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Phenofypic flexibility of plants and adaptive
dynamics of specialist—generalist insects

T. N. Ananthakrishnan

Host plant flexibility resulting in intraspecific variation enables plants to assume the most adaptive
phenotypes in a particular environment, significantly altering the performance and fitness of phyto-
phagous insects. The structural diversity of plants over time has created a selection process leading
to behavioural and biochemical adaptations resulting in specialist and generalist insects. With host
plant populations comprising phenotypically heterogenous individuals, insects have the potential to
adapt to an individual plant’s chemical profile. The potential role played by plant signals in modu-
lating and inducing the biosynthesis of many secondary metabolites has become an important aspect

of insect—plant interactions which have relevance in agriculture.

INTENSIVE studies on diverse aspects of insect—plant inter-
actions have emphasized the role of a bewildering number
of secondary piant chemicals in enabling both wild and
cultivated plants to cope up with insect attack. The evolu-
tion of 1nsect—plant associations has been 1nvariably
guided by the plant chemistry which set the stage for the
extensive radiation of herbivorous insects'. The ability of
insects to identify preferred hosts is astounding, each spe-
cies being endowed with unique sensory systems enabling
recognition of its host plant range based on relevant cues,
as well as adjusting to continually changing plant condi-
tions. While entomocentrism involving host preferences
tends to vary among individuals or populations causing
them to select different diets, phytocentricism emphasizes
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the role of genetic variation in plants which intluences the
association of insect species on phenotypically flexible
plants®. Nevertheless it cannot be denied that plants have
a significant effect on insect evolutionary changes or
strategies from a chemical viewpoint and play a funda-
mental role in insect population dynamics®. The chemical
diversity of host plants has posed the problem ot fitness
and adaptation in insects calling ftor an equally efficient
physiological adaptation in plants to overcome the barri-
ers of feeding and oviposition,

While host choice for mating and oviposition has
ecological and evolutionary implications, relevant nsect
adaptations are shaped by contemporary ecological forces®.
The optimal defence and resource availability hypotheses
explain the qualitative and quantitative patterns of plant
defences® ®, The optimal detence hypothesis assumes that
herbivory is the primary selective torce shaping quantitas
tive patierns of secondary metabolism, the resource availa-
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bility hypothesis™'" supplements it by predicting that the
optimal level of defence will vary with the growth rate ot
the plant. The adaptive value of host chemcals becomes
important to the extent that the brosynthetic variability of
plants coupled with their multifaceted roles have enabled
thern to become the primary agents in the ecofogical and
evolutionary dynamics of insect-plant interactions. Infor-
mation presented here essentially deals with some aspects
of phenotypic plasticity of plants and their adaptive diver-
sity of specialist and generalist herbivorous insects. The
sienificance of constitutive and induced resistance In
plants as well as aspects regarding the adaptive dynamics
of insects to a plant’s unique chemical protile have been
discussed here.

Phenotypic plasticity

Plants are known to adequately respond to environmental
changes and phenotypic plasticity is an adaptation to such
fluctuations resulting in varied expression of such traits'!
as that of the chemical characters of a plant. The adaptive
value of host plant chemicals becomes relevant (o the ex-
tent that their biosynthetic variability coupled with their
multifaceted roles have enabled them to become primary
agents in the ecological and evolutionary dynamics of
insect-plant interactions'’. The potential adaptiveness of
phenotypic plasticity 1s well recognized, enabling plants to
assume the most adaptive phenotype 1n a particular envir-
onment ‘buffering the effects of spatial and temporal
variation in resource availability’"’. The chemical pheno-
type of a plant may ditfer considerably from other individu-
als in a population due to the genetic and environmental
vaciation in chemical traits. Although host suitability can
be a function of structural, physiological or habitat char-
acters associated with the plants, allelochemicals are the
major determinants of host suitability. Intraspecific vana-
tion in host plant resistance has become an important area
of research, since subtle variations 1n the quality and
quantity of specific allelochemicals can significantly alter
the preterence and performance of phytophagous insects
on a given host, The host plant populations must comprise
phenotypically heterogenous individuals so that insects
have the potential to adapt to an individual plant’s chemi-
cal profile. As such the role of intraspecific differences in
plant chemistry in the differential utilization of host plants
have now been recognized resulting in variability in insect
distribution'.

Chemical diversification in host plant and insect .
Interactions

One of the features of secondary metabolism to cope with
and adapt to a continually changing environment relates to
chemical diversification, with intra population variation
being inherent in secondary metabolism. Increased chemi-
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cal diversity and intra population variation of secondary
metabolism are evolved under the selection pressure of
the environment'®, The potential of phytophagous insects
to exert selection in patterns of secondary metabolites
within plants is reflected by the phylogenetic patterns in
angiosperms, indicating that the trend has been towards
the evolution of more toxic secondary metabolites''®.
The diversity ot biogenetic pathways in plants is therefore
of significance 1n that some of them lead to one or a few
metabolites from which numerous derivatives are formed
by enzymatic transformation such as phenylpropanoids,
alkaloids and mono-di- and sesquiterpenes. Intraspecific
variation in secondary metabolism is equally evident with
these chemical substances specifically intergrated with the
developmentai programme of plants.

Insect damage also results in induced defences which
are chemically heterogenous, different mechanisms opera-
ting in different regions of the plant, a single damage
simultaneously inducing levels of multiple defence chemi-
cals. Induction may be an important component in the
generation of phenotypic plasticity 1n plant chemistry.
Induction may increase variation in defence chemistry
both within and between plants so that ‘an induced plant
is a mosaic of defence chemistry’'’. Many species of
Brassicaceae exhibit accumulation of glucosinolates after
damage by insects with individual plants varying in the
level of glucosinolates over time. Similarly feeding by
papilionids on umbelliferous plants also results in changes
of furanocoumarins'®. The distance from the site of injury,
amount of damage and type of elicitors involved deter-
mine the speed of biosynthesis. In view of the ability of
ihsects to overcome plant toxins, a plant should produce
several allelochemicals or their groups which involve
several biosynthetic pathways. For instance, plant isomeric
compounds such as xanthotoxin and bergapten in wild
parsnip (Pastinaca sativa) tend to have a profound effect
on growth, survivorship and titness of insects such as the
parsnip webworm Depressaria pastinacella’”. Besides,
synergistic interactions between allefochemicals contri-
bute an important efement 1n a plant’s chemtcal protection
and some of the notable examples are xanthotoxin and
myristicin®”, fusaric acid and gossypol®, cis asarone and
menthol*?, to mention a few.

Plant community structure can influence insect herbi-
vore population growth and host plant quality in a variety
of ways. Heterogeneity in structure and chemical compo-
nents of plants interteres with the exploitation of host
plants by 1nsects and notable instances of the varying
degrees of resistance are shown by the increasing numbers
of cultivars 1n several crops. For instance, cotton cultivars
show varying degrees of resistance to Helicoverpa armi-
gera through varying concentrations of gallic and salicylic
acids, phloroglucinol, resorcinol and gDSS)!POlB. Increase
of insect abundance depends on the combination of such
dimensions as host plant species, host plant organs as also
plant abundance, size and architecture and efficiency of
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defence mechanisms, while plant chemistry ‘decisively

determines the composition of herbivore insect assem-
blages’**. Variation in resistance besides influencing the
ability to survive and reproduce on a particular genotype
also tends to influence the evolution of many insect
characters.

Adaptive diversity in specialist and generalist
insects

Plants are able to synthesize a variety of chemical sub-
stances such as non-protein amino acids, alkaloids, ter-
penes, flavonoids and their chemical diversity has
increased greatly during the course of evolution along
with periodical changes in insect feeding pressure. This
diversity 1n turn created a selection process leading to
behavioural and biochemical adaptation in insects result-
ing In specialists and generalists. Contrasting selection
pressure exerted by them possibly explains the degree of
variation in concentration of allelochemicals in natural
plant populations, very high concentrations deterring the
generalists, but not the specialists. Further, specialists
lack adequate variation to adapt to a greater range of host
spectes, while generalists are invariably polyphagous, a
new host plant being an extension of its diet breadth, the
direction of host shifts being genetically constrained.
Among several instances of host shifts, an interesting case
is that of Retithrips syriacus (Thysanoptera), a polypha-
gous species heavily infesting castor (Ricinus communis,
Euphorbiaceae), and which has successfully adapted to
hosts like Eucalyptus globulus (Myrtaceae) and Manihot
utilitissima (Euphorbiaceae), over a period of time, over-
coming the terpenoid and cyanogenic compounds, re-
spectively”?®.  Papillionid butterflies offer excellent
instances of specialist and generalist species.

The genus Papilio has been utilized for studies relating
to different degrees of genetic separation between popu-
lations>’, Several species of butterflies use different hosts
in different regions and separate populations are likely to
be subjected to differential selection pressures. Many
examples of intraspecitic population dynamics are known,
Some Papilio species use Rutaceae plants as specialists
but populations use different food plants in various parts

single species and among individuals of a population and
parts of a single plant may vary so that qualitative and
quantitative variation in allelochemical profiles of plants
tends to be an important determinant of patterns of herbi-
vory. An interesting instance of growth inhibition in Heli-
coverpa zea larvae in corn has been shown to be due to
different silk maysins’, a C-glycosyl flavone and related
compounds like chlorogenic acid and apimaysin. Iridoid
glycosides may exert considerable diversity in feeding
preferences, the generalist surviving less well on diets
with the iridoids, while the specialist performed best on
diets with two iridoid glycosides such as catalpol and
acubin in Plantago lanceolata®. The relative amounts of
different iridoid glycosides may vary substantially from
one population to another. Patterns of variation in host
chemistry and insect responses to those traits are critically
important so that the effects of variation in plant secon-
dary chemistry in insects is an important area of research.
Populations of Apterothrips apterus are affected strongly
by their individual host plants with some individuals con-
sistently supporting high densities of thrips while others
are free’. An equally striking example relates to popula-
tions of Scirtothrips dorsalis which show striking popula-
tion diversity on individual plants of four varieties of
chitlies, CLRT, SB, HW and CLS, essentially through
variation in their alkaloid contents™. In the most preferred
variety CLRT the number of adults recorded was nearly
83.6% higher compared to the least prefered CLS. The
population of immatures was also high in CLRT with
better potential of subsequent emergence of large adult
populations establishing a significant correlation between
colonization and feeding on the basis of varietal choice.
As such genetic variation in resistance among plants could
result in diverse patterns of herbivore community struc-
ture. Sometimes specialists and generalists tend to exhibit
complimentary patterns of abundance, because characters
that confer resistance to generalists could be used as attrac-
tants to specialist herbivores.

Instances where even within a population both genera-
list and specialist phenotypes are maintained, are exempli-
fied by the butterfly Euphydras editha®. Evidence for
preference—performance correlation has been shown by
otfspring of specialist temales surviving better on plants
chosen by their mother than on rejected plants. On the

other hand, oftspring from generalist females performed
equally well on both categories of plants. In some swallow-
tail buttertlies, some of the genes aftecting larval pertfor-

of their range®®. Bartacus philenor, a specialist species of
Aristolochia (encountering aristolochic acid) and Papilio
polyxenes, also a specialist on species of Apiaceae and

Rutaceae (encountertng furanocoumaric acid) and the
generalist Papilio glaucus feeding on plants of more than
20 natural orders (encountering phenolic and cyanogenic
glycosides), adopt different approaches to detoxification
or sequestration of host plant compounds®.

While plant families are characterized by a particular
group of allelochemicals such as glucosinolates (Cruci-
ferae), cardenolides (Asclepiadaceae), iridoid glycosides
(Scrophulariaceae), etc. variations among population of

CURRENT SCIENCE, VOL. 78, NO. 11, 10 JUNE 2000

mance on hosts are different from the genes affecting
oviposition performance. Further, several difterences ex-
1st in the genetics of larval performance and adult prefer-
ance in several groups of swallowtails™. Resource texture
therefore 1s an aspect to which insects respond in various
ways. In a mixed crop situation a specialist used to host
specific cues might be confused or repelled by nearby
non-host species, while a polyphagous generalist species
may percieve diverse plant nuxtures without adverse
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effects. Many species use non-spectlic chemical cues as
part of the bost selecton mechanism and specialists are
known 1o be more selective than generalists to deterrents
from non-hosts. By tendng to Tose sensitivity to chemical
compounds, deterrence has been suggested to be a cause
for specialization™”

A vast majortty of vall-inducimy (nsects are specialists
since they are highly specttic to their host plants, Host
plant cheice by the call insects needs to be seen in con-
junctton with the phenology and quatity of the plant’’®,
[ncidence patterns of host plant fructose and its eftects are
enhanced by ployloplane prohine. glucose and sucrose
correlate with the oviposition preterance. Single non-
specitic compounds hike inositol regulate teeding activity
and foliar mitrogen cnables better life history pertorm-
ance’ . Insects restricted to one host plant species or a
narrow range of related plants need to search and locate
the most suitable host plants.

Conclusion

Resistance variation tends to influence the evolution of
several insect characters including the ability to survive
and reproduce on a particular host genotype. While ind-
uced responses aftect herbivore performance, the con-
sequences of their eftects on insect population dynamics
as well as plant fitness and defence are aspects which
need more intensive studies. Nevertheless 1t cannot be
denied that herbivory and induced resistance are signi-
ficant forces ‘moulding plant fitness depending upon the
effectiveness of induced resistance and tolerance of plants
to herbivory’®. An understanding of the variability of
induced defences in terms of phenotypic plasticity and the
degree of heritability of such varnations are also aspects
which need attention, particularly when plant chemistry 1s
of significance in the maintenance of narrow host ranges.
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