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Abstract
The survey of butterfly diversity in Gauhati Unisgy Campus, Jalukbari, Assam was
conducted from September, 2003 through August, 20llOnbers of surveys, covering all
four seasons were made in four different study gooé Gauhati University campus,
Jalukbari, and altogether 140 species of buttsriilere recorded belonging to the families of
Papilionidae, Nymphalidae, Lycaenidae, Hesperiidad Pieridae. The study revealed that
the monsoon season has the highest diversity thiateny pre-monsoon and retreating
monsoon. Lowest diversity was found during winteason. The higher butterfly diversity
during monsoon season may be due to wide rangeespehereas the low diversity during
winter season may be due to non-availability of evichnge species. The analysis of
correlation between seasonal abundance and sgdgikEgeny shows significance result.
Key words: Jalukbari, Tropical Butterfly, Diversitgistribution range, Seasonality.

INTRODUCTION

The Eastern Himalaya is one of the richest aredsutterflies species within Indian-subcontinent.
Fifty eight percent of the butterflies that occogiin Indian-subcontinent and Myanmar are found in
Eastern Himalayas as well as in northeast Indimeal(Evans 1932). The main reason for this
phenomenal diversity is the region’s unique bioggaphic location at the junction of Indian and
Indo-Chinese sub-regions. The greatest diversitylarits, habitats, topography and climates are the
major influences on butterfly distributions, divigysand abundance (Vidya 1996; Kakati, 2006a).
Butterflies, besides being recognised importardugses in aesthetics, educational and environmental
investigations are now considered as ecologicatatdrs (Gunathilagoragt al., 1997). Apart from

the studies of Kakati (2002), Kakati & Kalita (2Q0Xakati et al. (2005a), Kakati et al (2005b),
Kakati & Saikia, (2006) there is a lacuna of infation regarding the recent information of buttedli
species assemblages in north-eastern parts of Assdne recent years. In Himalayan region, the
works of Mani (1986), and Haribal (1992), are tiyavorks of butterfly study, however, the Assam
Himalayas are one of the major eco-geographicasidivs of the Himalayan region in regards to the
butterfly species (Mani 1986). The Northeast Inelidending from Sikkim through Assam to north
Burma (now Myanmar) up to Shan state is one ofritleest and interesting butterfly areas in the
world (Evans 1932); hence, it requires proper engtion in various ecological pockets of natural and
disturbed habitat.

The present study emphasises to investigate theegity and abundance of butterflies fauna in urban
altered area of Jalukbari and its adjoining areth wpecial reference to seasonal abundance. The
study was also tried to investigate whether thema abundance are influenced by the species range
of geographic distribution and its phylogenetico@amily level) status.

STUDY AREA

The study sites of Gauhati University campus, Jadunkhas covered the area of Gauhati University
Campus, University Botanical garden, Satmile anmed ldaleswar Hill Area that have lies between
25°5" - 25°53" N latitude and 22" E to 9228" E longitude in the direction of south west arof
Kamrup district and in the southern bank of rivealBnaputra. It is located about 8 km apart from the
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major cosmopolitan centre of Guwahati city. Therage total area covered was approximately 40
km? most of which are undulating hilly terrain anadtiplains of river Brahmaputra. The plain
includes the parts of Gauhati University Campusl@iding gardens, University residential campus,
Institutional campus, etc.), Sundarbari, Satmild &me hilly area includes the hills of University
campus, Lankeswar and Kaleswar, Assam Police Rapi@ation Campus etc. The area is highly rich
with natural and cultivated flora. The vegetatidiaw hilly area within Gauhati University Campus
and Botanical garden is highly dense but reducdugtdy its density with the declination of height.
Diverse types of vegetation are found throughouthgéi University campus and Jalukbari, which
represents evergreen, semi-evergreen, deciduoes shpubs and grasslands of tall and short. The
herbs and shrubs are mainly dominatedAggeratum conyzoids, Bigonia lanciniata, B. roxbuigh
Centrala asiatica, Hydrocotyle rotundifoli&upatorium odoratum, Melastoma malabarthricamd
Lantena cameralhe naturalegetation comprised @assia fistula, C. sophera, C. nodosa C. tora,
M. prurita, Psidium guava, Citrous s@ild Citrous Murraya koenigij Ficus religiosaF. glomarata,

F. benghalensis, Aegle marmelos, Bombax ceiba,pBesyjujubaetc. ThePolialthea longifolia,
Delbergia sisso, Nepenthes khasiana, Eucalyptua, dmmania samaand Tectona grandisare
commonly found planted trees.

The climate of gauhati University campus, Jaluklmtropical mesothermal with high humidity and
moderate temperature. Climatically, the study add be divided into four distinct seasons such as
winter (December to February), pre-monsoon (Mahviay), monsoon (June to September) and
retreating monsoon (October to November). Againttenbasis of average total rainfall, the months
from May to September (total 6 months) could béimisiished as wet season and October to April
could be distinguished as dry season (Source: Dapat of Environmental Science, Gauhati
University). The temperature ranges between °1Q@.6 32C and the average annual precipitation
ranges between 300- 400mm. The most rainfall tpkese during monsoon period with a maximum
temperature of 3Z and minimuntemperature of 24C and relative humidity between 55.5-85.5%.

METHODS OF STUDY

Study has been carried out in Jalukbari area aanualtered forest of Guwahati from the months of
September 2003 through August 2010. The whole weesadivided into 4 study zones namely (a)
Gauhati University Campus (b) Botanical GardenKa)eswar hill area (d) Satmaile area. Butterfly
specimens and necessary data were collected imugariates and months to meet taxonomic
information as well as to obtain the study objesdiv

I dentification and Geographical distribution of butterflies

The identification of butterflies and knowledge tbkir geographical ranges were followed on the
information of Haribal (1992), Evans (1932), Mah®86), Bingham (1905) and Talbot (1939)

The geographical distribution ranges were categdr a scale of 1-5 (smaller to largest) as uged b
Spitzer et al. (1997): (1) Eastern Himalayas (fi8ikkim to Assam) Yunan and Northern Indo-china;
(2) Northeastern India and all Indochina (3) Indaldyan region (4) Indo-Australian region or
Australasian tropics. (5) Paleotropic. No specias found beyond Paleotropic range during survey.
Sampling designed

Altogether nine randomly selected permanent traagéiged length and breadth) were established in
six study zones of Jalukbari (four transacts inl@iuUniversity campus and one each in other study
zones) representing the plains and undulating kelfyain. The transact number-1,(Total length,
800m and breadth 20m), 2(Total length, 500m and breadth 20 m), 3; (btal length, 850m and
breadth, 20m), and 4{Ttotal length, 900m and breadth 20m) were estaddisn zoned’, whereas
the transact number- 5{Total length, 1500m and breadth 20m) was estaddisn zoned’, transact
number —6 (§; total length, 1000m and breadth 20m) in zaretfransact number 7 ¢JTtotal length,
500m and breadth 20m) in zon& transact number 8 gJ total length, 500m and breadth 20 m) in
zone €, transact number 9 §Jtotal length, 850m and breadth 20m) was estaddish zonef’.

Data Collection

Intensive regular samplings were made thrice mgrithleach study zones from September 2003 to
August 2010. Surveys were carried out only durimpdy weather and during active periods of
butterflies (sunny days and from 09.00hrs. - 14h0€.). The data were collected using transact
methods described by Pollard et al. (1975) andaRbl{1977) with some modification described in
sampling designed as used by Kakati (2006). Fosemiers were walking together along each
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transact at the speed of approximately 100 mete2@eninutes and recorded/collected all butterflies
seen, using butterfly net in a belt of 20 meterthiid\ltogether 72 samplings were completed within
24 months and collected the butterfly data in eaohnths of the year.

DATA ANALYSIS

For analytical purposes, the monthly abundanceuttetfly data was computed to convert seasonal
abundance in each species and analyses seasoasitgfivand abundance pattern. Diversity was
estimated in terms of species richness and evenasswell as using the Shannon-Wiener index,
which combines richness and abundance into a simgiasure (Magurran 1988). Species richness
also estimated using'brder Jackknife in each season. Bootstrap mettasused to calculate 95%
confidence intervals for Shannon-Wiener's indices.order to test for differences in diversity
between seasons, pair-wise randomization tests wamgéed out based on 10,000 re-samples of
species abundance data following Solow (1993). di¢age cumulative abundance was plotted
(‘K’'dominance) against log species rank (Lambshetdl. 1983) for comparing diversity between
samples. The variables such as ranked specietbdi&in range, seasonal abundance of the butterfly
communities were compared using standard statistiethods (ANOVA).

RESULTS

Diversity

All total 5133 individuals from 140 species (Talde were recorded during the study period. The
largest numbers of species were sampled in the ooon@Vl) season (n= 140 species) compared to
pre-monsoon (PM) (n= 99 species), retreating mamg&) (n=88species) and winter (W) (n= 42
species). Comparison of diversity in different se@sshowed that the species richness was different
among the samples of pre-monsoon, monsoon, retgeatbnsoon and winter. lorder Jacknife
estimates 42-163.0) and the Shannon index was stighemonsoon compared to pre-monsoon,
retreating monsoon and winter (Table 1; monsoowuster randomisation tesh = 1.18, p= 0.001,
monsoon is more diverse than winter at 5% levelngoon versus pre-monsoon randomisation 2est,
= 0.31, p= 0.01, monsoon is more diverse than pyesmon at 5% level; monsoon vs. retreating
monsoon randomisation tedt,= -0.45, p= 0.001, monsoon is more diverse thénreagng monsoon

at 5% level; pre-monsoon vs. retreating monsoordaarisation testA=-0.143; p =0.007, pre-
monsoon is more diverse than retreating monsoorb%t level and pre-monsoon vs. winter
randomisation testA = 1.23, p= 0.001, pre-monsoon is more diverse thiater at 5% level). The
percentage of cumulative abundance plotted (K danda, Fig 1) against log species rank for
comparing diversity between samples (PM, M, RM &vdshowed that diversity of butterflies in
Monsoon season was higher (lower line) than PM, & W. All four sample data sets such as pre-
monsoon = 7.66 df=4; p=0.104\=261.12; with predicted species in the communitg #a.19 and
species behind the veil line = 0.19), monsog(f<((1.23 df=5; p=0.97A=311.57; with predicted
species in the community was 139.06 and speciemdehe veil line = 0.06), retreating monsoon
(x?= 1.98; df =4; p=0.73)\=207.08; with predicted species in the communitg ®8.22 and species
behind the veil line = 1.22) and wintex{ 4.63; df=3; p=0.20A=93.46; with predicted species in
the community was 44.13 and species behind thdimeik 2.13) seasons were feet the truncated log
normal model (Fig 2 a, b, ¢ and d).

DISCUSSION

Diversity pattern and faunal composition differ réfgcantly between seasons: Species
diversity was consistently higher during the momsgeason (Table 1), primarily due to a
greater abundance of species with broad geogrdpdigtabution (Fig 3). These effects are
also strongly associated with changes in the xelatibundance of species with different
geographical distributions and hence conservatanev(Thomas 1991; Vane-Wright et al.
1991; Kakati 2006). During winter season the detion of species diversity and abundance
are associated with habitat dryness and differemmcescrohabitat conditions with monsoon,
pre-monsoon and retreating monsoon season (Figuréhls variation indicates that, the
abiotic factors of rainfall, temperature and hunyidplayed a vital role in influencing the
distribution and abundance (Hill et al. 2003; Shalakshmi & Chaturvedi, 1999). Almost
75% butterfly species sampled in Gauhati Univer§lgmpus, Jalukbari is seasonal rather
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than distributed equally throughout the year. Raggrom the later half of the retreating
monsoon through winter up to early pre-monsoon@eashe phonological pattern of study
area has greatly changed, and these changes dteenmihg majority of butterfly
communities to utilize the seasons or to avoidlitis emphasizes the need for biodiversity
assessments to cover sufficiently long period tooant for seasonal variation in species
abundance in different habitats. Differences innahegy across the seasons and among the
species could be a mechanism to reduce compef@ilemch 1967; Wolda & Fisk 1981). The
differences in diversity between seasons and sa#goof butterflies could be possible due
to monthly collection of data for a longer periddtwo years. This emphasizes the need for
biodiversity assessments to cover sufficiently Ipegiod to account for seasonal variation in
species abundance in different habitats.

Of the total 14 species of sub-family Papilionird&shows distinct seasonality in Jalukbari
that belonging to five genera (Appendix 1). Thesseality of these species may be related to
its host plant availability and dry weather coraiiti During winter season majority of the
Papilioninae host plant become defoliated or no heages are appearing. Evolutionary
reasons behind seasonal patterns in tropical mseetlargely unknown although tuning in to
host plant seasonality does seem to be a majoe farat least some species (Wolda 1989).
The seasonality pattern in butterfly species cdblerefore result from differences in the
seasonal timing of leaf production by host plantslifferent microhabitats, or from seasonal
variation in larval mortality in different microhaats, or from seasonal variation in larval
mortality in different microhabitats (D’ Amico & Eington 1995).

The butterfly sampled in all four seasons, the éggirepresenting sub-families during dry
season (winter) were Haliconinae (100%), Satyri(@#&%0) and Pierinae (60%) and these
sub-families have more adaptability even during segson than possess by others sampled
in study area. However, the lognormal distributiohshe relative abundance (see results and
Fig 2 c &d) indicate that the large sampling siZeareating monsoon and winter season
could unveil the less abundant (rare) species Bytpeesent there. These findings are also
evidence of frequent survey, necessary for dryasetsan wet to get full species inventories.
In the face of drastic habitat changes, emphasiseasingly is being placed on rapid
assessments of biodiversity in natural and alténggical forests, where a lack of resources
combined with exceptionally high diversity makel fsppecies inventories difficult to achieve
(Jones & Eggleton 2000; Kitching et al. 2001). Saskessments have typically focussed on
insects and other invertebrates, which respond mapilly than vertebrates is disturbance
and may be much more important than vertebratesnthmtenance of vital ecosystem
process (Wilson 1987; Liow et al. 2001). The présimdings suggest that short-term
assessments that do not take account of seasomdlitype misleading and so reliable rapid
assessment technique may prove elusive (Hamer20@5).
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Table 2: Butterfly species sampled in study site during i@soon, Monsoon, Retreating

monsoon and winter with Ranked scores for geogcapldistribution. The highest ranked

species (rank 1) is endemic to this region; theelstwranked (5) is the most widespread
species recorded during study.

Species/ Families/Subfamil Wintetr|Pre- Monsoor [Retreatin¢ [Rank
monsoon monsoon [range
Papilionidae
Papilioninae
Pachliopta a. aristolochia¢Fabricius)l 7 19 3 3
Graphium doson axic (Fel.,C&R’ |0 15 65 2 4
G.a. agammemnd@hinnaeus) 0 7 42 2 4
Princeps demolei(Linnaeus 0 18 64 3 5
P. polytes romulySramer) 1 22 92 7 5
P. memnon agen(Linnaeus 0 9 36 2 3
Princeps castor polaGlordan) 0 5 12 0 1
Graphium s. Sarpedafiinnaeus) 0 18 a7 0 4
G. cloanthugwWestwood) 0 0 14 0 3
Princeps h. helenugLinnaeus) 0 2 17 1 3
Pachlioptahector(Linnaeus) 0 0 7 0 5
Troides helena cerebery€&R Fe) |0 0 13 0 4
Chilasa clytia dissimiligLinnaeus) | 0 0 9 0 3
Chilasa clytia clytia(Linnaeus) 0 5 20 1 3
Nymphalidae
Satyrinae
Discophora sondiaca zaestwood | O 0 21 0 3
Melanitis leda ismenéCramer) 17 10 62 31 5
M. phedima beld&oore 15 8 60 30 4
Elymnias m. malela@Hewitson) 10 5 23 2 2
E. hypermnestra undulari®rury) |15 17 96 21 5
E. patna patn (Westwood 0 3 8 0 2
Lethe europa niladan&ruhstorfer 0 6 4 0 4
Neope confusa conftL Aurivillius 1 3 15 3 2
Mycalesis perseus blasi@Babricius) | 2 18 73 5 4
M. mineus minel (Linnnaeus 1 23 58 3 3
Orsotrioena m. medug-abricius) 0 57 86 10 5
Ypthima b. baldt (Fabricius 2 12 69 24 4
Charaxinae
Charaxe polyxena hiera Felde 0 5 31 3 4
C. marmaXWestwood 0 2 18 1 2
C. kaharubi Moore 0 0 3 2 2
C. aristogitonFelder 0 0 2 2 1
Polyura a. athame (Drury) 0 11 27 5 5
Nymphalinae
Ariadne merione assar (Evans) 0 9 33 19 3
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A. a. pallidior (Frusthorfer) 3 5 22 11 5
Phalanta phalanthgDrury) 0 12 52 3 5
Cirrochroa tyche mithilavioore 0 5 7 4 4
C. aoris aorit Doubleda 1 5 12 6 4
Issoria sinha sinhdKollar) 1 3 4 2 5
Argyreus h. hyperbii (Johanssel 0 2 2 0 5
Precis a. almandLinnaeus) 0 17 66 25 3
P. |. lemonia (Linnaeus 2 32 90 5 5
P. a. atlites(Johanssen) 21 7 71 35 4
P. i. iphite (Cramer 0 5 15 3 3
Symbrenthia lilaea khasiandoore |0 3 17 29 2
Kallima i. inachu: (Boisduval 10 8 2 7 2
Hypolimnas bolingLinnaeus) 2 20 46 2 5
Neptis hylas varmor Moore 1 35 24 9 4
N. yerburi sikkimeéEvans 0 7 6 2 1
N. sappho adai Moore 0 39 27 9 2
N. soma som&loore 3 5 I 4 2
Phaedyma columella ophia (Moore’|0 2 3 0 3
Lassipa v. virajavioore 0 0 5 8 2
Pantoporia h. hordonidStoll) 5 10 5 0 5
Parathymacama (Moore) 0 20 20 0 2
Parathyma nefte ina@oubleday&H)0 6 32 19 3
P. perius(Linnaeus) 0 4 13 2 3
Moduza p. procrigCramer) 0 7 17 0 5
Lebadea martha isme (Doubleday |6 23 62 9 2
Tanaecia |.lepidedButler) 11 6 7 9 3
T. |. miyani Frusthorfe 4 17 24 1C 4
Euthalia aconthea suddhodafausth|2 11 15 15 3
Euthalia jama jamid (Felder 0 5 4 0 4
Heliconinae

Cethosia cyar Drury 4 9 19 2 2
C. biblis tisamendrabricius 2 0 8 4 3
Acrainae

Pareba vestgFabricius) 0 3 4 1 2
Danainae

Danaus genutigCramer) 0 0 17 2 5
D. chrysippu (Linn.) 17 6 23 21 5
Tirumala septentrioni¢Butler) 0 3 17 0 5
T. limniace leopardugButler) 0 2 36 16 2
Parantica aglea melanoidg®oore) |1 5 19 0 5
Euploea m. mulcibe€Cramer 0 10 41 0 5
E. k. klugiiMoore 0 7 64 5 5
E. core coreCramer 6 23 106 7 5
E. algea deioné&ruhstorfer. 0 0 13 0 2
Lycaenidae

Miletinae
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Spalgis e. epiuNestwood) 0 4 10 0 5
Curetinae

Curetis dentatavloore 0 0 52 0 4
Theclina

Surendra g. quercetorufMoore) 0 0 14 0 5
Nilasera centaurus piritho(Moore, |0 0 12 0 5
Loxura atymnus continentalisruhsto]0 3 26 0 5
Rapala jarbas jarbe (Fabricius 0 0 2 12 1
Spindasis lohita himalayanidoore |0 0 9 3 4
L ycaeninae

Heliophorus brahméJoore 0 2 9 0 3
Polyommatinae

Jamides c. celenfCramer) 0 2 36 7 5
J. alecto eurysac Fruhstorfe 0 7 15 0 5
Lampides boeticu@.innaeus) 0 3 11 0 5
Zizeeria t. trochilu (Freyer 2 5 13 0 5
Lycaenopsis marginat@e Niceville)|0 3 16 0 1
Neopithecops zalmao Butlet 3 18 38 4 5
Euchrysops cnejug-abricius) 0 4 62 8 5
Hypergyria gaetulia 0 0 6 0 4
Castalius r. rosimorrruhstorfer 0 2 11 0 5
Tarucus anand#De niceville) 0 0 10 0 2
T. naraKollar 0 2 15 0 5
Chilades laiugCramer) 0 4 26 6 5
Pseudozizeeria ma (Kollar) 2 4 5 5 5
Catochrysops strabFabricius) 0 3 5 0 5
Acetolepsis puspa gis Fruhstorfe |0 3 7 0 5
Edales pandavéHorsfield) 0 0 25 2 4
Riodininae

Zemeros flegyas indici&abricius 8 5 30 11 2
Abisara echerius suffu Moore 0 0 5 3 5
Hesperidae

Pyrginas

Tagiades atticus khasiand 0 0 17 0 3
Coladenia dan fes Evan: 0 0 14 7 4
Odontoptilum a. angulaté~elder 0 0 6 1 4
Ampittiadioscoride F. 0 0 10 0 4
Hesperinae

Gangara t. thyrsigFabricius) 0 0 7 2 2
Matapa aria(Moore) 0 0 16 0 2
Cupitha purreeavioore 0 0 5 3 3
Ochlodes s. sivioore 0 0 6 3 4
Caltoris kumara moorefevans 0 0 8 0 3
Udaspes folugCramer) 0 0 6 3 3
Ancistroides nigrita diocle((Moore) |2 8 12 1 2
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Notocrypta curvifascia 0 0 5 3 3
N. fiesthamelii alysoMoore 0 0 4 0 2
Suastus g. gremi(Sabricius) 0 0 4 3 4
lambrix s. salsal (Moore’ 0 0 3 0 2
Baoris cahiraEvans 0 2 9 5 3
Sancus pulligisubfasciatu M 0 0 7 0 4
Zographetus satwéDe Niceville) 2 0 3 0 3
Oriens gola pseudol (Mabille) 0 0 2 3 2
Pairidae

Pierinat

Leptosia n. ningFabricius) 9 38 90 22 5
Pieris canidia indici Evan: 10 0 3 4 3
P. brassicae nepalensizray 7 2 2 0 2
Appias lyncida elenol (Boisduval |3 2 6 1 3
A. albina darad: (C& R, Felder) 3 0 5 0 5
A. |. libythea 0 12 40 0 4
Cepora n. neriss@~abricius) 0 5 21 0 5
C. n. NadingLucas) 0 15 4 0 4
Ixias pyrene familiariButler 10 2 5 0 5
Hebomoia glaucippeLinnaeus) 0 3 18 5 5
Delias eucharigDrury) 2 2 15 7 5
D. a. agostingHewitson) 1 2 26 3 2
D. a.aglaia(Linnaeus) 10 2 36 5 2
D.d. descombegBoisduval) 0 2 32 7 1
D. hyparete indic Wallace 0 5 3 0 3
Coliadinae

Catopsilia pomon (Fabricius 1 16 69 5 5
C. pyranthgLinnaeus) 2 23 64 11 5
Gandaca harina assami Moore 0 5 5 0 2
Eurema brigitta rubellgdWallace 0 92 13 7 5
E. hecabe contuberna (Moore; 12 16 50 2 5
E. a. anderson{Moore) 0 2 16 4 5
E. blanda silhetan (Wallace 0 0 17 3 5
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