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INTRODUCTION

Insect pests have been with us for a long time. As early as 10,000 years ago,
farmers in primitive agricultural societies in areas of the Near and Middle East
already had to reckon with insect pest problems to increase harvest (Jones,
1973). Tremendous efforts and expenses have been put into containment of
insect pests throughout human history, and some significant successes were
made in this century (Klassen, 1989). For the last 50 years, although such
alternate approaches as biological control have been promoted, control and
management strategies for insect pests have relied heavily on chemical pesti-
cides. Despite control efforts directed against many serious insect pests, no
single insect pest species has been completely eradicated. Insect pest problems
are still here and will remain with us indefinitely. Insect pest problems have
become increasingly more complicated and difficult to deal with because of the
burdens of immigrant species (Kogan, 1982; Horsfall, 1983; CAST, 1987),
pesticide resistance (NRC, 1986), economic factors (Southwood and Norton,
1973), and environmental degradation (NRC, 1986; Green et al., 1990). These
may become further aggravated by the global climate changes.

Insect pests are a dynamic group of organisms with a long evolutionary
history. They continue to evolve in response to changing environmental condi-
tions, particularly of anthropocentric origin. However, the pest concept is a
human construct: the problem of insect pests is defined by a value judgement
and cultural criteria (Southwood and Norton, 1973). Insect pests counter new
strategies as they are introduced. The fate of DDT was a case in point. DDT,
which was discovered in 1939 and hailed as the “ultimate” weapon against
insect pests in the 1940s, was banned by the 1960s because of the environmen-
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4 Insect Pests and Evolution

tal and public health problems that it caused. By then, many insect pests had
already developed a resistance to DDT and many other pesticides. Subsequent
pest management technologies, such as integrated pest management (IPM), still
do not consider evolutionary dynamics of pest species; rather, they rely on
contemporary ecology and anthropocentric criteria. Rational solutions to the
problem of insect pests must be based on knowledge of genetics and evolution-
ary strategy as much as on biology and ecology of pest species (Stenseth,
1987).

Insects as Pests

Insects, the most abundant group of organisms, are widely distributed through-
out the world. They inhabit diverse habitats and serve many important func-
tional roles in ecosystems. Their small size and high mobility enable
long-distance dispersal and invasion of new territories and habitats (Wilson and
Graham, 1983; Ehrlich, 1986). Insects are able to resist substantial environmen-
tal changes and yet, under certain conditions, are highly adaptable to changing
environmental conditions (Parsons, 1983, 1987, 1991; Hoffmann and Parsons,
1991).

Insect pest fauna consists of both endemic and exotic species. Endemic
species may become pests when a new crop species or variety is planted in an
area (Elton, 1958), whereas immigrant species may become pests after they
have successfully colonized the new territory (Wilson and Graham, 1983; Pi-
mentel, 1986). Indigenous insects, either endemic or immigrant species, that
have been established for a long time in the territory but not are directly
associated with human enterprise or are of minimal economic importance can
become major pests following environmental perturbance (Gould, 1991; Hof-
fman and Parsons, 1991).

The insect pest fuuna has become more homogeneous throughout the world
by introductions, accidental or intentional. Highly mobile insects persistently
move about between the nations through internationa! traffic and commerce
(Sailer, 1978, 1983; Kim, 1983), and continue to invade new territories and
habitats, particularly those modified by human disturbance (Wilson and Graham,
1983; Margolies, Chapter 6; Pimentel, Chapter 8; Andow et al., Chapter 11;
Rauscher, Chapter 13 in this book). For example, the North American insect
fauna contains approximately 2,000 immigrant species (Kim and Wheeler,
1991), which constitute about 40% of the North American agricultural insect
pests (Pimentel, 1986). Many of these introduced species are the most serious
agriculture pests (Sailer, 1983; Lattin and Oman, 1983).

Of the major arthropod pest species, approximately 64% have a worldwide
distribution (Pimentel, 1986). For example, most animal pests were introduced
with the importation of livestock; cattle lice and hog lice are now distributed
throughout the world. Many phytophagous and vector species have a worldwide
or transoceanic distribution, such as the European corn borer, Ostrinia nubilalis
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(Hubner) (Showers, Chapter 14 in this book), and yellow fever mosquito, Aedes
aegypti (Linnaeus) (Tabachnick, Chapter 21 in this book). They show an exten-
sive geographic variation (Gould and Johnston, 1972; Parsons, 1983; Brussard,
1984; Futuyma and Peterson, 1985).

Insect Pests Evolving

Through 2 long evolutionary process, insects have developed the ability, dy-
namic genetic norms of reactions, to adapt to changing environmental conditions
(Hedrick et al., 1976; Hoffmann and Parsons, 1991; Parsons, 1991). As de-
scribed in this book, a wide range of genetic diversity is shown in major insect
pests; for example, European corn borer, by Showers et al. (1975) and Shower
(Chapter 14 in this book); Colorado potato beetle, Leptinotarsa decemlineata
(Say), by Hsiao (1985); alfalfa weevil, Hypera postica (Gyllenhal) by Hsiao
(Chapter 15 in this book); Mexican bean beetle, Epilachna varivestis Mulsant,by
Saks (Chapter 16 in this book); yellow fever mosquito, Ades aegypti (Linnaeus) by
Tabachnick (Chapter 21 in this book); Greenbug, Schizaphis graminum (Rondani),
by Beregovoy and Starks (1986) and Inayatullah et al. (1987); and pear psylla, Ca-
copsylla pyricola Forester, by Unruh (1990).

Insect pests are evolving rapidly with much higher genetic variability under
stressed enviromental conditions (Parsons, 1983, 1987, 1988; Croft and Dunley,
Chapter 7 in this book; Krysan, Chapter 18 in this book), created by anthropo-
genic factors such as pesticide application, habitat degradation, and environmen-
tal pollutions.

In this chapter, the theme of the book, patterns of genetic variation and
evolution of insect pests, is defined, and the biological nature of insect pests is dis-
cussed as background for the synthesis of succeeding chapters.

THE NATURE OF INSECT PESTS

The Concept of Pest

The Random House Dictionary defines pest as a destructive or troublesome
organism; any species of insects is a potential pest. Insects become pests when
they compete with humans for the common resources or their activity interferes
with human interests. In other words, the state of being a pest is a human
construct, and insect pest problems are defined by anthropocentric criteria.

The degree of insect pest problems is defined by specific economic criteria
and cultural value systems, including the nuisance level. For example, although
it may not be a big problem to the indigenous people of the Ethiopian highland,
the human body louse, Pediculus humanus Linnaeus, is a serious pest and is impor-
tant to Americans and Europeans as a potential disease vector. Evaluation of the
impact or damage of a pest species by the measure of economic threshold may also
differ by the type of crop species and local value criteria.
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Origin of Insect Pests

Insect pests have a diverse origin, which involves endemics, immigrants, and
mutants. Indigenous insects consist of endemic species and those of foreign
origin that are well established in a region. An indigenous species that feeds on
native plants may become a serious pest when a preferred crop species is
introduced to the agroecosystem. For example, the Colorado potato beetle
(CPB), which is native to the semiarid region of eastern and southern Colorado
and fed on the sandbur (Solanum rostratum), colonized potato (Solanum tubero-
sum) when this plant was first introduced into the southwestern United States,
perhaps 135 years ago (Riley, 1877; Tower, 1906). Since then, CPB has ex-
tended its range throughout the United States (Hsiao, 1985) and has become the
most serious pest of potato. Similarly, sugarcane has a local set of pest species
unique to each region in which it is grown, because indigenous insect species
have become associated with the crop (Strong et al., 1977).

Insect pest and host plant, both of exotic origin, may become associated in a
new territory (Rausher, Chapter 13; Saks, Chapter 16 in this book). For exam-
ple, corn (Zea mays) was originally introduced into the United States from
tropical America, whereas the European corn borer came from central and
southern Europe. The European corn borer became one of the most serious pests
of corn in north-central North America (Hudon et al., 1989). Similarly, Hessian
fly, Mayetiola destructor (Say), introduced into North America from Europe
around 1779, became one of the most destructive pests of wheat, which origi-
nated in the Middle East (Allan et al., 1959).

Immigrant pest species may come from either the original species distribution
or its secondary range. For example, the Mediterrenean fruit fly, Ceratitis
capitata (Wiedmann), found sporadically in southern California, may come from
Sub-Saharan Africa, the original distribution, or from Latin America or the
Mediterranean, secondary distribution areas.

A major category of insect pests that are directly related to anthropogenic
environmental perturbances are indigenous species that were not considered
economically important or were associated with cultivated crops and have be-
come serious pests under stressed or perturbed environmental conditions (Ken-
nedy, Chapter 22 in this book). For example, the sweetpotato whitefly, Bemisia
tabaci (Gennadius), which has been in California since the 1920s but was not
considered a pest of field-grown crops (Byrne et al., 1990), has become a
destructive pest of many field crops since 1981 because of intensive pesticide
application.

INSECT PEST FAUNA

Most important pests are of exotic origin, but insect pests constitute a small part
of the larger insect fauna of a region (Sailer, 1983; Lattin and Oman, 1983).
The North American insect fauna contains approximately 2,000 immigrant spe-
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cies, which is equivalent to about 2% of the total diversity (Kim and Wheeler,
1991). Of the 148 major insect pest species, about 40% are introduced species

and are among the most serious pests in North American agriculture (Pimentel,
1986).

North American Fauna

The known diversity of North American insects consists of approximately
91,800 species, which represent perhaps 50% of the extant fauna (Kosztarab and
Schaefer, 1990); Coleoptera is the largest order, with more than 23,600 species
(Arnett, 1990), followed by Diptera, 19,562 species (Thompson, 1990); Hyme-
noptera, 17,429 species (Masner, 1990); and Lepidoptera, 11,233 species (Cov-
ell, 1990).

The North American fauna has changed since Columbus’s 1492 discovery of
the Americas. The magnitude of human effects on the natural environment of
North America are comparable to those of the Pleistocene glaciations (Howden,
1969). One of the most important effects is the introduction of numerous insects
into the New World. With continued immigration and commerce from around
the world, the entry of exotic species from other continents has been constant,
despite all measures taken to prevent their entry (Herrick, 1929; Kim, 1983).
These invaders have caused major losses to agricultural production and forests
(Pimentel et al., 1980; Pimentel, 1986; Klassen, 1989) and also have had a
detrimental effect on environmental quality, human health, and aesthetics (Rey-
nolds et al., 1982).

During colonial times, many European insects managed to become estab-
lished in North America, such as the Hessian fly, Mayetiola destructor (Say),
Angoumois grain moth, Sitotroga cerealella (Olivier), and codling moth, Las-
peyresia pomonella (Linnaeus). Pierce (1917) listed 103 important foreign in-
sects introduced into the United States, although about four times that number
had already become established (Sailer, 1983). In the 1920s, 81 species of the
182 (44.3%) most economically important insect plant pests were of definite
foreign origin (Smith, 1929). Recent assessment of the North American fauna
for nonindigenous insects recorded 1,115 (McGregor, 1973), 1,385 (Sailer,
1978), and 1,683 species (Sailer, 1983). The most recent study revealed over
2,000 exotic species (Kim and Wheeler, 1991).

Distribution of Nenindigenous Insects

The geographical distribution of our nonindigenous insects is not even. The
Hawaiian Islands, for example, having no history of a continental connection,
are characterized by an immigrant biota (Elton, 1958; Carlquist, 1981). In
continental North America, three principal areas are considered historically to be
centers of introduction: the Canadian Maritime Provinces, the seaports of the
Northeastern states, and the Pacific Northwest. For example, the carabid fauna



8 Insect Pests and Evolution

of Newfoundland now contains 14.5% European species (Larson and Langor,
1982) and its leafhopper fauna has 17.2% introduced species (Hamilton and
Langor, 1987). California and Florida are probably characterized by a relatively
high proportion of immigrant taxa (Frankie et al., 1982; Dowell and Gill, 1989;
Ewel, 1986), and the Great Lakes region also seems vulnerable to invasion by
exotic species (Davis, 1962).

Habitats and disturbed sites made by humans, such as railroad and highway
rights-of-way, contain an unusually high percentage of immigrants (Elton, 1958).
Eurasian weeds in many disturbed areas, now well established among the native
biota, are fed on by various Old World insects. For example, noxious weeds like
Canada thistle and spotted knapweed are attacked by accidentally introduced
generalist and specialist herbivores and also by a suite of biocontrol species
deliberately introduced (Kelleher and Hulme, 1981; Wheeler, 1985, 1988;
Wheeler and Whitehead, 1985). A similar pattern is also found in agroecosys-
tems (Pimentel and Wheeler, 1973). Because about 99% of the cultivated area in
North America is planted with introduced crops, this agroecosytem is usually
vulnerable to immigrant pests (CAST, 1987). However, few immigrant species
may be found in natural plant communities other than in areas modified by
humans (Elton, 1958; McGregor, 1973), and annual field crops appear relatively
less vulnerable to successful colonization by immigrant pests than perennial
plants (Kogan, 1982).

GENETIC VARIATION

Genetic variation provides the basis for evolutionary change, and the genetic
structure of populations is shaped by natural selection through the interaction of
genetic forces and changing environments in space and time. Thus, the primary
force in maintaining and structuring the genetic diversity in natural populations
is environmental heterogeneity (Nevo, 1988). In a constantly changing environ-
ment, molecules, chromosomes, and morphological traits evolve at very differ-
ent rates (Beaverstock and Adams, 1987), and evolutionary rates are not related
to the population size and the mutation rate (Gillespie, 1985; Nevo, 1988).
Molecular evolution is closest to being constant in time (Beaverstock and Ad-
ams, 1987) and protein evolution usually follows a specific model of the evolu-
tionary process (Gillespie, 1985; Nevo, 1988), whereas chromosomal and
morphological evolution vary greatly with time (Beaverstock and Adams, 1987).

Genetic differentiation between populations largely depends on the interacting
balance between gene flow (homogenizing force) and genetic drift and natural
selection (diversifying mechanism) (Futuyma and Peterson, 1985). Although
natural selection directly acts on phenotypes, it is a major factor causing genetic
differentiation at the protein and DNA levels within and between populations (Gil-
lespie, 1985).
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Genetic Diversity

Genetic diversity in insects in highly polymorphic (Selander, 1976) and genetic
variation is expressed in numerous biological (e.g., Denno and Dingle, 1980;
Tauber et al., 1986; Taylor and Karban, 1986; Hudon et al., 1989) and genetic
traits (e.g., Lewontin, 1974; Nevo et al., 1984), and genetic diversity in natural
populations is well documented for diverse groups of organisms by biochemical
analyses of allozymic (Lewontin, 1974, 1985; Powell, 1975; Nevo, 1983a,
1983b; Steiner, Chapter 2 in this book) and DNA diversity (Nevo, 1988) and
morphometric analyses (Daly, 1985). Diverse biological traits involved include
the following: morphological, sexual behavior, geotactic behavior, developmental
rate, fecundity, dispersal ability, seasonal adaptation such as diapause, feeding
preference, host plants, resistance to pesticides and other toxins, and chromo-
somal such as crossover and inversion rates, and genic traits like allozyme
polymorphism and DNA sequence.

The following examples illustrate a diversity of genetic variation in insect and
acarine pests.

Electrophoretic Studies on Allozymes

ACARI
Ixodidae: Boophilus microplus (Canestrini) (Sattler et al., 1986)
COLEOPTERA

Chrysomelidae: Leptinotarsa decemlineata (Say) (Jacobson and Hsiao,
1983; Zehnder et al., 1992)

Curculionidae: Hypera postica (Gyllenhal) (Hsiao and Stutz, 1985; Hsiao,
Chapter 15 in this book)

.DIPTERA
Culicidae: Aedes triseriatus (Say) (Matthews and Craig, 1980)

Aedes aegypti (Linnaeus) (Wallis et al., 1984; Tabachnick and
Wallis, 1985; Tabachnick, Chapter 21 in this book)

Tephritidae: Rhagoletis pomonella (Walsh) (McPheron et al., 1988)
HOMOPTERA
Aphididae: Macrosiphum rosae (Linnaeus) (Rhomberg et al., 1985)

Myzus persicae (Sulzer) (May and Holbrook, 1978; Wool et
al., 1978; Tomiuk and Wohrmann, 1983; Brooks and
Loxdale, 1987)

Rhopalosiphum padi Linnaeus (Martinez et al., 1992)
Schizaphis graminum (Rondani) (Beregovoy and Starks, 1986)
Psyllidae: Cacopsylla pyricola (Foerster) (Unruh, 1990)
LEPIDOPTERA
Gelechiidae: Pectinophora gossypiella (Saunders) (Bartlett, 1981)
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Geometridae: Alsophila pometaria (Harris) (Mitter et al., 1979)
Noctuidae: Heliothis zea (Boddie) (Sell et al., 1975)
Spodoptera (den Boer, 1978; Pashly et al., 1985)

Chromosomal Studies

COLEOPTERA

Curculionidae: Hypera postica (Hsiao and Hsiao, 1984)
DIPTERA

Culicidae: Anopheles (Tadei, 1982)
Drosophilidae: Drosophila (Parsons, 1988)

Phenotypic Studies

COLEOPTERA

Chrysomelidae: Diabrotica (crop rotation; Krysan et al., 1986; Krysan
Chapter 18 in this book)

’

DIPTERA
Calliphoridae: Calliphora (diapause; Vinogradova, 1986)
Culicidae: Wyeomyia smithii (Coquillett) (development rate; Istock, 1980)
Tephritidae: Rhagoletis pomonella (Walsh) (seasonal asynchrony; Smith,

1988)
HOMOPTERA
Aleyrodidae: Bemisia tabaci (Gennadius) (morphometry; Bethke et al.,
1991)

Aphididae: Schizaphis (three biotypes; Inayatullah et al., 1987)
LEPIDOPTERA
Pyralidae: Ostrinia nubilalis (Hibner) (morphometry, diapause,
development, seasonal biology; Hudon et al., 1989; Showers,
Chapter 14 in this book)

Genetic variation is expressed in specific traits by different species, depend-
ing upon the forces that direct natural selection in the changing environment.
The greenbug, S. graminum, corn leaf aphid, Rhopalosiphum maidis (Fitch),
and Hessian fly, M. destructor, the three major cereal pests, show genetic
variation in different biological traits. Three biotypes of the greenbug differ in
their ability to live on and damage varieties of wheat, barley, and sorghum,
whereas the corn leaf aphid, another sorghum pest, has four or more biotypes
that differ in fecundity or survival capacity on different host plants. Hessian fly
biotypes interact differently with varieties of wheat (Gallun et al., 1975).

Genetic variation between populations at molecular levels differ by species.
Local populations may not have differentiated, and yet a significant allele
frequency between different populations does exist. For example, sexual forms
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of Alsophila pometaria Harris (fall cankerworm) show no allozyme differ-
ences, while parthogenetic forms show a variety of genetic differences in emer-
gence and hatching time among local populations (Mitter et al., 1979).
Populations of Pectinophora gossypiella (pink bollworm) are highly polymor-
phic, with a high heterozygosity, and yet are not genetically isolated (Bartlett,
1981). Rhagoletis pomonella (apple maggot) does not show genetic isolation
between host-associated fly populations (hawthorn and apples), although a sig-
nificant allele frequency exists between fly populations (McPheron et al., 1988),
and temporal asynchrony and seasonal genetic divergence may restrict gene flow
between apple and hawthorn host races (Smith, 1988).

Populations of the sweetpotato whitefly, Bemisia tabaci, on cotton have a
larger body length for 1-4 instars, a longer and wider pupal case, and lower
fecundity, while nymphal instars of the poinsettia populations are smaller with a
high fecundity (Bethke et al., 1991). It is likely that these differences are
genetically fixed.

Geographic Variation

Geographic variation, which represents a wide range of variation, both ecologi-
cal and genetic, is found in almost all species of insects. Every species has a
different degree of variation by location and time. There is a considerable body
of literature on geographic variation (e.g., Gould and Johnston, 1972; Powell
and Taylor, 1979; Slatkin, 1985; Futuyma and Peterson, 1985; Nevo, 198§;
Steiner, Chapter 2 in this book). Geographic variation between centrai and
marginal populations is well documented in terms of gene and chromosomal
polymorphisms in Drosophila (Parsons, 1983, 1991).

Geographic variation is developed by local evolutionary processes that in-
volve interactions of genetic mechanisms and environmental processes (see
Chapters 4-13 in this book). Local populations evolve as those forces interact
within the range of genetic variability (“norm of reactions™) of the species.
Genetic forces such as mutation and genetic drift interact with natural selection
favoring adaptation to local environmental conditions, leading a genetic differen-
tiation of local populations, whereas the force of gene flow opposes such
differentiation (Slatkin, 1985, 1987). A significant genetic bottieneck likely
occurs when an expanding population colonizes a new locality, and the short-
term effects of a genetic bottleneck are a modest reduction of overall heterozy-
gosity and a loss of rare alleles (Nei et al., 1975). In this process,
environmental diversity leads to genetic variation with little genetic load (Par-
sons, 1983). In other words, the degree of genetic variation in local populations
is a balance of the intensity of these forces, and it is expressed in biological
characteristics of local populations that affect fitness, such as morphology, phys-
iology, behavior, life history traits, and gene frequency (Barker and Thomas,
1987). The taxonomic status of local populations, such as Rassenkreis, Arten-
kreis, biotype, ecotype, and variety, is the manifestation of such evolutionary
processes (Endler, 1977).
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Among widespread species, the genetic variability levels differ by local popu-
lations. In Drosophila, central populations in the range of species distribution
are contiguous at high density and show high levels of genetic and phenotypic
variation, whereas populations on the margin usually are small and isolated with
monomorphic chromosomes but no reduction in allozyme heterozygosity (Brus-
sard, 1984). Heterozygosity is correlated positively with environmental heteroge-
neity and habitat unpredictability (Nevo, 1976), and high genic heterozygosity is
found among marginal populations (Lewontin, 1974). Although there is no
reduction in electrophoretic polymorphisms, most marginal populations show a
reduction of chromosomal polymorphisms and also a reduction of lethal and
semilethal alleles (Parsons, 1983). Yet, the pattern of DNA polymorphism is
similar to that of protein diversity (Nevo, 1988).

The pattern of geographic variation greatly varies and is not necessarily
similar between closely related species. The fall armyworm, Spodoptera frugi-
perda (J. E. Smith), shows a significant heterogeneity in allozymes among
different populations that are related to host associations (Pashley et al., 1985;
Pashley, Chapter 17 in this book), whereas the related African armyworm,
Spodoptera exempta (Walker), shows practically no heterogenity in 17 popula-
tion samples (den Boer, 1978). Natural populations of tree-hole mosquito, Aedes
triseriatus (Say), showed a high genetic variation with average heterozygosity of
21.5% (Matthews and Craig, 1980). and, similarly, another mosquito, Anopheles
darlingi Root, was highly polymorphic in inversion frequency, with a high heterozy-
gosity (Tadei, 1982). However, many other species are monomorphic or have rela-
tively low polymorphism in space and time: Heliothis zea (Boddie) (Sell et al.,
1975); Boophilus microplus (Canestrini) (Sattler et al., 1986); Schizaphis graminum
(Rondani) (Beregovoy and Starks, 1986); Myzus persicae (Sulzer) (May and
Holbrook, 1978; Wool et al., 1978; Tomiuk and Wohrmann, 1983; Brooks and Lox-
dale, 1987); Macrosiphum rosae (Linnaeus) (Rhomberg et al., 1985).

Geographic variation appears in both phenotypic and genotypic systems in
most species; phenotypic characters generally include structure/function and be-
havior. For example, the European corn borer, O. nubilalis (Hiibner), whose
three ecotypes are defined by diapause-based responses (Showers et al., 1975;
Showers, 1981; Showers, Chapter 14 in this book), differ among geographic
populations by host plant preference (Hudon et al., 1989), development and
seasonal biology (diapause) (Beck, 1989), and morphology (Kim et al., 1967,
Chiang et al., 1970). These variations, however, are not necessarily expressed
similarly in both phenotypic and genotypic systems. In Schizaphis graminum,
three biotypes (B, C, E) show distinct morphometric differences (Inayatullah et
al., 1987) but not enzyme patterns (Beregovoy and Starks, 1986). In the Colo-
rado potato beetle, Leptinotarsa decemlineata (Say), which is widely distributed
in North America and continental Europe and feeds both on potatoes and
alternate solanaceous plants, different populations show considerable difference
in ecological adaptation and host plant relationships. However, of 12 different
populations studied, all populations were alike in genetic diversity, except the
southern Mexican populations, which are very different from all others, with
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moderately high genetic variability (Jacobson and Hsiao, 1983; Hsiao, 1985).
Similarly, geographic variation among the alfalfa weevil {(Hypera postica) popu-
lations were not very extensive in allozyme patterns, karyotype, chiasmata
frequency, and Giemsa C-banding pattern (Hsiao and Hsiao, 1984; Hsiao and
Stutz, 1985; Hsiao, Chapter 15 in this book).

Phenotypic variation involves both genetic and environmental components
that closely interact. These factors may compete to produce a selected level of
phenotypic variance (Bull, 1987), as the direction and degree of responses to
environmental factors are genetically variable (Gupta and Lewontin, 1982). A
genotype may express an individual character differently in response to different
environments (evolutionary plasticity) (Bradshaw, 1985), whereas at another
level a genotype may produce more than one alternative phenotype, such as
structure/function, physiological state, and behavior, in response to environmen-
tal conditions (phenotypic plasticity) (West-Eberhard, 1989). Phenotypic plastic-
ity is one of the most common types of variability influenced by local
environmental conditions and subjected to natural selection and evolutionary
change (Williams, 1966). Thus, phenotypic variation is selectively maintained in
a population by one of the two components; selection may favor maintaining
only the environmental component, only the genetic component, or may be
indifferent to the composition of the variance (Bull, 1987).

EVOLUTION OF INSECT PESTS

Insect pests are by definition associated with anthropogenic environments; they
no longer live in natural ecosystems. Natural ecosystems are rapidly transformed
into human ecosystems, the environments strongly impacted by human enter-
prise, in which insect pests must adapt to the changing environmental conditions
for survival. Insect pests have a great innate capacity to adapt to environmental
stress (Hedrick et al., 1976; Hoffmam and Parsons, 1991; Parsons, 1991).

Stressed Environments

Transformation of nature into human ecosystems is continually accelerated by
rapid increase in the global human population, urbanization, and economic
development. The effects of global changes are environmental stresses to insects
as well as to humans. In a stressed environment, anthropogenic input, such as
pesticide application, habitat destruction, acid rain, and climatic changes, is the
stressor, while stress, which is defined as a detrimental or disorganizing influ-
ence, is the output or response. Odum (1985) identified 18 trends expected in
stressed ecosystems, of which 5 components likely occur at the community
level: (1) r-strategists increase proportionally; (2) organisms get smaller; (3) life
spans decrease; (4) energy flow at high trophic levels reduces and food chains
shorten; and (5) if original diversity is high, species diversity declines and
dominance increases (Woodwell, 1983).



14 Insect Pests and Evolution

At the ecosystem level, the trends include (1) community respiration in-
creases; (2) nutrient turnover increases with more nutrient loss (Mooney and
Godron, 1983); (3) resource use becomes less efficient; (4) parasitism and other
negative interactions increase, but positive interactions, such as mutualism, de-
crease (Axelrod and Hamilton, 1981); and (5) functional properties, such as
community metabolism, are more robust than structural properties, such as
species composition (Odum, 1985). As we, the human species, must adapt to
the human ecosystem, insect pests are forced to cope with anthropogenic
stresses.

Differentiation of Populations

Local populations have adapted uniquely to their habitats, and their differentia-
tion is shaped by the interaction between gene flow and genetic drift and/or
mutations and natural selection (Nevo et al., 1984; Futuyma and Peterson, 1985:
Parsons, 1991). Genetic divergence can come about by changes in environment
or genetic system (Kirkpatrick, 1982). For example, as landscape or environ-
mental condition changes, the equilibrium between genetic and environmental
systems sustained by the population under an initial environment becomes unsta-
ble and deterministic selection pressure will force the population to adapt to the
new environment (Templeton, 1980).

The differentiation of populations involves both genetic and environmental
systems. However, the process is ultimately genetic, even though natural selec-
tion acts on phenotypes (Barker and Thomas, 1987). Populations of a species
can be differentiated genetically by one of the following events: (1) colonization
of a new habitat (habitat, hosts) (Bartlett and Richardson, 1986; Holt, 1987; Rice
and Salt, 1988); (2) colonization of a new territory or region (founder effect) (Barton
and Charlesworth, 1984; Carson and Templeton, 1984; Bartlett and Richardson,
1986); (3) landscape changes (bottleneck effect) (Nei et al., 1975; Hedrick, 1986);
(4) genetic changes by stochastic events, such as genetic drift and mutation (Temple-
ton, 1980; Bush, 1981) or natural selection (directional and disruptive) (Rice, 1987;
Barker and Thomas, 1987).

Barton and Charlesworth (1984) summarized potential mechanisms that drive
genetic divergence for major speciation models. They include (1) drift with
background homozygosity (peripatric model) (Mayr, 1954), relaxation of selec-
tion (founder-flush model) (Carson, 1968, 1975), and deviation from Hardy-
Weinberg Law (genetic transilience) (Templeton, 1980); (2) accumulation of
mutations and changing selection (allopatric speciation) (Mayr, 1963); (3) spatial
variation in selection (parapatric model) (Endler, 1977); (4) drift and meiotic
drive (stasipatric model) (White, 1968, 1978); (5) drift and fluctuations in the
adaptive landscape (shifting-balance model) (Wright, 1932); (6) disruptive selec-
tion (sympatric speciation model) (Maynard-Smith, 1966). However, the level of
differentiation differs for individual local populations because of varying interac-
tive forces of genetic and environmental systems, and the differentiation of
populations does not necessarily lead to speciation. As a result, these processes
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will produce diverse infraspecific taxa that have been classified as biotype,
ecotype, formenkeris, rassenkreis, race, or subspecies, based on the degree of
genetic and phenotypic divergence.

The differentiation of populations by colonization involves niche shift, inva-
sion of disturbed or newly created habitats by humans or immigration and
founder effect (Parsons, 1983). Successful colonizers are usually generalists with
the following attributes: (1) widely distributed and abundant in the original
range of distribution, (2) polyphagous, (3) having a short generation time, and
(4) possessing a wide range of genetic and phenotypic variability, which allows
them to function in a wide range of physical conditions (Ehrlich, 1986). Local
populations may be differentiated by habitat specialization (Rice, 1987; Rice and
Salt, 1988) or host shift (Bush, 1981; McPheron et al., 1988; and Kaneshiro.
Chapter 4; Tauber and Tauber, Chapter 5; Margolies, Chapter 6; Inmentel,
Chapter 8; Rausher, Chapter 13 in this book).

Populations of a species may simply be subdivided by establishment of a new
population from founder individuals (Carson and Templeton, 1984). After the
successful founder event, the populations go through genetic changes (recombi-
nation) and produce descendent populations that are well adapted to the local
environment. In this process, the genetic system interacts with the environment,
and this causes gradual genetic changes over many generations (Carson and
Templeton, 1984). At this time, a genetic bottleneck may occur, resulting in
modest reduction of overall heterozygosity and a loss of rare alleles (Nei et al.,
1975). At a locality, the populations may be drastically reduced in size by
landscape changes, such as flooding, drought, and other natural factors, or by
environmental changes in the habitat. Here, the surviving individuals essentially
become a random sample of the original population in which a genetic bottle-
neck likely occurs (Nei et al., 1975).

Genetic changes may occur in populations by stochastic events in the genetic
system, such as genetic drift or mutation (Lewontin, 1974; Templeton, 1980;
Bush, 1981), and, similarly, genetic divergence may develop by natural selection
(directional and disruptive), such as the constant application of chemical pesti-
cides (Rice, 1987; Barker and Thomas, 1987, Shelton and Wyman, 1991; Croft
and Dunley, Chapter 7 in this book). For example, the sweetpotato whitefly
(Bemisia tabaci), which has been in California since the 1920s, has become
highly resistant to most chemical pesticides widely used in agriculture. Thus, its
pest status in field crops has increased since 1981 (Byrne et al., 1990). In the
last three years, this species has been a serious threat to California agriculture,
and it is now perhaps the most damaging pest of field crops in that state.

Evolution in the Stressed Environment

The level of stress that insects must face in stressful environments is much
greater than in natural ecosystems. In stressed environments, insect pests must
continually adapt to severe environmental conditions for survival. As stress and
variability are correlated, genotypic and phenotypic variabilities under severe
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environmental stress are usually much higher than in stable environments, par-
ticularly for those traits that are important in determining survival (Parsons, 1987,
1991).

Under stressed environments, additive genetic variability for recombination is
higher than in constant environments, such as laboratory conditions, and sub-
stantial recombination can be induced under the combination of karyotype and
environments (Parsons, 1988). For example, in Drosophila, the genetic system
of recombination rapidly reorganized and recombination increased in the chro-
mosomes 2 and 3 when subjected to selection for resistance to DDT (Laurie-
Ahlberg and Merrell, 1979; Flexon and Rodell, 1982). for variable temperature
stress (Zhuchenko et al., 1985), and for nutritional and behavioral stress (Par-
sons, 1988). Chromosomal mutation rates also are known to vary considerably
over time and space within species (Bush, 1981).

Insect pests have rapidly evolved and are evolving at an unprecedented rate
as they are subjected to stressed environments. Although no direct experimental
evidence exists as yet, insect pests are forced to evolve rapidly to counter
anthropogenic stresses, such as pesticides, temperature, and habitat degradation.
Despite all the efforts invested for controlling insect pests for this century, no
single species of insect pest has ever been completely eradicated

Some insect pest species are resistant to most pesticides ever used (NRC,
1986); for example, Tetranvchus urtical Koch, Psylla pyricola Foerster, phy-
toseiid mites, and many tortricoid moths (Croft and Dunley, Chapter 7 in this
book). The populations of pest species that were introduced and established in
the United States for a long time are no longer the same organisms as their
ancestral populations. For example, European corn borers today are different
from the populations that existed in 1930, even at the same locality, and are
certainly different from those in lowa and Minnesota in many biological traits
(Hudon et al., 1989). This genetic differentiation has developed in less than 50
generations. Today’s Hessian fly is not the same species as that first brought
into the United States during colonial times (Gallun et al., 1975). The poinsettia
population of the sweetpotato whitefly no longer behaves as did its ancestral popula-
tion of many years ago (Bethke et al., 1991).

CONCLUSION AND SUMMARY

Insect pests are species of insects closely associated with anthropogenic activi-
ties. They are groups of dynamic organisms with a powerful genetic system and
evolutionary strategy that have developed through a long evolutionary process.
Insect pests are highly polymorphic and have broad genetic diversity, expressed
in a multitude of biological traits.

Geographic variation is found in almost all species of insect pests, and
populations of every species have different degrees of variation in space and
time. The pattern of geographic variation greatly varies among species, and
geographic variation appears in both phenotyic and genetic characters.
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Human ecosystems are stressed environments for insect pests. In stressed
environments insect pests are forced to evolve rapidly in response to anthropo-
genic stress, such as pesticides and environmental degradation. Insect pests have
evolved at an unprecedented rate and are also rapidly evolving as they are
subjected to stressed environmental conditions. Local populations of many insect
pests have been differentiated, and some are recognized as genetically distinct
infraspecific taxa.

The concept of pest is a human construct, and the problem of insect pests is
defined by specific economic criteria and a cultural value system. However, pest
management strategy should not be based on anthropocentric criteria, because
insect pests are dynamic organisms with the genetic capacity to adapt rapidly to
changing environments.

Conventional pest control practices, based primarily on shortsighted eco-
nomics and a heavy use of diverse chemical pesticides, resulted in rapid adapta-
tions of insect pests to diverse local environmental conditions and the
anthropocentric control measures, such as DDT and crop rotations. Enormous
efforts to contain insect pests have not succeeded in permanently eradicating a
single species of insect pest. Genetic variation is important in determining the
pest status and evolutionary response of various insect species (Kennedy, Chap-
ter 22 in this book). Thus, sound pest management strategies must be based on
the knowledge of genetic mechanisms and evolutionary strategies of the pest
species.
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