnancy scanning results as a selection 

pred ictor has shown that the genetic gains are greater than the use of 

lambing resu lts. The scarcity of the foetal number parameters resulted in a 

number of assumptions and guesstimates that may have biased the resu lts. 

The introduction of the new genes - Finnish Landrace and East Friesian and 

the use of scanning resu lts as a selection predictor have both been found in  

th is  study to increase the phenotypic performances of sheep in  New 

Zealand. 
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Appendix I .  

An example of the procedure for calcu lating the expected performance of a 
ram type with the average Romney ewe. 

Ram type used : Ram 6, 1 /2R 1 /4F 1 /4EF. 

PART 1 :  4 Crosses of Ram type. 

Table 1 .  Non-additive figures for breed interaction effects. 

Type of Heterosis 
heterosis % 

c A B c 
R 
3 MATERNAL NLB 1 0.05 

4 PATERNAL NLB 1 0.01 

5 INDIVIDUAL 1 0.055 
STW 

6 MATERNAL 1 0.04 
STW 

Table 2. Additive breed effects for number of lambs born and survival to 
weaning. 

OR SR F EF 

c A B c D E 
R 
9 NLB 1 . 1 8  1 .4 2.75 2.3 

1 0  STW 0.85 0.85 0.75 0.85 



Table 3. Total heterosis  and heterosis for each component. 

Ram Cross Maternal Paternal lndividua Maternal Total 
Type No. NLB HV NLB HV I STW HV STW HV Heterosis 

c A 8 c 0 E F H 
R 
38 6 1 =$8$3 + =$8$4 + =$8$5 + =$8$6 + = $C38 * 

($C$3 * ($C$4 * ($C$5 * ($C$6 * $038 * $E38 
H$121) $01 21) 8$1 26) H 1 21) *$F38 

39 6 2 =$8$3 + =$8$4 + =$8$5 + =$8$6 + = $C39 * 
($C$3 * ($C$4 * ($C$5 * ($C$6 $039 * $E39 
1$1 21) $01 21) C$1 26) *1$1 21) *$F39 

40 6 3 =$8$3+ =$8$4 + =$8$5 + =$8$6 + = $C40 * 
($C$3 * ($C$4 * ($C$5 * ($C$6 $040 * $E40 
$J 121) $01 21) 0$1 26) *J$1 21) *$F40 

41 6 4 = $8$3 + =$8$4 + =$8$5 + =$8$6 + = $C41 * 
($C$3 * ($C$4 * ($C$5 * ($C$6 $041 * $E41 
K1 21) $01 21) E$1 26) *K1 21) *$F41 

Table 4. Percent of Heterosis Expressed.  

Table 4a.  Ind ividual Heterosis 

Progeny 1 Progeny 2 Progeny 3 Progeny 4 

c A 8 c 0 E 
R 
1 26 6 = = = = 

(81 76 *(H 1 76 + 1 1 76)  (8 176 *(M 1 76 + N176) ( 8 1 76 *(R 1 76 + S 1 76)  ( 8 1 76 *(W1 76 + X176) 
+ + + + 
C 1 76 * (E1 76 + 1 1 76)  C176 *(J1 76 + N 1 76) C 1 76 * (01 76 + S 1 76)  C 1 76 * (T1 76 + X1 76) 
+ + + + 
01 76 *(E 1 76 + H 1 76))  0176 *(J1 76 + M 1 76)) 0176 *(01 76 +R1 76)) 01 76* (T1 76 + W1 76)) 
I I I I 
(C1 77 * E 1 77) (C1 77 * J177)  (C1 77 * 01 77) (C177 * T1 77) 

Table 4b. Maternal Heterosis.  

Ram Type Dam 1 Dam 2 Dam 3 Dam 4 

c G H I J K 
R 
1 21 6 0 =8126 =C1 26 =01 26 



Table 4c Paternal heterosis .  

Ram Type % F raction of 
heterosis heterosis 

expressed expressed 
c M N · 0 

R 

1 21 6 1 00 1 

Table 5 Breed Composit ion Breakdown. 

Ram R6 F EF 01 0 SR F EF P1 0 SR F EF P2/ 0 SR F EF 
Type SR TR R ID R 03 R 

2 TR 
TR 

c A B c D E F G H I J K L M N 0 p a R s 

R 

1 76 6 1 1 1 1 1 0 0 0 6 1 =$J1 76/$J 1 1 1 0  1 =$01 76/$ 3 3 
1 77 - 0 1 77 -
$K1 76/$K $P1 76/$P 
1 77 1 77 

1 77 2 4 4 1 1 0 0 0 8 2 0 8 8 1 6  4 0 1 6  1 6  

table 5 continued . . . .  

P3/ 0 SR F EF P4 OR SR F EF 
04 R TR 
TR 

c T u V w X y z AA AB AC 

R 

1 7  1 8  1 =$T1 76/ 7 7 1 7  1 =$Y1 76/ 1 5  1 5  
6 $T1 77 - $Y1 77 -

$U1 76/$ $Z1 76/$ 
U 1 77 Z1 77 

1 7  32 8 0 32 32 32 1 6  0 64 64 
7 



Table 6. Lambing percentage at Weaning. 

Ram Dam Progeny Heterosis NLB (additive) STW (additive) Lambing 
Type % at 

Weaning 

c A 8 c 0 E F H 
R 
237 6 - R 3/4R = = = = 

1 /2R 1 /8F H38 $8$1 1 *  $C$12 * ($J1 76/$J1 77) $0237 * 
1 /4F 1 /8EF ($F1 76/$F1 77) + $0$1 2 * $E237 * 
1 /4EF ($M1 76/M1 77) $F237 

+ $E$1 2 * 
($N 1 76/$N 1 77) 

238 3/4R 5/8R = = = = 
1 /8F 3/1 6F H39 $8$1 1 * $C$1 2 * $0238 * 
1 /8EF 3/1 6EF ($K1 76/$K1 77) ($01 76/$01 77) + $E238 * 

+ $C$1 1 * $0$1 2 * ($R1 76/$R1 77) $F238 
($L 1 76) + + $E$1 2 * 
$0$1 1 * ($81 76/$81 77) 
($M 1 76/$M 1 77) 
+ $E$1 1 * 

I($N1 76/$N1 77) 
239 5/8R 9/1 6R = H40 = $8$1 1 * =$C$12  * = $0239 * 

3/1 6F 7/32F ($P1 76/$P1 77) ($T1 76/$T1 77) + $0$1 2 $E239 * 
3/1 6EF 7/32EF + $C$1 1 * * ($W1 76/$W1 77) + $F239 

($01 76) + $E$1 2 * ($X 1 76/$X 1 77) 
$0$1 1 * 
($R 1 76/$R 1 77) 
+ $E$1 1 * I ($8 1 76/$8 1 77) 

240 9/1 6R 1 7/32R = H41 = $8$1 1 * =$C$1 2 * = $0240 * 
7/32F 1 5/64F ($U1 76/$U1 77) ($Y1 76/$Y1 77) + $E240 * 
7/32EF 1 5/64EF + $C$1 1 * $0$1 2 * $F240 

($V1 76) + ($AB1 76/$AB1 77) + 

$0$1 1 * $E$1 2 * 
($W1 76/$W1 77 ($AC1 76/$AC1 77) 
) + $E$1 1 * 
($X1 76/$X1 77) 



Part 2 : Effect of ram type on a breeding flock for 4 crosses. 

Table 1 .  Performance of Ram 6 with Romney ewe for base year and 4 
subsequent crosses. 

Option 
1 

c A c E I J K L M 

R 

4 Ram Ewe Progeny NLW HNLW 8.WT W.WT S.WT 

5 R R R =NLW! =HNLW! =8.WT! =W.WT! =S.WT! 
$8$1 1 *  $8$1 1 *  $8$1 0 $8$1 0 $8$1 0 
NLW! HNLW!  
$8$12 $8$1 2 

6 =E.WT! =E.WT! =E.WT! =NLW! =HNLW! =8.WT! =W.WT! =S.WT! 
A234 8234 C234 $H$237 $H$237 $F$234 $F$234 $F$234 

7 =E.WT! =E.WT! =NLW! =HNLW! =8.WT!  =W.WT! =S.WT! 
8235 C235 $H$238 $H$238 $F$235 $F$235 $F$235 

8 =E.WT! =E.WT! =NLW! =HNLW! =8.WT! =W.WT! =S.WT! 
8236 C236 $H$239 $H$239 $F$236 $F$236 $F$236 

9 = E.WT! =E.WT! =NLW! =HNLW! =8.WT! =W.WT! -S.WT! 
8237 C237 $H$240 $H$240 $F$237 $F$237 $F$237 

table 1 continued . . . .  
c N 0 p Q R 

R 
4 H.WT E.WT H.FW E.FWw FD 

5 =H.WT! =E.WT! =H.FW! =E.FW! =FD!  
$8$1 0 $8$1 0 $8$1 0 $8$1 0 $8$1 0 

6 =H.WT! =E.WT! =H.FW!  =E.FW! =FD! 
$F$234 $E$234 $F$234 $F$234 $F$234 



7 =H.WT! =E.WT ! =H.FW!  =E.FW! =FD! 
$F$235 $E$235 $F$235 $F$235 $F$235 

8 =H.WT! =E.WT! =H.FW! =E.FW! =FD! 
$F$236 $E$236 $F$236 $F$236 $F$236 

9 =H.WT! =E.WT! =H.FW! =E.FW! =FD ! 
$F$237 $E$237 $F$237 $F$237 $F$237 

Table 2. Predicted flock performance for 5 year period. 

Age Option 1 b  
Structure 
Option 1 a  

c A B c D E 
R 

1 3  Age % Flock % B.Fiock % Flock %B.Fiock 

14  Hoggets 1 0.22 1 0 .3 

15 2T =1 00*C1 5/ 0.21 =1 00*E1 5/ 0 .25 
(1 00-1 00 (1 00-1 00 
*C$1 4) *E$14) 

16  3 yrs =1 00*C1 6/ 0.2 =1 00*E16/ 0 .2 
(1 00-1 00* (1 00-1 00* 
C$1 4) E$1 4) 

1 7  4 yrs =1 00*C1 7/ 0.1 5 =1 00*E1 7/ 0 . 1 5 
(1 00-1 00 (1 00-1 00* 
*C$1 4) E$1 4) 

1 8  5 yrs =1 00*C1 8/ 0.1 1 = 1 00*E1 8/ 0 . 1  
(1 00-1 00* (1 00-1 00* 
C$1 4) E$14) 

1 9  6 yrs =1 00*C1 9/ 0.1 1 = 1 00*E19/ 0 
(1 00-1 00* (1 00-1 00* 
C$1 4) E$1 4) 

20 Total 1a  

21 Total 1 b 



table 2 continued . . . . .  Wean ing Performance 

NLW 
Perfonnance 

c F G H I J K 
R 

1 2  Year o Year 1 Year 2 Year 3 Year 4 Year S 

1 3  

1 4  =JS =J6 =J7 =J8 =$J$9 =$J$9 

1 5  =1$5 =16 =16 =$1$7 =$1$8 =$1$9 

1 6  = IS =16 =16 =$1$6 =$1$7 = 18 

1 7  =IS =16 =16 =$1$6 =$1$6 = 17 

1 8  =IS =16 =16 =$1$6 =$1$6 =$1$6 

1 9  =IS =16 =16 =$1$6 =$1$6 =$1$6 

20 =F14*C1 4+F =G1 4*C1 4+G =H1 4*C14+H = 1 1 4*$C$1 4+1 =J 1 4*$C$1 4+ =K1 4*$C$1 4  
1 5*C1 5+F16* 1 5*C1 5+G1 6* 1 5*C1 5+H 1 6* 1 5*$C$1 5+ 1 1  J1 5*$C$1 5+J +K1 5*$C$1 5 
C16+F1 7*C1 C1 6+G1 7*C1 C16+H1 7*C1 6*$C$1 6+1 1 7  1 6*$C$1 6+J1 +K1 6*$C$1 6 
7+F1 8*C 1 8+ 7+G1 8*C1 8+ 7+H1 8*C 1 8+ *$C$1 7+1 1 8* 7*$C$1 7+J 1 8  +K1 7*$C$1 7 
F19*C 1 9  G 1 9*C1 9  H 1 9*C1 9  $C$1 8+1 1 9*$ *$C$1 8+J 1 9* +K1 8*$C$1 8 

C$1 9 $C$1 9 +K1 9*$C$1 9 
2 1  =F14*C1 4+F =G1 4*C1 4+G =H14*E1 4+H = 1 1 4*$E$1 4+1 =J1 4*$E$1 4+ =K1 4*$E$1 4 

1 S*C1 5+F 1 6* 1 5*C1 5+G1 6* 1 5*E1 5+H 1 6* 1 5*$E$1 5+ 1 1  J1 5*$E$1 5+J +K1 5*$E$1 5 
C1 6+F1 7*C1 C1 6+G1 7*C1 E1 6+H1 7*E1 6*$E$1 6+ 1 1 7* 1 6*$E$1 6+J1 +K1 6*$E$16 
7+F1 8*C1 8+ 7+G 1 8*C1 8+ 7+H1 8*E1 8+ $E$1 7+11 8*$ 7*$E$1 7+J 1 8  +K1 7*$E$1 7  
F1 9*C1 9 G 1 9*C1 9 H1 9*E1 9 E$1 8+ 1 1 9*$E *$E$1 8+J1 9* +K1 8*$E$1 8 

$1 9 $E$1 9 +K1 9*$E$1 9  

table 2 continued . . . . . . . .  B i rth Weight 

Birth Weight 

c L M N 0 p Q 

R 
1 2  Year o Year 1 Year 2 Year 3 Year 4 Year S 

1 3  

1 4  =$K$5 -$K6 =$K7 =$K8 =$K9 -$K9 

1 5  =$K$5 =$K$6 =$K$6 =$K$7 =$K$8 =$K$9 



1 6  =$K$5 =$K$6 =$K$6 =$K$6 =$K$7 =$K$8 

1 7  =$K$5 =$K$6 =$K$6 =$K$6 =$K$6 =$K$7 

1 8  -$K$5 =$K$6 =$K$6 =$K$6 =$K$6 =$K$6 

1 9  =$K$5 =$K$6 =$K$6 =$K$6 =$K$6 =$K$6 

20 =L 14*$C$1 4+ =M1 4*$C$1 4 =N1 4*$C$1 4 =01 4*$C$1 4  =P1 4*$C$1 4  =Q1 4*$C$1 4 
L 1 5*$C$1 5+L +M1 5*$C$1 5 +N1 5*$C$1 5 +01 5*$C$1 5  +P1 5*$C$1 5  +Q1 5*$C$1 5 
1 6*$C$1 6+L 1 +M16*$C$1 6 +N1 6*$C$1 6  +01 6*$C$1 6  +P1 6*$C$1 6  +Q1 6*$C$1 6 
7*$C$1 7+L1 8 +M1 7*$C$1 7  +N1 7*$C$1 7 +01 7*$C$1 7 +P1 7*$C$1 7  +Q1 7*$C$1 7 
*$C$1 8+L1 9* +M1 8*$C$1 8 +N1 8*$C$1 8 +01 8*$C$1 8 +P1 8*$C$1 8 +Q1 8*$C$1 8  
$C$1 9 +M1 9*$C$1 9 +N1 9*$C$1 9  +01 9*$C$1 9 +P1 9*$C$1 9  +Q1 9*$C$1 9 

21  =L 1 4*$C$1 4+ =M1 4*$C$1 4  =N1 4*$E$1 4  =01 4*$E$1 4  =P1 4*$E$1 4 =Q1 4*$E$1 4  
L 1 5*$C$1 5+L +M1 5*$C$1 5  +N1 5*$E$1 5  +01 5*$E$1 5 +P1 5*$E$1 5  +Q1 5*$E$1 5 
1 6*$C$1 6+L 1 +M1 6*$C$1 6 +N1 6*$E$1 6  +01 6*$E$1 6  +P1 6*$E$1 6 +Q1 6*$E$1 6  
7*$C$1 7+L1 8 +M1 7*$C$1 7  +N1 7*$E$1 7  +01 7*$E$1 7 +P1 7*$E$1 7 +Q1 7*$E$1 7  
*$C$1 8+L 1 9* +M1 8*$C$1 8 +N1 8*$E$1 8 +01 8*$E$1 8  +P1 8*$E$1 8 +Q1 8*$E$1 8  
$C$1 9 +M1 9*$C$1 9 +N1 9*$E$1 9 +01 9*$E$1 9  +P1 9*$E$1 9 +Q1 9*$E$1 9 

table 2 continued . . . . . . .  Weaning Weight 

Weaning 
Weight 

c R s T u V w 

R 

1 2  Year 0 Year 1 Year 2 Year 3 Year 4 Year s 

1 3  

1 4  =LS =$L6 =$L7 =$L8 =$L9 =$L9 

1 5  =$L$5 =$L$6 =$L$6 =$L$7 =$L$8 =$L$9 

1 6  =$L$5 =$L$6 =$L$6 =$L$6 =$L$7 =$L$8 

1 7  =$L$5 =$L$6 =$L$6 =$L$6 =$L$6 =$L$7 

1 8  =$L$5 =$L$6 =$L$6 =$L$6 =$L$6 =$L$6 

1 9  =$L$5 =$L$6 =$L$6 =$L$6 =$L$6 =$L$6 

20 =R1 4*$C$1 4 =S1 4*$C$1 4 =T1 4*$C$1 4 =U1 4*$C$1 4  =V1 4*$C$1 4  =W1 4*$C$1 4  
+R1 5*$C$1 5  +S1 5*$C$1 5 +T1 5*$C$1 5 +U1 5*$C$1 5  +V1 5*$C$1 5  +W1 5*$C$1 5 
+R16*$C$1 6 +S1 6*$C$1 6 +T1 6*$C$1 6 +U16*$C$1 6 +V1 6*$C$1 6  +W1 6*$C$16 
+R1 7*$C$1 7 +S1 7*$C$1 7 +T1 7*$C$1 7 +U1 7*$C$1 7 +V1 7*$C$1 7 +W1 7*$C$1 7 
+R1 8*$C$1 8 +S1 8*$C$1 8 +T1 8*$C$1 8  +U1 8*$C$1 8 +V1 8*$C$1 8 +W1 8*$C$1 8 
+R1 9*$C$1 9 +S1 9*$C$1 9 +T1 9*$C$1 9 +U1 9*$C$1 9 +V1 9*$C$1 9 +W1 9*$C$1 9 



21  -R14*$C$1 4 -S1 4*$C$1 4 =T1 4*$E$1 4+ =U1 4*$E$14 =V1 4*$E$1 4 =W1 4*$E$1 4 
+R1 S*$C$1 S +S1 S*$C$1 S T1 S*$E$1 S+ T +U1 S*$E$1 S +V1 S*$E$1 S +W1 S*$E$1 S 
+R1 6*$C$1 6 +S16*$C$1 6 16*$E$16+ T1 +U1 6*$E$1 6 +V1 6*$E$1 6 +W16*$E$16 
+R1 7*$C$1 7 +S1 7*$C$ 1 7  7*$E$1 7+T1 8 +U1 7*$E$1 7 +V1 7*$E$1 7 +W1 7*$E$1 7 
+R1 8*$C$1 8 +S1 8*$C$1 8  *$E$1 8+ T1 9* +U1 8*$E$1 8 +V1 8*$E$1 8 +W1 8*$E$1 8 
+R1 9*$C$1 9 +S1 9*$C$1 9 $E$1 9 +U1 9*$E$1 9 +V1 9*$E$1 9 +W1 9*$E$1 9 

table 2 continued . . . . . . .  S laughter Weight 

Slaughter 
Weight 

c X y z AA AB AC 
R 

1 2  Year O Year 1 Year 2 Year 3 Year 4 Year S 

1 3  

1 4  =MS =$M6 =$M7 =$M8 =$M9 =$M9 

1 S  =$M$5 =$M$6 =$M$6 =$M$7 =$M$8 =$M$9 

1 6  =$M$5 =$M$6 =$M$6 =$M$6 =$M$7 =$M$8 

1 7  =$M$5 =$M$6 =$M$6 =$M$6 =$M$6 =$M$7 

1 8  =$M$5 =$M$6 =$M$6 =$M$6 =$M$6 =$M$6 

1 9  =$M$S =$M$6 =$M$6 =$M$6 =$M$6 =$M$6 

20 =X14*$C$1 4 =Y1 4*$C$1 4 =Z1 4*$C$1 4 =AA1 4*$C$1 =AB1 4*$C$1 =AC1 4*$C$1 
+X1 S*$C$1 5 +Y1 5*$C$1 5 +Z1 5*$C$1 5 4+AA1 S*$C$ 4+AB1 S*$C$ 4+AC1 S*$C$ 
+X1 6*$C$1 6 +Y16*$C$1 6 +Z1 6*$C$1 6  1 S+AA1 6*$C 1 S+AB1 6*$C 1 S+AC1 6*$C 
+X1 7*$C$1 7 +Y1 7*$C$1 7 +Z1 7*$C$1 7 $1 6+AA1 7*$ $1 6+AB1 7*$ $1 6+AC1 7*$ 
+X1 8*$C$1 8 +Y1 8*$C$1 8 +Z1 8*$C$1 8 C$1 7+AA1 8* C$1 7+AB1 8* C$1 7+AC 1 8* 
+X1 9*$C$1 9  +Y1 9*$C$1 9 +Z1 9*$C$1 9 $C$1 8+AA1 9 $C$1 8+AB 1 9  $C$1 8+AC1 9 

*$C$1 9 *$C$1 9 *$C$1 9 
21 =X14*$C$1 4 =Y1 4*$C$1 4 =Z1 4*$E$1 4+ =AA1 4*$E$1 =AB14*$E$1 =AC1 4*$E$1 

+X1 S*$C$1 S +Y1 S*$C$1 S Z1 S*$E$1 S+Z 4+AA1 S*$E$ 4+AB1 S*$E$ 4+AC1 S*$E$ 
+X1 6*$C$1 6 +Y16*$C$1 6 16*$E$1 6+Z1 1 S+AA16*$E 1 S+AB1 6*$E 1 5+AC16*$E 
+X1 7*$C$1 7 +Y1 7*$C$1 7 7*$E$1 7+Z1 8 $1 6+AA1 7*$ $16+AB1 7*$ $1 6+AC1 7*$ 
+X1 8*$C$1 8  +Y1 8*$C$1 8 *$E$1 8+Z1 9* E$1 7+AA1 8* E$1 7+AB1 8* E$1 7+AC1 8* 
+X1 9*$C$1 9 +Y1 9*$C$1 9 $E$1 9 $E$1 8+AA1 9 $E$1 8+AB1 9 $E$1 8+AC1 9  

*$E$1 9 *$E$1 9 *$E$1 9 



table 2 continued . . . . . .  Hogget and Mixed Age Ewe Liveweights 

Hogget and 
MA ewe 
weight 

c AD AE AF AG AH AI 
R 

1 2  Year a Year 1 Year 2 Year 3 Year 4 Year S 

1 3  

1 4  =NS =NS =N6 =N7 =N8 =N9 

1 5  =$0$5 =$0$5 =$0$5 =$06 =$07 =$08 

1 6  =$0$5 =$0$5 =$0$5 =$0$5 =$0$6 =$0$7 

1 7  =$0$5 =$0$5 =$0$5 =$0$5 =$0$5 =$0$6 

1 8  =$0$5 =$0$5 =$0$5 =$0$5 =$0$5 =$0$5 

1 9  =$0$5 =$0$5 =$0$5 =$0$5 =$0$5 =$0$5 

20 =AD1 5*$B$1 =AE1 5*$B$1 =AF1 5*$B$1 =AG1 5*$B$1 =AH1 5*$B$1 =AI 1 5*$B$1 5 
5+AD1 6*$B$ 5+AE1 6*$B$ S+AF1 6*$B$ S+AG1 6*$B$ 5+AH1 6*$B$ +AI 1 6*$B$1 6 
1 6+AD1 7*$B 1 6+AE1 7*$8 1 6+AF1 7*$B 16+AG1 7*$B 1 6+AH 1 7*$B +AI 1 7*$B$1 7  
$1 7+AD1 8*$ $1 7+AE1 8*$ $1 7+AF1 8*$ $1 7+AG1 8*$ $1 7+AH1 8*$ +AI1 8*$B$1 8 
B$1 8+AD1 9* B$1 8+AE1 9*  8$1 8+AF1 9* 8$1 8+AG 1 9* B$1 8+AH1 9* +AI 1 9*$B$1 9 
$8$1 9 $8$1 9 $8$1 9 $8$1 9 $8$1 9 

2 1  =AD1 4*$C$1 =AE1 4*$C$ 1  =AF1 4*$E$1 =AG1 4*$E$1 =AH1 4*$E$1 =AI1 4*$E$1 4 
4+AD1 5*$C$ 4+AE1 5*$C$ 4+AF1 5*$E$ 4+AG1 5*$E$ 4+AH1 5*$E$ +AI 1 5*$E$1 5 
1 5+AD1 6*$C 1 5+AE1 6*$C 1 5+AF1 6*$E 1 5+AG1 6*$E 1 5+AH1 6*$E +AI1 6*$E$1 6 
$1 6+AD1 7*$ $1 6+AE1 7*$ $16+AF1 7*$ $1 6+AG1 7*$ $1 6+AH1 7*$ +AI 1 7*$E$1 7 
C$1 7+AD1 8* C$1 7+AE1 8* E$1 7+AF1 8* E$1 7+AG 1 8* E$1 7+AH1 8* +AI 1 8*$E$1 8 
$C$1 8+AD 1 9  $C$1 8+AE1 9  $E$1 8+AF1 9 $E$1 8+AG1 9  $E$1 8+AH1 9  +AI1 9*$E$1 9  
*$C$1 9 *$C$1 9 *$E$1 9 *$E$1 9 *$E$1 9 

table 2 continued . . . . . . .  Hogget and M ixed Age Ewe Fleece Weight 

Hogget and 
MA ewe 
fleece 
weight 

c AJ AK AL AM AM AN 
R 

1 2  Year a Year 1 Year 2 Year 3 Year 4 Year S 

1 3  

1 4  =PS =PS =P6 =P7 =P8 =P9 



1 5  -$0$5 -$0$5 -$0$5 =$0$6 =$0$7 =$0$8 

1 6  -$0$5 -$0$5 =$0$5 =$0$5 =$0$6 =$0$7 

1 7  =$0$5 =$0$5 =$0$5 =$0$5 =$0$5 =$0$6 

1 8  -$0$5 =$0$5 =$0$5 =$0$5 =$0$5 =$0$5 

1 9  =$0$5 =$0$5 =$0$5 =$0$5 =$0$5 =$0$5 

20 =AJ1 5*$8$1 5  =AK1 5*$8$1 =AL 1 5*$8$ 1 5  =AM1 5*$8$1 =AN1 5*$8$1 =A01 5*$8$1 
+AJ1 6*$8$1 6 5+AK1 6*$8$ +AL 1 6*$8$1 6 5+AM1 6*$8$ 5+AN1 6*$8$ 5+A016*$8$ 
+AJ1 7*$8$1 7  1 6+AK1 7*$B +AL 1 7*$8$1 7 1 6+AM1 7*$8 16+AN1 7*$8 1 6+A01 7*$8 
+AJ1 8*$8$1 8  $1 7+AK1 8*$ +AL1 8*$8$1 8 $1 7+AM1 8*$ $1 7+AN1 8*$ $1 7+A01 8*$ 
+AJ1 9*$8$1 9 8$1 8+AK1 9* +AL 1 9*$8$1 9 8$1 8+AM1 9* 8$1 8+AN1 9* 8$1 8+A01 9* 

$8$1 9 $8$1 9 $8$1 9 $8$1 9 
-

21 =AJ1 4*$C$1 4  =AK1 4*$C$1 =AL 1 4*$E$1 4 =AM1 4*$E$1 =AN1 4*$E$1 =A01 4*$E$1 
+AJ1 5*$C$1 5  4+AK1 5*$C$ +AL 1 5*$E$1 5 4+AM1 5*$E$ 4+AN1 5*$E$ 4+A0 1 5*$E$ 
+AJ1 6*$C$1 6  1 5+AK1 6*$C +AL 1 6*$E$1 6 1 5+AM 1 6*$E 1 5+AN1 6*$E 1 5+A01 6*$E 
+AJ1 7*$C$1 7 $1 6+AK1 7*$ +AL 1 7*$E$1 7 $1 6+AM1 7*$ $1 6+AN1 7*$ $1 6+A01 7*$ 
+AJ1 8*$C$1 8 C$1 7+AK1 8* +AL 1 8*$E$1 8 E$1 7+AM1 8* E$1 7+AN1 8* E$1 7+A01 8* 
+AJ1 9*$C$1 9 $C$1 8+AK1 9 +AL 1 9*$E$1 9 $E$1 8+AM1 9  $E$1 8+AN1 9  $E$1 8+A0 1 9  

*$C$1 9  *$E$1 9 *$E$1 9  *$E$1 9  

table 2 continued . . . . . . .  Average fibre d iameter 

Average 
Fibre 
Diameter 

c AP AO AR AS AT AU 
R 
1 2  Year O Year 1 Year 2 Year 3 Year 4 Year 5 

1 3  

1 4  =$R$5 =$R$5 =$R$6 =$R$7 =$R$8 =$R$9 

1 5  =$R$5 =$R$5 =$R$5 =$R$6 =$R$7 =$R$8 

1 6  =$R$5 =$R$5 =$R$5 =$R$5 =$R$6 =$R$7 

1 7  =$R$5 =$R$5 =$R$5 =$R$5 =$R$5 =$R$6 

1 8  =$R$5 =$R$5 =$R$5 =$R$5 =$R$5 =$R$5 



1 9  =$R$5 =$R$5 =$R$5 =$R$5 =$R$5 =$R$5 

20 =AP1 4*$C$1 =AQ1 4*$C$1 =AR1 4*$C$1 =AS1 4*$C$1 =AT1 4*$C$1 =AU1 4*$C$1 
4+AP1 5*$C$ 4+AQ1 5*$C$ 4+AR1 5*$C$ 4+AS1 5*$C$ 4+AT1 5*$C$ 4+AU1 5*$C$ 
1 5+AP1 6*$C 1 5+AQ1 6*$C 1 5+AR1 6*$C 1 5+AS1 6*$C 1 5+AT1 6*$C 1 5+AU1 6*$C 
$1 6+AP1 7*$ $1 6+AQ1 7*$ $1 6+AR1 7*$ $1 6+AS1 7*$ $1 6+AT1 7*$ $1 6+AU1 7*$ 
C$1 7+AP1 8* C$1 7+AQ 1 8* C$1 7+AR1 8* C$1 7+AS1 8* C$1 7+AT1 8* C$1 7+AU1 8* 
$C$1 8+AP1 9  $C$1 8+AQ 1 9  $C$1 8+AR1 9 $C$1 8+AS1 9 $C$1 8+AT1 9 $C$1 8+AU19  
*$C$1 9 *$C$1 9 *$C$1 9  *$C$1 9 *$C$1 9 *$C$1 9 

21  =AP1 4*$C$1 =AQ1 4*$C$1 =AR1 4*$E$1 =AS1 4*$E$1 =AT1 4*$E$1 =AU1 4*$E$1 
4+AP1 5*$C$ 4+AQ1 5*$C$ 4+AR1 5*$E$ 4+AS1 5*$E$ 4+AT1 5*$E$ 4+AU1 5*$E$ 
1 5+AP1 6*$C 1 5+AQ1 6*$C 1 5+AR1 6*$E 1 5+AS1 6*$E 1 5+AT1 6*$E 1 5+AU1 6*$E 
$1 6+AP1 7*$ $1 6+AQ1 7*$ $1 6+AR1 7*$ $1 6+AS1 7*$ $1 6+AT1 7*$ $1 6+AU1 7*$ 
C$1 7+AP 1 8* C$1 7+AQ1 8* E$1 7+AR1 8* E$1 7+AS1 8* E$1 7+AT1 8* E$1 7+AU1 8* 
$C$1 8+AP1 9 $C$1 8+AQ1 9  $E$1 8+AR1 9 $E$1 8+AS 1 9  $E$1 8+AT1 9 $E$1 8+AU19  
*$C$1 9 *$C$1 9 *$E$1 9  *$E$1 9 *$E$1 9 *$E$1 9 

Table 3 .  Summary table for Yearly performance for Option 1 a 

Year NLW B.WT W.WT S.WT H.WT E.WT H.FW E.FW FD 

c A B c D E F G H I J 
R 

27 0 =F20 =L20 =R20 =X20 =$AD$1 4  =AD20 =$AJ$1 4 =AJ20 =AP20 

28 1 =G20 =M20 =S20 =Y20 =$AE$14 =AE20 =$AK$1 4 =AK20 =AQ20 

29 2 =H20 =N20 =T20 =Z20 =$AF$1 4  =AF20 =$AL$1 4 =AL20 =AR20 

30 3 = 120 =020 =U20 =AA20 =$AG$1 4 =AG20 =$AM$1 4 =AM20 =AS20 

31 4 =J20 =P20 =V20 =AB20 =$AH$1 4 =AH20 =$AN$1 4 =AN20 =AT20 

32 5 =K20 =Q20 =W20 =AC20 =$AI$1 4 =AI20 =$A0$ 1 4  =A020 =AU20 

Table 4. Summary table for yea rly performance of option 1 b 

Year NLW B.WT W.WT S.WT H.WT E.WT H.FW E.FW FD 

c A B c D E F G H I J 
R 

37 0 =F21 =L21 =R21 =X21 =$AD$1 4  =AD21 =$AJ$1 4 =AJ21 =AP21 

38 1 =G21 =M21 =S21 =Y21 =$AE$1 4  =AE21 =$AK$ 1 4  =AK21 =AQ21 



39 2 =H21 =N21 =T21 =Z21 =$AF$1 4 =AF21 =$AL$1 4  =AL21 =AR21 

40 3 =121 =021 =U21 =AA21 =$AG$1 4 =AG21 =$AM$1 4 =AM21 =AS21 

41 4 =J21 =P21 =V21 =AB21 =$AH$1 4 =AH21 =$AN$1 4 =AN21 =AT21 

42 5 =K21 =021 =W21 =AC21 =$AI$1 4 =AI21 =$A0$1 4  =A021 =AU21 

PART 3 :  Changes in average phenotypic measurements in  breeding flock. 

Table 1 .  Total weight of lambs weaned per ewe and change in  total weaning 
weight per ewe from base year 0. 

Option 1 a  Total Weaning Weight Change in Total Weaning 
Weight 

c A B c D 
R 

1 2  =A6 Average per ewe 

1 3  Year O =Options! B26*0ptions! 02 =Options! $B26*0ptions! $D26 -
6 Options!$B$26*0ptions!$D$26 

1 4  Year 1 =Options! B27*0ptions! 02 =Options!$B27*0ptions! $D27 -
7 Options!$B$26*0ptions! $D$26 

1 5  Year 2 =Options! B28*0ptions! 02 =Options!$B28*0ptions!$D28 -
8 Options!$B$26*0ptions!$D$26 

1 6  Year 3 =Options! B29*0ptions! 02 =Options! $B29*0ptions!$D29 -
9 Options!$B$26*0ptions! $D$26 

1 7  Year 4 =Options! B30*0ptions! 03 =Options!$B30*0ptions!$D30 -
0 Options! $B$26*0ptions! $0$26 

1 8  Year S =Options! B31 *0ptions! 03 =Options!$B31 *0ptions!$D31 -
1 Options!$B$26*0ptions!$D$26 

table 1 continued . . . . . . . . .  Average hogget and ewe weights 

Option 1a  Average Change in Average ewe Change in 
Hog get average liveweight average 
liveweight hog get ewe liveweight 

liveweight 
c F G H I J K L M 

R 

1 3  Year o =Options! F26 =Options!F26 - =Options!G2 =Options!G26 -
Options!$F$26 6 Options!$G$26 



1 4  Year 1 -Options! F27 =Options! F27 - =Options !G2 =Options!G27 -
Options! $F$26 7 Options!$G$26 

1 5  Year 2 =Options ! F28 -Options! F28 - =Options!G2 =Options!G28 -
Options!$F$26 8 Options!$G$26 

1 6  Year 3 =Options! F29 =Options! F29 - =Options ! G2 =Options !G29 -
Options! $F$26 9 Options! $G$26 

1 7  Year 4 =Options! F30 =Options!F30 - =Options!G3 =Options! G30 -
Options!$F$26 0 Options!$G$26 

1 8  Year S =Options ! F31 =Options !F31 - =Options !G3 =Options !G31 -
Options!$F$26 1 Options !$G$26 

Table 2. Average hogget and MA ewe fleece weights. 

Option 1a  Average Change in Average MA Change in  
Hog get average ewe fleece average 
fleece weight hogget fleece weight (kg) MA ewe fleece 

(kg) weight (kg) weight (kg) 
c F G H I j K L M 
R 
1 3  Year O =Options ! H26 =Options! H26 - =Options ! l2 =Options! 126 -

Options!$H$26 6 Options! $1$26 

1 4  Year 1 =Options! H27 =Options !H27 - =Options ! l2 =Options! 127 -
Options!$H$26 7 Options!$1$26 

1 5  Year 2 =Options! H28 =Options! H28 - =Options ! l2 =Options! l28 -
Options!$H$26 8 Options! $1$26 

1 6  Year 3 =Options! H29 =Options! H29 - =Options! l2 =Options! l29 -
Options! $H$26 9 Options!$ 1$26 

1 7  Year 4 =Options! H30 =Options ! H30 - =Options ! l3  =Options! l30 -
Options! $H$26 0 Options! $1$26 

1 8  Year S =Options! H31  =Options! H31  - =Options ! l 3  =Options ! l31 -
Options!$H$26 1 Options! $1$26 



APPENDIX 1 1 .  

The Fraction Method for calcu lating the percentage of orig inal  heterosis (of 

breeds) expressed in a cross. 

Heterosis Calculations 

The amount of heterosis expected in the progeny of two parents is usua l ly 

calculated by using a method involving matrices (Lopez-Vi l la lobos and 

Garrick, 1 996) .  The percentage or fraction of the orig inal  heterosis (from a 

first generation cross involving the breeds/l ines involved) can be calculated 

for any specified cross i nvolving those breeds/l ines. 

Another method for calculating the percentage of orig inal heterosis  for the 

breeds or l i nes involved is the 'Fract ion Method' .  Like the method involving 

matrices, the Fraction method can be used for any crosses between 

crossbred and/or purebred dams and sires, including sires and dams of the 

same breed combination. 

The Fraction method involves fractions and simple multipl ication and 

addition. The genera l  method can be adapted to personal preferences, once 

the general principle has been understood. 

The method is explained in a 5 step process with the aid of a lgebraic 

notation and is fol lowed by 3 worked examples. 

The Fraction Method . 

Step 1 :  Write the breed composition of both the dam and s i re in  fractional 

form. 

( lt is important to describe the breeds in the same order throughout 

the whole method) .  

e.g., Dam: Mlk breed A, Uz breed B, F/n breed C 

S ire :  e/h breed A ,  f/i breed B ,  g/j breed C 

Note: 1 )  Mlk + Uz + F/n = e/h + f/i + g/j = 1 .0 



2) The letters used in this step represent the different numbers used to 

describe the fractions of the breeds in the dam and ram respectively, 

they do not represent anything else. The dams numerator letters are 

capitals, and the sires are in the lower case, due to the pattern 

established in step 4 where the emphasis is on not multiplying the same 

letters together, and that there should only be lower case letters in the 

brackets. 

Step 2: Calculate the lowest common denominator of the fractions and 

convert a l l  of the fractions to this common denominator. 

e.g., Lowest common denominator = T, therefore the new fractions are: 

A 
Dam: - breed A 

B 
- breed B 

c 
- breed C 

T T T 

Sire: 
a 
- breed A b - breed B 

c 
- breed C 

T T T 

Step 3: Square the common denominator. This is  the denominator for the 

final  fraction. 

T2 = L e.g. , 

Step 4:  Mult iply the numerator of the first breed of the dam with each of the 

other breeds of the s ire and add together. Carry out this procedure 

with a l l  of the breeds in the dam, multiplying them with the other 

breeds in the s ire. 

Do not mult iply any numbers together that are numerators for the 

same breed. Add al l  of the new numerators together. This is  the 

numerator for the final fraction. 

e.g. ,  A(b + c) + B(a + c) + C(a + b) = R 

Step 5: Form a fraction with the denominator and numerator from Steps 3 

and 4. 

This is the fraction of the original  heterosis that wi l l  be expressed in 

the progeny of the dam and s i re .  The fraction can be left in  this form 



or converted into a percentage. 

e.g. , Fraction of original heterosis expressed in the progeny, P = R 
L 

Three worked examples. 

Example 1 .  

The dam is three quarters Romney, 1 /8th Finn,  and 1 /8th East Friesian, and 

the sire is half Romney, a quarter Finn and a quarter East Friesian.  

Step 1 :  Dam: 3/4 R, 1 /8 F ,  1 /8 EF 

Sire: 1 /2R,  1 /4 F ,  1 /4 EF ,  

Step 2: Lowest common denominator = 8 

:. Dam: � R, .!_ F,  .!_ EF 8 8 8 
S

. 4 
R 3_ F 3_ E F  Ire :  8 

, 8 , 8 , 
Step 3: 8 2 

= 64, 

Step 4: 6(2 + 2) + 1( 4 + 2) + 1( 4 + 2) = 36 

36 
Step 5 :  - = 56 % 

64 

Therefore, the progeny from this cross wi l l  express on average 56% of the 

fu l l  heterosis expressed from a F1 cross of the 3 breeds involved in the 

cross. 

Example 2.  

The dam is  one half Romney, one half F inn, and the sire is  pure East 

Friesian. 

Step 1 :  Dam: 1/2 R, 1/2 F 

Sire: 1/1 EF 

Step 2: Lowest common denominator: 2 

1 _!_ F :. Dam: - R, 2 2 



Sire: � EF 2 
Step 3: 22  = 4 

Step 4: 1(2) + 1(2) = 2 + 2 = 4 

4 
Step 5: - = 1 00% 

4 
Therefore, the progeny from this cross wi l l  express on average 1 00% of the 

ful l  heterosis expressed from a F1 cross of the 3 breeds involved in the 

cross. 

Example 3. 

The dam is pure Romney, and the sire one ha lf Romney, three eighth F inn ,  

and one eighth East Friesian. 

Step 1 : Dam: 1/1 R 

Sire: 1/2 R, 3/8 F,  1/8 EF 

Step 2:  Lowest common denominator: 8 

8 
:. Dam: - R  8 

Sire: i R � F _!_ E F  8 ' 8 ' 8 
Step 3: 82 = 64 
Step 4: 8(3 + 1) = 32 

32 
Step 5 :  - = 50% 

64 

Therefore, the progeny from this  cross wil l  express on average 50% of the 
ful l  heterosis  expressed from a F1 cross of the 3 breeds involved in the 
cross. 



Appendix I l l .  

3. 1 .  The normal equations used for the calcu lation of the b weight ing factors. 

Normal equations for: N umber of lambs born as a selection predictor. 

1 )  Number of lambs born equation. 

bNL8Var(XNL8 ) +bwwrCov(X NLB • Xwwr ) + bLw121Cov(XNL8 , XLw1 21 )  

+bLWI2PHsCov(XNLB • XLWI2PHs ) + bFWI2ICov(X NLB • X FWI 2I ) +bFWI 2PHsCov(X NLB ' X FWI2 PHs) 
= 1 0.5Cov(GNL8 , GNLB ) + 0.55Cov(GNL8 , GLws )  + 3.0Cov(GNL8 ,GFW1 2 ) 

2) Weaning weight equation. 
bNLBCov(X1 . .rLB • X wwr ) + bwwrVar(X wwr )  + bLw121Cov(X wwr • XLw121 ) 

+bLWI2PHsCov(X wwr , X LWI2PHs ) + bFWI2ICov(Xwwr ,  X FWI2I ) + bFWI2PHsCov(Xwwr ' X FWIZPHs ) 
= 1 0.5Cov(Gwwr , GNLB)  + 0.55Cov(Gwwr , GLws ) + 3.0Cov(Gwwr , GFW1 2 )  

3) Ind ividual l iveweight at 1 2  months equation. 

bNLsCov(X NLB • XLWI2I )  + bwwrCov(Xwwr , XLWI2I ) + bLWI 2IVar(XLWI 2I ) 

+bLWI2PHsCov(XLwizi , XLWI 2PHs ) + bFWI2ICov(XLWI 2I ' X FWI 2I ) + bFWI 2PHsCov(XLWI 2I , X FWI2PHs ) 
= 1 0.5Cov(GLWI2I , GNLB) + 0.55Cov(GLWI2I , GLws )  + 3.0Cov(GLWI 2I , GFWI2 ) 

4) Paternal half s ib l iveweight at 1 2  months equat ion . 

bNLBCov(XNLB • XLWI2PHs ) + bwwrCov(Xwwr, XLWI 2PHs) + bLWI2ICov(XLWI2I , XLWI 2PHs )  

+bLwi2PHsVar(XLWI2PHs ) + bFWI2ICov(XLWI2PHs • X FWI 2I ) +bFWI2PHsCov(XLwizPHs ' X FWI2PHs ) 
= 1 0.5Cov(GLWI 2PHs • GNLs) + 0.55Cov(GLwizPHs , GLws )  + 3.0Cov(GLWI2PHs ' GFWI 2 ) 

5) Individual fleece weight at 1 2  months equation. 

bNLBCov(XNLB , XFWI2I ) + bwwrCov(Xwwr , XFWI 2I )  + hLwmCov(XLWI2I , XFWI2I ) 

+bLWI2PHsCov(XLWI2PHs > XFWI2I ) + bFWI2IVar( XFWI2I ) + bFWI2PHsCov(X FWI 2J , XFWI2PHs ) 

= 1 0.5Cov( G FW121 , G NLB )  + 0.55Cov(GFW121 ,  G Lws ) + 3.0Cov( G FWi zi , G FWI 2 ) 

6) Paternal half s ib fleece weight at 1 2  months equation. 

bNLBCov( XNLB , XFWI2PHS ) + bwwrCov(Xwwr , XFWI2PHS ) + bLWI2I Cov(XLWI2I , XFWI2PHS )  

+hLwizPHsCov( X LWI2PHs , X FWI2PHs ) + bFWI2I Cov( X FWI2I , X FWI2PHS ) + bFWI2PHSVar( X FWI2PHs )  
= 1 0.5Cov(GFWIZPHS , GNLB ) + 0.55Cov(GFWIZPHS , GLws ) + 3.0Cov(GFWI2PHS , GFW12 )  



Number of foetuses scanned as a selection pred ictor. 

1 )  Number of foetuses scanned equation . 

bNFSVar(X NFS) + bwwrCov(X NFS , Xwwr ) + bLw121 Cov(X NFS , XLw121 )  

+bLWI2PHsCov(X NFs , X  LWI2PHs ) + bFWI 2ICov(X NFS ' X FWI2I ) + bFWI2PHsCov(X NFS ' X FWI2PHs ) 
= 1 0.5Cov(GNFS , GNL8) + 0.5 5Cov(GNFS , GLws ) + 3.0Cov(GNFS , GFW1J 

2) Weaning weight equation. 

bNF5Cov(XNFS , Xwwr ) + bwwrVar(Xwwr ) + bLw121Cov(Xwwr , XLw121 ) 

+bLWI 2PHsCov(Xwwr , XLWI 2PHs ) + bFWI2ICov(Xwwr , X  FWI2I ) +bFWI2PHsCov(Xwwr ,  X FWI 2PHs ) 
= 1 0.5Cov(Gwwr ,GNL8 ) + 0.5 5Cov(Gwwr , GLws ) + 3.0Cov(GWWT ,GFW1J 

3) lndividual l iveweight at 1 2  months equation. 

bNFSCov(XNFS , XLWI2I ) + bwwrCov(Xwwr ,  XLwizi ) + bLwiziVar(XLwizi ) 

+bLwizPHsCov(XLWI2I ' XLwizPHs ) +bFWI2ICov(XLWI2I , X FWI2I ) + bFWI2PHsCov(XLwizi , X FWI2PHs ) 
= 1 0.5Cov(GLWIZI , GNL8) + 0.55Cov(GLWI 2I , GLws )  + 3.0Cov(GLWIZI , GFW1J 

4) Paternal  half s ib l iveweight at 1 2  months equation. 

bNFsCov(XNFs, XLW12PHs ) + bwwrCov(Xwwr , XLWI2PHs) + bLWI2ICov(XLwi zi , XLWI2PHs ) 

+bLWI2PHsVar(XLWI2PHs ) + bFWI2ICov(XLWI2PHs ' XFWIZI ) + bFWI2PHsCov(XLwizPHs ' X FW12PHs ) 
= 1 0.5Cov(GLWI2PHS , GNLB ) + 0.55Cov(GLWl2PHS , GLw& ) + 3.0Cov(GLWl2PHS , GFWI2 ) 

5) Individual fleece weight at 1 2  months equation. 

bNFSCov(XNFS , XFW12I ) + bwwrCov(Xwwr , X FWni ) + bLwiziCov(XLW12I , XFWI2I ) 

+bLwizPHsCov(XLWI 2PHs ' X FWI2I ) +bFWiz iVar(X FWI2I ) + bFWI2PHsCov(X FWI2I , XFWIZPHs ) 
= 1 0.5Cov(GFW121 , GNL8 ) + 0.55Cov(GFW121 , GLws )  + 3.0Cov(GFW121 , GFW12 ) 

6) Paternal half s ib  fleece weight at 1 2  months equation. 

bNFSCov(X NFS, X  FWI2PHs ) + bwwrCov(Xwwr ,  X FWI2PHs ) + bLWI2ICov(XLW12I , X  FWI2PHs ) 

+bLW12PHSCov(XLW12PHS , X FW12PHS ) + bFW121Cov(X FW121 , X  FW12PHS ) + bFW12PHSVar(X FW12PHS) 
= 1 0.5Cov(GFW12PHS ,GNLB) + 0.55Cov(GFW!zPHS , GLws ) + 3.0Cov(GFW!ZPHS , GFW12 )  



3.2. Selection d ifferentia l  calcu lations. 

Table 1 .  Selection differential calculations for a flock size of 1 000 ewes 

Percent of Number of Number of Proportion Selection 
breeding flock hogget ewes hog gets selected differential 

needed available 
22 220 500 0.44 0 .896 = 

(0.25/220) = 

0.895 
25 250 500 0 .5  0.798 -

(0.25/250) = 
0.797 

30 300 500 0.6 0.644 -
(0 .25/300) = 
0.643 

Table 2. Selection d ifferential calculations for a flock size of 2000 ewes 

Percent of Number of Number of Proportion Selection 
breeding flock hogget ewes hog gets selected d ifferential 

needed available 
22 440 1 000 0.44 0.896 = 

(0 .25/440) = 
0 .895 

25 500 1 000 0.5 0.798 -
(0 .25/500) = 
0.798 

30 600 1 000 0.6 0.644 

Table 3. Selection differential calcu lation for a flock s ize of 5000 ewes 

Percent of Number of Number of Proportion Selection 
breeding flock hogget ewes hoggets selected differential 

needed avai lable 
22 1 1 00 500 0.44 0.896 
25 1 250 500 0 .5  0 .798 
30 1 500 500 0.6 0.644 



Table 4. Selection d ifferentia ls for rams. 

Flock size Number of ram Number of rams Proportion of ram Selection 

(number of hog gets selected per year hoggets selected differential 

ewes) per year 

1 000 500 5 0.01 2.660 - (0.25/5) = 

2.61 

2000 1 000 1 0  0.01 2.660 - (0.25/1 0) 

= 2.64 

5000 2500 25 0.01 2.660 - (0.25/25) 

= 2.65 



Appendix IV. 

Results tables of the phenotypic measurements for the 4 crosses of the 23 ram 

types and 1 0  traits: Weaning Percentage - NLW 

Hogget Weaning Percentage - HNLW 

Birth Weight - B. WT 

Weaning Weight - W.WT 

Slaughter Weight - S.WT 

Hogget Weight - H .WT 

Ewe Weight - E .  WT 

Hog get Fleece Weight - H .  FW 

Ewe F leece Weight - E .  FW 

Average F ibre D iameter - FD 



MA Wean ing Percentage 

LAMBING PERCENTAGE AT WEANING 
SIRE PROGENY HETEROSIS N LB STW (%) Weaning % 

1 - R R i 0% 1 . 1 8  0.85 1 00% 
R I 0% 1 .29 0.85 1 1 0% 
R I 0% 1 .35 0.85 1 1 4% 
R I 0% 1 .37 0.85 1 1 7% I 

2 - F  I 1 /2R 1 /2F I 5% 1 . 1 8  0.80 1 00% I 

1 /4R 3/4F I 1 2% 1 . 97 0.78 1 71 %  
1 /8R 7/8F I 6% 2.36 0.76 1 91 %  I 
1 /1 6R 1 5/1 6F 3% 2.55 0.76 1 99% 

3 - 1 /2R 1 /2F 3/4R 1 /4F I 4% I 1 . 1 8  0.83 1 01 %  I 
5/8R 3/8F 8% I 1 .63 0.81 1 43% I 

9/1 6R 7/1 6F i 8% 1 .85 0.81 1 62% 
1 7  /32R 1 5/32F I 8% 1 .96 0.80 1 71 %  

4 - EF 1 /2R 1 /2EF I 5% 1 . 1 8  0.85 1 06% 
1 /4R 3/4EF I 1 2% 1 .74 0.85 1 66% 
1 /8R 7/8EF 6% 2.02 0.85 1 82% 
1 /1 6R 1 5/16EF ' 3% 2 . 1 6  0.85 1 89% ' 

5 - 1 /2R 1 /2EF 3/4R 1 /4EF I 4% I 1 . 1 8  0.85 1 04% 
I 5/8R 3/8EF : 8% 1 .52 0.85 140% 
9/1 6R 7 /1 6EF 8% 1 .68 0.85 1 55% 

1 1 7  /32R 1 5/32EF 8% 1 . 77 0.85 1 63% 
6 - 1 /2R 1 /4F 1 /4EF 3/4R 1 /8F 1 /8EF ' 4% 1 . 1 8  0.84 1 03% 

5/8R 3/1 6F 3/1 6EF 8% 1 .57 0.83 142% 
9/1 6R 7/32F 7/32EF ' 8% 1 .77 0.83 1 59% 
1 7  /32R 1 5/64F 1 5/64EF : 8% 1 .86 0.83 I 1 67% 

7 - 1 /4R 1 /2F 1 /4EF 5/8R 1 /4F 1 /8EF i 7% 1 . 1 8  0.83 1 04% 
7/1 6R 3/8F 3/1 6EF ! 1 6% 1 .74 I 0.81 1 65% 
1 1 /32R 7/1 6F 7/32EF : 1 6% 2.02 0.81 1 90% 
1 9/64R 1 5/32F 1 5/64EF 1 6% I 2. 1 6  0.80 202% 

8 - 1 /4R 1 /4F 1 /2EF 5/8R 1 /8F 1 /4EF i 4% 1 . 1 8  0.84 1 03% ' 

7 /1 6R 3/1 6F 3/8EF I 8% 1 .68 0.83 1 52% 
1 1 /32R 7/32F 7/1 6EF i 7% 1 .94 0.83 1 72% 
1 9/64R 1 5/64F 1 5/32EF 8% 2 . 06 0.83 1 85% 

9 - 1 /2F 1 /2EF 1 /2R 1 /4F 1 /4EF ' 7% 1 . 1 8  0.83 1 04% 
1 /4R 3/8F 3/8EF i 1 5% 1 .85 0.81 1 73% 
1 /8R 7/1 6F 7/1 6EF 1 2% 2. 1 9  0.81 1 97% 
1 /1 6R 1 5/32F 1 5/32EF I 1 0% 2.36 0 .80 208% 

1 0 - 1 /2R 3/8F 1 /8EF 3/4R 3/1 6F 1 /1 6EF I 4% 1 . 1 8  0.83 1 02% 
5/8R 9/32F 3/32EF 8% 1 .60 0.82 1 42% 
9/1 6R 21 /64F 7 /64EF I 7% 1 .81  0.82 1 59% 
1 7  /32R 45/1 28F 1 5/1 28EF 7% 1 .9 1  0.81 1 67% 

1 1  - 2/3R 1 /3F 5/6R 1 /6F 3% 1 . 1 8  0.83 1 01 %  
3/4R 1 /4F 6% 1 .52 0.83 1 32% 
1 7  /24R 7/24F 7% 1 .68 0.82 147% 
1 1 /1 6R 5/1 6F 7% 1 .77 0.82 1 55% 

1 2 - 2/3R 1 /3EF 5/6R 1 /6EF 3% 1 . 1 8  0.85 1 03% 
3/4R 1 /4EF 6% 1 .44 0.85 1 30% 
1 7  /24R 7 /24EF 7% 1 .57 0.85 1 42% 
1 1 /1 6R 5/1 6EF I 7% 1 .64 0.85 1 49% 

1 3 - 1 /3R 2/3F 2/3R 1 /3F I 4% 1 . 1 8  0.82 1 01 %  I 

1 /2R 1 /2F I 1 0% 1 .74 0.80 1 53% 
5/1 2R 7/1 2F i 9% 2.02 0.79 1 74% 
3/8R 5/8F I 8% 2. 1 6  0.79 1 84% 
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MA Weaning Percentage 

1 4 - 1 /3R 2/3EF 2/3R 1 /3EF I 
1 /2R 1 /2EF I 
5/1 2R 7/1 2EF 

i3/8R 5/8EF i 
1 5 - 4nR 2nF 1nEF 1 1 /1 4R 2/14F 1 /1 4EF i 

1 9/28R 3/1 4F 3/28EF i 
35/56R 1 /4F 7 /56EF I 
67/1 1 2R 1 5/56F 1 5/1 1 2EF I 

1 6 - 4/7R 1 /7F 2nEF 1 1 /1 4R 1 /1 4F 2/1 4EF j 
1 9/28R 3/28F 3/14EF I 

I 35/36R 7/56 1 /4EF I 
I67/1 1 2R 1 5/1 1 2F 1 5/56EF I 

1 7  - 2/7R 4/7F 1 nEF . 9/1 4R 2nF 1 /1 4EF i 
1 3/28R 3/7F 3/28EF l 

I 21 /56R 1 /2F 7/56EF ! 
i 37/1 1 2R 1 5/28F 1 5/1 1 2EF I 

1 8  - 2nR 1 /7F 4nEF 9/1 4R 1 /1 4F 2nEF I 

1 1 3/28R 3/28F 3/7EF I 

21/56R 7/56F 1 /2EF 
I 37/1 1 2R 1 5/1 1 2F 1 5/28EF : 

1 9 - 1nR 4/7F 2nEF 1 4/7R 2nF 1 /7EF ' 

I 

5/1 4R 3nF 3/1 4EF I 
I 1 /4R 1 /2F 1 /4EF i 
I 1 1  /56R 1 5/28F 1 5/56EF I 

20 - 1nR 2nF 4nEF t417R 1 /7F 2nEF I 

I 5/1 4R 3/1 4F 3/7EF ! 
. 1 /4R 1 /4F 1 /2EF I 

1 1 /56R 1 5/56F 1 5/28EF 
21 - 3/4R 1 /8F 1 /8EF I7/8R 1 /1 6F 1 /1 6EF I I1 3/1 6R 3/32F 3/32EF I 

25/32R 7/64F 7/64EF I 
I49/64R 1 5/1 28F 1 5/1 28EF I 

22 - 3/4R 1 /4F 7/8R 1 /8F i 
1 3/1 6R 3/1 6F I 
25/32R 7 /32F I 
I49/64R 1 5/64F i 

23 - 3/4R 1 /4EF 7/8R 1 /8EF ' 

I 

1 3/1 6R 3/16EF I 
25/32R 7 /32EF i 
49/64R 1 5/64EF i 
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4% 1 . 1 8  0.85 1 05% 
1 0% 1 .59 0.85 1 49% 
9% 1 .80 0.85 1 66% 
8% 1 .90 0.85 1 74% 
3% 1 . 1 8  0.84 1 02% 
8% 1 . 55 0 .83 1 38% 
9% 1 .73 0.83 1 55% 
9% 1 .82 0.82 1 64% 
3% 1 . 1 8  0.84 1 03% 
8% 1 .52 0.84 1 37% 
9% 1 .68 0.84 1 53% 
9% I 1 .77 0.84 1 61 %  
5% 1 . 1 8  0 .82 1 02% 
1 1 %  1 .74 0.81 1 56% 
10% 2.02 0.80 1 78% 
1 0% 2. 1 6  0.80 1 89% 
5% 1 . 1 8  I 0.84 1 04% 
1 1 %  1 .64 0 .84 1 53% 
10% 1 .88 0 .84 1 73% 
1 0% 1 .99 I 0.84 1 83% 
6% 1 . 1 8  0.82 1 02% 
1 3% 1 .80 0.81 1 65% 
1 1 %  i 2. 1 2  0.80 1 88% 
1 0% 2.27 0.80 200% 
6% 1 . 1 8  0 .84 1 04% 
1 3% I 1 .74 0.83 1 63% 
1 1 % 2.02 0 .83 1 85% 
9% 2. 1 6  I 0.82 1 94% I 
2% ' 1 . 1 8  0.84 1 01 %  
5% 1 .43 0.84 1 26% 
6% 1 .56 0.84 1 38% 
6% 1 .62 0 .84 144% 
2% I 1 . 1 8  0.84 1 01 %  
5% 1 .46 0 .83 1 27% 
5% 1 .60 0 .83 1 39% 
6% 1 .67 0.83 1 46% 
2% 1 . 1 8  0.85 1 02% 
5% 1 .40 0 .85 1 25% 
5% 1 .5 1  0.85 1 35% 
6% 1 .57 0.85 141% 



Hogget Weaning Percentage 

HOGGET LAMBING PERCENTAGE AT WEANING. 
SIRE PROGENY HETEROSIS NLB STW (%) Weaning % 

1 - R R 0% 1 .00 0.800 80% 
R 0% 1 . 1 5  0 .800 92% 
R 0% 1 .23 0 .800 98% 
R 0% 1 .26 0 .800 1 01 %  

2 - F  1 /2R 1 /2F 5% I 1 .00 0 .775 82% 
1 /4R 3/4F 1 2% I 1 .70 0 .763 1 45% 
1 /8R 7/8F 6% 2.05 0 .756 1 64% 
1 /1 6R 1 5/1 6F 3% 2.23 0 .753 1 73% 

3 - 1 /2R 1 /2F 3/4R 1 /4F 4% I 1 .00 0 .788 82% 
5/8R 3/8F I 8% 1 .43 0 .781  1 21 %  I I9/1 6R 7/1 6F I 8% 1 .64 0 .778 1 38% i 1 7  /32R 1 5/32F I 8% 1 .74 0 .777 1 47% 

4 - EF 1 /2R 1 /2EF 5% 1 .00 0 .825 87% 
1 /4R 3/4EF 1 2% 1 .50 0 .838 1 41 %  
1 /8R 7/8EF 6% I 1 .75 0 .844 1 56% j1 /1 6R 1 5/1 6EF 3% 1 .88 0 .847 1 63% 

5 - 1 /2R 1 /2EF 3/4R 1 /4EF 4% 1 .00 0 .81 3 84% 
5/8R 3/8EF 8% 1 .33 0 .81 9 1 1 8% 
9/1 6R 7 /16EF 8% 1 .49 0.822 1 33% 
17 /32R 1 5/32EF 8% 1 . 57 0 .823 1 40% 

6 - 1 /2R 1 /4F 1 /4EF 3/4R 1 /8F 1 /8EF 4% I 1 .00 0.800 83% 
5/8R 3/1 6F 3/1 6EF 8% 1 .38 0 .800 1 1 9% 
9/1 6R 7/32F 7/32EF I 8% 1 .56 0 .800 1 36% 

, 1 7  /32R 1 5/64F 1 5/64EF i 8% 1 .66 0 .800 1 44% 
7 - 1 /4R 1 /2F 1 /4EF I5/8R 1 /4F 1 /8EF 7% I 1 .00 0.794 85% 

7 /1 6R 3/8F 3/1 6EF I 1 6% 1 .5 1  0.791 1 39% 
1 1  /32R 7 /1 6F 7 /32EF I 1 6% 1 .77 0 .789 1 62% 
1 9/64R 1 5/32F 1 5/64EF I 1 6% 1 .90 0.788 1 74% 

8 - 1 /4R 1 /4F 1 /2EF 5/8R 1 /8F 1 /4EF ! 4% 1 .00 0 .806 84% 
7/1 6R 3/1 6F 3/8EF I 8% I 1 .46 0 .809 1 28% 
1 1  /32R 7 /32F 7 /1 6EF I 7% I 1 .69 0 .81 1 1 48% 
1 9/64R 1 5/64F 1 5/32EF I 8% I 1 .81 0 .812  1 59% 

9 - 1 /2F 1 /2EF 1 /2R 1 /4F 1 /4EF I 7% 1 .00 0 .800 85% 
1 /4R 3/8F 3/8EF 1 5% 1 .60 0 .800 1 47% 
1 /8R 7/1 6F 7/1 6EF 1 2% 1 .90 0 .800 1 70% 
1 /16R 1 5/32F 1 5/32EF 1 0% 2.05 0 .800 1 81 %  

1 0 - 1 /2R 3/8F 1 /8EF 3/4R 3/1 6F 1 /1 6EF 4% 1 .00 0.794 82% 
5/8R 9/32F 3/32EF 8% 1 .40 0.791 1 20% 
9/1 6R 21/64F 7/64EF 7% 1 .60 0.789 1 36% 
1 7/32R 45/1 28F 1 5/1 28EF 7% 1 .70 0 .788 1 44% 

1 1  - 2/3R 1 13F 5/6R 1 /6F 3% 1 .00 0.792 81 % 
3/4R 1 /4F 6% 1 .33 0 .788 1 1 1 %  
1 7/24R 7/24F 7% 1 .50 0 .785 1 26% 
1 1 /1 6R 5/1 6F 7% 1 .58 0 .784 1 33% 

1 2 - 2/3R 1 /3EF 5/6R 1 /6EF 3% 1 .00 0 .808 83% 
3/4R 1 /4EF 6% 1 .27 0.81 3 1 09% 
1 7/24R 7/24EF 7% 1 .40 0.81 5 1 22% 
1 1 /1 6R 5/1 6EF 7% 1 .47 0.8 1 6  1 28% 

1 3 - 1 /3R 2/3F 2/3R 1 /3F 4% 1 .00 0.783 82% 
1 /2R 1 /2F 1 0% 1 .52 0.775 1 29% 
5/1 2R 7/1 2F 9% 1 .78 0.771 1 49% 
3/8R 5/8F 8% 1 .90 0 .769 1 58% 
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Hogget Weaning Percentage 

1 4 - 1 /3R 2/3EF 2/3R 1 /3EF 
1 /2R 1 /2EF 

, 5/1 2R 7/1 2EF 
I3/8R 5/8EF 

1 5 - 4/7R 2/7F 1 /7EF j 1 1  /1 4R 2/1 4F 1 /1 4EF 
i 1 9/28R 3/1 4F 3/28EF 
1 35/56R 1 /4F 7 /56EF 
i 67/1 1 2R 1 5/56F 1 5/1 1 2EF 

1 6 - 4/7R 1 /7F 2/7EF :1 1 /1 4R 1/1 4F 2/1 4EF 
: 1 9/28R 3/28F 3/1 4EF 
135/36R 7/56 1 /4EF 
I 67/1 1 2R 1 5/1 12F 1 5/56EF 0 

1 7  - 2/7R 4/7F 1 /7EF 9/1 4R 2/7F 1 /1 4EF 
I1 3/28R 3/7F 3/28EF 
j 21 /56R 1 /2F 7/56EF 
I 37/1 1 2R 1 5/28F 1 5/1 1 2EF 

1 8  - 2/7R 1 /7F 4/7EF i 9/1 4R 1 /1 4F 2/7EF i 1 3/28R 3/28F 3/7EF 
i 21 /56R 7/56F 1 /2EF 
I 37/1 1 2R 1 5/1 12F 1 5/28EF 

1 9  - 1 /7R 4/7F 2/7EF I4!7R 2/7F 1 /7EF 
5/1 4R 3/7F 3/1 4EF 

I 1 /4R 1 /2F 1 /4EF 
! 1 1  /56R 1 5/28F 1 5/56EF 

20 - 1 /7R 2/7F 4/7EF 1 4/7R 1 /7F 2/7EF 
I 5/1 4R 3/1 4F 3/7EF 
j 1 /4R 1 /4F 1 /2EF 
1 1 1  /56R 1 5/56F 1 5/28EF 

21 - 3/4R 1 /8F 1 /8EF i 7/8R 1 /1 6F 1 /16EF 
i 1 3/16R 3/32F 3/32EF 
i25/32R 7/64F 7/64EF 

I I 

I 
i 
I 
I 

i 
I ! 

I 
I 

I 
I 

i 49/64R 1 5/1 28F 1 5/1 28EF i 
22 - 3/4R 1 /4F ! 7/8R 1 /8F 

\ 1 3/1 6R 3/1 6F 
I25/32R 7/32F 
149/64R 1 5/64F 

23 - 3/4R 1 /4EF I 7/8R 1 /8EF 
I 1 3/ 16R 3/1 6EF 
125/32R 7/32EF 
i49/64R 1 5/64EF 
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4% 
1 0% 
9% 
8% 
3% 
8% 
9% 
9% 
3% 
8% 
9% 
9% 
5% 
1 1 % 
1 0% 
1 0% 
5% 
1 1 % 
1 0% 
1 0% 
6% 
1 3% 
1 1 %  
1 0% 
6% 
1 3% 
1 1 %  
9% 
2% 
5% 
6% 
6% 
2% 
5% 
5% 
6% 
2% 
5% 
5% 
6% 

1 .00 0.8 1 7  85% 
1 .38 0 .825 1 26% 

I 1 .58 0.829 1 42% 
I 1 .67 0.831 1 50% 

1 .00 0.796 82% 
1 .36 0.795 1 1 6% 

I 1 .54 0.794 1 32% 
1 .63 0.793 141% 

I 1 .00 0.804 83% I 

1 . 33 0 .805 1 1 5% 
1 .49 0.806 1 3 1 %  

i 1 .58 0.807 1 38% 
1 .00 0.789 83% 

I 1 .5 1  0 .784 1 32% ' ! 1 .77 0.781 1 53% I 

I 1 .90 0.780 1 63% 
i 1 .00 0.81 1 85% 
I 1 .43 0.8 1 6  1 30% 
I 1 .64 0.81 9 1 48% 
I 1 .75 0.820 1 58% 

1 .00 0.793 84% 
I 1 .56 0.789 140% l I 1 .85 0.788 1 62% 

1 .99 0.787 173% 
1 .00 0.807 85% 
1 .51  0 .81 1 I 1 38% 
1 .76 0.8 1 3  1 59% 
1 .89 0.8 1 3  1 68% 
1 .00 0 .800 81% 
1 .26 0 .800 1 06% 
1 .39 0.800 I 1 1 8% 
1 .46 0.800 1 24% 
1 .00 0 .794 81% 
1 .29 0.791 1 06% 
1 .43 0.789  1 1 9% 
1 .50 0.788 1 25% 
1 .00 0.806 82% 
1 .24 0 .809 1 05% 
1 .36 0 .81 1 1 1 6% 
1 .42 0.81 2 1 2 1 %  



Birth Weight 

BIRTH WEIGHT 
SIRE PROGENY HETEROSIS Additive B.WT B.WT (kg) 

1 - R R 0% 4.00 4.0 
R 0% 4.00 4.0 
R 0% 4.00 4.0 
R 0% 4.00 4.0 

2 - F  1 /2R 1 /2F 1 0% 3.50 3.9 
1 /4R 3/4F 1 0% I 3 .25 3.6 
1 /8R 7/8F 5% 3 . 1 3  3.3 
1 /1 6R 1 5/1 6F 3% 3.06 3.1 

3 - 1 /2R 1 /2F 3/4R 1 /4F I 7% I 3.75 4.0 
5/8R 3/8F 1 0% 3.63 4.0 
9/1 6R 7/1 6F I 1 0% I 3.56 3.9 
17 /32R 1 5/32F 1 0% 3.53 3.9 

4 - EF 1 /2R 1 /2EF 1 0% 4.50 5.0 
1 /4R 3/4EF 1 0% 4. 75 5.2 
1 /8R 7/8EF 5% 4.88 5.1 
1 /1 6R 1 5/1 6EF I 3% i 4.94 5.1 

5 - 1 /2R 1 /2EF 3/4R 1 /4EF 7% I 4.25 4.6 
5/8R 3/8EF 1 0% I 4.38 4.8 
9/1 6R 7/1 6EF 1 0% 4.44 4.9 
1 7/32R 1 5/32EF 1 0% I 4.47 4.9 

6 - 1 /2R 1 /4F 1 /4EF 3/4R 1 /8F 1 /8EF I 7% 4.00 4.3 
5/8R 3/1 6F 3/1 6EF 1 0% 4.00 4.4 
9/1 6R 7/32F 7/32EF 1 0% I 4.00 4.4 

I 

1 7  /32R 1 5/64F 1 5/64EF 1 0% 4.00 4.4 
7 - 1 /4R 1 /2F 1 /4EF 5/8R 1 /4F 1 /8EF 1 2% 3.88 4.3 

7/1 6R 3/8F 3/1 6EF 1 8% 3.81 4.5 
1 1  /32R 7 /1 6F 7 /32EF 1 8% 3.78 4.5 
1 9/64R 1 5/32F 1 5/64EF 1 8% 3.77 4.4 

8 - 1 /4R 1 /4F 1 /2EF I 5/8R 1 /8F 1 /4EF 7% 4 . 1 3 4.4 
7/1 6R 3/1 6F 3/8EF 1 0% 4. 1 9  4.6 
1 1 /32R 7 /32F 7/1 6EF 1 0% 4.22 4.6 
1 9/64R 1 5/64F 1 5/32EF 1 0% 4.23 4.6 

9 - 1 /2F 1 /2EF 1 /2R 1 /4F 1 /4EF 1 2% 4.00 4.5 
1 /4R 3/8F 3/8EF 1 5% 4.00 4.6 
1 /8R 7/1 6F 711 6EF 1 2% 4.00 4.5 
1 /1 6R 1 5/32F 1 5/32EF 1 1 %  4.00 4.4 

1 0 - 1 /2R 3/8F 1 /8EF 3/4R 3/1 6F 1 /1 6EF 7% 3.88 4.1 
5/8R 9/32F 3/32EF 9% 3.81 4.2 
9/1 6R 21/64F 7/64EF 8% 3 .78 4.1 
1 7/32R 45/1 28F 1 5/1 28EF 8% 3.77 4.1 

1 1  - 2/3R 1 /3F 5/6R 1 /6F 5% 3.83 4.0 
3/4R 1 /4F 7% 3.75 4.0 
1 7/24R 7/24F 8% 3.71 4.0 
1 1 /1 6R 5/1 6F 8% 3.69 4.0 

1 2 - 2/3R 1 /3EF 5/6R 1 /6EF 5% 4 . 1 7  4.4 
3/4R 1 /4EF 7% 4.25 4.5 
1 7  /24R 7/24EF 8% 4.29 4.6 
1 1 /1 6R 5/1 6EF 8% 4.31 4.7 

1 3 - 1 /3R 2/3F 2/3R 1 /3F 8% 3.67 4.0 
1 /2R 1 /2F 1 1 %  3.50 3.9 
5/1 2R 7/1 2F 9% 3.42 3.7 
3/8R 5/8F 9% 3.38 3.7 
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Birth Weight 

1 4 - 1 /3R 2/3EF 2/3R 1 /3EF 8% 4.33 4.7 
1 /2R 1 /2EF 1 1 %  4 .50 5.0 
5/1 2R 7/1 2EF I 9% 4.58 5.0 
3/8R 5/8EF I 9% 4.63 5.0 I 

1 5 - 4nR 2/7F 1nEF 1 1 /1 4R 2/1 4F 1 / 14EF 6% 3.93 4.2 
1 9/28R 3/1 4F 3/28EF 9% 3.89 4.2 
35/56R 1 /4F 7/56EF 1 0% 3.88 4.3 
67/1 1 2R 1 5/56F 1 5/1 1 2EF i 1 0% 3.87 4.3 

1 6 - 4nR 1nF 2/7EF 1 1 /1 4R 1 /1 4F 2/1 4EF t 6% 4.07 4.3 
1 9/28R 3/28F 3/14EF 9% 4. 1 1  4.5 
35/36R 7/56 1 /4EF 1 0% 4 . 1 3  4.5 
67/1 1 2R 1 5/1 1 2F 1 5/56EF I 1 0% I 4 . 13  4.6 

1 7  - 2/7R 4/7F 1 nEF 9/1 4R 2/7F 1 /1 4EF I 9% 3.79 4.1 
1 3/28R 3nF 3/28EF J 1 2% 3.68 4.1 
2 1 /56R 1 /2F 7/56EF I 1 1 % 3.63 4.0 I 

37/1 1 2R 1 5/28F 1 5/1 1 2EF I 1 1 % 3 .60 4.0 
1 8 - 2/7R 1nF 4nEF 9/1 4R 1 /1 4F 2/7EF i 9% 4.21 4.6 

1 3/28R 3/28F 3nEF I 1 2% 4.32 4.8 
2 1 /56R 7/56F 1 /2EF I 1 1 % 4 .38 I 4.9 I I 

37/1 1 2R 1 5/1 1 2F 1 5/28EF I 1 1 % 4.40 I 4.9 
1 9 - 1 nR 4nF 2/7EF l 4nR 2/7F 1 nEF 1 0% 3.86 4.3 

5/1 4R 3nF 3/1 4EF 1 4% 3.79 4.3 
1 /4R 1 /2F 1 /4EF I 1 2% 3.75 4.2 I 

1 1 /56R 1 5/28F 1 5/56EF i 1 1 % 3.73 4.2 
20 - 1 nR 2/7F 4nEF 4nR 1 nF 2/7EF I 1 0% 4 . 14  4.6 

5/1 4R 3/1 4F 3nEF I 1 4% 4.21 4.8 I 

1 /4R 1 /4F 1 /2EF ! 1 2% 4.25 4.8 
1 1 /56R 1 5/56F 1 5/28EF I 1 1 % 4.27 4.7 

21 - 3/4R 1 /8F 1 /8EF 7/8R 1 /16F 1 /1 6EF 3% 4.00 4.1 
1 3/16R 3/32F 3/32EF I 5% 4.00 4.2 I 

25/32R 7/64F 7/64EF i 6% 4.00 4.3 
49/64R 1 5/1 28F 1 5/1 28EF I 7% 4.00 4.3 

22 - 3/4R 1 /4F 7/SR 1 /8F 4% 3.88 4.0 
1 3/16R 3/1 6F I 5% 3.81 4.0 
25/32R 7/32F 6% 3.78 4.0 
49/64R 1 5/64F I 6% 3.77 4.0 

23 - 3/4R 1 /4EF 7/SR 1 /8EF 4% 4. 1 3  4.3 
1 3/1 6R 3/1 6EF 5% 4. 1 9  4.4 
25/32R 7/32EF 6% 4.22 4.5 
49/64R 1 5/64EF I 6% 4 .23 4.5 
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Weaning Weight 

WEANING WEIGHT 
SIRE PROGENY HETEROSIS Additive W.WT W.WT (kg) 

1 - R R 0% 22.50 22.5 
R 0% 23.75 23.8 
R 0% 24.38 24.4 
R 0% 24.69 24.7 

2 - F  \1 12R 1/2F 1 5% 23.00 26.5 
1 /4R 3/4F 23% 24.50 30.0 
1 /8R 7/8F 1 1 % 25.25 28.0 
1 /1 6R 1 5/16F 5% 25.63 27.0 

3 - 1 /2R 1 /2F 3/4R 1/4F 1 0% 22.75 24.9 
5/8R 3/8F 1 7% 24. 1 3  28.3 
9/1 6R 7/1 6F 1 7% 24.81 29.1 
1 7/32R 1 5/32F 1 7% 25. 1 6  29.5 

4 - EF 1 /2R 1/2EF 1 5% 27.50 31 .6 
1 /4R 3/4EF 23% 31 .25 38.3 
1 /8R 7/8EF 1 1 % 33. 1 3  36.8 
1 /1 6R 1 5/16EF I 5% 34.06 35.9 

5 - 1 /2R 1 /2EF 3/4R 1/4EF 1 0% 25.00 27.4 
5/8R 3/8EF 1 7% 27.50 32.3 
9/1 6R 7 /1 6EF 1 7% 28.75 33.7 
1 7  /32R 1 5/32EF 1 7% 29.38 34.5 

6 - 1 /2R 1 /4F 1 /4EF 3/4R 1/8F 1 /8EF 1 0% 23.88 26.2 
5/8R 3/1 6F 3/1 6EF 1 7% 25.81 30.3 
9/1 6R 7/32F 7/32EF 1 7% 26.78 31 .4 
1 7  /32R 1 5/64F 1 5/64EF 1 7% 27.27 32.0 

7 - 1 /4R 1 /2F 1 /4EF \518R 1/4F 1 /8EF 1 7% 24.00 28.2 
1 7 /1 6R 3/8F 3/1 6EF I 34% 26.00 34.8 
1 1  /32R 7 /1 6F 7 /32EF 34% 27.00 36.1 
1 9/64R 1 5/32F 1 5/64EF 34% 27.50 36.8 

8 - 1 /4R 1 /4F 1 /2EF 5/8R 1 /8F 1 /4EF I 1 0% 25. 1 3  27.5 
7/1 6R 3/1 6F 3/8EF 1 7% 27.69 32.5 
1 1  /32R 7 /32F 7 /1 6EF 1 7% 28.97 34.0 
1 9/64R 1 5/64F 1 5/32EF 1 7% 29.61 34.7 

9 - 1 /2F 1 /2EF 1 /2R 1 /4F 1 /4EF 1 7% 25.25 29.6 
1 /4R 3/8F 3/8EF 29% 27.88 36.1 
1 /8R 7/1 6F 7/1 6EF 23% 29. 1 9  36.0 
1 / 1 6R 1 5/32F 1 5/32EF 20% 29.84 35.9 

1 0 - 1 /2R 3/8F 1 /8EF 3/4R 3/1 6F 1 /1 6EF 9% 23.31 25.5 
5/8R 9/32F 3/32EF 1 6% 24.97 29.0 
9/1 6R 21 /64F 7/64EF 1 5% 25.80 29.7 
1 7/32R 45/1 28F 1 5/1 28EF 1 4% 26.21 30.0 

1 1  - 2/3R 1 /3F 5/6R 1 /6F 6% 22.67 24.1 
3/4R 1/4F 1 2% 24.00 26.9 
1 7/24R 7 /24F 1 4% 24.67 28.0 
1 1 /1 6R 5/16F 1 4% 25.00 28.5 

1 2 - 2/3R 1 /3EF 5/6R 1 /6EF 6% 24. 1 7  25.7 
3/4R 1 /4EF 1 2% 26.25 29.5 
1 7  /24R 7 /24EF 1 4% 27.29 31 .0 
1 1 /1 6R 5/1 6EF 1 4% 27.81 31 .8 

1 3 - 1 /3R 2/3F 2/3R 1 /3F 1 1 % 22.83 25.5 
1 /2R 1 /2F 20% 24.25 29.1 
S/1 2R 7/12F 1 7% 24.96 29.3 
3/8R 5/SF 1 6% 25.31 29.4 
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Weaning Weight 

1 4 - 1 /3R 2/3EF 2/3R 1 /3EF 1 1 %  I 25.83 28.8 
1 /2R 1 /2EF 20% I 28.75 34.5 
5/1 2 R  7/1 2EF 1 7% I 30.21 35.5 I 
3/8R 5/8EF 1 6% I 30.94 35.9 i 

1 5 - 4nR 2nF 1 /7EF 1 1 /1 4R 2/1 4F 1 / 14EF 8% I 23.36 25.3 
1 9/28 R  3/1 4F 3/28EF 1 6% I 25.04 29.0 
35/56R 1 /4F 7/56EF 1 8% I 25.88 30.4 I 

67/1 1 2R 1 5/56F 1 5/1 1 2EF 1 8% i 26.29 31 . 1  I 

1 6 - 4nR 1 nF 2nEF 1 1 /1 4 R  1/14F 2/1 4EF 8% I 24.00 26.0 
1 9/28 R  3/28F 3/1 4EF 1 6% i 26.00 30.1 
35/36R 7/56 1 /4EF 1 8% I 27.00 31 .7 

1 67/1 1 2R 1 5/1 1 2F 1 5/56EF 1 8% I 27.50 32.6 
1 7 - 2nR 4/7F 1nEF 9/1 4R 2nF 1/1 4EF 1 3% 23.50 26.5 

1 3/28R 3nF 3/28EF 23% ' 25.25 31 .0 
21 /56R 1 /2F 7/56EF 2 1 %  26. 1 3  31 .6 
37/1 1 2R 1 5/28F 1 5/1 1 2EF I 20% I 26.56 31 .9 

1 8 - 2nR 1nF 4nEF 9/1 4R 1 /1 4F 2nEF 1 3% 25.43 28.6 
1 3/28R 3/28F 3nEF 23% 28. 1 4  34.5 
21 /56R 7/56F 1 /2EF 

' 
2 1 %  29.50 35.7 

37/1 1 2R 1 5/1 1 2F 1 5/28EF 20% 30. 1 8 36.3 
1 9  - 1 nR 4nF 2nEF 4nR 2.17F 1 nEF I 1 5% 24.21 27.8 

5/1 4R 3nF 3/1 4EF 26% I 26.32 33.2 
1 /4R 1 /2F 1 /4EF 23% 27.38 33.6 
1 1 /56R 1 5/28F 1 5/56EF 21 % 27.90 33.8 

20 - 1 nR 2nF 4nEF 4nR 1 nF 2nEF 1 5% 25.50 29.3 
5/1 4R 3/1 4F 3nEF 26% 28.25 35.6 
1 /4R 1 /4F 1 /2EF 23% I 29.63 36.3 
1 1 /56R 1 5/56F 1 5/28EF I 1 9% : 30.31 36.2 

21 - 3/4R 1 /8F 1 /8EF 7/8R 1 /1 6F 1 /1 6EF ! 5% ' 23. 1 9  24.3 
1 3/16R 3/32F 3/32EF 1 0% i 24.78 27.1 
25/32R 7/64F 7/64EF 1 1 % 25.58 28.5 
49/64R 1 5/1 28F 1 5/1 28EF 1 2% i 25.98 29.2 

22 - 3/4R 1 /4F 7/8R 1 /BF 5% I 22.63 23.7 
1 3/1 6 R  3/16F 9% : 23.94 26.2 
25/32R 7/32F 1 1 % ' 24.59 27.3 I 

49/64R 1 5/64F 1 2% ! 24.92 27.8 
23 - 3/4R 1 /4EF 7/8R 1 /BEF 5% ; 

23.75 24.9 
1 3/1 6R 3/1 6EF 9% I 25.63 28.0 
25/32R 7/32EF 1 1 %  I 26.56 29.4 
49/64R 1 5/64EF 1 2% I 27.03 30.2 
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Slaughter Weight 

SLAUGHTER WEIGHT. 
SIRE PROGENY HETEROSIS Additive S.WT S.WT (kg) 

1 - R R 0% I 28.0 28.0 
R 0% I 28.5 28.5 
R 0% 28.8 28.8 
R 0% i 28.9 28.9 

2 - F  1 /2R 1 /2F 25% I 29.5 36.9 
1 /4R 3/4F 1 8% I 30.8 36.3 i 

1 /8R 7/8F 9% I 31 .4 34.2 
1 /1 6R 1 5/1 6F 4% I 31 .7 33.1 I 

3 - 1 /2R 1 /2F 3/4R 1 /4F 1 5% 28.8 33.0 
5/8R 3/8F 1 8% 29.6 34.8 
9/1 6R 7/1 6F  1 8% ! 30.1 35.4 
1 7  /32R 1 5/32F 1 8% I 30.3 35 .6 

4 - EF 1 /2R 1 /2EF I 25% I 31 .0 38.8 
1 /4R 3/4EF 1 8% ! 33.0 39.0 
1 /8R 7/8EF 9% i 34.0 I 37.0 
1 / 16R 1 5/1 6EF 4% ' 34.5 I 36.0 

5 - 1 /2R 1 /2EF 3/4R 1 /4EF 1 5% I 29.5 I 33.9 I 

5/8R 3/8EF 1 8% 
I 

30.8 36 .2 
9/1 6R 7/1 6EF 1 8% I 31 .4 36.9 I 
1 7  /32R 1 5/32EF I 1 8% ' 31 .7 ! 37.3 

6 - 1 /2R 1 /4F 1 /4EF 3/4R 1 /8F 1 /8EF 1 5% I 29. 1 I 33.4 I 

5/8R 3/1 6F 3/1 6EF 1 8% ! 30.2 I 35.5 
9/1 6R 7/32F 7/32EF 1 8% 30.7 36.1 
1 7/32R 1 5/64F 1 5/64EF 1 8% I 31 .0 36.4 

7 - 1 /4R 1 /2F 1 /4EF 5/8R 1 /4F 1 /8EF 28% I 29.5 37.6 I 

7/1 6R 3/8F 3/1 6EF 34% ! 30.8 41 .2 
1 1  /32R 7 /1 6F  7 /32EF 34% I 31 .4 42.0 
1 9/64R 1 5/32F 1 5/64EF 34% I 31 .7 42.4 

8 - 1 /4R 1 /4F 1 /2EF 5/8R 1 /8F 1 /4EF 1 5% 29.9 34.3 
7 /1 6R 3/1 6F  3/8EF 1 8% I 31 .3 36.8 I 

1 1 /32R 7/32F 7/16EF 1 8% � 32.0 37.7 
1 9/64R 1 5/64F 1 5/32EF 1 8% ! 32.4 38.1 

9 - 1 /2F 1 /2EF 1 /2R 1 /4F 1 /4EF 28% I 30.3 38.6 
1 /4R 3/8F 3/8EF 27% I 31 .9 40.5 I 
1 /8R 7/1 6F 7/1 6EF 22% i 32.7 40.0 
1 /1 6R 1 5/32F 1 5/32EF 20% 33. 1  39.7 

1 0 - 1 /2R 3/8F 1 /8EF 3/4R 3/1 6F 1 /1 6EF 14% 28.9 33.1 
5/8R 9/32F 3/32EF 1 6% 29.9 34.7 
9/1 6R 21 /64F 7/64EF 1 5% 30.4 35.0 
1 7/32R 45/1 28F 1 5/1 28EF 1 5% I 30.6 35.1 

1 1  - 2/3R 1 /3F 5/6R 1 /6F 1 0% 28.5 31 .3 
3/4R 1 /4F 1 3% 29.3 33.1 
17 /24R 7/24F 14% 29.6 33.8 
1 1 11 6R 5/16F  1 5% I 29.8 34.2 

1 2 - 2/3R 1 /3EF 5/6R 1 /6EF 1 0% I 29.0 31 .8 
3/4R 1 /4EF 1 3% 30.0 33.9 
1 7  /24R 7 /24EF 14% 30.5 34.8 
1 1 /1 6R 5/1 6EF 1 5% 30.8 35.2 

1 3 - 1 /3R 2/3F 2/3R 1 /3F 1 8% 29.0 34.3 
1 /2R 1 /2F 1 9% 30.0 35.8 
5/1 2R 7/1 2F 1 7% 30.5 35.7 
3/8R 5/8F 1 6% 30.8 35.7 
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Slaughter Weight 

1 4 - 1 /3R 2/3EF 2/3R 1 /3EF 1 8% 30.0 35.5 
1 /2R 1 /2EF 1 9% 31 .5 37.6 
5/1 2R 7/1 2EF 1 7% 32.3 37.8 
3/8R 5/8EF 1 6% 32.6 37.9 

1 5  - 4/7R 217F 1 /7EF 1 1 /1 4R 2/1 4F 1 /1 4EF 1 3% 28.9 32.5 
1 9/28R 3/1 4F 3/28EF 1 7% 29.8 34.8 
35/56R 1 /4F 7/56EF 1 8% 30.3 35.8 
67/1 1 2R 1 5/56F 1 5/1 1 2EF I 1 9% 30.5 36.2 

1 6 - 4/7R 1nF 2/7EF 1 1 /1 4R 1 /1 4F 2/1 4EF 1 3% 29.1 32.7 
1 9/28R 3/28F 3/1 4EF 1 7% 30. 1 35.2 
35/36R 7/56 1 /4EF 1 8% 30.6 36.2 
67/1 1 2R 1 5/1 1 2F 1 5/56EF 1 9% I 30.9 I 36.7 I 

1 7 - 2/7R 4nF 1 /7EF 9/1 4R 2/7F 1 /1 4EF 20% I 29.3 35.1 
1 3/28R 3nF 3/28EF I 22% I 30.4 37.2 
21 /56R 1 /2F 7/56EF 21% 31 .0 37.5 
37/1 1 2R 1 5/28F 1 5/1 1 2EF I 20% i 31 .3 37.6 

1 8 - 2/7R 1 nF 4/7EF 9/1 4R 1 /1 4F 2/7EF 20% 29.9 i 35.9 
1 3/28R 3/28F 3/7EF 22% ' 31 .4 38.4 
21 /56R 7/56F 1 /2EF I 21% I 32. 1  I 38.8 
37/1 1 2R 1 5/1 1 2F 1 5/28EF : 20% I 32.5  i 39.1 

I 

1 9 - 1 /7R 4nF 2/7EF 4/7R 2/7F 1 /7EF ! 24% 29.7 I 36.7 
5/1 4R 3/7F 3/1 4EF 25% I 31 . 1  I 

38.8 i 
1 /4R 1 /2F 1 /4EF 22% I 31 .8 l 38.8 
1 1 /56R 1 5/28F 1 5/56EF I 2 1 %  ! 32. 1  I 38.8 

20 - 1 /7R 2nF 4/7EF 4/7R 1 /7F 2/7EF ! 24% I 30.1 37.2 I 
5/1 4R 3/1 4F 3/7EF i 25% 31 .7 39.6 
1 /4R 1 /4F 1 /2EF I 22% I 32.5 39.7 
1 1 /56R 1 5/56F 1 5/28EF 20% I 32.9 39.6 I 

21 - 3/4R 1 /8F 1 /8EF 7/8R 1 /1 6F 1 /1 6EF 7% 28.6 30.6 
1 3/1 6R 3/32F 3/32EF I 1 1 % 29.3 32.4 
25/32R 7/64F 7/64EF 1 2% 29.7 I 33.3 I 
49/64R 1 5/1 28F 1 5/1 28EF 1 3% 29.9 I 33.7 

22 - 3/4R 1 /4F 7/8R 1 /8F i 7% I 28.4 30.4 
1 3/1 6R 3/1 6F I 1 0% 29.1  32.0 I 
25/32R 7/32F 1 1 % 29.4 32.8 
49/64R 1 5/64F 1 2% 29.6 I 33.1 

23 - 3/4R 1 /4EF 7/8R 1 /8EF 7% 28.8 30.9 
1 3/16R 3/1 6EF I 1 0% 29.6 32.7 
25/32R 7/32EF 1 1 % 30. 1  33.5 
49/64R 1 5/64EF 1 2% 30.3 33.9 
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Hogget Live Weight 

HOGGET LIVEWEIGHT. 
SIRE PROGENY HETEROSIS Additive H.WT H.WT (kg) 

1 - R R 0% 43.0 
' 

43.0 
R 0% 44.5 I 44.5 
R 0% 45.3 45.3 
R 0% 45.6 45.6 

2 - F  1 /2R 1 /2F 1 8% 43.0 50.7 
1 /4R 3/4F 1 4% 44.5 50.9 
1 /8R 7/8F 7% 45.3 48.5 
1 /1 6R 1 5/1 6F 4% 45.6 47.2 

3 - 1 /2R 1 /2F 3/4R 1 /4F I 1 1 % 43.0 I 47.8 
5/8R 3/8F 14% 44.5 50.7 
9/1 6R 7/1 6F 14% 45.3 i 51 .6 
17 /32R 1 5/32F 14% 45.6 j 52.0 

4 - EF 1 /2R 1 /2EF 1 8% 52.5 I 62.0 
1 /4R 3/4EF 1 4% 58.8 67.2 
1 /8R 7/8EF 7% 61 .9 i 66.3 
1 /1 6R 1 5/1 6EF 4% 63.4 ! 65.7 

5 - 1 /2R 1 /2EF 3/4R 1 /4EF 1 1 %  47.8 I 53.1 
5/8R 3/8EF 1 4% 51 .6 I 58.8 
9/1 6R 7/1 6EF 1 4% 53.6 61 .0 
1 7/32R 1 5/32EF 1 4% l 54.5 I 62.1 

6 - 1 /2R 1 /4F 1 /4EF 3/4R 1 /8F 1 /8EF 1 1 % 45.4 I 50.4 
5/8R 3/1 6F 3/1 6EF 1 4% 48. 1 I 54.8 
9/1 6R 7/32F 7/32EF 1 4% 49.4 l 56.3 
17 /32R 1 5/64F 1 5/64EF 1 4% 50.1 I 57.1 

7 - 1 /4R 1 /2F 1 /4EF 5/8R 1 /4F 1 /8EF I 20% 45.4 i 54.6 
7 /1 6R 3/8F 3/1 6EF 26% 48.1 ! 60.7 
1 1 /32R 7/1 6F 7/32EF 26% 49.4 I 62.4 
1 9/64R 1 5/32F 1 5/64EF 26% I 50. 1  63.3 

8 - 1 /4R 1/4F 1 /2EF 5/8R 1 /SF 1 /4EF 1 1 %  47.8 I 53.1 
7/1 6R 3/1 6F 3/8EF 1 4% 51 .6 i 58.8 
1 1  /32R 7 /32F 7 /1 6EF 1 4% 53.6 61 .0 
1 9/64R 1 5/64F 1 5/32EF 1 4% 54.5 62.1 

9 - 1 /2F 1 /2EF 1 /2R 1 /4F 1 /4EF 20% 47.8 I 57.5 I 

1 /4R 3/8F 3/8EF 22% 51 .6 I 62.8 
1 /8R 7 /1 6F 7 /1 6EF 1 8% 53.6 63.1 
1 /1 6R 1 5/32F 1 5/32EF 1 6% 54.5 63.2 

1 0 - 1 /2R 3/8F 1 /8EF 3/4R 3/16F 1 /1 6EF 1 1 % 44.2 48.9 
5/8R 9/32F 3/32EF 1 3% 46.3 52.1 
9/1 6R 21164F 7/64EF 1 2% 47.3 53.0 
17 /32R 45/1 28F 1 5/1 28EF 1 2% 47.9 53.4 

1 1  - 2/3R 1 /3F 5/6R 1 /6F 7% 43.0 46.2 
3/4R 1 /4F 1 0% 44.5 49.1 
1 7  /24R 7/24F 1 1 % 45.3 50.3 
1 1 /16R 5/1 6F 1 1 % 45.6 50.9 

1 2 - 2/3R 1 /3EF 5/6R 1 /6EF 7% 46.2 49.6 
3/4R 1 /4EF 1 0% 49.3 54.3 
1 7/24R 7/24EF 1 1 %  50.8 56.4 
1 1 /1 6R 5/1 6EF 1 1 %  51 .6 57.5 

1 3 - 1 /3R 2/3F 2/3R 1 /3F 1 4% 43.0 48.8 
1 /2R 1 /2F 1 5% 44.5 51 .3 
5/1 2R 7/1 2F 1 4% 45.3 51 .4 
3/8R 5/8F 1 3% 45.6 51 .4 
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Hogget Live Weight 

1 4 - 1 /3R 2/3EF 2/3R 1 /3EF 1 4% 49.3 56.0 
1 /2R 1 /2EF 1 5% 54.0 62.2 
5/1 2R 7/12EF 1 4% 56.3 64.0 
3/8R 5/8EF 1 3% 57.5 64.8 

1 5  - 4/7R 2/7F 1 /7EF 1 1 /1 4R 2/1 4F 1 /1 4EF I 1 0% 44.4 ! 48.6 
1 9/28R 3/1 4F 3/28EF I 1 3% 46.5 52.7 
35/56R 1 /4F 7/56EF 1 4% I 47.6 54.4 
67 /1 1 2R 1 5/56F 1 5/1 1 2EF 1 5% : 48.2 I 55.3 

16 - 4/7R 1 /7F 217EF 1 1 /1 4R 1 /1 4F 2/1 4EF 1 0% ! 45.7 I 50.1 
1 9/28R 3/28F 3/1 4EF 1 3% i 48.6 55.0 
35/36R 7/56 1 /4EF 1 4% ! 50.0 57.2 
67 /1 1 2 R  1 5/1 1 2F 1 5/56EF 1 5% I 50.7 58.2 

1 7 - 217R 4/7F 1 /7EF 9/1 4R 2/7F 1 /1 4EF 1 5% I 44.4 I 50.9 
1 3/28R 3/7F 3/28EF 1 8% I 46.5 I 54.7 I 

21 /56R 1 /2F 7/56EF I 1 6% I 47.6 55.5 I 
37 /1 1 2R 1 5/28F 1 5/1 1 2EF 1 6% I 48.2 55.8 

18 - 217R 1 /7F 4/7EF 9/1 4R 1 /1 4F 217EF 1 5% I 48.4 I 55.6 I 

1 3/28R 3/28F 3/7EF 1 8% 52.6 61 .9 
21 /56R 7/56F 1 /2EF 1 6% 54.8 63.8 
37/1 1 2 R  1 5/1 1 2F 1 5/28EF 1 6% i 55.8 ! 64.7 

1 9  - 1 /7R 4/7F 217EF 4/7R 2/7F 1/7EF 1 7% 45.7 53.7 
5/1 4R 3/7F 3/1 4EF i 20% I 48.6 I 58.1 
1 /4R 1 /2F 1 /4EF 1 8% 50.0 I 58.8 
1 1 /56R 1 5/28F 1 5/56EF 1 6% 50.7 I 59.1 

20 - 1/7R 217F 4/7EF 4/7R 1 /7F 217EF 1 7% i 48.4 I 56.9 : 

5/1 4R 3/1 4F 3/7EF 20% ! 52.6 63.0 
1 /4R 1 /4F 1 /2EF 1 8% 54.8 I 64.4 
1 1 /56R 1 5/56F 1 5/28EF 1 6% I 55.8 i 64.7 ' 

21 - 3/4R 1 /8F 1 /8EF 7/8R 1 / 1 6F 1 /1 6EF 5% ' 44.2 46.6 
1 3/1 6R 3/32F 3/32EF 8% I 46.3 I 50.1 
25/32R 7/64F 7/64EF 9% ! 47.3 51 .7 
49/64R 1 5/1 28F 1 5/1 28EF 1 0% ! 47.9  52.6 

22 - 3/4R 1 /4F 7/8R 1 /8F 6% I 43.0 45.4 I 

1 3/1 6R 3/1 6F 8% 44.5 48.1 
25/32R 7 /32F 9% ! 45.3 49.3 
49/64R 1 5/64F 9% 45.6 I 49.9 

23 - 3/4R 1 /4EF 7/8R 1 /8EF 6% 45.4 47.9 
1 3/1 6R 3/16EF 8% 48. 1  51 .9 
25/32R 7 /32EF 9% 49.4 53.8 
49/64R 1 5/64EF 9% 50. 1  54.8 

Page 2 



Ewe Live Weight 

EWE LIVEWEJGHT 
SIRE PROGENY HETEROSIS Additive E.WT E.WT (kg) 

1 - R R 0% 56.5 56.5 
R 0% 57.3 57.3 
R 0% 57.6 57.6 
R 0% 57.8 57.8 

2 - F  1 /2R 1 /2F  1 8% 56.5 66.7 
1 /4R 3/4F 1 4% 57.3 65.5 
1 /8R 7/8F 7% 57.6 61 .7 
1 /1 6R 1 5/ 16F 4% 57.8 59.9 

3 - 1/2R 1 /2F 3/4R 1 /4F 1 1 % 56.5 62.8 
5/8R 3/8F 1 4% I 57.3 65.2 
9/1 6R 7/1 6F 1 4% 57.6 65.7 
1 7/32R 1 5/32F 1 4% 57.8 65.9 

4 - EF 1 /2R 1 /2EF 1 8% 67.5 79.7 
1 /4R 3/4EF 1 4% 73.8 84.4 
1 /8R 7/8EF 7% 76.9 I 82.3 
1 /1 6R 1 5/1 6EF I 4% 78.4 81 .2 

5 - 1 /2R 1 /2EF 3/4R 1 /4EF l 1 1 %  62.0 I 68.9 
5/8R 3/8EF 1 4% 65.5 74.6 
9/1 6R 7 /1 6EF 1 4% 67.3 76.6 
1 7/32R 1 5/32EF I 1 4% I 68. 1 77.6 

6 - 1 /2R 1 /4F 1 /4EF 3/4R 1 /8F 1 /8EF I 1 1 %  ' 59.3 65.9 
5/8R 3/1 6F 3/1 6EF 1 4% 61 .4 69.9 
9/1 6R 7/32F 7 /32EF I 1 4% 62.4 71 .2 
1 7/32R 1 5/64F 1 5/64EF 1 4% 63.0 71 .8 

7 - 1 /4R 1 /2F 1 /4EF 5/8R 1 /4F 1 /8EF 20% 59.3 71 .3 
7/1 6R 3/8F 3/1 6EF 26% 61 .4 77.6 
1 1 /32R 7 /1 6F 7 /32EF ' 26% I 62.4 78.9 I 
1 9/64R 1 5/32F 1 5/64EF 26% I 63.0 79.6 

8 - 1 /4R 1 /4F 1 /2EF 5/8R 1 /8F 1 /4EF 1 1 % 62.0 I 68.9 I 
7 /16R 3/1 6F  3/8EF 1 4% 65.5 74.6 
1 1  /32R 7 /32F 7/1 6EF 1 4% 67.3 76.6 
1 9/64R 1 5/64F 1 5/32EF 1 4% 68. 1  77.6 

9 - 1 /2F 1 /2EF 1 /2R 1 /4F  1 /4EF 20% 62.0 74.6 
1 /4R 3/8F 3/8EF 22% 65.5 79.6 
1 /8R 7/1 6F  7/1 6EF 1 8% I 67.3 79.2 
1 /1 6R 1 5/32F 1 5/32EF 1 6% 68.1 78.9 

1 0 - 1 /2R 3/8F 1 /8EF 3/4R 3/1 6F 1 /1 6EF 1 1 %  57.9 64.1  
5/8R 9/32F 3/32EF 1 3% 59.3 66.8 
9/1 6R 21 /64F 7/64EF 1 2% 60.0 67.2 
1 7/32R 45/1 28F 1 5/1 28EF 1 2% €:.4 67.4 

1 1  - 2/3R 1 /3F 5/6R 1 /6F 7% 56.5 60.7 
3/4R 1 /4F 1 0% 57.3 63.1 
1 7/24R 7 /24F 1 1 %  I 57.6 64.0 
1 1 /1 6R 5/1 6F 1 1 % 57.8 64.4 

1 2 - 2/3R 1 /3EF 5/6R 1 /6EF 7% 60.2 64.6 
3/4R 1 /4EF 1 0% 62.8 69.2 
1 7/24R 7 /24EF 1 1 % 64.0 71 .1 
1 1 /1 6R 5/1 6EF 1 1 % 64.7 72.1 

1 3 - 1 /3R 2/3F 2/3R 1 /3F 1 4% 56.5  64.1  
1 /2R 1 /2F  1 5% 57.3 65.9 
5/1 2R 7/1 2F  1 4% 57.6 65.4 
3/8R 5/8F 1 3% 57.8 65.2 
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Ewe Live Weight 

1 4 - 1 /3R 2/3EF 2/3R 1 /3EF 1 4% 63.8  72.5 
1 /2R 1 /2EF 1 5% 68.3 78.6 
5/1 2R 7/1 2EF 1 4% 70.5 80.0 
3/8R 5/8EF 1 3% 71 .6 80.7 

1 5 - 4nR 2nF 1 nEF 1 1 /1 4R 2/14F 1 /1 4EF 1 0% I 58. 1 63.6 
1 9/28R 3/14F 3/28EF 1 3% I 59.6 67.5 
35/56R 1 /4F 7/56EF 1 4% 60.4 69.0 
67/1 1 2R 1 5/56F 1 5/1 1 2EF 1 5% 60.8 69.8 

1 6 - 4nR 1 nF 2nEF 1 1 /1 4R 1 /1 4F 2/1 4EF 1 0% I 59.6 65.3 
1 9/28R 3/28F 3/1 4EF 1 3% 62.0 70.2 
35/36R 7/56 1 /4EF 1 4% 63. 1 72.2 
67/1 1 2R 1 5/1 1 2F 1 5/56EF 1 5% I 63.7 73.2 

1 7 - 2nR 4nF 1 nEF 9/1 4R 217F 1 /1 4EF I 1 5% I 58. 1 66.7 
1 3/28R 3nF 3/28EF 1 8% 59.6 70.1 
21 /56R 1 /2F 7/56EF 1 6% 60.4 70.3 
37/1 1 2R 1 5/28F 1 5/1 1 2EF 1 6% I 60.8 70.4 

1 8 - 2nR 1 nF 4nEF 9/1 4R 1 /1 4F 2nEF 1 5% 62.8 72.1 
1 3/28R 3/28F 3nEF 1 8% 66.7 78.4 
21 /56R 7/56F 1 /2EF 1 6% 68.6 I 79.9 
37/1 1 2R 1 5/1 1 2F 1 5/28EF 1 6% 69.6 80.7 

1 9 - 1nR 4nF 2nEF 4nR 2nF 1nEF 1 7% 59.6 70.0 
5/1 4R 3nF 3/1 4EF 20% 62.0 74.2 
1 /4R 1 /2F  1 /4EF I 1 8% 63. 1 I 74.2 
1 1 /56R 1 5/28F 1 5/56EF I 1 6% 63.7 74.2 

20 - 1nR 2nF 4nEF 4nR 1 nF 2nEF 1 7% ! 62.8 73.7 
5/1 4R 3/1 4F 3nEF 20% I 66.7 79.8 
1 /4R 1 /4F 1 /2EF 1 8% I 68.6 80.7 
1 1 /56R 1 5/56F 1 5/28EF 1 6% 69.6 80.6 

21 - 3/4R 1 /8F 1 /8EF 7/8R 1 /1 6F 1 /1 6EF 5% 57.9 61 .0 
1 3/1 6R 3/32F 3/32EF 8% ! 59.3 64.2 
25/32R 7/64F 7 /64EF 9% I 60.0 65.6 I 
49/64R 1 5/1 28F 1 5/1 28EF 1 0% i 60.4 66.4 I 

22 - 3/4R 1 /4F 7/8R 1 /8F I 6% I 56.5 59.6 
1 3/1 6R 3/1 6F 8% I 57.3 61 .8 
25/32R 7/32F 9% 57.6 62.8 
49/64R 1 5/64F 9% I 57.8 63.2 

23 - 3/4R 1 /4EF 7/8R 1 /8EF 6% 59.3 62.5 
1 3/1 6R 3/1 6EF 8% 61 .4 66.3 
25/32R 7/32EF 9% 62.4 68.0 
49/64R 1 5/64EF 9% 63.0 68.9 
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Hogget Fleece Weight 

HOGGET FLEECE WEIGH T  
SIRE 

1 - R 

2 - F  

3 - 1 /2R 1 /2F 

4 - EF 

5 - 1 /2R 1 /2EF 

6 - 1 /2R 1 /4F 1 /4EF 

7 - 1 /4R 1 /2F 1 /4EF 

8 - 1 /4R 1 /4F 1 /2EF 

9 - 1 /2F 1 /2EF 

1 0 - 1 /2R 3/8F 1 /8EF 

1 1  - 2/3R 1 /3F 

1 2 - 213R 1 /3EF 

1 3 - 1 /3R 2/3F 

PROGENY 
R 
R 
R 
R 
1 /2R 1 /2F 
1 /4R 3/4F 
1 /8R 7/8F 
1/16R 1 5/1 6F 
3/4R 1 /4F 
5/8R 3/8F 
9/1 6R 7/1 6F 
1 7/32R 1 5/32F 
1 /2R 1 /2EF 
1 /4R 3/4EF 
1 /8R 7/8EF 
1 /1 6R 1 5/1 6EF 
3/4R 1 /4EF 
5/8R 3/8EF 
9/1 6R 7/1 6EF 
1 7/32R 1 5/32EF 
3/4R 1 /8F 1 /8EF 
5/8R 3/1 6F 3/1 6EF 
9/1 6R 7/32F 7/32EF 
1 7/32R 1 5/64F 1 5/64EF 
5/BR 1 /4F 1 /8EF 
7/1 6R 3/8F 3/1 6EF 
1 1 /32R 7/1 6F 7/32EF 
1 9/64R 1 5/32F 1 5/64EF 
5/8R 1 /8F 1 /4EF 
7/1 6R 311 6F 3/8EF 
1 1 /32R 7/32F 7/1 6EF 
1 9/64R 1 5/64F 1 5/32EF 
1 /2R 1 /4F 1 /4EF 
1 /4R 3/8F 3/8EF 
1 /8R 7/1 6F 7/1 6EF 
1 / 16R 1 5/32F 1 5/32EF 
3/4R 3/1 6F 1 /1 6EF 
5/8R 9/32F 3/32EF 
9/1 6R 21/64F 7/64EF 
1 7/32R 45/1 28F 1 5/1 28EF 
5/6R 1 /6F 
3/4R 1 /4F 
1 7/24R 7/24F 
1 1 /1 6R 5/16F 
5/6R 1 /6EF 
3/4R 1 /4EF 
1 7/24R 7/24EF 
1 1/16 R  5/16EF 
2/3R 1 /3F 
1 /2R 1 /2F 
5/1 2R 7/1 2F 
3/8R 5/8F 

Page 1 

! 
I 
' 

I 

! 
I 

I 

! 
' 

I 

I 
! 
I 

I 
I 
I 

HETEROSIS Additive H.FW H.FW (kg) 
0% 3.20 3.2 
0% 3.30 3.3 
0% 3.35 3.4 
0% 3.38 3.4 
1 8% 2.90 3.4 
20% 2.85 3.4 
1 0% 2.83 3.1  
5% 2.81 2.9 
1 1 %  3.05 3.4 
1 7% 3.08 3.6 
1 7% 3.09 3.6 
1 7% 3.09 3.6 
1 8% 3.35 4.0 
20% 3.53 4.2 
1 0% 3.61 4.0 
5% 3.66 I 3.8 
1 1 %  3.28 3.6 
1 7% 3.41 4.0 
1 7% 3.48 4.1 
1 7% 3.52 4.1 
1 1 %  3 . 16  3.5 
1 7% I 3.24 3.8 
1 7% 3.28 3.8 
1 7% 3.30 3.9 
20% 3.09 3.7 
32% 3. 1 3  4.1 
32% 3 . 15  4.2 
32% 3 . 16 4.2 
1 1 %  3.20 3.6 
1 7% 3.30 3.9 
1 7% 3.35 3.9 
1 7% 3.38 3.9 
20% 3. 13  3.8 
27% 3 . 19  4.1 
22% 3.22 3.9 
1 9% 3.23 3.9 
1 1 %  3 . 1 1 3.4 
1 5% 3 . 16  3.6 
1 4% 3 . 19  3.6 
1 4% 3.20 3.6 
7% 3 . 10  3.3 
1 2% 3 . 15  3.5 
1 3% 3. 1 8  3.6 
1 4% 3. 1 9  3.6 
7% 3.25 3.5 
1 2% 3.38 3.8 
1 3% 3.44 3.9 
1 4% 3.47 3.9 
1 4% 3.00 3.4 
1 9% 3.00 3.6 
1 7% 3.00 3.5 
1 5% 3.00 3.5 



Hogget Fleece Weight 

1 4  - 1 /3R 2/3EF 2/3R 1 /3EF 1 4% 3.30 3.7 
1 /2R 1 /2EF 1 9% 3.45 4.1 
5/1 2R 7/1 2EF 1 7% 3.53 4.1 
3/8R 5/8EF 1 5% 3.56 4.1 

1 5 - 4/7R 2nF 1 /7EF 1 1 /14R 2/14F 1 /1 4EF 1 0% 3. 1 4  3.4 
1 9/28R 3/1 4F 3/28EF 1 6% 3.20 3.7 
35/56R 1 /4F 7/56EF 1 7% 3.24 3.8 
67/1 1 2R 1 5/56F 1 5/1 1 2EF 1 8% 3.25 3.8 

1 6 - 4/7R 1 /7F 2nEF 1 1 /1 4R 1/14F 2/1 4EF 1 0% 3.20 3.5 
1 9/28R 3/28F 3/1 4EF 1 6% 3.30 3.8 
35/36R 7/56 1 /4EF 1 7% I 3.35 3.9 
67/1 1 2R 1 5/1 1 2F 1 5/56EF 1 8% 3.38 4.0 

1 7  - 2/7R 4/7F 1 /7EF 9/1 4R 2nF 1 /1 4EF 1 5% 3.05 I 3.5 
1 3/28R 3/7F 3/28EF 22% 3.08 3.7 
21 /56R 1 /2F 7/56EF 20% 3.09 3.7 
37/1 1 2R 1 5/28F 1 5/1 1 2EF 1 9% I 3.09 3.7 

1 8 - 2nR 1 /7F 4/7EF 9/1 4R 1/14F 2nEF 1 5% 3.24 3.7 
1 3/28R 3/28F 3/7EF 22% 3.36 I 4.1 
21 /56R 7/56F 1 /2EF 20% 3.43 4.1 
37/1 1 2R 1 5/1 1 2F 1 5/28EF I 1 9% 3.46 4.1 

1 9 - 1 /7R 4/7F 2nEF 4/7R 2nF 1 /7EF 1 7% 3.07 3.6 
5/1 4R 3/7F 3/1 4EF 25% 3 . 1 1 3.9 
1 /4R 1 /2F 1 /4EF 22% I 3. 1 3 3.8 
1 1 /56R 1 5/28F 1 5/56EF 20% 3 . 1 3 3.8 

20 - 1 /7R 2nF 4/7EF 4/7R 1 /7F 2nEF 1 7% 3.20 3.8 
5/1 4R 3/1 4F 3/7EF 25% 3.30 4.1 
1 /4R 1 /4F 1 /2EF 22% 3.35 4.1 
1 1 /56R 1 5/56F 1 5/28EF 1 9% 3.38 I 4.0 

21 - 3/4R 1 /8F 1 /8EF 7/8R 1 /1 6F 1 /1 6EF 5% 3. 1 8  3.4 
1 3/16R 3/32F 3/32EF 1 0% 3.27 3.6 
25/32R 7/64F 7/64EF 1 1 %  3.32 I 3.7 
49/64R 1 5/1 28F 1 5/1 28EF 1 2% 3.34 3.7 

22 - 3/4R 1 /4F 7/8R 1 /8F 6% 3 . 13  3.3 
1 3/1 6R 3/1 6F 9% 3 . 1 9 3.5 
25/32R 7/32F 1 1 %  3.22 3.6 
49/64R 1 5/64F 1 1 % 3.23 3.6 

23 - 3/4R 1 /4EF 7/8R 1 /8EF 6% 3.24 3.4 
1 3/1 6R 3/1 6EF 9% 3.36 3.7 
25/32R 7/32EF 1 1 % 3.42 3.8 
49/64R 1 5/64EF 1 1 %  3.45 3.8 
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MA Ewe Fleece Weight 

MA EWE FLEECE WEIGHT 
S IRE PROGENY HETEROSIS Additive E.FW E.FW (kg) 

1 - R R 0% 3.70 3.7 
R 0% 3.85 3.9 
R 0% 3.93 3.9 
R 0% 3.96 4.0 

2 - F  1 /2R 1 /2F  1 7% 3.45 4.0 
1 /4R 3/4F 1 4% 3.48 4.0 
1 /8R 7/8F 7% 3.49 3.7 
1 / 16R 1 5/16F 3% 3.49 3.6 

3 - 1 /2R 1 /2F 3/4R 1 /4F  1 1 %  3.58 4.0 
5/8R 3/8F 1 3% 3.66 4.2 
9/1 6R 7/1 6F 1 3% 3.71 4.2 
1 7  /32R 1 5/32F 1 3% 3.73 4.2 

4 - EF 1 /2R 1 /2EF 1 7% 3.95 4.6 
1 /4R 3/4EF 1 4% 4.23 4.8 
1 /8R 7/8EF 7% 4.36 4.7 
1 /16R 1 5/16EF 3% 4.43 4.6 

5 - 1 /2R 1 /2EF 3/4R 1 /4EF 1 1 %  3.83 4.2 
5/8R 3/8EF 1 3% 4.04 4.6 
9/1 6R 7 /1 6EF 1 3% 4. 1 4  4.7 
1 7/32R 1 5/32EF I 1 3% 4.20 4.8 

6 - 1 /2R 1 /4F 1 /4EF 3/4R 1 /8F 1 /8EF 1 1 %  3.70 4.1 
5/8R 3/1 6F 3/1 6EF 1 3% 3.85 4.4 
9/1 6R 7/32F 7/32EF 1 3% 3.93 4.5 
17 /32R 1 5/64F 1 5/64EF 1 3% 3.96 4.5 

7 - 1 /4R 1 /2F 1 /4EF 5/8R 1 /4F 1 /8EF 1 9% 3.64 4.3 
7 /1 6R 3/8F 3/1 6EF 25% 3.76 4.7 
1 1  /32R 7 /1 6F 7 /32EF 25% 3.82 4.8 
1 9/64R 1 5/32F 1 5/64EF 25% 3.85 4.8 

8 - 1 /4R 1 /4F 1 /2EF 5/8R 1 /8F 1/4EF 1 1 %  3.76 4.2 
7 /1 6R 3/1 6F 3/8EF 1 3% 3.94 4.5 
1 1 /32R 7/32F 7/1 6EF 1 3% 4.03 4.6 
1 9/64R 1 5/64F 1 5/32EF 1 3% 4.08 4.6 

9 - 1 /2F 1 /2EF 1 /2R 1 /4F 1 /4EF 1 9% 3.70 4.4 
1 /4R 3/8F 3/8EF 21 % 3.85 4.6 
1 /8R 7/1 6F 7/1 6EF 1 7% 3.93 4.6 
1 /1 6R 1 5/32F 1 5/32EF 1 5% 3.96 4.6 

1 0 - 1 /2R 3/8F 1 /8EF 3/4R 3/16F 1 11 6EF 1 0% 3.64 4.0 
5/8R 9/32F 3/32EF 1 2% 3.76 4.2 
9/1 6R 2 1 /64F 7/64EF 1 2% 3.82 4.3 
1 7  /32R 45/1 28F 1 5/1 28EF 1 1 %  3.85 4.3 

1 1  - 2/3R 1 /3F 5/6R 1 /6F 7% 3.62 3.9 
3/4R 1 /4F 1 0% 3.73 4.1 
1 7  /24R 7 /24F 1 1 %  3.78 4.2 
1 1 /1 6R 5/1 6F 1 1 % 3.81 4.2 

1 2 - 2/3R 1 /3EF 5/6R 1 /6EF 7% 3.78 4.1 
3/4R 1 /4EF 1 0% 3.98 4.4 
1 7  /24R 7 /24EF 1 1 %  4.07 4.5 
1 1 /1 6R 5/1 6EF 1 1 %  4. 1 2  4.6 

1 3 - 1/3R 2/3F 2/3R 1 /3F 1 3% 3.53 4.0 
1 /2 R  1 /2F 1 5% 3.60 4.1 
5/1 2R 7/1 2F 1 3% 3.63 4.1 
3/8R 5/8F 1 2% 3.65 4.1 
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MA Ewe Fleece Weight 

1 4 - 1 /3R 2/3EF 2/3R 1 /3EF 1 3% 3.87 4.4 
1 /2R 1 /2EF 1 5% 4 . 1 0 4.7 
5/1 2R 7 /1 2EF 1 3% 4 .22 4.8 
3/8R 5/8EF 1 2% 4 .28 4.8 

15 - 4/7R 217F 1 /7EF 1 1 /1 4R 2/1 4F 1 /1 4EF 9% 3.66 4.0 
1 9/28R 3/1 4F 3/28EF 1 3% 3.80 4.3 
35/56R 1 /4F 7/56EF 1 4% 3.86 4.4 
67/1 1 2R 1 5/56F 1 5/1 12EF 1 4% 3.90 4.5 

16 - 4/7R 1 /7F 217EF 1 1 /1 4R 1 /1 4F 2/1 4EF 9% 3.74 4.1 
1 9/28R 3/28F 3/1 4EF 1 3% 3.90 4.4 
35/36R 7/56 1 /4EF 1 4% 3.99 4.5 
67 /1 1 2R 1 5/1 1 2F 1 5/56EF 1 4% 4.03 4.6 

1 7 - 217R 4/7F 1 /7EF 9/1 4R 217F 1 /1 4EF 14% 3.59 4.1 
1 3/28R 3/7F 3/28EF I 1 7% 3.69 4.3 
21 /56R 1 /2F 7/56EF 1 6% 3.74 4.3 

I37/1 1 2R 1 5/28F 1 5/1 1 2EF 1 5% 3.76 4.3 
1 8  - 2/7R 1 /7F 4/7EF 9/1 4R 1 /1 4F 217EF 1 4% 3.81 4.3 

1 3/28R 3/28F 3/7EF 1 7% 4.01 4.7 
2 1 /56R 7/56F 1 /2EF 1 6% 4 . 1 1 4.8 
37/1 1 2R 1 5/1 1 2F 1 5/28EF 1 5% I 4 . 1 6  I 4.8 

1 9  - 1 /7R 4/7F 217EF 4/7R 217F 1 /7EF 1 7% i 3.63 4.2 
5/1 4R 3/7F 3/1 4EF 1 9% 3.74 4.5 
1 /4R 1 /2F 1 /4EF 1 7% I 3.80 4.4 
1 1  /56R 1 5/28F 1 5/56EF I 1 6% 3.83 4.4 

20 - 1 /7R 217F 4/7EF 4/7R 1 /7F 217EF 1 7% 3.77 4.4 
5/1 4R 3/1 4F 3/7EF 1 9% I 3.96 4.7 
1 /4R 1 /4F 1 /2EF 1 7% 4.05 4.7 
1 1  /56R 1 5/56F 1 5/28EF 1 5% 4. 1 0  4.7 

21 - 3/4R 1 /8F 1 /8EF 7/8R 1 /1 6F 1 /1 6EF 5% ! 3.70 3.9 
1 3/1 6R 3/32F 3/32EF 8% I 3.85 I 4.2 
25/32R 7/64F 7/64EF I 9% 3.93 4.3 
49/64R 1 5/1 28F 1 5/1 28EF 9% 3.96 4.3 

22 - 3/4R 1 /4F 7/8R 1 /8F I 5% 3.64 3.8 
1 3/1 6R 3/1 6F 8% 3.76 4.0 
25/32R 7 /32F 9% 3.82 4.1 
49/64R 1 5/64F 9% 3.85 4.2 

23 - 3/4R 1 /4EF 7/8R 1 /8EF 5% 3.76 4.0 
1 3/1 6R 3/1 6EF 8% 3.94 4.2 
25/32R 7 /32EF 9% 4.03 4.4 
49/64R 1 5/64EF 9% 4.08 4.4 
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Fibre Diameter 

AVERAGE FIBRE DIAMETER. 
SIRE PROGENY HETEROSIS Additive FD FD (urn) 

1 - R R 0% 34.5 34.5 
R 0% 34.3 34.3 
R 0% 34.1  34.1  
R 0% 34. 1  34.1 

2 - F  1 /2R 1 /2F 1 6% 31 .5  36.5 
1 /4R 3/4F 1 3% 29.8 33.7 
1 /8R 7/8F 7% 28.9 30.8 
1 /1 6R 1 5/16F 3% 28.4 29.4 

3 - 1 /2R 1 /2F j 3/4R 1 /4F 1 0% 33.0 36.4 
5/8R 3/8F 1 3% 32.0 36.1 
9/1 6R 7/1 6F 1 3% 31 .5 35.6 
1 7  /32R 1 5/32F 1 3% 31 .3 35.3 

4 - EF 1 /2R 1 /2EF 1 6% 35.5 41 .2 
1 /4R 3/4EF 1 3% 35.8 40.5 
1 /8R 7/8EF 7% 35.9 38.2 
1 /1 6R 1 5/1 6EF I 3% 35.9 37.1 

5 - 1 /2R 1 /2EF 3/4R 1 /4EF 1 0% 35.0 38.6 
5/8R 3/8EF 1 3% 35.0 39.5 
9/1 6R 7 /1 6EF 1 3% 35.0 39.5 
1 7  /32R 1 5/32EF 1 3% 35.0 39.5 

6 - 1 /2R 1 /4F 1 /4EF 3/4R 1 /8F 1 /8EF 1 0% 34.0 37.5 
5/8R 3/1 6F 3/1 6EF 1 3% 33.5 37.8 
9/1 6R 7/32F 7/32EF 1 3% 33.3 37.5 

\ 1 7  /32R 1 5/64F 1 5/64EF 1 3% I 33. 1  37.4 
7 - 1 /4R 1 /2F 1 /4EF 5/8R 1 /4F  1 /8EF 1 8% I 33.3 39.3 

7/1 6R 3/8F 3/1 6EF 24% 32.4 40.2 
1 1 /32R 7/1 6F 7/32EF 24% 31 .9 39.7 
1 9/64R 1 5/32F 1 5/64EF 24% 31 .7 39.4 

8 - 1 /4R 1 /4F 1 /2EF 5/8R 1 /8F 1 /4EF I 1 0% 34.3 37.7 
7/1 6R 3/1 6F 3/8EF 1 3% 33.9 38.2 
1 1 /32R 7/32F 7/1 6EF 1 3% 33.7 38.0 
1 9/64R 1 5/64F 1 5/32EF 1 3% 33.6 37.9 

9 - 1 /2F 1 /2EF 1 12R 1 /4F 1 /4EF 1 8% 33.5 39.6 
1 /4R 3/8F 3/8EF 20% 32.8 39.3 
1 /8R 7/1 6F 7/16EF 1 6% 32.4 37.7 
1 /1 6R 1 5/32F 1 5/32EF 1 5% 32.2 36.9 

1 0 - 1 /2R 3/8F 1 /8EF 3/4R 3/1 6F 1 /1 6EF 1 0% 33.5 36.8 
5/8R 9/32F 3/32EF 1 2% 32.8 36.6 
9/1 6R 21  /64F 7 /64EF 1 1 % 32.4 36.0 
1 7  /32R 45/1 28F 1 5/1 28EF 1 1 % 32.2 35.6 

1 1  - 2/3R 1 /3F 5/6R 1 /6F 7% 33.5 35.8 
3/4R 1 /4F  9% 32.8 35.8 
1 7  /24R 7 /24F 1 0% 32.4 35.7 
1 1 /1 6R 5/16F 1 1 % 32.2 35.6 

1 2 - 2/3R 1 /3EF 5/6R 1 /6EF 7% 34.8 37.2 
3/4R 1 /4EF 9% 34.8 38.0 
1 7/24R 7/24EF 1 0% 34.7 38.2 
1 1 /16R 5/16EF 1 1 % 34.7 38.4 

1 3 - 1 /3R 2/3F 2/3R 1 /3F 1 2% 32.5 36.4 
1 /2R 1 /2F 1 4% 31 .3 35.6 
5/1 2R 7/1 2F 1 2% 30.6 34.4 
3/8R 5/8F 1 2% 30.3 33.9 
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Fibre Diameter 

1 4 - 1 /3R 2/3EF 2/3R 1 /3EF 1 2% 35.2 39.4 
1 /2R 1 /2EF 1 4% 35.3 40.2 
5/1 2R 7/1 2EF 1 2% 35.3 39.7 
3/8R 5/8EF 1 2% 35.3 39.5 

1 5 - 4/7R 2nF 1 /7EF 1 1 /1 4R 2/1 4F 1 /1 4EF 9% 33.8 36.7 
I 1 9/28R 3/1 4F 3/28EF 1 2% 33.2 37.2 
I 35/56R 1 /4F 7/56EF 1 3% 32.9 37.2 
1 67/1 1 2R 1 5/56F 1 5/1 1 2EF 1 4% 32.7 37.2 

1 6 - 4/7R 1 /7F 2nEF I 1 1 /14R 1 /1 4F 2/1 4EF 9% 34.4 37.3 
1 9/28R 3/28F 3/1 4EF 12% 34.0 38.2 

1 35/36R 7/56 1 /4EF 1 3% 33.9 38.3 
I 67/1 1 2R 1 5/1 1 2F 1 5/56EF 1 4% 33.8 38.4 

1 7 - 2nR 4/7F 1 /7EF 1 9/1 4R 2nF 1 /1 4EF 1 3% 32.9 37.3 I1 3/28R 3/7F 3/28EF 16% 3 1 .9 37.1 
I 2 1 /56R 1 /2F 7/56EF 1 5% 31 .4 36.1 
I 37/1 1 2R 1 5/28F 1 5/1 1 2EF 1 5% 31 . 1  35.7 

1 8 - 2nR 1 /7F 4/7EF 9/1 4R 1 /1 4F 2nEF 1 3% 34.6 39.3 
! 1 3/28R 3/28F 3/7EF I 16% I 34.5 40.0 
I 21 /56R 7/56F 1 /2EF 1 5% 34.4 39.6 
37/1 1 2R 1 5/1 1 2F 1 5/28EF 1 5% i 34.3 39.4 

1 9  - 1 /7R 4/7F 2nEF 4/7R 2nF 1 /7EF 16% 33. 1 38.3 
I 5/1 4R 3/7F 3/1 4EF 1 8% 32. 1  38.0 
I 1 /4R 1 /2F 1 /4EF 1 6% 31 .6 36.7 
1 1  /56R 1 5/28F 1 5/56EF 1 5% 31 .4 36.2 

20 - 1 /7R 2nF 4/7EF 4/7R 1 /7F 2nEF 16% I 34.2 39.6 
5/1 4R 3/1 4F 3/7EF 1 8% 33.8 40.0 
1 /4R 1 /4F 1 /2EF 16% 33.6 39.1 
1 1  /56R 1 5/56F 1 5/28EF 1 5% 33.5 38.4 

21 - 3/4R 1 /8F 1 /8EF 7/8R 1 /1 6F 1 /1 6EF 5% 34.3 35.9 
1 3/1 6R 3/32F 3/32EF 8% 33.9 36.4 
25/32R 7/64F 7/64EF 9% 33.7 36.6 

I49/64R 1 5/1 28F 1 5/1 28EF 9% 33.6 36.6 
22 - 3/4R 1 /4F 7/8R 1 /8F 5% 33.8 35.5 

I 1 3/1 6R 3/1 6F 7% 33. 1 35.6 
25/32R 7 /32F 8% 32.8 35.5 
49/64R 1 5/64F 9% 32.7 35.5 

23 - 3/4R 1 /4EF I7/8R 1 /8EF 5% 34.8 36.5 
1 3/1 6R 3/1 6EF 7% 34.6 37.2 

I 25/32R 7 /32EF 8% 34.6 37.4 
49/64R 1 5/64EF 9% 34.5 37.5 
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Appendix V 

Results tables from the predicted changes i n  the average flock performances of 

the 8 ram types for : - Total weaning weight of lambs 

- Hogget ewe weight. 

- MA ewe l iveweight. 

- Hogget fleece weight. 

- MA ewe fleece weight. 

Legend for Ram Option: Option 1 - Ram type 6 :  1 /2R1 /4F 1 /4EF 

Option 2 - Ram type 7 :  1 /4R1/2F 1 /4EF 

Option 3 - Ram type 8 :  1 /4R1 /4F1 /2EF 

Option 4 - Ram type 1 9 : 1 /7R4/7F2/7EF 

Option 5 - Ram type 3 :  1 /2R1 /2F 

Option 6 - Ram type 1 : R 

Option 7 - Ram type 1 1  : 2/3R 1 /3F 

Option 1 7 - Ram type 6 :  2/7R4/7F1 /7EF 



Change in average flock phenotypic performance from base year 0 

Change in Change in Change in Change in Change in 
total weight average average average average 

of lambs hog get MA ewe hog get ewe 
weaned liveweight liveweight fleeceweight fleeceweight 

(kg) (kg) (kg) (kg) (kg) 
Base figures 1 9.2 40 55 3 3.4 

Option 1 a  I 
Year O 0.0 0.0 0.0 0.00 0.00 
Year 1 6.6 0.0 0.0 0.00 0.00 
Year 2 9.6 1 0.4 0.0 O .S2 0.00 
Year 3 14 . 1  1 4.8 1 . 1 0.79 0. 1 9  
Year 4 1 9.4 1 6.3 2.8 0.83 0.44 
Year S 24.0 1 7. 1  4.S 0.86 0.66 

Option 1 b  
Year o 0.0 0.0 0.0 0 .00 0.00 
Year 1 6.6 0.0 0.0 0.00 0.00 
Year 2 1 0.3 1 0.4 0.0 O .S2 0.00 
Year 3 1 6.0 1 4.8 1 .S 0 .79 0.2S 
Year 4 21 .9 1 6 .3 3.S 0.83 O.S4 
Year S 26.8 1 7 . 1  S.4 0 .86 0.80 

I 
Option 2a 

Year 0 0.0 0.0 0.0 0.00 I 0.00 
Year 1 8.8 0.0 0.0 0.00 0.00 
Year 2 1 3.9 1 4 .6 0.0 0 .72 0.00 
Year 3 21 .3 20.7 4.4 I 1 . 1 S  I 0.2S 
Year 4 30.2 22.4 1 0 .3 1 . 1 7  O.S9 
Year S 38.0 23.3 1 S .4 1 . 1 9  0.89 

Option 2b i 
Year O 0.0 0.0 I 0.0 0.00 0 .00 
Year 1 8.8 0.0 0.0 0.00 0.00 
Year 2 1 S.3 1 4 .6 0.0 0.72 0.00 
Year 3 24.8 20.7 S .8  1 . 1 S  0.34 
Year 4 34.8 22.4 1 2.7 1 . 1 7  0.74 
Year S 43. 1  23.3 1 8.S 1 . 1 9  1 .07 

Option 3a 
Year O 0.0 0 .0 0 .0 0.00 0.00 
Year 1 7.9 0.0 0.0 0.00 0.00 
Year 2 1 1 .8 1 3 . 1  0.0 O .S6 0.00 
Year 3 1 7.7 1 8.8 3.8 0.8S 0.21 
Year 4 24.7 2 1 .0 8 .9 0 .91  0.48 
Year S 31 .0 22. 1  1 3.S 0.94 0.74 

Option 3b 
Year O 0.0 0.0 0.0 0.00 0.00 
Year 1 7.9 0.0 0.0 0.00 0.00 
Year 2 1 2.9 1 3. 1  0.0 O .S6 0.00 
Year 3 20.3 1 8.8 S .O 0 .8S 0.27 
Year 4 28.3 2 1 .0 1 1 .0 0.91 0.60 
Year S 35.0 22. 1  1 6.3 0.94 0.89 
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Change in average flock phenotypic performance from base year 0 

Change in Change in Change in Change in Change in 
total weight average average average average 

of lambs hog get MA ewe hog get ewe 
weaned liveweight l iveweight fleeceweight fleeceweight 

(kg) (kg) (kg ) (kg) (kg) 
Base figures 1 9.2 40.0 55.0 3 3 .4 

Option 4a I 
Year O 0.0 0.0 I 0 .0  0.00 0 .00 
Year 1 8.2 0.0 0.0 I 0.00 0 .00 
Year 2 1 2.9 1 3.7 I 0.0 0 .61  0 .00 
Year 3 1 9.7 1 8 . 1  4 .0  0.87 0 .22 
Year 4 27.4 1 8 .8 9 .0 0.80 O .SO 
Year S 34. 1  1 9. 1  1 3 .0 0 .76 0.71 

Option 4b I I 
Year o 0.0 0.0 I 0.0 I 0.00 0 .00 
Year 1 8.2 0.0 0.0 0 .00 0 .00 
Year 2 1 4.2 1 3.7 0 .0 ' 0.61 0 .00 I 
Year 3 22.8 1 8. 1  I S.4 0.87 0 .30 I I 
Year 4 31 .4 1 8.8 1 1 . 1 0.80 0.61 
Year S 38.4 1 9. 1  I 1 S.6  I 0.76 0 .8S 

I ! 
I 

Option Sa I 

Year 0 0.0 0.0 0 .0  I 0.00 0 .00 
Year 1 S.O 0.0 0.0 0 .00 0 .00 
Year 2 7.9 7.8 0 .0 0.39 0 .00 
Year 3 1 2 .2 1 0 .7 2. 1 O .S9 0. 1 S  
Year 4 1 7 .2 1 1 .6 4 .8  0 .60 0 .3S 
Year S 21 .6 1 2.0 7 .0 ' 0.61 O .S2 I 

Option Sb I 

Year 0 0.0 0.0 0.0 : 0.00 0 .00 
Year 1 S.O 0.0 0.0 I 0.00 0.00 
Year 2 8.6 7.8 0 .0  0.39 0 .00 
Year 3 1 4 .0 1 0.7 2 .8  0.59 0 .20 
Year 4 1 9.7 1 1 .6 S .9  I 0.60 0.43 
Year S 24.3 1 2.0 8.4 ! 0.61 0.62 

I 
Option Sa 

Year O 0.0 0.0 0.0 0.00 0.00 
Year 1 2.4 0.0 0 .0  0.00 0.00 
Year 2 3.3 3.0 0.0 0.20 0 .00 
Year 3 4.4 4.S 0.4 0.30 0.08 
Year 4 S.7 S.3 1 .0 0.3S 0 .20 
Year S 6.8 S .6 1 .6 0 .38 0.31 

Option 6b 
Year O 0.0 0.0 0.0 0.00 0.00 
Year 1 2.4 0.0 0.0 0.00 0.00 
Year 2 3.3 3.0 0 .0 0.20 0.00 
Year 3 4.4 4.S 0.4 0.30 0.08 
Year 4 S.7 S.3 1 .0 0.3S 0 .20 
Year S 6.8 5.6 1 .6 0.38 0 .31  
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Change in average flock phenotypic perfonnance from base year 0 

Change in Change in Change in Change in Change in 
total weight average average average average 

of lambs hog get MA ewe hog get ewe 
weaned l iveweight liveweight fleeceweight fleeceweight 

(kg) (kg) (kg) (kg) (kg) 
Base figures 1 9.2 40.0 55.0 3 3.4 

Option 7a 
Year 0 0.0 0.0 0.0 0.00 0.00 
Year 1 4 . 1  0.0 0.0 0.00 0.00 
Year 2 6.3 6.2 0.0 0.33 0.00 
Year 3 9 .7 9 .1  1 .S O .S3 0. 1 3  
Year 4 1 3.6 1 0.3 3.6 O .S9 0.31 
Year S I 1 7. 1  1 0.9 S .6 0.63 0.48 

Option 7b 
Year O 0.0 0.0 0.0 0 .00 0.00 
Year 1 4 . 1  0.0 0.0 0.00 0 .00 
Year 2 6 .8 6 .2 0 .0 0.33 0.00 
Year 3 1 1 .0 9. 1 2.0 O .S3 0. 1 7  
Year 4 1 S.S  1 0 .3 4 .S O .S9 0.38 
Year S 1 9. 1  1 0.9 6.8 I 0 .63 O .S8 

Option Sa i 
Year O 0.0 0.0 0.0 0.00 I 0.00 
Year 1 6.6 0.0 0.0 0.00 0.00 
Year 2 1 0.6 1 0 .9 0.0 I O .SO 0.00 
Year 3 1 6 .3 1 4 .7 3 . 1  0.74 0. 1 9  
Year 4 23.0  1 S.5 7.0 0.71 0.42 
Year S 28.7 1 5 .8 1 0.2 0.69 0 .62 

Option 8b 
Year 0 0.0 0.0 0.0 I 0.00 0.00 
Year 1 6.6 0.0 0.0 0 .00 0.00 
Year 2 1 1 .6 1 0.9  0.0 0.50 0.00 
Year 3 1 8 .9 1 4.7  4.2 0.74 0 .2S 
Year 4 26.3 1 S.S  8.7 0.71 O.S3 
Year 5 32.4 1 S.8 1 2 .3 0 .69 0.74 
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APPENDIX IV. 

The ratio figures of Lamb and Wool production rates for the 8 selected rams 

types. 

Legend for Ram Option: Option 1 - Ram type 6 :  1 /2R1 /4F1 /4EF 

O ption 2 - Ram type 7 :  1 /4R1 /2F 1 /4EF 

Option 3 - Ram type 8 :  1 /4R1 /4F1 /2EF 

Option 4 - Ram type 1 9  : 1 /7R4/7F2/7EF 

Option 5 - Ram type 3 : 1 /2R 1 /2F 

Option 6 - Ram type 1 : R 

Option 7 - Ram type 1 1  : 2/3R 1 /3F 

Option 1 7 - Ram type 6 : 2/7R4/7F 1 /7EF 



Lamb and Wool Production Rates 

RATIOS FOR KILOGRAMS OF LAMB PER KILOGRAM OF EWE LJVEWEIGHT 
Ram type 1 1 1  6 3 7 8 1 7  1 9  
YEAR O 0.3S 0.3S 0.3S 0 .3S 0.3S 0.3S 0 .3S 0.3S 

YEAR 1 0.39 0.42 0.47 0 .44 O.S1 0.49 0.47 O.SO 

YEAR 2 
Option A 0.41 0.46 O.S2 0.49 0.60 O.S6 O .S4 O.S8 
Option B 0 .41 0.47 O .S4 O .SO 0.63 O.S8 O .S6 0.61 

YEAR 3 
Option A 0 .43 O .S1 O.S9 O.SS 0.68 0.63 0.61 0.66 
Option B 0 .43 O.S3 0.62 O .S7 0.72 0.66 0.64 0.69 

YEAR 4 
Option A 0.44 O.S6 0.67 0.61 0.76 0.69 0 .68 0 .73 
Option B 0 .44 O.S8 0.70 0 .64 0.80 0.72 0.71 0.76 

YEAR S 
Option A 0 .46 0.60 0.73 0 .66 0.81 0.73 0.73 0.78 
Option B 0 .46 0.62 0.76 0.69 0.8S 0.76 0 .77 0.82 

I I 
I I I 

RATIOS FOR GRAMS OF WOOL PER KILOGRAM OF EWE LIVEWEIGH T  
Ram type 1 1 1  6 3 7 8 1 7  1 9  
YEAR O 61 .8 61 .8 61 .8 6 1 .8 61 .8 61 .8 6 1 .8 6 1 .8 

YEAR 1 6 1 .8 61 .8  61 .8 6 1 .8 61 .8 61 .8 6 1 .8 6 1 .8 

YEAR 2 61 .8 61 .8  61 .8 6 1 .8 61 .8 61 .8 6 1 .8 61 .8 

YEAR 3 
Option A 62.8 62.4 63.9 62.2 61 .S 61 .4 6 1 .7 61 .4 
Option B 62.8 62.6 64.S 62.3 61 .4 61 .2 6 1 .7 61 .2 

YEAR 4 
Option A 64.3 63.2 66.4 62.7 61 .2 60.8 6 1 .6 60.9 
Option B 64.3 63.S 67.4 62.9 61 . 1  60.6 6 1 .6 60.7 

YEAR S 
Option A 6S.7 64.0 68.4 63.2 60.9 60.4 6 1 .6 60.5 
Option B 6S.7 64.4 69.6 63.4 60.8 60.2 6 1 .6 60.2 
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