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SUMMARY

MacArthur and MacArthur’s (1961) theory of foliage height diversity, which was
originally discussed as a determinant of bird species diversity, has been a strong concept
describing the possible role of vegetation structure in deciding resource use, habitat selection
and diversity of organisms. They measured foliage profile, and calculated foliage height
diversity using information theory. Their results showed increase in foliage heigh’; diver.sity
from simple to complex vegetation types, and bird species diversity was positively correlated
with it. They then proposed an evolutionary mechanism to explain this correlation. A
continuous flow of studies on vegetation structure and species diversity or habitat use of
organisms followed after MacArthur and MacArthur (1961), but mostly they focused on
birds. Subsequently, vegetation parameters other than foliage height diversity, such as
horizontal vegetation heterogeneity or patchiness, also proved equally useful or better
predictors of bird species diversity. Moreover, some studies revealed that foliage height
diversity and bird species diversity were not correlated in a few cases. This brought forth a
question whether or not foliage height diversity is a strong determinant of bird species
diversity, or a frequent correlate of some other factor that has a strong influence on species
diversity.

To find out why in some cases MacArthur and MacArthur’s (1961) theory did not
explain species diversity, I identified following assumptions in their theory, which were
unstated in their paper: i)resources for a species are evenly dispersed within a horizontal
vegetation layer, ii)resources are unevenly dispersed across the horizontal layers, iii)even for
generalist species, the cost of switching over between layers is high, which would preclude
switching over between layers, and iv)if the first three assumptions are true, then each

horizontal layer of vegetation would have a different set of species, each layer adding a

R









LIST OF TABLES AND FIGURES

Table 1. Details of Butterfly Counts................oooviiiiiiii e 33
Table 2. Butterfly Species Diversity across Vegetation Types..............ccoooooiiiiieiin 34
Table 3. Layer Use by Butterflies................oooiiiiiii 35
Table 4. Larval HOSt PIants. .. .......c.ooriitiiir ittt e ean e 36
Table 5. Adult Feeding PIants...............ooooiiiiiiiii e 37
Table 6. Total Plant ReSOUICES. ........ccovueiiiiiiiiiiiiiiieaiiienenens TP 37
Figure 1. Correlation between Foliage Height Diversity and Butterfly Diversity............. 38

Figure 2. Correlation between Foliage Height Diversity and Butterfly Diversity (pooled)...38
Figure 3. Correlation between Vegetation Layers and Butterfly Diversity..................... 39

Figure 4. Correlation between Foliage Height Diversity and Butterfly Species Richness...39

Figure 5. Correlation between Foliage Height Diversity and Resource Richness............. 40
Figure 6. Correlation between Resource and Butterfly Species Richness....................... 40
Figure 7. Correlation between Proboscis and Corolla Tube Lengths......................o..... 41
Figure 8. Correlation between Body and Proboscis Lengths..............coooi 41
Figure 9. Sociable Host Hypothesis: Sociability................cooooiinn 42
Figure 10. Sociable Host Hypothesis: The HYPOThESIS. ... - o com oee s v smns vx v knan s s s sssns 42

VA



DETERMINANTS OF BUTTERFLY SPECIES DIVERSITY:
PLANT DIVERSITY, FOLIAGE HEIGHT DIVERSITY, AND RESOURCE

RICHNESS ACROSS VEGETATION TYPES.

1. INTRODUCTION : Patterns and causes of dispersion of life forms across vegetation
types, in space and time, have been the ever-exciting issues among population and community
ecologists. This has also been among the most important themes in studies related to
biodiversity. Although the patterns of species distribution are governed potentially by very
many biotic and abiotic factors, ecologists have been trying to figure out and explain role of
the most important factors.

Among such factors is perhaps the vegetation structure. Robert MacArthur and John
MacArthur (1961) theorised it in terms of foliage height diversity. In brief, foliage height
diversity is a measurement of distribution of foliage in horizontal layers in a vegetation type.
Foliage height diversity could be calculated using some diversity index, and MacArthur and
MacArthur (1961) used Shannon’s diversity index. Thus, a grassland which has all the foliage
restricted to a single layer close to the ground has low foliage height diversity. Progressing
through savannah, scrub, deciduous forest and tall evergreen forest, one encounters a gradual
increase in height of the vegetation, and subsequent increase in amount of foliage in different
height classes (horizontal layering of the foliage) which corresponds to herbs, shrubs, small
trees and large trees. This is a simplistic view, but gives a rough idea of structures of the
vegetation types. Thus, there is corresponding increase in foliage height diversity from single-
layered to multi-layered vegetation types. Based on whether the vegetation types have single
or multiple layers, they can be classified as simple or complex habitats. Although there is a

continuum of complexity, it is easier to understand the arguments when dichotomy is used,
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therefore it will be used here whenever required. It is a simple empirical observation that one
encounters relatively less number of species of plants or animals in simple habitats than in
complex habitats. Although this pattern is very intuitive due to over-familiarisation, it was not
given much theoretical treatment. In 1950’s other ecologists, such as Elton and Miller (1954),
also were thinking in terms of classifying the habitats in structural entities and looking at
diversity patterns, but it were MacArthur and MacArthur (1961) who first gave it a formal
theoretical framework. Their study on birds in Florida, Panama, Pennsylvania and Vermont
showed a significant positive correlation between foliage height diversity and bird species
diversity, and the residual variation was not explained by additional data on plant species
diversity. Although in the same paper they agreed that their results were only statistical, they
proposed an evolutionary mechanism by which foliage height diversity would govern bird
species diversity. Their argument goes on the following lines:

“A large number of species can be accommodated in an environment in a variety of
ways of which there are two extremes. Each species may have different habitat preference and
feed throughout this habitat on all kinds of food, or, all species may share the entire habitat,
each species feeding on a different variety of food or in a different situation within the habitat.
The first extreme violates what might be called the ‘“jack of all trades- master of none”
principle that natural selection favors the increased efficiency resulting from a certain amount
of specialization'. In the other extreme, specialization has proceeded so far that time and
energy are wasted in travelling between spots for which the specializations are adapted. It is
hard to say just where the balance of these opposing requirements would be reached, but it is
clear that greater specialization resulting in increased efficiency would always be favored as
long as no time and energy are wasted. And no time or energy will be wasted if niches are
“convex” in the sense that between any two fairly distant feeding places there will be a fairly

natural route also consisting of feeding places. A speqialization to a single tree species in a
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mixed forest would Clearly Violate this since, in passing from one sujtable tree to anofther, the

) . )
bird would go through many unsuitable ones. Thus, natural selection would tend to eliminate a

situation n which bird species diversity depended upon tree species diversity, unless, as in

some fruit eating species, a very remarkable improvement in efficiency is achieved along with

| the restriction in feeding position. Thus, one principal result of these censuses can be predicted
on assuming that niches are convex.” (MacArthur and MacArthyr 1961, p.597).

Many studies on vegetation structure and species diversity followed MacArthur and
MacArthur (1961). The focus has been mainly on foliage height diversity alone (e.g.
MacArthur ef al. 1962, 1966, Murdoch ez al. 1972, Cody 1975, Daniel 1992), but soon
ecologists tried other habitat parameters, along with foliage height diversity, or different ways
of measuring them. For example, Oriens (1969), Rotenberry and Wiens (1980), Roth (1976)
compared horizontal patchiness- “heterogeneity”, and foliage height diversity in predicting bird
species diversity. Willson (1974) compared percent vegetation cover in different layers with
foliage height diversity. These studies provided a positive correlation between foliage height
diversity and species diversity, but in some cases heterogeneity proved to be a better predictor
than foliage height diversity (Roth 1976). However, some did not show positive correlations,
Or very weak correlations, between foliage height diversity or other habitat structural
Parameters and species diversity (August 1983, Daniel 1992, James and Wamer 1982, Pearson
1971, Tomoff 1974. MacArthur (1964 and 1965), and MacArthur e7 al. (1966) mentioned that
foliage height diversity had relevance mostly in the same vegetation types, and that aquatic
eC0systems were an exception. Foliage height diversity was not successful or sufficient while
Comparing deciduous vs. evergreen or coniferous vs. angiosperm forests. Anderson and
Shugart (1974), and Pearson (1971) showed that birds respond to presence of specific tree
SPecies or their densities, rather than habitat parameters. Pianka (1966, 1975) discussed

habitat heterogeneity resource dispersion and richness, and resource utilisation by desert



lizards, and how all this would affect niche space and speciation. Unfortunately, none of these
studies actually quantified resource richness and resource utilisation across the gradients of
habitat and foliage height diversity. Due to conflicting results in different areas or by different
researchers, there have been some difficulties in generalising the trends from studies on habitat
structural parameters and species diversity (see Willson 1974).

Studies and discussion on effects of vegetation structure on animal diversity and
habitat use had concentrated more on birds and lizards as model groups (Cody 1985, Pianka
1966, 1975). However, both these animal groups are predominantly insectivorous, not directly
dependent on plants. Therefore relative roles of plant species diversity and vegetation
structure could not be directly tested by using these groups. Moreover, studying and
quantifying resource utilisation and resource richness, the two factors that are likely to
influence habitat perception and utilisation drastically, is very difficult for insectivorous
groups. This cannot be done without dissecting specimens for analysing gut contents, and
without facilities for captive conditions to aid careful observations, which may alter behaviour
of the animals. Given these problems with birds and lizards, insects, particularly butterflies,
seem much better choice. Quantifying their habitat use is straightforward. Their resource
utilisation can be studied in the field without disturbing them. Taking their body
measurements, quantifying resources and resource richness also is easier. In spite of these
advantages, insects have been ignored during previous studies on this subject. There have been
many studies dealing with plant architecture and insect species diversity (Lawton 1983, Strong
et al. 1984), but these concentrated mostly on a few plant species and how they affected
diversity of phytophagous insects. Investigations into wider community-level patterns of
habitat use, food resource use and richness were lacking, which this study tried to accomplish.

The dasic objective of my study was to explore pattern of butterfly diversity across

vegetation ilisati terflies. Using this, second objective
and to study resource utllhlsatlon of but i i
g types, y

£






2. MATERIALS AND METHODS :

2.1.Study Area: The field work was carried out in the Indira Gandhi National Park and Wildlife

Sanctuary situated 80 km. away from the Coimbatore city in the southern Indian state of Tamil
Nadu. The sanctuary lies in the Anamalai hills, on the eastemn side of the southern Western Ghats,
south of the Palghat gap. It covers an area of 955 km?, and presents a diverse array of vegetation
types and altitudes. It rises from 300-0odd metres to more than 2,400 m. above m.s.l, harbouring
natural scrub, deciduous forest, moist mid-elevation evergreen and shola forests, mid- and high-
elevation grasslands, and teak plantations. It also has some human-influenced vegetation types,
such as the bamboo forest and shrub savannah, both are maintained by fire. All this results into a
rich landscape with immense habitat diversity for butterflies.

2.2.Vegetation Types: In all, five vegetation types were sampled during butterfly counts, namely,
1.high-elevation grassland, 2.shrub savannah, 3.teak plantation, 4.mixed deciduous forest, 5.mid-
elevation evergreen forest; and three more- shola forest, bamboo forest and scrub, were
occasionally visited.

1 High-elevation grassland: this is a naturally occurring grassland above 1,800 m., and present in

Tamil Nadu side of Anamalais only at the Grass Hills World Heritage Site. The vegetation is
composed mostly of short grasses and herbs, about 0.1 to 0.2m. in height. Asteraceous herbs are
most common. The grasses may be in clumps, but many herbs usually grow in small clumps.
Dominant grass species include Chrysopogon zeylanicus, Eulalia thwaitessi, Andropogon sp., and
Themeda triandra, and herbs- Lucas sp., Erigeron, Emilia sonchifolia. Occasional dwarf shrubs
are present, but none Oover 0.5m. in height. In deep valleys the evergreen forests (“shola”, see
below) may be present. March and April are the only dry months, precipitation in other months in

form of rain or dew is considerable.

2 Shrub savannah: this is @ secondary vegetation type. Originally it must have been a scrub or

stunted deciduous forest, but is now maintained as a tall-grass (up to 2m. tall) savannah by



uncontrolled fires initiated by local people from surrounding villages. As a result, fire-resistant
bunch grasses such as Cym bopogon flexuosus and Themeda cymbaria have dominated the
vegetation. Phoenix also is abundant. Most of the species have a short growing season- only the
monsoon and immediate post-monsoon months, and vegetation remains dry for rest of the year, i.e.
between January and April.

3.Scrub: at the foot of the ghats and towards Thekkady Wildlife Sanctuary in Kerala is a natural
scrub vegetation that I visited occasionally. The area is covered with thickets of various species of
Acacia and Capparis, with short grass and herbs for the ground cover. In slightly moist places
Bambusa arundinacea and other deciduous trees such as Schleichera oleosa and Cassia fistula
grow. The vegetation is more or less stunted, attaining a height of about 10-15m. on an average.

4 Teak plantation: the teak plantation at Cheechalai is about 30-year old single species tree stand
that is maintained more or less clear of natural tree regeneration. The undergrowth is composed of
exotic Chromolaena and indigenous weedy species such as Sida rhombifolia, Desmodium,
Pueraria, etc. Little grass and small bamboo clumps are occasionally present. The plantation has
some rare individuals of a handful of indigenous trees, among which are mostly Lagerstroemia
parviflora, Cassia fistula and Wrightia tinctoria. The average height of the teak trees in this
plantation is slightly over 25 m.

5.Bamboo forest: area between Top Slip and Kozhikamudhi elephant camp must have been

previously exploited either for timber extraction and/or selective bamboo growth. Since the rainfall
is heavy, the area was disturbed earlier, and now gets burned once in a few years, it is dominated by
dense clumps of bamboo, Bambusa arundinacea, which grow up to 25m. in height. There are two
associations of bamboo in this forest: a)Areas closer to the deciduous forest have species such as
Schleichera oleosa and Xylia xylocarpa which grow in moist deciduous forests, b) Areas closer to

evergreen forest have evergreen species, notably Cinnamomum macrocarpum, which grows as a

small tree in the evergreen forests. The undergrowth is mostly Glycosmis arborea, but sparse. Due



to these associations, butterflies from the deciduous as well as the evergreen forests were seen in

the bamboo forest.

6.Mixed deciduous forest: on the slopes towards the plains is the mixed deciduous forest which has
a gradient of moist to dry deciduous tree species, reflecting the gradual decrease in rainfall. The
trees may grow up to 25m., but average height of taller trees is about 20m. The undergrowth is not
too dense or thorny, indicating that the forest is not much disturbed. Grasses are present, but not
tall, and herbs are abundant. The dominant tree species are Albizia odoratissima, Terminalia spp.,

Schleichera oleosa, and Cassia fistula.

7 Hich-elevation evergreen (Shola) forest: this forest grows above 1,800 m. and only in the valleys.

It is present in Tamil Nadu side of Anamalais only at the Grass Hills World Heritage Site. The trees

are stunted, branches gnarled, and do not grow above 15m. Rhododendron nilagiricum,

Elaeocarpus recurvatus, Ilex spp., Syzygium spp. are characteristic trees. All the dead wood is
covered with dense mats of mosses. The undergrowth is dense, dominated by acanthaceous shrubs

which makes a thick web of branches. Thorny canes (Calamus spp.) are very commor, making the
forest impenetrable. March and April are the only dry months, precipitation in other months in form
of rain or dew is considerable. Along with shola forest, higher mid-elevation forest at 1,500m.,
which is structurally similar, was sampled and pooled with sholas.

8 Mid-elevation evergreen forest: the evergreen forest at Varagaliar was chosen as the sampling site
for this vegetation type. It is situated in a long valley that is between half and a kilometre wide. The
forest is tall, up to 40m., with emergents even taller. Dipterocarps, especially Vateria indica, Hopea
parvifolia and Dipterocarpus indicus, are most common among large trees. Canopy is closed but
for some tree-fall gaps. Vegetation is dense in all the horizontal layers, but nowhere impenetrable
since the forest is not disturbed. The undergrowth is composed of tree saplings, shrubs, tall
acanthaceous herbs and a species of grass, Oplismenus compositus, which grows only under shade

of the moist forests. Towards ridge-tops this forest gives way to drier and stunted vegetation.



2.3.Methods For Vegetation Sampling: Since it was my first experience of vegetation
sampling in the evergreen forests and savannah where almost all the plants were new to me, I
did not sample vegetation for plant species diversity. Instead, I used data (Utkarsh 1998) from
the Western Ghats Biodiversity Network (Gadgil 1996a, 1996b), which was already available.
For calculating foliage height diversity, I enumerated plots of 20X10m. in the evergreen forest,
deciduous forest and teak plantation, and 1X1m. in the savannah and high-elevation grassland.
1 enumerated in the plots all the plants that were equal to or greater than 1 cm. GBH, recorded
the height at which their foliage began, where it ended, and spread of foliage. Based on these
three, 1 calculated amount of foliage in each horizontal vegetation layer. To facilitate
comparison with other studies I made following vegetation layer categories: 1) Evergreen
forest- a)herb layer (0-1 m.), b)shrub layer (1-10m.) c)small tree layer (10-25 m.), d)large tree
layer (>25 m.). 2) Deciduous forest- a)herb layer (0-1 m.), b)shrub layer (1-3m.) c)small tree
layer (3-10 m.), d)large tree layer (10-20 m.). Heights of the vegetation layers in evergreen
and deciduous forests are different because the forests are of different heights, and accordingly
height of different growth forms vary in these two vegetation types. I calculated foliage height

diversity using Shannon’s diversity index (Magurran 1988).

2.4.Butterfly Sampling:

2.4.i. Butterfly species diversity: a. ground sampling: In each of the vegetation types 1
chose an area that was away from abrupt edges and ecotones leading to other vegetation
types. 1 avoided places with known or apparent impact of major disturbances in the past.
Based on earlier experience and initial surveys of the study area, the areas chosen were taken
to represent the vegetation types with fairly consistent vegetation structure. In these selected

patches 1 took butterfly counts from November 1998 through February 1999. Then the
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butterfly populations in very Open vegetation types, namely, high-elevation grassland, shrub

savannah and teak plantation, reached their trough, so 1 abandoned sampling. During the
summer months I saw hardly 2 or 3 butterflies in these dry vegetation types after walking

double the distance than the usual distance covered for earlier counts

The usual distance covered during an individual count was my 900 steps, which
amounts to about 600m. When I did not encounter 40 butterflies in the 900 steps, 1 continued
along the line until I got 40 individuals, and this was recorded separately. Thus, my basic data
consist of butterfly counts in 600m., reinforced by additional individuals for use in rarefaction
analysis which was the main statistical tool I used for calculating butterfly species diversity. I
took the counts by walking in one direction, but not necessarily a straight line by magnetic
compass. Different places in a vegetation type in the same area were chosen for butterfly
counts in different months. I recorded all butterflies seen during the counts, with their
horizontal distances from the count line, and the heights at which they were seen first, as well
as the date, time of the day and general weather conditions during the count. The counts were
taken between 9.00a.m. and 3.30p.m. Although visibility in different vegetation types and for
different size classes of butterflies is liable to be different, I did not fix land width during the
counts. All the butterflies thus seen were included in the analyses. This methodology is similar
in general characteristics to others used for earlier studies on butterflies in India (Kunte 1997,
Kunte et al. 1999). This is because my effort was directed towards estimating butterfly species
diversity, and not the density. However, frequency of butterfly sighting per hundred steps may
act as a surrogate for density. For calculating species diversity it is essential to record merely

number of individuals of the species seen. Density is a useful parameter in many studies, but

since the main thrust in this study was on rarefaction analysis and species richness, inclusion of

all the individuals in the analyses with disregard to density was effective. The rarefaction



analysis automatically corrects for effects of sample size and number of individuals in each
sampling unit (Ludwig and Reynolds 1988).

b. Canopy sampling: For recording layer use by butterflies, 1 sampled butterflies in the
canopy and middle layers with help of climbing equipment. The climbing equipment- ropes,
jumars, descender, harness, karabiners, etc. is standard equipment used for rock climbing and
abseiling (rappelling). A pilot rope fixed over a branch of an emergent/canopy tree pulled the
climbing rope over the branch, which I used to climb on the tree. I took observations in three
layers- the ground (0-10m.), middle layers (10-25m.), and the canopy (>25m., usually up to
40m.). Visibility in all the layers was about 15-20m. Since mine was the first attempt of
arboreal sampling of butterflies in India, 1 restricted the records to mere presence or absence
of species from the layers. However, their numbers were noted during quantitative sampling.
Height from the ground, distance from the count point, etc. were not recorded because
humans being terrestrial animals, judgement of precise height and distance invariably goes
wrong while sampling from the canopy for the first time. Only a long-term study and practice
would cure this problem.

I sampled canopy only in the evergreen forest because only in the evergreen and semi-
evergreen forests even the tiniest butterflies go to canopies (data of Kunte ez al. 1999). In the
mixed deciduous forests such as the one sampled during this study, I observed mostly large
butterflies (e.g. Great Orange-tip, Crows, Southern Birdwing; only few small species- e.g. Pea
Blue and Royals; for scientific names of all butterfly species mentioned in the thesis, see a note
under Appendix 1) were observed flying at the tree-tops. Secondly, it was possible to see and
identify from the ground butterflies in the crowns of trees in the deciduous forests, I did not

spend time in the deciduous canopies. On the other hand, sampling in the evergreen forest

canopies was very useful because Very small species such as the Lineblues and skippers were

also present there, which could not even be seen from the ground.
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I identified the butterflies with the aid of Evans (1932), Wynter-Blyth (1957) and my
notes that 1 had prepared after examining butterfly specimens from the Bombay Natural
History Society’s insect collection,

2.4.ii. Body Measurements: 1 caught the butterflies and took their body measurements
throughout the study period, but intensified this activity during February through May 1999. 1
netted the butterflies to record following measurements:

1.body length: from base of the labial palps to tip of the abdomen, 2.thorax length, 3.thorax
width, 4. wingspan: from base of a wing to the tip, multiplied by two, and 5.proboscis length.

1 took these measurements using a non-digital vernier caliper and a needle. The
butterflies were held either by the thorax or base of the wings, depending upon which body
parameter was being recorded. To measure proboscis length, the butterflies were held against
the scale of the vernier caliper and the proboscis was straightened using a needle. After taking

the body measurements, I released the butterflies.

2.5.Adult Feeding Plants. Larval Host Plants. and Resource Utilisation: Larval host plant

data were mostly compilation from last about 120 years’ published work. They were gathered
from three major sources: 1.Bell (1910 to 1927), 2.Sevastopulo (1973), and 3. Wynter-Blyth
(1957). 1 added up the compiled information by my personal observations, then cleared the
data of synonyms and incorrect observations, and replaced old scientific names by current
scientific names with the help of regional floras published after 1993 (mostly by Botanical
Survey of India). 1 arranged the plants alphabetically, assigned them to families, vegetation
types and growth forms using these floras, personal communications and my observations on
these plants. 1 could not use Anamalais-specific regional information on larval host-plant

utilisation because of its unavailability, but used the information that was published for

butterflies from nearby regions, or for the Western Ghats as a whole. This may not affect the

analysis, since out of 331 butterfly species SO far recorded from the Western Ghats, about



(1) 0 .
90%, and 100% for which larval host plants are recorded, are found in the Anamalais (Evans

1910, Ugarte and Rodericks 1960). Close to 100% of the plant species or their close kin
recorded as the larval host plants are found in this region (Fischer 1921). It turns out that out
of 139 plant families, 764 genera and 1775 species found in the Anamalais (Fischer 1921), the
butterflies use 83 families, 309 genera and 433 species. The numbers of plant taxa in
Anamalais given by Fischer should be considered slightly less than the actual ones because
there have been additions after his flora was written. Also, some families were split and new
ones formed (e.g. Bombax and Ceiba were separated from Malvaceae, and put under a new
family: Bombacaceae). However, the pattern of growth form and plant species richness across
vegetation types may still be similar because the numbers of families, genera and species used
for present analysis are probably too high to be affected by such relatively smaller changes.
However, a more site-specific analysis of larval host plants may be needed in future.

I quantified adult food resources during the field work. There is very little information
published earlier on this subject (e.g. Shahabuddin 1997), so most of data set used in this
thesis was original. During the usual butterfly counts as well as all-out-walks (opportunistic
sampling), I noted every new observation of a butterfly feeding on a flower. Along with it, I
recorded following parameters: 1.butterfly species, 2.plant species, 3.corolla tube length,
4 flower size, 5.flower colo‘ur, 6.height from the ground at which the flower was placed,
7.growth form of the plant, 8.habitat, 9.solitory or inflorescenced flowers, 10.isolated
flower(s) versus massive floral displays, 11.other flowering plants and non-visiting butterflies,
if any, in the neighbourhood of the flowering plant on which the observation was made. 1

measured the floral parameters using a vernier caliper.

I compiled from available literature, and collected from the field, information on plant

as well as non-plant resources of butterflies. However, for the present analysis I have included

only plant resources that serve as larval and adult resources, because in larval stages the



ies feed "
butterflies feed on only leaves, flowers or fryits of various plant species. The only south Indian

exception to this is the Apefly (Spalgis epius, family Lycaenidae, subfamily Miletinae), whose

caterpillars feed on mealy bugs (family Coccidae, an insect group). Among adult butterfly

resources there are numerous exceptions, such as butterflies feeding at wet soil patches, bird
droppings, rotting crabs, plant sap, mammalian sweat, etc. However, these resources are
distributed more or less in all vegetation types and are not as diverse in their structure or
placement as are floral resources. Therefore they may not form major structural entities in the
vegetation types that can affect resource use by butterflies, by selectively restricting access to
certain species. Hence, only plant resources seemed useful for such an analysis.

From the ground as well as canopy sampling data, plus observations during all-out-
walks, 1 noted at which height the butterflies were seen. Based on these observations, I
assigned the butterfly species that I saw in Anamalais to three horizontal vegetation layers:
l.herb-shrub layer, 2.small tree layer, and 3.large tree layer. I have classified butterfly plant
resources into four growth form categories (herb and shrub layers making separate
categories), but butterflies into only three layer use categories. This is because it was
impossible to distinguish between herb and shrub layers as far as butterfly habitat use was
concerned. All butterfly species that were restricted to ground vegetation layers moved in herb
layer, and at least lower portion of shrub layer, so that both the layers shared all the butterfly
species found in them.

All the data gathered or lists prepared for this thesis are available with me, and can be

accessed free of any charge by anyone who has a research idea for which these data sets may

be useful.
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3. RESULTS :

3.1. Foliage Height Diversity and Plant Species Diversity: The foliage height diversity, as

measured using Shannon’s diversity index, increased from the high-altitude grassland to the
evergreen forest, through intermediate shrub savannah, teak plantation and deciduous forest.

The plant species diversity also increased in the similar fashion (Utkarsh 1998), which was the

pattern also at the scale as large as the entire Western Ghats.

3.2.Butterfly Species Diversity: Table 1 gives the vegetation type-wise details; namely,
number of counts in each vegetation type, total number of steps walked to finish these counts,
number of individuals seen, and the frequency of butterfly sightings per hundred steps. There
was no clear pattern across the vegetation types- butterfly frequency was neither correlated
with the vegetation structure nor with the butterfly diversity in the vegetation types.

Results of rarefaction analysis are given in table 2, fig. 1, 2 and 3. Butterfly diversity
increased from high-elevation grassland through shrub savannah, teak plantation, evergreen
forest and deciduous forest. Vegetation type-wise butterfly species lists are in appendix 1,
which give total species richness in the vegetation types. 1 saw about 180 butterfly species
during the six months of the study, which are slightly over 80% of the field-identifiable
butterfly species from Anamalais. Butterfly species richness also yielded the same pattern as
above and is included in table 2 and fig. 4. Table 2 also gives diversity values derived using
most commonly employed diversity indices, which would facilitate comparison of these results
with others. All showed that butterfly diversity increased in the following vegetation type
order: high-altitude grassland, shrub savannah, teak plantation, evergreen forest and deciduous
. forest.

Rarified butterfly diversity values for three horizontal vegetation layers in the

evergreen forest namely, 0-10m., 10-25m. and >25m., were close to each other, and not



significantly different (Single-classifiation ANOVA, df2, F=0435, p=0.65). This is

ilustrated in fig. 3, and sh )
ill g ows that there was only minor difference in butterfly diversity across

vegetation layers.

Species Diversity: Figure 1 shows the correlation between butterfly species diversity (as
calculated by rarefaction) and foliage height diversity. Although the correlation was significant
(Spearman’s rank correlation, n=27, r=0.451, p<0.05), the scatter was wide because intra-
site, inter-count variation was considerable. Figure 2 shows the same correlation, but with all
butterfly counts from each vegetation type pooled, which eliminated effect of the inter-count
variation. This correlation (Spearman’s rank correlation, n=5, r=0.828, p<0.05) also gave the
same pattern as in fig. 1. Figure 4 shows correlation between butterfly species richness (as the
total species richness from the vegetation type) and foliage height diversity. This correlation
was stronger and more significant (Spearman’s rank correlation, n=5, r=0.943, p<0.01) than
the previous two. However, there was a serious problem in all these correlations. Although all
the correlations were significant, the increase in butterfly species diversity was not linear with
the increase in foliage height diversity. It increased from high-elevation grassland through
shrub savannah, teak plantation and deciduous forest, then dipped down in the evergreen
forest. However, the difference in values was not enough to turn the correlation insignificant.

So the actual pattern was that until the vegetation types were more or less dry the butterfly

species diversity increased linearly, and lowered in the evergreen forest. Both plant species

diversity and foliage height diversity, on the other hand, increased linearly as the vegetation

grew more complex in structure. James and Wamer (1982) illustrated such insensitivity of

correlation coefficient to non-linear relationships, which hid an important diversity pattern in

birds,



.Layer Use by B - :
3.5.Lay Y Butterflies: Details of layer use by each species seen during the present

study are given in appendix 1. Out of 108 species from the evergreen forest, 39 species were
seen in all the layers (between 0 and >25m.), 38 species in two layers (between 0 and 25m.),
and 31 species in only one layer (between 0 and 10m.). Qut of 117 species from the deciduous
forest, 29 species were seen in all the layers (between 0 and 20rh.), 37 species in two layers
(between 0 and 10m.), and 51 species in only one layer (between 0 and 3m.). In the study site,
only two vegetation types, namely, deciduous and evergreen forests had truly multi-storeyed
vegetation structures. The layers had different heights in deciduous and evergreen forests
because the forests themselves had very different heights. However, the layers roughly
represent herb, shrub, small and large tree layers. The teak plantation also had tall trees, but it
13eing a maintained plantation, the vegetation was not continuous between the shrub layer and
the crown of the trees. Moreover, there were few resources in the crown, so less number of
butterflies.

There were butterflies restricted to a single layer, but all such cases were the butterflies
restricted to only herb and shrub layer, no species confined to only small tree or large tree
layers. All the species seen among the tree layers were also seen in the herb and shrub layers.
There was one exception, the Common Onyx, which was seen only once in only the small tree
layer in the evergreen forest. However, it certainly frequents the herb and shrub layer (Wynter-
Blyth 1957). Thus, the herb and shrub layer supported all the species, either because it had
larval host plants or adult feeding resources of all the butterflies. However, there were drastic
differences in abundance of butterflies between herb-shrub layer and large tree layer. While

species such as the Clipper and Redspot Duke were as common in both the layers, some

i i i more common near the ground than amon
Species, e.g. the Rustic and Common Sailor, were g g

the tall tree crowns. On the other hand, although some of the large and more powerfully flying
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ies, €.g. the Tai
species, e.g. the Tailed Jay and Common Bluebottle, were found feeding near the ground, they

were far more abundant in the canopy.

3.6.Resource Richness:

3.6.a.Larval host plants: Table 4 gives vegetation-type-wise and growth-form-wise breakup
of larval host plants of the butterflies. When host plants of all the growth forms were
considered, high-elevation grassland had lowest richness, followed by shrub savannah, scrub
and deciduous forest. Evergreen forest had second-highest richness of larval host plants. The
resource distribution in horizontal vegetation layers in the evergreen and deciduous forests
was uneven. There were more larval host plants as shrubs and small trees, than herbs and large
trees, than expected if the resources were evenly distributed (Chi-square test for goodness of
fit, X%0.001;3/=22.776 and 20.14, respectively, for two forest types).

3.6.b.Adult feeding plants: Table 5 gives vegetation-type-wise and growth-form-wise
breakup of adult feeding plants of; the butterflies. Similar to larval host plants, resource
richness increased from high-elevation grasslands to deciduous forest, but that in the evergreen
forest was even slightly higher. However, the differences between scrub and teak plantation,
and between evergreen and deciduous forests, were t00 small. Differences in growth forms
used, however, were drastic. The butterflies used mostly herbs and shrubs as feeding plants,

than small and large trees, than expected if all the growth forms were equally used (Chi-square

test for goodness of fit, X’ooospz=13-89 for the deciduous forest and X’o.o2s3=10.09 for the

evergreen forest).

3.6.c.Total resource richness: When larval host plants and adult feeding plants were pooled

to get total plant resource richness for the butterflies, pattern of resource richness remained

the same as for the larval host plants (table 6). The deciduous forest was most resource rich,

followed, in the decreasing order, by the evergreen forest, scrub, shrub savannah and high-

A
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tion grassland. Overall. i
eleva g all, in the evergreen forest the butterflies used small trees much more

than the large trees and herbs (Chi-
(Chi-square test for goodness of fit, X%.0013=21.72). In the

deciduous forest, resources were relatively equally distributed across growth forms, but the
large trees were still much less used (Chi-square test for goodness of fit, X%p.012=12.48).

Fig. 5 shows a significant, positive correlation between vegetation complexity and
resource richness (Spearman’s rank correlation, n=5, 1=0.9, p<0.05). However, when total

plant resource richness was plotted against butterfly species richness for the vegetation types

(fig. 6), the correlation was much more strong, significant and positive (n=5, r.=1, p<0.0001).

3.7.Adult Butterfly Resource Use: As mentioned in section 3.6.b, most of the adult feeding

plants were from the herb-shrub layer. To analyse floral parameters and consequent resource
use by butterflies, I used corolla tube lengths. Corolla tube length appeared most effective in
isolating butterflies from each other in terms of resource use. Fig. 7 shows a scatter-plot with
193 points of corolla tube lengths of flowers that the butterflies used and proboscis lengths of
the butterflies that used these flowers. These 193 points belonged to 71 plant species and 76
butterfly species. The correlation was positive and significant (Pearson product-moment
correlation, n=193, r=0.628, p<0.001). However, apart from the expected pattern of resource
use, namely, that the butterflies with longer proboscis lengths would feed on flowers with

longer corolla tube lengths, there are many points representing butterflies that fed on smaller

flowers despite having much longer proboscis. It is obvious that a butterfly can reach nectar

from all the flowers that have corolla tubes equal or shorter in length than its proboscis.

However, the surprising points are those representing butterflies with shorter proboscis that

fed on flowers with relatively longer corolla tubes. Although such points were few compared

to total observed points, they are worthy of special attention because they tend to diffuse or

even contradict logically expected pattern of resource utilisation by butterflies.
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4. DISCUSSION :

One of the important r . :
P esults of this study was that the butterfly species diversity was

not linearly correlated with foliage height diversity. This pattern has also been described in
small mammals and birds (August 1983, Danie] e al. 1992, Tomoff 1974, Willson 1974).
MacArthur and MacArthur (1961) pointed out that plant diversity was positively correlated,
and contributed, to foliage height diversity. Although I did not measure plant species diversity
in Anamalais, this pattern holds true also on the scale of entire Western Ghats (Utkarsh 1998).
However, MacArthur showed positive linear correlation between foliage height diversity and
bird species diversity, whereas butterfly species diversity, in Anamalais, did not show this
pattern. This pattern persists also on a much larger scale of the entire Western Ghats (Kunte ez
al. 1999). 1t is clear from this and other exceptions pointed out by MacArthur and ecologists
following him that diversity in any animal group may or may not be positively correlated with
either foliage height diversity or plant species diversity (August 1983, Daniel 1992, James and
Wamer 1982, Karr and Roth 1971, MacArthur ef al. 1962, Murdoch et al. 1972, Pearson
1971, Tomoff 1974, Willson 1974). In Anamalais, butterfly diversity gradually increased from
the grassland to the deciduous forest, but lowered in the evergreen forest. This means it
followed the pattern of increasing foliage height diversity, as predicted by MacArthur and
MacArthur (1961), only in the relatively dry vegetation types. Although there is considerable
endemism, evergreen forests of the Western Ghats are relatively poor in bird (Daniel et. al.

1992) and butterfly (Gaonkar 1996) diversity due to historical reasons. Since the peninsular

Indian climate gradually became dry in geographical time scale, extent of evergreen forest in

this region contracted, deciduous forests extended, and the evergreen forests of the Western

Ghats became isolated. This did not happen in NE Indian and SE Asian evergreen forests,

which are contiguous Probably this is the reason the Western Ghats evergreen forests are

depauperate in bird species richness as compared with richness in the deciduous forests
e in
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iel et al. 19 ' ;
(Daniel ef a 92), and it applies to butterflies as well. A glance at butterfly fauna suggests

ergreen i :
that the evergreen forests in the NE India, on the other hand, seem to be more species rich

than the deciduous forests. There, the foliage height diversity and butterfly species diversity
may be linearly correlated. But it should be noted that during and after publishing his 1961
paper, MacArthur himself had faced some exceptions to the pattern his theory predicted
(MacArthur 1964, 1965). Later studies had produced mixed results; some supporting the
theory, others contradicting it, and yet others showing vague patterns. This indicates that there
may be sdmething else, rather than foliage height diversity, responsible to species diversity
(Karr and Roth 1971).

It is intuitive that animals that are host-plant-specific would exhibit maximum diversity
where plant diversity is highest. Since foliage height diversity and plant diversity are
correlated, it is intuitive to expect linear correlation between also foliage height diversity and
such an insect group. This brings forth a question: why would diversity of an insect group that
is exclusively dependent on plants vary independently of plant and foliage height diversity? To
discuss this, I will first spell out the underlying assumptions in MacArthur’s theory, treat them
with help of patterns revealed during this study on butterflies, and try to explain why
butterflies did not show the pattern assumed and/or predicted by foliage height diversity
theory. This in turn may help explain why this theory does not satisfactorily explain diversity
pattern in all habitats and at all sites.

Although MacArthur and MacArthur (1961) did not explicitly mention assumptions in the

evolutionary mechanism proposed, there were four major assumptions: 1)resources for a species are

evenly dispersed within a horizontal vegetation layer. Therefore a species can travel in the layer

without wasting time or energy because “hetween any two fairly distant feeding places there will be

a fairly natural route also consisting of feeding places.” (p.597). ii)resources are unevenly dispersed

across the horizontal layers. Therefore it will be costly for an animal to travel-across layers, forcing



it to restrict to a single layer. iii)even for generalist species, the cost of switching over between
layers is high, which would preclude switching over between layers. The generalist species would
tend to diffuse or eliminate the pattern identified by MacArthur and MacArthur (1961), that each
additional horizontal layer of vegetation had the same number of species, independent of which
layers were already present. iv) If the first three assumptions are true, the species would more or
less adapt to utilising resources within a horizontal layer and restrict themselves to particular layers
that most suit them. Therefore each' horizontal layer of the vegetation would have a different set of
species. Thus, each layer would add similar magnitude of diversity in more compiex habitats.

I did not quantify spatial resource dispersion, so am not able to demonstrate that resources
are or are not distributed homogeneously within a layer. However, it could be possible that
resources are randomly and unpredictably dispersed within a layer. In such a case, there need not be
any continuous passage within a layer with feeding resources all along in an individual’s movement
path.

The second assumption is certainly not true. Butterflies, and so do the birds, travel
through more thén one layer in a short span of time, and also feed along the way. The
Southern Rustic, for example, was observed feeding on flowers of Ageratum, Lantana,
Antidesma menasu, Premna, and a liana; each representing a vegetation layer at a different
height. Similarly, the Common Albatross fed on flowers of Ageratum, Leea, Vernonia
arborea, Cinnamomum wightii and a large liana, again each plant representing a different
vegetation layer or growth form. Among birds, the flycatchers and bulbuls are often observed

travelling between bushes and tree crowns in the tall evergreen forests, hunting insects and

picking fruits at whichever place they are available. As for within vegetation layer dispersion, I

did not quantify spatial dispersion of resources across vegetation layers, too. However, the

fact that the butterflies travel and feed in different vegetation layers during their peak feeding

ivi . ilable across the layers. This also suggests
activity time itself is evidence that resources are avaa y gg

-~ 7
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witching over betw :
that switching tween layers is not costly in time or energy. The switchi r bet
izontal layers will b ;
horizontal lay I be adaptable if there are considerable benefits of doing so after canceling

its cost. The cost will be offset and additional benefits acquired if the probability of finding

utilisable resources across layers is high. Moreover, if i) the resources are clumped in all

layers (such as plants with flowers in inflorescence, or with massive floral display), and ii)
probability of finding a resource random, but benefits of finding a clumped resource very high,
then rewards of switching-over between the layers are higher than the cost. This seems to be a
real-life situation, because most of the plants on whose flowers I found butterflies feeding, had
either inflorescence (e.g. Vernonia, Andrographis and Ixora) and/or massive flower displays
be the flowers solitary or not (e.g. Vaccinium, Schleichera oleosa). There is still another face
of this problem in higher animals, especially higher vertebrates, such as birds and mammals.
These animals learn and memorise sources of food and repeatedly visit those sources. Thus,
after a frugivorous bird learns about a particular fruiting tree and its fruiting season, it visits
that tree in the right season. Among insectivorous birds, certain species that participate in the
mixed hunting parties are attracted towards vocalisation of other species that participate in the
mixed hunting parties and thus track the resource without spending much energy and time; in
fact they save time. For a generalist species that has feeding acceptance to more variety of
food items, it is even less costly to switch-over between layers. This would further obscure the
pattern predicted by MacArthurs’ theory. As a result, there would be small number of species

restricted to a layer. This contradicts the fourth assumption.

Fig. 7 shows an interesting pattern of resource use by butterflies. As discussed earlier
g.

in section 3.7. there are many points representing butterflies feeding on smaller flowers despite

having much longer proboscis. Naturally, a butterfly can take nectar from the flowers that

have corolla tubes equal or shorter in length than its proboscis. Since in butterflies body length

i positively correlated with probosciS length (fig. 8, Pearson product-moment correlation,

- 5



= 95, I'=0628, <0.001 :
n=2 ¥ ) as the size of the butterfly increases, it is increasingly at an

advantage because it would encounter more and more flowers of varied corolla tube lengths in
the range from which it can take nectar. However, smaller flowers would generally have
smaller quantities (absolute, not relative quantities) of nectar. The question, therefore, is of.
energetics of flight, nectar-searching efficiency, and reward of nectar quantity from small
versus large reservoirs of nectar. In other words, it is a choice between small versus large
flowers relative to a butterfly’s proboscis length and body size. Small flowers means visits to
more number of flowers, more landings and take-offs, and smaller reward per flower or visit.
On the other hand, large flowers means less number of visits, and higher gains per visit to a
flower. Landing and take-offs themselves may not be very costly, but the time spent on smaller
flowers, rather than on the larger flowers, may be a big cost. However, since the butterflies
seem to be not so rigid about choosing flowers in terms of the flower size relative to their
body size (fig.7), this energetic “constraint” seems to be less effective. Considering the range
of corolla tube lengths that a butterfly would encounter (see fig.7), it seems obvious that
butterflies medium to large in size would have access to a large number of flowers, making the
resources suitable for their utilisation virtually omnipresent. Therefore at least for medium to
large butterflies there seems to be little cost involved in switching over between layers. Even
some short-proboscis butterflies fed from flowers with relatively longer corolla tubes, which is
also reported in bees (Belavadi ef al. 1997). If this pattern is as much, or more, prevalent on a

wider scale, then probably even the ‘relatively-longer-corolla-tubes’ constraint may not

seriously affect accessibility t0 the butterflies of the nectar. Therefore resources for smaller

butterflies, too, would be omnipresent, 0 all the layers, which would reduce the cost of time

and energy in switching over between layers predicted by MacArthur. Thus, both the factors

i i i tions.
discussed in this paragraph disagree with first two assump
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In connection with :
the previous paragraph, fig. 8 reveals that body length increased

slightly more rapidly compared to proboscis length. Butterflies could have developed varying
body sizes for phylogenetic and ecological reasons, but their proboscis have remained in a less
wide range. Perhaps it was adaptive for butterflies or nectarivores in general, to save on
producing long proboscis. From fig.7 it appears that butterflies mostly use flowers with short
corolla tubes, although many of them could also use longer ones. It could be just that most of
the plants that offer nectar to butterflies have short corolla tubes. Without going into details of
that, it can be said that when most of the plants offering nectar bait have short corolla tubes,
butterflies have access to more species of flowers than they would have if corolla tube range
was greater.

Data on butterfly resource richness across vegetation types suggest that there need not
be a linear correlation between foliage height diversity, resource richness and plant species
diversity (table 6 and fig.5). Although butterflies are directly dependent on plants iﬁ larval and
adult stages, they do not use all the plant resources equally. Plus, not all plants are used as
resources. If plants from only a few vegetation types are used more, or some plants from a
vegetation type are used much more than other plants from the same vegetation type, then the
pattern of butterfly species diversity may depart from that of the patterns of plant species
diversity and foliage height diversity. This seems to be the case with butterflies in the

Anamalais.

Foliage height diversity Of heterogeneity indices correlate well with animal diversity in

many cases, although not all. However, Willson (1974) cautioned use of indices in ecological

studies and urged to understand properties and relevance of these indices in ecological studies.

On the other hand, Karr and Roth (1971) suggested that the scatter in a foliage height

diversity and bird species diversity relationship involving temperate and tropical habitats could

be a result of jmportant but unmeasured variables which affect bird species diversity. Foliage
of imp
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i iversity or o i

height div .y ther habitat parameters are most probably not direct determinants of
species diversity but only correlates or clues of other parameters that the animals use (1985).
Considering these three opinions, and a fact that all earljer explanations of habitat parameters
and species diversity correlations lingered at resource dispersion and richness that were almost
never completely measured, it now seems appropriate to concentrate on resources. However,
probably 2 direct approach is needed. For this purpose, it may be necessary to understand
which birds (or other animals) feed on which insects (or resources), not merely that a bird is an
insectivore. For phytophagous insects, it would be necessary to find out which plants are
utilised as resources, and how are these resources dispersed across and within vegetation
types.

In this connection 1 propose a hypothesis, which I call “sociable host hypothesis™ for
butterflies (fig. 9 and 10). I define a “sociable host” as a plant that supports many butterfly
species in their larval stages- the plant is sociable, it “likes” its insect associates. Thus, high
sociability means a plant supports many butterflies and low sociability means a plant supports
only one or few butterfly species. This hypothesis differs from theories that involve vegetation
structure. In fact it suggests that resource dispersion and utilisability may primarily decide
species diversity, and vegetation structure may be a frequent correlate of these two factors.
Vegetation structure may only indirectly affect butterfly species diversity by varying resource

dispersion. However, resource richness and dispersion may also be independent of vegetation
* 2

structure. This theory considers vegetation types differently just because they offer differential

diversity levels of plants which may affect utilisable chemical diversity at disposal of the

butterflies. Plant diversity increases from simple to complex vegetation types. If chemical

diversity is relatively evenly dispersed across plant growth forms and families in different

vegetation types, complex vegetation types will naturally have more chemical diversity

because they have more species of plants (fig. 9)- On the other hand, due to high herbivory
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pressure, plants in some complex vegetation types, e.g. evergreen forests, have high amount of
secondary compounds, making themselves palatable only to very specialised herbivores. Thus,
there are tWo OPPOSIng forces (fig. 10). Higher plant diversity in complex vegetation types can
potentially offer higher diversity of resources, but their higher secondary compound diversity
and content would tend to reduce sociability. However, butterflies do not use in their larval
stages all plant families and species. Since occurrence of butterfly species is strongly
influenced by larval resource distribution (Ehrlich 1984), only those species that are used by
caterpillars would be considered as resources when discussing chemical diversity and
sociability. From earlier work on larval resource use of south Indian butterflies (Bell 1910-
1927, Sevastopulo 1973 and Wynter-Blyth 1957) it is seen that different plants support
different diversity levels of butterflies; all resources are not equal. Some resources may be less
or .more varied in chemical composition and structure, are suitable for exploitation in many
ways by many species or demes of the same species, therefore may offer more opportunities
for speciation. Thus, they would tend to be more sociable. There would be a continuum (fig.
9), however, that many plants would support only one or two butterfly species (low
sociability), some will support unusually large number of butterfly species (high sociability),
and some will be intermediate in their usefulness as a resource (moderate sociability). There
are indications of this pattern in larval host plant data so far published (Bell 1910-1927,

Sevastopulo 1973 and Wynter-Blyth 1957). Most of the plants are used by only one butterfly

species each. Some plants are used by many butterflies, for example, Capparis spp. and

Cadaba fruticosa (both family Capparaceae) are used by eight butterfly species. Xylia

xylocarpa (family Mimosaceae) s on top in the list, it supports 15 butterfly species in their

larval stages. In all, 22 species from Mimosaceae are used as larval host plants and together

they are hosts to more than 30 butterfly species, which is 10% of the Western Ghats butterfly

diversity. When plants such as Xylia are present, even a single plant species can support

-—
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diversity than a vegetation type with higher number of less sociable plant species. It is
noteworthy that although the evergreen forest in the Anamalais had higher plant species
diversity as well as foliage height diversity than the deciduous forest, the deciduous forest had
higher butterfly species diversity. The relevance of this in the present context is that Xy/ia and
Capparis, both are predominantly deciduous forest elements. Family Poaceae: the grasses and
bamboos, supports another almost 60 butterfly species in the Western Ghats. Poaceae also is a
family of predominantly deciduous members with only a few species in the evergreen forest.
The hypothesis that butterfly spécies diversity would be dependent more on chemical
diversity and sociability of host plants, rather than vegetation structural parameters, needs
further detailed analysis of larval host plants and their utilisation by different butterflies. This
hypothesis in the present form can be applied to other phytophagous insects as well. However,
it needs better theoretical framework, which is a challenge ecologists will have to face to

explain diversity on earth.
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TABLE 1. DETAILS OF BUTTERFLY COUNTS

Vegetation type | No. of | No. of steps No. of Frequency (no. of
counts individuals | individuals/100 steps)

Evergreen forest 7 7,970 524 6.57
Deciduous forest 4 3,600 423 11.75

Teak plantation 4 5,570 203 3.64
Savannah 4 6,350 199 3.13

High alt. Grassland 4 25,000 176 0.7

Total 27 56,640 1,731

' (ca.35.5
km.)
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TABLE 2. BUTTERFLY SPECIES DIVERSITY ACROSS VEGETATION TYPES
Diversity index | High-alt. Shrub Teak | Deciduous | Evergreen forest
Grassland | savannah | plantation forest
" Rarifaction | 2.5,4.38, | 3,461, | 546,601, |8.12,699,| 7.96,7.78, 6.60,
(No. of spp./11 | 549,620 | 536,10 | 5.42,8.11 | 7.63,7 | 622,775,657,
ind).* 5.56
(No. of spp./96 |  15.53 18.69 213 29.46 2738
ind), pooled
Shannon H' 0.74 1.00 1.12 1.37 1.27
Alpha 6.22 6.91 9.26 16.44 15.11
Berger-Parker 1.70 2.89 441 6.31 5.29
Dominance
(1/d)
Simpson’s 2.78 6.47 8.62 15.19 10.27
Diversity (1/D)
species 11 24 73 117 108
richness

*Rarified diversity value (no. of spp./11 ind.) is given for each count unde
vegetation types. Since number of counts in the ev
values under that vegetation type;

the counts from eac

vegetation type.
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TABLE 3. LAYER USE BY BUTTERFLIES
Herband | Small tree | Large tree Only herb | Herb to Herb to
shrub
rub layer layer layer and shrub | small tree | large tree
Evergreen 107 77 39 31 38 39
forest
Deciduous 117 66 29 53 37 29
forest
L
EVERGREEN r I F | ARGE ‘  RECIDLSLS
FLREST | b lTees | FeRasy
L9 eavae | © "
. |
— =1 |
i 1 SMALL l
‘ 1
1 | TREE | ©
3g | |22 N #2 !'
! i LAYER 27 :
\ ] |
| werb- || \ Lo
s . a1 | sveus |53 | ‘ ‘ B3
| | l‘ LAYER ST
‘ 1 —

Table 3 gives butterfly species distribution across horizontal vegetation layers in the evergreen

and deciduous forests. The first three columns give numbers of species that are found in the
specified layer. The last three columns give numbers of species with a range indicated in the
without consideration of whether they are shared with other

top row of vegetation layers used,

layers or not. Figure at the bottom of the table represents the same information, in a different

form.



TABLE 4. LARVAL HOST PLANTS

Herb | Shrub | Small Large (Epiphyte/c| Total
tree | tree | limber

Evergreen 27 | 34 | 45 13 25 125
Deciduous 47 | 55 62 30 40 201
Scrub 34 | 28 15 1 12 74
Savannah 25 | 16 1 0 3 39
Grassland 27 | 11 0 0 0 37
Total* 71 | 81 | 85 | 38 59

*Table 4 gives a vegetation type-wise and plant growth form-wise break-up of larval host
plants of butterflies. Discrepancy observed between addition of the individual entries under
respective growth forms and grand total written in the last column arises because growth
forms of certain plant species are overlapping, for example, some plants are small to large
tregs. or shrubs to small trees. These plants were entered under both the growth form
categories. It is the case with grand total of growth forms across vegetation types also, where
some plant species are shared between two oOf MOre vegetation types. The data are from

Haribal (1992), Sevastopulo (1973), Wynter-Blyth (1957), and supplemented by personal

observations as well as records supplied by Mr. E. Kunhikrishnan. Information on plants from

sorub was-available, s it was also included in this table, but from the teak plantations was

unavailable. However, téak plantations being a man-made habitat in different soil, rainfall and

temperature regimes, and varying maintenance treatments, is an amorphous vegetation type,
2

with no plant species of its OWn, except the teak.



TABLE 5. ADULT FEEDING PLANTS
Herb {Shrub [Small Large|Epiphyte/c|Total
tree  |tree |limber
Evergreen 13 13 7 1 3 36
Deciduous 17 7 4 5 1 32
Teak 13 6 0 0 0 17
Scrub 13 3 1 1 0 18
Savannah 10 | 2 0 | 0 0 12
Grassland 7 0 1 0 0 8
Total* 31 | 141 9 | 6 3

*see a note under table 4. This table presents only those plant resources whose flower nectar is
utilised by adult butterflies. The data are from my field diaries of Nov. 98 through May ’99,
supplemented by notes from Mr. E. Kunhikrishnan, Dr. P. Pramod, and Mr. K. A.

Subramanian.

TABLE 6. TOTAL PLANT RESOURCES

Herb |Shrub|Small |Large|Epiphyte/ Total

tree |tree |climber

Evergreen | 36 | 42 51 | 14 28 151
Deciduous | 59 | 59 64 | 33 41 221

Scrub i3 |28 1| 11 |82

Savannah | 31 | 17 0 0 3 46

Grassland | 31 11 1 0 0 42

41 61

Total* 96 g8 | 91

I A— .
*see a note under table 4. I this table, larval and adult feeding resources are pooled (from

tables 4 and 5), to get total plant resource richness across vegetation types.
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FISI.\}EESII?;ELAHON BETWEEN FOLIAGE HEIGHT l'
AND BUTTERFLY DIVERSITY (n=23, ‘
| 15=0.458, p<0.05)
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foliage height diversity

In fig. 1, the foliage height diversity points, from left to right, represent: 1)high-elevation

grassland, 2)shrub savannah, 3)teak plantation, 4)deciduous forest, 5)evergreen forest.

FIG. 2. CORRELATION BETWEEN FOLIAGE
HEIGHT DIVERSITY AND BUTTERFLY
SPECIES DIVERSITY (n=5, rs=0.828, p<0.05)
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Foliage height diversity gradient same as in fig. 1.

2P



FIG. 3. BUTTERFLY SPECIES DIVERSITY ACROSS
.5 STRATA (df=2, F=0.435, p=0.645)
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*points in fig.3 represent, from left to right, horizontal vegetation layers in the evergreen

~ forest: 1)ground (herb and shrub) layers- (0-10m.), 2)middle (small tree) layer (10-25m.),

3)canopy (large tree) layer (>25m.).

butterfly species richness

FIG. 4. CORRELATION BETWEEN FOLIAGE
HEIGHT DIVERSITY AND BUTTERFLY
SPECIES RICHNESS (n=5, rs=0.945, p<0.05)
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gg}NéL%ORRELATION BETWEEN VEGETATION
XITY AND RESOURCE RICHNESS (n=5,

15=0.9, p=0.05)
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FIG. 6. CORRELATION BETWEEN RESOURCE AND
BUTTERFLY SPECIES RICHNESS (n=5, 1s=1,
p<0.0001) |
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FIG.gb(}iglEIIJ{ELATION BETWEEN PROBOSCIS AND
A TUBE LENGTHS (n= 193, = 0.628,

p<0.001)
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FIG. 8. CORRELATION BETWEEN BODY AND PROBOSCIS
LENGTH (n=295, r=0.628, p<0.001)
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