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Animal production in the future - a New Zealand response 

P.F. FENNESSEY 

Invermay Agricultural Centre, Mosgiel, New Zealand 

ABSTRACT 

This paper backgrounds important features which are likely to influence the future of animal production in New Zealand. They include the 
importance of being in the quality market, consumer attitudes, market access and environmental/welfare concerns. In view of the changing 
perceptions about animal production, the place of technology in on-farm production needs to be carefully considered. Technologies can be 
defied as ‘soft’ or ‘hard’, the latter being those which introduce major perturbations into the system. The impact on the whole system is 
particularly important. The possibilities for genetic improvement are considered in detail. The soft technology approach is favoured in that 
it works with existing genetic variation but uses new technologies such as genetic markers and advances in reproductive technology to increase 
the rate of progress. In contrast, the hard technology approach is concerned mainly with the development of transgenic animals. Overall, 
developments in technology have much to contribute to the animal industries in New Zealand, but the importance of off-farm issues such as 
marketing, market access and product development are particularly critical. There is a need to take a broad view of animal production in 
considering the future. 

INTRODUCTION 

I have been asked to respond to John Robinson’s paper 
with reference to how I see the New Zealand situation 
in the future. Any of you who have attempted to write 
about the future will be well aware of the pitfalls so 
apparent when viewed in hindsight. However I con- 
sider the challenge of thinking about the possibilities 
very worthwhile - such an opportunity requires us to 
reflect on what we are doing in animal research and 
production. In this paper, I will consider the theme of 
technologyadvanceswithreferencetoanimalproduction 
in New Zealand, concentrating mainly on on-farm 
production. The purpose of animal production is to 
make a living which means making a profit, and in New 
Zealand, it means making a profit by exporting. How- 
ever, external events such as tariffs, trade barriers, 
subsidies, the opening up of eastern Europe, and 
changing consumer attitudes and perception highlight 
the fact that these external events are probably at least 
as important as production issues on the farm. 

FEATURES OF THE NEW ZEALAND 
SITUATION 

As background, it is useful to consider some features of 
the New Zealand situation which affect or which might 

affect animal production in the future. The first is that 
we are a long way from any substantial markets. This 
is even the case with the Pacific rim and Asia. New 
Zealand cannot afford to be in the commodity business 
because sellers of commodities become price-takers, 
not price-setters and are at the mercy of traders. Con- 
sequently we need to be mainly in the high-priced, 
quality market. 

The second feature is that many of our products 
compete with world surpluses although, as mentioned 
by Robinson (1990), whether this will continue into the 
next century is another question. However, we are all 
aware of butter and beef mountains, and the periodic 
pressures on wool and lamb. The sensible response to 
this is to emphasise quality, reliability of supply, prod- 
uct diversity and versatility. Such an approach would 
seem to be the basis of the success of the Dairy Board. 
An issue very much related to quality is that of product 
safety as perceived by the consumer. This relates to the 
basic composition of food and its perceived health risks 
(see Robinson, 1990), and to product residues or addi- 
tives. Consumer reaction is an important issue both at 
the on-farm and processing levels. Despite the negative 
consumer perception of food additives or treatments 
such as gamma irradiation, it is not that long ago that 
food spoilage was very much a life and death issue for 
many of the peoples of Europe (Hulse, 1982) and still is 
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an issue in many of the developing countries. The 
recent UK salmonella-egg scare has highlighted the 
issue. Although bovine tuberculosis is not a human 
health risk to consumers, the perception of the disease 
by importing countries means that tubcrculosis’control 
in our animal industries is a particularly important issue 
for New Zealand. 

The third important feature is that of tariffs, non- 
tariff barriers or the long term threats of barriers. While 
the current GAIT negotiations may achieve something 
in relation to tariffs, non-tariff barriers increasingly 
seem to be based on politics in the name of consumer 
protection or animal welfare or environmental issues. 
These barriers are not directly consumer-driven at the 
demand level (that is they are not direct market re- 
sponses) butrathertheyaredueto“consumer-protection” 
or “animal-protection” or “family farm-protection” 
groups (Bailey, 1990). That is, they are very often not 
at the sales demand level but rather at the market access 
level. Another side to this is the “natural” products 
issue, and the possibility of niche markets. Overall, we 
should listen very carefully to the so called extremists 
- some of the things they are saying are very important; 
in addition, things that appear to be minor nuisances 
haveahabitofbecomingrathermajorstumblingblocks. 
In the final analysis, there is no future in having a great 
production system and a great product but no access to 
a market that can pay for it. 

The fourth feature is the increasing emphasis 
internationally on sustainability in agricultural systems 
(Coleman, 1989; Elliot and Cole, 1989; Jackson and 
Piper, 1989; Paul and Robertson, 1989; MacRae et al., 
1989). Elliot and Cole (1989) claim that “the emphasis 
in agricultural production is shifting from maximisation 
to regeneration and optimisation while maintaining 
sustainability and minimising environmental damage,” 
while MacRae et al., (1989) state that “we must move 
beyond productivity and efficiency as the dominant 
goals of agricultural research and include goals that 
reflect agriculture as a social process.” Some of the 
issues raised by Campbell (1990) with respect to human 
non-human interactions - issues of a more metaphysical 
nature - are important here. To me, the emphasis in 
looking at the future of animal production in New 
Zealand must be on consideration of the whole system. 
This includes the whole system at the production level 
as well as the system from production right through 

Fennessey - ANIMAL PRODUCTION IN THE FUTURE 

processing to the marketing level. 
I regard these four features as being very impor- 

tant for the future of animal production in New Zealand. 
Consequently there are a number of factors which need 
to be considered. 
They are: 

l high product quality and high value products 

. product flexibility and variety 

l animal welfare issues 

l environmental and social issues 
(also nationalism) 

l health issues 

l costs of production 

9 consumer perception 

THE PLACE OF TECHNOLOGY 

To consider all of these in any depth in this paper is 
simply not possible, so that having set the scene and 
considered a little background, the remainder of me 
paper is concerned especially with my view of the place 
of technology, with reference to the above factors but 
principally as it relates to on-farm production issues. 
Within this whole area I am very conscious of the need 
to look at the possibilities for, and impact of technology 
through the whole system. For this reason I consider the 
work of those who are looking at the whole on-farm 
system using modelling approaches as particularly 
valuable (Black, 1990; McCall and Bywater, 1987). 

Overall, my view of the future role of technol- 
ogy in the New Zealand animal production scene is very 
positive but the possibilities fall into two groups - the 
soft technology and the hard technology. The soft 
technology is really working with the basic systems that 
we already have but using scientific advances to do 
things much better. The main advances are likely in 
genetic improvement through improved selection tech- 
niques and the developments in reproductive technol- 
ogy. Examples are marker-assisted selection in genetic 
improvement and improvements in artificial insemi- 
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nation, multiple ovulation and embryo transfer. The 
hard technologies are those involving major 
perturbations of the animal system; examples include 
tmnsgenics, bovine somatotropin, and exogenous hor- 
mone treatments including the xenobiotics, which ex- 
cite negative consumer reaction. 

If we accept this view that the future for animal 
production in New Zealand lies largely in the develop- 
ment of appropriate soft technologies then that alters 
quite markedly our approach to research. The enor- 
mous difficulties US companies are having with BST, 
both in Europe and in the US itself (MacKenzie, 1989; 
Sun, 1989; Hallen, 1990) should be warning enough of 
crossing that perceived line. Consumer reaction not- 
withstanding, the comment of Robinson (1990) as to 
how on how our descendants may view tbe20~century, 
are very relevant. 

CONTRASTING TECHNOLOGICAL 
APPROACHES 

Ever since domestication of the farmed species, people 
have been working on genetic improvement, attempt- 
ing to produce an animal more suited to the purpose of 
providing for the needs of its keeper. However, the rate 
of change has surely increased greatly in the last 50 or 
so years with the impact of quantitative genetics, and 
selection on the basis of measured production charac- 
teristics. Even so, genetic progress is still slow, though 
worthwhile when considered over a period of a few 
years. What are the possibilities for increasing this rate 
of change? The soft technology approach simply in- 
volves an increased rate of change through increased 
use of superior animals, resulting from improved selec- 
tion techniques and reproductive technologies. This 
soft technology approach will not produce the major 
changes which are theoretically possible with the 
transgenic approach, such as the major changes in milk 
composition which have been proposed (Mercier, 1986; 
L’HuiIier eta/., 1989; Muysson and Veninder Gibbins, 
1989). However, on the converse side, we will not have 
to devise even better new technologies to cope with a 
grossly perturbed whole animal system. For the soft 
technology approach to genetic improvement, the basic 
techniques to enable progress include: 

. marker-assisted selection 
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large scale selection and use of improved breed- 
ing technologies such as AI, MOET, cloning and 
the use of identical animals 

identification of major genes influencing pro- 
duction traits. 

In contrast, the hard technology approach to 
genetic improvement is largely via transgenic animals. 
I have reservations about the transgenic approach in 
practical animal production although it is likely to 

provide superb tools for investigating physiology and 
biochemistry of animals, and for this reason we need to 
have a research presence in the area in New Zealand. 
However, the affluent markets on which we are likely to 
rely in the future show signs of rebelling against their 
use on grounds of animal welfare and consumer per- 
ception. Perhaps a greater danger is the power it places 
in the hands of the perpetrator and provider of these hard 
technologies. There are great dangers if the NZ animal 
production industries come under the control of a few 
providers of transgenic seedstock. We need to be 
beware of very expensive/high technology approaches 
since they can force us into a very dependent situation. 
Jackson and Piper .( 1989) put it succinctly: “the ‘clev- 
erer-than-nature approach rewards primarily the sup- 
pliers of inputs.” For these reasons, I am not enthusi- 
astic about the use of transgenic animals in practical 
animal production and I do not share the enthusiasm of 
those such as Westphal(1989). However, the use of 
transgenics as producers of pharmaceuticals or 
bioreactors (Clark, 1990; Wilmut et al., 1990; Simons 
et al., 1988) is a different matter. This is particularly the 
case with the mammary gland where the control of 
protein synthesis is local, thus making it an ideal target 
for manipulation. The use of plants for the production 
of particular proteins may also be attractive in the long 
term (Sijmons et al, 1990). 

I have another concern about the hard technol- 
ogy approach. It is essentially reductionist - part of a 
system is manipulated, yet the consequences must re- 
verberate through the whole system. This is the point 
also made by Robinson (1990)... “the dangers of creat- 
ing in the pregnant ewe a demand for nutrients that is 
grossly in excess of that which can be provided by her 
digestive system from her available food supply”. 
Consequently there is the danger of ending up on the 
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roller coaster of increasing technological inputs; that is 
just more and higher cost technologies - it reminds of 
the familiar old song of the old lady who swallowed a 
fly . . . and then the spider, etc. For this reason, we can 
learn a lot from taking an evolutionary perspective (see 
Partridge and Harvey, 1988; Peaker, 1989) when 
looking at our animal production systems. One of the 
great dangers of the predominantly reductionist ap- 
proach to science is that we lose sight of the whole 
system and the context in which the animals we now 
farm actually evolved. For example some fascinating 
studies in red deer have highlighted the selection pres- 
sure on timing of birth, the sexual dimorphism, the 
comparative selection pressures on males and females, 
and the seasonal pattern of feed intake and live weight 
change (Clutton-Brock et al., 1982; Fennessy et al., 
1990). A perspective on the evolution of the ruminants 
is also very helpful (eg, Hofmann, 1989). All ruminants 
are not like sheep or cattle which are both basically 
roughage eaters - some such as the giraffe and white- 
tailed deer are actually concentrate selectors. Within 
deer, whereas roe deer are concentrate selectors, red 
deer tend to be intermediate, and Pere David deer are 
more roughage eaters. These differences are not trivial 
and it is salutary to consider that of the 150 or so species 
of extant ruminant, only 3 are farmed on any scale 
worldwide - sheep, cattle and goats. A few other species 
- notably red and fallow deer and water buffalo are also 
farmed in some places. When looking at differences in 
susceptibilities to diseases between species, it is well 
worthwhile to consider the location of their evolution or 
domestication. For example, fallow deer probably 
evolved in close association with sheep - they arc either 
resistanttoorhighlytolerantofsheep-associatedgamma 
herpes virus which causes malignant catarrhal fever 
(MCF) in deer. In contrast, the Pere David deer which 
evolved in China and the rusa deer from sub-tropical 
Asia are highly susceptible to MCF (Fennessy, 1988). 
They evolved in the virtual absence of sheep. These 
perspectives may also apply to breeds of sheep. Taking 
an evolutionary perspective (eg, on lactation - Peaker, 
1989) may cause us to look at our farmed species and 
particularly their biology in a different light. 

While different technologies can be categorised 
as hard or soft, things do not fit into such neat packages 
and it is likely that market perception will be the final 
arbiter of what is acceptable. In some ways it is actually 
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our right to farm animals which is under trial 
(McWilliams, 1989), although in New Zealand we have 
some advantages with our pastoral grassland farming in 
contrast to the intensive animal production systems 
which often feature in Europe and North America, and 
which are particular targets of animal rights groups. 

The possibilities for transgenic plants andrumen 
bacteria discussed by John Robinson must also be 
considered. When compared with the creation of 
transgenic plants with built-in resistance to certain 
types of herbicides, the creation of transgenic plants 
which simply provide a better amino acid balance is soft 
technology. However, if such plants are to be usefully 
used in sheep or cattle production systems, then a high 
level of rumen bypass is necessary, in order to meet the 
nutritional requirements of the very high producers 
(Robinson, 1990). The soft technology approach to 
manipulation of the rumen microbial system is now 
making an impact in animal production systems in 
various parts of the world. Examples include the use of 
probiotics(i.e.treatmentofanimalswithselcctedstrains 
of bacteria or yeasts which then colonise the digestive 
tract; Fuller, 1989) and the transfer of the rumen bacte- 
ria which breakdown mimosine from Leucaena (Jones 
and Megarrity, 1986). 

Interestingly, the success of such approaches 
designed to alter gut microbial systems, provides en- 
couragement to those interested in the more direct 
approach using genetically- engineeredrumen bacteria, 
in that colonisation with novel species has been suc- 
cessful. The probiotics may offer an intriguing altema- 
tive to the use of antibiotics for treatment of animals 
with intestinal infections due to organisms such as 
Yersiniu spp. or Sulmonellu spp. There is evidence that 
lactobacilli will suppress pathogenic coliforms in the 
stomach and intestine (Sissons, 1989). Clearly, for the 
successful application of such approaches, a better 
understanding of the various gut microbial systems is 
required. The probiotic approach may also offer possi- 
bilities for reducing methane output by ruminants, a 
factor of concern for its contribution to the greenhouse 
effect (Reid, 1990). The principle I am concerned with 
is that of looking for a more subtle approach to improv- 
ing animal production. For example, antibiotics are an 
incredibly powerful and very appropriate tool in many 
situations, but different approaches may well be more 
friendly to the user. 
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THE SOFT TECHNOLOGY APPROACH 

In looking at the place of technology in animal produc- 
tion systems in New Zealand, I am looking for ap- 
proaches which will reduce inputs in the long term 
whilemaintainingaqualityofoutputandalsoincreasing 
flexibility in products (eg, potential for increased variety 
in types of wool; an increased range of carcass sizes of 
varying fatness in lamb). A facet to emphasise yet again 
is consideration of the whole system and not just the 
components. For example, how valuable are triplets to 
the New Zealand sheep farmer? There is a widespread 
prejudice against them for very the reason that they 
often create extra work for the farmer and have negative 
effects on lifestyle - the ewes are apparently more 
susceptible to problems in late pregnancy such as preg- 
nancy toxaemia, the lambs are smaller at birth and very 
often one is disadvantaged in lactation. This again 
highlights Robinson’s (1990) conclusion that from the 
nutrient supply perspective there must be doubts about 
the desirability of increasing litter size beyond twins, 
yet within the New Zealand sheep population are some 
ewes which seemingly have little trouble with produc- 
ing and rearing triplets. Some data on the variation in 
thetotal weightoftripletsweanedbyewesinaSouthland 
Coopworth flock revealed a coefficient of variation in 
theorderofabout 10%. Withinthis flockthereareewes 
which have reared an average of more than 2.5 lambs 
peryearoverthelast4 to6years. Someof this variation 
will be genetic. Therefore selection of these elite 
individuals should be very worthwhile. I am simply 
highlighting the point of looking around for variation 
and making use of it. In the New Zealand pastoral- 
based animal production systems, the potential of the 
soft technologies seems to lie mainly in accelerated 
genetic improvement in the animal species, but feed 
supply must also be considered. 

understanding of the physiology and biochemistry of 
the species we are farming, and a greater knowledge of 
factors influencing diet selection by grazing animals 
(Black, 1990). 

I am espousing the basic principle of searching 
for and making use of the genetic variation within the 
populations of animals we already have. This may 
involve importing strains or breeds from other coun- 
tries. The progress in identifying animals genetically 
resistant to the known field strains of Scrapie as indi- 
cated by Robinson (1990) (Hunter et al, 1989; Hope, 
1989) may well offer possibilities for New Zealand, 
although as pointed out by Hunter et al., (1989) ‘re- 
sistance’ does not necessarily mean absence of infec- 
tion. However, we cannot afford to sit around and wait 
for more new technologies to solve such problems, and 
we must work in New Zealand for our own future. 
Therefore there are four aspects I want to consider: 

9 traits 

. major genes 

l genetic markers 

l reproductive technology 

However we should not overlook the inevitable 
feature of intensive genetic improvement programmes 
which result in increased use of particular individuals 
and strains,and a reduction in genetic variation within 
the population. Consequently, the protection of breeds 
and species assumes enormous importance, a point 
highlighted by numerous writers in the past few years 
withreferencetobothdomesticand wildspecies(Lande, 
1988). _ 

The problem with genetic improvement based 
The possibility of substantial genetic improve- on natural variation within a population is the possibil- 

ments in the current pasture species, or the potential ity that selection plateaus will be reached. The benefit 
impact of new pasture species, or new two-tier systems of the availability of several lines of animals selected 
based on pasture plus a manageable browse designed to forthesametraitortraits,in whichdifferentmechanisms 
capture more sunlight energy need investigation. In this may be operating, is then readily apparent. In such 
respect, the apparent advantages of a small leaf clover situations, the search for major genes would also as- 
under continuous grazing by sheep (Vipond et al., 1990) sume greater importance. The option is clear - we must 
are fascinating. In such situations, there may also be maintain genetic diversity between populations while 
scope for diet modification, based partly on a greater practising intense selection within populations. 
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TRAITS 

I will consider the traits that are likely to be important 
for future New Zealand animal production industries. 

Disease resistance or tolerance are particularly 
important traits. For New Zealand in particular, this 
relates to internal parasites and facial eczema in all 
ruminant species, while bloat in dairy cows is also 
important. Undoubtedly, progress is being made in 
theseareas (Baker-et., al, 199Oa; Douch, 1990; Cockrem 
et al., 1983; Towers et al., 1990). 

Footrot, especially among line-wool sheep, is a 
anotherproblem whereprogressisbeingmade(Skerman 
and Moorhouse, 1987; Skerman et al., 1988; Patterson 
and Patterson, 1989). There is also evidence of resist- 
ance by sheep to flystrike which must be a worthwhile 
breeding objective as this becomes an increasing prob- 
lem in New Zealand. The importance of reducing 
losses, while decreasing costs and reliance on external 
technological inputs, such as vaccines, anthelmintics 
and antibiotics is therecommended approach. Advances 
in understanding the genetics of the response to disease 
challengesareimportant(Nicholas, 1987; Douch, 1990). 

On the production side, worthwhile improve- 
ments in carcass composition and early growth can be 
expected, especially in sheep. The new possibilities for 
measuring body composition opened up by body scan- 
ners (CAT and magnetic resonance-Jordan and Scharre 
1990) were pioneered in Scandinavia (Standal, 1984; 
Allen and Vangen, 1984) and have recently been pur- 
sued in Australia (J M Thompson, pers. comm). The 
importanceof early growth rate has been highlighted by 
Robinson (1990); selection for increased early milk 
yield or prolonged lactation am possible approaches. 
However, the influence of the offspring in determining 
milk production cannot be overlooked (Langlands, 
1972). For example, red deer females have an enor- 
mous capacity to increase milk output in response to the 
stimulation provided by a Canadian wapiti x red calf 
compared with a straight red deer calf; this occurs 
without any apparent difference in sucking frequency 
or duration (Mime, 1987). There are, however, poten- 
tial disadvantages with selection programmes based on 
absolute growth rate or growth to a fixed weight in that 
they tend to favour the larger, and therefore less mature, 
individual. As pointed out by Webster (1989) “this only 
has practical advantages where the energy costs of the 
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breeding stock are relatively small (pigs and poultry). 
For ruminants, where the energy costs of the breeding 
stock are high, improvements in the efficiency of growth 
are only possible if maturation rate, body composition 
and ME conversion to lean meat can be manipulated 
independently of mature size.” The objective, there- 
fore, must be manipulation of the growth curve, to 
increase early growth rate without increasing mature 
size. Interestingly, there is some evidence that this is 
occurring in the Invermay sheep lean/fat selection lines 
in that selection for leanness has resulted in increased 
weights at birth and at eight months but no difference in 
adult weights compared with the control line; the re- 
verse has apparently occurred in the fat line although 
the comparative adult weight data are not yet available 
(Fennessy et al, 1989 and unpublished data). An altered 
pattern of growth has been included in the Animalplan 
option for red deer where there seems little point in 
selection for weight since increase in mature size can 
easily be achieved by hybridisation between sub-spe- 
cies and strains. 

Selectionforanalteredmilkcomposition(lower 
fat, higher protein) has considerable possibilities in 
dairy cows (see L’Huilier et al., 1989). This is the area 
where there is considerable interest in transgenics. 

In summary, strong cases can be made for select- 
ing animals for several different production traits, but 
the principles of reducing the need for ongoing external 
technological inputs must rate very highly, while at the 
same time increasing the potential output on a per 
animal basis. 

EXTREME SELECTION AND MAJOR GENES 

Selection of extreme animals has been a feature of the 
large scale genetic improvement schemes developed in 
New Zealand in the last 25 years. Consequently, the 
principle of screening large populations is well ac- 
cepted as a means of making rapid initial progress. 
However,screening with intensiveselection of outliers, 
to locate major genes for productive traits, has been less 
well accepted. The recent identification of a new major 
gene for ovulation rate in a screened Romney family 
(Davis et al., 1988; Davis et al., 1990) supports such an 
approach. In the commercial sense, the impact of this 
gene with an increase in ovulation rate of 1 .O (compared 
with the higher values for the F gene) mean that it is 
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more likely to find acceptance in the sheep industry. selection based on genotype rather than phenotype. In 
The extreme selection approach is also being pursued at this respect, the detection of linkage of the gene for the 
Invermay in relation to fleece weight in Romneys and scrapie-associated fibril protein to a particular gene in 
fibre diameter in Merinos. However, there is a neces- flocks of Cheviot sheep selected for a difference in 
sity to develop better methods to’search flocks or herds response to scrapie infection is particularly important 
for outlier animals. (Hunter et al., 1989). 

Major genes are difficult to detect. Natural 
populations vary so much that such genes have only 
been detected where their effects are very large and 
segregation is readily apparent, such as with the N gene 
in the Romney which lead to the development of the 
Drysdale sheep (Dry, 1956) and with Booroola B gene, 
where one copy of the B gene increases ovulation rate 
by about 1.65 (Piper eta/., 1985). It is usually assumed 
that in searching for a major gene, we are looking for 
only a single gene and that the other variation present is 
multigenic (i.e. due to a number of genes with small 
effects). However, there are many possibilities includ- 
ing having two genes each with a large effect, one gene 
of large effect and one of smaller effect, with little other 
variation or epistatic effects, etc. The main problem lies 
in detection and considerably mom research work is 
necessary if we are to utilise this approach more suc- 
cessfully in the future, although progress is being made 
(Famula, 1986; Hoeschele, 1988; Le Roy et al., 1989). 
Another aspect of the .detection problem is that of 
measurement or recording errors; this particularly re- 
lates to traits such as bodyweight or fleece weight where 
errors can have a very marked effect on the ranking of 
a particular individual. 

The potential impact of major genes means that 
the search for such genes must be given high priority. 
Generally major genes can be incorporated into flocks 
or herds relatively simply, but readily measurable ge- 
netic markers for such genes (eg, the Booroola B gene) 
would make things much simpler (see Montgomery et 
al., 1990). 

GENETIC MARKERS 

Marker-associated selection has the potential to revolu- 
tionise approaches to genetic improvement in farm 
animals. Such an approach is dependent on the identi- 
fication of genetic markers with linkage to productive 
traits of interest. Identification of markers would en- 
able selection of animals at younger ages than is pres- 
ently possible and would also enable more accurate 

Currently, there is considerable interest in 
searching for genetic markers for major genes, such as 
the Booroola B gene (Montgomery et al., 1990), based 
on the approaches developed for identifying linkage 
markers for human genetic diseases (Antonarakis, 1989; 
Davies, 1989). While the search for further major genes 
controlling important productive traits must continue, 
the majority of productive traits in farmed species are 
multigenically inherited, Therefore, the identification 
of markers for multigenic traits is a long term priority. 
Along with this must go development of techniques to 
reduce the costs of laboratory procedures (Crawford 
and Buchanan, 1990) and also to utilise the information 
in practical breeding programmes (Fernando and 
Grossman, 1989). A number of polymorphic markers 
are being identified in the search for linkage with the 
Booroola B gene, and in the mapping of the sheep 
genome (Broad, 1990; Drinkwater and Hetzel, 1990). 
These include restriction fragment length 
polymorphisms (RFLPs), variable number tandem re- 
peat polymorphisms (VNTRs or fingerprints) and pro- 
tein polymorphisms. From investigations of linkage 
between the various markers, a syntenic linkage map 
can be produced. This process can be assisted greatly 
by knowledge of syntenic groups in other mammalian 
species. Indeed careful selection of gene probes or 
protein polymorphisms for investigation, basedon other 
mammalian syntenic groups, can accelerate the rate of 
progress in producing a syntenic map for any species 
being investigated, such as sheep or deer. The next 
stage is assignment of markers to particular chromo- 
somes to produce a physical linkage map. However, 
whatever approach is taken, some sort of gene map is 
required to develop linkage with multigenic traits. In 
the first part of the process with respect to sheep, the 
development of a genetic map is being pursued in New 
Zealand as part of a DSIR-MAF combined programme 
(Broad and Hill, 1990). The enormous quantity of data 
generated by this type of research and its parallels with 
humans and other species means that computing sup- 
port is particularly critical. 
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In the development of the genetic map, fertile 
interspecies hybrids are particularly valuable. Thus for 
the sheep map, the finding of a sheep x goat hybrid (or 
geep, Stewart-Scott et al., 1990) is very useful. With 
deer, the ready availability of fertile Pere David 
(Elaphurusdavidianus) xreddeer (Cervus elaphus) and 
backcross hybrids makes them especially valuable; this 
latter approach is being pursued at Invermay. 

The methodology for investigating linkage with 
mu1 tigenic traits has been advanced greatly by Lander 
and Botstein (1989). Rather than investigating the 
statistical probability of linkage between a specific 
locus (or loci) and the trait of interest, their technique 
investigates the probability of linkage between any 
interlocus spaceandthetraitofinterest thus utilising the 
knowledge of linkage between loci. This approach is 
known as interval mapping. The traditional approach to 
mapping quantitative or multigenic trait (QTL) in- 
volveslinearregression, whichaccuratelymeasuresthe 
effect of QTL falling at marker loci only, thus underes- 
timating the effects of other loci in proportion to the 
amount of recombination between the marker and QTL. 
However, interval mapping, in using information from 
flanking genetic markers, avoids confounding 
phenotypic effects with recombination (Patterson et al., 
1988). Using this technique and their genetic map of the 
tomato, Paterson et al., (1988) mapped several quanti- 
tative trait loci controlling fruit mass, soluble solids 
content and fruit PH. This represents a major advance, 
and potentially the principles and basic methodology 
can be applied to both animals and plants. 

The procedure requires a genetic map (probably 
200 evenly-spaced markers giving a 20 cm map would 
be adequate in sheep, deer and cattle), and appropriate 
hybrids to investigate linkage. The approach involves 
hybridisation between two stains (or sub-species/spe- 
cies) which are only distantly related, followed by 
interbreeding of the Fl or backcrossing of the Fl to one 
or both of the original parental strains. The requirement 
is forheterozygosityin theF1, which, withbackcrossing 
(or alternatively interbreeding to produce an F2), will 
result in segregation of the marker loci and the trait of 
interest. The relationship between the various marker 
loci and the phenotype of the progeny is then investi- 
gated. The accuracy of phenotype measurement is 
particularly important, as is the range of characters or 
components of traits which can be measured. The use 

Fennessey - AhWAL PRODKUON IN THE FUTUM 

of such a technique opens up the possibility of marker- 
assisted selection and therefore it is essential that it be 
vigorously pursued in animal research in New Zealand. 
In this respect, a start has been made. 

REPRODUCTIVE TECHNOLOGY 

Some recent developments in reproductive technology 
in sheep, including transcervical embryo recovery and 
improved surgical recovery techniques have been men- 
tioned by John Robinson. Despite the theoretical pos- 
sibilities, actual success rates with embryo recovery, 
particularly in sheep, have been disappointing. Devel- 
opments in superovulation using inhibin look particu- 
larly promising as a means of increasing ovulation rates 
(B.M. Bindon and G.N. Hinch, pers. comm). The 
potential of multiple ovulation and embryo transfer 
(MOET)to facilitate increases in selection intensity and 
reductions in the generation interval has been high- 
lighted by a number of authors with respect to both 
sheep and cattle (Land and Hill, 1975; Smith, 1986, 
1988; Woolliams, 1989; Woolliamsand Wilmut, 1989) 
although there is now evidence that much of the early 
work over-estimated the potential gains (Baker et al., 
1990b). However the combination of MOET with 
marker-assisted selection may facilitate greater gains. 
Recent developments in cloning by nuclear transplan- 
tation(Robland Stice, 1989)suggestthatsuchtechniques 
may accelerate genetic progress (Nicholas and Smith, 
1983). More futuristic possibilities such as the use of 
sires only as parents (Kinghom and McClintock, 1990) 
and in vitro meiosis coupled with marker-based selec- 
tion, offer considerably more potential for increasing 
the rate of genetic progress. The possible contribution 
ofsex selection through sexed sperm (Amann, 1989) or 
sexed embryos (Herr et al., 1990) can also be consid- 
ered. 

INDUSTRIES AND SPECIES 

No consideration of the animal production industries of 
the future can overlook the dramatic changes of the last 
30 years, especially with regard to new species and new 
marketsand new products. Can such changes continue? 
I have no doubt with regard to new markets and new 
products, but the possible contribution of new species is 
less clear. While the opportunities within New Zealand 
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for new species are now quite different to 20 years ago, 
with the developments in farming of both the feral 
species, deer and goats, we cannot afford to overlook 
new possibilities which are available through importa- 
tion, and of course we still have fish and the other 
aquatic species. We require species which can produce 
high value products. In this respect why have we 
virtually ignored horses in New Zealand. While race 
horses are important, the international demand for qual- 
ity sport horses for equestrian events is very high, while 
the horse is also used as a meat animal in some coun- 
tries. We should take a broader view of animal produc- 
tion and we need to consider the potential for new 
species although the potential environmental impact 
needs to be very carefully considered. However, at an 
international level the management of non-traditional 
species for sustained production and the development 
of management systems is now seen to be particularly 
important (Hudson et al., 1989). 

The prospects for improvements on the pasture 
side of the system have often been considered in a 
negative light at this conference. However it is only lo- 
15 years ago that the major possibilities for improve- 
ments in animal production were seen to be through 
small improvements in the system, with simply better 
application at the farm level. While the latter has not 
disappeared, I consider that the animal industries have 
been through a revolution in thinking over the last 
decade (after Kuhn, 1970). To a large extent, the 
transgenics have opened our eyes to this. Perhaps the 
greatest danger is that now everyone sees the possibili- 
ties - both real and imagined. Despite the fact that 
transgenic plants preceded thedevelopments in animals, 
and the fact of the research which is being carried out on 
pasture plant improvement in New Zealand and in other 
countries, there does not appear to have been that 
conceptual leap forward in expectations. Some will 
doubtless say that the possibilities are there with the 
new pasture plants, and that it is the integration into 
practice which is the problem. However, my contention 
is that we need a new perspective on providing feed for 
our animals in the grazing/browsing situation. 

What of the prospects for particular industries? 
Marketing will be a critical factor in the future success 
of the products of theNew Zealand animal industries. A 
reduction in fat in the food chain is likely to be a 
permanent feature with pressure to reduce fat intake 

further. Consequently reduced fat dairy products, the 
naturally lean meats such as venison and the new 
selections of leaner lamb and leaner beef with their 
other advantages of vitamin and mineral components, 
will likely meet strong demand. Health issues are 
assuming an increased importance so natural products 
which may offer health benefits, such as velvet antler, 
may also have a bigger place, although what of the 
ethical issues? I am also optimistic about natural fibres 
since they form such a small proportion of the total 
world fibre market. However, in the final analysis 
quality, reliability of supply, market access and market- 
ing are going to be vitally important. 

It is all of these components plus on-farm and 
internal costs of production issues which are going to 
determine the future of the New Zealand animal indus- 
tries. 
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