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ABSTRACT

The structure of a grasshopper community In a desert
habitat was investligated with particular reference to rescurce
utilization along seasonal time and food resource dimensions.
The relative abundance pattern of the assemblage followed Mac-

Arthur's broken stick distribution in most of the months,

Flve ot the elght species analysed showed 707 dietary
overlap with at least one other species whlle seven showed 80X
seasonal time overlap with at least one assemblage member. The pro-
duct overlaps were lower than the value (54%) predicted by MacArthur
and Levips but summation overlaps were usuvally higher than the cri=-
tical value above which competition is likely to occur. However,
despite potential for competition, it seems that competition is infre-
quent as the food Tesource 1s generally not limiting to herbivores.

It Ils suggested that specles coexlst under nonequillbrium condition
due to thefr despersal ability, fluctuating environment, predation

pressure and patchy habitat. Aggregation may also be responsible for

coexlstence.

Comparison of patterns of resource utilization in the commu-

nity with various artificlally contrived communities based on null
models suggests that blotlc interactions do occur. However, mean
overlap is not as low as possible suggestling that phylogenetic cona-

traints on resource use may be important.
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INTRODUCT 10N

Since the studies of MacArthur (1958) on the niche
structure of warblers (Dendroica) considerable attention has been
paid to investigate interspacific differentiation in the use of
resources. Most of such studies have been based on the assumption
that competition is the principal organiser and species respond
to competion with relatively wspecific resource utilization
patterns for space or food. (MacArthur & Levins,i947) Pullian &
Enders, 19713 Brown & Lieberman, 1973 Yeaton & Cody, 1974,
Fraser, 197463 Brown, 1982). In recent years, however, it has
been demonstrated that ecologically similar species may comxist
without strong competition (Peters, 197&6) Weins, 1977; Turner &
Polis, 1979; Pianka, 1981; Poysa, 1983). Such a situation exists
when pfedators, parasitoids and wenvironmental fluctuations
prevent populations reaching equilibrium densitiss where
competion becomes important (Weins, 19773 Lawton & McNeill, 1979,

Caswell, 1978; Strong, 1984).

To enplain the observed niche pattern as a tfirst »tep,
1t  seems appropriate to compare the actual community structure
with rnull models (Caswell, 197&; Connor & Simbarioff, [98s6;
Hoffman & Nitecki, $987). The nuil models assume  no bhiological
interaction  and Serve 4s a nulj bypothesis becduse they provide
the pattern af niche overlap (in the present context) expec ted
from complete species independens 0f resource use. Comparison of
null models with the structure of Natural communities provides an
estimate of the effect of biotic interactions. Fatterns of
plausible ecological significance have some time been reported
not to appreciably diverge from random models (Coie, (%51, §954;
Caswelil, 1974; May, 1975) while olher studies have whown that
specaifac type of biological interactions do play a rule in the
emergence of the observed patterns (Strong et.al. 1977; Inger &
Colwell, 1977; Raup et.al., 1976; Sale, 1974} lakeahi & Townsend,
1987) . With these facts in view in the present  study null
models are compared with the observed patterns of overlap in
rEROUrce utilization by a grasshopper asspgmblage from a desert
habitat to get an understanding of the potentiaily important

ecological interactions.

However, while persuing the null  model approach wae
fully realize that only experimental studies of natural
comhunities (see reviews by Colwell & Fuentes, 1975 andg Pianka,

* L]

1976) provide reliable means towards gaining insight of the

processes responsibile for  commuanity organization. In the



experimental  approach oumerous and often tedious manipuiations
of  wvariopus pupulations are required (Walbuar, 19725 Neill, 1974,
19755 Lane, 19/%; Mcllure & Praice, 19763 Rathoke, i976).
However, suih manmipulations are not feasible for communities with
a sizable number of species. On the other band, the wuse of
specificaily designed null models permit alternative explanations
of the observed patterns of resource utilization and perbaps

dls&ard some possible interactions (Joern & Lawlor, 1980),

This study compares the structure of a grasshopper
assemblage determined from two resource dimensions virx. food and
seasonal time wutilization with simulated assemblages based on
various null models to determine the extent of ecological

organization in the grasshopper assemblage.

METHODS
Sampling:

The sampling of grasshoppers (Orthoptera) was per formed
in a natural plant community at Bhawani (2504N - &664BE) distt.
Lasbella, Baluchistan where the rainfall is low (about 15 c¢m).
The vegetation 1s dominated by shrubs and undershrubs iIncluding
Aerva Javanica, CaloDtropis procera, Lapsia obovata, [
holosericea, Helirotropium ramosissimum, Sericostoma pauciflorum,
Herb stratum 215 dominated by foarbs like Sida ovatla, fribulus
terrestris, Citrullus colocynthis, Euphorbia spp. andA'perennial

grasses including Dichanthium annalatum, Cyrodon dactylon,

Desmastachya bipinnata, Digitaria nodosa, Chrysopogon aucheri and
Cenchrus batfilorus. Annuale generally appear during June to
September and their variety and abundance depends largyely on  the

amount of rainfall.

The grasshopper populations were sampled at fortnightly
interval in a transect (Zkm % 15m} by sweep net. The population
counts are based on 200 sweeps (catches) at each sampling period.
Each sample was preserved separately. The plant species on which
grasshoppers were feeding were noted. Diet was determined by
analyzing gut contents (Mulkern & Anderson, 1959). Only aduits

were used to determine resource utilization and sexes wers

pooled.
Test of randomn i nitys

To test whether the data comes from an organised
community or from a random assemblage, Bull s—-eye method

developed by Hopf & Brown (1986) was employed. The method is used

to test whether the abundances of species in  the samplas of

grasshoppers community are distributed randomiy. The null

hypothesis tested is the'random hypothesis"” under which any set
S

of numbers fi conforming to eguation 2:% ¥£ =1 is at likely
t=

as any other. The fi in the equation refers to the proportional

abundancelof the S species in each sample, The scaled distances R

are given bys:



L
R= { (E{,a - 1/5) /7 ¢ 1—1/5)]/z
(4
Practically, to complete R first Simpson’'s (1949) diversity (D)

15 obtained
S

D=1—§:I‘.‘.:L

ia t
then R is computed as:

1
R=E1 -D -1/5} %2
1 - 1/

The scores corresponding to given R and 5§ are subsequently read

from a lookup table (Hopf & Brown, 19B6).

Ahundance patterns:

The relative abundance pattern of species in the community

at various time intervals was portrayed in the form of mpecies ranks
relative abundance plots, 1.8, dominance— diverslity curves
{Whittaker, 1965; May,1975}). The structure of the community was
analysed in greater detail by fitting theoretical models
including the niche pre-emption modei (Motomura, 19323 May,1975)
and MacArthur’'s boken stick model {MacArthur,1937) to verify the
assumptions about community design on which these models are
based. In the niche pre-emption model the abundance of species
ranked from most to least abundant is given by
ni = NC, K (1~ Ki=1

where ni = the number of individuals in the ith species; N= total
number of individuals; Ck = (1~ (L—k)‘]—l and is a constant which
ensures that ¥ ni = N; and K= 1- ¢, where ¢ is the ratio of the

V
importance vaue of a species to that of its predecessor in the

series of ranked species.

Ihe expected abundance of a species 1n the broken- stick

model 13
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Bregdih and overlap an resvurce utilaizatipn:
An  attempt was made to quantify tha dietary andg
seasonal time relationships of the eight most common WPEC1WS .
Values of niche breadth and overlap indices were caiculated from
data on dastribution of diet type and seasonal time. The measure
used to determine the breadth ot resocurce utilization, 1., the
equitability of the distraibution of individuals betwesn the
respurce states was Levin' s (1968) niche breadth formulas
m m
B=1/§: pi=1/z M1/ Ng
i3 i=1
where N = the number of individuals of the species 1n Question
in respurce state 1, N t = the total number of indaividuals in
all m resource states and pi equals the proportion of a specles
numbers in  the ithk resource state. Niche breadth values were

standardized to range from O to 1.0,

The extent of species overiap in resource utilization
{0i1)) was determined by a symmetric similarity coeificient,
previcusly proposed as a niche overlap measure {Pianka, 1974), as

follows:
Oii - kz,Pz‘Aij/ k=1 Pik k'«ipjk -

where pik and pik represent the proportion of the kth resource



states used by the ith and J)th mpecies. vValugs obtained from this
equation are not considered to be competition coefficients but

rather measures of overlap in resource utilization (Pianka, 1974).

Average and diffuse overlap

Average overlap is the mean overlap among all specCies

pairs while diffuse overlap is the average overlap experienced by

one species from all other sapecies (Pianka' s 1374 ‘diffuse

competition’ }. Average x iﬁlj) and diffuse overlap (0di) were
S-1 5 -

calculated as follows: —O"ﬁ o ’:E;\ _)E;:HO‘-:;/ {S (5"0/2}

Od“ = Oi}/(s—\} 3

Summation and product overlaps

Total overlap comblnes overiap values from separate
respurcesniche dimensions  into  one inclusaive measure af the
overall similarity in between two species and is  detsrmined
either as summation overlap or product overlap:

n i)
Summation overlap = Z OtJ = Z O;,r/ﬂ
o

Tz
Product overlap = T‘Y‘ ()V3 - -1‘11- OL]T

When two axes ae totally independent, Lhuﬁ‘the overlaps should be
multiplied; when two axes are completely correlated the overlaps
cehould be summed. The correlation roefficient betwesn dietary and
seasonal time overlap was found to be 0.368. Ubviously the two
axgs are not independent, and summation overlap estimates are

probably better estimators of multidimensional resuuréd over lap

(May, 1%75; Pianka, 1973). However, both summation and product
overlap estimates are reported to indicate which species pair

faces greatest ovelap.

Nujl respurce utilization models

If competitive interactions are or have been a
significant force in shaping community structure, the niches
should be hyperdispersed, and averae observed overlap in rescource
use in the actual community should be less than that pradicted by
the null models. Five null models were constructed by Monte Carle
simulations for evaluating the significance of the observed
bverlap in resource utilization in the grasshopper community.
Comparison of the patterns of resource use for actual communities
with simulated communities is based on manipulating the original
resource matrix (Lawlor 19803 Tokeshi, 1986). The first four
models or reorganisation algorithms RAL -~ RA 4 are thosw
developed by Lawlor (1980) while the fifth is developed by the
avthors. Each randomization algorithm retained a different aspect
of community structure while randomly generating the remaining
aspects of resource use. In all the five algorithms the
electivities of the consumer species were replaced by randomly
generated values. The details of the reorganization algorithms

are as follows:

RA 131 This algorithm (as well as RA 5) retained the

minimum amount of original community structure. Only the original



number of wpecies and the original numbur of resource states were
retained. Observed rRiectivities (including unused resource states
or zero electivities) were replaced in each resource matrix entry
by random vlaues between O and 1 from a uniform distraibution,
Thus there were far lesser numbers of zeros in the reorganized
matrix than in the actual community. Consequently, the niche

breadth of wach species was increased.

AA 231 In this algorithm all electivities, except zeros,
ware replaced with random valuess from a wuniform distraibution.
Thus the qualitative degree of specialization of wach species

was preserved in the algorithm.

RAA 31 This algorithm not only retained the original
qualitative degree of specialization of the consumers but also
thier their observed niche breadths. Rather thatn generating
mlectivities the original set of electivities including zIeros was

permuted for sach consumer.

RA 43 Only the non—zero slectivities were permuted in
this algorithm. Of all the five algorithms thisx one generated
reorganized communities most similar in community structure to

the actual community.

RA 52 This algorithe like RA 1 also retained the
minimal amount of original community structure. Only the originai
number of ®species and resource states were retained.' Observed

utilizations (including Zero) were replaced by numbers drawn from

a FPorssun  random number generator. For each speciee the mean
utilization value was used to generate random dwviates for k

resource states using the algorithm of Press at af (L9860 .

o compare the actual and reorganized communities 190
simulations were performed using wach ot the five reorganization
algorithme and pariwise overlaps in diet and seasonal time
comﬁuted. The average random overlap of each set of 100
simulations was compared with the observed average overlap. The
numbers of simulated mean overiap values falling above and below
the actual mean overlap and the variance ot all pairwise over laps
were also determined. fhis provaded the basis for randomization

tests {Swkal and Rohlf, 19&69).

R E 8 U L 1 8

a) fest of Randomngss in the Asseablaye:

The distribution of scores in Fig.l is not uwniform as
predicted by the random hypothesis. A large peak occurred at 20,
indaicating that +the assemblage tends to bhe highly unsven and
hence 1 highly nonrandom. The assemblage is characterized by
dominance of a few or a single species. The corracted chi-square
was  found to be £35.66 which is Mghly significant (p <0.001},
indicating nonrandomness in the assemblage.
b)Abundance patternss _

Fig.2 shows the relative abandance patterns of the

grasshopper assemblage in different months 1n the form of

10



dominance — diversity curves. The results of fitting theoretical
models including nache pre—emption model and MacArthur s broken
stick distribution as well as Simpson’s diversity appear in
Table—1. fhe abundance patterns for all the twelve months
approached MacArthur’ s broken stick distribution based on random
niche—boundary hypothesis. Species diversity was generally low
ranging between 0.4506 to 0.8572. Diversity was relatively
higher during .July to October. This roughly corresponds to the
monsoon season (July to September). Test of significance (Chi-
square test for googness of fit) with theoretical modelis (Table-
1} shows that for most of the months the grasshopper assemnblage

did not depart significantly from the broken stick distraibutaion.

c) Breadth of resogurce utilization (Niche breadth):

Frequency distraibutions of species’ DECurrence over
seasonal time or food type (plant species) consumed were analyeaed
employing the niche breadth index (B) of Levin (1968). Two
species stand out as being very specialized and/or gqeneralized
across seasonal time or diet niche axes {Table 2). Schistocerca
gregaria had a broad niche breadth in the diet niche dimensicn
and a narrow breadth in seasonal time, while Alolopus thalassinus
exhibited the opposite trend. Most of the other species had
either low or moderate B values in one or both niche dimensions.

There appears to be a significant negative relationship between a

species’ niche breadth in seasonal time and 1its niche breadth
with respect to diet (Spearman’ % rank correlation = ~-Q.428) .
11

d) Overlap in resource uvtilizaetion {(nighe overlap):

Resource overlap values between eight species of
grasshoppers based on exploitation of two niche dimensions wviz.,
diet and seasonal time alongwith diffuse overlap values arw
presented in Table 3. The average overlap batwesn all species
pairs was moderately high on diet (0ij) = 0.527) and on seasonal
time niche axis (0Oi1)= 0.722). In ail thirtewn nspecies of plants
were 1dentified to be consumed by grasshoppers. These included 5
grasses {(Graminae) and 8 forbs. Some =species like Oedaleus
senegajensis and Aiclopus thalassinus primarily consumed grasses
while others like Heteracris littoralis and Schistocerca gregaria
exploited greater proportion of forbs. Dietary overlap ranged
fram ©.229 to 0.748. Five of the 8 species analysad showed »>70%
dietary overlap with at least one other species. Schistocerca
gregaria and Oedaleus senegalensis showed highest overlap along
the food niche dimension, followed by Heteracris littoralis and
Oxyva velox. Whilst Owxyae velox and Alclopus thalassinus exhibited
lowest overlap in plant species exploitation followed by Acrida

exaltate and Aiclopus thalassinus.

Analysls of ‘diffuss’ overiap 1n  food dimension
experienced by oane spcies with all  other ygr asshopper specles
showed that Aroiopus thalassinus was least similar with all other
species in food utilization while Schistocesca gregaria was most

similar 1n this respect. T

1z



Uver jap 1n seasonal time utilization ranged from C.457
to ©.904. he average overlap in seasonel time utilization was
significantly high (p < 0.05) than that of food wutilization.
Seven out of B species showed greater than 804 seasonal time
overlap with at least one other species. Diffuse overlap in
seasonal time utilization was lowest for Chrotagonus Homalodemus
and highest for Acrida exaltata, the latter being Common

throughout the year.

Camplemgntary overlap:

The unidimensional resource over lap magnil tudes
presented above probably do not reflect the actual extent of
overlap between species Leving {(1968) postulates that az  the
number of competitive species increases they will eventually have
to swsegregate on more and more dimensions in order to maintain
minimal resource overlap. Generally, there are two or three
complementary dimensious along which species differentiate and
resources are partitioned (Cody, 1974, Schoener, 1974). Species
pairs that occupy a samilar position along one dimension tend to
differ along another (complementary) dimension. Three species
pairs exhibited (lTable 3) hagh (>0.7) overlap in one dimension
and low (< 0.4) overlap along the other dimension. For example,
Acrida exaltata and Aiolapus thalassinus had a high overlap (01
= 0.838) }n seasonal time utilization but very low (i) = G.259)
in diet. Seven species pairs had somewhat low overlap in  one

dimension and moderate overlap in the other dimension. Three

13

speCies  pairs had high ovverlap, while three uther specles pairs

rad somewhat low overlap 10 both the dimensious exemlned.

lo get an idea of huw much species pairs Over lap in a
multidimensional resource space, 1t 1% necessary to combine the
specific overlap compounents using the methods descr ibed eariier.
Table 4 shows that when the two resource Jdimensious were combined
the' overall overlap was reduced four each species pay.r,
particularly 1i1n case of product overlap. 6Gince real resource
dimensions are seldom completely independent of or completely
dependent on each other, the actual overall respurce  overlap
might best be assessed as a value falling between the magin tudes
obtained from summation and product overlaps (Cody, 1974} .
Uverlaps 1n  the twa resource dimensious were found waak 1y
correlated (r = 0.346B), therefore an intermediate value butween
i;Oxj and TTGIJ is likely to represent the actual two dimensional

resource overlap.

The total diffuse overlap (both product and summation)
were also considerably decreased. Summation diffuse overlap
ranged  from ¢.524 to 0.475 while product diffuse overlap ranged
from .2B0 ta 0.457, It seems that Chrotagonus homalodemus
eperiences the least diffuse overlap while Schistocerca gregaria

faces the most.

e) Comparison of actuyal and reorganiged ¢ itiep. T
Compar ison of actual food and s@asonal time

14



utilizations with reorganized (simulated) communities are

presented in the sequel.

1} Food resource dimension:

Ihe distribution patern of pairwise overlaps was found
to depend on the type of reorganization algorithm employed
(Fig-3). Complete randomisation of wlectivities using random
numsers drawn from a uniform distribution resulted in a larger
prapor ticn of higher ovelaps compared to the original
grasshopper communlity. When observed electivities were permuted
among all resourse states (RA 3) relatively higher freguancy of
low over laps was obtained. Retaining the original zero
electivities (RAZ and RA 4) reulted in distributions approaching
the shape of the actual grasshopper community. Complete
randomisation of utilisation rates based on a Poisson process {RA
5) resulted in a distribution of ovelaps similar to that obtained

in RA 1, i.e. bigher frequencies for larger overlaps. But this

distribution was less extreme than that generated by RA 1.

Randomisation test (Table 4) showed that mean overlap
ot all pairwise cmmparisons in the actual community were
significantly different than those obtained in simulated
communities gensrated by any of the reorganisation algorithm at
least at the probability level of 0.1 (three were significantly
different at p = 0.9). The mean overlap in the actual_.community

wat greater than that obtained in RA 2, RA 3 and RA 4 but less

than those obtained in the complete randomization, viz. RA 1 and

15
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RA 5. Randomization process that retained both the zera
utilization structure and the original nich breadth (RA 4) had

mean overlap closest to that of actual community.

Mean variance of pairwise overlaps were significantly
lower in reorganization algorithms 1 and 95 where simulated
communities were based on complete randomization. Tha mean
Var;ance of those artificially contrived communities which
retained the original zero electivities (RA 2 and RA 4) were
closeat to that of actual community. Interaction betwean M aF

overlap and variance is such that when mean overlap is high, the

variance tends to be low.

11} Seasonal time utilisations

Ihe distributions of pairwise overlap in seasonal time
(Fig. 4) are essentially similar to those obtained for diet. High
overlap frequencies were pradominant when all utilisation rates
were either sampled from a uniform or a Poisson distribution (RA
1 and RA 3) and low overlaps were comparatively more common when
actual electivities were randomly permuted among  the resourse
states (RA 3). Freserving the original zero utilisation structure
(RA 2 and RA 4) rewulted in cliosely similar distributions but
these did not correspond with the actual distribution of

overlaps.

Mean overlaps obtaned in RA 2, RA 3 and ﬂd 4 were

significantly lawer than that of the actual community. fhe mean

16



vveriaps 1n compietely randomised caommunities (RA 1 and RHA 5)
were higher than the actual community mesn overlap although not

significantly s (p < 0.20).

The mean variances of compietely randomized simulated
communitias (RA 1 and RA 5) were signifcantly l[ower than that of
actual community (p at the most 0.05). Wherever zero utilization
stgﬁcture was retained (RA 2 and RA 4) the mean variances did not
differ significantly from the mean variance of actual community.
Niche breadth seems to influence variance since reaarranging
original utilizations among all resource states (RA 3) increased
the wvariance over that of the actual community although not
significantly so (p = 0.06). Mean overlap and mean variance were

found to be negatively correlaled.

DISCUSSION
Abundance pattern:

The relative abundance pattern of the commuinity
followed MacArthur's (1957) broken stick distribution. Since tha
propoeition of this model, data sets have been gathered which
both confirm and reject its validity (King, 1964; DeVita, (979).
Close fits to this distribution are primarily found in narrowly
defined, K - selected, taxonomically related organisms (King,
1964, Whittaker, 1972). Whilst assemblages of r-selected species

with fluctuating populations are generally shown not to fit this

mode ] (Bush & Holmes, 19683). The present results are therefore

17

unigue 1 that the broken stick distribution i1s show to fit ¢~
selected . taronoumivally related organiweme with fTluctuating
populations. However, Boosma & Loon (1982) have found good fit to
this wmodel in ant communities. In terms of miche, broken stick
distraibution can be eéexplained by three different models (c.f.
Pielou, 1977 Giller, 1984). MacArthur's original model, as
designed, assumes a community of competing species. Howerver, the
same distribution can be predicted by theorwtical modwls that do
not  invoke competition. In case of assemblages of herbivorous
organismse such as grasshoppers competition is perhaps msinimal

(see below).

The ‘broken stick’ distribution is to be expected
whenever a small, sciogically homogeneous group of species, such
as the grasshopper assemblage, divides a fixed amount of some
Mmajor respource randomly amongst themselves (Giller, $1984). It 1%
not rnecessary to invoke competition as a regulatory machanism,
but a good fit to this model suggests that a single tactor palys

a predominant role in stucturing the community.

Resource utilization and coemistence:

Niche breadth values for food utilization indicate that
Schistocerca gregaria and Chrotagonus homa lodemus were
generalists while Hetracris littoralis and Acrida exaltata were
specialists. With respect to seasonal time rewource . dimension
Alrolopus thalassinus and Acrida exaltata were gneralist whilae

Schistocerca gregaria and Oxya velox. were specialiste. Species

18



which were generalist in vne resource Oimension were usually

found specialist in the other dimension.

Despite high overlap values, at least In one resource
dimension, it is unlikely that widespead compatition occurs ampng
the members of this grasshopper assemblage. Mers overlap in
resource une betwesn species does not necessarily imply
competition (Vandermewr, 1972 Sale, 1974). Likewise, intensity
of competition need bear no relation to the degree of niche
overlap (Davies et al., 1979). In addition, overiap on one
resource dimension may indicate divermsification in other ways.
Only two resource dimensions were edamined-seasonal time and
diet. it is likely that grasshopper spwciss may have segregated
in some other resource dimension such as microhabitat (Joern,
1979). 1f food 13 considered as a limiting factor, only three of
eight species were found to have a diffuse overlap value greater
than the 354% laimit preadicted by MacArthur & Levins (1967) For
coexistence without competition. However, 16 out of 28 pairs
showed > 54% overlap in the food dimension, although the average
over lap (Elj = 0.527) wat lens than the critical vailue. Of the 2B
pairs 18 summation overlaps and only 7 product overlaps exceeded
the predicted value of 3547 which allows for coexistence without
competition. Considering that the true overlap Jlies somewhere
between the values of product and summation overlaps, probably
more  than half of the paired combinatione did not .reach the

critical overlap for competition to occur.

17

[he aimportance of competition in structuring the
grasshopper community was assessed using rull models. Compatitive
models of community structure maintain  that hyperdispersed
patterns of resource utilization are evolutionary rasults of past
competition (MacArthur 19725 Schoener, 1374). The major outcome
expected from this relationship 1e the dacreased level of overlap
in resource utilization. Thus, if the average resource overlap of
an actual community is substantially lower than that of an
artificially contrived random community, competition maust be a
significant force. Comparison of the actual resource utilization
distributions for both diet and seaszonal time with the completely
randomized simulated communities (RA 1 and RA 5) showed that the
average overlap of actual community was markedly lower than that
of simulated communities. Though this rewult indicates some
resource partitioning, comparisons of actual community with other
reorganized communities (RA 2 - AA 3) -.aygest that decreased mean
overlap does not fully explain the interactions involved in
community organization. The observed resource utilization matrin
represents the peculiarities of resource use by the grasshoppet

species. Two important features of the resource matrix are the

zero structure (pon utilization of resource states) and niche
breadth. The mechanisms responsible for these two features may
indicate’ how important competitive interactions are in

structuring the community ({(Joern & Lawlor, 1980}, When the
L}
ohserved electivities were randomly permuted among all resource

states (RA 3), for both diet and seasonal time, the resulting

20



mean overlap decreases siynificantly compared tu that of actual
community. Preserving the original zero wlectivaties, by either
replacing (RA 2) or by permuting also markedly decreased the mean
overlap compared to that obtained in complete randomization (RA 1
and RA 5). The mean overlap resulting from RA 4 was closest to

that of actual community along the food dimension.

Mean overlap and competitive interactions are expected
to be minjmum i1f the component species of a community could
specialize on any set of resources (Joern & Lawlor, 1980).
However, due to plylogenetic censtraints (or design contraints
(Stearn, 1977) this could not be achieved in the assamblage
studied. In the ygrasshopper assamblage, for erxample, members of
subfamily Oedopodinae primarily consume grasses whilie those
belonging to Catantopinae primarily consume forbs. Thus
phylogentically reliated species have mimilar resource utilization
pattern which tends o intrease mean overlap of the actual
community compared to +that of RA 3. Despite this Force that
increases similarity in resource utilization, the members of the
assemblage still tend to diverge in the results of RA 3§
wimlilation where only nonzero wliectivities were rearranged,

particularly in case of seasonal time overlap.

"There are a number of other reasons to disregard

competition as a predominant force in structuring the grasshopper
'

community. Most predictions of competition theory assume that the

community iw at equilibrium. Insects are small, ahort lived, ang
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are  Hilghiy sensitive to wspatial and tempour al eLvirunmenlal
varlabaility (Weins,19/77) Because of these characteristis and
other factors such as predation and parasitoivds their populations
seldom  reach egualibrium densities at which cumpeition  becomes
impor tant {Lawton & Mc Neall, 1979; Caughley & | awton, 1981;
Faeth et al., 1l98l1; Strong, 1984) Flucrtuations in the poupulations

of phytophagus insects may be due to their involvement 1n coupled

- uscillation systems such  as host-parasite interactions
(fderson & May, 1980), predator - prey 1nteractlons ({Hauwsell,
1978) or plant - herbivore interactions (Crawley, 1983) .

Herbivoure systems, whach often show much over lap, are subject  to

extrene predation pressure that partially suspends the eftects ot

competition and permits more over tap  and hence graaler
coexistence. (Houghgarden & Feldman, 197%). In  eddation to
intluencing prey population dynamics, predation may also

influence the spatial dastrabution of prey. These in turn affect

community structure and function {Hughes, 1980).

The applicability of a nonequilibrium hypothesis to the
determintion of grasshopper community structure s predicted upon
a8 number of necessary conditions to which the grasshoppers sewem
to conform. One important condition is the ability to disperse
and exploit new micrusities and microhabitats. The dispersal
tapahility of grasshoppers has been well documented {Jobnson,
19693 Magor, 1989). Several workers have dESLribEdl'SituatiDHﬁ

which allow coexistence 1n a nonequilibrium state when dispersal

r



15  tmportant. lhrough a mathematical modeil, Skellam (1951)
demonstrated that amony species with low reproductive rates but
high dispersal ability coexistence can be maintained under
nonequilibraum condition. Nonequilibrium coexistence has also
been shown in mathematical models incorporating habitat
patchniness and dispersal ability {Cohen, 1970; Levins & Culver,
197413 Horn & MachArthur, 19725 Levin, 1%974). Secondly, in case of
competitively weak speciws (fugitive species) under catastrophic

or highly fluctuating environmental conditions coexistence 13

possible if the species can disperse gasily (Hutchinson, 19%453).

Habitat patchiness and aggregation of grasshoppers also

appear to be important factors facilitating coexiatence.
Aggregation 1s such a prominent characteristic of insects that it
is often regarded as a life history traxt {Taylor, 1971).
Herbivarous insects generally make their living on patches of
preferred food plants surrounded by unpalatable vegetation and
bare ground (Kareiva, 1986}). Clumped plant population structures
in arid regons have been recorded by a number of researchers
(Greig - Smith & Chadwick, 1965; Andrson et al., 194693 Shankat el
al., 1983). Aggregation in 1nsects may be due to variety of
factors (Southwood, 1978). In case of the grasshopper communi ty

it has been tound that the aggregation pattern of some of the

grasshopper species forresponds with the mpatial pattern of food

piant populations (Shaukat & Khan, in preparation).’ Computer
si1mulation of model communities (Atkinson & Shorrock, 1981) has
23
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shown that in patchy environment the aggregative behaviour of
insect species makes coexiastence possible without niche

differentiation.

In conclusion, there are several reasons to support
notion that competition is not a major organizing force within
this assemblage. When factors known to influence compatition are
conéidnred, it seems possible that competition is tovo infrequent
minimal, or nondirectional to cause competitive avoidance or
displacement. Coexiatence is facilitated by a number of factors
itncluding predation, dispersal, environmental fluctuations,
habitat patchiness and aggregation of grasshopper species. This
assemblage 1is not unigue in lacking competitive organization.
Phytophagus insects, which are seldom food limited, are among the

jeast likely groups to erxhibit patterns predicted by competition

theory.
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Fig.2

Fig.3

Fig.4

LEGENDS OF FIGURES

Distribution of scores for relative abundance of

grassheppers in 12 months.

Dominance - diversity curves for the grasshopper

assemblage in different months.

Distribution patterns of palrwise overlaps (food
dimension) for the actual community and for the
simulated communities generated by reorganization

alpgorithms (RA I to RA 9).

Distribution patterns of pairwise overlap (seaponal
time dimension) for the actual community and for the
simulated communities generated by reovganization

algerithms (RA 1 to RA 5).
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tilization. Values above the diagonal are for diet: values below
veridp on one specles from ali ather species.

ibie 3. Marrix of sverlap in resource uti
the diagonal are for seasonal time.Odi= Diffuse o
Soecies Ae Hi Ov Sg Os Ah Ch AT 044 N .
Acrida sxaitata - 2.726 0.714 0.3335 0.471 00374 00453 0.239 0,336
detracris (1ttoralis 0.904 - 0.741 0.689 0.535 0.438 0.286 0.377 (0.348
Oxvs velox 0,348  0.385 - 0.629 0.438 0.660 0.304 0.229 0.534
Schistocercd gregaria 0.839 0.889 0.839 - 0.748 0.639 0.366 0.3598 N0.632
Dedalys genegaiensis 0.889 0.921  0.369 0.767 - 0.389 0.452 0.307 0,483
Acratyius humbertianus 0.708 0.522 0,660 0.563 0.596 - 0.606 0.671 0.571
Chrotagonus homalodemus  0.339 0.5376 (.437 0.441 0.600 0.623 - 0.659 0,475
Aloiopus thalassidaos 0.838 0.726  0.676 0.615 0.758 0.817 0.791 - 0.443
ouH 0.797  0.776  0.752 0.718  0.772 D.84l 0.572  0.746 -

. Breadth of resource utilization values {(Levins, 1968} for eight species of grasshoppers with
time and diet.

Table 2
respect t0 seasonal
Species mH wﬁ
(Season) (Diet)
Acrida exaltata 0.650 0.328
Hetracris littoralis 3.421 0.298
Qxvga velox 0.378 0,392
Schistocerca gregaris 0.352 0.746
Oedalus senegaliensis 0,416 0.355
Acratviis humbertianus 0.491 0,590
0.417 0,611
0.471

vhrotagonus honaliodemus
0.5881

Algiopus thalassinous

¥



Comparison of actual community diet and seascnal time overlap matrices with Monte Cario sizuiated

(reorganized) overlap matrices based on null medels (reorganization algorithms) for resource

utiiization. Overlap summary statistics include mean overlap and mean variances of 100 sizulations

for each comparison.

Aigorithn Mean Mean D less 0 greater V less V greater
Overiap Variance than observed than observed than observed than observed

2) Diet (8 species, 13 resource states)

Actuadl 0.527 0.025

RA 1 0.748 0.007 0 106 100 0

RA 2 0.472 0.027 96 b 34 66

RA 3 0,492 0.028 92 8 29 71

Ra 4 0.493 0.023 95 5 67 33

Ra 5 0.630 0.016 2 98 90 10

9) Seascnal time (8 species, 12 resource states)

Actuail 0.722 0.022

RA 1 0.752 0.008 13 87 100 9]

RA 2 0.569 0.024 100 0 40 50

Ra 3 0.479 0.032 109 o) 6 ' 94

RA 4 0.369 0,024 100 c 41 59

Ra 3 0.734 0.013 19 81 95 4

Table <. Matrix cf summaticn overlap and product overlap in resource utilization of 8 grasshopper species.
Vajues beiow the diagonal are for product overiap: values above the diagonal are for summation

overiap.

Species Ae Hi Av Sg Os Ah C At > 044
dcrida exaitatata - 0.815 0.781 0.702 0.680 0.641 0.497 J.549 0.666
Hetracris littoralis 0.636 - 0.813 0,794 0.738 0.490 G.431 0,551 0.662
Oxya veiox 0.605 0.656 - 06.759 0.663 0.660 0.370 0.452 0.632
Schistocerca gregaria G.471 0.619 0.559 - 0.757 0.601 0.503 0.607 0.675
Opdalus senegaiensis 0.419 0.511 0.397 0,573 - 0.492 0.326 $.333 0.627
Acratvius humbertianus 0.406 0.239 0.436 0,360 0,231 - 0.614 0.744 0,606
Chrotagonus homaiodemus 0.245 0.165 0.132 0.249 0.271 0.377 - 0.723 0.524
Alolopus tnolassinus 0.217 0.274 0.154 0.368 0.233 0.548 0.521 - 0.5%4
o, 0.431 0.446 0,420 0.457 0.376 0.371 0,230 0.331 -

4t
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