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Abstract

Eight localities in various parts of the Western Ghats were surveyed for pattern of
butterfly diversity, distribution and abundance Each site had heterogeneous habitat
matrices, which varied from natural habitats to modified habitats like plantations and
agricultural fields. The sampling was done by the belt transects approximately 500m in
length with 5 m on either side traversed in one hour in each habitat type A total of 168
species were recorded in 8 localities The diversity of butterfly species was high in
natural habitats than the modified ones Further analysis on commonness and rarity of
butterfly species showed the rare butterflies were recorded only in natural habitats. The
presence of natural habitats in the heterogeneous matrix influenced the species
encountered in modified habitats. The data presented here is entirely collected by
undergraduate students and teachers in Western Ghats Biodiversity Monitoring
programme

Key words: Butterfly diversity, distribution, heterogeneous landscapes, Western
Ghats
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Introduction

Butterflies (Order Lepidoptera) are sensitive biota which gets severely affected by
the environmental variations and changes in the forest structure as they are
closely dependent on plants (Pollard 1991 and Blair, 1999). They also react
quickly to any kind of disturbance and changes in the habitat quality making a
good indicator to study changes in the habitat and landscape structure variations
(Blair 1999) Here an attempt is made to understand how the distribution and
variation in butterfly diversity changes in heterogeneous habitats in various sites in
the Western Ghats. The data was collected by undergraduate teachers and
students in Biodiversity Monitoring Network. As part of the Western Ghats
Biodiversity Monitoring programme a network of experts, undergraduate students,
teachers, NGO's and local people is being deveioped since 1994 Fifteen study
sites along the Western Ghats covering major landscape features and vegetation
types were mapped and important flora and fauna documented. The available

data from 8 localities was analyzed with following objectives to see if

1. there is variation in the butterfly community across various sites

2 butterfly diversity changes in heterogeneous landscapes

3 seasonal variations in the butterfly diversity.

4 changes in the butterfly diversity in natural, semi-natural and man-made

ecosystem

Materials and Methods

The sampling and monitoring of butterflies was carried out localities along the
Western Ghats The present work is based on butterflies communities sampled at
8 different localities in the Maharashtra, Karnataka, Kerala and Tamil Nadu states
(Table-1). Monitoring selected biological taxa involving teachers and students
was initiated in 1994 by Prof Madhav Gadgil. Where, he formed a network of over
20 undergraduate colleges collaborating with ecologists at Centre for Ecological
Sciences, Indian Institute of Science The data analyzed here was collected

entirely by students and teachers of the network.



Study Sites and Sampling design
Following are the study sites located in various parts of Western Ghats along with

LSE types sampled in the study sites

1 Muvattpuzha: Semi-evergreen, moist deciduous, scrub, teak plantation,
coconut, and mixed vegetation.

2 Alagarkoil: Riparian, mixed cultivation.

3. Dhoni: Evergreen, semi-evergreen, moist deciduous, dry deciduous, riparian,
coconut, rubber, unknown1, disturbed semievergreen, unknown 2.

4. Sullia: Disturbed evergreen, moist deciduous, riparian, bamboo, areca, paddy,
and human habitation.

5 Mala: Evergreen, semievergreen, scrub, riparian, human habitation, mixed

areca coconut, rubber

Sringeri: Evergreen, Ticket, Grassland, paddy, orchards, and plantations.

Kumta: Semi-evergreen, scrub, acacia, teak, paddy and orchards.

Nasik: moist deciduous, dry deciduous
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Tamini: Mixed mosaic.

A standard methodology was given by CES team to all participating group, which
involved sampling a LSE type in a line transect approximately 500m length with 5
m on either side covered in an hour walking at a constant pace. All the butterflies
on the line as well as 5 m on either side were recorded with time, number of
individuals seen. Other parameters such as weather condition, habitat mosaic,
LSE type within a site were also recorded. Few of the initial samplings were done
along with CES team until participants were familiar with the methodology and
identification of some common butterflies. All the identification was done in the
field without collecting the specimens. Some of the field guides were referred for
identification. Most of the sampling was done from 8-30 to 11-00 hrs when

butterflies were most active.



Data Analyses

(a) Comparison of sampling done by Teachers and students with data
collected by experts: The data on butterfly diversity in various states published
by Harish Gaonkar (1998) was used to compare the butterfly diversity by college
teachers and students. The data in various sites belonging to 4 different states i.e.
Kerala, Karnataka, Tamil Nadu and Maharastra were pooled together and each
species was assigned to the family and comparison was done Percentage of
butterflies recorded under each family was calculated in comparison with data

collected by experts.

{b) Variations in butterfly community across habitats in Western Ghats: The
transects data of each habitat (irrespective of what site it is from) were pooled to
and rarefaction models or expected number of species for minimum sample size
was done to construct rarefaction curve for all LSE types and find out which
habitat supported more number butterfly species A distributional pattern of
putterfly species and analysis of rare and commen butterfly was done using the

abundance and frequency of occurrence data.

The number of habitats a species was found and its abundance was used to
analyze the status of each species The butterfly species recorded on ail LSE
types were ranked in ascending order based on the number of habitats it was
recorded These were transformed into an index of 1-5. Butterflies recorded in 1-6
habitats were ranked 1 (6 habitats constitutes the 25% of the number of habitats
identified) Then 7-12 rank 2, 13-18 ranks 3 19-24 rank 4 and more than 24 rank 5
Then based on abundance each species was ranked from least abundant to most
abundant species. Species with less then 10 sightings were given a value of 0,10-
50 sightings a rank 1,51-100 a rank of 2 101-150 rank of 3 151-200 rank of 4 and
200+ rank of 5 Then each species was assigned to families. (Davidar ef al 1996)

(c) Butterfly diversity and heterogeneous landscape: The transect data
from various LSE types of within the site was used to calculate rarefied
species richness using minimum common sample size (i.€. minimum number

of individuals in each LSE type). Cluster analysis was done using Jaccard’s



dissimilarity index for each site containing various LSE types, and
dendrogram was plotted for cach site. The data on various sites were
analyzed for butterfly diversity, evenness, uniqueness, and rarity, endemic

species to identify the LSE type important for butterfly species.

(d) Seasonality variations in butterfly in heterogeneous landscapes

The data from each sites was classified into premonsoon, monsoon and
postmonsoon (irrespective of which LSE type it is from) based on the month of
sampling. Sampling in February-May was considered as Pre-monsoon, June-
September as Monsoon, and October-January as post monsoon. Rarefaction was

done using minimum number of individuals recorded in particular season

(e) Endemictiy across LSE types in various sites: Endemic butterflies were
noted in each LSE types and percentage of endemic species found in each was
calculated in comparison with the total endemic in Western Ghats and Srilanka.

{(f) Butterfly diversity in natural, semi-natural and man-made ecosystem:
Each LSE types were assigned into natural (like evergreen, semievergreen,
deciduous etc ) Semi-natural (scrub, thicket, grassland, woodland) and man-made
or human impacted ecosystems (plantations, human habitations etc.) diversity and

average abundance in each of these categories was tested for difference.

Results and Discussion
This study recorded a total of 8860 individuals of 168 butterfly species belonging
to five families recorded during 6392 detection and 226 hours of sampling in 8

sites of the Western Ghats

(a) Comparison of sampling done by Teachers and students with data
collected by experts:

This study recorded 51% of butterflies, which were known to occur in Western
Ghats. All the papilonids and 73% of nymphalids, 75% of pierids were recorded
whereas, Families Lycaenidae and Hesperidae had lower recording with only 31%
and 28% respectively (Figs 1, 2, 3, 4 and 5). The reason for recording all species



in the Family Papiliondae can be attributed to their size and conspicuousness. On
the other hand, the families Hesperidae and Lycaenidae had poor recording as
investigators tend to miss out due to its small size and difficulty in identification
without collection. The reascn for low recording in Tamil Nadu was due to
presence of only one study site and comparatively smali data set (Alagarkoil),
which represent only 8% of the total number of species.

It is a commendable effort by teachers and students involved in the monitoring
project without any prior experience in natural history of butterflies to record 51%
of butterflies 1t is important to note that these study sites were mostly between
altitudes 50-750 m (whereas here the comparison is done with whole Western
Ghats butterfly pool which also includes the higher altitudes) and moreover, the

sampling done here was without collecting the specimens

(b} Variations in butterfly community across habitats in Western Ghats:

From the results it is evident that natural habitat supported more number of
species On the whole semievergreen forests, scrub and evergreen forests had
higher butterfly species diversity than those of the semi-natural, monoculture
plantation area (fig-16). The results of this can be compared to the study done by
Kunte (1999) showing similar results, with high diversity in natural habitats

compared to human impacted areas in the Western Ghats areas.

The ranking results showed that species with broad distributional range (regional)
are also most abundant. About 57% butterflies were in rare category, which was
recorded in 1 to 6 habitats, which also had low abundance, and only 8% of
butterflies were distributed in more than 19-27 habitats When abundance is
considered about 38% species were recorded in less than 10 individuals and 7%
of butterfly species were recorded being more than 200 individuals. The families,
Papilionidae and Pieridae were found almost in all habitats with even distributions.
Members of the families Hesperidae and Lycaenidae had restricted distributions
they were recorded in 18 LSE types (total number of LSE types in this study was
27) Of the 7% butterflies present in rank 5 category of the abundance which
included species like Common Indian Crow, Common Emigrant, Rustic, Chocolate
Pansy etc. Species turn over or beta diversity across LSE types analyzed by



jaccard’s index. The dendrogram plotted by clustering the jaccard’s similarity
shows distinctly grouping of the natural habitat, from human impacted and
plantations. Overall there was 42% species were common to all the LSE types

(c) Butterfly Diversity and heterogeneous landscape:

All the study sites had various habitats from natural forests to agricultural lands
and the butterfly diversity varied in all these habitats. The pattern of this variation
was different in these 8 sites, in some the human impacted LSE types has similar
species composition as natural LSE types. The species richness (observed and
rarefied), diversity indices, evenness, number endemic and unique species for
various LSE types in all study sites are listed in Table 3,4,56,7, 8 9 and 10
Species accumulation curve for various sites sampled given in Figure 14 There
were no adequate sampling efforts in some sites Family wise classification of
butterfly recorded for various sites given in Figure 15 The Family Nymphalidae
was dominant among the buiterflies recorded in all the area, followed by Family

Papilionidae some and Pieridae in other sites.

1. Nasik: Dry deciduous and moist deciduous forests are two sampled LSE
types, and a total of 42 species are recorded in this site. Shannon’s and
Simpson’s diversity indices showed higher value in dry deciduous forest. There
was 3 endemic and 21 unique species recorded in dry deciduous forest
whereas in moist deciduous there was 4 unique species and no endemic
species recorded (Table 3)

2. Kumta: Semi evergreen forests and scrubs showed higher Shannon and
Simpson indices values A fotal of 45 species was recorded in this site. There
was ho unique species to any LSE type in this site The overlap of species
between the LSE types was about 10%. Semi evergreen forest and scrub had
6 endemic species, lowest being in Paddy fields (3) and Acacia plantation (4).
(table 4 and figure 8).

3. Alagarkoil: Riparian and Mixed plantation is the two LSE types sampled in
this site. Riparian forests had higher Shannon and Simpson's value. Riparian
forests had 8 unique species whereas mixed plantations had 4 A total of 27
species was recorded in this site The data set in this site was small (table 5},



4. Sringeri: A total of 74 species were recorded in 6 LSE type The species
overlap between the L.SE types is 45%. Highest number of unique species was
recorded in grasslands (7) and evergreen forests (6) The species were evenly
distributed in all the habitats. The Shannon and Simpson diversity indices
showed somewhat similar values for all the LSE types (table 6 and figure 9)

5. Mala; A total of 85 species were recorded in 12 LSE type The species overlap
between the LSE types if 68%. Semi-evergreen, evergreen forests, scrub, had
high Shannon and Simpson’s diversity values Semi evergreen forests had 8
endemic and 4 unique species whereas plantations had comparatively low
diversity indices (table 7 and figure 10)

6. Sullia: The species overlap between the LSE types was 83%, even the
species richness (observed and rarefied) did not vary much in LSE types (table
8. and figure 11). A total of 86 species was recorded in the site.

7. Dhoni: A total of 111 species were recorded in this site The species overlap
between LSE types being 64 %. Like in other sites the natural habitats
Evergreen forests supported maximum number of species than other LSE
types. The highest diversity was recorded in the natural habitats and lowest in
plantations (table 9 and figure 12).

8. Muvattpuzha: A total of 79 species recorded in 6 LSE types, about 48% of
species shared in these LSE types Teak plantation had 15 unigue species

and 7 endemic species (table 10 and figure 13).

(d) Seasonality variation in number butterfly species in various sites: There
was a fluctuation in number of butterfly species in various seasons. The changes
in number of butterfly species varied for different sites (figure 7). In Nasik, Kumta,
Mala, Dhoni, there was more number of species in premonsoon season than
monsoon and postmonsoon. The study by Kunte (1997) in Northern Western
Ghats showed the butterfly population starts building up in early monsoon and
showed two peaks first in late monsoon and second in winter. Here only the
number of species is considered in each site which shows, the peak was in
premonsoon in most of the study sites. However, it is not possible have a concrete
idea of population fluctuations of butterflies from this study as, in some sites data

was not available for comparison in various seasons and moreover, rarefaction



test was done taking minimum number of individuals, as the sampling was not

uniform in all localities.

Conclusions

It appears from the results of the study that the heterogeneous habitats with various
LSE types tend to share more species. In this particular study there were 26 LSE
types (from all sites), which shared 42% of butterfly species The species found are
not specialized to any particular habitat. The natural habitats supported more number
of species than human impacted plantations. When LSE types within a single site
was considered similar trend could be observed However, there was overlap in the
species between LSE types, ranging from 48% to 86% and natural habitats showed
more number of species It is important to note that the study was done by
undergraduate teachers and students without much expertise in butterfly taxonomy
and also without any collection butterfly species for identification. There was poor
recording of species belonging to the families Lycaenidae and Hesperidae. However,
the results of this study is efficient in showing that the natural habitats in mosaic
landscape within a locality had more butterfly species compared to human impacted
ones. This finding has an important implication for developing conservation strategies

for natural fragments in heterogeneous landscapes
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Table-1. Study sites in the Western Ghats

State/Site - Latitude. -~ Longitude = Altitude Rainfall
| N ' (m)  (mm)
Kerala
Muvattpuzha | 10° 07’ to 10°09° 76°40° to 76°45° 30-200 2500
Dhoni 10°51°38™ 76°34°22” 200-450 2090
Karnataka
Sullia 13°9° 75°4° 90-850
Mala 13°9° 75°4° 90-1200 5500
Sringeri 13°23°38” 75°8°58” 700-750 5500
Kumta
Tamil Nadu
Alagarkoil 10°20°53" 78°12°40” 350-450 810
Maharastra
Nasik 19°58°47” 73°25°9” 750 3000
Tamini 18°45°96” 73°44°14” 608 3500
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Table -3 Nasik

Habitat Dry Moist
deciduous | deciduous
Species richness (observed) 39 22
Rarefied species richness at 119 31 21
Endemic species 3 0
Unigue species 21 4
Simpson's index 0 91 0.88
Shannon's index 292 2 41
Hill's N1 18.53 1116
Hill's N2 1129 811
Evenness 0.59 0.70
Table-4 Kumta
Habitat Semi Scrub Teak Orchards | Paddy | Acacia
Evergreen
Species richness 44 45 24 37 24 35
(chserved)
Rarefied species 35 34 23 30 22 30
richness at 63
Endemic species & 6 5 5 3 4
Unique species 0 0 0 0 0 0
Simpson's index 097 097 0.96 097 094 097
Shannon's index 3 61 3.55 305 3.41 284 341
Hill N1 37.08 34 92 2112 30 28 1717 | 30.38
Hill's N2 3553 3015 2352 30562 15.38 | 3592
Evenness 096 0.86 112 1.01 0.89 119
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Table-5. Alagarkoil

Habitat Riparian Mixed
Species richness 16 14
Rarefied species 15 13
richness
Endemic species 0 0
Unigue species 21 4
Simpson's index 0.91 088
Shannon's index 292 241
Hili's N1 18 53 11.16
Hill's N2 1129 8.11
Evenness 059 070
Table-6 Sringeri
Habitat Evergreen | Thicket | Grassland | Paddy | Orchards | Plantation
Species richness 46 54 38 44 9 20
(Observed)
Rarefied species 14 13 12 13 9 10
richness at 16
Endemic species 5 7 2 3 1 2
Unique species 6 3 7 5 0 1
Simpson's index 0.93 091 0.89 0.93 091 082
Shannon's index 3.15 297 2.73 3.04 2.05 219
Hil's N1 23.32 19.56 15.35 2098 774 892
Hilf's N2 13.39 10 85 930 14.37 10.91 5.56
Evenness 0.56 053 0.58 0.67 1.47 058
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Figure 1. Butterfly species richness recorded by teachers and
students in comparison with the Western Ghat pool
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Figure 3. A comparison of Butterfly species richness recorded by
investigators in Karnataka with total species pool
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Figure 4. A comparison of Butterfly speices richness recorded
by investigators in Tamil Nadu with total species pool
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Figure 5. A comparison of Butterfly species richness

recorded by investigators in Maharashtra with total species
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Figure 7. seasonality variations in butterfly species across various

sites in Western Ghats
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Fig A. Rarefied species richness of various LSE types in Western
Ghats
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