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INTRODUCTION

IT would be an advantage to be able to predict the conditions that will give
the best chance of success when an insect species is introduced into an area to

control a pest. Remington (1968) has produced a model which, he suggests,
enables such predictions to be made. However, some inconsistencies appear
in his paper.

Remington's model and predictions

Remington summarises his model of the structure of an insect population
as follows:

there are two opposite genetic structures and their intermediates.

1. The ecologically marginal portions of the population are small inbred
units with high homozygosity and a very low frequency of deleterious
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recessive alleles (i.e. a small "genetic load "). The individuals in
these marginal sectors all tend to be closely adapted to one narrow set
of environmental parameters.

2. The ecologically central portions of the species are populous, out-
crossed units with high heterozygosity and a large genetic load. The
individuals in these central sectors tend to be generally adapted to a
wide range of microenvironments" (p. 417).

It must be noted that Remington uses "ecologically marginal" to refer to
populations near the environmental limits of the species; they are typically
minimal in size and often exist at the geographic periphery of the species,

but they may be geographically central. "Ecologically central populations ",
usually at the geographic centre of the species, tend to be "maximal in
abundance, stability and panmixis ".

The evidence quoted to support this model comes largely from work on

Drosophila populations. Dobzhansky et al. (1963), using D. pseudobscurra,
Townsend (1952), using D. willistoni, and Alexander (1952), using the
D. virilis group, have shown that ecologically marginal populations carried
smaller percentages of heterozygous genes than did ecologically favourable
populations. Most of this work has estimated the proportion of lethals
and semilethals in the populations, but some (see Townsend, 1952) has
investigated visibly expressed recessives and chromosome inversions as
well.

Using this model as his starting point, Remington then discusses the
consequences of the introduction of large and small founder populations from
ecologically central or marginal source populations. He claims that if the
source population is marginal, it makes little difference whether a large or
small sample is introduced; in both cases there is "good potential for early
survival and evolution soon of (a) new type ". But the size of the founder
population is expected to produce different results when an ecologically
central source population is involved; with few founders he predicts that
"early extinction (is) likely ", but he expects the introduced population to
have a" good potential for early survival, but low potential for the evolution
of (a) new type" when many founders are introduced. The model, and its
consequences, according to Remington, are summarised in table 1.

Criticisms of Remington's Predictions

If the model is accepted as sound, it seems that Remington has assumed
that the major reason for population extinction upon introduction to a new
area will be the effect of the genetic load; founders from marginal populations
will have a low genetic load, and so survive, whereas founders from central
populations will have a high genetic load, and so be susceptible to extinction
unless a large number of founders are introduced. When discussing the
control of unwanted introduced insects he does not seem to have taken into
account the comment quoted above that" the individuals in these marginal
sectors tend to be closely adapted to one narrow set of environmental para-
meters ". One would expect that insects introduced from a marginal
population are unlikely to be adapted to their new environment with its
different biotic and abiotic factors. Therefore a "good potential for
survival" of such introductions would not be expected, even though they
may have less genetic load than central populations. The genetic load,
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itself, may not be very important in limiting populations, as Turner and
Williamson, (1968), point out.

Similarly, because founders from a marginal source population are
homozygous for more genes than those from a central population, they are
unlikely to have as much potential for the evolution of a new type; there is
less variation immediately available for selection to act upon and produce
organisms well adapted to the new environment. So, contrary to Reming-
ton's prediction, founders from a central population should have more
potential for evolution of a new type than those from a marginal source

population.
When he gives his "rules of thumb" for successful introduction of

beneficial insects Remington seems to have interpreted the genetic model
correctly. He advocates the introduction of" a large wild sample from a
large, central source population" and warns against "introducing few
founders from a large source population or making mass releases from
laboratory rearings bred from one or a few individuals collected from a large
source population ". This procedure will maximise the genetic variability
upon which selection can operate to produce a population of organisms well
adapted to the new environment. Remington's paper is internally in-
consistent here: if he followed his model, summarised in table I of this
paper, he should have advocated introduction from marginal populations to
produce the ideal of an early evolution of a type well adapted to the new
environment.

Alternative predictions

These criticisms may be summarised in the following predictions based
upon the same model as Remington's:

1. The best chance of establishment of a population would be when
founders come from an ecologically central population.

2. The best chance for the evolution of a new type in the new environment
would occur when the founders come from a population that was
ecologically central.

The effect of the size of the founder population on initial survival in the
new environment is not clear, provided the sample is large enough to ensure
near certainty of breeding individuals meeting and mating. But, the larger
the founder population from an ecologically central source, the greater will
be the chance of including favourable genes in the new gene pooi, so one
would expect that a large sample from this type of source would have the
greatest potential for the evolution of new types. Since homozygosity is
assumed, in the model, to be relatively high in populations that are eco-
logically marginal, the number of founders will make little difference to the
low potential for evolution of populations initiated from this type of source.

These predictions, and Remington's, can be tested by examining the
records of introductions that have been attempted for two types of informa-
tion; the genetic changes that have taken place since the introduction, and the
type of source population from which the founders came. Satisfactory data
of the first type are difficult to obtain, since the genetic constitution of the
source population is unlikely to have been recorded at the time of the
introduction. One has to compare the present status of the source population
and that of the" new "population, and assume that any divergence is due to
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evolution taking place in the new poulation. This is an unsatisfactory
assumption, since it neglects the effects of the "founder principle" and of
evolution taking place in the source population itself. The effect of the latter
can be quite marked, as Mason et al. (1968) have shown.

Information of the second type, if available, is more reliable, since the
present status of the source is of no importance. As long as the type of
population, ecologically marginal or central, at the time of the introduction
is known, the data are useful. In many cases, the satus of the population is
likely to remain stable, and comparisons based on present status will be
useful.

Tests of the prediction

One of the" classical "examples of biological control by the introduction
of an insect species is the control of the cottony cushion scale, Icerya purchasi,
in California by the ladybird beetle J'fovius (Vdalia) cardinalis introduced

TABLE 2

Insects introduced into Australia to combat prickly-pear. The number of insects introduced is given in

parentheses

Nature of source

population Established Not established

Ecologically central Cactoblastis cactorum (<50) Cactoblaslis doddi (> 1000)

Olycella junctolineela (100) Melitara prodenialis (11,000)
Moneilema ulkei (10,000)

Ecologically
marginal Melitara sp. (32,000)

Insufficient data to Tucumania tapiacola (700) Melitara dentata (1000)

classify Moneilema variolare (900) M. doddalis (13,000)

Logachirusfunestas (2900)
Chelinidea vittiger (2500)
C. tabulata (1300)

In addition, five species of Dactylopius were introduced. Details of the number of founders
are not given for these stocks. The special features of this genus are discussed in the text.
D. opuntiae, D. newsteadi, D. cylonicas, D. species near confu.sus were all established; D. confusus
failed to become established in the field. The data for this table are taken from Dodd, (1940).

from Australia. Although the original status of J. cardinalis is not recorded,

the species is at present widespread in Australia, (Matheson, personal com-
munication), and can be considered to be ecologically central although the
adult, at least, appears to feed only upon I. purchasi (French, 1893). The
Californian populations were initiated by 139 specimens of the ladybird, a
native enemy of the scale in Australia (Elton, 1958).

The other classical case is the control of the prickly pear, Opunlia spp, in
Australia. The work leading to its control is well documented, and the data
used for the following discussion are drawn from Dodd (1940). These data
are summarised in table 2. The insect that produced the best control of the
plant was a moth, Cactoblastis cactorum. The Australian populations of the
moth are descended from about 1000 eggs laid by moths that emerged from
larvae collected in the field in the Argentine where the species was wide-
spread and common at the time of collection. The fecundity data suggest
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that these eggs were obtained from about fifteen females, so the Australian
stocks came from less than fifty founder individuals.

Cactoblastis cactorum was one of the eighteen insect species which, after
passing stringent host range restriction tests, were introduced into Australia
with the aim of establishing them in the field. In most cases, Dodd's data
are insufficient to make a decision about the ecological status of the founders.
In some measure, all these species were ecologically marginal, in that they
had a narrow host range, (only Opuntia spp), but if we consider species able
to survive on more than one Opuntia species, and which were common in their
country of origin, as ecologically central, we see that two of the five species in
this category were not established although many founders were introduced.
Two of the three that became established had small (<150) founder popula-
tions, while the other was quite large, (in the order of 10,000).

The one species, Melitara sp, that can be classified as ecologically marginal
because of its extremely restricted host range was not established, even
though 32,500 individuals were introduced. The species was aimed at
Opuntia inermis which is "rather closely related to 0. lindheimeri ", one form
of which is its normal host plant.

Five of the seven species which cannot be classified with respect to their
original ecological status became established after relatively few insects were
introduced, but the other two, with 13,000 founders in one case, did not
become established.

The Cochineal insects Dactylopius spp are a special case, since there
appeared to be "biological forms of the same species possessing marked
differences in their capacity to survive on, and to effect injury to, the different
kinds of prickly-pear ". For example D. confusus was shipped from Florida
on Opuntia stricta, 0. dillenii and 0. polycarpa. All three strains infected
Australian 0. stricta, but that on 0. dillenii made much more rapid progress
on the Australian 0. stricta than did the material infecting the same species of

prickly pear in Florida. In most cases repeated introductions of different
strains of the Dactylopius spp were necessary before establishment succeeded.

The Dactylopius species appear to be ecologically marginal and repeated trials
were needed before a strain adapted to the Australian conditions was found.
Four out of five species introduced became established.

CoNcLuslorc

The data presented here, from a limited number of insect introductions,
support the predictions of this paper rather than those of Remington. Both
Cactoblastis cactorum and J'Tovius (Vedalia) cardinalis were very successfully
introduced with a small founder population drawn from populations that
appear to have been ecologically central. The one clear case of an introduc-
tion from an ecologically marginal population failed to become established
even with a large number of founders.

SUMMARY

1. Remington's (1968) model of the structure of insect populations is
described, and the predictions based upon it criticised.

2. Alternate predictions, that most successful introductions will come
from diverse ecologically central populations, are presented.
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3. These predictions are tested by examining the history of the introduc-
tion of eighteen insects to control prickly pear in Australia, and of the
introduction of the ladybird to control scale insects in California. Reming-
ton's predictions are not supported.

Acknowledgments.—Miss E. Matheson supplied details of the localities for specimens of
Novws cardinalis logded in the National Museum of Victoria. Professor A. M. Clark and
Dr N. G. Brink read the typescript.
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APOSTATIC SELECTION AND POPULATION DENSITY
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R. A. FIsi-SER pointed out in 1930 that in a population in which rare geno-
types were at a selective advantage to common ones, simply by virtue of their

rarity, a polymorphism would be maintained. Later experiments made by
Popham (1941, 1942) upon the predation by Rudd, Scardinius (Leuciscus)
erj'ophthalmus L., on polymorphic populations of the aquatic bug Sigara
distincta (Fieb.) showed that the fish tended to take a disproportionately high
number of the commoner morphs of the bug. The work of these two authors

led to the hypothesis that predators might be responsible for the maintenance
of polymorphisms in populations of their prey. Cain and Sheppard (1954)
and Haldane (1955) suggested that the widespread polymorphism of shell-
colour and pattern in snails of the genus Cepaea (Held.) might be maintained
in this way, though they did not suggest that this was likely. The evidence
that predators do, indeed, behave so as to tend to maintain polymorphisms
in their prey was summarised by Clarke (l962a, b), who used the term
"apostatic" for the first time in this context. Clarke argued that apostatic
selection had detectable effects on the polymorphism of Cepaea. However,
Carter (1967) has contested Clarke's interpretation of the evidence.
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