












































































































































































































9 F 1 performance and hybrid vigour in New Zealand sheep 

The table below shows the total weight of lambs weaned per ewe joined for purebred Merino, Cheviot, 
Romney, Border Leicester and their F1 crosses run in the same environment at Woodlands research 
station. 

Base 
breeds 
Merino (M) 
Cheviot (Ch) 
Romney (R) 
Border L (BL) 

ChxM 
RxM 
Rx Ch 
Rx BL 
BL x ivi 
BLxCh 

Weight of lambs 
weaned (kg) 

14.0 
22.2 
20.8 
23.1 

--
Mid parental 
mean (kg) 

18.1 
17.4 
21.5 
22.0 
i8.6 
22.7 

Actual Heterosis Advantage from 
(kg) (%) best Earent (%) 

20.0 10.5 -9.9 
19.4 11.5 -6.7 
23.8 10.7 7.2 
25.4 15.7 10.0 
"""'"" n • n r ,1 n 
L.L..U 10.U -'"t.O 

26.9 18.8 16.5 
(Adapted from Clark, J.N. et al. 1982. Evaluation of dam breeds and crosses for export lamb 
production. Proceedings of the New Zealand Society of Animal Production. 42: 133-135) 

(a) ls the following statement true or false? Heterosis can only be estimated in this example 
because the performance of the base breeds has also been recorded! 

(b) From this data, which breeds are likely to have the least similar genotypes? 

( c) How misleading can heterosis be when determining the best breed or combination of breeds to 
use in a particular situation? 
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10 Inter-breeding of Border Leicester x Romneys 

The table below shows the performance of purebred Romney and the F 1 generation when crossed with 
a Border Leicester sire at Whatawhata. F2 and F3 genotypes were produced through interbreeding the 
preceding generations (F1 and F2, respectively). 

Romne;t F, F2 f 3 

Ewes lambing (EL) 1229 1296 1083 487 

Fertility (ELIEJ) 0.88 0.93 0.88 0.86 

Prolificacy (T .RIFT.) 1.17 1.35 1.27 1.28 

Lamb survival (LW/LB) 0.81 0.86 0.81 0.79 

Weaning weight (kg) 20.2 21.3 20.4 20.2 

Weight of lamb weaned (kg/EJ) 17.0 22.8 18.6 17.6 

Ewe fleece weight (kg) 3.49 3.67 3.41 3.41 

Ewe body weight post tupping (kg) 45.4 51.4 48.4 46.8 

Relative productivity 100 121 104 101 

Relative 2roductivit~ I kg bod~ weight 100 107 98 98 
N.B. Productivity calculated as (fleece weight x 4) +weight of lamb weaned per ewe 
'oined 

(From Clarke, J.N. 1982. Mating plans and their effects in sheep improvement. In Sheep 
Production Vol 1: Breeding and Reproduction. Wickham, G.A. and McDonald, 

M.F. (Eds). pp 111-142. Ray Richards Publisher, Auckland, New Zealand) 

(a) What traits are responsible for the improvement in productivity in the F1 cross? 

(b) Can you calculate the level of heterosis from this data set? 

(c) Does the performance of the F2 and F3 animals suggest the superiority observed in the F1 ewes 
was due to heterosis or complementarity? 

(d) How does this make you feel about buying F1 rams from a breeder? 
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11 Complementarity or hybrid vigour - which to go for? 

Imagine you have a proportion of your purebred ewe flock that has an average liveweight of 55 kg that 
you wish to mate with a terminal sire breed. 

Assume that the lambs will reach suitable export fatness levels at 50% of their mature liveweight. 

Which of the following three·ewe and ram breed options would-you go for? 

Ewe breed Ram breed Ram x ewe breed Slaughter weight 
Option mature liveweight (kg) hybrid vigour (%) of lambs (kg) 

1 55 90 5 38.0 
2 55 85 10 38.5 

3 55 75 15 37.5 

Before you answer the question, make sure you can work out how the figure for the slaughter weight 
of the lambs was calculated. Here's how: 

Seeps: 
i. For Option 2, the 'mid-parent' average is (55+85)/2 = 70 kg 
ii. HY is 10% of this = 7 kg 
iii. Therefore the mature liveweight of the crossbred lambs will be (70+ 7) = 77 kg 
iv. Slaughter liveweight is half of mature liveweight = 77 .0/2 = 38.5 kg 

Well, which of the above three ewe and ram breed options would you go for? 

If you had no information about how great the ewe x ram breed HV is, would your choice of ram 
breed be different? 
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The Role of Composites in Livestock Production 

Day 2: Composites in Practice 

Workshop Discussions (Sheep and Beef Cattle) 

You have now heard the views and the evidence from representatives of those who: 

• breed and sell composites 
• use composites 
• choose, at least at this stage, not to use composites 

You will recall that there is a lack of much of the basic research work needed to predict with any 
confidence the outcome of many crossing and composite breeding programmes. So, it is essential that 
we record the opinions and experiences of as many farmers as possible to build our knowledge on the 
results of modem 2 and more crossbred animals. 

It should help us all if, together, or as individuals we: 

• make a list of the key points and information given in the papers we have heard in this session. 
• satisfy ourselves that these link with aspects of the theory from yesterday's papers 
• seek clarification from the farmers and the 'experts' should practice and theory not appear to line 

up. 

At the end of these two sessions, you should have almost all the information and ideas you will need to 
do a good job in Workshop 3 where you will be expected to formulate ideas and views of your own for 
incorporation into your livestock enterprises. 
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The Role of Composites in Livestock Production 

Day 2: Composites in Practice 

Workshop 3: -Formulating 'take-home' messages 

This is the opportunity for you to critically analyse your own livestock systems in the light of material 
presented in the technical and practical sessions of the Workshop. 

You should consider alternative purebred, crossbreeding and composite options and highlight their 
advantages and disadvantages in your situation. 

The sort of questions that you may be asking yourself include: 

"I like the idea of using F1 dams because they show the greatest hybrid vigour. But how can I organise 
for a supply of these?" 

"What specific traits of which breeds should I incorporate into my composites?" 

"Should I be concentr(lting more on the complementarity of the various breeds available to me, rather 
than focussing too much on HV?" 

"I am convinced that a composite would increase productivity in my situation, but should I wait until 
they've been stabilised as a new breed, to avoid the probable greater variability in the progeny of the 
F ?" 2· 

"How will I know whether genetic progress made in the pure breeds means their performance will 
match or exceed that of composites in a few years?" 

"I know I can't tell whether the higher performance of crossbred animals is really due to HV or 
complementarity, but should I use them anyway?" 

"Can I be sure that the net benefit (more benefit from the good traits, than down side from the less 
desirable traits) of crosses or composites, makes them a goer?" 

"Criss-crossing seems like a practical way of maintaining a crossbred flock/herd. Could I make it 
work? 

"l 've enjoyed hearing the points of view expressed at the Workshop and I've certainly learned some 
more animal breeding theory. But, all-in-all, I've consolidated my views that my current breeding 
policies are right for me." 

Etc, etc, etc. 
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Workshop Answers 

Answers to questions posed in the Workshop sessions are provided. Some of these are the correct answers 
(for example, where calculations are required), others (where an opinion is requested) are our 'best' answer. 

Workshop 1 

2 (i) Variation between the performance of animals is a wmbinaLion of their genotype and the 
environment. 

(ii A single gene of an individual consists of two alleles. 

(iii) One of the pair of alleles comes from each parent. 

(iv) A maximum of two breeds can contribute alleles to a single gene. 

(v) A normal distribution of the genoytpes in a group of animals reflects all the combination of 
alleles of many genes. 

3 Step 1: establish the contribution of each allele 
Step 2: add the effects of alleles from the dam and sire 
Step 3: combine the effects of the alleles from both parents 

(i) sire= (+0.2} + (+0.1} + (+0.3} = +0.6 = +0.6 
dam (-0.1) + (+0.Q) + (+0.1) +0.0 

(ii) sire= (+0.2} + (+0.1} + (-0.1} = +0.2 = +0.7 
dam (+0.3) + (+0.1) + (+0.1) +0.5 

(iii) sire= (+0.3} + (+0.1} + (-0.l} = +0.3 = +0.6 
dam (-0.1) + (+0.1) + (+0.3) +0.3 

4 (i) This is an only fair source of information. There are enough animals in each group for a good 
comparison, but it does not tell us if the two-tooth ewes were subjected to the same management 
as the mixed-age ewes, although it does indicate that both groups were subjected to the same 
weather during lambing, which may affect lamb survival. 

Given that, all things being equal, two-tooth normally tail 10-20% fewer lambs than mixed-aged 
ewes, so this information is suggestive that the two-tooth maybe more prolific. As someone aptly 
pointed out, this would not be good enough information on which to base change to composites, 
but if you had already made the decision this information is encouraging. 
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(ii) This is a poor source of information. If this information originated from 
• lambs born in the same year and raised together 
• if the new ram had been mated to an unbiased sample of the ewe 
• as long as there were at least 25 lambs/ram 

then this would be good information about this one ram but not these composites in general 
because one ram is unlikely to represent the average of his breed/composite 

However, we do not know whether the above conditions were met, therefore we conclude it is 
poor information. 

(iii) This is an excellent comparison. It has large numbers (20 farms) in different environments that 
were run with their base breeds on each farm, effectively eliminating any environmental 
differences therefore allowing any difference to be attributed to the genetic ability of the animals. 
Over the 4 years each herd would have generated around 100 heifers in each group. 

5 Key points to develop from this exercise were: 

(i) The very wide range in the BVs in every group of 10 progeny. 

(ii) The average BV of 10 progeny regularly varied from +370 and +430 between progeny groups. 

(iii) It was easy to see, depending on the average index BV of the base flock, how this ram could be 
viewed as 'an improver' or a 'mongrel'. 
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Workshop 2 

1 Calculating hybrid vigour 

Mid-parent average 

Advantage to the crossbred over 
the mid-parent average 

= (20.4 + 22.5) I 2 
= 21.45 kg 

= 27.8 - 21.45 
= 6.35 kg 

Percent hybrid vigour = (6.35 I 21.45) x (100 I l) 
(advantage to crossbred/mid-parent mean) = 29.6 % 

... 24.6 kg F2 generation average 
Advantage F2 over 
mid-parent average 

= 24.6 - 21.45 
= 3.15 kg 

Percent hybrid vigour in F2 = (3.15 I 21.45) x (100/1) 
= 14.7 % 

Percent hybrid vigour retained in F2 = (14.7 I 29.6) x (100/1) , 
=49.6 % 

This agrees very well to the theoretical value of 50% of the hybrid vigour retained in a two-way cross. 

2 How much extra HV is there in a 3-breed versus a 2-breed cross? 

Answer to the teaser 

When A is used as the 3 breed over a (BxC) cross 
50% of animals will show AB hybrid vigour 
50% of animals will show AC hybrid vigour 
0% of animals will show BC hybrid vigour 
Total 

= + lOkg 
=+ 5 kg 

+ 15 kg 

So using A as the third breed will result in an average of+ 15 kg of hybrid vigour compared to a 12.5 kg 
when C is used as the third breed. 

Moral of the story: the order in which breeds are used in producing multi-crossbreds affects the amount 
of hybrid vigour. 

3 Ways of expressing the results of crossing breeds 

No, each option does not tell the same story. If you were to base the argument on% hybrid vigour it 
would appear that example 1 is the best choice, however, it results in a 30% increase in lambing %, the 
same as options 2 + 3. 

If you were to use the increase over the base breed or the increase over the better parent, examples 4 and 
1, respectively, would be preferable. This highlights the danger of using any one of these on which to 
base your opinion as it may give you false information on the performance. For instance, example 4 has 
the greatest increase over the base breed and the second highest amount of hybrid vigour, but they still 
have the lowest lambing %. 
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Example 3 indicates there was no hybrid vigour, but despite this, as a consequence of the very high 
lambing % of the new breed, the cross performed equally as well as examples 1 and 2, and better than 4. 
Remember also, with example 3, there is no hybrid vigour to lose if the crossbreds were subsequently 
interbred, so example 3 would give the highest lambing% in the F2's. 

4 Hybrid vigour or complementarity? 

(a) This is an example of complementarity. There is no hybrid vigour here as the calf weaning 
weight is exactly the mid parental mean, i.e. where you would expect it, in the absence of HV. 
The complementarity comes from having a faster growing calf produced from a cow of 
unchanged liveweight. Hence we see the increase in calf weaning weight per kg cow liveweight 
for the Charolais x Angus, despite the actual calf weaning weight being 50 kg lighter than the 
straight Charolais. 

(b) These results are most likely to be combination of both HV and complementarity. It is 
impossible to be certain, as we do not know if there is any hybrid vigour at all due to the 
absence of the performance of all of the straight breeds used. There is very likely to be a degree 
of complementarity due to the average breed effects for high lambing % (BL and Finn). 

(c) Essentially it does not matter if the increase in performance is due to hybrid vigour or 
complementarity, providing there can be a continuous supply of crossbreds. However, because 
hybrid vigour expressed in the F2 generation decreases, if F2 or more generations are required it 
is an advantage to have complementarity over HV, as all of the complementarity will be 
retained in the F2's. At the end of the day, it doesn't matter where it comes from as long as it 
puts more money in your pocket. 

5 Angus x Hereford hybrid vigour 

The crossbred cows produced 190 kg calf I 100 kg cow wt I lifetime in comparison to 168 kg by the 
Angus (a 44% increase). This implies that the crossbred would be a much better option (in terms of 
increasing productivity) nowadays. The pregnancy rate in these cows was relatively poor compared to 
what you would expect from a good commercial farmer today. This would have a major influence on 
the amount of hybrid vigour as pregnancy rate has a major effect on the number of calves weaned, 
which in tum will affect the weight of calf weaned I cow. 

If the base breeds used were high performing (i.e. if they had a higher reproductive rate than these) then 
this would greatly reduce the superiority, and consequently reduce the amount of hybrid vigour shown 
in the crossbred. 

6 Two breed composite beef cow 

Yes, there are important economic advantages to the crossbred cows over the purebred Angus. This can 
be seen through the lifetime weight of calf weaned per lOOkg cow. All of the crossbreds have better 
performance than the straight Angus, due to a combination better reproductive ability (pregnancy rate) 
faster calf liveweight gain and greater longevity (no. of calvings). 

It is likely that both the hybrid vigour and complementarity contribute to these differences between the 
crossbred cows. Reproductive rate is a low heritability trait and these tend to show more hybrid vigour, 
so higher weaning % are likely to be due to hybrid vigour. On the other hand, liveweight gain has a high 
heritability, so the higher weaning weight of Friesian cross cows will be mainly complementarity due to 
the extra milk production of these cows. 

Overall then, H x A effects will be mainly HV and Fx effects mainly complementarity. 
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7 (a) The productivity (reproductive rate, calf weaning weight and weight calf weaned/cow) does 
drop from the F1 to the F2 but there is no further fall from F2 to F3• 

However, because cow liveweight also declines from the F1 to F2, there is no significant change 
in cow efficiency (kg calf weaned/100 kg cow) from the F1 to subsequent generations. 

(b) In theory, the expectation is that 50% of the HV will be retained with interbreeding a 2-way 
cross. 

(c) 

However, the performance of the base breeds are not given, therefore I can't tell if the theory is 
upheld. 

If I am very smart, I can predict what the average performance of the parent breeds would have 
been. It should be the performance of the F1-2 x (P1-P2), that is a back-calculation from the 
assumption that 50% of the difference will be retained. 

So the expected mid-parent mean for 
cows pregnant/cow joined would be: 84.9 - 2 x (84.9-82.7) 

= 84.9 - (2 x 2.2) 
= 80.5% 

Smart, eh! 

% drop from F 1 to F2 is 

cows pregnant/cow joined 
calves weaned/cow joined 
calf weaning weight 
cow liveweight 
wt of calf weaned/cow 
wt of calf weaned/I 00 kg cow 

(F1 -F2) 

2.2% units or 
1.4% units or 
9 kg or 

16 kg or 
lOkg or 
1 kg or 

100 x (F1-F2)/F1 

2.6% 
1.9% 
5.2% 
3.8% 
7.8% 
3.3% 

(d) Weight of calf weaned/cow shows the greatest% decrease 7.8% 

(e) The practical take home message is that even although some of the HV will be lost in 
interbreeding (or back-crossing) H x A cows, there is little effect on cow efficiency. 

8 (a) Yes, there are apparent economic advantages to these crossbred cows because although the 
crossbred cows are heavier they produce more calf/kg cow liveweight. However, in this analysis 
it must be remembered that there may be extra costs of sustaining a crossbred cow herd (more 
mating mobs, purchase ofreplacements, two-herd systems) which need to be considered. 

(b) The 3 breed composite cows can only be compared indirectly to the F1 cows in Exercise 5. 

For example, the H x A cows produced calves (168 kg) that were 8% heavier than calves from 
the pure Angus cows (155 kg) in Exercise 5. 

In this example the average % increase in calf weaning weight of the 3 breed composite cows 
over the pure Angus was 11 % (154-139)/139, which is a bit above the 8% for the H x A 2-breed 
cross. This is a bit of a long shot. 

(c) All answers acceptable! 
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9 F1 performance and hybrid vigour in New Zealand sheep 

(a) True, the performance of the purebreds is needed so the mid-parental mean can be calculated. 

(b) Hybrid vigour is maximised in crosses where animals have the least similar genotypes, as there 
is a greater chance of getting heterozygosity (2 different alleles for the same gene). Therefore, 
the breeds with the least similar genotypes are those which display the greatest amount of 
hybrid vigour, namely Border Leicester and Cheviot (18.8%), closely followed by Border 
Leicester and Merino (18.6%). Conversely, the most similar genotypes are Cheviot and Merino 
(as they have the least amount of hybrid vigour). 

(c) Heterosis can be misleading when choosing the best breed or breed combination to use, as any 
of the Merino crosses show reasonable heterosis, however, it can be seen that they are still 
performing below the better parent, indicating that it would be better to use better straight bred 
parent than these combinations of crossbreds. Alternatively, crosses that do not include Merino, 
have an advantage over the better parent, which is relative to the amount of hybrid vigour 
shown. 

10 Inter-breeding of Border Leicester x Romneys 

(a) The improvement in productivity comes from the prolificacy (lambs born I ewe lambing) and 
the fertility (ewes lambing I ewes joined). 

(b) Heterosis cannot be calculated from this data set as the performance of the pure Border 
Leicester in this environment, under these management conditions was not reported, although it 
can be estimated using the formula mentioned in 7(b) i.e. F1-2 x (F1-F2). 

(c) If the superiority of the F1 was solely due to hybrid vigour, then it would be expected that the F2 

generation would have retained 50% of the superiority that the F 1 had. Instead they retained no 
superiority in terms of the relative productivity I kg body weight, indicating the superiority of 
the F 1 was due to complementarity. 

(d) This highlights a concern about buying F1 rams from a breeder, as the amount of superiority that 
they observe may not all be passed onto their offspring. Consequently you may not be making 
as much genetic progress in your flock as you thought. 

11 Complementarity or hybrid vigour - which to go for? 

It will make very little difference which option you choose, providing that you are happy to concede the 
lkg lighter liveweight (approx 0.5kg lighter carcass weight) of option 3 v 2 for possibly higher stocking 
rates or earlier slaughter dates. If not, then the most obvious choice will be to choose option 2, as they 
will have lambs with the higher carcass weight (assuming there is no difference between the rams in 
carcass traits). 

However, if there was no knowledge of the amount of hybrid vigour that would be observed then you 
would be inclined to choose option 1, as it would be thought they would have the greatest mature 
liveweight, consequently also the greatest carcass weight (as lambs were slaughtered at 50% of mature 
liveweight). 
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