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We censused butterfty assemblages of the Western 
Ghats of India in 15 localities and I vegetation types 
during 67 transects, each 600 m long, and traversed 
in .one hour. The natural vegetation types bad rela· 
tively high diversities compared to buman impacted 
vegetation types sucb as scrub/savanna and grass· 
lands. The home gardens and paddy fields bad very 
distinctive species composition, coupled with very 
low levels of beta diversity. Their constituent species 
were more widespread. Comparison of these patterns 
witb tbose found amongst trees aad birds reported in 
similar studies threw up interesting parallels ..... eIl 
as contrasts. Species dissimilarity in nergreen veee­
tation types was bigb for trees and butterflies, but 
low for birds. Bird and butterfly assemblages in mo­
noculture tree plantations bad 10'" species richness, 
less distinctiveness and bigb levels of dissimilarity, 
being comprised of rather widespread species. Ho ... • 
ever, on the whole there was Uttle relation betwee. 
taxonomic groups aad vegetation types across diver· 
sity parameters. There could be important implica· 
tions of these patterns of diversity dispersion and 
their co-variation across taxonomic groups for as· 
signing conservation priorities. We emphasize the 
need for classifying the landscape, both natural and 
manmade, on the basis of structural vegetation types, 
followed by stratified sampling of multiple gronps of 
organisms for monitoring tbe status of and designing 
conservation strategy for biodiversity. 

IN recent years, the focus of nature conservation efforts 
has become more inclusive, broadening from an ap­
proach emphasizing flagship species like cranes, sea 
turtles or tiger to embrace the entire diversity of life. 
Thus, biological diversity is now increasingly recog­
nized as a vital parameter to assess global and local en­
vironmental changes and sustainability of developmental 
activities l

. As one of the world's top twelve megadi­
versity countries. and a signatory to the international 
Convention on Biological Diversity (CBD), it is impor- . 
tant for India to try and conserve the entire spectrum of 
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biological ' diversity and to institute an .ongoing pro­
gramme of monitoring the efficacy of conservation 
measures1

. 

The efforts needed for inventorying and monitoring 
are enormous in magnitude, India harbours over 
i,25,Ooo scientifically described and perhaps another 
400,000 undescribed species, over its 320 million ha of 
landmass and 200 million ha of exclusive economic 
zone). Conservation strategies must therefore be devel· 
oped to maintain diversity levels in the entire range of 
natural as well as managed ecosystems. This calls for . 
extensive information. ideally on all groups of plants. ' 
animals and micro-organisms across India's landscape 
and waterscape. Conservation priorities should be de­
cided on the basis of such information. and conservation 
measures decided upon to translate these priorities into 
action4

• The efficacy of the conservation measures thus 
instituted would then have to be monitored on a periodic 
basis to continually adjust the conservation actions to 
changing ground realities'. ObvioW!ly this is a task that 
cannot be accomplished in its entirety; we must there· 

. fore resort to sampling. Such sampling should be at­
tempted along three axes: sampling a subset of taxa; 
sampling in certain localities; and repeated assessments 
at certain time intervals6.7. It must be clarified that this 
is to design a programme of monitoring; side by side 
taxonomic inventorying of the entire spectrum of di­
versity has to be continued, • 

Such a monitoring programme must be designed on 
the basis of an understanding of the diversity dispersion 
over space and time in different groups of organisms. 
We have a broad understanding of such patterns over the 
Western Ghats biogeographic province'· Very little is 
known about the diversity dispersion across different 
vegetation types that constitute an intricate mosaic in 
this hill region. Even in the United Kingdom where 
butterfly populations are being monitored for more than 
two decades, understanding of the effect of composi­
tional changes in habitats on butterfly community 
structure and dynamics is far from being complete9

• 

Since major habitat transformation is a significant factor 
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underlying erosion of diversity, it is important to under­
stand the patterns of diversity of various taxonomic 
groups across diff:rent vegetation types 10. Of course, 
habitats are defined from the perspective of the organ­
isms. Habitats for birds are evidently different from 
those for earthworms or rotting fungi ll . However, it is 
necessary to employ a standard system of classification 
of habitats to organize a comprehensive programme of 
monitoring biodiversity. For this purpose it is appropri­
ate to focus on the dominant growth forms of plants and 
to characterize habitats as vegetation typesl2. 

It is with this background that the Western Ghats 
Biodiversity Network (WGBN) has organized a pro­
gramme of sampling species level diversity in a number 
of taxa in a series of 20 localities distributed over the 
length of the Western Ghats. Each locality is viewed as 
a mosaic of several terrestrial vegetation types and a 
variety of freshwater habitats. WGBN has then under­
taken sampling of flowering plants, bryopbytes, birds, 
butterflies. ants. aquatic insects. freshwater molluslcs. 
fisb and caccilians in representative landscape element 
types 13. In this paper we discuss the results of our stud­
ies through WGBN on butterfly communities and di­
versity. and compare the patterns discerned with those 
for birds and trees published previouslyl2.J4. 

In terms of indicator organisms for biodiversity stud­
ies", butterflies are an excellent choice. They are com­
monalmost everywhere. attractive and easy to observe. 
Many species. both common and rare. can be easily and 
reliably identified in the field. without killing. They arc 
also amongst the better-studied groups of organisms. 
with availability of field guides. Further. their diversity 
and community composition are dependent on that of 
plants. as their caterpillars have strict dependence on 
specific host plants. As they undergo metamorphosis. 
ecologically they contribute more to local diversity be­
cause of their dual fundamental role than monomorphic 
organisms. Therefore. they should be given more promi­
nence in diversity studies. India has a butterfly fauna 
comprising 1501 species of which the Western Ghats 
harbour 330 species including 37 endemic species and 
another 23 shared only with Sri Lankal6. These 330 
species belong to 166 genera and 5 families. 

Materials and methods 

The Western Ghats is a 1600 Ian long mountain range. 
with a variable breadth of 5 to 25 Ian. lying parallel to 
the western coast of India. In elevation it rises up to 
2800 m. The present study was based on 67 line tran­
sects from 14 localities in elevations below 1200 m. The 
landscape of each of the 14 localities was a mosaic of 
different vegetation types. We sampled the butterflies by 
walking on line transects that traversed through homo­
geneous vegetation types. The transects were assigned to 
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the eight vegetation types on the basis of structure and 
phenology of the vegetation. the rationale for which was 
discussed at length in Utkarsh et a/. Il. The 5 natural 
vegetation types mentioned here broadly correspond to 
the classification followed by Indian foresters I'. the 
French Institute at Pondicheryll and UNESCOI9• The 
typology followed in this study is briefly described 
below: 

Evergreen forests 

These harbour 20-30 m tall trees, with a dense canopy 
covering over 80% of the ground. More than 80'11 of the 
trees are evergreen species. Here. we have recomputed 
the tree diversity parameters by pooling three closely 
related evergreen vegetation types described in Utlcarsh 
et ilL 12 to achieve compatibility for the purpose of com­
parisonl2. 

Semi-evergreen forests 

These harbour 1S-25 m tall trees with 40-80% ever­
green species, baving 60-80% canopy cover. 

Deciduous forests 

These have 10-20 m tall trees. closed but not with a 
very dense canopy covering 40-70% of the ground. 
About 0-40% trees are evergreen. The deciduous forests 
referred here mainly correspond to moist deciduous for­
ests. and not the dry ones. 

Scrub/savanna 

These are non-forest formations with shrubby or grassy 
undergrowth and a scattered tree canopy (0-40%). 
Trees. if present. are 5-15 m tall. Proportion of ever­
green trees varies from place to place. but generally the 
deciduous trees predominate. 

Grasslands 

These are devoid of trees, and abound in grasses, sedges 
and other herbaceous flora during the monsoon­
postmonsoon period. Occasionally. shrubs may be pres­
ent. 

Monoculture plantations 

These comprise of orchards or forestry plantations. The 
orchards we surveyed consisted of evergreen trees with 
a shady canopy such as arecanut. coconut or semi-
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Table I. Disuibution of transects across latitudinal zones and vegetation types 

Semi· 
Latitude No. of Evergreen evergreen Moist deciduous Scrubl MOQocullure 
degree N sJles forest forest forst savanna Grassland P:lddy field plantation Home garden Total 

8-11 5 2 4 J 
11-14 5 J 2 
11-17 2 2 ~ 
17-20 J 2 3 , 
Total I~ 7 9 I~ 

evergreen canopy like rubber. The forestry plantations 
were made up of evergreen trees like Ailanthus. mahog­
any. or deciduous trees like teak. A given patch usually 
comprises of a single species but there may be regen­
eration of natural trees. varying in degree and composi­
tion from place to place. Canopy cover in plantations 
surveyed was high-ranging from 60 to 95%. Tree heights 
were uniform within and variable across plantations. 

Home gardens 

These harbour a heterogeneous vegetation structure in 
terms of canopy cover <40-90%). evergreenness (40-
80%) and tree heights. 

Paddy fields 

The fields harbour indigenous and naturalized herba­
ceous species along the bunds, which spread all over the 
field after the paddy crop is harvested. 

The butterflies were censused along 600 m long tran­
sects. traversed in one hour. Transects were enumerated 
between 8.00 and 11.00 h in the morning. when butterfly 
activity was usually at its daily peak. The sampling was 
conducted during May and September-Oc(ober 1995. 
The species were identified on the basis of field charac­
ters20

.
21

• A total of 3294 individuals were assigned to 
133 species. 267 individuals could not be identified to 
species level. Since these belonged to more than one 
genus and formed a small fraction (7.5%) of the total 
individuals recorded (3561) these have not been in­
cluded in the present analysis. Each vegetation type was 
sampled in localities scattered allover the Western 
Ghats. except monoculture plantations and home gar­
dens, which were sampled only in the southern half 
of the Ghats. i.e. l3°N southwards. where they were 
plentiful. Details of distribution of transects in habitat 
types. localities and latitudinal zones. are provided in 
Table I. 

This sampling scheme had certain limitations. The ev­
ergreen forests are supposedly very rich in butterflies. 
many of which fly high in the canopy, and some are 
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specialized to this stratum (Harish Gaokar. pen. com­
mun.>. These could not be sampled. leading to underes­
timation of abundance and perhaps also the diversity of 
evergreen forest assemblages. The other types such as 
deciduous forests. scrub or bome gardens did not have a 
high and dense canopy that could obscure the sighting of 
butterflies. Further, seasonal replicates in all vegetation 
types in all localities would have been desirable. but 
could not be accomplished due to logistic constraints. 
Hence. sampling was confined to the peak season of 
butterfly abundance. Eacb transect in • locality was 
traversed only once. The Dumber of transects takcn per 
vegetation type varied (Table 1). The distribution of 
sampling transects per vegetation type or locality 
broadly reflects the frequency of occurrence of these 
vegetation types among the study sites. but does not 
follow a systematic design. Hencc. the pauems de­
scribed here are cxploratory in uture. 

Our basic data then consisted of the abundance of 133 
species a100g 67 transects belonging to 8 vepeatiOR 
types in IS localities. The number of butterftica per 
transect varied between 9 and 129 individuals. with • 
mean of 51 and the number of species from 3 to 30 with 
a mean of IS. We employed these data to compute vari­
ous diversity parameters as follows. 

<a) a·diversity of species encountered in a given sample 
may be measured simply as species richness, or in terms 
of indices such as Shannon-Weaver or Simpson's index. 
We find that the values of such possible indices are very 
strongly correlated to species richness I .. and therefore 
stick to the simpler measure in subsequent discussion. 
However. the Dumber of species on a transect was 
strongly influenced by the number of individuals sam­
pled (r = 0.56. p < 0.01) which varied from 9 to 129. 
We corrected for this variation by rarefaction. through 
the average number of species amongst 9 consecutive 
individualsll. 

(b) p-diversity is related to the unshared species while 
. comparing two sets of species samples. We measured p­
diversity as dissimilarity of species composition, djb 

amongst two samples j and k. It is defined in terms of 
the chord distance. which reflects the relative difference 
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between two transects as projected on to a circle of unit 
radius22

• 

where Xij and Xit are the numbers of individuals of spe­
cies i in transects j and k. respectively. and S is the total 
number of species encountered over the two transects j 
and k. 

(c) We specify this dissimilarity in two ways, for all 
pain of ttansects assigned to • given vegetation type, 
and for all pairs in comparing ttansects assigned to two 
different vegetation types. If the assignment of transects 
on the basis of vegetation structurc-phenology is ac­
companied by occurrence of a characteristic set of spe­
cies then across type levels of dissimilarity should be 
greater than those within types. We characterize this 
through the ratio of mean dissimilarity of a type for all 
pain across types to mean dissimilarity of all pairs 
within a given type. This ratio has been termed as the 
distinctiveness of a given type. 

(d) Individuals of. given species may occur on several 
of the transects sampled. A particular set of species en­
countered on a given transect may then be characterized 
in terms of the mean proportion of ttansects on which 
members of the set arc encountered. If the study in­
volves II transects, then the lowest value this index 
would take is lin. To facilitate comparison amongst 
studies involving different numbers of assemblages 
sampled. we suggest an index called ubiquity. and de­
fine it as 

where Pi is the ubiquity for transect i, f;j is the propor­
tion of the total number of transects. n. over which a 
species j present on the transect i is encountered. and mj 

is the total number of species encountered on transect i. 
Ubiquity will then vary between 0 and J; a value of 0 
implying none of the species encountered on that tran­
sect were encountered elsewhere; a value of J implying 
that all the species encountered on a given transect were 
found on all other transects. The lower the value of 
ubiquity. the more restricted in distribution is the set of 
species found on a given transect. The index of ubiquity 
used here was first demonstrated by Pramod el al. 14

• 

Then. it was simply expressed in terms of the number of 
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transects. Utkarsh et al.ll used the term 'prevalence' for 
the same. but after normalizing it over the sampling ef­
fort. as in this paper. so that samples across taxonomic 
groups or different studies could be compared effi­
ciently. 

(e) We use the term cohesiveness to characterize the 
extent of cohesion of species in any particular assem­
blage. We compute it in relation to the affinity. i.e. de­
parture of the mean of overlap for all pairs of species in 
that assemblage. from the overlap expected on the basis 
of chance alone. The overlap Aij between any pair of 
species may be computed as: 

where Tij is the number of transects over which i and j 
occur together. and Ti • 7j arc the number of transects 
over which species i and j occur, respectively. Thus, 
computed overlap is dependent on sampling effon, be­
ing underestimated by low levels of sampling. The value 
of overlap expected by chance alone. Cij = PiP/(Pi + Pj -
PiP); where Pi = TIT and Pj = T JT; T being the total 
number of transects. The departure of the overlap 
from that expected on the basis of chance is therefore 
Aij - Cij• This correction renders the overlap measure 
independent of level of sampling effon. The expected 
value of this quantity, affinity. is 0 if the probability of 
occurrence of species i on any transect is independent of 
the probability of occurrence of species j on that tran­
secL If there is a positive tendency for the two species to 
occur together, then Aij will take a positive value be­
tween 0 and 1; if the occurrence of i implies a lower 
than random chance of the presence of j. then it will take 
a negative value between 0 and 1. It should be noted that 
the second term correcting for expected co-occurrence 
on the basis of chance alone would have a high value if 
both species are widespread. and a low value if both are 
rare. Cohesiveness is then defined as: 

where n is the total number of species present on the 
transect. It would then take a low value if the constituent 
species have a high degree of affinity amongst them­
selves. constituting a cohesive set of species. It will take 
a high value if the constituent species are derived as if 
by chance from many different assemblages. and have 
little affinity for each other. Cohesiveness is opposite of 
the hospitality index coined by Pramod et al. 14 to assess 
diversity of species assemblages. 
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These two indices. ubiquity and cohesiveness attempt 
to capture properties relating to diversity :It the level of 
sets of species assemblages. namely. how widespread 
and cohesive are the species constituting the assem­
blages. This goes beyond the normal measures of di­
versity such as species richness characterizing single 
assemblages. Cohesiveness is not a trivial consequence 
of diversity. but an independent property negatively cor­
related to ubiquity. It is useful to examine whether the 
cohesiveness of the observed data differs significantly 
from those of simulated random assemblages. We have 
done so on the basis of three kinds of simulations: 

(i) All 133 species have an equal chance of occurring 
on any of the transects. with the total number of 
species per transect fixed between 3 and 30. with 
10 simulations of each level of species richness. 

(ii) One hundred simulations setting the distribution of 
species richness per transect as observed. 

(iii) One hundred simulations setting the distribution of 
ubiquity per species as observed. 

It turns out that the observed range as well as standard 
deviation of cohesiveness is significantly different from 
that of random assemblages created in any of these three 
ways. The observed mean is higher than in simulated 
assemblages. implying that real life butterfly assem­
blages do exhibit a measure of cohesion. Furthermore. 
the standard deviation of cohesiveness in observed as­
semblages is significantly greater. implying that the 
variation in extent of cohesion. is of real ecological 
significance. We also carried out one further check. 
namely. deleting the species which occur on only one or 
two transects. It turns out that the computed cohesive­
ness values do not differ significantly from those com­
puted by retaining the whole species set. 

Unlike species diversity or evenness. cohesiveness has 
no meaning as a property of single assemblages. Instead. 
it depends on the distribution of butterfly species over a 
number of assemblages. It is then necessary to check the 
minimum number of assemblages for which the value of 
cohesiveness stabilizes. To do so we computed mean 
cohesiveness for different numbers of assemblages for 
assemblages drawn randomly from the pool of observed 
assemblages. It is seen that the value of cohesiveness 
quickly rises up to 15 transects and reaches an asymp­
tote around 50 transects. With a sample of 67 assem­
blages. we are above this limit. 

(f) To provide an idea of characteristic and commoner 
species of various vegetation types we present a matrix 
(Table 2) depicting occurrence of selected species in 
various vegetation types. For this purpose. the percent­
age of transects of each vegetation type on which a 
given species is recorded was computed. This matrix 
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was subjected to reciprocal averaging type of ordina­
tion:] and scores for species and sites on the first axis 
were used for further analysis. The species were 
grouped into those confined to a slOgle vegetation type. 
shared between two. three and so on up to all the eight 
types. From each of these eight groups of species. eight 
species were chosen such that each had its peak fre­
quency of occurrence in a different type. Of course. 
there were fewer than 8 species that occurred in 6 or 7 
or 8 types. Thus from 8 groups of species based on fre­
quency of vegetation types inhabited. a total of 5 I. and 
not 64. species could be selected such that each vegeb­
tion type was represented by most frequent species from 
each of the 8 groups. These 5 I species and the vegeta­
tion types were sorted on the basis of their reciprocal 
averaging scores. 

(g) Our interest also lies in understanding the patterns of 
covariation of diversity across various taxonomic 
groups. We had computed similar indices of diversity 
for birdl~ and tree 12 communities. sampled in nearby 
areas. The bird and tree surveys cover all but one of the 
IS localities where butterflies were sampled. However. 
bird and tree data from some other neighbouring Ioc::ali­
ties have also been used here. as our focus is more on 
characterizing habitat types than the Ioc::alities. A total of 
9.987 birds belonging to 212 species were sampled us­
ing 132 belt transects on an average SOO x 100m in 
size. representing 21 localities and 8 different vegetation 
types. A total of 20.785 trees belonging to 398 spec:ies 
were recorded from 108 transec:ts on an average melSur­
ing 400 X 20 m from 30 localities and 4 vegetation 
types. All the tree transects belong to natural vegetation. 
although with varying levels of human impact. Since the 
vegetation classification schemes for the three taxo­
nomic groups are compatible and most of the sampling 
localities are the same; we compare average per transect 
values for various diversity parameters across taxonomic 
groups and vegetation types. For this purpose. we nor­
malize the values for a given taxonomic group on a 
gi~en diversity parameter on a 0 to 100 scale. 

Results and discussions 

Patterns of butterfly diversity 

Table 3 summarizes the diversity parameters for but­
terflies. as well as for trees and birds discussed in two 
earlier papersI2.1~. Table 2 provides a glimpse of occur­
rence of the common and characteristic species of the 
various vegetation types. The butterfly species richness 
levels as computed on basis of the rarefaction. were 
relatively higher for the natural forests which harboured 
a diversity of tree species. although we had not sampled 
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Table 2. Dislribution of 50 imponant species across 8 vegetation types. on the buis of percentale of transects inhabited 

Family 

LYc:llCllidae 
Lycaenidac 
Nymphalidae 

LYc:aeDidae 
NymphaJidac 

Papilionidae 
Lycacnidac 

Papilionidae 
Piridae 
Papilionidae 

Hesperiidac 
Lycacnidae 
Lycacnidae 

Papilionidlle 

Lycaenidae 
Nymphalidae 
Hesperiidae 

Nymphalidac 
Lyeaeo;dae 

NymphaJidae 

Nymphalidae 
Hesperiidae 
PapiliOllidae 
Nymphalidae 
Nympbalidae 
Lycaeaidae 

PapiliOllidae 

Nymphalidae 

Nymphalidae 
Lyc:acDidae 
Nymphalidae 
Nympbalidae 

NymphaJidH 
Nymphalidae 
Piridae 

NymphalidH 
Hesperiidac 
Piridae 
PiridH 

Nymphalidae 

P3pilionidlle 
Pirid3e 

P3pilionidH 
Nymphalidae 
Piridlle 
Piridae 
Nymphatidlle 

Lycaenidac 
NymphatidAe 

LycllenidAe 
Nymphalidae 

mp 
Vegetation type species RAV 0 

Lime Blue 0 
Common Tinsel 14 
Tawny Rajah 20 

Cornelian 37 
Tawny COSIer 45 

Tailed Jay 46 

Tiny Grass Blue 56 
Common Jay 64 
Yellow Orange TIp 67 
Blue Mormon 77 

Restricted Demon 79 
Oakblue sp. 79 

Quaker 80 
Common Bluebottle 80 

Metallic Cerulean 80 
Redspol Duke 80 

F1atlJl. 80 
GreatElgfly 83 

Common CemJean 83 
Grey Count 83 
Common Evening Brown 84 

BroWl'l Awl 84 
Common Birdwinl 84 
Clipper 84 
Southern Rustic 84 
PlamJudy 85 
Cri_Rose 86 

Chocolate Pansy 86 
COIlllllOll Leopard 88 

Zebra Blue 88 
Common Sailor 88 
Common Crow 89 
Blue Tiger 90 

Staff Serleant 90 
Common Grass Yellow 91 
Grey Pansy 91 

P31m Bob sp. 91 
Grass Yellow sp. 92 

Common Emigrant 92 
Peacock Pansy 92 

Common Rose 92 
Spotless Grass Yellow 93 

Lime 95 
Yellow Pansy 96 

Painted Sawtooth 96 
Mottled Emigrant 97 
Plain Tiger 97 
lesser grass blue 97 

Joker 98 
Grass Jewel 98 
Painted udy 99 

33 
83 
75 
75 

58 

58 
75 

17 

8 

25 

25 

17 

8 

8 

8 

8 

8 

ef sf 
77 78 

14 

14 

29 
14 

29 
29 
43 

29 

14 
43 

71 
43 

29 
43 

29 

57 

43 
43 

29 
14 

43 

33 

11 

44 

II 
33 

22 

33 

22 

22 
33 

67 

22 

44 

22 
44 

22 

67 

II 

44 

56 
22 
22 

22 

33 
56 

22 

II 

df hi 
81 89 

7 
7 

7 

47 

7 
40 

13 
33 

20 
13 
7 

47 

53 
40 

53 
47 

27 

60 
33 
40 

80 
27 
13 

60 
67 
40 

20 
13 
7 

60 
33 

33 
27 

13 
7 

13 

20 
40 

20 

20 

40 

40 

40 

20 

20 

100 

20 
40 
80 
80 
20 

40 
20 
80 

100 

20 
40 

20 
40 

20 

20 
20 

ss 
95 

14 

14 
14 

29 

29 
43 

29 
14 
14 

14 
14 
43 

29 
43 

43 
43 
14 

43 

14 

86 
14 

14 
43 

14 
14 
29 
14 
14 

29 

If 
96 

14 
14 

14 

14 

29 

14 

14 
14 

14 

29 

43 
43 
14 
29 
14 

43 

29 

43 

29 
43 

43 

43 
14 
14 
14 
14 
29 

pd Pellle No. of No. of No. of 
100 type typeI ind: tnnI. 

040 

20 

20 

40 
20 

20 

20 

20 

040 

20 
80 

40 

20 

80 
100 

80 
40 

20 
20 

20 
60 

60 

20 

mp 
mp 
mp 

mp 
mp 

mp 

ef 
h, 
51 

sf 

ef 
sf 

sf 
hg 

ef 
ef 
sf 
df 

ef 

df 

sf 
df 
sf 
ef 
df 

df 
df 
hg 

55 

df 
df 
pd 
hi 
ss 

ss 
mp 

hi 
ss 

pd 
pd 

Ir 
ss 

hi 
Ir 
ss 

If 
pd 
ef 
gr 

pd 
gt 

1 
2 
3 2 
4 8 
3 4 
6 16 
5 77 
2 4 
3 3 
8 46 
1 3 
1 2 
3 25 
8 28 
3 22 
2 6 
2 10 
8 85 

6 161 
1 14 

5 17 
S 38 
4 19 
4 22 
6 79 
3 52 
4 31 
6 193 
S 27 

2 6 
7 67 
8 250 
7 39 

6 22 

2 7 
5 12 

1 
7 268 
6 120 
3 30 
6 43 
4 67 
4 22 

S 10 
1 
4 56 
S 14 
2 7 

13 
4 21 
2 6 

2 
5 
3 
5 

13 

2 
2 

20 

7 

17 

9 
6 
6 

23 
20 

7 

26 
14 

II 
II 
20 
9 

17 

40 

12 
4 

31 
46 
21 
12 

3 
8 

42 
30 

5 
17 
10 
10 
7 

8 
8 

1 
7 

3 

The species and veget31ion types h3ve been arranged in the order of reciprocal averaging scores bued on percentage transects inhabited by a 
sp. ef. evergreen forcsts; sf. semi-evergreen forests; df. deciduous forests; S5. scrub/savanna; 11'. grasslands; mp. monocullure plantations; hg. 
homcgardens; pd. p3ddy fields; RAV. Reciprocaillveraging values; PC3k type. vegetation type with peak frequency of the sp.; DO. of types. no. 
of vegetation types inh3bited; no. of ind .. No. of individuals from all the transects; no. of trans .. No. of total transects inhabited. 
Nnrr: Please refer to annexure for scientific n3mes of these species. 
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Table 3. Diversity attributes of transects averaged over vegetation types and taxonomic groups 

No. of vegetation types No. of transects Indi viduals density Alpha diversity· Beta diversity Distictiveness Cohesiveness Ubiquity 

Trees 

Evergreen forest -'9 420 26 .6 1.15 1.16 0.09S 0.16 
Semievergreen forest lJ 340 29.7 1.19 1.10 0.071 0.20 
Deciduous forest ~2 216 20.5 1.04 1.30 0.096 0.14 
Scrub/savanna 16 240 21.1 1.07 1.24 0.078 0.22 

Birds 

Shola forest/grassland II 56 6.4 0.96 1.41 0.119 0.10 
Evergreen fore'st 24 68 7 .1 1.00 1.22 0.047 6.22 
Semievergreen forest 13 67 7,.. 1.05 1.26 O.04S 0.22 
Deciduous forest 23 85 6.9 1.13 1.08 0.042 0.21 
Scrub/savanna 17 73 7.0 1.20 1.07 0.047 0.21 
Monoc:ulture planl.'ltion 13 52 6.6 1.21 1.04 0.043 0.18 
Home garden 23 106 7.3 1.22 1.06 O.OSI 0.18 
Paddy field 5 68 7.6 1.02 1.29 0.074 0.15 

Butterflies 

Evergreen forest 7 34 7.0 1.06 1.21 0.070 0.26 
Semievergreen forest 9 41 8.2 1.14 0.91 0.077 0.26 
Deciduous forest 15 67 7.3 l.\5 1.10 0.081 0.23 
Scrub/savanna 7 57 6.3 1.04 0.79 0.064 0.26 
Grassland 7 44 6.7 1.10 I.IS 0.093 0.23 
Monoculture planl.'ltion 12 57 6.3 1.07 1.15 0.070 0.32 
Home garden 5 60 6 .6 0.84 LSI 0.052 0.31 
Paddy field 5 SO 6.0 0.96 1.31 0.051 0.26 

• Alpha diversity is represented by number of species per 89 individllals for trees. 11 for birds and 9 for butterflies. The values of rarefied spe· 
cies richness for a given type represent mean for all transcc:ts belonginc 10 that type. 

the manmade habitats for tree diversity estimates (Table 
3). The butterfly densities were highest in the deciduous 
forests. Although they appeared rather low in the ever­
green and semievergreen forests. those may be under­
estimates due to under-representation of butterflies fly­
ing higher up in the canopy. Natural vegetation types 
also had high beta diversity but moderate to low species 
ubiquity. Although these natural types harboured many 
localized and some widespread species, generalist spe­
cies had invaded along paths and canopy openings. The 
forests exhibited low to moderate levels of cohesive­
ness. The distinctiveness of the species composition of 
the semievergreen forests communities was low. next 
only to scrub/savanna. This is. probably because these 
forests may lack their own distinctive species and by the 
very nature of their floristic characters draw the species 
from deciduous and evergreen forests as well as attract 
generalists. The high alpha and beta diversity in the 
semievergreen forests was also to be expected in view of 
the possibilities of shared. widely distributed species. 

The home garden butterfly assemblages had moderate 
species richness but the lowest beta diversity. i.e. they 
comprised of a relatively constant set of species. The 
gardens had considerable canopy heterogeneity and a 
variety of cultivated and naturalized plants. including 
several important nectar sources. They therefore at­
tracted shade-loving forest species and open habitat 

CURRENT SCIENCE. VOL. 77 . NO.4. 25 AUGUST 1999 

dwelling butterflies alike. but had no exclusive species 
of their own. and hence turned out to be less cohesive. 
Highly ubiquitous species dominated the garden assem­
blages. Although the forest species also entered the 
home gardens, these were not very common. The ubiq­
uity of garden species was therefore very high. 

It must be noted however. that our sampling localities 
present transition zones from manmade ecosystems of 
coastal lowlands to forest and grasslands of the hills. 
The gardens and plantations that we have sampled rep­
resent assemblages enriched by species drawn from 
neighbouring natural ecosystems. This may not be the 
case of villages or towns situated away from the forests 
and grasslands. Natural ecosystems located at more re­
mote . places in the mountains may also harbour more 
distinctive assemblages. in comparison with more hu­
man influenced ecosystems sampled for this investiga­
tion. 

Monocultures of economic tree species - teak, rubber. 
arecanut. coconut, Ailanthus and mahogany - harboured 
assemblages of low alpha diversity, moderate beta di­
versity and moderate levels of cohesiveness. These 
however. included species with highest ubiquity. Al­
though plantations were similar to home gardens in 
some respects. they were much less distinctive than the 
latter, since their composition was determined much 
more by that of the neighbouring forests. while gardens 
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Table 4. Comparison of divenity attribute values nonnalizcd Oft a 0 to 100 lcale across talLoaolDic: poups 

Shola 
forest! Ever-

Vecetation types crus- creen 
land forest 

Divenity attributes talLa 

Individuals density/transect Tree 100 
Bird 7 29 
Butterfly 0 

Alpba divenity/tnmscct Tree 66 
Bird 0 60 
Butterfly 45 

Beta divenity/transect pair Tree 73 
Bird 0 15 
Butterfly 73 

Distinctiveness of species Tree 30 
Bird 100 49 
Butterfly 58 

Species cohesiveness/transect Tree 4 
Bird 0 93 
Butterfly 56 

Spec:ia ubiquity/transec:t Tree 31 
Bird 0 100 
Butterfly 39 

Table 5. Correlations between taxonomic groups on the basis of 
divenity attributes 

Trees- Bird- Trees-
Orpnismic poup Birds Butterfly Butterfly 

" " 7 4 
Parameter "df 2 5 2 

IDdividuais dcasity/traDseCl -0.78 0.43 ..().97 
Alpha divenity/transec:l 0.95 0.10 0.69 
Beta divenityltnmsec:l -0.76 0.29 0.04 
Distinctiveness of types "().94 0.00 0.05 
Species cohesiveness of tr.Insects -0.28 -0.61 0.23 
Species ubiquity of transects -0.33 0.40 0.67 

Note: Only three out of the eight correlations. shown in italics. are 
significant (P < 0.05). 

shared species with other pools also, for instance, 
grasslands. This explains the higher beta diversity of the 
plantations than the home gardens. 

Grasslands supponed moderate alpha and low beta di­
versities. and lowest levels of abundance. ubiquity and 
cohesiveness. This suggests that they harboured a set of 
species speciaJJy adapted to these sunny, hot, dry and 
open vegetation types. However, due to some geo­
graphical species dissimilarity. their distinctiveness was 
moderate. Scrub/savanna constituted the other secondary 
vegetation type, but it differed from the grasslands in 
the vegetation structure and several diversity parame­
ters. Thus, it suproned lower levels of alpha and beta 
diversities but higher levels of species ubiquity and co­
hesiveness. besides least distinctive of all the communi­
ties. 
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MollO-
Semiev- Decidu- Scrubl c:ulhlre 
ercrecn OUI tree CirasI- plant- Home Paddy 
forest forest savuma Iud atiOftl cweftS fields 

60 0 1\ 
26 60 38 0 100 29 
22 100 72 32 71 81 48 

100 0 7 
82 45 52 17 71 100 

100 61 13 32 15 27 0 
100 0 20 
35 65 92 96 100 23 
97 100 66 86 75 0 39 
0 100 70 

59 II 8 0 S 68 
17 43 0 51 SO 100 73 

100 0 71 
96 100 93 99 88 S8 
40 30 70 0 56 100 8S 
77 0 100 
95 91 88 66 67 42 
29 3 37 0 100 87 34 

Lastly. paddy fields supported butterflies at moderate 
densities. but lowest levels of alpba diversities and very 
low levels of beta divenities. These species exbibited 
moderate levels of ubiquity. very bigh levels of distinct­
iveness and very higb cohesiveness value. This sug­
gested that the paddy fields were inhabited by a set of 
more ubiquitous species adapted to open conditions. 

Distinctiveness of species assemblages 

A distinctiveness value of less than one implied that the 
species assemblages of that vegetation type differed 
more amongst each other when compared to assem­
blages belonging to other vegetation types. Semiever­
green forests and scrub/savanna exemplify this in case 
of butterflies (Table 3). On the other hand. the values of 
distinctiveness measures were above one for all the 
vegetation types in case of trees and birds. There was 
nevertheless a reasonable degree of correspondence 
between tree. butterfly and bird communities. so that the 
distinctiveness values of a majority of bird and butterfly 
communities were above one for most vegetation types. 
The strategy of classifying the vegetation types based on 
the structural parameters. and not the floristic composi­
tion may then indeed provide a reasonable basis for or­
ganizing a sampling scheme for a programme of 
monitoring biodiversity. 

Patterns of covar;at;on 

Tables 4 and 5 bring out notable contrasts and parallels 
in the patterns for tree. bird and butterfly diversities. 
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Plain Tiger (Danaus chrysippus). Photo credit: T. N. A. 
Perumal. 

Common Leopard (PhaJanta phaJantha). Photo credit: 
T. N. A. Perumal. 

Table 4 recasts the data in Table 3 after normalizing the 
values on a 0 to 100 scale. for each of the groups. This 
makes possible the inter-group comparisons by judging 
the values themselves which are now on a single, 
directly comparable scale. Consider the deciduous for­
ests. for instance. They supported low levels of densities 
as well as alpha and beta tree diversities but moderate to 
high values of these attributes for the birds and 
butterflies. Their distinctiveness, on the other hand. is 
highest for the tree communities while moderate for 
birds and low for the butterflies. In terms of cohesive­
ness. the values for the bird communities were 
highest. that for the trees lowest. and moderate for but­
terflies. Bird species from deciduous forest assemblages 
were most ubiquitous. while trees and butterflies were 
least ubiquitous. Other vegetation types and assem­
blages also differed from one organism group to the 
other. 
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There were then no simple cOrTe!:uions of patterns of 
diversity from one taxonomic group to the other. across 
diversity parameters or vegetation :ypes as indicated in 
Table 5. Out of the IS correlati,1ns between these 3 
groups on the basis of 6 diversity parameters. IS were 
insignificant and only 3 were signtiicant (p < 0.05), Be­
cause of limited sample size ;lnd spatial overlap. some 
of the patterns might have been obscured and need fur­
ther investigations. Nevertheless. the investigations into 
these patterns across taxonomic groups were both inter­
esting and exciting. as they provided newer insights for 
conservation planning. The lack of correlation or nega­
tive correlation between diversity lev~ls or parameters 
across taxonomic groups was also reported at the scale 
of geographic regions:4.Z~. Therefore. conservation pri­
oritization based only on rare or charismatic mammal or 
bird species has certain limitations. However. our study 
questions the soundness of the hot spots approach based 
on analysis of single taxon. of prioritizing a few geo­
graphical areas or vegetation types for conservation 
based 0:1 the presumption that other taxonomic groups 
or diversity parameters:6 are also well represented or 
correlated with the chosen taxon. 

Prospects 

These are rather preliminary results but we believe that 
they indicate directions along which we must work fur­
ther to organize comprehensive programmes of monitor­
ing biodiversity. Such a programme must follow a 
landscape perspective27 and not only investigate major 
environmental gradients, such as the gradient of increas­
ing number of wet m~nths as one progresses south on 
the Western Ghats. The patterns of diversity dispersion 
within a mosaic of landscape elements or vegetation 
types in a given locality must be e:<plored. Further. it 
should encompass a broad range of representati~ types 
of organisms. not just flagship species or groups like 
large mammals ls and birds. Finally. a broad programme 
of biodiversity monitoring has to be based on a network 
approach as with the WGBN (ref. 13). It will be our 
endeavour to build upon these preliminary results and 
develop a sound programme of monitoring biodiversity 
in the Western Ghats region identified as one of the 18 
biodiversity hotspots of the world 13

. 

Common name 

Family Papilionidae 
Southern bird wing 
Common rose 
Cri mson rose 
Common bluebottle 
Common jay 
Tailed jay 

Annexure 

Scientific name 

Troideof minos 
Pachliopra ari.rrniochiae 
Pachiiopra hecwr 
Graphium .,arpedon 
Graph/urn doson 
Graphium aKamentnon 
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Ume 
Blue mormon 

Family Pleridae 
Common emigrant 
Mottled emigrant 
Spotless grass yellow 
Common grass yellow 
Painted sawtooth 
Yellow orange tip 

Family NympbaUdae 
Common evening bro"..n 
Tawny rajah 
Tawny coster 
Southern rustic 
Common leopard 
Common sailor 
Staff sergeant 
Clipper 
Grey count 
Redspot duke 
Joker 
Yellow pansy 
Peacock pansy 
Grey pansy 
Chocolate pansy 
Painted lady 
Great eggfly 
Blue tiger 
Plain tiger 
Common Indian crow 

Family LycaeDidae 
Plum judy 
Zebra blue 
Quaker 
Lesser pus blue 
Tiny grass blue 
Lume blue 
Gralsjewel 
Common cerulean 
Metallic cerulean 
Oakblue sp. 
Common tinsel 
Carnelian 

Family Hesperiidae 
Brown awl 
Flat sp. 
Restricted demon 
Palm bob sp. 

Papilio demo/ellS 
Papilio denul/eus 
Papilio po/ymneslOr 

Caropsi/ia pomona 
Caropsilia pyranrhe 
EllretrIIJ /aera 
EllretrIIJ hecabe 
Prioneris sira 
l;rias pyrene 

MeUmiris /eda 
Charaxes bernardll.f 
Acraea violae 
Cllpha erytrllJnrhis 
Phalanra phalan;ha 
Nepris hyUu 
ArhytrIIJ seiellophora 
PaNhellos sylvia 
Tanaecia /epidae 
Do/pha evelina 
Byblia i/irhyia 
1l1n(lIIia hieNa 
111110llia a/trIIJIIIJ 
111110llia arlires 
111110llia iphira . 
CYllrhia cardlli 
Hypolimnas bolina 
TirutrllJla /imniace 
Danalls chrysipPlls 
Ellp/oea core 

AbisarG echerillS 
uprores p/illilll 
Neopirhecopl udtrllJra 
ZiUIIG oris 
ZiZIIW hy/ru 
Chi/Gdes willS 
FreyeriG rrochY/lls 
1amides ce/eno 
Jamides a/ecro 
Arhopa/a sp. 
Carapaeci/1ftlI trIIJjor 
Deudorix epijarbas 

BGdamia exc/atrllJrionil 
Celaellorrhilllls sp. 
Norocrypra cllrvi/a.tciG 
SlIasrlls sp. 
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