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I. INTRODUCTION 

In his presidential address to the Society of American Naturalists" Hutchinson 

(1959) posed a simple question, 'Why are there so many kinds of animals?' Not 

only did he pose the question, which to quote the cliche is the most celebrated one 

liner in ecology, but also went on to elucidate the answer in his inimitable style. He 

argued that the 'finite' resources of planet earth are able to support an infinite' variety 

of animals mainly because each species carves out its own niche and avoids 

completion with co-occurring species, especially for food. 

Over the years the details of the mechanism of Inter-specific 

competition have been questioned and even the basic idea of competition itself 

serious^ challenged. However, thanks to nature's oddities, the concept of 

competition survives. How else is one to explain the evolution of the great diversity of 

a group which has carved out a niche for itself in the excrement of other organisms! 

Millions of years ago an odd beetle must have taken to coprophagy and unleashed a 

radiation (helped along by abundant dinosaur dung perhaps!) leading to more than 5000 

species of dung beeties at present. 

It is not surprising that the dung beetles (Coleoptera : Scarabaeidae : 

Scarabaeinae) with their curious behaviour have been the focus of both folklore and 

scientiGc literature. The extremely beneficial role of dung beeties in keeping our 

environment clean was highlighted by Kingston (1923) who declared \..in India 

du ^ May and June as much as forty to fifty thousand tons of excrement must be 



carried by scarabs into the soil. And this does not include the dung of animals, 

which may easily double or treble the amount....' 

The value of dung beetles in dung disposal and other ecosystems 

services that accrue from this act was only realised through the folly of a few 

Europeans who introduced cattle and sheep into Australia. Intensive cattle 

ranching led to accumulation of dung heaps which laid waste the pastures. Worse still, 

parasitic flies bred in the dung heaps and caused more trouble for ranchers. The 

solution to all these problems lay in introducing dung beetles from Africa and Asia! 

The search for suitable species of dung beetles that could be introduced into 

Australia led to a fluny of research, covering a wide range of issues from taxonomy to 

ecology of dung beetles worldwide. Further, the dung pats with their associated 

insects came to be recognised as ecological units (Mohr, 1943) ideal for studies in 

community ecology. Abnost fifty years later, an excellent update on dung beetle 

ecology was provided by Hanski and Cambefort (1991). 

Unfortunately however, the dung beetles have not received adequate attention 

in India. The only notable work on dung beetles is that of Arrow (1931), and 

Veena Kumari (1984) and a few other isolated studies. Almost all of these studies 

have focussed on either tlie taxonomy or behaviour of dung beeUes. llie present 

study was taken up to generate some baseline data on the community ecology of dmig 

beetles particularly on resource partitioning and segregation. 



The study was taken up with the following objectives: 

1. To study the diversity and abundance of dung beetles associated witli cattle dung in 

Bangalore 

2. To study the seasonality of dung beetles associated with cattle dung in Bangalore 

3. To study the dung beetlescolonisation pattern in dung of different ages 

4. To prepare a faunal list of dung beetles associated with cattle dung in Bangalore. 
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II. REVIEW OF LITERATURE 

Infomiation related to dung beetles are reviewed here mainly to cover the Indian work 

on Scarabaeinae and community ecology of dung beetles in general on a worldwide 

basis. 

2.1 Taxonomic and faunistic studies 

The present work is confined to dung beetles belonging to the subfamily 

Scarabaeinae which comes under tlie fanuly Scarabaeidae, order Coleoptera. Arrow's 

(1931) comprehensive taxonomic work on dung beetles of India revealed 354 species in 

26 genera that could be grouped into 4 tribes viz., Scarabaeini, Sisyphini, Coprini and 

Panelini. Few later additions to this list include one species by Gordon and 

Oppenheimer (1975) and five by Biswas (1978). Thus, a total of 360 species of dung 

beetles are known from India. 

The earliest work on taxonomy of Indian dung beetles was that of Linnaeus 

who described Scarabaeus sacer, an Indian species, in liis 10* volume of Systema 

Naturae (1758). Many European entomologists described Indian dung beetles later and 

these were compiled by Arrow (1931). 

From Bangalore, Anow (1931) recorded 33 species of dung beetles. Iliese 

include three species each of Scarabaeus, Gymnopleurtis and Cacccobius, one species 

each of Sisyphus and Heliocopris, two species of Calharsius, four species of Copris 

and thirteen species of Onthophagus. Later work by Veena Kumari and Veeresh 



(1997b) revealed 61 species which included four species Q( Sarabaeus, six species of 

Gymnopleiirus, four species oi Sisyphus, two species of Heliocopris , seven species of 

Copris, two species of Catharsius, three species of Onitis, one species of 

Drepanocenis, two species of Oniiicellus, five species of Caccohhis, one species each 

oi Phalops, Liatongus and TmiocelliLS and 24 species of Onthophagtis. Althougli 61 

species were encountered from different parts of Bangalore, Veena Kumari (1984) 

reported only 15 species of Scarabaeinae based on a year round survey at the Military 

Dairy Farm, Hebbal, Bangalore. These were C. repertus. Cat. molossus, On. 

philemon, Onit. cinctus, D. setosus, Ca. vulcaniis, C. meridionalis, O. spinifex, O. 

turbatus, O. unifaciatus, O. dama, O. duporti, O. quadridentatus, O. rectecornutus. 

All these belonged to a single tribe Coprini. Detailed taxonomic description of these 

species are available in Fauna of British India volume on Coprini (Arrow, 1931). 

2.2 Biological and behavioral studies 

Although taxonomy of dung beetles of India has been well studied, there area 

few works on other aspects of these beetles. liingston (1923) provided the first notes 

on the ecological importance of these beetles and feU tlial they are responsible for 

removing most of the filth of man and other large mammals from the face of the Earth. 

After tltis work few scattered publications available on dung beetles are reviewed 

below. 

Gordon and Oppenlieimer (1975) studied the seasonal activity, food preference 

and trap catches of two species of dung beetles in West Bengal. They reported bimodal 

peaks for O. bifaciatus with a major peak during June and minor peak in November. 



Rajagopal and Veeresh (1981) reported the occurrence of Scarabaeines in the mounds 

of Odontotermes wallonensis. Vernia (1969) described the alimentary canal of O. 

catta. Upadhyaya and Tripathi (1973) studied the food preference of Cat. molossus. 

Mittal and Yadava (1981) documented the burrowing activity and ability of On. 

philemon. On. virens and O. catta to buiy dung during different months. He found 

greater beetle activity for all tlie tluee species during August compared to September 

and October. 

At Bangalore, Veena Kumari (1984), Veena Kumari and Veeresh (1996a, b, 

1997a) studied the biology of 4 species, viz., O. gazella, O. rectecornutus. On. 

philemon and C. repertus. She also studied the seasonal abundance and succession of 

dung beetles in cattle dung pats. Her study revealed a decreased in tlie attraction of 

number of coprophagus species and individuals with increasing age of the dung. She 

found higli activity of dung beetles during the montlis of May, June, July and August 

both with respect to number of species and number of individuals. Ravindranath 

(1994) studied the biology of O. duporti and reported that tlie beetle activity enriched 

the soil. 

2.3 Community organization of dung beetles 

Dung being an ephemeral liabitat the organization of dung insect conmiunity 

follows that of communities in ephemeral habitats such as fungi, canion, ruderal plants 

etc. These habitats are characterized by relatively small size, scattered spatial 

occurrence, short existence or durational stabiUty. Many such microhabitats stand out 

in the matrix of the surroundmg environment as 'islands' of high quaUty resources. 
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Fuilher, the dung in itself has no defense against invading organisms (Ilanski, 1987^). 

With this background,comrnunity of insects inhabiting dung or other similar ephemeral 

habitats and the processes that dictate the organization of such communities are 

reviewed here. 

2.4 Dung insect community 

Animal droppii^s or dung, is ii\liabited primarily by members of three insect 

orders viz., Coleoptera, Diptera and Hymenoptera. Coprophagus insect families in the 

community include Geotrupidae, Hydropliilidae, Scarabaeidae and Staphylinidae 

among Coleoptera and Anthomyiidae, Ceratopogonidae, Chironomidae, Muscidae, 

Psychodidae, Scatophagidae, Scatopsidae, Sciaridae, Sepsidae, Sphaeroceridae and 

Stratiomyiidae among Diptera. Mycophagus and saprophagus species include 

Coleoptera of tlie families, Cryptophagidae, Ptilidae and Staphylinidae. Predators in 

the community include Muscidae among Diptera and Carabidae, liisteridae, 

Hydropliilidae and Staphylinidae among tlie Coleoptera. Insect parasitoids are made of 

Staphylinidae among Coleoptera, Bombylidae among Dipteia and Braconidae, 

Eucoilidae, Ichneumonidae and Pteromalidae among the Hymenoptera (Hanski and 

Cambefort, 1991b). 

2.5 Dung beetle community 

Among Uie insects found in mammalian dung, beetles of the subfamily 

Scarabaeiiuie , Family ScarabaeicLie are the most dominant worldwide both in terms of 

number of species and their numerical representation. An estimated 5000 species of 

dung beetles have been described from diflerent parts of the world. Anderson and Coc 

3 
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(1974) reported that 16,000 of these beetles anived at a 1.5 kg heap of elephant dung 

in East Africa. Upto 200 species have been reported from single elepliant dung pats in 

Africa and these beetles miglit roll away the dung in matter of few hours. Obviously, 

much of the literature on ecology of dung inhabiting insects is on dung beetles of the 

subfamily Scarabaeinae (Hanski and Cambefort, 1991a). 

Dung beetles have been the subject of several studies in different parts of the 

world, from the point of view of community ecology. Aspects of biology, behaviour, 

population ecology, size differences, spatial processes and patterns, temporal patterns, 

community patterns, population ecology, resource partitioning etc., have been 

addressed in great depth in many parts of the world coveiing North and South 

temperate regions (Hanski, 1991b; Limiaret and Kirk, 1991), Southern Africa (Doube, 

1991), tropical savannas (Cambefort, 1991), South East Asian tropical forests (Hanski 

and Krikken, 1991), African tropical forest (Cambefort and Walter, 1991), tropical 

American forest (Gill, 1991), Sahel regions (Rougon and Rougon, 1991), Montane 

habitats (Lumaret and Stiemet, 1991) and Australia (Doube, et. ai, 1991). An 

overview of tliese studies is available (Hanski and Cambefort, 1991a). 

2.6 Mechanisms or community organization 

Among the possible mechanisms that mould the community structure of dung 

beetles, competition, spatial pattern and predation are considered important. 



2.6.1 Competition 

Although,explicit studies of competition in dung beetles are few (Cambefort and 

Hanski, 1991), its role in ordeiiiig the dung beetle communities was illustrated by 

competitive exclusion of dung feeding flies after the introduction of dung beetles to 

Australia (Waterhouse, 1974; Ridsdill-Smilh, 1990; Doube, 1986). Studies made by 

Doube et ai, (1988) demonstrated interspecific competition among dung beetles. 

Similarly intraspecific competition both among adults (Kingston, 1977) and among the 

larvae (Hanski and Cambefort, 1991b) is also demonstrated. 

Intraspecific interference competition, largely in grassland situation, has been 

demonstrated among ball rolling species of several genera such as Sisyphus, 

Gymnopleurus etc., (Hanski and Cambefort, 1991b). Interference competition are also 

envisaged in tuimelers and cleploparasitic species of dung beetles (Holter, 1979). 

Rapid burial of up to 500g of dung, by many large tunnelers clearly serve as 

example of exploitative competition among the dung beetles (Edwards, 1986). Even a 

small number of these beetles in the same dung pat are likely to compete witli one 

another. Many studies have shown such pre-emptive resource competition to be a 

common feature, across the globe in dung beetle communities. However, many of 

these are apparent only seasonally (Hanski and Cambefort, 1991c; Kingston, 1977; 

Heinrich and Bartl\olomew, 1979). 

Competition for resource has also been envisaged among beetles that dwell in 

the dung pats ( Yasuda, 1987). Alternatively, space might be a limiting factor for many 
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tunneling dung beetles. The evolution of complicated nest structure is generally 

believed to reflect increased levels of parental care. However, Rougon and Rougon 

(1991) believe, tliat stratified nest construction by a few dung beetles of Sahel region 

serve to reduce the competition for space. Further, liigher densities of species under 

impoverished condition such as montane habitats compared to low elevation habitats 

are largely considered as indirect indicators of density compensation reflecting 

competition as the direct process responsible for lower densities in low elevation 

situations (Hanski and Niemela, 1990). 

2.6.2 Predation 

While predation has been argued as an important mechanism in dictating the 

abundance of (specific types) species in many communities, there is little evidence to 

illustiate then effect on dung beetle communities. 

There is no evidence of dung beetles themselves serving as predators in cattle 

pats. Otlier groups of predacious insects recorded from animal droppings are all 

believed to be primarily predators of dung inliabiting Diptera (Hanski, 1991a). Ihere is 

hardly any information on predation of dung beetles themselves. Indeed, very few 

predators of dung beetles have been recorded so far. This low predation pressure on 

dung beetles has been suspected to be due to possible extinction of original predators 

of dung beetles. Nonetheless, mimicry in African rollers and general nocturnal habit of 

large tunnelers, are possible features tliat might have evolved in response to predation. 

Kingston and Coe, (1977) have suggested that great depths of nests oi Heliocopris 

dilloni may have evolved in response to predation by ratel. Large concentrations of 
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dung beetles may attract predators. Kumai" and Veeresh, (1990), reported repeated 

raids by the ants Leptogenys diminuta to dung pats for collection of Scarabaeines. As 

an alternative to predation, nesting at greater depths may be a mechanism to reduce 

cleptoparasitism. Veena Kumari (1984), reported up to 50 per cent loss of bioods in 

dung beetles due to parasitic mites. 

2.6.3 Spatial processes 

A dynamic interaction of resource size, competitive abilities, behaviour of the 

species, predation etc., leading to condition of intra and inter-specific aggiegation of 

species or complete elimination of many species is the essence of a continuum of lottery 

dynamics or variance-covariance dynamics, lliese spatial processes and patterns 

resulting in observed community structure has been largely championed by Sale 

(1977,1979) who studied coral reef fishes and Hanski (1981,1991a). Hanski's work 

particularly dwelt on patchy microhabitats where the resource size might vary as in the 

case of mammalian dung which varies from few grams to as much as 10 kg. The 

structuie of tlie community tlien is dictated by tlie overall size of the resource patch. 

Lottery dynamics can operate if a resource patch (or dung) can be exploited by a single 

or a few individuals of a species such tliat all tlie other species are pushed to the margin 

and become extinct - atleast locally. On the contrary if the resource size, relative to the 

most competitive species is such that it cannot be harvested to a maximum extent by 

one or a few individuals, then a mixed community of rich diversity can co-exist. Such a 

mechanism, mostly identifiable on the basis of relative intra and inter-specific 

aggregation of species, is termed as variance - covariance dynamics. Communities of 
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patchy micro-habitats aie ordered mostly by ensuiing competition or predation as 

consequence of species distribution patterns. 

However, ignoring the tenninology, conditions for extinction or coexistence of 

species, depending on the size and density of ephemeral resource has been 

demonstrated (Kneidel, 1985). 

2.7 Segregation of species and resource partitioning 

Dung apparently being a single resource type, is known to support a large 

number of species in many habitats of the world. As many as 147 species of 

Scarabaeidae are expected to live on cattle dung across grasslands of subtropical Africa 

(Davis et ah, 1988). Veena Kumari and Veeresh (1997) reported as many as 57 

species of Scarabaeines to inhabit cattle dung in Bangalore. Such a large number of 

species co-existing on an appaiently single resource would demand strong mechanisms 

of resource partitioning. A large number of studies on a worldwide basis have 

consideied the mechanism of resource partitioning in dung beetle communities. Salient 

among these aie summarized below. 

2.7.1 Type of resource 

Mammalian dung can be broadfy categorised into three major classes: herbivore 

-dung, omnivore-dung and carnivore-dung. Although specificity of dung beetles to the 

dioppings of any one species of mammals is a rare phenomenon, the specificity or 

preferential colonization of the above three types of mammalian dung is widespread. 



13 

Carnivore dung is known to attract few dung beetles, wliich comprise a mixture 

of species tliat colonize dung and canion (Hanski, 1987). On the contrary the other 

two types of dung attract most of the dung beetles. However, majority of the ball 

rolling species prefer omnivore-dung to herbivore-dung, wlrile tunnelers largely prefer 

herbivore-dung. By arbitrarily defining a specialist with more than 90% individuals 

being caught in a particular type of dung, figures for Savanna in Ivory coast were 43 

omnivore-dung specialists, 16 herbivore dung specialists and 31 generalists 

(Cambefort, 1991; Cambefort and Walter, 1991). 

Most of the large tumielers and few rollers are human dung specialists or 

herbivore dung specialists. Strong specialisation for omnivore dung is a rare 

phenomenon. But several sliifts between herbivore and omnivore dung has been 

observed in many species of Pedaria, Caccohius and Ckptocaccobitts in Africa. 

Several shifts between coprophagy and necrophagy has also been noticed among some 

species of beetles in Bano Colorado Islands in Panama (Young, 1978). 

Specialisation is also considered uncommon among tlie forest dwelling species 

of dung beetles relative to their counterparts inliabiting grasslands. Possible rich 

mammalian diversity and abundance in savaimas and other grasslands relative to tlie 

forests may be one factor that has contributed for this difference. Dung beetles, tlius 

appear to be a major contradictions to the general belief of high degiee of specialisation 

among tropical insect conununities (Mac Arthur, 1972 ; Pianka, 1974). 
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Few exceptional species, among tlie dung beetles to the above rule are those 

tliat feed on scat of sloths of South America (Ratcliffe, 1980), and some Australian 

Onthophagus that breed in macropod pellets (Mathews, 1972). 

2.7.2 Quality of dung 

Quality of dung can be addressed in many different ways and thus may 

contribute for variation in the utilisation pattern by dung beetles. Seasonal variations in 

the nutritional quality of elephant dung (Kingston, 1977) is suspected to inlluence the 

choice of dung for breeding or feeding by dung beetles. Dung, on the other hand like 

any other ephemeral resource, changes its quality with time (Southwood, 1977). 

Changes in the composition of tlie dung beetles with age has been widely documented 

(Mohr, 1943; Valiela, 1974; Koskela and Hanski, 1977; Veena Kumari, 1984). Ihe 

quality of dung with age has been suggested as an important reason for the changing 

beetle composition both in abundance and species. Three stages of succession, first 

lasting up to two days, second up to a week after llie first and third and infinitely lasting 

stage, were identified by Koskela and Hanski (1977). 

2.7.3 Size distribution 

Animal size lias far ranging consequences to different aspects of ecology of an 

organism (Peters, 1983). Size as a factor in partitioning of resource between species is 

also well documented (Hutcliinson, 1959). Dung beetle communities however are 

likely to be effected differently. The following are believed to be some of the ways by 

which size may influence the structure of the dung beetle communities. 
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A)Size may affect food selection particulaily among the large species, wliich may have 

to depend on a nan ow range of resources such as only large pats, utilike in the case 

of predatoi^, where larger size results in wider resource range (Wilson, 1975). 

B)Holter (1982) demonstrated utilisation of diiferent parts of cattle dung pats by 

different species ofAphodius and such phenomenon is believed to be a product of 

size differences among the species involved (Hanski and Cambefort, 1991c). 

C)Size of the ball and size of the beetle may determine the extent of inter or intra 

specific interference competition in ball rollers. 

D) Spatial covariance may decrease witli increasing size differences. Ihus, inter 

specific aggregation may decrease in relation to intra specific aggregation thus 

contributing for species coexistence. 

Body sizes of dung beetles are known to influence their abundances locally. 

However, beetles of different body sizes were shown to follow different patterns of 

abundance at mcreasing levels of geographical ranges (Cambefort, 1994 ). 

2.7.4 Method of exploitation (Foraging) 

Dung beetles are broadly grouped into four categories based on the dung 

exploited. Tliey are : 

Rollers: rollers comprise of those species tliat make a dung ball and roll it away from 

the pat. The rollers characteristically belong to two tribes of Scarabaeinae viz., 

Scarabaeini and Sisypliini. 

Tunnelers: Many species of dung beetles, particularly in the tribe Coprini, bury tlie 

dung by tunneling riglit beneath the dung pat. . 
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Endocoprids: Some species of Coprini feed and breed staying witliin dung pats. 

These are also refeiTed to as dwellers. 

Cleptocoprlds: Cleptocoprids are mostly small species of the genera Caccobius and 

Onthophagiis, vvliich live in the dung stored by larger species of tunnelers or rollers, 

lliese functional gioups are widely cited in literature as indicators of resource 

partitioning (See Hanski and Cambefort, 1991a). However, considering body size, stay 

time in a pat, rate of removal etc. Doube (1991) proposed an elaborate structure of 

dung beetle assemblages where he split the rollers into large and small, mnnelers into 

fast and slow burying tunnelers, slow burying tunnelers were again spilt into large and 

small species. Adding endocoprids and cleptoparasites, seven functional groups were 

assembled by him. These classifications thus reinforce the idea of species segregation 

on the basis of their ways of exploiting dung. 

2,7. 5 Temporal partitioning 

Temporal pailitioning of resources can be on a short or long term basis. Diel 

activity can be an ideal short tenn measure of temporal partitioning while seasonality 

would be a long term measure. 

Diel activity among dung beetles is a relatively conservative trait, as many 

species of most tribes are eitlier diurnal or nochimal/crepuscular. In Africa, Sisyphini 

and Oniticellini are diurnal, wliile Coprini are nocturnal. Majority of Gymnopleurini 

are diurnal (Hanski and Cambefort, 1991c). Diel activity is also related to functional 

groups of dung beetles (Doube, 1991; Cambefort, 1991). Most rollers are diurnal, 

large tuimelers are nocturnal while small timnelers include both nocturnal and diurnal 
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species. Further die! activity niiglit also be related to the defecation time of concerned 

mammals. Largest amount of dung is known to be voided at tlie end of the days 

feeding period in elephants (Tribe, 1976), thus more nocturnal species of dung beetles 

are expected to be associated with elephant dung. Many dung beetles have dusk and 

dawn flight activity, which may coincide with the peak production of dung by diurnal 

and nocturnal mammals respectively (Gill, 1991). Exceptions to these broad 

generalisations, may have evolved as mechanisms of avoiding competitions with 

members of tlie same guild that represent the functional groups, 

2.7.6 Habitat selection 

Habitats may influence segiegation of dung beetles at two spatial scales: at the 

scale of droppings and macrohabilats scales. These are apparently influenced by tlie 

type of soil where the dung is deposited, type and density of vegetation. 

Within pat resource partitioning has been shown in the species of Aphodius, 

(Holter, 1982) Sisyphus and Neosisyphus (Paschalidis, 1974). Functional groups also 

manifest a niicrohabitat level spatial segregation (Edwards and Aschenbom, 1987). In 

essence, the behavioural features and tlie modes of resource liarvesting themselves add 

a tliird dimension (witliin patch) of resource partitioning. 

On a lower spatuil scale, giasslands are known to be richer ui dung beetle 

species compared to forest areas. But, the primary species of the two ecosystems were 

found to overlap at different degrees. In general, tliere was a gradient along the latitude 

for the extent of overlap between the two assemblages. At higlier latitudes, the extent 
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of overlap was gieatei and there was a little overlap between the giassland fauna and 

the forest assemblages of dung beetles at lower latitudes. 

Soil type indirectly affects the sumval and multiplication of dung beetles. 

Endocoprids, are generally indifferent to soil types. Tutmelers and rollers, wlrich 

construct underground burrows and nest chambers in the soil, for tliem the soil type is 

decisive. A study (Doube, 1991) covering dung beetle assemblages in four soil types of 

South Africa revealed 73 per cent of variance in dung beetle abundance to be explained 

by soil types. 

2.8 Size weight relationships in insects 

Biomass estimation of communities is an important parameter for many 

ecological studies. Biomass estimation of small and numerous organisms such as 

insects is laborious and time consuming. Further diiect weigliing may requiie 

destruction of specimens that need to be preserved for other studies in future. In order 

to overcome tliese problems, size-weiglit relationsliips have been established for many 

invertebrates (Rogers ei al. 1976; Gaiuliar, 1997) so that size can be used to estimate 

biomass. 
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III. Material and methods 

3.1 Study site 

The study was conducted on an unused pasture land (approximately 1.5 ha) at 

Military Dairy Farm (MDF), Hebbal, Bangalore (12°57' N, 72° 35' E, 916 m MSL) 

during 1997. 

Studies on diversity, abundance, conununity structure and seasonality of dung 

beetles were carried out at Bangalore using standard quantitative ecological methods. 

The materials and methods employed are briefly described here. 

The study site was chosen after initial surveys showed that the entire farm with 

its cattle population supported a teeming community of dung beetles. Further, the 

security of the farm made it an ideal choice for manipulative field experiments. Beetles 

were also sampled from other locations around Bangalore and Biligiri Rangaswamy 

Temple sanctuary in Chamarajanagar for size - weight relationship studies. Veena 

Kumari (1984) had also previously studied dung beetle communities at this site. 

3.2 Experimental set up 

All quantitative studies were carried out by baited sampling. Sampling was 

carried out by setting up dung pats of equal volume. Dung pats were laid out using 

fresh dung collected from cattle stalls. About 1.5 litres of fresh dung was dropped from 

a height of 1 -1.25 m on clear ground to serve as pats for colonization by dung beetles. 

These pats were laid out in four rows of 10 pate each with an inter - pat interval of 10 
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PLATE 1. A view of the study site: The unused pasture land at 
military dairy farm, Hebbal, Bangalore during monsoon season. 
The lush green grass grass dries up completely during the dry season 
between Febrauiy and June. 
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PLATE 2. Dung pats showing dung beetle activity: A one day 
old dung pat placed as bait (top left); four day old pat showing 
burrowing activity of beetles, notice the excavated soU (top right); 
eiglit day old pat showing burrow entry holes of large tunnelers like 
Cartharsiiis sp., and Copris sp., (bottom left); a fifteen day old pat 
showing complete disappearance of dung (bottom riglit). 
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feet (Fig. 1). For sampling beetles, pats were hai^ested from tliis gjid of baits at daily 

intei-vals upto 10 days and thereafter on 12 and 15 days. Two pats each were hai^ested 

on odd days while tliree pats were harvested on even days and 12 and 15 days. Thus,a 

total of 31 pats were harvested for each sampling bout lasting fifteen days. Pals after 

selecting randomly, were harvested along witli soil sunounding the pat upto a depth of 

5 cm. Harvested pats along with soil were placed in a bucket filled with water and 

mixed slowly until all beetles floated. Tliis process took 15 minutes. Later, remaining 

part of the dung was passed througli sieves of different sizes to collect any beetle that 

could not be extracted by the above metliod (Southwood, 1976; Veena Kumari, 1984). 

This ensures complete removal of all beetles associated with pat. Beetles harvested 

from each pat were transferred to 70 % alcohol and appropriately labeled. Entire 

procedure was repeated tweKe times, starting from April 4, 1997, over a period of six 

months at approximately fifteen days interval. Each sampling bout was designated as a 

sampling date and numbered serially from 1 to 12. 

Beetles collected from each pat were processed using standard taxonomic 

procedures (Borror and De Long, 1955) and initially sorted upto species level and data 

on their relative abundances recorded. Attempts were made to identify all species using 

the taxonomic keys provided by Arrow (1931). However, those that could not be 

identified were coded as morpho - species or recognisable taxonomic units (RTLI's). 

3.3 Size - weight relationships 

Beetles collected from Bangalore (outside XIDF) and BRT Sanctuary from 

March to June, 1998 were used for tliis study. All collected beetles were initially 
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weighed after thoroughly washing in water. They were later transferred to 70% alcohol 

after giving a code for each specimen. They were removed after one hour, and 

transfened to butter paper covers and dried in an hot air oven for 15 days at 35 to 

37°C. Tliese were weiglied again using electronic balance, with 0.01 mg accuracy. 

The measurements on body size were made using a stereobinocular microscope fitted 

with an ocular micrometer. All measurements were converted into millimeters. Elytron 

length, pronotum length and maximum width of the pronotum were measured. A total 

of 23 species represented by 232 specimens were used for tliis study. 

3.4 Data analyses 

A total of 372 pats were sampled across 144 sampling days in 12 age groups of 

dung spread across 12 sampling dates. Data on dung beetle abundance, number of 

species, specieswise abundances were tabulated across aU the four levels of sampling 

viz., pats, days, age of dung and dates of sampling, Standaid statistical measures such 

as mean and standard deviation were calculated for each parameter. 

Two diversity indices viz.. Shannon's and Simpson's index were used following 

Magurran,(1988). 

Shannon's Index was computed as : 

H' = - Sp i lnp i 

Simpson's Index was computed as: 

D - 1 - S Pî  

Where: pi = Proportion of the i* species in a pool of S species 
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Niche breadth was calculated using the Shannon-Wiener formula for 

information (Shannon and Weaver, 1949) following Levins (1968). ITie 

formula as indicated by Colwell and Futuyma (1971) is given by : 

B'i= - I p i j l n p i j 

where py = Njj / Y, , the proportion of the individuals of species 'i' which is 

associated with resource state ' j ' . 

Niche overlap was calculated following the measure developed by 

Schoener (1974). The proportional niche overlap for any two species is given 

by: 

C i h = l - l / 2 Z | p i i - p h , | 

where p̂  is as given above and 

Phj= N|j/Yhj,the proportion of the individuals of the second species 'h', 

wliich is associated with resource state ' j ' . 

Pearson's product moment correlation (Snedecor and Cochran, 1967) 

was used where necessary. Power functions of size weight relationship were 

deduced from log traasformations of the data and then computing the 

correlations (Rogers et al, 1976 and Ganihar, 1997). 

Principal component analyses (PCA) technique was employed to 

identify the clusters of species. Unrotated data sets were used for all these 

analyses and clusters of species were identified by obtauiing plot of species in 
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the space of two piincipal components. This part of the analyses was carried 

out following the teclinique employed by Doube (1991) and using a Windows 

based statistical package - Statistica. 

In order to understand the distribution of diversity .it different levels of 

sampling Itierarchy the diversity was partitioned at the pat, day, age of dung, 

date of sampling and pooled sample following Joshi et a/.,(1997). They 

suggested the weighted means of Simpson's index as a measure of partitioning 

variance, alternative to standard analysis of variance. The teclmique is easy and 

simple to apply. Both weigjited and unweighted means always increase in value 

with the level of sampling. The values themselves indicate proportional variance 

and multiplied by 100 yield per cent variance. 
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IV. RESULTS 

4.1 Species assemblage or dung beetles 

Cattle dung pats sampled from Apiil 4, 97 to October 20, 97 at Military Dairy 

Farm (MDF), Hebbal, Bangalore yielded a total of 1901 individuals belonging to 32 

morpho species (or Recognisable Taxonomic Units), representing eiglit genera and a 

single tribe Coprini. 

Genus Onthophagiis Latr. was represented by 21 morpho species, of which 

three could be identified to species level, lliey are O. dama P., O. truncaiicornis 

Schall. and O. rectecornutus Lansb, The remaining 18 species were coded and are yet 

to be identified. I'he next most abundant genus was Copris tJeoIIroy wliich was 

represented by four species and all could be identilied (Table 1). Of the remaining 

seven species, two species belonged to the genus Oniticellns Serv., wliile Caccohhis 

Thomson, Drepanocerus Kirby, Onitis Fabricius, Liatongiis Reitter and Cathamius 

Hope were represented by a single species each. 

The analysis of the data gathered duiing the course of this study over a period 

of six montlis are presented in die following sections. 

4.2 Patterns of diversity in the dung beetle community at MDF 

The community of dung beetles associated with cattle dung at MDF, 

encountered duiing tlie couise of study, wa.s examined at different levels. The variation 

in size of the dung beetle community at the level of individual pat, day of sampling, age 
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Table: 1. List or species of Scarabaeinae dung beetles encountered at MDF, 
Bangalore during 1997 

SI. no. Genus Species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2i 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Drepanocerus Kirby 

Onthophagus Latieille 

Caccobius Thomson 

Oniticellus Serv 

Onitis Fabricius 

Liatongus Reitter 

Copris Geof&ay 

Catharsius Hope 

Drepanocerus setosus (Wied.) 

Onthophagus dama (F.) 

Onthophagi4s truncaticomis (Schall.) 

Onthophagus rectecortnitus Lansb. 

Caccobius vulcanus (F.) 

Oniticellus cinctus (F ) 

Oniticellus spinipes (Roth.) 

Onitis philemon F. 

Liatongus rhadamistus (F.) 

Copris repertus Walk. 

Copris numa Lansb. 

Copris bengalensis GiUet. 

Copris saconlala Redt. 

Catharsius molossus (L.) 

Onthophagus sp.B 

Onthophagus sp.C 

Onthophagus sp.D 

Onthophagus sp.E 

Onthophagus sp.F 

Onthophagus sp.H 

Onthophagus sp.I 

Onthophagus sp.J 

Onthophagus sp.K 

Onthophagus sp.P 

Onthophagus sp.O 

Onthophagus sp.R 

Onthophagus sp.S 

Onthophagus sp.T 

Onthophagus sp.V 

Onthophagus sp.W 

Onthophagus sp.Y 

Onthophagus sp.Z 



PLATE 3. 
Dung beetles 

Onthophagus recterornutus Lansby {12.5x) 
Onthophagiis dama (Fabricius) (15x) 





PLATE 4. 
Dung beetles 

Oniticellus cinctus (Fabricius) (15x) 
Onitis philemon Fabricius (7x) 





PLATE 5. 
Dung beetles 

Liatongus rhadamistus (Fabricias) (lOx) 
cpris repertus Walker (lOx) ^ 





PLATE 6. 
Dung beetles 

Onthophagiis sp. E (15x) 
Onthopbagus sp, P (15x) 
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of dung (at the time of sampling) and at different sampling bouts (sampling dates) are 

summarised in table 2. The diveisity indices varied considerably at these four levels 

and ranged from 0 to 3.78 and 0 to 0.972 for Shannon's and Simpson's index, 

respectively. 

4.2.1 Diveisity across pats 

Analysis of the community, on the basis of individual pats indicated that the 

number of species ranged from 0 to 10 species, with a mean (± sd) of 1.699 ± 2.01 

species per pat. The number of individuals ranged from 0 -65 per pat with a mean (± 

sd) of 5.11 ± 9.29 suggesting an aggregated distribution of species across pats. It is 

important to note that as many as 36.3 per cent of the 372 pats sampled did not yield 

any beetles. 

The Sharmon's diversity index ranged from 0.00 to 1.96 per pat with a mean (± 

sd) of 0.398 ± 0.568; wliUe the range for the Simpson's index was from 0.00 to 0.83 

with a mean (± sd) of 0.223 ± 0.229 (Table 2). lliese results clearly suggest 

considerable pat to pat variation in number of individuals, number of species and the 

diversity indices. 

4.2.2 Diversity across days 

The day to day variation in species riclmess was computed by pooling the data 

fiom all pats for each of the 144 sampling days. Up to a ma.ximum of 11 species were 

encountered witli a mean (+ sd) of 3.00 ± 2.92 species of dung beetles per day. The 

total number of individuals encountered ranged from zero to 117 individuals with a 
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mean (± sd) of 13.20 ± 20.94 beetles per day. As many as 20.14 per cent of the days 

did not yield a single beetle. High variance to mean ratio (33.22) suggested an 

aggregative distribution of beetles, across days of sampling. 

Tlie diversity was 0.65 ± 0.64 (mean ± sd) by Shamion's index and 0.35 ± 0.32 

(mean ± sd) by Simpson's index with a range of 0 to 3.78 and 0 to 0.97 per day 

respectively. Tlie observed range was liiglier on tlie basis of day compared to any other 

metliod of pooling the data, suggesting tlie variation to be greatest on day to day basis 

(Table 2). 

4.2,3 Diversity across dung age 

Data on dung beetles sampled from dung pats, one to 15 days old were pooled 

across number of pats sampled per day and number of days sampled for (12 days for 

12 sampling bouts) each of the 12 dung ages considered i.e. 1 to 10, 12 and 15 days 

old dung pats. An analysis of the data, pooled for each of the 12 dung age catagories 

considered are also presented. 

4.2.3.1 Patwise variation in diversity across dung age 

Summary of the data collected patwise for each of the 12 dung age groups and 

pooled across tlie 12 sampling bouts is presented in table 3. The total number of pats 

sampled for each of tlie 12 dung age catagories are indicated in the table. ITie range of 

number of individuals recorded per pat on each of these age groups varied from 0 to 65 
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beetles per pat. Highest range and consequently the maximum number of beetles 

recorded from any one pat was from one day old dung. 1 he lowest range was for tlie 

10 and 12 days old dung pats. However, in all dung age categories a few pats without 

any beetles were encountered during the course of sampling. The mean (± sd) for 

number of beetles recorded per pat was 21.04 ± 19.9, which was highest for one day 

old pats and the values decreased monotonously upto 15 day old dung pats which 

recorded the lowest mean (± sd) number of beetles per pat. A similar trend was 

observed for number of species recovered per pat. Upto 10 species weie recovered 

per pat on one day old dung while a maximum of only 2 species were recovered on 15 

day old dung. However, highest number of species (mean ± sd) 4.5 + 2.35 were 

recovered per pat from the two day old dung wliile the lowest 0.25 ± 0.55 (mean ± sd) 

number of species were recovered from 15 day old dung. Tlie mean (± sd) diversity of 

1.15 ± 0.56 and 0.58 ± 0.26 by Shannon's and Simpson's index respectively were also 

recorded for tlie two day old pats (Table 3). There was a continuous decline in 

diversity begiiming from 3 day old dung pats reaching a low of 0.04 ± 0.16 and 0.03 ± 

0.12 respectively for Shannon's and Simpson's indices for 15 day old pats (Table 3). 

The data thus suggest a continuous decrease in tlie number of individuals, 

species and divemty from one day old pats to 15 day old pats. Interestingly, two day 

old dung pats when compared to one day old pats recorded liiglier values for number of 

species and the two diversity indices (Table 3). 
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4.2.3.2 Daywise variation in diversity across dung age 

The data from all pats sampled were pooled within each category to examine 

day wise variation in diversity of dung beetles. This data represents 12 days of 

observations from 12 sampling bouts for each of tlie 12 age categories of dung pats. 

Even when expressed as number of dung beetles collected per day, one day old 

dung pats recorded tlie liigliest number of beetles (Table 4). One to five day old dung 

pats yielded at least one beetle per day while it was not always the case for dung pats of 

six or more day old. The number of individuals encountered per day was 49.75 + 

27.17 (mean ± sd ) in two day old dung wliile it was 42.00 ± 36.41 beetles (mean ± 

sd) for one day old dung. These values were found to be considerably higlt compared 

to dung of three or more days old. The tluee day old dung yielded 16.08 ± 14.87 

beetles (mean ± sd) per day and almost a continuous decrease was evident from 

thereon upto 15 day old dung. The lowest value of 1.92 ± 3.10 beetles (mean ± sd ) 

per day was recorded for 12 day old dung with a similar value for 15 day old dung. 

Number of species of dung beetles recovered per day followed a similar pattern 

with a maximum of 11 species per day on one and two day old dung. Older dung 

yielded fewer number of species althougli tlie reduction was not always continuous. 

Tlie number of species per day was 6.33 ± 3.11 (mean ± sd) on the first day followed 

by 7.83 ± 2.66 species (mean ± sd) per day on two day old dung. The lowest number 

of species 0.67 ± 0.84 (mean ± sd) per day was recorded for 15 day old dung . 
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Diversity indices also followed a similar pattern. Two day old dung recorded 

the higliest values for Shannon's and Simpson's indices. Although discontinuous, a 

decreasing trend was observed for both the diversity indices with age of the dung 

(Table 4). 

4.2.3.3 Variation in diversity across dung age 

Data pooled from all the 12 sampling bouts for each dung age category 

indicated a higher recovery of beetles during the first two days of age of dung and the 

pattern of decrease was similar to data pooled across pats or days (Table 5). A total of 

twenty three species, the highest, were recorded from two day old pats followed by 19 

from one and three days old pats. There was a continuous decrease in the number of 

species encountered with the exception of eiglit day old dung pats wliicli yielded 16 

species. All the 32 species encountered at h/iDV were recovered at least once before 

the dung was 7 days old and tiiere was no addition of species tliereafter. More 

importantly, 28 of the 32 species were encountered in dung pats aged tluee days or less 

and only four species were added between 5 and 7 days of age to complete the list. 

These results suggest that a majority of species of dung beetles are early colonizers and 

only four species colonize the dung of 5 or more days of age. 

Number of individuals recorded per species for all the 12 age categories of 

dung indicated liigh variance to mean ratios (6.88-102.61) suggesting dominance by 

a few species. This was best reflected in high stancbrd deviations for number of 

individuals in dung of all age groups (Table 5). ITie highest number of individuals of 

18.66 ± 39.60 (mean ± sd) was recorded for the two day old dung wliile the lowest 
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Table: 5 Species richness, relative abundance, diversity and species accumulation 
across age of dung pats for pooled data from 12 sampling bouts at 
MDF, Bangalore, 1997. 

Sl.no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Age of dung 
(dajs) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

15 

1 

Total 
504 

597 

192 

179 

89 

120 

36 

58 

46 

34 

23 

23 

Individuals 

Mean ± sd/specles 
15,75 ±40.20 

18.66 ±39.60 

6.0 ±13.31 

5.59 ±11.36 

2.78 ± 5.52 

3.75 ±8.65 

1.13±3.92 

1.81 ±3.53 

1.44 ±4.01 

1.06 ±3.32 

0.72 ± 2.56 

0.72 ±2.34 

Species 

lotal 
19 

23 

19 

17 

17 

13 

04 

16 

07 

08 

05 

05 

Added 
19 

7 

2 

0 

2 

1 

1 

0 

0 

0 

0 

0 

Shann 
on's 

Index 

1.86 

2.16 

2.11 

2.17 

2.26 

1.93 

1.07 

2.28 

1.53 

1.41 

1.18 

1.25 

Sim p.son's 
Index 

0.77 

0.83 

0.82 

0.84 

0.85 

0.81 

0.60 

0.85 

0.73 

0.67 

059 

0.65 

http://Sl.no
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was 0.72 ± 2.34 (mean ± sd) for the 15 day old dung. Twelve day old dung also 

recorded the lowest mean values for number of individuals per species. 

Diversity indices calculated across age for tlie pooled data presented different 

picture with higher values being observed on 8 day old dung for the Shaimon's and 

Simpson's indices (Table 5). Six day old dung also recorded the liigliest diversity 

indices of 0.85 by Simpson's index on par with the 8 day old dung. The lowest 

diversity values were for the 12 day old dui^. 

The foregoing observations clearfy suggest dung age to be an important factor 

in influencing the structure of the dung beetle community. Dung age has a significant 

impact on the number of individuals and number of species that colonise a dung pat 

and consequently tlie diversity. Further, all dung beetles occuning in N-IDF, Bangalore 

colonise dung which is 7 or less days old. All species occurring in older dung aie 

persistent species since no fresh colonisations of dung were observed by any species 

beyond seven days. 

4.2.4 Species richness and diversity across time (Julian date or season) 

Dung beetles sampled at MDF from 4 - April - 97 to 20 - October - 97 in 

twelve sampling dates (bouts), each lasting fifteen days, were pooled ignoring dung age 

and analyzed in diiferent ways to reflect the variation across time (season). The results 

of these analyses are presented below. 
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4.2.4.1 Patwise variation in diversity across time 

A total of 31 pals were sampled during tlie fifteen days period in each of the 

twelve sampling bouts. Number of individuals collected per pat ranged upto 65 beetles 

per pat in the June 6 sample. However, pats with out beetles were encountered in all 

the sampling dates. Tliere was no apparent trend in the maximum numbers of beetles 

recovered per pat. The lowest maximum per pat of 16 beetles was encountered in the 

August 12 sample (Table 6). Tlie lowest number of beetles per pat was 1.87 ± 5.13 

(mean ± sd) and found during the n fortnight of May. The highest of 9.35 ± 9.86 

mean (± sd) beetles per pat was recorded during April I fortniglit. Tliere v/as again a 

lack of clear trend across sampling dates in the mean number- of dung beetles recovered 

per pat. 

The number of species recovered per pat ranged from 0 - 1 0 , tlie higliest, 

which was observed during April - I fortnight and the lowest of 0 - 5 was observed 

during n fortnight of May and September. Mean (± sd) number of species recovered 

per pat ranged from a higli of 3.1 ± 2.56 during April I fortniglit to a low of 0.77 ± 

1.28 per pat during the second fortnight of May. Except for a large peak during April -

I fortnight, no clear pattern was discernible in the number of species per pat during the 

twelve sampling dates. 

Sharmon's index ranged from 0 - 1.96 per pat, the liigliest, during Apiil - I 

fortniglit, while the lowest range of 0 - 1.33 was noticed during the sampling bout that 

began on August 28. Tlie liigliest mean diversity was recorded duiing April - I 

fortnight (0.78 ± 0.64) and the lowest diversit>' was 0.13 ± 0.37 and observed during 
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tlie n fortiiight of May. There was no clear pattern in the diversity across the sampling 

dates. Simpson's index closely followed the Shannon's index in its variation and the 

mean values. 

4.2.4.2 Daywise variation in diversity across time 

Each of the twelve sampling bouts included twelve days of sampling, each with 

two or three pats sampled. Thus the data pooled according to the day of the sampling 

could also be analyzed to record the extent of variation on day by day basis for each of 

the twelve sampling bouts. A summary of these results are indicated in table 7. 

A range of 0 - 117 beetles per day was recorded dtiring 3\me 1 fortniglit. 

During April I fortniglit and tlie second sample in June yielded atleast one beetle on 

every day of sampling. A maximum of only 29 beetles per day was recorded duiing the 

May 19 and August 12 sampling bouts. Mean number of beetles recorded per day was 

24.16 ± 21.46 duiing April 4 sampUng bout wliile a low of 4.83 ± 8.39 mean (± sd ) 

number of beetles per day was recorded during die II fortniglit of May. 

A maximum of 11 species were recorded per day in atleast three of the twelve 

sampling bouts. Wlrile only six species per day was the maximum recorded for two 

sampling bouts during II fortniglUs of May and September. Tlie lowest (1.92 ±2.1 

species per day; mean + sd) number of species recovered per day was the May 19 

sample while the maximum (4.83 ± 3.3 species per day ; mean ± sd) species per day 

was during the I fortnight of April (Table 7). However, there was no clear trend cither 
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with range or with respect to mean number of individuals and species per day across the 

twelve sampling dates. Tlie diversity index by Shawion's index ranged from 0 to 2.00 

per day for the dung beetles of IVIDF. This range was noticed during the II sampling 

bout in July. The lowest range of 0 to 1.22 was recorded for Shannon's index during 

the August 28 sampling bout. The liigliest diversity index (1.15 ± 0.56; mean ± sd) 

was observed during April -1 fortniglit and the lowest was 0.31 ± 0.34 during June 6 

sampling. The highest (0.86) Simpson's diversity index in a day was noticed during 

July 26 sampling. Tlie higliest diversity index per day (0.60+0.23; mean ± sd) was 

recorded during April I fortniglit, wliile tlie lowest (0.21 ± 0.26) mean (+ sd) diversity 

index by Sliannon's index was recorded for June 6, sample. Tliere was no apparent 

trend across the twelve dates of sampling either for the range or for the means per day 

for the two diversity indices. 

4.2.4.3 Variation across time : pooled data 

The twelve sampling bouts yielded 58 to 290 beetles and 8 to 18 species of 

Scarabaeinae dung beetles per sampling bout. Although there was no clear pattern in 

number of species recorded per sampling bout, the number of species added over 

successive sampling bouts tapered off to zero from the ninth sample onwards (Table 8). 

Tlius, clearly suggesting the possibility of occurrence of more than 32 species at MDF, 

Bangalore to be extremely low. 
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The diveiTsity indices by Shannon's and Simpson's index were higliest during 

the Apinl 4 sampling bout wliile the lowest were during August 28 for Shaimon's index 

and July 11 for Simpson's index. Again there was no dLscemible pattern in the 

diversity indices across the dates of sampling. 

4.2.5 The structure of dung beetle communities: Partitioning diversity 

The dung beetles of the subfamily Scarabaeinae, collected at IVIDF, Hebbal, 

Bangalore over a period of six months in twelve sampling bouts of fifteen days each 

could be giouped on tlve basis of their representation, according to pats, days of 

sampling, age of the dung and dates of sampling. Clearly, there was a significant 

declining trend in the number of individuals and the species encountered witli age of the 

dung. Tliere was also a declining trend in the diversity along the same gradient. 

However, no discernible trend could be recognized in sampling dates for any of the 

four parameters verified. Thus it appeared that the greatest variation in the 

orgaruzational parameters of the dung beetle community at MDF is contributed by the 

age of the dung sampled. An attempt to partition the variance according to the levels of 

sampling might help us test tire above possibility. The simplest and easiest way of 

partitioning the variances is by using weighted means of Simpson's index for each of 

these levels of sampling. Unweighted means for the Simpson's index suggested 0.223, 

0.349, 0.74 and 0.79 as the mean diversity indices for the four sampUng levels viz., 

pats, days, age of dung and sampling dates (Table 9). Further, the unweighted means 

also suggested a difference of 39.1 per cent between the days of sampling and age of 

dung suggesting dung age to be tlie primary factor in influencing tlie vaiiances for the 
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dung beetle occurrence. While these results upheld the previous view, the weiglited 

means for Simpson's index cleaily demonstrated pat to pat variation to subsume most 

of the observed variation m the dung beetle occuirence pattern. As much as 55.6 per 

cent of variance in dung beetle occurrence pattern could be explained on the basis of 

differences between the pats and at all the higher levels of groupir^ of the data, only 

3.7 (for days) to 11.0 (dung age) per cent of variation could be explained (Table 9). 

The above results have helped to describe tlie dung beetle community at MDF, 

Bangalore and their levels of organization, on the basis of the sampling approach 

followed. On the strength of these results, an attempt is made to understand the inter -

relatioasliips between the various parameters of the community in the following section. 

4.3 Characteristics of the community of dung beetles at MDF, Bangalore 

4.3.1 Relative abundance of species 

The 32 species of dung beetles that made up the community at MDF, 

Bangalore were found to vaiy gieatly in their abundances. As many as six species 

were represented by just a single individual, while Onthophagus dama was found to 

be the most abundant with 394 individuals out of 1901 individuals encountered during 

tlie couise of study amounting to neaily 21 % of tlie population. Only 25 % of species 

were represented by more than 50 individuals (Fig. 2A) and tlie total contribution of 

these individuals accounted 87.32'̂ ii of the total population. The most abundant 
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Fig. 2. Frequency distribution of 32 species of dung beetles collected at MDF, Bangalore 
during 1997 on the basis of their abundance (A) and body size (B) 
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species in the descending order of abundance were O. dama, O. truncaticornis and 

Caccobius vulcanus. 

4.3.2 Body size distribution 

Of the 32 species, the smallest was Onthophagus sp. R with 3.37 nttn of 

combined lengtli of elytron and pronotum, wliich was used as an index of body size. 

The largest species was Catharsius molossus, measuring 23.67 nun and was more than 

7 times the smallest species encountered. Nearly 60% (19 of the 32) of the species 

were less than 5 nun in length (Fig. 2B). Two species of Copris measured more than 

15 mm and were next only to Catharsius molossus, with a gap in the body size 

distiibution of scarabaeines at MDF. Mean (± sd) body size of the 30 species was 

7.724 + 4.844 mm. 

4.3.3 Relationship between body size and abundance 

The overall abundance of species was independent of their body sizes (r 

0.019; n = 32; p > 0.9) in the community (Fig 3). 

4.3.4 Beetle abundance and species recovery 

Number of species recovered in any community is expected to be influenced by 

the sampling effort. Using number of beetles recovered as a proxy for the sampling 

effort, an attempt was made to understand the number of species recovered using 
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Pearsons product moment coitelation at all the four levels of sampling employed. The 

372 pats sampled had 0-65 individuals witli up to 10 species per pat. The scatter plot 

of individuals against species recovered (Fig. 4A) clearly indicated a strong and positive 

conelation (r = 0.794; n = 372; p«0.01). The linear relationship could be explained 

by the eqiaation :y = 0.81+0.174 x where y is the number of species and x is number 

of individuals recovered per pat. A similar positive relationship was evident even for 

the samples based on the 144 days of sampling (Fig. 4B). Number of beetles recovered 

per day ranged from 0-117 wliile the number of species ranged up to 11. The linear 

relationsliip could be explained by the equation : y = 1.56 + O.llx (r =̂  0.783 ; n = 144 

; p « 0.01) where y is the number of species recovered and x the number of 

individuals collected in a day. 

The relationship was found to hold even at higher levels of grouping (Fig 4C) 

when the data pooled across age of the dung was plotted. I he lineai' relationsliip couid 

be given by the equation y = 8.6 + 0.026x (r ~ 0.764; n = 12; p < 0.01) where y and x 

are as stated above. However, the data grouped according to the dates of sampling was 

not found to hold the above relationship (Fig 4D) (r = 0.449; n = 12; p > 0.14). One 

extia- ordinary outlier was the August 28, sampling bout which could yield only nine 

species from 250 specimens, wliich miglit have contributed to the low correlation 

encountered. 
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4.3.5 Diversity index as a function or number of individuals 

Sliannon's diversity index calculated for each of the 372 pats collected, varied 

with the number of individuals (Fig 5A). The relationship between tlie index and the 

number of individuals could be given by the equation y = 0.187 + 0.04Ix, where y is 

the Sliannon's index and x is the number of beetles per pat, with a conelation 

coefficient of 0.677 (n = 372; p « 0.01). 

The relationship between the above two paiameters calculated for the days was 

also highly significant and was found to be positive (r = 0.559; n = 144; p « 0.01) 

(Fig. 5B). This relationship could be given by the equation y = 0.427+0.017x, where y, 

is tlie Shaimon's index and x, the number of beetles per pat. 

However, similar stiong relationsliip was not evident when the data were 

pooled across the age of dung (r = 0.456; n = 12; P >0.136; Fig. 5C) or the dates of 

sampling (r = 0.094; n = 12 ; p >0.750; Fig. 5D). These poor conelations 

notwitlistanding, the two stiong and positive relations observed clearly suggest number 

of individuals as one of the factors that influence the value of diversity index. 

4.3.6 Diversity index as a function of number of species 

In all the four hierarchical sampling regimes followed, the Shannon's index was 

found to vary with the number of species (Fig. 6). For pats, the correlation coejfficient 
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was 0.947 (n = 372; p«0.01) and tlie relationship could be given by the equation y = 

0.26x - 0.049, where y is tlie Shannon's index and x tlie number of species per pat. 

The relationship for the days could be given by y = 0.074 + 0.19x (r = 0.876; n = 144; 

p « 0.01) where, y is the Shannon's index and x, the number of species of dung 

beetles recorded in a day. Number of species recorded at different ages of dung (r = 

0.909; n = 12; p « 0.01) and at different dates of sampling (r = 0.67; n = 12; p <0.02) 

were also found to vary with diversity index. 

Thus the above observations clearly establish the number of species recorded 

as one of the important factors that influence the diversity index values. 

4.3.7 Relationship between the two diversity indices 

While the above observations clearly establish Shannon's index to be a lunction 

of number of individuals and tlie number of species encountered, the Simpson's index 

was found to be strongly correlated with the Shannon's index at all the four levels of 

sampling (Fig. 7) v/r., pats (r = 0.977 ; n = 372 ; p «0.01), days (r = 0.97; n = 144; 

p « 0.01), age of dung (r = 0.986; n = 12; p «0.01) and the dates of sampling (r = 

0.925; n = 12; p « 0.01). Tlius, it is likely, that Simpson's index is also a function of 

number of individuals and species found in a sample. 
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4.3.8 Occurance pattern of dung beetle species across age of dung and 
sampling dates 

The variability in the occunence pattern of dung beetle species of MDF could 

be assessed at two levels viz., age of dung and sampling dates. As many as ten species 

of dung beeties weie encountered in only one or two of the twelve age groups of dung 

considered, amounting to nearly 30 per cent of the total species encountered. Further 

six species each were found in age groups of seven or eight and nine or ten of the 

possible 12 ages of dung considered. All others recorded lower values than these. The 

graphs (Fig. 8A) clearly indicate bimodal distribution of the 32 species in respect of 

their representation in different numbers of age groups of dung. Those species that are 

more frequently encountered are obviously indlSerent to the age of dung and can be 

termed as core species. Tliese included O. dama, Oniticellus cinctus, Oniiis philemon, 

Copris repertus and Onthophagus sp. B. 

A similar bimodal distribution was evident when plotted according to theii' 

occurrence in numbers of sampling dates (Fig. 8A). Although, 14 species were found 

only in one or two sampling bouts, as many as 5 species were encountered in more than 

10 of the 12 sampling dates. These five species viz., O. dama, O. tnincaticornis, Ca. 

vulcanus, Onit. spinipes and Onthophagiis sp. C appear to be insensitive to sampling 

dates (season) and constitute core species. 

Tliis obviously raises the question, are core species across age of dung also the 

core species across sampling dates?. Tlie coixelation between the frequency of 
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occurrence across 12 ages of dung and 12 sampling dates considered for tlie 32 dung 

beetle species of MDF was found to be highly significant (r = 0.788; n = 32 ; p « 

0.01) and positive (Fig. 8B). Clearly the species that are indifferent to age of dung also 

tend to be indifferent to date of sampling (season) and vice-versa. As a testimony to 

this, it was observed that out of eight species that were indifferent to date of sampling 

(season) six species were indifferent to age of dung. Conversly, of the 10 species that 

were sensitive to age of dui^ nine were also found sensitive to date of sanvplit^ 

(season). Thus these six species viz., O. dama, O. truncaticornis, Onit. cincUis, Onit. 

spinipes, On. philemon and C. repertus form the overall core species in the dung 

beetle community at MDF. 

4.4 Parameters of co-existence 

The meclianism of co - existence in the dung beetle community comprising 32 

species was investigated using tlie occurrence pattern across dung age and sampling 

date (seasons) as the primaiy dimensions. 

4.4.1 Dung age as a factor of resource partitioning 

In order to consider age of dung as a factor of resource partitioning, the 

frequency distribution of each of the 32 species was worked out across age of dung. 

The possible role of body size in resource segregation was also examined. Resource 

partitioning was examined using tlie standard measures of niche breadth and niche 

overlap. Further, the occurrence pattern of dung beetles across dung age was 
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parameterised and eiglit paiameteis were used to identify 'guilds' using multivariate 

statistical proceduies. 

4.4.1.1 Occurrence pattern across age of dung 

More than 50 per cent of tlie species occurred on one day old dung. These 

included D. setosus, O. dama, O. truncaticornis, O. rectecornutus, Ca. vulcanus, 

Onit. cinctus, Onit. spinipes, On. philemon (Fig 9), C repertus, C. bengalensis, Cat. 

molossus, Onthophagiis sp. B, Onthophagus sp. C (Fig. 10), Onthophagus sp. H, 

Onthophagus sp. P (Fig. 11), Onthophagus sp. R, Onthophagus sp. S, Onthophagus 

sp. T, and Onthophagiis sp. W. (Fig. 12). Among these, C. vulcanus, Onit. spinipes, 

C. bengalensis, Cat. molossus, Onthophagus spp. C, H, P, R, S, T and W colonized 

the one day old dung in their highest numbers and aU of them tended to dechne in 

older dung. Other eight species continued their colonization to reach peaks on two day 

(5 spp.) six day (2 spp.) and seven (1 spp.) day old dung. Likewise one species each 

occurred in the dung age categoiy of two, six and 11 days, two spp. each for five, 

nine and 10, three spp. for eight ages of dung while four species were represented at all 

ages. 

Seven additional species viz., C. numa, Onthophagus spp. - E, F, K, V, Y and 

Z were encountered in the dung which was two day old or more, with three of these 

occurring in their highest numbers. Among the other four, two had peaks on the four 

day old dung while the other two had peaks on five and eiglit day old dung. Two of 
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these species were not encountered again, wliile one, three and one species were 

represented in the age categories tliree, seven and nine. 

Copris sacontala and Onthophagus sp. O were encountered in dung aged 

three days or more only. The former had its peak on 12 day old dung and occurred on 

all the ages of the dung considered beyond its first occurrence. On the other hand, 

Onthophagus sp. O was found only on the three day old dung. 

Two additional species, Onthophagus spp. J and I, were found only on five day 

old dung and were not recovered later. Liatongus rhadamistus was found for the first 

time on six day old dung and occurred in its peak on eight day old dung. The last of 

the species, Onthophagus sp. D was recovered on seven day old dung only. 

In general, fewer species were encountered in older dung and there was no 

recruitment of new species beyond seven days upto 15 days. However, dung of all 

ages considered (upto 15 days) hosted dung beetles. 

From the above results, ceilain broad categories or 'guilds' of species could be 

identified based on their occunence pattern. These are tentatively giouped as follows: 
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Guild I : Species that occurred on one, two or three day old dung and were not 

encountered in dung of older age categories viz., Cat. molossm, Onthophagm spp. H, 

K, P, O, R, V and Y. 

Guild II : Species that occurred for the first time on one, two and three day old dung 

and were represented in older dung witli a declining trend viz., D. setosus, O. dama, O. 

truncaticornis, Ca. vulcanus, Onit. spinipes, On. philemon, C. bengalemis, 

Onthophagns spp. B, C, F, S, T and W, 

Guild III : Species that occurred for the first time on one, two or three day old dung 

and had their peaks on older dung viz., O. rectecornutus, Onit. cinctus, C. repertus, C. 

numa, C. sacontala, Onthophagus spp. E and Z. 

Guild IV : Species that occurred for the fu-st time on dung of more than 3 days of age 

viz., L. rhadamistus, Onthophagus spp. D, I and J 

The most inUiguing of tliese four categories of beetles aie tliose that make up 

the last group. All these species occuned in five to seven days old dung and were 

encountered only for a short time thereafter, signifying a higli fidelity to dung of a 

specific age. This perliaps, is also true of a few species that constitute the first 

group. 
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4.4.1.2 Size vs occurrence pattern 

If each of the 32 species were to segregate independently and randomly across 

dung age there would be 384 possible combinations of occuixence across dung age. 

However, only 152 combinations were realized. In order to investigate tlie possible 

factors wliich influence the occuixence pattern of species across age, the size 

distribution of species was examined in these 152 combinations. A plot of the body 

size of dung beetles against age of dung is provided in Fig. 13. It was observed that 

the size of beetles varied with the age of dung (r = 0.254; n = 152; p < 0.002), although 

the rehitionship explained only 6.45 per cent of the variation. 

Commensurate with die diversity of species obseived in tlie eailier dung age 

categories, tliere was greater diversity of sizes among the species encountered. An 

interesting feature was the maximum size of the beetles encountered being negatively 

correlated (r = -0.66; n = 12; p = 0.019) while the minimum size of the species 

positively correlated (r = 0.79; n = 12; p = 0.003) with the age of the dung. The 

observed association for the maximum size may be an artefact of the species size 

distribution, ttie minimum size of beetles clearly indicated the limitation of smaller 

species to colonize the dung of older ages. However, the above observations clearly 

substantiate the reduction in the diversity of body size for dung beetles with age of the 

dung along witli the absence of larger and the smaller species from the dung of older 

age. 
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4.4.1.3 Niche breadth of dung beetles based on the age of dung colonized 

Niche breadth computed for each of tlie 32 species varied from 0 to 2.318 

(Fig. 14A). As many as nine species had zero niche breadtli, since Uiey occurred in 

only one dung age category. Three species viz., C. repertus (2.318); On. philemon 

(2.238); and Onii. cinctus (2.168) closely approached Uie higiiest possible niche 

breadth of 2.48. All tliese species were characterized by occuirence in all age groups 

of the dung, and had moderate to high abundance (92-217 individuals). 

4.4.1.4 Niche overlap for all species combinations 

A distribution of all possible painvise combinations of the 32 species (n = 496) 

revealed as many as 88 (17.74%) combinations to be of zero value indicatii^ complete 

segregation of the species involved (Fig. 14B). Further 59.27 per cent (294) pairs were 

found to have less than 0.5 niche overlap while 21.98 per cent (109) pairs had 0.5 to 

1.0 niche overalp. Complete niche overlap was observed in five pairs viz., 

Onthophagus spp. V & Y; Onihophagus spp. P & R; Onihophagus spp. I & J; 

Onthophagus spp. H & P and Onthophagus spp. H & R. These combinations 

involved a total of seven species and all these species were characterized by overall 

densities of four or less. 

Clearly, resource partitioning was strong even considering a single dimension 

of dung age and only a relatively small proportion of the species pairs exhibited overlap 

exceeding 0.5. 
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4.4.1.5 Species groups on the basis of dung age colonized 

Using tlie data of individual species distribution across age of dung, a new set of 

parameteiTS were identified for each species. These are tabulated along with overall 

abundance, body size and niche breadtli in table 10. Utilizing tliese eight parameters an 

attempt was made to identify tlie species clustei-s using Principal Component Analysis. 

Tlie distribution of the tliirty two species, identified by their serial number in table 10, 

across two major factors is given in fig. 15. The first principal component accounted 

for 48.34 % of tl\e variance while the second principal component accounted for 34.50 

% and the cumulative variance explained by the tvvo components was 82.84 %. Tliree 

major clusters were identified when the 32 species were plotted in the space of the first 

two principal components. 

Cluster I : A distinct cluster comprising species, D. setosus (serial number 1), O. 

dama (2), O. truncaticornis (3), O. rectecornutus (4), Ca. vulcamis (5), Onit. cinctus 

(6), Onit. spinipes (7), On. philemon (8), C. repertus (10), Onthophagiis sp. B (15), 

Onthophagus sp. C (16), Onthophagiis sp. F (19), Onthophagus sp. S (27), 

Onthophagiis sp. T (28). Fourteen species tliat made up this group were all found to 

be represented by fifteen individuals or more. Except for Onthophagus sp. E, which 

was first encountered on two-day old dung and all the others colonized the fresh dung 

of less than two days of age for the first rime. Further, all these species were found in 

dung of atleast upto five days of age. 

Cluster II : A second cluster consisting of species Onthophagiis spp. W (30), Y (31), 

C. bengalensis (\2), Onthophagus ?,^. Z {32), C. numa (11), Cat. molossus (14), 

Onthophagus sp. P (24), Onthophagus sp. V (29), Onthophagus sp. R (26), 
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C. sacontala (13), Ontbophagits sp. E (18), and Onthophagus sp. H (20). These 

species were represented by overall numbers ranging from one, as in spp. H and P of 

Onthophagus, to ten individuals as observed in C. bengalensis and all of them were 

fust encountered within tlie three days of dung age. 

Cluster III : The third cluster consisted of species L. rhadamistus (9), Onthophagus 

sp. K (23), Onthophagus sp. I (21), Onthophagus sp. J (22), Onthophagus sp. D (17) 

and Onthophagus sp. O (25). These species were characterized by very low overall 

abundances of less than three individuals. Onthophagus sp. K occurred for the first 

time on two day old dung, Onthophagus sp. O occurred on three day old dung and all 

other species were encountered in dung of five, six or seven days old. 

4.4.2 Temporal (seasonal) resource partitioning in dung beetles 

Utilizing the twelve sampling dates as units of seasons, the segregation of dung 

beeties encountered at MDF, Bangalore was studied to understand the temporal 

(seasonal) partitioning of resources. 

4.4.2.1 Occurrence pattern across sampling dates 

The twelve sampling dates starting from April 4, 1997 spread over six months 

approximately at fifteen day inteivals were serially numbered and occuirence patterns 

of 32 Species of dung beetles studied. 
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EiglUeen species of dung beetles were recorded in the fust sample. This was 

followed by six additional species in the second, one in the third, one in the fifth, three 

in the sixtli, two in the seventh and one in the eiglith sample. Distribution of all the 32 

species of dung beetles are plotted across the 12 dates of sampling in Figs. 16 to 19. 

This data on the distribution of the individual species were used for comparison 

between the species and for grouping. On the basis of this exercise four categories of 

species distributions could be identified. They were; 

Category 1. Species that are represented in only one sample: This group consisted of 

twelve species of Onthophagus viz., D, E, H, I, J, K, P, O, R, V, Y and Z. These 

were characterized by extremely low overall abundances of 1 - 5 indi\iduals. Three of 

these species were found in the first sample while 4 in the second, 2 in the sixth, 2 in 

the seventh and 1 in the eighth sample . 

Category 2. Species that are represented in 2-6 contiguous sampling dates : This 

group represented a sliglitly wider occunence pattern, where a species occurs in atleast 

two farthest sampling dates separated by less than six sampling dates. This group 

included species with relatively small representations of 3-15 individuals. C. sacontala, 

L. rhadamistus and Onthophagus sp. F were grouped in tlus category. 

Category 3. Species that are represented in more than six contiguous sampling dates 

with a single peak in their abundances: The group consisted of D. setosiis, On. 

philernon, Onit. cintus, Cat. molossus and Onthophagus sp. T. In order to identify 

these groups, the peaks were approximated as contiguous if more than one peak was 

observed. These species were represented by 9-217 individuals. 
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Category 4. Species that are represented in more than six sampling dates with 

multiple peaks : Twelve species viz., O. dama, O. truncaticomis, O. rectecornutus, 

Ca. vulcanus, Onit. spinipes, C. repertus, C. numa, C. bengalemis, Onthophagus sp. 

B, C, S and W were grouped in this category. The species were characterized by 

abundances ranging from 10-394 except Onthophagus Sp. W whicii yielded only 5 

specimens. 

The abundances of all these species across different sampling dates are 

presented in Figs. 16 to 19. The observed patterns and tlie consequent grouping of the 

species clearly demons,̂  ates tlie variations across species even in short duration 

sampling of dung beeties in a locality. 

4.4.2.2 Body size versus seasonal occurrence pattern. 

In all, a total of 159 combinations of species versus sampling dates were 

realized. The 159 observations when plotted across sampling dates (Fig. 20), indicated 

a random distribution of species based on their body sizes (r = 0.071; n = 159; p > 

0.37). Clearly the seasonality of dung beetles at MDF, Bangalore is not determined by 

their body sizes. 
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4.42.3 Niche breadth of dung beetles based on their representation in dlfTereiit 
sampling dates. 

Niche breadth of 32 species calculated on the basis of their representation in tiie 

twelve sampling dates varied from 0-2.316. As many as 12 species (Category 1) had 

zero niche breadth indicating tlieir occurrence in only one sampling date (Fig. 21 A). 

All these species were characteiized by very low abundances. However, as many as 

four species had niche breadth values of more than two. These were O. dama, Ca. 

vulcanus Onit spinipes and Onthophagus sp. C. These were represented in 11-12 

sampling dates. All tliese species belonged to the Category 4, classified on the basis of 

their occurrence pattern (Section 4.4.2.1). More than 25?^ (9 species) were found to 

have niche breadth in the range of 1.5-2.0 indicating a wider representation across 

sampling dates for these species also; most of these species belonged to Categories 3 

and 4. 

4.4.2.4 Niche overlap for species pairs based on their representation In different 
sampling dates 

Distribution of niche overlap calculated for all possible pairs of species, on the 

basis of their representation in the 12 sampling dates aie given in Fig 21B. It was 

obsewed tliat 132 paii-s (26.61%) had complete segregation demonstiating zero overlap 

values. As many as 305 pairs (61.49 %) of species indicated an overlap range of 0 -

0.5 wliile only 9.68 per cent (48 pairs) accounting for overlap values in the range of 0.5 

- 1.0. However, 11 combinations represented complete overlap with a value of 1.00. 

These combinations were all observed in the species of Onthophagus viz., spp. D & V, 

I & J, H & P, P & O, H & O, E & K, E & Y, E & Z, K & Y, K & Z and Y & Z. ITie 
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Fig. 21. Frequency distribution of niche breadtli (A) for 32 dung beetle species 
and niche overlap (B) for 496 species pair calculated on the basis of tlieir 
representation on diEFerent sampling dates at MDF, Bangalore during 1997. 
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11 species involved all belonged to categoiy 1 mentioned under section 4.4.2.1 and 

were represented by very low number of individuals (less than four). 

The above results suggest segregation of a large number of pairs of species 

considered amounting to (305 + 132) 88 per cent of tlie 496 possible combinations. 

Therefore sampling dates tliemselves appear to influence temporal (seasonal) resource 

partitioning among the dung beetles. 

4.4.2.5 Species groups on the basis of occurrence in difTerent sampling dates 

The abundance and distribution of the 32 species of dung beetles across 

sampling dates were used to generate a new set of parameters as indicated in table 11. 

These parameters were similar to those developed for the 32 species on the basis of 

their occurrence across age of dung . Clustering of the species was attempted using this 

data set by following the principal component analyses. The plot of the 32 species (Fig. 

22) in the space of two components (PC I and PC II) clearly indicated four clusters. 

The first principal component accounted for 48.50 per cent variance, while the 

second accounted for 33.36 per cent (81.86 per cent cumulative variance). The four 

clusters consisted of the following species : 

Cluster 1: Drepanoceriis setosus (1), O. dama (2), O. Truncaticornis 

(3), O. rectecornutus (4), Ca. vulcanus (5), Onit. cincius (6), Onit. spinipes (7), 



64 

X) 

H 

CM 

O C4 

•g ^ 

« « 3 U 

IS 
Q 

1 

A U 

S"5 

e 
en 

a 
CO 

o 
Z . 

00 : : i : : : rr, 

\ 0 \ 0 " * 00 
o '-< t~- m 
M3 f<̂ _ a \ 0 0 

»-< f S i-H O 

f ^ —( 0 0 0 0 
' ^ 0 0 0 0 ( ^ 

•^ K Th vd 

- ^ m ( N t-H 

0 0 0 0 
*® cJ K •^ 
f^. ^ f ^ ^ . 
ON +1 +1 >* 
+1 fo r-- +1 
<N 0© vo H 
• ^ <N V^ <=̂  
^O f<^ <N 1-1 

ro (N r) <n 
<<t 0 0 0 0 so 

f * i f n f ^ >—1 
+1 +1 +1 +1 
m «/̂  r*̂  00 
.-H < 0 \ 0 t-~ 
Tf w-i uS ^ 

1 ^ 

8 i « ̂  
to >3 - « K. 

Q 0 O d 

- H CN f O • ^ 

r i o •-' o 
1—1 I—1 t—1 . -H 

0 0 O O N <n 
- H 00 CA m 
.—( </1 O VO 
r i <-< ( N i-< 

^0 r i T^ 2 r̂  (N q . 
ro 00 <n 1 * 

2 - - 2 

•«+ oo 
( N O OS 

r i ^ S o< 
f - ) T T ' ^ . ( N 
+1 —i (S +1 
00 +1 +1 00 
v^ »-~ r<̂  o 
fW ^ O* Od 
<s r- o4 --H 

f—I i-H W-) r-H 

f<^ f s M3 I - ; 

fS ro rn r i 
±1 ±1 +1 +1 
OS ON (T) VO 
ro q q rn 
vo f<o vS OS 

3 V5 2 

1 i I i 
3 -5 -5 -5 
0 O .5J to 
u •« « c 
!3 R R C u o o o 

<n so r- 00 

r̂  2 -t 

t-- so r-
ro O r~ 
SO oo ( N 
O »—1 1—1 

so so n 
00 so O 

d so f i 
1—1 1 — 1 > — * 

1—1 >Ai Os 

00 
<N w5 OS 
SO ^ O N 

d +1 d 
+1 t - -H 
>rv T-H 0© 
( N ^ - «ri 
d r-̂  O 

lAl r H SO 
<-t OS ' - ' 
t-J ( N T f 
+1 +1 +1 
r - ( S t-~ 
so OS v ^ 
r-J T t SO 

•a 

1 53 

S3 S* » 
P L. C 

0 •». >̂  

•-J O O 

ON 2 n 

so 

0 0 

t—( 

f N 

<n 
so 
r—( 

SO 

OS 

d 
+1 
ro 
0 0 

d 

0 0 
SO 

ri 

•o 

§̂  
O 

<N 
1—1 

(^ •+ 00 llj 

SO m OO fv^ 
<r> t - - o 0 0 
OS r s oo o 

d -H ,-i r-i 

<̂  o - , -^ 
«^ ^. ^ j ;^ 
:̂  n ̂  -̂  

so ^ i-H V-1 

T^ OS Tj- ( N 
r-4 ( N >r), r t 

i-< i-H r n OS 
+1 +1 ±1 +1 
0 0 «/~i o H 
</^ • - - O OS 

d d r's OS 

<ri O 0 0 r f 
OS ( N q OS 

d rn rn (N 
±! +1 +1 +1 
O so O '/^ 
r - " n V-) T t 
so OS r f v-i 

SO w-i i-t i - i 

S OQ O 
>§ ^ O. D, 
S ^ •" ^ 
e g g s 

Q a a <3 

f ; • « : - ^ -s ; 

C L ^ 1-4 >-. 

O^ «3 R R 
U O O O 
fO "t !/-> so 

G 
o 



65 

Ti 

o 
o 

1-H 

I - H 

Ji 
3 
H 

O C4 

^ i 

o -a 
ffl •" 

< M 

0) A a u 

Is 

91 
V 

i«r< 

^ 

C4 C 
-a « 
c3 u 
01 U 

S-s 

o g 
<v in 

0 ^ 

<u 

E 
e 
.2 
'D 

o 
^ • 
^ 

I—1 t-H f N "-H 

O O <n o 
o o • * o 
O O f S O 

d d d d 

r-H o r - • * 
00 r-; •-< O 
Tf" <ri «n vd 

t~- ( N ( N - H 

a\ <7\ 
r i - * </̂  r^ 
d ^ f 1 d 
+1 ^ •* +1 
m + +1 ro 
0 0 <N >/^ 0 0 
O ' ^ r4 O 
d d i-H d 

ro 
o o "P o 
O O —H O 

iJ ^ rt' i' 
o o r^ o 
t ^ <N H --H 

t-- (N r4 --H 

Q W UH HI 
(x (X til (X 
tn 93 CO M 

5) Sj G) S) 
^ ^ a ^ • « >JC K C - C 
CL CL n , CL 
Q* 3̂  0̂  3̂  

-s ; •s: - c •JC 
^ -is -K* -̂ 3 
R K C C 

o o o o 
t-- 00 a> o 
»-< .-H .—( ( S 

»—t r—( f -H i-H 

o o o o 
o o o o o o o o 
S c5 d d 

r t r - T-l T f 
<7\ q rt; - * 
i n </-i V-! <ri 

VO ^ ( N r H 
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On. philemon (8), C. repertus (10), Onthophagus sp. B (15), Onthophagus sp. C (16), 

Onthophagus sp. F (19), Onthophagus sp. S (27), Onthophagus sp. T (28). These 

fourteen species contained all species with 15 or more beetles and were represented in 2 

or more sampling dates. 

Cluster 2: This was made up of four species viz., C. bengalemis (12), Onthophagus 

sp. E (18), Onthophagus sp. Y (31), and Onthophagus sp. Z (32) and ranged in 

abundance from 4 to 10 individuals per species. 

Cluster 3: This cluster contained L. rhadamistus (9), C. numa (11), C. sacontala 

(13), Cat. molossiis (14), Onthophagus sp. H (20), Onthophagus sp. K (23), 

Onthophagus sp. P (24) and Onthophagus sp. O (25). These were represented by 1 -

9 individuals per species in one to four sampling dates. 

Cluster 4: The fourth cluster was made of six species viz., Onthophagus ^>. D(17), 

Onthophagus sp. 1 (21), Onthophagus sp. J (22), Onthophagus sp. R (26), 

Onthophagus sp. V (29) and Onthophagus sp. W (30). Again these species were of 

low abundance with 1 - 5 individuals per species and were represented in 1 or 4 

{Onthophagus sp. W) sampling dates. 

Tliis exercise demonstrated the possibility of 32 species clustering into four 

separate units, on the basis of the parameters of distribution across sampling dates. 

However, these clusters did not represent any gradient across a sii^e or a set of 

characters as the qualifying factors. 
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4.4.3 Species segregation along two dimensions 

Wliile single dimensions of age of dung or sampling daie showed considerable 

proportions of species to segregate, they did not indicate a complete segregation. 

Obvioasly, species are segregated on more than one dimensions. To verify tliis aspect 

an attempt was made utilising botli the dimensions of dung age and tlie season to work 

out niche breadth, niche overbip and clusteiing of species similar to the attempts made 

on single dimensions. 

4.4.3.1 Niche breadth : along two dimensions 

The 32 species of dung beetles at IvIDF, had their niche breadth ranges from 0 -

4.00 when both dung age and sampling dates were considered for the calculation of 

niche breadth. Nine of the 32 species showed zero niche breadth (Fig. 23A) and tliese 

were Onthophagus spp. D, H, I, J, P, O, R, V and Y. Only one species , viz., C. 

repertiis, on the contrary, had the liighest value of 3.78. Further, two to five species 

occurred in class intervals of 0.5 to 1.0, 1.0 to 1.5, 1.5 to 2.00, 2.0 to 2.5, 2.50 to 3.00 

and 3.00 to 3.50 indicating a more or less equitable distribution of species within this 

range. Althougli, more of tlie species crossed tlie possible value of > 4.00 (maximum 

possible = 4.48), the results nonetlieless indicate smaller niches on wider scales. 

Therefore, the possibility of segregation of species becomes gt eater. 

4.4.3.2 Niche overlap across two dimensions 

Niche overlaps calculated for 496 paiis of tlie 32 species of dung beetles 

indicated a strong declining trend witli increasing value of the niche overlap (Fig. 23B). 
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As many as 144 pairs (29.03%) recorded zero values and 342 paiis (68.95%) recorded 

0 -0 .5 . Together they accounted for 97.98 per cent of all possible pairs of species. 

Among the remaining 10 species, seven recorded values of 0.5 - 0.6, one pair > 0.6 and 

only two pairs recorded a complete overlap value of 1.00. These pairs were 

Onthophagiis sp. H & Onthophagiis sp. P and Onthophagiis sp. I & J, comprising of 

species with only one or two beetles. It is likely that low abundances among the 

samples is a limitation for understanding their segregation. Barring this limitation, two 

dimensions of the resource considered appear to be sufficient for allowing the 

segregation of dung beetles of MDF, so that they can co-exist. 

4.4.3.3 Clustering of species on the basis of two dimensions 

Using the data distribution of 32 species generated for dung age and sampling 

dates, avoiding the duplications, an attempt was made to generate a scatter plot of 32 

species (Fig. 24). The scatter plot indicated two possible clusters. One of the clusters 

contained 14 species represented by 15 or more individuals. The second cluster, witli a 

sparse distribution of individuals consisted of 18 species, all represented by 10 or less 

number of individuals. Clearly the piimary segiegating variable appeared to be their 

overall abundances. 

PC I explained 45.2% variance with abundance (3.639) and standard deviation 

for mean distribution across age of dung (1.19) as the most important variables with the 

highest factor scores. PC II accounted for 30.28% of the variances with the above two 

variables again bearing the highest factor scores of 1.624 and 2.488 respectively. 
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By increasing the dimensions, of resource state, PCA shows lower number of 

species clusters. Reduction in the number of clear clusters shows that segregation of 

species is complete and that it may not be possible to identify 'guilds' of dung beetles 

in the dung beetle community studied, by increasing the number of dimensions of the 

resource. 

4.5 Size - weight relationships for Scarabaeinae dung beetles 

Four measurements, viz., elytron length, pronotum length, pronotum width and 

combined length of pronotum and elytron were verified for their association with fresh 

and dry weigl\ts utilizing the data on 232 specimens representing 19 species of dung 

beetles. 

All the four parameters of body size were strongly and positively correlated (r 

> 0.77; p « 0.01) on both linear and logarithmic dimensioas (Table 12). Therefore, 

any one of the four selected linear measurements can be used for estimating biomass 

on either fresh weight or dry weight basis for dimg beetles. Fresh and dry weights 

were also correlated among themselves on both linear and logarithmic dimensions (Fig. 

25A). 
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Tlie power function of the relationship between fresh weight and elytron lengths 

was : 

WtF= 0.604 E^''°*^ 

Where 

Wtp = fresh weight of the dung beetles in g. and 

E = length of elytron along the mid line measured in mm. 

Similarly the relationship between the elytron length and the dry weight (Fig. 25B) was 

given by 

WtD= 0.844 E^"""^ 

where 

Wto == dry we^U of dung beetles in gm and E as mentioned above. 

These power functions based on a range of linear dimensions from the smallest 

species of Scarabaeinae dung beetles viz., Caccobius meridionalis Boucomont which 

measured 1.6 mm in elytron length to a maximum of 45 mm elytron length of 

Heliocophs gigas (L). 
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V. DISCUSSION 

5.1 Species assemblage or dung beetles at MDF 

As many as 61 species of dung beetles belonging to 3 tribes were reported by 

VeenaKumari and Veeresh (1997b) from Bangalore. Four of these were not found 

by them lo feed on cattle dung. However, Veena Kumari (1984) found only 15 

species of dung beetles at M13F, during a year round survey of cattle dung of different 

ages. Present study revealed 32 species of dung beetles at the same site, Military 

Dairy Farm (MDF), over a six month study. All these species were of a single tribe 

Coprini. Among the 15 species reported by Veena Kumaji (1984) eiglit species 

were of Onthophagus genus while the present study revealed as many as 18 species in 

the same genus. Among the 3 species of Onthophagus identified, two, Onthophagus 

dama and Onthophagus rectecornutus were also reported by her from MDF. 

Caccobius vulcanus, Onit. cinctus, D. setosus, On. phiemon, Catharstus molossus 

and Copris repertus were also common to the two studies wliile, C. nutna, C. 

bengalensis, C. saconiala, Onit. spinipes and O. truncaticartiis were not reported 

previously either at IVIDF or fiom other parts of Bangalore (Veena Kumari and 

Veeresh, 1997b). Liatongus rhadamistus, althougli, reported from Bangalore, was 

not recorded at MDF. Considering the six remaining species of Onthophagus in the 

previous study at MDF, to be among the list of unidentified species of the present 

study atleasl 13 species of Onthophagus can be added to tl\e list of dui\g beetles of 

MDF. Thus a total of 20 species of dung beetles are new records for MDF. 



73 

However, only five of tlie identified species in the present study were new records 

for Bangalore and it is possible tliat all the 18 species of Onihophagns collected at 

MDF and yet to be identified are known previously from Bangalore. Tlierefore 

adding five species to the list of 61 dung beetles reported by Veena Kumari and 

Veeresh(1997), Bangalore has 66 species of dung beetles from among the 360 

species reported from India (Appendix I). 

5.2 Diversity across pats and days 

The primary features of dung beetle occurrence in the community at 

MDF revealed a maximum 10 and 11 species of dung beetles to occur in any given 

pat and given day respectively. Consequently any mechanism relevant to avoidance 

of competition among so occuning species perhaps operates on lliis assemblage of 10 

- 11 species. Very liigli standard deviations (section 4.2.1 and 4.2.2) observed for the 

number of beetles per pat or per day suggests aggregative distribution of the 

beetles. Aldiougli, aggiegation across individual species were not addiessed on pat to 

pat basis, the above observation is a sufficient evidence to suggest liigli variance in the 

distiibution of dung beetles across resource patches. Tliis data coupled with low 

mean species observed per pat and per day, clearly suggest the possibility of getting 

and variance-covariance dynamics to be the ordeiing force in the organism of 

dung beetle community of MDF (Hanski, 1991a). However, variance-covariance 

for the species involved are needed to be worked out after carefully ascertaining the 

sampling units to be selected for such a study. But, the structure of present data set 

(maximum of 3 pats per day) does not peiwit a meaningful evaluation of these 
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mechanisms. Tlieiefore, large scale sampling of dung beetle communities spread 

across different sessions is required for more detailed analysis of variance iind 

covariance in the distribution of species of dung beetles in and around Bangalore. 

Thu-s, the present analyses provides a broad indication of the possibility of 

lottery, variance-covariance dynamics to be underlying mechanism for the 

organisation of dung beetle conununities. Unweiglited mean diversity for both 

Sharmon's and Simpson's indices were low on pat to pat and day to day basis. 

However, the ranges of these indices were considerably higli. Tliis was possibly 

because as much as nearly 33% of the species of the community were encountered in 

single pats or a single day while many pats and many days of the sampling were free 

of beetles (sections 4.2.1 & 4.2.2). Such detailed studies on the dung beetle 

abundance, species ricliness and diversity indices have not been reported previously 

to document pat to pat or day to day variation in India. In fact viitually such detailed 

studies are lacking for any conmiunity of insects in India. Tlie documentation of 

dung beetle communities which hopefully pave the ways for addressing conceptual 

issues in community ecolog>' using the dung beetle as model system. 

5.3 Diversity pattern across age of dung 

Age of dung was found to have a significant impact on number of 

species, number of individuals and the diversity of dung beetles recorded at MDF 

in general a declining trend was observed for all the above parameters with increasing 

dung age. Data considered across pats ( Table 3), days of samphng (Table 4) and 

overall pooled data (Table 5) all depicted similar patterns. 



Many previous studies have also indicated a similar declining trend iir 

abundance, species richness and diversity with the age of dung (Mohr, 1943; 

Valiela, 1974; Koskela & Hanski, 1977; Veena Kumari, 1984). Dung may be 

removed in part or consumed by organisms that inliabit it. In addition, drying results 

in encrustation on tlie surface of the pat resulting in effective loss of quantity of 

dung (Veeiu Kumari, 1984; Doube, 1991). Therefore, it appears that quantitative 

loss of available dung may have iirfluenced the observed drop in abundance of 

beetles on pats of increasing age. However, if the quantity in itself is a limitation, tl\e 

decreasing abundance can be explained on this factor alone. But, for tliis to be true, 

the 32 species of dung beetles encountered at MDF should occur randomly in dung of 

all ages and a priori there is no reason to suspect that large many species should 

occur only in early age categories of the dung. Only four species were 

encountered at all ages of the dung sampled (I able 10; Fig. 9 to 12) and the remaining 

28 species were not encountered on all days and indeed on most of the days 

sampled, indicating the preference of these beetles to certain specific age of the dung. 

Consequently it appears that the quantity of the dung remaining in the pat does not 

affect the beetle abundance and species riclmess with age. Alternatively, dung is 

known to lose moisture with age. The loss of moisture may make the dung less 

friable. Dung also tends to be less odorous with age (Evans, 1975) indicating 

reduced biological activity, particularly microbial activity which may attract less 

and less beeties. Activity of insects and other organisms witliin tlie dung, may 

change tlie physio-chemical properties of the dung. In essence witlr age, tlie dung 

undergoes a qualitative change. This change appears to be the primary reason that 
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has contributed for the obsei-ved reduction in the abundance and diversity of 

beetles. Similar conclusions were drawn by previous worker (Valiela,1974; 

Southwood, 1977; Veena Kumari 1984). 

More importantly, Koskela & Hanski (1977) and Ilaaski (1987) suggested 

lliat dung may undergo a series of successional changes with respect to the fauna it 

supports. They identified 3 phases: The fu-st phase of rapid turnover of species 

lasting for two days. The present study also indicated tlie rapid turnover route 

to last for two days as one day old dung attracted 19 species and the two day old dung 

attracted 23 species in all, adding in the process seven species to the earlier 19. But 

Koskela and Hanski (1977) also reported a further period approximately one week, 

wliich tliey reffered to as tlie stable phase and tlien an indefinite third phase. 

Howevei", the present study clearfy revealed addition of new species upto one' 

week of dung age and next 8 days also recorded tlie repetition of species. 

Nonetheless, upto the 10 day old dung, the overall species abundance tended to 

fluctuate and also 12 to 15 days old dung recorded a constant number of five 

species each. It is not clear how having tliis static situation would remain. Thus, the 

results strongly support the possibility of species turnover upto 10 days of dung 

age, although new species are not added beyond seven days of age. Therefore, 

Koskela and Hanski's (1977) classification does not seem to hold under South 

Indian conditions. Further, the present study, appears to have insufficient data to into 

the possibility of such a classification. Inespective of these considerations, the 

study clearly shows dung age as an important factor in regulating tlie 



77 

abundance, species riclmess and diversity of dung beetles. Hie changes in the 

quality of dung with age miglU be the major contributing factor for llie above 

observatioas. 

5.4 Seasonal variations in diversity patterns 

Phenology of any insect is expected to be strongly tied with the seasons. 

Dung beetles are no exceptions to this. But, dung beetles are different from many 

other insects, primarily becaase many species exhibit prolonged adult activity 

(Hanski & Cambefort, 1991c) thus, different kinds of phenological patterns can be 

expected from dung beetles. On the contrary, long adult life may favour reduced 

impact of seasonal associative features on their phenology. Tliis aspect has been 

extensively examined in many different ecosystems of the world. The results are 

unequivocally in favour strong season based phenological trends for dung beetles of 

that exhibit botli short (one mondi or less) and long (one year- or more) adult life span 

(Hanski & Cambefort, 1991b). Although tlie duration of the present study was 

limited to only six montlis, considerable variation was noticed between the 12 

samples with respect to abundance, species riclmess and diversity. 

Both species riclmess and abundance were low during the 19 May sampling, 

while the maximum were observed during 4 April sampling for both these 

parameters (Table 6) according to patwise comparisons. The mean diversity indices 

were observed to be low almost througliout the sampling period and the maximum 

range in diversity between the pats were observed during the 4 April, sampling as 
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also the mean maxijiium diversity Ibi pat, both by Shannon's and Simpson's 

measures. 

The pattern was sunilar on per day basis. Iligliest range in nutnber of species 

recovered per day was on 4 April, 5 May, 6 and 25 June, samplings (labie 7). 

However , the mean maximum per day was observed during the 4 April sampling. 

Highest range in the number of individuals recorded per day was during 6 June 

sampling and the maximum per day was observed in 4 April sampling. However, 

the liighest range in diversity was observed during tire 26 July sampling. The mean 

maximum diversity per day, both by Sharmon's and Simpson's indices were again on 

4 April. 

The data, pooled over tlie sampling bout indicated 8 to 18 species per 

sampling bout (Table 8). Tlie addition of species was observed during U April and I 

May fortniglit samplings in the beginrung. Again during June and July more 

species were observed in tlie collections, llie last four samples did not yield any 

species. Thus, it appears most, if not all, of the species occurring in MDF, Bangalore 

are encountered during the course of sampling. It is important to stress that as 

against report of 15 species at the same location by Veena Kumari (1984) which was 

based on a year round survey, tlie present study indicated as many as 32 species of 

the dung beetles during tlie six months of sui-vey. 
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What was stiiking in these studies is the lack of pattern in the occurrence of 

beetles, with respect to number of species, number of individuiils or diversity indices. 

Tlus may be because as pointed out by Koskela and Hanski (1977) and Hanski 

and Cambefort (1991c), the dung beetle abundance, species richness and the diversity 

are largely influenced by the prevailing weather conditions at any time of the year. 

Veena Kumari (1984) observed that the highest number of coprophagous 

species to be present in Bangalore duiing June - July with a clear single peak. The 

basis for tliis data (the sampling tecluiique) was not clear from her studies, as the 

data depicted upto 55 species and tlie sjstematic sampling done at MDF and at 

UAS daily by her indicated only 33 species. Ihe present study did not depict any 

such peak when systematic sampling was done from April 14 to October 5. 

However, the possibility of a peak during the above mentioned months cannot be 

ruled out as these encompass tlte maximum rainy months at Bangalore. 

5.5 Partitioning the variance in dung beetle diversity 

A comparison of the weiglUed and unweiglited means for Simpson's 

index calculated for diJBFerent levels of sampling clearly indicated the disparity 

between the two approaches (Table 9). 

Weighted means for Simpson's index have been recommended as indicators of 

variance by Joslii et a!., (1997). llie variance was observed to be maximum for 

diversity of dung beetles at the pat level. As much as 55.6 per cent of the variance 
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was explained by pat to pat variation and the next liigliest level of 11.0 percent was 

explained by the data pooled according to age of dung. The community as a whole 

explained only 87.8 per cent indicating the possibility of ceilain extraneous 

unaccounted factors. Such a pattern of the lowest sampling unit to explain most of 

the variance is not uncommon and Joshi el al., (1997) reported that the smallest 

sampling unit in a linear transect survey of plants accounted for more than 75 per 

cent of the variance when four higher grades of pooling the data were attempted. 

Thus, the observed results suggest that the variance explained by a sampling 

level may possibly be a function of species - area cui-ves for the individual groups 

of organisms. 

5.6 Characteristics of the community of dung beetles at NIDF 

The six montlis of sampling efforts at MDF yielded 32 species of which as 

many as 12 species were extremely rare (less than 5 individuals) and five species were 

rare (<10 individuals). Again among tlie remaining species, only eiglU species 

contributed for more tlian 50 individuals (Fig. 2A). Clearly, the obsei^ed patterns 

fit most of the communities. Rare species accounting for large proportions is not 

uncommon among dung beetles (Ilaaski and Cambefort, 1991a). Further, the body 

size distribution (Fig. 4. IB) of tlie dung beetles of MDF followed the typical pattern 

observed for dung beetles fi^om Africa and South America (Hanski and Cambefort, 

1991c). The gaps in the distribution towards the largest size and peaks in smaller 

sizes followed by little uneven distribution in the range of body sizes was demonstrated 

in rollers, turmellers at both species and genus level giouping for dung beedes by 
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Ilanski and Cambefoit (1991a). The present obseivations also confirmed the results 

of fheii- studies with respect lo the relationsliip between body size and abundance 

among dung beetle communities. As shown by them, there was no relationsliip 

between the body size and abundance of species (Fig. 3) even in the dung beetle 

community of M13F. 

Number of species recovered in any community is expected to be iivfluenced 

by the sampling effort. A verification of tliis aspect by checking for the 

relationship between tlie numbers of individuals encountered and the consequent 

recovery of species yielded linear conelations (Fig. 4). Although, the relationship was 

not found to be valid when data was pooled according to sampling dates, the other 

observed relationsliips were sbong enough to point to tliis possibility. Such an 

attempt at examining the species recovery by sampling effort is widely prevalent in 

ecological studies of different communities (Magunan, 1988). However, such 

studies were not obseived for dung beetle community (Ilanski and Cambefort, 

1991). The present study thus^appears to be the first of its kind for dung beetles of 

the subfamily Scarabaemae. 

Similarly, the relationships between the number of individuals and the 

diversity or the number of species and the diversity index are lacking on communities 

of dung beetles. The present effoil has shown that the diversity is possibly a function 

of number of individuals (Fig. 5), but is defmitely a function of number of species 

that constitute a community (Fig. 5) of dung beetles. Many previous studies that 



examined tliis relationship liave clearly indicated the diveisity, inespective of the 

measure employed, to be a function of species (Magunan, 1988). It is all the more 

meaningful for both Sliannon's and Simpson's measures of diversity were observed to 

be strongly related at all levels of pooling the data (Fig. 7). Similar strong 

correLitions between the Simpson's and Shannon's indices have been recorded for 

different communities of plants and animals (Magurran, 1988). 

The idea of core-satellite hypothesis, is largely based on geograpliic 

representation of species. Species that are widely represented geogiapliically are 

reffered to as 'core' wliile those that are geographically restricted in their 

distribution are called 'satellites' (Ilanski, 1982). Representation of die 32 species 

of dung beetles at IvU F̂ when pooled across sampling units eitlier across numbers of 

age categories of dung or sampling bouts in wliich tliey are represented clearly 

indicated bimodal distributions (Fig. 8 A). Obviously, some species are indifferent to 

age categories of dung wliile a few are indifferent to time of sampling. A good 

majority were sensitive to the age or sampling time and tended to occur in restricted 

numbers (<2) of sampling units. Therefore, the data clearly points to a logical 

extension of core and satellite species hypothesis on resources state and temporal 

scales. Thus the present study is the first demonstration of the possibility of 

existence of core and satellite species along these two dimensions. 

More mteiestingly, temporal core species also appear to be the core species 

along the dimension of resource state. Because, the conelation between the 
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fiequency of occunence across 12 age categories of cattle dung and 12 sampling 

dates considered for tlie 32 dung beetle species at MDF was found to be positive 

and liiglily significant (Fig. 8B). On the basis of these results, O. dama, O. 

truncaticornis, Onit. cinctiis, Onil. spinipes, O. philemon and C. reperhis can be 

considered as the core species of dung beetles at MDF. More detailed studies 

on their moiphological behavioural and biological features in comparison with a few 

satellite species would be enlightening to appreciate the causes for a species to 

become core or satellite in a community. 

5.7 Resource partitioning across age of dung 

Literature on dung beetles is replete with their classification according 

to functional groups. The ecology of each of these groups are generally addressed 

separately as they are expected to constitute distinct guilds. Ihe four primaiy 

categories are rollers, tunnelers, endocoprids and cleptocoprids (Doube, 1991; Hanski 

and Cambefort, 1991). Rollers, cleptocoprids and some tunnelers are known to get 

attracted to fresh dung, wliile some turmelers and endocoprids may be capable of 

colonising dung of different ages. Rollers, for sure, were not encountered at MDF, 

as all tlie rollers belong to tlie tribes Scarabaeini and Sis>pluni. Coprini consists 

of all the turmelers, endocoprids and cleptocoprids. Such a classification of 

Indian species is lacking. Consequently, tlie 32 species encountered at MDF 

could not be categorised into tunnelers, endocoprids or cleptocoprids. Tlius the 

present discussion on the dung beetle community is independent of tliis 

categorisation. 
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Nevertheless, duiig of a specific age caii constitute a resource state and ail 

species tliat are utilising it by rolling away, burying or by any oilier mechanism are 

competing for the same resource. Abundance patterns are perhaps the best 

indicators of resource utilisation. Thus the four guilds of dung beetles identified at 

the MDF represent tlie extent of utilisation of dung of different age categories 

(Section 4.4.1.1). As stated above similar grouping has been attempted on the basis 

of fiinctional groups by several workers (Hanski and Cambefbrt, 1991a). Further, 

the largest and the smallest species predominate the fresher dung, largest species 

are likely to be fast buiying tunnelers while many of the smallest species may be 

cleptocoprids (Doube, 1991). Large many species being small, it is difficult to gauge 

their possible functional roles m the cattle dung. However, the loss of these size 

categories of beetles in older dung signifies tlieii- inabihty to utiUse older dung. 

Therefore, the persistent species may be either slow burying tumielers or endocoprids 

(dwellei-s: Doube, 1991). hrespective of these considerations, the fact tliat tlie 

four distinct occurrence patterns can be identified in dung of different age categories 

clearly point to the possibility of understanding the mechanisms tliat allow variability 

in exploiting dung of different ages. Similar classifications of dung beetles are 

completely lacking on dung beetles of India. Further, the observations help to separate 

out groups that can be addressed individually to undei-stand the mechanisms of 

resource partitioning in detail, wliile tlie present study estabUshed four broad categories 

of exploitation of cattle dung by dung beetles. 
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More impoilatUly, distribution of species by tUeii' niche breadths calculated 

on Uie basis of theii- ability to exploit dung of diflerent ages, suggested nearly 25 per 

cent of the species to exliibit total isolation with zero niche breadth and only three 

species exliibited the near maximum possible niche breadth (Fig. 14A). Iliis was 

further substantiated by the fact that large many species were well segregated along 

the gradient of dung age from one another as over 77 per cent of species pairs 

exliibited niche overlap values of less than 0.5. Further, as Hanski and Cambefort 

(1991c) have pointed out the species that exhibited complete overlap were all rare 

species. Thus, their overlap may not have great significance in organising the 

community. Fuilher, it is likely that such species might depend on totally 

different resource as cattle dung is oidy one of the many possible resources for 

Scarabaeines (AITOW, 1931). 

Althougli on tlie basis of visual observations, four different guilds could be 

identified, attempts to develop a comprehensive stmcture for the guilds asing 

principal component analysis yielded three possible clusters from 32 species. Ihe 

first of these clusters consisted of species from the second and third guilds 

identified previously. 

The second claster consisted of species from first, second and third 'guilds'. 

The species from tlie first and the fourth 'guilds' were represented in the third claster. 

Thus, only the fourth guild was completely represented in the tliiid categor\' and 

no 'guild' was unique to any of the tliree clusters identified. A clear basis was 
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difTicult to make out for the tluee obseived clusters as of now. More detailed 

analysis by eliminating individual parameters may help to understand the meaning of 

these clusters better. 

The PCA, has been used previoasly in the study of dung beetle 

communities (Doube, 1991; Hanski and Cambefort, 1991c) to understand the 

pattern of resource segregation. However, no attempt has been made to identify 

ecological units of species but has been used for identifying the factors that contribute 

most for structuring the communities of dung beedes. 

Veena Kumari (1984) also attempted the segregation of species of dung 

beetles at IVIDF. But she made comparisons of niche-overlap between pairs of 

species using body weiglits and also gjouped species for comparison arbitrarily as 

possible guilds and did not provide a sound reason for the grouping of species. A 

priori there is no reason to believe that body weights may have a role to play in dung 

beetle ecology. As dung beetle communities are always loaded with many species 

witliinasmall range of body size (Hanski and Cambefort, 1991c), 

More importantly, identification of guilds is a questionable aspect in most 

dung beetle coirununities as little is known about 'what eats what' within the dung 

(HaiKki, 1987). Therefore, tire attempt in the present study to identify the guilds is 

based on the relative abundance of a species across age categories of cattle dung. 
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5.8 Partitioning of resources across time 

Various kinds of seasonal patterns have been identified for dung beetle 

conununities. Tlie major types involve abundance patten\, breeding schedules and 

switching in food liabits (Hanski and Cambefort, 1991c). The present study, however 

addressed only tlie abundance pattern in a structured sampling schedule at MDF. 

Similar smdy was carried out by Veena Kumari (1984), at MDF, over a period of one 

year. However, she did not attempt a detailed study on abundance patterns of 

individual species and their consequences for resource partitioning. 

Four clear distribution patterns could be identified for the 32 species of dung 

beetles at MDF (see section 4.4.2.1) largely based on representation across time 

frame and in abundance. These visxial classifications were based on their 

distribution patterns (Figs. 16 to 19). The possibility of such grouping clearly 

showed tliat species vary in their exploitation of cattle dung and each gioup serves to 

indicate tire manner in wlrich the concerned resource is being exploited along the 

temporal dimension. However, the grouping or the sea-sonality of dung beetles at 

MDF was not influenced by their body sizes. 

Seasonality of dung beetles has been attributed for two major reasons. 

One, the changes in weather factors and the consequent influence on the soil 

moisture (Hanski and Cambefort, 1991c; Gill, 1991; Davis, 1995). Secondly the 

changes in the quality of dung and consequently tire changes in tlie ability of dung 

beetles to exploit it (Macqueen et al., 1986). These two aspects were not 
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investigaled in the present study. However, considerable variations obsened in the 

abundance and composition of species of dung beetles (Table 8) suggests a 

significant role for an unidentified factor that did not have a discernible pattern. One 

such possible factor is the rainfall. 

hrespective of these considerations seasonality or temporal segiegation of 

species of dung beetles was shown by several workers to be the major factor in 

resource partitioning (Hanski and Cambefort, 1991; Doube, 1991). 

In order to verify tliis possibility, niche breadths of all the 32 species were 

calcuhited using thek occurrence pattern across the 12 sampling bouts (Fig. 21 A). 

More number of species (12 species) exhibited zero niche compared to the niche 

breadth calculated across age categories of dung. Further, the remaining species 

exhibited a tendency to spread out across other class intervals and fewer species 

exhibited higlrer values Ibr niche breadth. As an apparent oflshoot of tliis 

distribution, the distribution of niche overlap categories demonstrated a steeper 

declining trajectory compared to the niche-overlaps based on the age categories of 

dung. As many as 88 per cent of die 496 pairs of species recorded niche overlap 

values of less than 0.5 and tlie eleven pairs that exliibited complete overlap were all 

among the rare species. Thus the resource partitionuig across temporal scale seems 

to be much stronger than the scale of resource state (age of dung) for the dung beetle 

community at MDF. 
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Tliis was also evident from tlie fact tliat as many as four appaient clusters 

could be identified from the PCA based on the secondary parameters developed from 

individual species distributioas across sampling dates. Cluster 1 was made up of 

beetles represented by visual groups, two, tliree and four; cluster 2 was made up of 

beetles from the first and fourth visual groups; cluster 3 contained elements of fiist, 

third and fourth visual groups while the category 4 contained members of visual 

groups one and four. However, four clusters could not be clearly categorised. 

Detailed analyses are necessary to understand the reasons for mix up in the two kinds 

of groupings generated. 

5.9 Resource partitioning along two dimensions 

Dung beetle species at IVlDF were found to get distributed more evenly across 

the different class intervals of niche breadth. When two dimensions viz., age categories 

of dung and sampling dates were considered together (Fig. 23A). Coupled with a 

wider niche breadth domain (by tlie property of die Sliannon's index), tlie segiegation 

of species was expected to be clearer. The distribution of iriche overlaps testified to 

tliis possibility as nearly 98 per cent of the possible 496 pair of species indicated a 

niche overlap value of less tlian 0.5 and nearly 29 per cent of all pairs exliibited zero 

niche overlap (Fig. 23B). Only two paiis of species, an insignificant proportion, 

exhibited complete overlap. Again these were pairs of rare species. Thas, if could be 

demonstrated that although dung beetle communit)' at MDF consisted of 32 species 

feeding on an apparently single resource - cattle dung - the segregation of the species 
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involved was near complete. Such a clear partitioning of a single resource was possible 

when only two dimensions were considered for the resource avaiLibility. 

Attempt to identify possible clusters among these dung beetle species 

along the two dimensions only indicated two clusters, wliile tliree and four possible 

clusters were evident when a single dimension of the resource availabilitj' viz, age of 

dung or sampling date were considered. Although the reasons for tliis poor clustering 

was not clear, two facts emerged from this exercise. First, it is likely that by increasing 

the dimensions for the consideration of a resource state (or a sampling unit), the 

tendency for clustering together may disappear among the constituent species. In 

other words, if more dimensions are considered for characterising the conmrunity, 

then it is likely that separation of 'guilds' may disappear and a single set of species 

may emerge representing tire 'global set', where each species is segiegated from 

every other species. Althougli, tlie meagre evidence and the availability of data is 

insufficient to prove tliis point, biologically the emergence of global set may be 

meaningful at least in the context of dung beetle species. Ilren one may ask what are 

the otlier possible dimensions? Many possibilities exist. Hanski and Cambefort (1991c) 

showed that four dimensions viz., food type (dung type), log body size, diel activity 

and seasonality were more than sufficient to generate a 'global set' of species of dung 

beetles even when as large a community as that of African Savaimas (119 species) 

is considered. 
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Secondly, abundance and the standard deviations for mean abundances were 

tlie primary cliaracters that accounted for maximum weiglits along both the axis. 

Therefore, it is likely that the spatial distribution and abundance may be the primary 

factors that are regulating the structure of dung beetle conmiunities. This aspect has 

been repeatedly stressed by Hanski (1987b) and Hanski and Cambefort (1991a). 

Studies on this aspect are lacking on an insect communities in India. 

5.10 Size weight relationships for dung beetles 

The present study revealed that accurately measurable charecters of dung 

beeties such as elytron length, pronotum length, combined length of elytron and 

pronotum and pronotum width can be used for assessing tlie weights - fresh or dry. All 

these characters were found to be strongly coirelated with botli fresh and dr>' weights. 

This was becausse the fresh and dr>' weiglits were correlated among tliemseh/es (Fig. 

25A). 

In a recent study Ganiliar (1997) showed that body lengths of beetles are 

related to the fresh weights by a power fimction where the slopes of the double log 

linear equation was 2.46 for dung beetles, the present study indicated a much lower 

value of 2.106 (Fig. 25B) that too when only the elytron length was used. Tlie reason 

for this discrepancy was not clear. 
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5.11 Synthesis 

Dung beetles have attiacted the attention of man since tinie immemorial. 

Perhaps tlie oldest entomological record is that oi Scarabaehis sacer from the Egyptian 

civilisation. Although the reasons for the Egyptian record are diflemt (Cambefoit, 

1991), the dung beetles have attracted the attention of community ecologists due to 

their sheer size of tlie assemblages. Dung beetle community are also exceptional in that 

their resource, the dimg pats have no defense against the invaders (Ilanski, 1987). 

Many different factors have been tested to understand the organisation of dung 

beetle community, food types, diel activity, log of body size and seasonality have been 

considered as the most important factors apart from their aggregative distribution. In 

India Veena Kumari (1984) have studied the seasonality, species riclmess, dung type 

colonised, diversity and segiegation of species. However, she studied these aspects at 

the levels coprophagous guild which included many non Scarabaeines. 

Present investigation lias attempted to describe species assemblage, ricliness, 

preference of age of dung, abundance and divei"sity of Scarabaeinae dung beetles at 

MDF, Bangalore. Attempts have also been made to broadly charecterised the dung 

beetles community at MDF. Further, using the occuirence pattern of individual species 

across age categories of dung and sampling dates, attempts have been made to 

understand the organisation of dung beetles. This was done by following different 

approaches. Niche breadth and niche overlap were calculated for all species and 

species pairs at different levels of sampling. Further, broad groups were identified 
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visually on the basis of theii abundance pattern across sampling units - age categories 

of dung or sampling tlates. Tliese gioups were considered to present guilds of species. 

The grouping of these guilds were veiified by principal compotvent analyses. However, 

two methods of grouping did not overlap, suggesting the need for in-depth analyses and 

larger data sets. 

However, considerable segiegation ol the 32 species of dung beetles 

encountered at N/IDF was evident when age categories of dung and sampling dates 

(seasonality) were considered as two dimensions of resource partitioning. 



VI. SUMMARY 



VI. SUMMARY 

Dung beetles (Scarabaeidae: Scarabaeinae) are a rich and diverse gioup of 

copropliagous insects. These beetles provide important ecosystem services by aiding 

degradation of animal and human excrement. Extensive studies of dung beetles 

covering diverse aspects such as taxonomy, zoogeogrophy, biolog)', beliaviour and 

ecology have been carried out in different parts of the world. However, studies on 

even the most basic aspects of dung beetles are woefully inadequate from India. 1 he 

present study carried out on an unused pasture land in Hebbal, Bangalore, is an attempt 

to understand the organisation of dung beetle community associated with cattle dung. 

Sampling for dung beetles in an unused pasture land at IVIDF, Hebbal, Bangalore 

led to identification of an assemblage comprising 32 species of dung beetles associated 

with cattle dung. Five species were added to tl\e faunal list of dung beetles of Bangalore. 

Thirty one dung pats (laid out as baits in pasture land) were sequentially 

sampled over a period of 15 days to represent 12 dung age categories. This sampling 

cycle was repeated 12 times over a period of six months to yield data on a total of 372 

pats. Data on number of species and number of individuals encountered in each of 

these dung pats was analysed to understand patterns of diversity across pat, day of 

sampling, age of dung and date of sampling and resource partitioning. 

The pooled data from 372 pats, revealed interesting patterns in diversity at level 

of individual pats, day of sampling, age of dung and season (time of sampling). Tlie 
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mean (±. s.d.) number of dung beetle species encountered was 1.69+ 2.01, 3.0 + 2.92, 

12.75 + 6.52 and 13.25-+ 2.98 on per pat, per day, age of dung and sampling date 

respectively. The number of individuals encountered per pat and per day also showed 

a similar liigli mean to variance ratio suggesting aggregated distribution pattern of 

both species and individuals. 

A closer examination of diversity pattern across dung age revealed that higjiest 

mean number of species (4.5 ± 2.35 per pat) and mean number of individuals (21.04 

± 19.9 per pat) were recorded for one day old and two day old dung,respectrvely. The 

mean Sliarmon diversity index was 1.15 ± 0.56 per pat for any dung age category. 

There was a continuous decline in the number of species, number of individuals and 

diversity from 2 day old dung to 15 day old dung. Althougli not significant, there 

was an increase in the number of individuals on 2 day old dung. However, the 

highest Shamion diversity index was recorded from 8 day old dung. 1 he lowest index 

of 0.04 + 0.16 was recorded for 12 and 15 day old dung, lliese results underscore 

the importance of dung age in determining the structure of dung beetle communities 

associated with cattle dung. Season or sampling also had a discernible influence on 

species compositon and diversity. The mean number of species recorded per pat ranged 

from 0.77 ± 1.28 to 3.1 + 2.56 and tlie mean number of individuals recorded per pat 

ranged fiom 1.87 + 5.13 to 9.35 + 9.86. Tlie Shannon index ranged from 0.13 + 0.37 

to 0.78 + 0.64. None of these parameters had any correlation with 12 different sampling 

dates over a period of six months; nevertheless indicated sufTicient changes in the 

composition fiom one sampling date to other. 1 he variation in tlie species composition 

across the sampling liierarchy was sougltt to be understood by partitioning the variance 
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across respective sampling liierarchj. llie Simpson's index wliich has been recently 

shown to approximate variance was employed to establish the liiei archy of variance in 

diversity. The mean Simpson's index (weiglited) for the four sampling levels, viz., 

pats, days, dung age, sampling date and the entire community was 0.556, 0.593, 

0.703, 0.792 and 0.878,respectively. 

Weiglited means for Simpson's index showed that as much as 55.6 per cent o{ 

variance in dung beetle occunence could be explained on the basis of diflerences 

between pats. Dung age accounted for 11.6 per cent variance while the day of 

sampling accounts for only 37 per cent of variance. Ihe relative abundance of species 

followed a characteiistic ' hollow curve' with many species being represented by one or 

very few individuals. However, tlie overall abundance of species was independent of 

their body size. A strong positive conelalion between number of individuals and the 

number of species was observed at tliree levels viz., pat, days and dung age. Ihe 

number of individuals and number of species in a sample were observed to strongly 

influence tlie diversity index and the two diversity indices viz., the Shannon's index 

and tlie Simpson's index were strongly correlated. 

How are 32 species of dung beetles able to co-exist on a single and apparently 

homogenous resource like catlle dung? An attempt was made to answer this question by 

analysing the data to reveal segiegation patterns in the species across two variable, viz., 

the age of dung and season (samphng date). At the simplest level the occurrence pattern 

of species across dung age and sampling date was used to identify "guilds' of co-

occuiTing species. Frequency of occurrence across dung age and sampling date was used 
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to qualitatively rank tlie species. Four guilds' of species were identified according to 

occuirence across age with 8, 13, 7 and 4 species respectively, llie four guilds based on 

occuiTence across sampling date had 12, 3, 5 and 12 species, respectively. Alternatively, 

the frequency of occurrence of species in sampling units was found to be distributed 

bimodally and the species occuning in two modes can be identified as satellites and core 

species respectively at both sampling hierarchies namely dung age and sampling date. 

The data on occurrence of dung beetles across age of dung and date of sampling 

were used to compute niche breadth and niche overlap. Only 3-4 species were found to 

have high niche breadth and more than 60 per cent of species paiis had an overlap of 

<0.05 for both dung age and sampling dates as separate dimensions. Computation of 

niche breadth and overlap along tlie two dimensions combined showed that more tlian 97 

per cent of species pairs had an overlap of less tlian 0.05. Interestingly, the core species 

tended to liave a wide ruche breadth and the rare satellite species tended to liave gieater 

overlap. 

A more rigorous quantitative approach, using multivariate statistics was attempted 

to identify clusters of species. A principal components analysis of the data for dung age 

could delineate three clasters and a similar analysis for sampling date yielded four clusters 

of species. However, the pooled data for both dung age and sampling date could 

separate out the species into only two categories. 

Tlie results of tlie present study have established diversity patterns of dung beetles 

across sampling hierarchy. Fuillier two clear lines for futme investigations have been 
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established. First, the biological and ecological conelates of the 'guilds' of species need 

to be established. Secondly, the 'guilds' themselves can be investigated in detail for 

resource partitioning and niche segregation. 
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DUNG BEETLES OF BANGALORE 
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G. dejeani Castelnau 
G. gemmaius Harold 
G. miliaris fFabriciuSy) 

Tribe Sisypbini 
Sisyphus crispatus hirtus (Wiedemann^ 
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S. neglectus Gory 
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Heliocopris bucephalus (Fabricius) 
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Copris signatus Walker 
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C. andrewsi Waterhouse 
C. indicus GiUet 
C. numa Lansby 
C. bengalensis Gillet 
C sacontala Redt. 
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O. subopacus Arrow 
O. siva Gill 
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