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SUMMARY

In the tropics, ruminant species rarely are kept for a single purpose; they
are used for meat, milk, draft, fibre and, sometimes, for the production of dung
as a fertiliser. Because of small herd sizes and complex objectives, and the
requirement for tolerance to stresses not found in temperate zones, the develop
ment of breeding programs is a difficult task. However, high population growth
rates and economic pressures for increased self-sufficiency demands greater
production efficiency from ruminants in the tropics. Numerous arguments have
been used against animal breeding options but there seems to be no a priori
reason why genetic progress is not possible. An increased effort in understand
ing the biological interactions between production and adaptation so that a set
of criteria can be established. This is especially true if breeding programs are
to be established for small holders.

INTRODUCTION

Ruminants occupy a unique place among our domesticated livestock for, unlike
important monogastric species (pigs and poultry), they need not compete with man
for food. Ruminants convert grass from non-arable lands to meat, milk and fibre,
but in the developed countries grazing is commonly supplemented by concentrate
feeding. Increased yields in temperate climates, and the resulting surpluses in
milk and meat, have had adverse effects on the implementation of breeding prog
rams in the developing countries, particularly the tropics.
Many economists have suggested that developing countries in the tropics can
purchase the European and North American surpluses more cheaply than these
commodities can be produced locally. They advocate the funding of industries
considered to be more appropriate to the tropics, such as horticulture, to meet
trade deficits. Where animal production is recognised as a priority, various
arguments have been put forward against animal breeding options. For example, it
has been suggested that animal breeding is unnecessary because crossbreds or
imported exotic breeds possess sufficient 'genetic potential', and that the needs
are improved nutrition. Also, animal health problems are generally considered to
result from poor husbandry and lack of suitable vaccines, rather than deficien
cies in adaptation of exotic breeds and their crosses.
M a n a g e m e n t c h a n g e s are a p p e a l i n g b e c a u s e they a p pe ar to ha ve i m m e d i a t e
benefits. However, because they may involve recurring costs, changes in husband
ry are not n e c e s s a r i l y as cost e f f e c t i v e in the long t e r m as a n i m a l b r e e d i n g
alternatives.
The pressure for short term gains is a problem faced not only by
a n i m a l br ee de rs ; all s c i e n t i s t s are p r e s s u r e d for a c c e l e r a t i n g t e c h n o l o g i c a l
change by politicians and economists.
In addition, agriculture faces the addi
tional complication of high growth rates in the human population, especially in
Africa and South America. The achievable rates of genetic improvement for tropi
cal r u m i n a n t s are se en to be i n s u f f i c i e n t to m e e t thes e needs.
For exam pl e,
Ansell (1985) reports that "it has been estimated that the most one can hope for
by s e l e c t i o n w i t h i n a Bos i n di cu s p o p u l a t i o n is a 2 - p e r c e n t i n c r e a s e in m i l k
yield per generation."
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Thus, for a variety of reasons, the funding of animal breeding programs in
developing countries has a low priority. Animal breeders must often join health
or nutrition programmes in order to receive any support at all. Consequently,
most data available to the animal breeder is the by-product of research directed
at goals other than the development of selection programs. There is, for
example, considerable information concerning the energy, protein and mineral
requirements of ruminants in the tropics, but 1 am unaware of any data on genetic
or phenotypic variation in feed selectivity, rumen capacity, digestive efficien
cy, or rumen clearance rates. Even in highly developed countries, measurements
of yield and performance are rarely collected for the sole purpose of running
breeding programs. Often the primary task of the quantitative geneticist is to
provide the best possible estimators of an animals breeding value from existing
data.
More than half of the world's sheep, cattle, goats and buffalo are found in
developing countries, but they contribute only 20-25% of the world production of
meat and milk. Production from ruminants often fails to meet local demand. For
example, in SE Asia, local production of milk meets less than 10% of the require
ments. To suggest that these countries rely upon the surpluses in Europe and
North America is to ignore the political importance of increased self sufficiency
and the sociological value of cattle, buffalo, and goats, especially to the small
holder. Often, it seems, there is pressure to improve production through a
greater use of concentrates. In some developing countries, the transfer of this
technology has been successful for the chicken industry, but intensive management
is much more costly for ruminant species. In addition, there is an element of
immorality in any program advocating the replacement of grass and unpalatable
agricultural by-products by grain-based concentrates and high energy feeds that
might otherwise be used for human consumption.
I do not believe that, in painting a dismal image of the status of the
animal breeder in tropical agriculture, I have erected a straw man. The problem
lies partly with the direction animal breeding has taken in developed countries.
Quantitative genetics applied to animal and plant breeding is, essentially, a
statistical science and is little concerned with biology. While a statistical
approach is possibly appropriate for the management conditions of North America
and Europe, the design of animals for stressful environments such as the tropics
requires a deeper biological understanding of the contraints to production.
Also, techniques cannot be simply transferred to small holders in the tropics.
We cannot expect to set up a breeding program using pedigree and performance data
from the herds of mobile pastoralists in Sub-saharan Africa; the infrastructure
necessary for the collection of reliable data does not exist. Breeding programs
can be implemented only in an environment where accurate recording is possible,
such as an experiment station. This runs counter to the views of many animal
scientists who argue that breeding programs should be carried out in the target
environment.
Rather than coming to grips with the fundamental biological problems in
designing objectives and selection criteria, there has been a tendency to recom
mend breed evaluation trials and crossbreeding experiments. Too often trials
have been set up whose sole function is to establish whether breed A is better
than breeds B or C, and at the end no-one is any wiser about the biological
causes of these differences, or how this knowledge might be used to improve
production efficiency. Similarly, much effort in India, and elsewhere, has been
directed at answering scientific minutiae such as the optimum proportion of Bos
indicus to Bos taurus blood.
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What can animal breeding achieve for tropical agriculture? We know from the
intensive industries that gains of 2 or 3% in growth rate or milk production are
possible, and that 1 or 2% is practicable. I believe that the development of
breeding programs for ruminants in the tropics is one of the most challenging and
important frontiers of animal breeding today. It requires much more than simply
establishing performance recording systems and then proceeding to apply existing
technology. There are numerous opportunities for fundamental research into the
biological interaction between production and adaptation, the development of
selection criteria, and the problems of experimental design which rarely arise in
existing breeding programs in temperate zones. Only with such research can we
properly evaluate the potential contribution of animal breeding to improving
production efficiency in the tropics.
BREEDING FOR ADAPTATION AND PRODUCTION
The first requirement in improving production is ensuring that the animal is
suited to its external environment and to its management. In other words, the
animals must be adapted (adaptation is used here in the Darwinian sense - the fit
of an organism to its environment). In extreme environments, European breeds are
so ill-adapted that their use is uneconomic, whereas in Asia, Africa and Central
America cattle, sheep and goats have acquired adaptations which enable them to
survive and reproduce in the presence of severe challenges from environmental
heat load, infectious and parasitic disease and marginal dietary conditions. On
the other hand, they are judged to be poor producers of meat and milk. The goal
of every animal scientist is to increase both production and adaptation. Animal
breeders will attempt to achieve this goal through a selection program, others
will seek to modify the environment to suit the animal. In reality these options
are synergistic, not mutually exclusive, but, as I have indicated, changes in
husbandry and nutrition are generally favoured by funding bodies. Recently,
McDowell (1983) has suggested, for dairy cattle in the tropics, that animal
breeding programs are not possible until nutritional management is improved. I
believe his argument to be in error, and shall return to it later.
Animal breeders have, broadly, two options for improving both the production
and the adaptation of his livestock. One is to concentrate only on selection for
production traits and to allow adaptation to the forces of natural selection.
This is the strategy accepted by many animal breeders who believe that selection
will be effective only if the environment in which the population is selected is
the same as that for which the breed is ultimately destined. This has several
drawbacks. For example, as I indicated earlier, it is not feasible to manage a
breeding programme in nomadic herds or flocks but it is difficult to duplicate
the environment of small holdings on ranches or experiment stations. Second, for
economic reasons, it may be necessary to shade, dip, or vaccinate animals, and
this reduces selection pressure for adaptive traits. Third, indirect response in
adaptation may be very low if the expected response is non-linear, as in categor
ical traits (such as disease resistance) when the initial frequency of desirable
genotypes is low.
The alternative is to attempt a biological understanding of adaptation and
its interrelation with production, and so develop criteria that are directed at
improving both adaptation and production. Despite the difficulties in adopting
such a strategy, this approach is the only feasible one if we are to develop
breeding programmes for stressful environments that include the use of animals
for meat, milk, and draft power. Given such a biological understanding we could
develop improvement programs on farms which do not conform to the target environ
ment. Indeed, experiment stations would be essential, for only there could we
effectively obtain the necessary physiological measurements.
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THE BIOLOGY OF ADAPTATION AND PRODUCTION
In the tropics, high intrinsic production is physiologically antagonistic to
heat tolerance, to survival and, perhaps, to tolerance to parasites (Frisch and
Vercoe, 1977, 1982). Highly productive temperate cattle have high metabolic heat
production and large appetites. Selection for growth rate increases both meta
bolic heat production and voluntary feed intake. On the other hand, selection
for adaptation to the tropics appears to result in lowered metabolic heat produc
tion and reduced feed intake. The reasons for such a response can be explained
primarily in terms of heat load and feed quality.
High production increases heat load, and if the animal is unable to dissip
ate this heat it becomes stressed. Heat stress reduces both viability and fert
ility. Hence natural selection will tend either to reduce metabolic heat produc
tion or increase the capability for heat dissipation.
A possible path reducing
heat production is lowering metabolic rate and, hence, the potential for high
growth rate. Similarly, if feed quality is poor, the animal is limited in its
intake of metabolisable energy. If ME intake falls below that required for
maintenance, viability will be reduced, and, under these conditions, natural
selection will again favour lower metabolic rates.
These pressures are exacerbated if the animal is required to work, as the
physiological requirements for exercise and heat dissipation differ (blood flow
to skeletal muscle rather than the skin). With only a few hours work a day the
energy requirements for maintenance may double. In India, comparisons have been
made between the working ability of Hariana cattle and Friesian-Hariana cross
breds. While the larger crossbreds may have greater strength, they are stressed
by relatively short periods of work hot humid conditions.
The conflict between adaptation and production is a consequence of the
physiological interrelationship between metabolic rate and the potential for high
rates of production. There are several ways by which we might attempt to break
this nexus. One is to attempt to select animals which have low maintenance
requirements yet are capable of high growth rates, another is to find managerial
or genetic methods that improve heat dissipation and feed availability.
OBJECTIVES AND SELECTION CRITERIA FOR TROPICAL ENVIRONMENTS
Defining objectives in economic terms (returns - cost) which is difficult
enough in temperate agriculture becomes even more of a problem in the tropics
because of the greater environmental and managerial complexity. Detailed econo
mic assessments of cost and return are rarely available, and many animal breeders
choose at the outset to define objectives in purely biological terms.
The primary biological objectives are increased quantity and quality of
desired products, increased viability, and increased reproductive performance.
These can be further subdivided into components such as body size, feed intake
and nutrient partitioning, longevity, fertility, fecundity, heat tolerance, and
disease resistance, all of which are physiologically interrelated. Other traits,
such as conformation may be important, especially in working animals. Attention
should also be given to hooves (feet problems are common due to damp conditions
and requirements for walking on stony surfaces), and horns (damage to other
animals may result in infection from parasites such as the screwfly). However, I
shall not discuss conformation traits further.
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Body size

Recently, quantitative geneticists have questioned the assumption that large
body size is desirable in beef animals (Dickerson, 1978). When the breeding
objective is defined at the herd level, the gains in gross efficiency in young,
growing stock are offset by higher maintenance requirements of breeding females.
Selection criteria other than growth rate in maternal breeds need to be sought.
The choice of growth rate as the dominant criterion in beef breeding arises
because it is easy to measure, there are few if any alternatives, and because
objectives in the past have been defined too narrowly, leading to a spurious
association between growth and the objective (Barlow, 1984).
Growth rate seems an even more dubious objective in the tropics, even if we
consider the gross efficiency of the individual rather than the herd. When feed
is plentiful and of high quality, the unit costs associated with the maintainence
of individual animals may favour fewer, larger animals. When feed quality is
poor, large maintenance requirements are disadvantageous. Also, because the
ratio of surface area to body volume decreases with size, large animals may be
disadvantaged in heat dissipation. Counter-balancing this are the requirements
for draft which may favour increased mature body size, but even here there are
arguments in favour of small animals rather than large ones (Starkey, 1985).
Feed Intake and nutrient partitioning
Intake, particularly on low quality herbage diets, is limited by the rate of
comminution of the feed and the capacity to remove the resulting fine particles
from the rumen. The degree of rumen fill, which influences breakdown and removal
can be affected by the animal's metabolic state and, accordingly, appears to be
subject to hypothalamic control. There are a number of possibilities for the
increase of voluntary feed consumption.
An obvious strategy is to increase the palatability and quality of the diet,
and this is an objective of all animal production systems. However, all animals
are not equal in their ability to utilise low quality diets, nor is this trait
immutable. Prior selection has modified rumen capacity, diet preferences, and
digestibility. For example, McDowell (1972) reports that some Bos indicus breeds
are more selective, have lower rumen volume per unit body weight, and have higher
fermentation rates than Bos taurus breeds. These attributes may be adaptations
to poor quality feeds (large rumen volume may impede flow rates for high roughage
diets).

_ Since intake is related to body size, either directly or to metabolic weight
(Wu,'b), it is reasonable, when comparing breeds, to divide production by body
weight. For example, Trail (1985) suggests the use of a cow productivity index
'weight of calf plus live weight equivalent of milk produced per unit weight of
cow maintained per year'. However, this is an inappropriate selection criterion
because of the high heritability of body weight. A better solution is a restric
ted selection index, designed to increase production while holding body weight
constant.
Ideally, we wish to increase efficiency; therefore, it is desirable to find
a criterion which more directly assesses ME intake. The factors which control
partitioning of nutrients into milk, lean meat, fat, embryonic growth, wool, etc.
are important but poorly understood. More basic research is required, with
particular emphasis on the genetic variability available for the animal breeder.
Alternatives to selection for growth rate will be possible only with a better
understanding of intake and nutrient partitioning.
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Heat Tolerance
Heat stress is a critical factor in survival and reproduction. Animals
maintain their body temperature at near a lethal maximum. Non-evaporative cool
ing is important at lower ambient temperatures, but when air temperature exceeds
body temperature, evaporative water loss is the only route of heat dissipation
unless there is a radiation sink. In cattle only a small fraction (approximately
15%) of heat loss occurs through panting. In other species (sheep and goats),
panting is more important, whereas buffalo control body temperature by wallowing.
The objective measurement of heat tolerance is poorly developed. Increase
of deep body temperature is probably the best measure of heat stress and is
directly related to productivity and reproduction. European Bos taurus breeds
suffer more from heat stress than Bos indicus, but at the same body temperature
the two species suffer identically in productivity. Zebu breeds are much better
able to control their internal temperature through active dissipation of heat.
Deep body temperature, rather than peripheral temperature, is the main
mediator of sweating response. Bos indicus breeds do not sweat more than Bos
taurus at the same air temperature, but adapted breeds respond more quickly to
small changes in body temperature than unadapted ones (Finch e_t al., 1982).
Tissue conductance (which determines non-evaporative heat loss) is also greater
in Bos indicus, but all breeds increase conductance at high temperatures.
Dilation and constriction of arterio-venous anastomoses (AVA's) appear to play a
central role in the relative differences in non-evaporative heat loss. There are
also differences coat type and in the morphology and number of sweat glands in
the two species (Nay and Hayman, 1956).
In view of the undesirable effects of elevated deep body temperatures, a
reasonable objective is the maintenance of body temperature at around 38 to 39°C
(in cattle). Significant heritabilities exist for rectal temperature under hot
conditions, and there is genetic variation between breeds in their resistance to
hyperthermia. It appears that, if we are to select for increased heat tolerance,
the selection criterion should be some combined measure of rectal temperature and
sweating rate; for example, the response in sweating rate as a function of
changes in rectal temperature over the range 38 to 40°C. The difference between
skin and deep body temperature is also a possible criterion. More indirect
measures, based on sweat gland morphology, may be possible with better knowledge.
Disease resistance
Large economic losses result from infectious disease and parasites, particu
larly in the tropics. The ideal objective is resistance, but this is rare.
Tolerance, the ability to live with the disease, is less desirable because con
taining the parasite usually results in some energy and nutrient cost, and even
low levels usually reduce productivity. Even when some level of tolerance has
been obtained the breeder will need to monitor changes in the parasite to more
virulent forms.
Defining objectives for parasite resistance in terms of current economic
value can be misleading. Consider, for example, the control of ticks through
dipping. Susceptible cattle need to be dipped regularly, and small increments in
resistance to ticks will have little effect until the level of resistance becomes
high enough so that control is no longer necessary. Economic weights will,
initially, place little emphasis on resistance since the relationship between
resistance and cost of control is not linear.
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Genetic resistance plays an important role in combination with other means
of disease control, and, therefore, we cannot dismiss the importance of resist
ance even if other methods of control exist. In particular, vaccination combined
with genetic resistance is better than vaccination alone (Gavora, 1984). Until
methods of complete eradication of parasites and other pathogens have been found,
disease resistance will always be an important objective in animal breeding
programs.
The development of selection criteria for parasite resistance (or tolerance)
varies from parasite to parasite. Assessment of parasite burdens, through tick
counts or fecal egg counts, have been shown to have medium to high heritability,
and, therefore, are potential selection criteria. Resistance to some bacterial
infections is also heritable. For example, the heritability of resistance to
mastitis, which causes massive losses in production in Europe and North America,
and potentially even greater losses in developing countries where intensive
dairies are being established, has been shown to be of the order of 0.1 to 0.2;
yet, to my knowledge, there has been no serious attempt to include this trait in
a commercial selection program.
There may be merit in selection for a general ability to mount an immune
response. This could be assessed by measuring immunoglobulin levels in serum
following a defined antigenic challenge. Since resistance is generally age
dependent, reaching a maximum at sexual maturity and declining thereafter, it is
important that age be recorded when measuring disease or parasite resistance.
Viability
Health
a specific,
desirable.
high, hence
programs.

problems in the tropics often result from a generalised, rather than
lack of adaptation. Therefore, an overall measure of adaptation is
In addition, animal replacement costs in relation to revenue are
survival and longevity are important objectives in livestock breeding

The survival probabilities of a population are summarised in the lx distri
butions used by demographers but, unfortunately, for any individual, survival to
a particular age is an all-or-none character. Everett et al. (1976) introduced
such a measure, stayability, which is the probability that an animal remains in a
herd to a given age. Stayability is an indication of the general acceptance of
that animal to the farmer, and while it cannot be used as a selection criterion
directly, estimates of the breeding value can be based on the performance of
relatives, especially in a progeny test program. A similar approach could be
used in the assessment of viability. An alternative selection criterion is the
age at death, which has the major disadvantage that a score cannot be assigned
until the animal dies.
Despite the difficulties, measures of survival are important in selection
programmes for stressful environments. Genetic and phenotypic correlations of
survival with other potential selection criteria could be extremely useful in
assessing their significance.
Reproduction
Reproductive traits are generally considered to have a low heritability, and
some breeders have suggested that selection for reproductive traits is a waste of
effort. However, analysis reveals that the gains in economic efficiency through
increased reproductive performance are considerable, and the opportunity for
improvement through selection should not be dismissed lightly.
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Possible objectives are increased fecundity, reduced post-partum anoestrus,
reduction in age at first breeding, and increased neonatal survival. Fecundity
may be improved by selection for increased twinning, and it appears that ovujation rate is a better criterion than increased litter size (Hanrahan, 1984).
Selection for shorter post-partum anoestrus can be achieved by culling animals
with long intercalving intervals, but a greater knowledge of the physiological
factors contributing to post-partum anoestrus and the interaction with fertility
is necessary.
CROSSBREEDING

The local breeds of Asia and Africa are adapted to their environments and
management. Similarly, European breeds are adapted to their environments. The
introduction of either to the other's environment means that the exotic species
is less well adapted, and also that the crossbreed, strictly speaking, is adapted
to neither environment. If we wish to exploit crossbreeding, we need to modify
the environment to suit the new synthetic.
There are considerable sociological and economic gains to be achieved in
delivering improved livestock to small holders. Crossbreds can play an important
role, provided that their distribution is accompanied by appropriate changes in
nutritional management and control of disease. Crossbreeding can be a useful
tool in the improvement of traits which have a low heritability, such as repro
ductive performance. Another application of crossbreeding is to combine breeds
which have different mature body size and maternal characteristics, aiming to
produce offspring with rapid growth rates from parents of moderate mature body
size.
However, ruminants have a low fecundity. A stable industry cannot easily be
based entirely on crossbreeds since purebreds of both parental strains need to be
maintained in substantial numbers. Ideally, both parental strains should be
productive in their own right. Criss-crossing programs can be exploited to
advantage, but there are costs in maintaining the less productive purebred and
costs of transport and management. This presents a particular problem if we wish
to exploit the very substantial hybrid vigour associated with Bos taurus by Bos
indicus crosses.
Rather, we should aim for a number of adapted synthetics including, perhaps,
specialised meat and dairy breeds and large draft breeds which might serve as
terminal sires. The use of heterosis should be a by-product of selection prog
rams designed to improve adaptation and performance, not an end in itself.
Development of New Synthetic Breeds
One of the options open to the animal breeder is to develop a synthetic from
breed crosses to combine the best features of each into a single breed. Many
crossbreeding programs have been established throughout the tropics with this in
mind. However, much manpower and effort has been expended in the evaluation of
various crossbreds in various combinations, in order to determine which combin
ations are 'best'. From the point of view of breed development this seems an
unnecessary exercise. The main concern should be to maximise genetic recombin
ation between adaptation and production and to maximise the frequency of any
desirable genes. Equal contributions from each breed is the logical choice.
Also, crossbred performance tells us very little about the general combining
abilities of the breed involved, and, if the differences are small, can be made
up quite rapidly by a well-designed breeding program.
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POPULATION SIZE
I have already argued in favour of confining breeding programs to government
farms or ranches and spreading the improved breeds to the population at large.
Under these circumstances, resources will limit the population size, and the
design and optimisation of response becomes all important.
Population size is a crucial variable. First, the size of the population
constrains the selection intensity, and hence, the expected response for each of
the traits under selection. Second, small populations lead to inbreeding, lead
ing to a decline in vigour and reproductive performance. Therefore, breeding
programs should be as large as possible. But large programs are expensive to
establish and administer. Each breeding program has a maximum benefit at some
intermediate value of the total population size (Smith, 1981).
However, the most important factors in the failures to achieve theoretical
gains are errors in management and analysis. It is much easier to administer,
monitor and ensure that accurate records are maintained with a small staff each
of whom are aware of the entire aims of the project. This is only possible in
small programs. Also, as populations increase in size the breeding program is
necessarily spread over a larger sample of environments, and the statistical
models which are necessary to remove fixed effects become more complex. Defici
encies in statistical models become more critical if we are attempting to ident
ify extreme animals rather than, say, the top 10% of the population.
Large breeding programs are difficult enough to manage in temperate zones.
To advocate large and complex programs in developing countries is irresponsible.
DISCUSSION
A number of arguments have been used against the funding of animal breeding
programs for the tropics. First, there are those which contend that certain
products are more efficiently produced in temperate zones. Milk is the most
common target of this argument. There is no reason to suppose, on energetic
grounds, that ruminant production in the tropics is inherently inefficient.
Temperate grasslands produce between 150 to 1500 grams of dry matter per square
meter per year (approximately 2.8 to 28 MJ). Dry matter production in the
tropics frequently exceeds 2000 gm/m2/yr, and yields of 7000 gm have been record
ed in sugarcane plantations. Absence of cold stress means that energy is not
diverted to increase body temperature. If the gap between ambient and thermo
neutral temperatures can be reduced by selection there should be less energy cost
in maintaining body temperature.
Another argument, again for milk production in cattle, has been raised by
McDowell (1983). He states that at low milk yields (i.e. below 3000 kg) selec
tion is not possible because environmental variation is so large as to swamp
genetic differences. If true, this would preclude dairy breeding programs almost
entirely in the tropics. McDowell bases his conclusions on experience with
Holstein and Holstein crosses; perhaps one of the least tropically adapted of all
European breeds. One of the consequences of poor adaptation is reduced homeo
stasis in the presence of environmental stress, which is reflected in high varia
bility. Adaptation, not high yields per se, may be the prerequisite for carrying
out a breeding program.
Genetic potential is a term commonly used in the animal breeding and nutri
tion literature which, when misinterpreted, is used in arguments against animal
breeding. Some scientists (e.g. Frisch and Vercoe, 1977, 1982) use the term to
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describe the production levels observed when environmental constraints, such as
heat and parasites, are removed. To others, especially modellers of animal
nutrition, genetic potential is a more abstract term representing an absolute
upper limit to production determined by organ size, rates of cell division and
physiological limits to nutrient supply. However, naive animal scientists have
used the concept to suppose that selection acts only on these genetic potentials
and, therefore, if other factors, such as nutrient intake, limit production, the
benefits of animal breeding programs will not be realised.
Such a
misunderstanding runs counter to all experience in quantitative genetics. On the
whole, the term seems to hinder rather than assist our search for options to
increase production efficiency.
Finally, are the physiological interrelationships between adaptation and
production such as to preclude high levels of each? If we select for production
does adaptation ineluctably decrease, and vice versa? I believe that the physio
logical relationships discussed previously may impede genetic progress, but that
progress is possible given the right criteria. Only good estimates of genetic
and phenotypic variances and covariances for productive and adaptive character
istics will allow a realistic assessment of possible genetic gains in production
efficiency.
The major problem facing the animal breeder in the tropics is the plethora
of possible selection criteria. Production goals are similar to those in temper
ate regions, with an added need for draft. Requirements for multipurpose breeds
means that compromises must be sought. The greatest difficulty, however, is in
selection for adaptive traits. Undoubtedly the most important objective is heat
tolerance, for this trait is the least amenable to managerial solutions. Much
research is needed to develop suitable selection criteria. Disease problems may
eventually be overcome by vaccination and eradication of parasites or their
vectors, although some degree of resistance is desirable. A possible exception
is in the tetse regions of Africa where trypanotolerance assumes greater import
ance. To little is known about optimum body size, and genetic variability in the
components of voluntary feed intake. Again, basic research is required.
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