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THE ECOLOGY OF PASTORAL PRODUCTION IN 
AUSTRALIA 

G. R. MOULE 

Austrulian Wool Board, Sydney 

SUMMARY 

As animal products are derived from plants, ecoloeical 
studies are essential to the application of research findings 
and to the integration of research programmes. 

The farmer a&s at converting the physical resources of 
soil and climate into living material that can be exploited 
commercially, but the requirements of animals are rela- 
tively simple. The amount of forage grown on each property 
governs the number of animals that can be carried, but it 
is doubtful if present stocking rates exploit the full poten- 
tial of the available forage. 

Although numerous studies have been made of the toxi- 
city of improved pastures, little is known of the resoectivc 
merits of various pasture species for animal production. 
Further investigations are necessary to elucidate the rela- 
tionships between the chemical composition of forage and 
the production of gametes, body growth and of wool. 

Sheep populations tend to increase with the availabilitv of 
forage, but in tropical Australia reproduction rates are low 
and a broad approach is needed in order to define the 
nature of the problems associated with ovine reproduction. 

Comparatively slow progress is likely to accrue from the 
selection of breeding stock, althouph there is scope for 
selection for physiological traits likely to influence produc- 
tivity. 

The farmer can make only a few adjustments in property 
management in order to accommodate new practices sug- 
gested by research findings. 

ANIMAL PRODUCTS are derived from plants, which produce 
forage when their requirements for nutrients, moisture, 
radiation and temperature are met. Ecology is the study 
of the interrelationships within such complex systems. The 
results of ecological studies are essential to the application 
of research findings to animal production, and also to the 
integration of research programmes designed to uncover 
new, but useful information. In the changing circumstances 
surrounding the animal industries, successful pastoral pro- 
duction depends largely upon the extent to which new in- 
formation can be integrated with those activities that the 
pastoralist can control, so that he achieves efficient use 
of the resources available to him. This paper is backed 
by a strong conviction that the use of science by primary 
industry can yield handsome dividends. No apology is 
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offered for adopting an ecological approach, although some 
who regard themselves as “pure” scientists may be inclined 
to suggest that ecology is too “applied”. Such an attitude 
cannot be condoned; no useful purpose is served by differ- 
entiating between, or attaching values to “pure” or 
“applied” research. 

This paper aims at helping to orientate the thinking of 
both primary producers and of research workers towards 
common goals that they find mutually acceptable. 

The farmer aims at controlling the conversion of the 
physical resources of soil and climate into living material 
that can be exploited commercially. Animal production 
introduces an additional, and rather inefficient biological 
step in this process. 

Australia has the unhappy distinction of possessing the 
largest proportion of desert of any continent. Her human 
population is increasing and her national fortunes still 
depend largely upon the prosperity of the sheep industry. 
Thus, criteria important in judging the efficiency with 
which the abiotic resources are used include: 

(1) 

(2) 

(3) 

(4) 

The productivity of the land used for sheep raising 
in relation to its productivity if it were used for other 
purposes. 
The productivity of the industry in its present form, 
by comparison with the maximum of which it is 
capable. 
The extent to which the natural resources of the 
country are developed and husbanded. 
The stability of the industry with regard to its con- 
tribution to national income, the security it provides 
for those engaged in sheep raising, and the permanent 
employment it creates. _ . 

These concepts have both demographic and agricultural 
implications. As the human population increases, greater 
areas of arable land will be required for the production 
of human food and pastoral pursuits will be relegated to 
less favourable regions. 

The Australian sheep industry occupies three major 
apro-climatic zones : 

ci> 

(2) 

The high rainfall zone, which enjoys a mean annual 
rainfall of over 20 in., and which carries Merinos, and 
crossbred sheep for fat lamb production. 
The wheat-sheep zone, in which sheep raising for both 
wool and lamb production is combined with wheat 
farming. 



(3) The semi-arid pastoral zone, where mean annual rain- 
fall is below 20 in. a year and evaporotranspiration is 
high. Here Merino sheep predominate. 

The requirements of animals are relatively simple. They 
need a place to live and to reproduce, adequate food, water, 
protection from predators, and freedom from disease. How- 
ever, man demands more of his flocks than mere survival; 
he needs a surplus of domestic animals to make the pastoral 
ecosystem produce meat and wool. 

FOOD FOR SHEEP AT PASTURE 

The amount of forage grown on each property is influ- 
enced by rainfall, evaporation, the temperature of the soil 
and of the air, the amount of solar radiation that is re- 
ceived, and the fertility of the soil. Only a part of this 
vegetation will be eaten by useful domestic animals; some 
will be consumed by useless indigenous or feral animals, 
or by pasture pests. One of several fates may befall the 
remainder: some may be harvested and stored for feeding 
back at a later date; some may be lost through weathering 
or burning; some may continue to grow and to reproduce. 
Of the forage that is eaten, some will be digested and the 
remainder voided, but, on being passed, it may contribute 
to the fertility of the soil, or to the transference of essen- 
tial elements from place to place. Only a part of the digested 
food will be used for productive purposes; some will be 
needed for the maintenance of body function. It is usually 
stated that sheep require 3 lb dry matter/day to satisfy 
appetite. This would be contained in a cube of grass about 
16 in. X 16 in. X 16 in. whose collection must be achieved 
through a small mouth (Willoughby, 1958). A pasture that 
provides 1,400 lb/acre - i.e., 12 ‘/z cwt/acre - would have 
only 1% oz forage per square foot if all the plants were 
the same size and were evenly spaced. Thus sheep may be 
confronted with a considerable task in gathering their daily 
forage. 

In the high rainfall and wheat-sheep zones, phosphorus 
is the most important plant nutrient applied as a fertilizer 
to increase forage production; in these zones over 28 
million acres sown to subterranean clover are topdressed 
annually with superphosphate. 

Small quantities of other elements (e.g., zinc) are neces- 
sary to maintain swards of improved pastures in some 
parts of Australia, and other elements (e.g., copper, cobalt 
and selenium} are essential to the health and produc- 
tivity of grazing sheep. 
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The rhizobia associated with legumes enhance the nitro- 
gen status of the soil, thereby providing a symbiotic asso- 
ciation between legumes and grasses which improves forage 
production, and the use of legumes in ley farming has 
restored the ferfility of estensive areas in the wheat-sheep 
zone that had been depleted by constant cropping (Cornish, 
1949). Thus the establishment of improved pastures has 
contributed greatly to the husbanding of Australia’s natural 
resources. However, pasture improvement is expensive, 
and at present there do not appear to be satisfactory 
answers to the question, “By how much can animal produc- 
tion be increased by the application of different amounts 
of fertilizer in specific regions?” 

In the pastoral zone the nitrogen status of extensive 
regions is low and some areas are deficient in phosphorus. 
The use of fertilizers is uneconomic in such arid areas, and 
so far few exotic plants show promise of being able to 
improve forage production. Many of the plant communities 
in the pastoral zone have changed from their pristine state ; 
in some, useful plants that can withstand stocking have 
become dominant; in others the useful plants have dis- 
appeared and extensive soil erosion has occurred (Condon, 
1952 ; Ratcliffe, 1936). 

In Australia pasture improvement is based on very few 
plant species, and agronomic criteria have been the main 
basis for their selection for different environments. In 
many instances the pattern of growth of the introduced 
species has resembled that of the indigenous, or the dom- 
inant native species, except that the introductions have 
obviously produced a greater abundance of forage in the 
spring. Less obvious, but of greater importance, has been 
the contribution to the production of forage in the winter. 
The present lack of a suitable technique for measuring 
low levels of forage production limits the assessments 
that can be made of the importance of this contribution. 

Insufficient research has been directed towards the use 
of pasture, but it is already clear that purely agronomic 
measures are of little value for estimating potential live- 
stock production, or for devising husbandry practices. 
Thus, at present, productivity of the pastoral ecosystem 
can be measured only in terms of reproduction rates, and 
the growth of body tissues and of wool. 

In experiments at Canberra, A.C.T., the rate of gain in 
body weight of Merino wethers was less for each successive 
increase in pasture production. Rapid weight gains were 
achieved when the green pasture provided between 250 lb 
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and 1,500 lb dry matter per acre ; thereafter practically no 
increase in the rate of weight gains occurred as the amounts 
of green forage or of dry pasture increased (Willoughby, 
1959). Similarly field studies a.t Armidale, N.S.W., revealed 
a correlation between liveweight changes and the avail- 
ability of green forage, and suggested comparable relation- 
ships between wool growth and green forage (Roe et al., 
1959). 

Most of the species used for pasture improvement in Aus- 
tralia contain some toxic principles. The presence in im- 
portant plant species of the pro-oestrogens which, upon 
assimilation, are converted into female sex hormones, 
create problems that are of special interest to pastoral 
production. The consumption of oestrogenic forage can 
enhance growth rates and milk production, but it can also 
lead to infertility of sheep (Moule et al., 1963). Compara- 
tively little is known of the biosynthesis of the pro-oestro- 
gens but wide variations occur in the oestrogenic proper- 
ties of different plants, both between and within seasons. 
Some of these differences can be attributed to such envir- 
onmental factors as soil nutrients and moisture, light, and 
perhaps to changes in the leaf area index imposed by 
grazing. Fortunately, practica.ble methods are now avail- 
able for measuring the oestrogenic properties of pastures 
as well as the isoflavone content of individual leaves. 

The oestrogenic properties of subterranean clover did 
not become obvious until some fifty years after the initial 
interest in this species as a pasture plant. Similarly the 
toxic properties of Phalaris tuberosa were first described 
some forty years after this plant was introduced into Aus- 
tralia. Twenty years after this first description of toxicity 
(McDonald, 1942), it was realized that phalaris may pro- 
duce two entirely different syndromes in grazing sheep. 

Features of these situations of special interest in rela- 
tion to the selection ‘of pasture species include the long 
interval between the introduction of the plants and the 
manifestation of their toxic p:roperties, the wide variations 
that occur in the toxicity of the same varieties growing in 
different locations, and the possibility of producing harm- 
less varieties by the use of such mutagenic substances 
as ethyl methane sulphonate (Francis, pers. comm.). 

A considerable amount of effort has been directed into 
studies of the toxicity of pasture plants; far less attention 
has been paid to the composition of pastures in relation 
to animal production. Studies at Canberra, A.C.T. (Arnold, 
1960), provide the only known Australian example. In this 
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work comparisons were made between animal production 
from two subterranean clover pastures, one of which con- 
tained phalaris, and the other annual grasses. When judged 
by changes in iiveweight and wool growth, the pasture 
containing phalaris was more productive than the one 
containing annual grasses. In December/January spectacu- 
lars falls occurred in liveweight and in the rate of wool 
growth of the animals grazing both pastures. This occurred 
when the pasture “dried off” during the hot, dry summer 
at a time when there is usually adequate dry feed, which 
is considered to have a fair nutritive value. 

For many years considerable emphasis has been placed 
on the protein content ‘of pasture for both wool growth 
(Marston, 1955) and for semen production (Moule, 1963), 
but more recent investigations have indicated the need to 
re-examine these claims. Most of the protein reaching the 
abomasum of grazing sheep is likely to be of microbial 
origin (McDonald, 1962). Thus the digestibility of micro- 
bial protein will be important in considering the efficiency 
of conversion of dietary nitrogen. Variable changes in wool 
production have been noted following changes in the 
amount of protein consumed, but a substantial increase 
in wool production, which was due largely to increased fibre 
diameter, occurred within a week of casein supplemen- 
tation into the abomasum. The nitrogen in casein infused 
into the abomasum was converted into wool more effi- 
ciently than other forms of dietary nitrogen consumed 
normally (Reis and Schinckel, 1961). 

The ability of the sheep to digest protein in the abo- 
masum and small intestine, and to absorb the end products 
of digestion seems to exceed the amount of nitrogen which 
can be used for protein synthesis. Therefore the efficiency 
with which nitrogen is used by sheep may be determined 
by the extent of protein degradation in the rumen and 
the loss of nitrogen absorbed from the rumen as ammonia, 
The response in wool growth to supplementation with 
protein is not adequate evidence that the response is due 
to protein per se, as protein may be used as a source of 
energy. In Merino sheep no significant association was 
found between wool growth rate and per cent. protein in 
rations ranging from 7.5% to 29% crude protein, and fed 
at 500 g/day, nor between rations containing 19% and 29% 
crude protein fed at 1,400 g/day (Ferguson, 1959). Large 
differences occurred between the levels of wool growth of 
the animal subject to different levels of intake (50 g II. 
1,400 g). 
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Investigations into the effect of nutrition upon semen 
production revealed that there was a general trend for total 
sperm numbers, seminal vesicle weights and seminal fruc- 
tose, which reflects testosterone output (Lindner and 
Mann, 1960), to increase with the energy content of the 
ration (Moule et al., 1964). The response of the pituitary 
gland weights and of total .gonadotrophin content was 
influenced largely by the protem content of the ration (Sym- 
ington, pers. comm.). Field studies at Prospect, N.S.W., 
indicated that with rams at pasture some factor, which 
was probably the amount of green grass available, exerted 
a greater effect over semen production than did changing 
day length or ambient air temperature (Moule et al., 1964). 

SHEEP POPULATIONS IN AUSTRALIA 

Increased sheep numbers consequent upon pasture im- 
provement has been the most important factor contributing 
to the enhanced productivity of the Australian sheep indus- 
try, although mean fleece weight has increased by a lhttle 
over 2 lb during the post-war years. 

25 
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Fig. 1: The growth of the sheep population in Queensland. Note 
the rapid growth phase between 11160 and 1890, and the fluctuations 
around the plateau, which has existed for the greater part of this 

century. 
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In each of the Australian states, the growth form of the 
sheep population has followed a logistic curve typical of 
those for animals introduced into a new environment. In 
Queensland (Fig. 1) the sheep occupy a semi-arid environ- 
ment where pasture improvement remains impracticable. 
Sheep numbers increased rapidly and fluctuated around 
the plateau of just over 20 millions, a figure first achieved 
some seventy years ago. By contrast, the growth form of 
the sheep population in South Australia (Fig. 2) shows two 
periods of rapid increase. The first occurred between 1840 

1840 I850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 
YEAR 

Fig. 2: The two phases of growth in the sheep population of South 
Australia. The marked increase in sheep numbers since 1930 has 

been due to pasture improvement. 

and 1880 and the second commenced in 1940 when the 
increased forage derived from pasture improvement com- 
menced to affect sheep numbers. It is hard to forecast 
when the curve for South Australia will reach its second 
plateau; it is also difficult to forecast the position in New 
Zealand where the growth form of the sheep population 
(Fig. 3) continues to be upwards. During the decade 1951- 
1960, New Zealand’s sheep population experienced a mean 
annual growth rate of almost 4% ; the maintenance of this 
rate of increase would mean a sheep population of almost 
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70 millions by 1970. In Australia the principal increases 
in sheep numbers have occurred in the high rainfall and 
wheat-sheep zones as the result of new land being brought 
into production and the fertility of older land being re- 
stored. The mean increase in stocking rate resulting from 
pasture improvement is estimated to be only 1.3 sheep/ 
acre. The maintenance of current rates of increase in sheep 

0’ I 
I860 1870 I880 1890 1900 1910 1920 1930 1940 1950 I960 

YEAR 

Fig. 3: The gro\vth form of Nell) Zealand’s sheep population. 
numbers in both Australia and New Zealand will depend 
upon the amount of additional land that can be brought 
into production, the rate at which the fertility of existing 
sheep country can be improved, the extent to which these 
advantages can be exploited through increased stocking 
rates, and, of course, the sequence of seasonal conditions 
determined by rainfall, etc. 

Problems associated with attaining necessary increases 
in sheep numbers revolve around changes in the age com- 
position of flocks and integrating the inherent reproductive 
rhythm of breeding flocks, which determines their nutri- 
tional requirements, with seasonal fluctuations in forage 
production, and avoiding other circumstances likely to 
have an adverse effect on reproduction. Reoroduction rates 
of Australian flocks are low. Considerable attention has 
been paid to various facets of this problem; unfortunately, 
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TABLE 1: AGE-SPECIFIC DEATH-RATES (dx), SURVIVAL-RATES 
(sx), FEMALE FERTILITY-RATES (mx), LIFE TABLES 

DERIVED FROM DATA FOR 6,500 BREEDING EWES IN 
(lx) 

QUEENSLAND 

Pivotal 
Age 

(yr) 
X 

Death-rate 
(dx) 

0.3863 
0.076 
0.029 
0.038 
0.127 
0.081 
0.094 
0.054 

0.75 

::: 
4.0 
5.0 

76.00 
s:o 

Survival- 
rate 
(sx) 

0.6137 
0.924 
0.971 
0.962 
0.873 
0.919 
0.906 
0.946 

Fertility- 

LifTIT;lhle 
rate 

x (mx) 1x.m.x 1x.mx.X 

0.6137 
0.5671 
0.5507 
0.5298 
0.4625 
0.4250 
0.3851 
0.3643 

0.310 
0.353 
0.358 
0.358 
0.272 
0.414 
0.351 

0.1758 
0.1944 
0.1897 
0.1656 
4.1148 
0.1594 
0.1279 

0.3516 
0.5832 
0.7588 
0.8280 
0.6888 
1.1158 
1.0232 

2.416 1.1276 5.3G 

Gross reproduction rates (G.R.R.)=2.416 
Net reproduction rate (N.R.R.) =1.1276 
The capacity for increase (r) =0.0258 

there seem to be few attempts to make complete investi- 
gations. The innate fecundity of Peppin Merino ewes is 
reasonably high (Dun, 1961; Moule, 1964) and data (Table 
1) obtained in semi-arid. Queensland serve to illustrate 
the need to use a broad approach in order to define the 
real nature of the problem under field conditions. 

These age specific data allowed assessments to be made of 
the relative seriousness of mortality of the young, and of 
low female fertility. 

Seasonal changes in reproductive function of the ewe 
influence both the fertility and the fecundity of the national 
flock, as the times chosen for mating sheep exert consid- 
erable influence upon reproductive performance. The final 
decision upon the timing of reproduction is influenced by 
such considerations as the probability of effective rains 
that will ensure sufficient forage will be available for the 
survival and growth of lambs, freedom from high ambient 
air temperatures, and the price of lamb on overseas 
markets. These compromises mean that the times chosen 
for mating sheep in Australia do not always favour high 
fecundity; in some instances they may depress fertility. 

Because reproduction rates are low in Australia, ewes 
are frequently kept beyond the age when they should be 
cast. This leads to increased sheep numbers, but may also 
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increase mortality. The demands on the pregnant ewe are 
greatest when food is short, hard to locate and difficult 
to collect. Thus under-nutrition, and not starvation, may 
set the population’s ceiling by increasing mortality among 
pregnant ewes and newborn lambs. 

In a country where rainfall is unreliable and poorly 
distributed, and where wide seasonal fluctuations occur in 
forage production, woolgrowers are concerned primarily 
with the survival of their animals; thus stocking rates 
tend to be limited by the periods of lowest forage pro- 
duction. Stocking rates that give maximum pasture use, 
and hence highest .production per acre, usually exceed 
those that will yield maximum production per head, and 
the safe long-term carrying capacity of the property (Drake 
and Elliott, 1960; Tribe and Lloyd, 1962). Thus the prob- 
able increase in risk of economic loss resulting from in- 
creased stocking rates must be assessed before tull advan- 
tage may be taken of pasture improvement. These risks 
will be manifest as: 
(1) Reductions in reproduction rates, and in the grovvth 

of body tissues and wool. 
(2) Increases in the effects of seasonal drought, and the 

need for supplementary feeding. 
The mitigation of drought remains a challenging task 

to all Australians. In the semi-arid pastoral zone, techniques 
that allow flocks to escape from the effects of drought are 
likely to be preferred; in the wheat-sheep and the high- 
raintall zones, fodder conservation is possible, though not 
popular. In the light of present knowledge, this conserved 
fodder is likely to be valuable when it is necessary to feed 
for survival; at present there is no satisfying evidence 
that supplementary feeding with conserved fodder will 
enhance production. 

The risk of increased parasitism and disease constitute 
another type of problem that may arise out of increased 
stocking rates. Worm infestations of sheep vary widely 
according to type of husbandry and to geographic and 
climatic conditions.. In natural populations, parasitism is 
a “density dependent” factor, and the risks of reinfestation 
of grazing sheep may.also increase with increased stocking 
rates (Gordon, 1958). Parasites do not enjoy a normal dis- 
tribution throughout the ‘host population (Li and Hsii, 
1951) ; genetic factors may well influence the reaction of 
individual animals to infestation (Whitlock and Madsen, 
1958). Worm parasites harm sheep by decreasing appetite 
and- the apparent digestibility of food, by removing blood, 
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by reducing body and wool growth rates, and in some 
instances by causing mortality. Frequently sheep whose 
productivity is reducecl_show no obvious signs of being 
affected. 

1 3 

Some infectious diseases may also be “density-depen- 
dent” - e.g., conditions affecting the feet of sheep for 
which- the moisture, so essential to high stocking rates, 
is also a predisposing factor. 

THE SELECTION OF STOCK 

The selection of stock provides the farmer with oppor- 
tunities to vary, or to enhance the level of animal produc- 
tion obtained from the available resources. The choice 
between species and breeds is more likely to be dictated 
by economic and even physiological considerations; up to 
the present, selection for physiological traits has not occu- 
pied a very important place in the thinking of many people. 

The theory of selection is comparatively simple. For the 
purposes of this discussion it was summarized (Rae, 1962) 
by the following formula to express the annual rate of gene- 
tic gain achieved by selection: 

Genetic gain/year = 
Heritability x Selection differential 

Generation interval _- 
Therefore the rate of genetic gain can be improved by 

increasing either the accuracy of, or the amount of selec- 
tion, or by decreasing the generation length, or by combin- 
ing any two or three methods. 

The main applications of these concepts to sheep breed- 
ing have been: 
(1) The calculation of the heritabilities of various traits. 
(2) The use of measurements as an aid to phenotypic selec- 

tion for the traits that have high heritabilities, and that 
are of economic importance. 

(3) Increasing the accuracy of selection for genotype 
by the use of progeny or family tests. 

(4) Determining and using genetic correlations. 
These procedures are based on the relatively simple con- 

cept that individual productive characters are controlled 
by many genes, each with small additive effects. They dis- 
regard many extremely complex possibilities that cannot 
be elucidated until a large amount of difficult, long-term, 
expensive research has been undertaken. The advisability 
of embarking on such a programme must be judged on the 
probable input-output relationships with regards to the 
effort needed by research to discover, and by woolgrowers 
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to apply new findings, and to the probable dividends to be 
derived from their doing so. Increases in productivity 
through mass selection progra.mmes are likely 10 be com- 
paratively slow, even when considerable selection pressure 
can be exerted in favour of desirable traits whose heritabil- 
ity is high. However, low reproduction rates limit selection 
pressure. Genetic gains are usually permanent, and as the 
selection of breeding stock is popular two questions pre- 
sent themselves : 

(1) How much progress is effected by present methods 
of selection? 

(2) Are there any other approaches to increasing animal 
production which are likely to be more fruitful more 
quickly? 

The selection of high producing Merinos can be aided 
by the use of fleece measurement (Turner, 1956) and there 
is ample evidence that the general principles of animal 
breeding can be fully applied in the breeding of stud sheep 
in the Australian Merino industry. However, considerable 
difficulties have to be overcome in devising extension pro- 
grammes that will ensure that. these methods be adopted 
by stud breeders. 

It is not desired to give the impression that the tasks 
facing research into, animal breeding are complete, and that 
extension is all that is needed. So far the emphasis has 
been placed only on selection for traits which represent 
an end product; little attention has been paid to the selec- 
tion of animals for physiological characters. For the pur- 
poses of discussion, selection for fecundity constitutes a 
useful example. Fecundity refers to the power of a species 
to increase in numbers. This in turn demands selection for 
early attainment of puberty, frequent breeding with high 
rates of gamete production and of fertility, a long breeding 
life, and low mortality. There is now evidence that the 
twinning rate of Merino ewes may be increased by selection 
(Turner et al., 1962), and there is also the possibility that 
the selection of rams for high scrotal sweat production 
may be advantageous in selection for hot environments 
(Moule and Waites, 1963). 

Many experiments designed to investigate reproduction 
in sheep have been unsatisfactory as they have examined 
only one facet of the problem. Most workers would agree 
that there is an urgent need to record appropriate vital 
statistics so that accurate assessments can be made of the 
investigation programmes that are required. Present indi- 
cations are that work is needed on ways of increasing 
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female fecundity, and of improving survival rates among 
the newborn. While the contribution of disease to repro- 
ductive failure should never be overlooked, it would seem 
that studies of the physiology of reproduction are most 
likely to lead to increases in both fertility and fecundity. 
For example, investigations into the effect of nutrition 
upon semen production revealed marked differences be- 
tween Peppin and South Australian Merinos in their 
response to rations containing various levels of protein 
and energy (Moule et al., 1964). 

Differences also occur in the nutritional efficiency of 
wool growth according to breed (Daly and Carter, 1955 ; 
Ferguson et al., 1949), strain (Dunlop et al., 1960), and 
individual sheep (Schinckel, 1963), and their levels of 
food intake (Ferguson, 1959; Ferguson et al., 1949), the 
mechanisms underlying these differences are not under- 
stood. The excretion of nitrogen in the faeces is similar 
for all sheep at comparable levels of N-intake on the same 
type of diet. This would imply that differences between the 
digestive efficiency of sheep may not be an important factor 
in converting dietary nitrogen into body protein. 

Information is needed on the suitability of different 
breeds, and of fleece types for specific environments (Hay- 
man, 1953, 1955), and the effects of environmental condi- 
tions on the efficiency of wool production. 

THE PRODUCTIVITY OF SHEEP AT PASTURE 

Reproduction, the growth of body tissues, and of 
wool are the productive phases of the Australian sheep 
industry. 

A large part of the pastoralist’s income is derived from 
wool, but wool growth receives little direct attention in 
husbandry practices. In its present form, sheep husbandry 
aims primarily at ensuring survival, preventing serious 
loss of body weight and, where possible, at fostering rapid 
body growth. 

An understanding of the physiological basis of wool 
growth is a prerequisite to attempts to improve wool pro- 
duction through better nutrition. Follicle development 
commences prenatally (Short, 1955b) ; the total number 
of follicles is influenced by genotype (Merino V. Longwool), 
and by size of the newborn (Schinckel, 1955a; Short 
1955a). Maternal nutrition influences foetal size and hence 
total follicle numbers, but only severe undernutrition can 
decrease the number of secondary follicles per primary 
follicle (Schinckel, 1953, 1955b). 
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Both birth weight and the proportion of follicles actually 
growing fibres at birth are strongly correlated with 
maternal nutrition. Most secondary follicles mature after 
birth, so unfavourable pre-natal conditions mean that a 
larger proportion of wool follicles complete their develop, 
ment in the post-natal period. Thus, post-natal nutrition 
determines the extent to which post-natal growth and 
follicle development can compensate for pre-natal restric- 
tions. Preferential treatment of stock so as to ensure 
adequate nutrition to achieve optimum reproduction rates 
and birth weights, and the rapid early post-natal growth 
of lambs, will provide for the development of the full 
genetic potential for the follicle population. Although con- 
siderable attention has been gi.ven to weaner ill-thrift, the 
present indications are that post-weaning limitations on 
growth rate have no permanent effect on wool growth, 
unless they are severe and prolonged (Donald and Allden, 
1959). 

Marked seasonal fluctuations occur in the rate of wool 
growth, and in grazing sheep these can be related main!y 
to the availability of green forage, though the reproductive 
status of the ewe, lactation, and the composition of the 
pasture (Williams and Schinckel, 1962) also exert their 
respective influences. There is also evidence from pen ex- 
periments that climatic elements may exert an effect on 
wool growth rate, but on present evidence it seems that 
nutritional changes dominate the picture. 

Body growth influences the amount of meat derived 
from a carcass, and the age at which animals are capable 
of reproducing. Growth is an extremely complex process, 
which is not easy to define. Facets of this problem relevant 
to animal production include the finding of adequate 
criteria for measuring growth, and the influence of breed, 
age and nutrition on the rate of increase in bodv mass, 
and on conformation. In mutton production the “rate of 
growth is of far greater interest than final weight; growth 
rate governs profitability because it determines the time 
for which sheep have to be fed, and it influences carcass 
composition and hence price. 

Considerable information is available on the effect of the 
selection of breeding stock, and of nutrition upon confor- 
mation, growth rates, and the differential development 
of the carcass. However, clear definitions are needed for 
both the nutritional requirements for growth of young 
sheep at pasture and of the ability of various pasture 
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species to meet these requirements. Thus pasture utiliza- 
tion emerges as the subject most urgently in need of re- 
search in relation to all phases of sheep and wool produc- 
tion. The critical levels of pasture production, below which 
grazing sheep experience increasing difficulty in obtaining 
their nutritional requirements, are in need of further in- 
vestigation. This information would be especially pertinent 
to the intensive use of improved pastures in high rainfall 
zones; it is also relevant to the arid zone where animals 
may have to expend considerable time in walking and in 
grazing in order to gather sufficient food (Moule, 1956). 
These considerations raise further questions about the 
effects of pasture intake and its utilization by grazing sheep. 
Precise answers cannot be given to questions about the 
optimum system of grazing management to use. A number 
of experiments which have compared rotational and con- 
tinuous grazing at similar stocking rates have not shown 
significant differences in animal production between the 
two systems (Wheeler, 1962). There would appear to be 
merit in controlling the grazing of ewes during early 
pregnancy, if this practice is necessary to ensure adequate 
pasture will be available for breeding ewes during late 
pregnancy and lactation. The advantages to be derived 
from adequate nutrition for such animals and for growing 
lambs, are well documented; how to achieve the required 
nutritional regimens at least under Australian pastoral 
conditions is not so clearly understood. 

Sheep at pasture pursue their own die1 activities - i.e., 
their timetable of grazing, ruminating, and resting. In 
doing so, they make compromises between innate desires 
to satisfy hunger, thirst, the urge to reproduce, and such 
components of the environment as air temperature, the 
availability of pasture, the distribution of water, and com- 
petition for the available forage. 

The importance of these subjects is now being recog- 
nized in Australia. Studies at Canberra, A.C.T., showed 
that, when confined on either lucerne or Phulauis tuberosa, 
sheep tended to select the leaves rather than the stems 
of the plants. Thus they chose material with the highest 
nitrogen content. The selectivity of grazing was directly 
related to the amount of forage available. When stocking 
rates were high, the animals were forced to consume 
forage of a lower nitrogen content than the material they 
had the day before. As the amount of pasture available 
to the sheep decreased , grazing time increased, but the 
time spent chewing the cud decreased (Arnold, 1960). 
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There are very few estimates of the energy expended in 
grazing, which would include the effects of such things as 
walking, harvesting grass, climatic and metabolic factors. 
The only Australian observati.ons showed an increase of 
from 10% to 30% in the maintenance requirements of 
heavy sheep grazing good pasture but the increase 
amounted to between 50% and 100% for sheep of medium 
and low weights, and which maintained their liveweights 
while grazing progressively poorer pastures (Lambourne, 
1961). 

AN ECOLOGICAL APPROACH TO ANIMAL PRODUCTION 

The environment influences where and how animaIs live. 
Domestic animals are confined to set areas of land and 
are often unable to avoid or escape from environments 
that are unfavourable to them. Individual components of 
the environment influence animal production, but the 
animal reacts as a whole to its environment as a whole. 
Thus the reaction of the animal to its environment provides 
the key to a reasoned approach to animal husbandry. 

Man’s control over domestic animals introduces human 
judgement as a major factor in the pastoral ecosystem, 
Successful animal production demands considerable capa- 
city to attend to detail, but there are only a few basic 
adjustments that the pastoralist can make to influence the 
productivity of his property. In Australia, aridity is an im- 
portant factor governing the extent to which pastoralists 
use the various adjustments available to them. The main 
adjustments that can be made include: 

(1) 

(2) 
(3) 

(4) 

(5) 

(6) 
(7) 

(8) 

The application of plant nutrients, including water, 
so as to influence forage production. 
The selection of species for pasture and forage crops. 
The provision of fences and watering facilities that 
will permit control over Ilivestock. 
The placing of stock within subidivisions, so as to 
ensure better nutrition for different classes of stock - 
e.g., breeding ewes and growing lambs. 

The conservation of forage to feed back to the animals 
in an effort to maintain, or to increase numbers. 
The timing of reproduction by controlling mating. 
Adjustments to animal numbers and to the age and sex 
structure of flocks. 
The selection of animals suited to different kinds of 
production and different environments. 
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(9) The timing of shearing. 
(10) The control of parasitism and disease. 
( 11) The general amelioration of the environment by the 

provision of shelterbelts, the eradication of predators 
and of competitors for the available food. 

The application of knowledge derived from current and 
8 

future research must be fitted within this quite small 
number of farm operations. Similarly, research initiated to 
aid industry must keep in mind the farm operations 
through which it may be applied. The orientation of bio- 
logical research towards agriculture does not detract from 
its scientific merit, though it adds greatly to its difficulty. 
The scientist is anxious to discover the mechanisms that 
are essential to the function of productive systems but few 
attempts have been made to study the ecology of pastoral 
production. Work that could be undertaken during the 
next twenty years may yield data from which estimates 
can be made of the distribution of energy within such 
productive systems. In the meantime, we must be content 
with descriptive accounts, as there are extremely few 
measurements of input-output relationships which will 
serve to guide woolgrowers in the application of research 
findings to animal production. Those concerned with re- 
search into animal production have a vast array of mech- 
anisms to investigate. Their scientific judgement will be 
reflected by the importance, within its ecological setting, of 
the work they choose to do. The pastoralist who endeavours 
to apply the results of research will find the need to inte- 
grate his thinking about the strategy and tactics of man- 
agement that ensure the welfare, efficient raising and 
optimum productivity of his domestic animals, consistent 
with the maintenance, or improvement of their respective 
ecosystems. 
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ECOLOGY OI: PAS’I’ORAL PRODUCTION 

DISCUSSION 

DR D. G. EDGAR: I F??d it surprisirzg tJ?ul c?dj?~sfi??e??t i?z tJ?e ti?lle o/ 
?nati?zg ewes gave bct?efits lusting over 7 to 8 ??zonths. Would Dr 
Moule co?~?77?e?lt? 
DR G. R. MOULE: Later mating ensured (i) greater fecundity and 
(ii) faster growth rates of the lambs. These advantages resulted 
jn the marketing, off their mothers, of larger numbers of lambs. 

DR EDGAR: WNS ihc increc?se in ovulrtiion vate due to i?np?‘oved 
?Zt?tritio?z or udvurze of the breeding senson? 

DR Mourn: Although the matter was not investigated, there is every 
reason to believe that the increase in ovulation rate was due to the 
advance of the breeding season. 

C. L. SANDBROOK: The N.Z. i?lszifute of Agricultural Science J?trs esti- 
?nnted that, usi??g k?zow?z tech??iques, there is a poterltinl jo?- irz- 
creased currying cclpmity of 81% natiorzally. Cordd Dr Mo~de give 
(1 similar estirnctte of Austrcdia?~ pote?zticd? 

DR MOULE: Less than half and only a little more than one-third of 
the areas suitable for pasture improvement in the high rainfall 
and the wheat-sheep zones, respectively, are actually sown to im- 
proved pasture, and there are still extensive areas in Queensland 
to be brought into production. 

Q: Co~rld Dr MO& please tell us about tJ?e ecology of sl?ccp i?? 
rflutioi2 lo fleece comt? 

DR MOULE: Average spinner’s to best top making and average to 
good top making wools predominate in the pastoral zone. Average 
spinner’s wools with some fault are produced in the wheat-sheep 
zone and good spinner’s wools are obtained from much of the high 
rainfall zone. The scoured specialities are produced in tropical 
Australia. 

PROFESSOR W. V. CANDLER: By tJ?e “ecologicul appr’oacl?” does Dr 
MO& imply the su?ne us Dv McMeekm when he says that, “so?ne. 
times we should abuse tJ?e c~?+nal arzd sot?zetimes tlze pclsture”, or 
is there so??zetJ?i??g inore? Is tlzc “ecological upproacli’ essentially 
tJ?e s(??ne LIS tJ?e “wlzole far??z approach” or what the e?zgi??eers call 
“systd?ns c???nlysis”? Does Dr Motde tl?i?lk that tJ?e ecological np 
prouch cc??z J&p irz tile allocation of resew-cl? fmd_s? 

DR MOULE: An ecological approach is essentially a whole farm 
approach. It can be helpful in allocating research funds because it 
demands a consideration of the relevance of the proposed work, 
of input-output relations, of the use of available resources including 
capital, and of interactions between various components of the 
ecosystem. 

E. D. ANUREWS: Whtrt is the cwrent tJlinki?lg regcudi?zg the e?nerg. 
elm? of diseases such 61s phalrrris stL?ggers c?nd oestrogenic infer. 
tility mcu1.v yef~rs after the introductiotz o/ the ptrstzuc: plcfnts 
respo?xibIe? Corrld theye perhc?ps J?c?ve beer7 L? degree of ???x?\vuye- 
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ness of tne disease or is it likely that lag in emergence could be 
associated with changing management practices? 
DR MOULE: There may have been a degree of unawareness but 
changing management practices, including the selection of pasture 
species and changing soil conditions, may all have contributed. 

DR J. W. MCLEAI-J: Dr Morrle bus irrdicated the close I-elationship 
betlveen fhe various types of Merino and the climatic conditions 
under which they are mtz in Australia. I lvould like to ask hots 
much this is due to a true ecological relationship and how wu~ch 

to other factors such as tradition and availability of breeding stock. 
DR MOULE: There have been too few studies to know. Predisposition 
to body strike may have tended to decrease the popularity of strong 
wool merinos in the Tableland districts of N.S.W. On the other 
hand, the S.A. strong wool Merino may be quite highly productive 
in the pastoral zone of N.S.W. which is the traditional home of 
the Peppin Merino. 


