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INSECl' SPECIES DIVERSITY IN THE TROPICS:
SAMPLING METHODS AND A CASE STUDY 1
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(With ten text-figures)

The tropical regions of the world generally have a richer store of biological diversity than other regioos of the
globe. But most tropical habitats face a significant threat of deStIUctioo. Yet. little is known about ~ical biotic ccm-
munities. Suspetting that at least part of the reasoo for the poor documentatioo of tropical insect communities is the
lack of aw~riate research methodology, we have endeavoured to standardize a package of methods for quantitative
sampling of insects, suitable for tropical ecologists with modest research budgets. This methodology includes the use
of a small light trap as well as net sweeps, pitfall traps and scented traps. The methods have been used to sample in-
sect species diversity patterns in three replicate ooe hectare plots each in twelve selected sites in the Uttara Kannada
district of Kamataka, India. During this case study, we have encountered 16,852 adult individuals belooging to 1,789
species. 219 families and 19 orders of insects. Here, we provide evidence that this methodology is adequate for sam-

pling insects and differentiating habitats 00 the basis of the distribution of insect species. Some interesting biological
problems that tropical ecologists can study with the data generated from the applicatioo of these methods are also brief-

Iy illustrated.

!NrRODUCI10N from studies of temperate species. This is expressed
most dramatically in the statement that the number

One of the few relatively undisputed of biologists is negatively correlated with the num-
generalizations in community ecology is a ber of biological species in different regions of the
latitudinal gradient of increase in biological species globe (Robinson 1978). The poor state of our under-
richness and diversity from the temperate regions to standing of tropical biology may be partly attributed
the tropics (see Krebs 1985, Colinvaux 1986). Apart to the relative economic backwardness of tropical
from being something of a rule in community ecol- countries, the lack of facilities for research and
ogy this means that those of us who live in the tropics sometimes to the lack of the tradition of modem
enjo)' a biologically rich environment. Recent work scientific work.
suggests that the richness of the tropical insect We suggest, however, that at least sometimes
fauna is beyond all earlier expectations (Erwin and this is due to the lack of appropriate research
Scott 1980, Erwin 1983 and Stork 1988). It is equal- methodology suitable for tropical conditions.
ly undisputed, however, that most tropical or- Studies on insect species diversity and the long term
ganisms are poorly studied and the little that we do monitoring of insect species and populations in dif-
know about any group of organisms comes largely ferent habitats are good examples. Almost all the

major long term insect monitoring programmes are
lAcceped August 1990. based on light trap catches a method that requires
2centre for Ecological Sciences, Indian Institute of Science, . te ted 1 f 1 '...; . t [ten ' the m ' dBangalore 560 012.. unm rrup supp yo e eculCI y,o m I -
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Fig.l. Map of UUara Kannada district showing the 12 sites used in the study.
I. Santagal R.F., 2 Nagur RF., 3. Mirjan M.F., 4. OIandavar M.F., 5. Bengle M.F., 6. Bidaralli R.F., 7. Sooda R.F., 8. Bhairumbe
M.F., 9. Betta land, 10. Eucalyptus plantation, II. Teak plantalloo, 12. Areca plantation.
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T AlILE 1
STUDY SffES, IWTS AND SAMPLING PERIOD

Reserve Minor Plantalioos ~ manure
forest forest forest

-
Coastal sites Santagal R.F. Otandavar M.F. Areca PI.

(plot Nos. 1-3) (Plot Nos. 10-12) (plot Nos. 34-36)
March 1984 January 1984 Jan\!ary 1985

Nagur R.F. Mirjan M.F.
(plot Nos. 4-6) (Plot Nos. 7-9)
February 1984 Decernrer 1984

-
Elevalioo sites Bidaralli R:F. Bengie M.F. Teak Pl. Betta Land

(plot Nos. 16-18) (Plot Nos. 13-15) (plot Nos. 31-33) (Plot Nos. 25-27)
December 1983 December 1983 Decemrer 1984 January 1985

Sooda R.F. Bhairumbe M.F. Eucalyptus Pl.
(plot Nos. 19-21) (Plot Nos. 22-24) (Plot Nos. 28-30)
December 1983 January 1984 December 1984

T AlILE 2
BRIEF DESCRIPl10N OF STUDY SITES

Sites Vegetatioo Dominant Remarks
type tree genera

Santagal R.F. Evergreen Cinnamomum. Bischofia and Thick tree can~y, understorey
Diospyros of cane breaks.

Nagur R.F. Evergreen Holigarna and Hopea Thick tree can~y, understorey of
sapling- .

Mirjan M.F. Scrub lxora, Buchanania and Terminalia Highly degraded serni-evergreen.

Otandavar MF. Serni-evergreen Ixora, Aporosa and Hopea Degraded, understorey of frequently

l~ped saplings.
Bengle M.F. Moist deciduous Terminalia. Degraded, thick. ~ergrowth of

grass and annual herbs.

Bidaralli R.F Moist deciduous Terminalia, Xylia and l:ndergrowth of herbs and shrubs,
lAIgerstroemia mainly Clerodendrum

Sooda R.F Moist deciduous Terminalia, Xylia and Aporosa Understorey mainly of
Psychotria sw.

Bhaimmbe M.F Moist deciduous Care)'Q, Ziziphus and Degraded, undergrowth of
Randia Chromelina.

Betta land Moist deciduous Terminalia and Cleared of all undergrowth,
LAgerstroemia maintained for leaf manure.

Eucalyptus PL Monoculture Eucalyptus Thick undergrowth of grass and
herbs, surrounded by extensive
moist deciduous forest.

Teak PL Monoculture Tectona Brandis Little or no undergrowth except
LAntana and Chromelina.

Areca PL Monoculture Areca catechll Plantations in valleys, surrounded
by evergreen forest 00 hills.
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4. Scented traps: A plastic jar of 2.5 litre capacity The extent of canopy cover could thus be one good
was used to fabricate a scented trap. The mouth of measure of disturbance.
the jar was shielded from rain water using a plastic A relative estimate of the extent of canopy
plate allowing a gap of 6 cm between the mouth of cover was obtained by the presence or absence of
the jar and the plastic plate so that insects could free- canopy at randomly chosen points in the study plots.
ly move into the jar. The trap was baited with 200 50 such points at the corners of 10 m x 10 m quad-
ml of saturatedjaggery (unrefmed cane: sugar) solu- rats were chosen to make observations on the
tion with two tablets of baker's yeast, 0.05% (final canopy cover. At each of these points the observer
concentration) methyl parathion and 0.5 ml of counted the number of trees whose canopy inter-
pineapple essence. The traps were hung at about I sected his line of sight immediately above his head.
m from the ground on a wooden peg. Five such traps Shrubs, tree branches and leaves obstructing the line
were used, one each in the centre of a randomly of sight at less than about 3 m from the ground were
chosen 10 m x 10 m quadrat. The scented traps were not counted. The number of trees which formed a
also set between 1500 -1700 hrs and collected the canopy over these 50 points was used to obtain a
following morning. Insects trapped in the jaggery mean value for the plot, which we call the Canopy
solution were fIltered, washed and preserved in 70% Cover Index.
alcohol. D ta I'

Thus one light trap placed in the middle of a a ana yslS:

one hectare plot working for about 7 hours (1900 to 1. cx Diversity: Several indices of alpha
0200 hrs), net sweeps in 6 randomly chosen 10 m x (within site) diversity such as the Shannon Weiner
10 m quadrats, 5 randomly placed pitfall traps and index (Margalef 1958), Simpson's index (Simpson
5 randomly placed scented traps, both working for 1949), Hill's diversity indices N1 and N2 (Hill 1973,
about 18 hrs each constituted one sampling unit. see also Gadagkar 1989), Sm (Hurlbert 1971, Wolda
Each of the 36 plots were subjected to one such sam- 1983a and cx of the log series Fisher et al. 1943)
pIing unit. were computed. For the sake of brevity only results

using q of the log series are given in this paper. cx ofPRESERvAnONOFSPECIMENsANDDATARECORDING the log series was computed by an iterative proce-

All insects (except large moths) were stored in dureusing the equation,
alcohol for future sorting. The insects were iden-
tified up to the family level and within each family, S = IX lo~ (1 + N/ IX)

recognizable taxonomic units (RTU) were separated where S is the nwnber of sJXX:ies in the sample,
based on morphological differences. For con- N is the nul;rlber of individuals in the sample, and cx
venience, the RTUs will be referred to as species is the index of diversity. The standard deviation of
throughout this paper. Each such specimen was cx was estimated as cx I-log (I-X) where X = N/(N
given a serial number within that family. For each +cx) (Anscombe 1950). Using this standard devia-
plot, sit" and quadrat, information on the order, tion, significant differences in diversity between
family, serial nwnber, number of nymphs or larvae habitats were judged by a z test
and the number of adults were recorded. Only data 2. ~ Diversity: J3 (between site or between methoo)
on the adult insects are presented here. diversity was estimated as coefficients of similarity
Canopy cover index:: It was obvious from our given by the Morisita-Horn Index (after Wolda
preliminary results that a wbjective classification of 1981 b),
habitats into more disturbed and less disturbed 2}:; (n1i.n2J
categories is insufficient to discern any relationship C A=
between patterns of diversity and levels of distur- (AI + AV. NI N2
bance. An attempt was therefore made to develop an where,
index to quantify levels of disturbance. One of the }:; n2ji
major causes of disturbance in tropical forests is a Aj =
tree fall, either man made or natural, which leads to N[
large scale changes in the understorey vegetation. where nji is the number of individuals of
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TABU! 3
SUMMARY OF CATCH DATA

Site Pl« No. of No. of No. of No. of Alpha
number orden families species individuals of log

series

SantagalR.F. I 7 36 77 144 67.31
Santagal R.F. 2 8 33 73 231 36.77
Santagal R.F. 3 9 36 88 199 60.36
NagurR.F. 4 10 33 59 247 24.55
Nagur R.F. 5 5 28 64 265 26.81
NagurR.F. 6 8 30 65 213 31.88
Mirjan M.F. 7 8 40 87 950 23.31
Mirjan M.F. 8 9 48 102 874 29.93
Mirjan M.F. 9 10 44 88 1085 2261
Olandavar M.F. 10 9 52 99 529 35.93
OlandavarM.F. II 8 37 79 757 2220
Olandavar M.F. 12 10 45 103 407 44.42
Bengle M.F. 13 12 77 164 496 85.58
BengleM.F. 14 5 46 110 445 46.74
BengleM.F. 15 10 68 171 590 80.79
Bidaralli R.F. 16 10 71 144 322 100.02
Bidaralli R.F. 17 12 67 157 539 74.44
BidaralliR.F. 18 12 53 111 445 47.44
Sooda R.F. 19 8 35 78 204 46.15
Sooda R.F. 20 6 30 73 173 47.61
Sooda R.F. 21 4 35 67 256 29.53
BhairurnbeM.F. 22 10 30 67 175 39.69
Bhairurnbe M.F. 23 9 29 58 177 30.05
Bhairurnbe M.F. 24 7 43 77 301 33.44
Betta land 25 7 46 122 539 49.15
Betta land 26 10 40 100 304 51.97
Betta land 27 7 33 87 262 45.56
Eucalyptus Pl. 28 12 66 204 659 101.14
Eucalyptus PL 29 12 68 239 1331 84.95 i
Eucalyptus PL 30 8 52 176 1191 57.04
TeakPL 31 7 29 55 145 3230
TeakPL 32 9 24 43 128 2273
Teak PL 33 7 29 46 86 40.22
Areca PL 34 7 45 99 862 28.87
ArecaPL 35 7 36 102 721 3242
ArecaPL 36 7 42 106 600 37.37

TabU 19 219 1789 16852 5~06

species i in sample j and nj is the number of in- species and 86-1331 individuals. In all the 36plo~
dividuals in sample j. The index was computed with put together we encountered 19 orders, 219 families,
data logarithmically transformed as In (nji+ 1). 1789 species and 16,852 individuals. Some patterns
Cluster analysis was performed using a single- in this data are immediately apparent. The highest
linkage algorithm. number of individuals, species and the highest diver-

sity were seen in one or more of the Eucalyptus plan-
RESUI;rS tation plo~, while the lowest number of individuals,

Summary of catch data: A summary of the insect species and the lowest diversity were seen in one or
catch data in the form of the number of orders, more of the teak plantation plo~. Natural forest
families, species and individuals and a of the log plo~, including relatively less as well as the relative-
series as an index of diversity for each of the 36 plo~ ly more disturbed ones, were between these two ex-
are shown in Table ~. In any given plot we en- tremes shown by the monoculture plantations.
countered from 4-12 orders, 24-77 families, 43-239



SAMPUNG METHODS FOR INSECT SPECI&\" DNERSnY 343

15
(/)

ffi 10
D
a:
a 15 200 2.8

LIGHT TRAP
0 .0

\/) 200 100
UJ .0

-J-
~ 100
~
LL 3

20
1~ \.5 1

\/) c:
UJ 0 V) ullla.o V) -Jill

UJ ~ UJ 100 1.5 oCt-g
a.. 0 -::>0
(/) oC 1 5 u 1.0 .9 III

~ .UJ 5 >~ -a.. -0
0 V) 0.5 DoC

z~0 --
\/) 'iii" 15
-J "0 70

1 5« c: .
::>0 1D In
-~ 4 1.0
> 0-.r.D ~ 0.5z -
-0

40 4

40 2 2
~

20 0
-<-<-<~-<-<-<'"-'~~ ~~~~0 ~ ~t-t-~t-t-t-Z

~~" O ~~~t-

"'0== -000~ ."", -,%~9Cz...." ft no -' -' t- ...~ '
no ~ .c o~%... ~o

~ UJ .c .c ~ u 0 -' >- U
...UJ ~ ~ '0 %

...~ :1: ." -' 0

~ .--' UJ
-' UJ .c... ...

z z
...UJ..uno ."

Fig.2. Numben of orden, families, species, individuals and Fig.3. Taxonomic break up of insects trapped by different
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diversity of insects. But the remaining three
UGHT TRAP methods, namely, the light trap, pitfall traps and

scented traps together accounted for at least 50% of
the catch (Fig. 2). The light trap yielded more
Coleopterans than any other method. Most of the

NET SWEEPS Heinipterans caught were in the net sweeps although
net sweeps yielded an equally rich collection of
Hymenopterans and Dipterans. Pitfall traps yielded
more Hymenopterans than any other order while
scented traps caught more Dipterans (Fig. 3).

PIT FALL TRAPS Comparison of different species and their

abundance among catches by different methods
using the Morisita-Horn Diversity Index shows that
each method yielded quite a different sample of in~

SCENTED TRAPS sects. The similarity coefficient between any two
methods ranges between 0.13 and 0.28. The conse-
quent large distance (defmed as I -'- coefficient of

L , .,. similarity) between insect samples obtained by dif-
0 0.2 0.4 0.6 0.8 1.0 ferent methods are shown in Fig. 4.

DISTANCE Since one light trap, 6 net sweeps, 5 pitfall traps
and 5 scented traps were employed in each plot, we

Fig.4. Dendrogram comparing insects caught by different can compare the catches between different repli-
methods (D1)tance= I-Morisita-HomIndexofSimilarity). Data cates of the same method. Employing the Morisita-
pooled from 36 plots. Horn Similarity Index, we find that catches from dif-

Comparison of metb()()s of collection: Net sweeps ferent replicates of the same methods were by and
yielded not only the maximum numbers of orders, large more similar than catches by different
families, species and individuals but also the highest method$. It is important to note, however, that there

TABU! 4
COMPARISON OF DNERSnY IN DIFFERENT CAPruRE srrES

Pairs of sites that are significantly different from each other in their levels of insect diversity as measured by IX of the log series.
A .+' in any cell indicates that the site mentioned in the row is significantly more diverse than the site mentioned in the column (p
<0.05). Numerals (1) to (12) in row and column headings refer to different sites. The mean and standard deviation of IX for ear'} site
are given in the row titles. Names of sites in row titles and column titles are ordered according to diversity.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

(1) BidaralliR.F.I4289:1:7.851 + + + + + + + + ..
(2) Eucalyptus PL 140.32:1: 6.66 + + + + + + + + +
-
(3) BengleM.F.I36.IO:l:7.37 + + + + + + + + +
(4) Santagal R.F, 106.97 :I: 7.ro + + + + + +

(5) Betta Land 97.53:1: 6.23 + +. + + + +

(6) Sonda R.F. 87.93:1: 6.46 + + + +
-

(7) BhairumbeM.F. 76.12:1: 5.80 + +

(8) Olandavar M.F. 74.00:1: 4.83 + +

(9) Areca PL 69.ro:l: 4.47 +

(10) Teak PL ro.36,:I: 5.58

(11) NagurR.F.58.03:1:4.72
(12) Mirjan M.F. 53.91 :I: 3.67-
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21,0 replicate plots within a study site. For most sites the
200 0 pattern is as distinct as in the example shown in Fig.If) 1- 6 for plots 7,8 and 9 in Mirjan M.F. It is thus clear

~ 50 00 0 0 that relatively similar insects are caught by repeat-
r 1 0 ing the same method in different replicate plots
If) 0 o~ 0 while relatively different insects are caught by dif-

100 0 0 0 0 0 00 ferent methods. This is by and large the pattern we
o~ 0 0 0 00 ~% find in all sites although there are some minor ex-

1.0 Q ceptions in some plots.
100 0 0 Compar~on ofplo~ and sites: Pooling catch data

0 0 from all 17 traps in each plot, the 36 plots may be
0 0 compared using the Morisita- Horn Similarity Index.

a 0 Generally, the 3 replicate plots in each site are
60 0 0 0 similar to each other and form a cluster before they

0 °a 00 «> 0 "join" other clusters. This pattern was seen in 9 out
08 0 o~o 00 0 ofI2sites,namely,SantagalR.F.,~agurR.F., Mir-

20 0 0 on 0 0 jan M.F., Areca Plantation, Eucalyptus Plantation,
0 Sonda R.F., Bhairumbe M.F., Betta land and Teak

~ "Ui' 0 0 Plantation. But there are some exceptions such as

~ "2 1.0 0 Chandavar M.F. and Bidaralli R.F. where at least one

~ ~ -- ~-::d~\ 0 00 plot had greater similarity to plots from some other
~ ~ 0 5 0 08 site than to other plots from the same site (Fig. 7).

-t:.. 0 0 Insect catches pooled from all methods and
0 0 0 oofs> from the three replicate plots constitute a combined

0 00 8 0 0 0 sample for a site. Such combined samples permit

0.1 0.5 1.0 1.5 2.0 comPaf!sonbetweentheha~itatsrepresentedbydif-
CA NOPY COVER I NDE X ferent SiteS. Because the variances of (X can easily be

computed, it is possible to conclude that the insects
Fig. ? Rela~oo~ip .between canopy cov~r ~d~x and nwnber of caught in Bidaralli R.F. are significantly more
speCIes, a divemty mdex and number of mdlvlduals.. . d allThere is a significant negative correlation between can~y cover diverse. than those cau~ht I~ Santagal R.F. an
index and number of individuals (Bottom panel). (Kendalls Rank other SiteS of lower diversity (fable 4, P<0.05).
Correlatioo Coefficient 't =- 0.2711; P< 0.05; the straight line is Similarly, insects caught in Santagal R.F. are sig-
given by Y = -311.68 x + 800.74; P < 0.01). Each point repre- nificantly more diverse than those caught in
sents one of the 36 plots. Bhairumbe M.F. and all other sites of lower diver-

are occasional exceptions. This is illustrated in an sity (fable 4, P <0.05). The 12 sites are ordered ac-
example of comparison of the 17 traps employed in cording to diversity and all pairs of sites that are sig-
plot number 1 (Fig. 5). The catches from pitfall traps nificantly different from each other in diversity are
1 and 3 have a greater similarity to catches from shown in Table 4. Pooled catch data for each site can
scented traps than to catches from the remaining pit- also be used to compare the sites using the Morisita-
fall traps. Similarly the catch from netsweep 3 stands Horn Index. This leads to the remarkable result that
out as being different from everything else. These with the exception of teak plantation, all coastal sites
anomalies may be on account of random fluctua- form one cluster and all elevation sites form a
tions in the small samples of insects caught in each separate cluster, although it is not clear whether this
individual trap. result is statistically significant (Fig. 8).

Pooling the insects from each replicate of the Effect of canopy cover: Reserve forests, minor
same method (except of course in the case of the forests and plantations were initially chosen because
light traps where only one was employed in each they were expected to represent different levels of
plot) leads to fewer anomalies. This is illustrated by disturbance. To obtain a more objective and con-
comparing data from each method across the three tinuous index of disturbance, however, we ilave

-
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measured the extent of canopy cover in each plot. sampling sb"ategy required to ensure the collection
This was achieved through the "Canopy cover index, of a wide variety of insects from each locality are to
which is the mean number of trees whose canopies use replicate traps of eadl method within a plot and
overlap with each other at any given point in the plot to use different meth~ to b"ap insects within each
(see methods). Clearly, canopy cover is only one of plot. Sampling from replicate plots of each site, on
themanyfactorsthatmustaffoctthedistributionand the average, adds only a minor component of the
abundance of insects on the floor of the forests. This variance but we nevertheless recommend at least
is reflected by the considerable scatter in points some replication of plots because in specific cases
when we plot the nwnber of species, and diversity such replicate plots may be useful. For instance, in
or nwnber of individuals as a function of the canopy Chandavar M.P., Bengle M.F. and Bidaralli R.F. one
cover index (Fig. 9). Nevertheless there is a statisti- of the three replicates was quite different from the
cally significant inverse correlation between the' other two (Fig. 7.)
canopy cover index and the number of individuals Habitat "Specializations:" Comparing the relative
(P< 0.02). There is also a suggestion that both the contributions of different insect orders both in terms
number of species and diversity are more variable of nwnber of species and ill terms of number of in-
and can reach very high levels at intermediate levels dividuals, we find that in some si~s a very large
of canopy cover while relatively fewer species and proportion of the spelcies or individuals belong to
lower diversity are obtained at very high or very low one insoct order and the dominant order varies from
value of canopy cover index. site to site. While some sites are so "specialized"
Sampling strategy: Our sampling strategy, aimed others appear to be more "generalized" with a fairly
at making the methods quantitative and unbiased, even distribution of species and individuals across 4
involved three steps. First, we employed 5-6 repli- or more orders.
cates of each method within each plot (except in the A few of the relatively clear examples'of this
case of light trap). Second, we employed four phenomenon are shown in Fig.l0. 75% of all in-
methods (light trap, net sweeps, pitfall traps and sects caught in Mirjan M.F. belonged to Coleoptera.
scented traps) within eath plot. Finally, we sampled 58% of all insects caught in Chandavar M.P.
from three replicate one hoctare plots within each belonged to Diptera whereas in Bhairumbe M.P.
site or habitat type (fwelve sites drawn from two 28% of the insects belonged to Hemiptera, 25% to
elevations were sampled but this was meant to apply Coleoptera, 22% to Hymenoptera and 17% to Dip-
the underlying methodology). tera. Similarly 40% of all species caught from Mir-

In an attempt to evaluate eoch of dIese steps in jan M.F. belonged to Coleoptera, 38% of all species
our sb"ategy. we have performed a nested ANOVA caught in the Eucalyptus pantations belonged to
and partitioned the variance in the number of in- Hymenoptera but in Bengle M.F., 25% of the
dividuals of each species into the following com- species belonged to Hymenoptera, 25% to Diptera,
partments: (1) between replicates of the same 22% to Hemiptera and 19% to Coleoptera.
method within a plot, (2) between methods within a Thophic structure of insect communities: Since all
plQt, (3) between replicate plots of the same habitat spt',cimens are identified up to the family level, it is
type, (4) between different habitat types and (5) be- possible to determine the approximate trophic struc-
tween elevations. Repeating this analysis separate- tore of the insect communities encountered in this
ly for each of the 1,789 species, we present the min- study. Most insect families can be assigned to any
imum, maximum, mean and standard deviation of one trophic level such as phytophages, predators,
~ percentage variance at eacl1 level in Table 5. On parasites and scavengers. The greatest difficulty in
an av~e, 73.6% of the variance is seen between doing this was encountered in the family For-
replicates of the same method within a plot, 23.7% micidae. The ants have dterefore been set aside as a
between different methods within a plot, 1.7% be- separate category. The relative contributions of dif-
tween replicate plots of the same site or habitat type ferent b"ophic levels vary enonnously. As in the case
and a negliiible amount of Yariaoce is seen between of the distnoution of orders, we find that in some
habitat types and between elevations. We conclude sites a very large proportion of the species Or in-
from this that the two most important steps in our dividuals belong to a particular trophic level and that
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TABLE 5
NESTED ANALYSIS OF VARIANCE TO PAR1TI10N VARIANCE

BETWEEN DIfFERENT COMPONENTS ()F THE SAMPLING STRATEGY.

Distributioo of variance (%)
Minimum Maximum Mean Standard deviation

Between replicates of the
same method in a plot 0 99.7 73.6 37.7

Between different methods ,
within a plot 0 100 23.7 38.4 I

Between replicate plots
of the same habitat type 0 18.6 1.7 1.7

,Between different habitat

types 0 33.8 0.9 2.6

Between c1evatioos 0 10.1 0.1 0.4

the dominant trophic level varies from site to site. A studies of tropical communities that are most urgent-
few clear examples of this are shown in Fig. 10. ly needed and most likely to provide adequate field
Nearly 82% of all insects caught in Chandavar M.F. data required for understanding the principles of
were phytophages, nearly 54% of insects caught in community ecology. We have therefore stand-
Mirjan M.F. were phytophages whereas in Areca ardized a package of methods involving a small,
plantation only 20% were phytophages. Instead, portable, dry battery operated light trap and supple-
scavengers account for 47% of the individuals mented with other methods such as net sweeps, pit-
caught in the Areca plantation. Ants constituted fall traps and scented traps. In an effort to make the
only 7% and 5% respectively of the individuals methods reproducible, we have, by careful stand-
caught in Chandavar M.F. and Mirjan M.F. but con- ardization, attempted to hold the sampling intensity
stitute<;i as much as 19% of the insects caught in or effort constant. One sampling unit thus cor-
Areca plantation. responds to one light trap operated for a fIXed num-

Similar patterns can be illustrated with ber of hours ill the middle of a one hectare plot, 6
reference to the number of species rather than the net sweeps performed by a standardized method in
number of individuals. Less than 2% of the species 6 randomly chosen 10 m x 10 m quadrats, 5 pitfall
caught in Mirjan M.F. were parasites whereas near- traps and 5 scented traps placed at randomly chosen
ly 29% of the species caught in the Eucalyptus positions for 18 hours in a one hectare plot. Such a
plantation were parasites. Just as in the case of in- sampling exercise can be completed in 24 hours and
dividuals, scavengers constituted a very large therefore may be.repeated every day by the same
proportion of the species (31 %) in the Areca planta- people and the same equipment. We have shqwn that
tion. such a sampling method yields a collection of in-

DISCUSSION sects which may be said to broadly represent that
site. The method could thus be used to compare in-

We have outlined here a strategy for quantita- sect communities in different habitats or across dif-
tive sampling of insects in forested habitats and ferent seasons and can also be used for long term
plantations that is likely to be useful to tropical monitoring of changes in Lropical habitats (See
ecologists with modest research budgets and mini- Hammond 1990 and Stork and Brendell 1990 for
mal facilities. We argue that methods requiring the similar efforts).
operation of a light trap continuously for months or Traditional methods based exclusively on
years and especially in forested sites are inaccessible operating powerful light traps every night represent
to most ecologists living and working in the tropical a very intense level of sampling compared to our
countries of the world. 011 the other hand it is methods. The result is that it is impossible to use all
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the insects caught in these light b"aps. Most inves- these exceptions ~uggest that the extent of replica-
tigators are forced to discard the bulk of the catches tion is fairly adequate.
and concentrate their attention on one or a srnall In the process of standardizing these rnethods,
group of insect species. The rnethods we describe we applied thern to 12 carefully selected sites repre-
sample insects at a much lower intensity rnaking it senting diverse habitat types so that, if the rnethods
necessary and possible to use all the insects col- were successful, we rnight have sornething to say
lected. Clearly, this is a more efficient procedure and about the habitat types. We believe that the rnethods
leads to rninirnal destruction of natural populations are successful and we therefore rank the chosen sites
of insects. Undoubtedly, the traditional powerful in their order of diversity val ues. The rnnge of diver-
light b"ap rnethod is rnore convenient -little or no sity values obtained is sufficient to pennit us to rnake
work is required on the part of the investigators and these cornparisons with statistical significance.
sorting and identifying insects belonging only to a Another interesting result we have is that with
srnall, selected, farniliar group is relatively easy. the exception of the teak plantation, the coastal and
Our method requires rnore work on the part of the the elevation sites fonn 2 different clusters, suggest-
investigators ~th in terns of preparation and laying ing that geographical separation ,and altitudinal
out the b"aps and rnore significantly in sorting all the variation override even extrerne differences in
insects belonging to different and often unfamiliar levels of disturbance. We obtained this result in
groups. Tropical ecologists will inevitably have to spite of including relatively undisturbed reserve
pay sorne price for not always being able to set up forests, relatively disturbed rninor forests as well as
well organized research stations and obtain large rnonoculture plantations both among the coastal as
budgets. We believe that the price in terns of rnan- well as elevation sites. This is not to say that there
power required by the rnethods we describe is srnall was no difference among the various sites in one
and a requirernent of rnan-power is one price that region. Several statistically significant differences
tropical countries can pay relatively easily. Besides, in levels of diversity between sites in the same
the rnethods we have used will also help detect corn- geographical region and altitude were obtained.
rnunity level changes in the insect fauna. This is not And yet sirnilarity between sites within one
usually achieved when only a selected group of geographical and altitudin~ region was greater than
species is rnonitored. sirnilarity across geographical or altitudinal regions.

Because of the low intensity of sampling and In addition to providing a rnethod of understanding
the consequent need to include all insects collected and corn paring tropical habitats we believe that such
in any analysis, we thought it best to use a variety of a rnethod, if applied on a large scale, will pennit
different b"apping rnethods so as to attract different tropical ecologists to generate substantial field data
kinds of insects. Our finding that the catches for relevant to current ecological theory.
each of the 4 rnethods are quite different frorn each For exarnple, we have rnade an atternpt to un-
other justifies this. Because of the low intensity of derstand the factors affecting the distribution of
sampling and the consequent srnall nurnbers of in- diversity and abundance of insects. Using the
sects caught in each trap leading to randorn fluctua- canopy cover index ~ an objective and continuous
tions, we thought it necessary to include several rneasure of levels of disturbance, we have shown
b"aps offue same kind in each plot and to use at least that the nurnberofindividuals is inversely correlated
3 replicate plots in each habitat site. Although the in- with the canopy cover index. As the canopy is
sects caught by the sarne rnethod have greater opened up, we find rnany rnore insects in the forest
sirnilarity to each other rnther than to insects caught understorey. This result is further evidence that the
by other rnethods in the plot, there are a few excep- insects we trap are at least loosely associated and
tions. Sirnilarly, although the insects caught in dif- therefore characteristic of a given region. Canopy
ferent replicate plots of a site have a greater cover is clearly only one of the rnany factors that
sirnilarity to each other rather than to insects caught rnust affect distribution of insects. Despite the resul-
in sorne other site, again there are a few exceptions tant scatter in the data, we have an indication that in-
These exceptions justify the inclusion of replicate sect diversity can reach high levels at intennediate
traps and replicate plots, but the relative rarity of levels of canopy cover. When the canopy is closed
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there is little understorey ~egetation and hence, lit- monitoring seasonal and long term changes in tropi-
tIe insect activity. When the canopy is completely cal habitats. Work is in progress to apply these
opened up, it results. in nearly dry and barren land. methods in that direction.
It is at intermediate levels of canopy cover that a It is now widely recognised that tropical
rich mosaic of habitat types can form in the forest habitats face a much greater threat of destruction
understorey and lead to high levels of insect diver- than other regions of the globe. This makes the study
sity. of tropical insect communities both urgent and chal-

The sites we have studied are different from lenging. It is also true that the economic conditions
each other in many ways. One of the more interest- of most tropical countries make a certain amount of
ing differences lies in the proportional repre- developmental activity inevitable. For this reason,
sentation of species or individuals belonging to dif- ecologists are being increasingly called upon to
ferent insect orders. While some sites are "general- make assessments of the impact of such develop-
ized" in that they have a fairly uniform dis,tribution mental projects on tropical biotic communities. We
across 4 or more orders, others are more" special- hope that the methods described here will contribute
ized". For instance, Mirjan M.F. is a Coleoptera towards meeting these challenges.
"specialist", Chandavar M.F. is a Diptera"specialist". Similarly, some sites are dominated by ACK.~OWLEDGEMENTS

phytophages while others are either dominated by We thank Madhav Gadgil and N. V. Joshi for
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