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INTRODUCTION

Insects are extremely important components of the world’s
biota. Insect conservation and biotope preservation are inex-
tricably related and are integral part of biodiversity conserva-
tion. Increased insect variety is usually associated with in-
creased plant variety (Samways, 1994 ). The impacts may
range from river pollution, wetland and forest degradation,
global warming, intensive and extensive agriculture and
urbanisation. The biological entity or a toxon should be easy
to recognise and sensitive to environmental changes. There
are many variables and possibilities when choosing a taxon
for environrnental monitoring.

Various groups of macro- and micro-invertebrates have been
used in environmental monitoring (Erhardt and Thomas, 1991;
Elliot, 1991). This possible factors affecting the use of inver-
tebrates as bioindicators may vary in the tropical climate from
the temperate climates and as a result the insect diversity in
the tropics is much more than in the temperate regions. It
appears that the evolutionary interaction between piant and
insect and the rate of novel defensive and counter defensive
characteristics seem to have contributed to the diversification
of insects (Mitter, et al., 1991).

This paper summarises selected published information on
the use of insects as bioindicators of conservation in the semi-
arid tropics and briefly indicates results of two case studies
conducted in the evergreen tropical forests of Western ghats
region in Karnataka.

INSECTS AS THE DOMINANT GROUP

The great variety of insects in the tropics may not only be
attributable to suitable climatic conditions but aiso to the vari-
ety of native plant species existing. A number of intermediate
level disturbances such as heavy downpour over millenia have
granted high species richness (Braker, 1991). The foraging
activity indicate clearly that insects are a dominant group, eco-
logically important and potentially valuable, genetically usefu
as bioindicators particularly in the tropics.

INSECTS AS BIOINDICATORS

Insects in general are particularly suited for monitoring lanc
scape changes because of their abundance, species rich-
ness, ubiquitous occurrence and importance in the function-
ing of natural ecosystems (Rosenberg, et al,, 1986 cited in
Samways, 1994). The class insecta also has members even
within different trophic levels therefore providing varied sensi-
tive indication of changes.

Entomologists used all insect taxonomy groups to indicate
changes. Samples have been obtained either by a single
method or deliberately with capturing techniques to catch as
many insect taxa as possible from all trophic levels.

ated with a particular biotope or land ‘epending ... .2

scale of measurement. But the pare.._.. .. .qat ¢ " pe-
cies which is sensitive to environmental pertur a
simply disappear not because of a disturbance ist

of an intrinsic feature of its population dynamics. Betting and
Hedging using landscape management practices may or may
not save an insect species. There can be no guarantee of
their continued existance particularly for stenotopic species
on the edge of their range (Dempster, 1991). This means that
species listing is important (Foster, 1991). But the species
list ideally should be quantitative listing the number of spe-
cies and their relative abundance (species richness). Sites
can be compared with special reference to certain key spe-
cies that are characteristic of a particular biotope. Sites with
several rare indicator species are of particular value as these
contain several endemic species of stenotopy.

Iindicator species need not always be amongst the rarest of
species. Abundant species may have value, being easier to
locate. However, abundant species can also be generally
more eurytopic than the rare species because stenotopic spe-
cies are bound to be rare as their particular habitat is narrowly
defined.

Certain species may also be subjected to biojogical factors
limiting their indicator usefulness. They may be highly mo-
bile even migratory or they may also be subjected to intraspe-
cific and interspecific competition and be present or absent
for reasons other than landscape modification.

Species lists have definite value and some of those species
may be good indicators singiy or as a group. Such short lists
must take into account the life history styies of the species in
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Table 1. Classification of some Tasmanian taxa

according to level of endemism at species level

isociated biotope and predominant selection type
(Greenslade and New, 1991).

Select- | Usual biotope Taxon Endem-
ion type ism %
A* Cold torrents Psephenidae 100
Cold,
fast streams Plecoptera 89
Caves Trechini 93
Burrows Parastacidae 88
Cold,
alpine lakes
and streams Anaspididae 80
Deep soil QOligochaeta 92
(terrestrial)
Logs (late decay) | Lucanidae 83
KA* Cold, slow
streams, lakes | Tipulidae 75
Turbellaria 69
(Terrestrial)
Trichoptera 70
Qligochaeta 60
(aquatic)
K Eucalyptus forest| Coccinellidae 30
r Pasture Collemboia 2-4

* Overall percentage endemism for A taxa = 91 (150/ 165
species excluding Trechini)

*Overall percentage endemism for KA taxa = 69 (167/ 241spe-
cies).

question. Pertinent to this is the life history style (Southwood,
1988). Greenslade and New (1991) summarise various Tas-
manian insect taxa (Table 1) the highest levels of endemism
tend to occur in the most severe landscapes, that is those
which are predictably unfavourable and in which adversity (A)
selection operates (Greenslade,1983). A selection implies
long life histories, low reproductive rates, few offspring, low
dispersal ability and conservative genetic systems, all mak-
ing the species susceptible to disturbance. Endemism was
lowest in temporary and disturbed biotopes such as agricul-
tural land where exploitation (r) selection for productivity was
dominant and the fauna showed high population variability
and high dispersal ability. Diversity was greatest in relatively
stable, favourable biotopes, where interaction (K) selection
for persistance in crowded, competitive environments was
dominant. In conservation terms, this means that a shift from
that the top left corner towards the bottom in figure 1 implies a
loss of sensitive species, and indicates a detrimental impact
upon the landscape and insect commuinity.

Choice of a particular indicator species as with other aspects
of insect and landscape conservation depends on the pre-
cise goal, the scale of the assessment and availability of
material and human resources. The goal should be to deter-
mine the selection of a species with an array of characteris-
tics suitable for attaining that goal. Much characteristics may

include life history style, local or widespread abundance and
distribution, availabiiity and seasonality, sensitivity to distur-
bance and possible genetic uniqueness where an historicai
biogeographical perspective is required.

PRCBLEMSANDPRC "~ 'NTH-.. s
Recent work suggest that the richness of the iropical insect
fauna is beyond all earlier expectations (Erwin and Scott 1980,
Erwin, 1983 and Stork, 1988). It is equally undisputed, how-
ever, that most tropical organisms are poorly studied and the
little that we do know about any group of organisms comes
largely from studies of temperate species (Robinson, 1978).
The poor state of our understanding of tropical biology may
be partly attributed to the relative economic backwardness of
tropicai countries, the lack of facilities for research and some-
times the lack of tradition of modern scientific work (Gadagkar
et al., 1990). However this is due to the lack of appropriate
research methodology suitabie for tropicai conditions. Stud-
ies on insect species diversity and the long-term monitoring
of insect species and populations in different habitats are
good examples. Almost all the major long term insect moni-
toring programmes are based on light trap catches, a method
that requires uninterrupted supply of electricity, often in the
middle of a forest (Halloway 1983, 1987, Taylor, 1928, Taylor
etal., 1976; Walda 1983 a, b; Wolda and Boubic, 1986). Some-
times the light traps are operated for years together without
interruption. The establishment and longterm maintanance
of electrically operated devices is probibitively expensive for
most ecologists working in tropical countries. This has pre-
vented many tropical ecologists from understanding studies
on insect species diversity (Walda, 1981 a).

There have been attempts to standardize a package of meth-
ods for quantitative sampling of insects suitable for tropical
ecologists with modest research budgets. This methodol-
ogy includes the use of a small light trap as well as sweepnets,
pitfall traps and scented traps. The methods have been used
to sample insect species diversity in three replicate one hect-
are plots each in twelve selected sites in the Uttara Kannada
district of Karnataka. This methodology is adequate for sam-
pling insects and differentiating habitats on the basis of the
distribution of insect species (Gagadkar ef af., 1990)

Objective choice of insect indicator groups depends on vari-
ous factors. Termites would be of no value in northern Eu-
rope, but may along with ants (Anderson, 1990). be good
indicators of negative and possitive factors of epigaeic envi-
ronmental conditions in warm arid areas. Disney (1986) has
suggested that Diptera and Hymenoptera parasites are use-
ful as indicators of conservation value, as they interact with a
broad spectrum of ecological niches and microhabitats. This
may be more feasible in temperate areas. but in the tropics
better known groups with generaily large sized species may
be of greater and more expedient use in making conservation
decision. Butterflies and dragon flies are prime candidates
in the tropics (Sutton and Collins, 1991). Butterflies have
been targetted for temperate regions as well as the tropics
(Gilbert, 1980; K.S. Brown, 1982; Pollard 1982; Murphy and
Wilcox, 1986; Erhardt and Thomas, 1991). They are generally
fairly readily identifiable, there is a relatively good taxonomic
knowledge of the group and they are also sensitive to
environmenal changes in microsite and biotope characteris-
tics. They are often highly plant specific for their growth and
development (Ehrlich and Raven, 1964) and sometimes have
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plants showed more than 80 percent foliage damage. In-
sects were also found feeding on roots (root grubs), stem
(stem borers), leaves (defoliators), buds, flowers, fruits (fruit
borers) and seeds (seed eaters).

The dominent weed plants like Lantana, wild Solanum etc.
were heavily defoliated by insect herbivores when compared
to other plants and so insects contributed to the natural sup-
pression of weeds to some extent. This is more desirable
than management of the weeds chemically in a conservation
area like National parks.

Under normal conditions, the grazing of insect herbivores in-
creases the flow of energy and nutrients through an ecosys-
tem. Grazing increases light penetration through the foliage
canopy reducing competition between plants, alters the plant
species comparision of communities, increases the rate of
nutrient leaching from the foliage and increases the rate of
litterfall and its accumulation.

Moderate defoliation and damage was observed in the ever-
green forest patch when moderate (20 to 30%) defoliation
occurs, there may be a substantial rise in nitrogen, phospho-
rus and potassium content of litter as a result of increased
production of material containing insect excrement and ca-
davers.

Many of the insect species observed in forest and valley habi-
tats were unique and restricted to these habitats only. No-
table among such species were the meloid, longicorn,
scarabaid and chrysomelid beetles. This group also included
saturnid, hesperid butterflies, bees and other hymenopter-
ous and dipterous flies. This group of insects &re indicators
of the richness and uniqueness of the habitat.

A wide variety of invertebrates inhabited the soil of the forest
patch and valley. These comprised microorganisms, nema-
todes, earthworms, microorthropods, millipedes, termites,
ants, dungbeetles, crickets, grasshoppers, cockroaches,
maggots, grubs etc. Organic matter formed an essential com-
ponent of the soil where these organisms contribute to its
decomposition and nutrient cycling resulting in soil fertility.

The forest and the valiey habitats contained a number of spi-

Table 2. The potential insect taxon that could be
used as bioindicators in different habitats of
National park at Mercara

Habitat Insects inhabited No. ofin-
sect sp.

Wet tropical Butterflies, Meloid &
forest longicorn beetles 28
Devarakadu Butterflies, Meloid &

fongicorn beetles 22
Cleared & Coccinellid beetles
planted area Bees and Wasps 72
Eucalypius Chrysomelid beetles
planted area and butterflies 19

ders, forming large webs occupied entire space between
canopy of two adjacent trees or bushes. A number of preda-
tors like carabids, tiger beetles, dragonfly, centipedes and
coccinellid were found in the habitats which indicated the com-
plexity of the insect community.

These preliminary observations and inferences indicated that
various groups of insects could be utilized to indicate different
aspects of the habitat. A soil insect could be used to indicate
the fertility of the soil. The phytophagous insect could be as-
sociated with the kind and richness of the vegetation and a
particular species of a parasite and predator could be used to
indicate the presence or absence of phytophagous insects.
Similarly blood suckers are quite common with the presence
of worm blooded animals inciuding human beings.

CA___._JDY2

Thungabhadra river basin covers about 2/3 of Karnataka state.
The river originates amidst evergreen tropical forests in
Gangamoola and then flows downstream covering a number
of towns before it joins the Arabian sea. Coffee estates and
factories are situated along the river and they discharge efflu-
ents into the receiving bodies of water. In order to reduce the
risk, to the health of the animal population and serve as a
habitat for endemic wild flora and fauna, it is important not
only to put an end to discharge of any effluent, but also moni-
tor the condition of water at regular intervals so that danger-
ous problem can be identified at the right time. Such monitor-
ing methods take a lot of time and are quite expensive. One
good way to answer these types of questions is to determine
the quality of water by means of indicator organisms. Inverte-
brates especiaily insects are closely associated with specific
sites and vegetation and consequently they are the preferred
group of biota. The natural fluctuations in the distribution of
indicator species should be taken into account while using
indicator species.

The study was undertaken during June -July 1995 when more
than 300 km. stretch of Thungabhadra river was monitored
for butterflies. The species lists were prepared for a cross
section of 10 km. For instance the longitude, altitude, land
use, water quality, anthropogenic factor and vegetation was
similar along the entire cross section of the 10 km. stretch.

The results revealed that butterflies could be used as indica-
tors only at selected sections of the river. Butterflies did not
provide any indication of the water quality, degree of poilution
and the vegetation associated with each 10 km. stretch. How-
ever, using butterflies, practically oriented method could be
developed for field use to indicate differences in the extreme
conditions of the river over a iong period; for indicating short-
term changes butterflies may be unsuitable. For instance.
wherever the river was highly polluted with industrial effluents
and urban wastes like in Bhadravati town only piend butter-
flies (Pieris sp.) were present. These butterflies were ob-
served to interact with weed popuiation present in that paich.
in contrast to this habitat in and around Gangamooia. where
the water was relatively clear with climax vegetation around,
the different butterflies belonging to papilionidae, lycaenidae.
pieridae, hesperidae, danidae, nymphalidae and satyridae
were recorded. From this observation it was concluded that
butterflies were of little significance as suitable organisms
for indicating the degree of water pollution and the type of
vegetation along Thungabhadra river basin. Macrophytes and
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aquatic insects may also be considered for indicating chz s
in the water quality and land use patterns along the rive
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