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ABSTRACT

The community structure of acridids plays vital role in functioning the
forest ecosystem. They are potentially useful bioindicators for conserva-
tion planning and land management. Seasonal patterns and species diver-
sity are important components of population structure in acridid commu-
nity. A total of 25 sites were selected in and around the Chipkuthi forest,
West Bengal for studying acridid population in different seasonsii.e. (i)
Early monsoon- June and July; (ii) Late monsoon- August and September;
(iii) Early Winter- October and November; (iv) Late Winter-December and
January; (v) Spring- February and March and (vi) Summer- April and May.
Acridid diversity, abundance and species richness were observed in re-
spect to different seasons. Study of seasonal occurrence and abundance
revealed that D.venusta iswidely distributed and it occupied the top place
representing 23.21% than other species. The higher diversity, higher spe-
cies richness and higher equitability index of acridids were observed in
monsoon season. The highest diversity index and species richness indi-
cate the suitable environment for acridid population. Statistical analysis
infers that different species show different behavior and the different sea-
sons aso have different effect. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

In grassland faunal survey, grasshoppersarethe
most conspi cuous among insects, and they often con-
dituteoneof thedominant groupsof arthropodsinterms
of their contributionsto diversity, abundance and bio-
mass'”?, Asprimary consumers, they may beimpor-
tant in energy and nutrient cycling and they compete
withlivestock and wildlifefor forage. Acridids, agroup
of most dominant phytophagusinsects, play animpor-

tant roleinthefunctioning of forest ecosystemsasthey
contribute to the diet of many bird and spider spe-
cieg'65425, Seasond patternsand speciesdiversity are
important componentsof populaion sructureinacridid
community. Speciesdiversity areimportant tothefunc-
tiond roleof speciesin ecosystem. Ecologica diversity
may contribute moreimportant roleto variousaspects
of ecosystem stability(*33:27,

Recent studiessuggest that biodiversity contributes
to ecosystem stability, structure and productivity{?2329;
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which in turn contribute to sustainability. Although
acrididsarecommonly percelved asimportant compo-
nents of grassland; their rolein forest ecosystemsis
largely uninvestigated. In India, therehasbeenonly a
preliminary study of the Orthopteran faunaof adecidu-
ous forest®). Grasshopper diversity was studied in
Northern LaPampa, Argenting®?; inAustraian Tropi-
cd Savannas? and amoist deciduousforestin India?®,
However, inIndialittle survey hasbeen madesofar on
the acridid community in deciduous forests of West
Bengd. Inview of thisthe present investigation hasbeen
madefor theevauation of thespeciesdiversty and sea
sonal pattern of acrididson dry deciduousforest.

Sudy area

Theareachosen for studying theacridid communi-
tiesislocated at Chipkuthi forest near Santiniketan at
approximately 23°29'N and 87°42'E with an average
dtitudeof 58.9 m. Duringthestudy period temperature
varied between 3.5°C (Feb. 2005) to 39.5°C (May
2006) and humidity ranged between 20% (Apr. 2005)
t0 96% (Jul. 2005) and rainfd| varied between 0.00mm
(Jan. 2006) to 98.5mm (Jul. 2005). The physiochemica
datawere obtained from the Meteorological depart-
ment, Sriniketan at adistance of 3 km away from study
area.

Chipkuthi forest, adry deciduoustype, coversan
areaof 2.021 5. km. surrounded by rurd villages. The
dominant trees are Acacia auriculiformis Benth.,
Shorea robusta Gaertn.f. and Eucal yptus globossus
Labill. Themg or herb species such as Chrysopogon
aciculatus (Retz.)Trin., Cyanodon dactylon L. Pers,,
CyperusrotundusLinn., EvolvulusalisnoidesWall.,
Saccharum bengalense Retz., Saccharum
spontaneum Linn. and Sporobolus diander (Retz.)
werefound inthe study area. Somewherethe soil was
dry sandy and therewasalso hard uneven field with
laterite soil and small pebbles.

Methods

Sampling of acrididswasconducted twiceinamonth
at fifteen daysinterva sfrom June 2004 to May 2006.
A total of 25 siteswere selected in and around thefor-
est. Acrididswere surveyed inside a10mx10m quad-
rat at each site by sweep net (30 cm diameter) sam-
pling method for estimating grasshopper speciescom-

position®”21, |In each quadrat 20 sweepsweretaken
for fiveminutesduring 7.30 am to 10.30 am. All veg-
etationwithinaquadrat wassweptincdudingtall grasses,
herbs, shrubs, bushesand treesup to aheight of 2 meter.
Theacrididswere collected and counted and brought
tothelaboratory for identification. All 21 specieswere
confirmed from Zoological Survey of India, Kolkata
For convenience of datacollection andinterpretation,
theyear wasdividedinto six Seasonsdepending on
theenvironmentd conditionfollows: (i) Early monsoon-
Juneand July; (ii) Late monsoon- August and Septem-
ber; (iii) Early Winter- October and November; (iv)
Late Winter-December and January; (v) Spring- Feb-
ruary and March and (vi) Summer- April and May. The
andydsof frequency digtributionsof gpecieswithincom-
munitiesasafunction of seasonswas conducted using
twoway ANOVA.

RESULTS

A total of 2966 individuasincluding 21 speciesof
adult acridids were collected during the two years of
studiesfromall the study sitesin the Chipkuthi forest.
Nineteen speciesbelonged to thefamily Acrididaei.e.
Acrida exaltata (Walker), Aiolopus thalassinus
tamulus (Fabricius), Aulacobothrusluteipes (Walker),
Catantops pinguisinnotabilis (Walker), Dittopternis
venusta (Walker), Epistaurus sinetyi Bolivar,
Gastrimargus africanus africanus (Saussure),
Gastrimargus africanus orientalis §jist., Gesonula
punctifrons (Stal.), Heiroglyphus banian (Fabricius),
Levacruciata Balivar, Oedaleusabruptus(Thunberg),
Oxya fuscovittata (Marschall), Oxya hyla hyla
Serville, Phlaeoba infumata Burnner, Phlaeoba
panteli Bolivar, Spathosternum prasiniferum
prasiniferum (Walker), Truxalisindica (Bolivar), and
Tylotropidiusvaricornis(Walker) whileonly two spe-
cies i.e Atractomorpha crenulata (Fab.) and
Chrotogonustrachypter ustrachypterus (Blanchard)
belonged to the family Pyrgomorphidae. From the
TABLE 1 whichreflectsthevariationsin the seasondly
distribution of acrididsit would be observed that the
seasona pattern of abundance of theacridid fluctuated
through congi stently leading to the occurrence of higher
capturesduring monsoon and spring than the other sea-
sonsof thetwo years.
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TABLE 1: Compar ativestudy of acridid community in different seasonsof Chipkuthi forest

1% year 2"7Y ear
Speciesname EM LM EW LW SP SU Pvaue EM LM EW LW SP SU Pvalue
A. exaltata 2 3 0 0 5 0 Not 3 10 O 0 0 0 Not
A.crenulata 4 3 1 0 0 0 <0.01*** 3 4 2 0 1 0 <.05**
Aluteipes 1 3 2 8 3 0 Not 5 3 0 2 1 0 <.05**
Atha.tamulus 6 1 3 0 0 5 <0.1* 19 6 1 0 0 2 <.05**
C.pin.innotabilis 0 0 1 0 2 0 Not 0 0 0 0 0 0 NA
C.tar.trachypterus 9 7 13 4 14 15 Not 16 10 11 7 15 27 Not
D.venusta 67 66 13 62 76 35 Not 67 91 27 54 73 47 Not
E.sinetyi 7 21 1 0 0 0 <0.05** 11 37 8 0 0 0 <0.05**
G.afr.africanus 0 0 0 0 5 6 <0.01*** 0 0 0 0 2 4  <0.05**
G.afr.orientalis 0 1 0 0 4 16 <0.01*** 2 5 2 0 1 5 Not
G.punctifrons 37 12 0 0 0 2 <0.01*** 383 11 O 0 0 1 <0.05**
H.banian 46 41 15 0 0 6 <0.001**** 27 64 24 0 0 4  <0.05**
L.cruciata 3 0 7 6 30 11 <0.05** 1 0 8 3 32 22 <0.05**
O.abruptus 52 29 16 25 39 62 Not 5 75 26 41 43 40 Not
O.fuscovittata 53 50 68 10 12 33 <0.05** 41 95 54 5 4 17 <0.05**
O.hyla hyla 38 23 30 5 3 12 <0.05** 16 54 32 1 1 9  <0.05**
P.infumata 1 0 3 0 7 15 <0.05** 2 5 4 2 4 7 Not
P.panteli 0 0 1 0 4 0 Not 0 0 1 0 1 0 Not
Spra.prasniferum 16 3 0 3 3 2 <.05** 14 4 0 1 0 0 <0.01***
T.indica 19 11 8 5 11 4 <0.1* 18 13 7 5 8 9  <0.05**
T.varicornis 0 0 0 1 4 0 Not 0 0 3 0 3 0 Not
Tota 371 274 192 129 222 224 348 487 210 121 189 194

EM: Early monsoon; LM: Late monsoon; EW: Early winter; LW: Late winter; SP: Spring; SU: Summer; Level of significance: 10 %=

Ko Bop okh: 10f SHEE: 0106 FRA¥
A tota of 16 acridid species of which D.venusta,
Gpunctifrons, H.banian, O. abruptus, O.fuscovittata,
and O.hyla hyla were most abundant and comprising
about 78.98% and A.exaltata, A.crenulata,
Alluteipes, C.tra. trachypterus, E.synetyi, L.cruciata,
and P.infumata, wereleast abundant and comprising
about 7.28% whereasrest of the species comprising
about 13.75% of thetotd popul ation during early mon-
soon in the 1% year. Only one more species i.e.
Gafr.orientaliswas present in 2™ year and rest of the
specieswere moreor lesssimilar observation.

In late monsoon atotal of 15 species of which
D.venusta, E.synetyi, H.banian, O. abruptus, O.
fuscovittata, and O.hylahyla were comprising about
83.94% and rest of the speciescomprising 16.06% of
thetota population duringlatemonsooninthe 1% year
whereasthe population nearly doublein 2™ year ob-
servation. Only one more speciesi.e. P.infumata was
present inthe 2™ year.

A total of 15 species of which only Oxya specie
was abundant comprising about 51.04% whereas
A.exaltata, G.afr.africanus, G.afr.orientalis,
Gpunctifrons, S.pr.prasiniferum and T.varicornis
were absent but rest of the specieswereleast abundant

comprising about 48.96 % of thetotal individuasin
early winter. Theamost similar resultswere observed
in 2" year also but A.luteipesand C.pin. innotabilis
were absent in 2™ year whereas Gafr. orientalisand
T.varicorniswere absent in 1% year study.

A total of 10 speciesof which only two speciesi.e.
D.venusta and O.abruptus were abundant compris-
ing about 67.44% but A.leuteipes, C.tra. trachypterus,
L.cruciata, O.fuscovittata, O.hyla hyla, S.pra.
prasiniferum, T.indica, and T.varicornis were |least
abundant comprising about 32.56 % whereasrest of
the species were absent in late winter. More or less
smilar resultswereobservedin 2 whereas Pinfumata
wasfound in 2" year and T.varicorniswasfound in
1% year study.

In spring season atotal of 16 and 14 specieswere
found whereas D.venusta, L.cruciata and O.abruptus
were most dominant comprising about 65.31 % and
78.30% in 1% and 2™ year observation. The species
like A.exaltata, C.pin.innotabilis, and S.pra.
prasiniferum were absent in 2" year whereas
A.crenulata wasabsent in 1% year.

A totd of 14 and 13 specieswerefoundin summer
whereas D. venusta and O. abruptus were dominant
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comprising 43.30% and 44.84% in 1% and 2™ year
respectively. Only one more species i.e. Spra.
prasiniferum was present in 1% year and rest of the
speciesweresimilar distributionin boththeyears.

However, inthefirgt year thedominant acridid spe-
cies were D.venusta, H.banian, O.abruptus,
O.fuscovittata, and O.hyla hyla. Almost similar re-
sultswerefound in thesecond year d s0. All the species
werefoundin both theyearswhile C.pin.innotabilis
was absent in second year observation. The species
like D.venusta, H.banian, O.abruptus, and Oxya sp
made up morethan 70 % of thetotal communitiesin
every year and rest of the specieslessthan 31 % in
every year. Onthebasi sof total number of individuals
collected D.venusta was the most dominant species
comprising 22.59 % and 23.18 % of the total number
of individualsduring 1% year and 2™ year respectively.

Inthe 1% year the highest value being obtained in
early monsoon(26.18%) followed by late monsoon
(19.41%), spring(15.72%), summer (15.86%), early
winter(13.59%), latewinter (9.13%) whereas highest
inlatemonsoon (31.43%) followed by early monsoon
(22.46%), early winter(13.56%), summer(12.52%),
spring (12.20%) and late winter(7.81%) in 2™ year
study. Thelowest number of populationwasfoundin
late winter in both the years. From our results, each
acridid specieshasitsown characteristic pattern of fluc-
tuationwiththe occurrence of populationin certain see
sons.

Thegenerd diverdity index usng Shannonformula

TABLE 2: Compar ativestudy of different indicesin acridid
community in different seasons

Ecological 1% Year 2" year

units N S H' J N S H J

EM 371 16 0.99040.3572348 17 1.03360.3648
LM 277 15 0.96230.3583 487 16 0.98050.353€
EW 192 15 0.91350.3373210 15 0.9534 0.352
LW 129 10 0.724 0.3144 121 10 0.63430.2754
SP 224 16 0.92360.3331189 14 0.78190.2962
SU 224 14 0.96060.3639 194 13 0.92590.3609

N: Total number; S: Species richness; H’:

index; J: Equitability index
TABLE 3: Analysisof twoway anovafor seasonal distributionin acridids

Shannon- Weaner

showsasomewhat variableresult indifferent seasons.
Thediversity index was highest during early monsoon
(0.9904 and 1.0336) and lowest during late winter
(0.724 and 0.6343) in both two years study. The
equitability index was highest in summer (0.3639%)
during 1 year whereashighest in early monsoon (0.368)
during 2 year study. Thelowest equitability index was
observed during late winter (0.3144 and 0.2754) in
both theyears.

Our objectiveistotest whether al thespeciesshow
different effectsin different seasonsor not. Sothethree
dtatistical hypotheseshaveto test smultaneoudy. The
hypothesesare:

Hyo =a,=...=a,=0againstH, :notH
and
Hy B, =B,=.... =B, =0againstH ,: notH ,

He v, =0V, against H - not H

Here o iseffect dueto speciesand 3 iseffect due
to season and Y (v, and v, ) istheeffect duetotheith
speciesand jthsite. H , H ,, H,;represent null hy-
pothesisandH,; H,, H,, represent aternative hypoth-
ess. Let MSA isthemean sum of squaresdueto spe-
ciesand MAB isthat for the season, MSAB isfor the
interaction, let dso M SE istheerror sum of squaresso
construct three F statistic asF, = MSA/MSE, F, =
MSB/MSE and F,= MSAB/MSE, if observed F >
Fo, 1,6 then H isrejected that is different species
show different behavior, if F,>Fa. ., thenH, isre-
jected that isdifferent season hasdifferent effect ona
particular species, andif F>Fo,, ... All thecalcular
tionsaredoneusingaMATLAB programme 6.0 ver-
sons. Thesame cal culation hasbeen performed for the
2" year also but here the study has been performed
over 20 speciesingtead of 21 species. Fromthe TABLE
3itinfersthat different speciesshow different behavior
and different seasonsa so have different effect.

DISCUSSION

The population of acrididsshowed variationintwo

1% Year 2" Year
FValue Meang Sum of Sg Df Sour ces Df Sum of Sq Mean Sq F Value
10.63 6.75 33.7507 5 Season 5 81.8173 16.3635 30
34.88 22.16 443.15 20 Species 19 486.183 25.5886 47
3.547 2.253 225.277 100 Interactions 95 210.471 2.21549 4
0.635 80.0324 126 Residuals 120 65.9263
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yearsof study aswell asin different seasonsof theyear.
Thevariationinthe pattern of distribution of acrididsas
found herein between the different seasons and per-
hapsmoresignificantly thebuild-up of themonsoonin
contrast to that of other seasons.

It isan established fact that the population of an
insact speciesand itsseasond fluctuationisconditioned
by theenvironmentd factorsand thoseevenlittledter-
ationsin suchfactorsmay producelargeimpact onthe
biologica behavior of the species concerned. Several
workerssuchasAgarwalY, Igbal andAziz™, Lulkaet
a.™ Haldar*¥ and Sahaet d .1 have evidently shown
that the acridids undergo seasond fluctuationsintheir
distribution and abundance, more so at place where
the seasonsdternate. Thefivemost abundant species
such as D.venusta, H.banian, O.abruptus, O.
fuscovittata and O.hyla hyla comprising 70 % of the
acridid assemblages, had their highest number indiffer-
ent seasons. These specieswhich appearsto prefer a
mixed diet of grassesarevery common andwiddly dis-
tributed in the Chipkuthi forest. In both the years
A.exaltata was found in monsoon whereas as
A.crenulata was absent inlate winter and summer. In
early winter and spring seasons P.panteli wasfound in
both theyearswhile C.pin.innotabiliswasonly found
in 1% year. In both the years A.leutei pes was totally
absent in summer season whereas Gafr.africanuswas
only foundin spring and summer seasons. Inboth years
thespecieslike A.tha.tumulus, E.sinetyi, Gpunctifrons
and H.banian were absent in late winter and spring
seasons. Seasonal fluctuationsin the speciesrichness
and their numbersthroughout the different seasonsdur-
ing adefined period might be attributed to the differ-
enceinthereproductive period of each species. Onthe
analysisof diveraty indicesduring different seasonsin
the study areaindicated that thediversity of acridids
inhabiting the study areaunderwent noti ceabl e season-
dlyvaridions.

Ingeneral, thewinter season prevalencethelower
temperature might have adversely affected thebiologi-
cal activity of acridid leading totheir little abundance
and low acridid species. Onthe other hand most of the
Specieswere abundant in two seasons, oneismonsoon
and the other isspring dueto favorableenvironmenta
conditionfor acridid populations. Thesimilar observa
tion was recorded by El-Shazly and Shahpa® and

= Ecology

Hazraet al.*2. Thissort of high population growthin
thisspecific season isprobably dueto special nature of
some of their host plantswhich arefound to release
tender young |l eaves during these seasons. During mon-
soon it enhancesthe growth rate of vegetation which
ultimately influencesacridid population. Thespecieslike
Sspontaneumand Sbhengalense areplenty in spring
season where as C.dactylon, E.alisinoides,
C.aciculatusareabundant only in monsoon season but
C.dactylon, C.rotundus, Sdiander and C.aciculatus
areavailablethroughout the year at the study sites.
Vegetation seemsto bethekey requisitein deter-
mining theoccurrenceof acridids. Anderson®concluded
that vegetation had adefinite influence upon grasshop-
per distribution. Kemp et al .?!lobserved that the oc-
currence of acridid species primarily dependson the
presenceof host plant species. Fid ding and Brusven*®
also reported apostive correl ation between plant and
grasshopper speciesrichnesson Southern Idaho range-
land, USA. D.Otte?d, analyzing North and South
American Scrub region found that as the number of
plant species increased, the number of grasshopper
speciesasoincreased. Evand® asofound significant
correlation between speciesrichness of grasshoppers
and number of plant speciesinatal grassprairiecom-
munity. Capinera and Horton'®, Huffaker and
Gutierrezl*¥ mentioned that grasshopper speciesare
characterized by striking fluctuationin their population.

CONCLUSION

In the present study it is concluded that monsoon
season was better healthy in comparison to other sea-
sonsdueto higher diversity, higher speciesrichnessand
higher equitability of acridids. Therefore, theacridids
considered inthisstudy could be successfully used for
bioindication of different season of theforest ecosystem.
Theadditiond statistica andysisaso proved that those
specieswhichfoundin certain season and posses Speci -
ficity for seasond characterigticin theforest ecosystem.
Thediscovery of acridid speciesthat gppear to bestrong
indicators of environmental conditions suggests that
acrididsmay beeffective ‘tools’ in monitoring ecological
conditioninforest ecosystems. On the other hand it has
been suggested that |arge numbers of speciesareneeded
tomaintain ecosystem structureand function.
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