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Population Ecology and the Control of Pests
L. C. BIRCH 1

An understanding of the factors responsible for the numbers of animals observed is
essentialfor effective integrated control ofpests. An ecological study need not, however, be
complete for it to be useful; many incomplete such studies have led to clues that have served
as important guides in control programmes. However, it is important that the study of
animal numbers be undertaken with a completely general model in mind. Some ecological
models suggested are too restricted to be generally applicable. The generalized model
proposed by the author is based on the proposition that the chance to survive and multiply
depends on environment, which may be effectively studied as having five components:
resources, climate, numbers of the same species, numbers of other species, and hazards.
Any of these components may be important and different components may be important at
different times in the history of an animal population.

Populations are most often limited by inaccessibility of resources and by the shortage
of time during which the environment is favourable to an increase in numbers. An under-
standing of these factors suggests ways in which numbers may be further restricted. The
student of pest control must determine if such ways can be economically used in a pro-
gramme of integrated control.

It is the hope of the student of ecology who
studies pest-species that an understanding of the
factors responsible for the particular numbers of
animals observed will lead to ways of reducing
those numbers. Ideally, the ecologist hopes that his
investigations will lead him to be able to recommend
appropriate manipulations of the environment of
the pest, such that numbers will decline without the
aid of pesticides. In some cases this hope is realized,
at least in part. More often, I believe, the contri-
bution the ecologist can make to the control of
pests is to provide information that will lead to a
better strategy in using a number of attacks on the
pest. This may include the prediction of outbreaks,
the timing of application of pesticides and the most
effective means of introducing parasites, predators
and pathogens.
The thesis of this contribution is that effective

integrated control is dependent upon an under-
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standing of what determines the numbers of the
species, both when numbers are low as well as when
they are high. Ideally, we wish to get as complete an
understanding as is possible of what determines
numbers. However, more often than not the ecolo-
gist's information is full of gaps. There are two
reasons for this, the complexity of the study and the
technical difficulties which are often encountered
in the study. In reviewing a recent symposium of
21 papers on population ecology, Elton (1962)
remarked: " Nearly all the investigations described
still have large blank patches ". The ecologist has
tried other approaches than the direct study of natu-
ral populations, just because of these complexities.
However, the mathematical models, which constitute
one of these approaches, are mostly far from fitting
known facts and the laboratory models suffer from
over-simplifications. Both these approaches are
valid ones, and are suggestive of ideas, but
they have not yet got us anywhere close to
understanding what determines numbers in natu-
ral populations.
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CONTENT OF ECOLOGICAL STUDIES

Despite the deficiencies of most ecological stu-
dies, we should be encouraged by the proven value
of many a study which has fallen well short of being
complete. It sometimes happens that some key
pieces of information are primarily what is needed
to convert a haphazard hit-and-miss control pro-

gramme into a scientific one. The good ecologist
with an eye on control will be led to these key
factors instead of getting bogged down in a mass of
irrelevant information. No one would claim that
the ecology of the Mediterranean fruit fly is tho-
roughly well known. Yet the studies made between
the first Florida outbreak in 1929 and the second one

in 1956 did enable the 1956 eradication programme
to be conducted with the least inconvenience and
maximum effectiveness. The knowledge that fruit
flies tend to disperse from areas when the fruit is
off the trees was a good reason for leaving fruit on

the trees in infested areas, rather than stripping the
trees as in the earlier campaign. This and other
examples have been nicely reviewed by Brown
(1961). The knowledge that Argentine ants kill
natural enemies of the red scale, Aonidiella aurantii,
in Californian citrus groves was a sound reason for
destroying ants in the campaign against the scale
(De Bach et al., 1951). The eradication campaign
against Anopheles gambiae in Brazil 20 years ago
could never have succeeded without information
on the sorts of places chosen for oviposition and for
resting (Soper & Wilson, 1943). Indeed, it was said
at the time that the men who were guiding the con-

trol programme had to " think like mosquitos " in
the sense that they would know the ins and outs of
the behaviour of mosquitos in a variety of circum-
stances and at different stages of the life-cycle.
You could, of course, say that this is just simple

natural history, and so it is. But natural history
is an essential part of scientific ecology. Indeed,
when ecologists have gone wrong, it has sometimes
been just because they have neglected the natural
history aspect of their study. There is no alternative
to the study of the species in nature. There are

additional sorts of studies, but they are not alter-
natives.

There is a second reason for encouragement
despite the incompleteness of ecological studies.
I am convinced that enough is known to enable us

to build a generalized model or picture of the way
in which the numbers of animals are determined in
natural populations. An essential criterion of such

a model is that it be sufficiently general to be appli-
cable to all natural populations. Some models that
have been proposed lack this generality. They may
apply to this or that species or to this or that phase
of its history. Nature does not fit the Procrustean
bed of some of ecology's theorizers. Elton (1958)
very aptly remarked: " In the Neolithic days of
animal ecology, that is to say about 25 years ago, it
seemed reasonable to suppose that every natural
food-chain contained within itself the explanation of
the control ofpopulations." Elton goes on to remark
that now we have more facts to test this hypothesis
with and that " there does not seem much doubt
that theories that use the food-chain for an expla-
nation of the regulation of numbers are over-sim-
plified, and often just untrue for certain species ".
Ecologists have been too easily enchanted by vague
concepts of " balance of nature " and the supposed
all-importance of " competition " (which is not
synonymous with Darwin's more meaningful " strug-
gle for existence "). Both former concepts I believe
have outlived such usefulness as they once may have
had.
The generalized model which Andrewartha and I

have proposed (Andrewartha & Birch, 1954) grew
out of a study of case-histories of natural popula-
tions. The central idea is a picture of how environ-
ment influences the chance to survive and to multi-
ply and hence the rate at which the population grows
and declines. We observe that populations do not
grow indefinitely. We also observe that numbers do
not decline indefinitely, except as the prelude to
extinction or eradication. Sometimes numbers
remain constant for considerable periods. This is
unusual in populations of insects, and probably in
most other invertebrates. It is perhaps more com-
mon in animals which have territories (for example,
birds) or when the absolute amount of living space
tends to be filled to capacity (for example, with
barnacles).
When numbers are increasing, the numbers

reached depend upon the initial size of the popula-
tion, the length of the favourable period when growth
is positive and the rate of increase during this favour-
able period. When numbers are on the decline, the
extent of the decline depends upon the size of the
initial population, the length of the unfavourable
period and the rate of decline. To be realistic, we
have to picture natural populations as being sub-
jected to a succession of favourable and unfavour-
able periods. These may be seasons or parts of sea-
sons or years or successions of years. Any compo-
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nent of environment may determine the extent to
which environment is favourable or unfavourable
to increase, and so any component of environment
may determine the chance to survive and to multiply
and hence the numbers observed in nature.

INFLUENCE OF COMPONENTS OF THE ENVIRONMENT

To understand how this happens, we need to have
a concept of environment that is sufficiently clear-
cut that it enables us to study the influence of each
component of environment on the rate of increase.
The concept of environment we have found useful
is that of the environment of the individual animal
and the inclusion in its environment of anything
which influences its chance to survive and to mul-
tiply. Environment can be broken down into five
unambiguous components. These are resources
(food, space, nesting-sites, etc.), climate (tempera-
ture, moisture, etc.), members of the same species,
members of other species (predators, disease, etc.)
and hazards. The word " hazard " is used as a con-
crete noun, and does not refer to, say, climatic
hazards. It includes such things as tall buildings
that birds fly into during migration. Browning
(1962) has correctly added this component to our
earlier analysis of environment.

Natural populations consist of a number of local
populations in different environments, more or less
isolated from one another and with differing amounts
of dispersal between them. It is useful to begin to
think of the model of the natural population in
terms of a single local population. The numbers of
animals in a local population can be described as
common or rare in relation to the available resour-
ces. That is to say, we can picture numbers increas-
ing to the point at which all or most of a necessary
resource is used. The animal is then common in
relation to that resource. Alternatively, numbers
may not increase to the point at which much of the
resources are being used; the species is then rare in
relation to the resource. The resource may be des-
troyed as it is used; an example is food. Or the
resource may not be destroyed as it is used; an
example is nesting-sites. In either case, when the
resources are fully utilized, we say that numbers are
limited by an absolute shortage of resources. The
number of great tits in a local wood in Holland may
be the number of nesting-sites in that wood. An
absolute shortage of this type of non-expendable
resource may be a common occurrence in mammals
and birds which are territorial and which readily

" fill " the available space because their demands
for space are relatively great. It is much less com-
mon in invertebrates, though we would expect it
to be commoner in those which have territories.
Absolute shortage of food is not a usual situation
in a natural population. Territoriality in vertebrates
tends to operate in such a way as to prevent this
from happening. When it does occur, the outcome
will be extinction of the local population. In
invertebrates and notably in insects, absolute
shortage of food is unusual, though, of course,
it does occur in outbreaks of pests. For a more
complete analysis of the principle of absolute
shortage of resources, see Andrewartha & Browning
(1961).
More usually, numbers in the local population

are limited below the limit imposed by the amount
of food available. Any unfavourable component
of environment may be responsible for this; weather
and predators are common examples. The picture
is one of the species struggling to hold its own in
a hostile environment, and taking advantage of
such favourable periods as it may encounter. The
outcome may be extinction in some local popula-
tions.

Local populations do become extinct. In some
species, self-regulating mechanisms may be the
strategy which helps to avert this, but this does not
guarantee survival (Andrewartha, 1959). From the
point of view of the survival of the species, the pic-
ture is a hazardous one. How is it, then, that species
do survive, and indeed are so difficult to eradicate?
The answer, I believe, lies in the nature of their dis-
persion, and in their capacity for dispersal. Here is
a strategy of survival which is most important and
perhaps least understood.

Dispersion is the spatial distribution of the spe-
cies. We can think of it as the distribution of local
populations. While in some local populations the
environment favours increase, in others at the same
time environment may be unfavourable for increase.
Dispersal is movement between local populations.
This means that local populations which have
become extinct can be recolonized. The principle is
used in establishing minimal effective sizes of game
reserves. The reserve must include a sufficient
number of local populations for this sort of recolo-
nization to be able to take place. The more uniform
the habitat and the more it approaches a single local
population, the greater are the chances of extinction.
Some island populations have conformed to this
picture.
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The extent of dispersal between local populations
is sometimes a key to understanding numbers. The
successful predators are those which have high
powers of dispersal and which can readily find new
populations of prey. A species may be kept rare by
its low capacity for dispersal in relation to the dis-
tribution of resources which prevents it from finding
the resources available. This may happen when
local populations and necessary resources are spaced
far apart. We say then that numbers are limited by
a relative shortage of the resource; the resource is
there, but is not found. Heterogeneous habitats lead
to this sort of situation. This may be a reason why
mixed forests seem to be subject to fewer outbreaks
of pests than stands of single species. The amount
of food that can be utilized by phytophagous insects
depends upon a variety of factors, such as distribu-
tion of food plants in space, the seasonal distribu-
tion of food plants, the distribution of eggs and the
feeding and dispersal characteristics of the adults.
As Dethier (1959) has pointed out, some of these
factors and notably larval feeding and dispersal have
been consistently neglected. Exceptions are the work
on spruce budworm (e.g., Morris et al., 1958) and
Dethier's (1959) studies of the butterfly, Melitaea
harrisii. As the population of its host, the aster,
increases, the numbers of larvae that survive increase.
This is not because of the greater absolute food sup-
ply, but because plants grow closer together, and the
chance of a wandering larva finding food is greater
than in the sparser aster fields. The same principle
of relative shortage of food is illustrated by the
practice of game destruction. It is not necessary to
destroy all the game in an area to prevent tsetse flies
from getting a blood meal. When the game is suf-
ficiently sparse, the chance of the fly finding a blood
meal is so low that it dies from relative shortage of
food. For a more detailed analysis of the principle
of relative shortage of resources, see Andrewartha &
Browning (1961).
The modem study of the ecology of animal popu-

lations cannot neglect genetical aspects of ecology.
In different parts of its distribution or at different
seasons, the species may be genetically different
(Andrewartha & Birch, 1960; Birch, 1960). Gene-
tical studies have provided an understanding as to
the way some species have increased their distribu-
tion, and they add a necessary perspective to argu-
ments about the factors which tend to keep species
from becoming extinct (Birch, 1957). The student of
control of pests may need to take account of the fact
that the species is not genetically homogeneous. He

may even be able to manipulate genetics of the pest
to reduce its numbers (e.g., Downes, 1959).

FACTORS LIMITING POPULATIONS

The general conclusion to be drawn from this way
of looking at populations is that numbers of animals
are naturally limited in three main ways:

1. By absolute shortage of resources, such as food and
nesting-sites;

2. By relative shortage of resources, which is inacces-
sibility of resources relative to the animal's capacity for
finding them;

3. By shortage of time during which environment is
favourable to increase in numbers. Any component of
environment may make the environment favourable or
unfavourable and may act in this way.

In principle, the numbers may be further limited
in pest control by manipulation of the environment
in these three sorts of ways. It may be a helpful
approach if, in integrated control programmes, the
different methods used can be conceived in this sort
of framework.

Absolute shortage ofresources is the aim ofplanned
destruction of resources such as breeding-sites of
mosquitos. The destruction of native malvaceous
plants which serve as hosts of the cotton-stainer bug
in the West Indies at a critical time of the year when
cultivated cotton is not available breaks the necessary
sequence of supply of food for the bugs. This is an
effective means of controlling the bug. The grass-
hopper, Austroicetes cruciata, in South Australia is
primarily a pest in the marginal wheat belt where
native perennials have been destroyed. Native
perennials are not suitable food; grass and cereals
are (Andrewartha, 1943). Experiments are in pro-
gress in South Australia to try to find ways of re-
establishing native perennial shrubs in such areas.
Such places would then almost certainly be much less
suitable for grasshoppers.
The moth of the underground grass caterpillar,

Oncopera fasciculata, uses tall upstanding grass for
egg laying after being attracted to it for its nuptial
flight. When pastures are so managed that the grass
is kept well cropped at this time of the year, the
damage from Oncopera during the next winter is
less (Madge, 1956, 1957).
The magpie goose, Anseranas semipalmata, of the

Northern Territory in Australia chooses for nesting-
sites areas ofswamp 1-3 feet (30-90 cm) deep where
sedges grow to a particular height and density.
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The abundance of magpie geese in rice-fields is
associated with the prevalence of such swamps.
Frith & Davies (1961) were able to recommend as an
effective control of the geese either a lowering or a
raising of the water level to make this resource un-
suitable for nesting.
Monro (personal communication) has proposed a

use of sterile animals additional to that in male steri-
lization control programmes. The idea is to overload
resources beyond capacity with sterile males and
females; with each successive introduction the fertile
animals would be " flushed out ". The efficiency of
the proposal would be greater if the resource were a
consumable one, as the introduced sterile animals
would, at the same time, deplete the resource. The
same sort of idea has been proposed by Rendel &
Lewontin (personal communication) in the possible
use of the micro-organism Treponema which causes
death of male Drosophila, and is transmitted by
females in the eggs (Poulson & Sakaguchi, 1961;
Carvalho & da Cruz, 1962). Assuming that the
disease organism could be transmitted to a pest
insect, infected individuals introduced into the
population in sufficient numbers when resources
were at their lowest would tend to swamp out the
population, " flushing out " the fertile individuals,
and at the same time, reducing the population of
males and so eventually reducing the chance of
females being fertilized.

Relative shortage of resources is the aim in the
destruction of game to the critical low density at
which the chance of tsetse flies finding food is so low
that they die without finding a blood meal. The
growing of mixed crops instead of single species is
an example of the same principle. By planting rows
of cereals around and between Brassica crops, virus
infestation by aphid vectors is effectively reduced.
The aphids blow first onto the higher cereal plants,
which are unsuitable hosts. When they take off in
the wind again, they are more likely to land on the
high cereals than on the low brassicas (Broadbent,
1957).
Shortage of time when environment is favourable

is induced by a number of practices. This is the
effect of regular application of insecticides. Eco-
logical studies can lead to the more effective timing
of the application of pesticides. As a result of the
work of Davidson & Andrewartha (1948) on Thrips
imaginis in South Australia, it was possible to pre-
dict by August 1952 the likelihood of an outbreak
later in the spring. As a result growers stocked up

with DDT well in advance and applied it at the
critical time. The State harvested a bumper crop.
Growers who failed to heed the warning lost most
of their crop. Chiang & Cutkomp (1953) cite a
similar case with the European corn-borer.
Weather may be made the unfavourable com-

ponent of environment and so effectively reduce the
time when environment is favourable. This seems to
be one of the main effects of discriminate clearing of
woodlands and river gallery forests in the control of
tsetse flies (see Andrewartha & Birch, 1960).
The scarabeid beetle, Aphodius howitti, is not

particularly hardy, but it manages to survive in
pastures in South Australia as a result of the habit
of the adults of laying their eggs in moist places.
These are places where the grass sward is sparse.
It follows from this work (Maelzer, 1961) that the
area which is suitable for egg-laying could be reduced
by reducing the moisture of the soil, and this could
probably be done by introducing deep-rooted peren-
nial grasses or a dense growth of annuals (Andre-
wartha-personal communication).

Predators, parasites and disease are used for the
same purpose of reducing the length of time during
which environment is favourable to the increase of
the pest. They may be used just like insecticides,
with regular applications, or they may become self-
sustaining. For this to happen, the ecologist may
need to call upon special, rather subtle aids. An
example is the pr6vision of hosts for the black scale,
Saissetia oleae, during unfavourable seasons for the
parasite, Metaphycus helvolus, so as to tide the
parasite over unfavourable periods (Smith & De
Bach, 1953). Further examples are discussed by
Huffaker & Kennett (1956). The use of insecticides
in conjunction with " biological control " so that
they reinforce one another instead of acting in
opposite directions is the study that led to the phrase
" integrated control ". A variety of procedures may
be adopted depending upon a knowledge of the
ecology of the prey and the predator. For example,
strip treatment by insecticides may permit predators
to survive while, at the same time, effectively killing
the pest. Examples of this approach are given by
Lord (1947), De Bach & Landi (1961) and Pickett &
Patterson (1953).
These are only a selection of many possible

examples of how control may be thought of within
a single framework which also pictures the more
general influence of environment on the numbers of
animals.
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RtSUMJE

L'auteur pense que la compr6hension des facteurs
responsables du nombre respectif des animaux de chaque
espece doit preceder toute lutte efficace et integree contre
les animaux nuisibles. Parfois, c'est l'6tude ecologique
qui conduit a des modifications du milieu, modifications
ayant pour r6sultat la diminution du nombre des ani-
maux nuisibles. Plus souvent, l'utilit6 de ces etudes r6side
dans le fait qu'elles conduisent a une meilleure articula-
tion des attaques dirig6es contre ces animaux. Ceci ne
signifle pas qu'une 6tude ecologique doit etre compIlte
pour etre utile. Bien des etudes 6cologiques des popula-
tions naturelles sont tres incompletes; les meilleures d'entre
elles n'en fournissent pas moins des renseignements
pr6cieux pour l'etablissement de programmes de lutte.

Bien que l'etude veritablement complete de la popula-
tion naturelle ne soit assez souvent qu'un id6al irr6ali-
sable, il est n6anmoins important que l'6tude des quan-
tit6s d'animaux soit entreprise dans l'espoir d'obtenir un
modele complet et g6n6ralis6. Ceci doit etre un guide et
non une limitation de pens6e et d'observation.

Certains modeles sugg6res par les 6cologistes sont trop
restreints pour etre g6n6ralement appliqu6s. Le modele
g6neralise propos6 par l'auteur repose sur le postulat que
les chances de survie et de multiplication d6pendent du
milieu. Le milieu d'un animal comporte 5 composantes:
les ressources, le climat, l'importance quantitative de
1'espece, l'existence d'autres organismes (pr6dateurs et
pathogenes) et les ( dangers #.

L'importance quantitative d'une espece depend de ses

chances de survie et de multiplication. Le modele doit
tenir compte du fait que les populations naturelles sont
form6es de populations locales partiellement isolees, que
le milieu differe selon les populations locales et qu'une
dispersion (e1ev6e ou discrete) se produit entre popula-
tions locales.
Une bonne 6tude ecologique se doit d'identifier les

principales composantes du milieu et de mesurer leur
influence sur les chances de survie et de multiplication.
L'on a l'impression que chaque 6l6ment du milieu peut
etre determinant et que des elements diff6rents peuvent
etre determinants a des stades differents de l'histoire de
l'espece. Des m6canismes auto-r6gulateurs peuvent jouer
dans certains groupes, en particulier chez les oiseaux
possedant un territoire et les mammiferes. Il est rare
que la limitation num6rique soit due a un manque
absolu de ressources alimentaires, bien que ceci soit
parfois la cause d6terminante de la repartition et de
l'abondance des especes. Plus souvent la limitation est
due a l'inaccessibilit6 des ressources et au fait que la
periode oiu le milieu peut favoriser l'augmentation num6-
rique d'une espece est trop vite remplac6e par une autre
oui les conditions de milieu sont d6favorables. La connais-
sance du mecanisme de la limitation dans les cas parti-
culiers donne des indications sur les moyens d'une
limitation encore plus poussee. I1 appartient a celui qui
lutte contre les animaux nuisibles de d6terminer si ces
moyens peuvent etre utilises de facon 6conomique dans
un programme de lutte int6gr6e.
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