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GENERAL INTROOUCTIOa 



GENERAL INTRODUCTION 

Soil fauna and its studies are a relatively recent field 

in biology, not only in the temperate latitudes but more so in 

tropics. Other than the initial general studies today the inter­

action and interrelationships of soil fauna and its habitats is 

seen from the Anthropogenic gradient. This relates to the study, 

taking "natural" as baseline ecosystems, the measurements of dyn­

amic aspects of soil faunal variables, in systems uihich are sub­

jected to either agricultural activities or to degrees of mani­

pulation and perturbation by the impact of man. This luas what is 

referred to as "rule of the zonal change of strata" (Ghilyarov, 

1964). Studies on the ecology of the soil invertebrates, though 

have been undertaken in the humid tropics (Dammerman, 19̂ '=; Will­

iams, 1947J Beak, 1962; Maldague and Hilger, 1963j Toye, 1967| 

Madge, 1969; Fittkau and Klinge, 1973), yet only that of Lasebikan 

(1975) is directly concerned ujith the impact of agricultural pra­

ctices on the soil fauna. Other than the above studies on the 

immediate affects on land usage, interest in the restoration of 

severely dâ maged landscape is of very recent time, primarily due 

to increasing human populations and the threat of nuclear devas­

tation. 

With this backgrounu in mind the present study mao under­

taken to see the effects of excessive land use on soil faunal 

dynamics in tropical environments of this part of the ujorld, par­

ticularly to aspects of recycling, succession and stabilization 

of soil fauna in lands left fallouj after intensive agriculcure 

for a number of years. The uniqueness of the situation luas that 

these fallouj lands ujere the results of shifting cultivation, as 
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practiced in many regions of the uJorld. Shifting cultivation, 

though is regarded as the primitiv/e agricultural systems of the 

tropics, it is not only confined to tropics, but elseujhere also 

in the world. In these regions of North-tastern India, shifting 

cultivation is referred to as "3humming" where farmers move their 

homes and SBttlements as luell as the fields they cultivate, at 

frequent intervals (UNESCO, 1952). ^humming, as for general, shif­

ting cultivation involves a similar clearing of the forest by 

felling, logging and finally burning the undergroujth, then plough~ 

ed for agriculture (Plates 1,2,3). Hence it is frequently called 

as "Slash and burn" agriculture referred to as Sujidden farming 

(Ekujall, 1955), Many studies have existed on the immediate effects 

of disturbing the ecosystem by either burning, logging or agri-

culturing (iMye and Greenland, I960). Houuever very little if at 

all exist on the land after such usage and the agricultural yield 

falls well balouj the inputs when it is left abandoned or fallow 

for a number of years. It is with this reason, that we were inte­

rested in such fallows left abandoned for a considerable time, to 

investigate the influences of soil fauna and soil on one another 

on an ecological approach. This i5as primarily due to the fact that 

land after cultivation, when abandoned, the life forms passes 

through several secondary successional stages with acute competi­

tion of elimination of undesirable species all directly correla­

ted to the length of the fallow period. 

The present investigation was taken up therefore on aban­

doned fallows of different ages from a period of one year to 

twenty years. It was seen in these fallows the general population 

dynamics of various groups of soil fauna in relation to the age 

of these fallows and to identify the colonization and successional 
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trend if existing in relation to the general physical factors of 

the enuironment and chemical nature of the soil. In addition to 

find out whether the biology and the nutrition affects the soil 

fauna for dominant species of Collembola, tiuo from the youngest 

aged falloioj and tu;o from the oldest aged fallow were taken up for 

detail study. The second aspect therefore deals with these four 

species life history studies under the impact of various combin­

ations of three environmental factors like temperature, pH and 

salinity, helping in the identification of the fecundity and mor­

tality, therefore the population status comparable to the field. 

The third investigation was directed to the understanding of the 

nutritional status of these same four species and compared with 

field. This was thought to help in finding out the strategies 

involved in the life history processes and therefore the popula­

tion dynamics in relation to either the abundants and scarcity 

of food resources studies. 

The study though was aimed at the academic understanding 

of such disturbed ecosystems, yet it was thought to bring recomm­

endation of land use practice based on such studies to the reg­

ional government. 



Plate la : Shouting the cut doton branches and stems of 
tress and bamboos* The process of logging. 

Plata lb ; Shocoing fire in action burning the, undergrouith* 
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Plate 2a : Shouiing the total area after the fire has 
consumed the undergrowth leaving behind the 
grey-ash• 

Plate 2b : Showing the same area cultivated with Rica* 





Plate 3 : Shouiing a typical fallow land after 2 or 
years of cultivation* 
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STUDY AREA 

LOCATION 

Byrnihat (Meghalaya State) at 100 m asl; (Latitude 26°02' 

and 30"j Longltuda 91°52'), situated approximately 90 kms from 

Shillong and 14 kms from Gauhati on the main Gauhati-Shillong 

trunk road (Fig. 1 ) uuas chosen as the main study area. Four dif­

ferent study sites from this regiam ujere taken up. These a/ere 

falloujs left after ^humming cultivation was ower for a specific 

period of time. In this respect the study sites in the general 

study area was chosen on the basis of one year fallou; till 20 

year fallows (l yr, 5 yr, 10 yr and 20 yr) (Plates 4a,5a,6a &7a)« 

ORIGIN 

Physiogeographically the Assam divisions are the narrouj 

Brahmaputra valley behind the Arunachal-Himalayan area in the 

North and Nbrth-Eastern region, Patkai-Naga Hills in the East 

and the Lushai Hills and Shillong plateau in the South, The 

Surma river is led by the numerous small tributaries from Shi-

ll_ong plateau and North Cachar Hills. The Surma valley occupies 

a triangular area betuJeen Meghalaya on the West, North Cachar 

and Manipuri Hills to the East and Mizoram and Tripurd Hills 

on the South. The valley is peculiarly low lying with swamps 

and perfected level of aluvial flats stretching upto the base 

of the stê ep rocky enscapment of the Shillong Plateau. The 

river and tributaries only for a short distance have a steep 

fall in shallow and variables beds over the coarse debris 

brought down by them. They lose all perceptible falls and be­

came tortuous anastomosirn water channels. The drainage patt­

ern over the Mikir Hills is similar to that over the Shillong 

Plateau. 
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The preagnt changes of the Brahmaputra v/alley is the 

result of uplift and subsidence of different blocks of the 

pracambian crystalline, the remnant of luhich is nouj repres­

ented by the Mikir Hills (Assam) and Shillong Plateau (r̂ eg-

halaya). 

THE SOIL ENl/IRONNENT 

Soil is lateritic brown or orange brotun in colour. It 

is generally acidic. The characteristic of soil in t-ke diff­

erent sites are shoiun in Table-I for all the four siteso 

Further their profiles are shoujn in Plates 4b, 5b,6b and 7b. 

UEGETATIOM 

At all the experimental sites mostly Dendrocalamus 

hamiltoniiujas found, Table-II presents the vegetation in the 

different sites luith a comparison of dominance of each species 

CLinATE 

The region experien'jes a sub-tropical monsoon climate, 

the summer temperatures reaching 35°C and mean winter temper­

atures falling upto 15°C, The frost ujas observ/ed sometimes in 

winter early in the morning. The maximum precipitation was 

observed from May to August ranging from 70,0 to 355,0 cm, 

showing an average of 125 cms monthly.. 
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Plats 5a : Shoiuing the study site of the middle age f^llotu 
(5 years old), referred to as study site B in 
the text* 

Plate 5b : Shouting the soil profile in the same study site. 
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Plate 6a : Shotuing the study site of the middle age falloui 
(10 years old)» referred to as study site C in 
the text. 

Plate 6b : Showing the soil profile in the same study site. 
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Plata 7a : Shotuing the study sits of the oldest falloui 
(20 years old), referred to as study site D 
in the text* 

Plate 7b : Shoudng the soil profile in the same study site. 
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Table I : Shoaiing the soil types and texture in the 
four dlfrerent study sites• 

15 



TABLE-I 

Morphology 

Type 

Colour 

Taxture 

Structure 

Gravity 

Porosity 

pH 

Site A 

Lateritic 

Yellouiish 
brciun 

Sandy loam 

Nutty 

Higher 

More 

Mostly Bcidic 

Site 3 

Lateritic 

Brown 

Sandy loam 

Blocky 

Loujsr 

Mora 

Acidic 

Site C 

Lateritic 

Reddish 
brown 

Coarse sandy 
loam 

Granular 

Lower 

Less 

Acidic 

Site D 

Lateritic 

Dark brown 

Fine sandy 
loam 

Granular 

Lower 

Less 

Acidic 
occass iona l ly 

a l k a l i n e 



Table II : Shoiuing tha vagetation at the four different 
study sites and their dominance* 
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TABLE-II 

Site A 

+++ 

++ 

++++ 

Schum + 

++ 

w* 

++ 

+ 

+ 

++ 

Site B 

-

+++ 

-

-!- + 

+ + + 

+ + 

•« 

+ + 

+ 

+ +++ 

Site C 

-

«• 

-

++++ 

++++ 

++++ 

++++ 

+++ 

++ 

++++ 

Site D 

— 

-

-

«* 

+++-f 

+++-'-

+ ++-!-

+ + + + 

+ -•-

+ + + + 

++ ++++ ++++ +++-I-

Specleg 

Ageratum conyzoidBs Linn 

Arundinalla benqalensia 
CSprengo; Druca 

Bauhinia variegata Linn 

Bprreria hisplda (Linn) K,Schum 

Cyperus. qXobosus Allioni 

C^^tex c^ruciata Wees 

Cargy.a arhotea^ Rox. 

Callicarpa to^na^ Roxb. 

ôinb.ret_um d9cj_ndrium Roxb. 

Dê smo^dium^ tjAsJsL^iiyJS ^^* 
D.endrocalamus, hamiltonli, 

[\lsBs &. Arn. 

Dillenia jjldj.j;̂a_ Linn. 

Eupatorium odoratum Linn. 

E.uqenia tetraqona Wight 

Fio^us hispida^ Linn, 

G,r,aqia slastica Royle 

L^jtaala assmica H . R. F. 

Mikania njicrantha H .B . & SK . 

Imperata cylAndrica (L.)BBaUrB 

l̂ ,ac.a.r,eLnaa. denticulata Muell. 

Il6J.A.a az^djrachta Linn. 

Machillus khasyana Meissn. 

Mae3a indica Wall. 

Osbeckia crinita Benth. 

P^anicum maximum^ 3acq. 

£. khasianum Fiunro 

Setaria tessellata Willd. 

S,chima luallichii Choia 

Sapiurn buccatuni Roxb 

Thysanolasna maxima Kuntzs 

Witex peduncularis Wall 

W,. qlabrata Br, 
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INTRODUCTION 

The purposa of the present ujork luas primarily directed to-

Luards the understanding of the nature and biology of soil-fauna 

in these regions tuhere land pressure and usage is very high. At 

the outset it is advisable to indicate that soil fauna as implied 

by usj are those soil animals luhich pass one or more active stages 

wholly or largely either in soil or litter (Drift, 1951). Though 

our studies have been confined to the §oil layers, it is under­

stood that the faunal elements are thSse luhich move either feetiueeh 

the litter and the soil layers or ujithin the soil layers themselves 

For the sake of convenience, though several methods exist, 

fot the classification of soil fauna^ other than their systematic 

airtangQitiahts (Haarlou, 1960; KaVan, 1962)^ UJa have follouued the 

bddy size as the main criter ia after Wallujotk (1970). H ence those 

boll fauna ujhich range betujeen 20 u and 200 U as microfauna, those 

betiiJeen 200 u and 1 cm as mesofauna and finally those greater than 

1 cm as macrofauna. If soj from our collections^ midtofauna incl­

uded Protozoa and prostigmatid mites, mesofauna comprised of meso'-

stigmata, cryptostigmata, astigmata, collembola, araneida, chelo-

nethi ahd isopoda» uuhile macrofauna included all the soil insects 

(Dermaptera, Coleoptefa, Hymenoptetaj Hsmiptara, Lapidop-^era', 

Diptara, Orthoptera and Thysandptara), Myriapods (Symphyla, Chi'̂ ' 

lopoda and Diplopoda), Mollusca and Annelida. 

Soil fauna and their scientific studies ujas developed as a 

discipline very recently though general observations on them have 

been in existence since White (1789) who did throuj some light on 

aarthujorms and mole-crickets. The earliest foundations laid towa­

rds the understanding of soil fauna were those of Darwin (1840, 
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1881) and of Miller (1879, 1884), though they had restrictsd them­

selves primarily to the role of earthujorms in humus formation* The 

place of honour as the pioneer in the general study of soil fauna 

goes to Diem (1903) ujhen he worked with certain Swiss alpine soils 

It was not untill the first half of the present century that 

far reaching results based on the general studies of soil fauna 

was available. The earliest of these were those of Bornebusch 

(1950); Frenzal (1936); Ooffe (1.936); Forsslund (1945) and Kubiena 

(1948), A t reatise by Gilyarov (1949) appeared at the end of the 

present half century. The discreet discipline of soil zoology took 

shape perhaps from the beginning of the second half of the ptesent 

century. It was in fact at the beginning of the second half cen­

tury when Kuhnelt (1950) published what was known aboUt soils ani­

mals in a single volume, Bodlenbiologle and Franz (1950) whose pub­

lications emphasized the practical implications of the study of 

soil falina again in a single volume, Bodenzoologia, Simultaneously 

a year later Delamore Deboutteville (1951 ), Hartmdhn (1951) and 

Drift (1951 ) brought out works on tropical soils, classification 

of forest soils, and in the tradition of Bornebusch respectively. 

All were based on the influence and activity of soil animals. Ever 

since, soil fauna and its research has been persued by a logarith­

mic increasing number of investigators with vigour as had not 

existed earlier exclusively in this field of study. 

It was in the next ten to fifteen years when soil biology 

as a distinct discipline was available in text-book form. Land­

marks in this maturation process were symposia denoted entirely 

to soil animals held in a number of places. The major works and 

the coming in of the reviews were done in the years around 1952 

to 1967. Those which take the pride of places were Lawrence (1953), 
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Eglitis (1954), Kevan (l955a, I960, 1961, 1962), Kuhnelt (1957, 

1961, 1963), Nosek (1957), Farb (1959), Kipanv/arlitz (1961 ), Mur­

phy (1962), Schaller (l962), Delamare Debottevills and Rapoport, 

(1962, 1963), Dosksen and Uan'de'r'^rift (1963), Dunger (1964), 

Gilyarou (1964), Burgas and Rauj (1967) and Graff and Satchell, 

(1967), It ujas again during this period that the creation of int­

ernational Journal of Soil Biology, Pedobiologia in 1961 ujhich 

served as an important media of exchange of ideas uuas brought out. 

All the aboua, though are collections of research r^orts 

and extremely valuable reference ujorks, they do not qualify as 

textbooks in the conventional sense. Those ujhich came out with 

increasing recognition to the soil fauna u/ere also during the fif­

ties and middle sixties such as Kubiena (1953), Sharma and Kevan 

(1953b,c), Handley (1954), Wilde (1954), Tischler (1955), Macfad-

yen (1957, 1963), Russell (1957), Balogh (195B), Wallujork (l958), 

Taklada (1979) and Wiggin et«.alj, (.1979), The relative increase in 

publication during this period could be traced to the availability 

and improved techniques of soil arthropod sampling. Some of the 

important techniques were those of Murphy _(_1_95̂ , 1955), Haarlov 

and Weisfogh (1953^), Macfadyen (1953, 1955, 1961), Alexander and 

Jackson (l955), Schuster (1956), O'Connor (1957), Heydemann (1958), 

Averback and Crossley (l960a, 1960b), Tribe (i960, 1961), though 

most ujere the improvement and modifications of Tullgren (1918), 

In addition to those ujhich have been mentioned above on 

general soil fauna, literature exists for micro, meso and macro 

soil fauna separately. Those of importance for microfauna are the 

ujorks of Carpenter (1897, 1906, 1907, 1908, 1911, 1913), Halbert 

(1915, 1920, 1923), Lawrence (l96l). Those oiho studied the verti­

cal distribution of microfauna and attributed its occurrence to 

the upper layers of the soil were Drift (l95l), Riha (1951), 
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Macfadyen (l952), Wallujork (1959), Haarloy (i960), Lebrun (l965) 

and Anderson (1971 ). Î icrofauna and its relation to abiotic factorr 

affecting their distribution seasonally have been studied by Ford 

(1937), Strickland (1947), Drift (1951 ), Lauirence (1953), Karppiner 

(1955), Belfield (1956, 1967), Sheals (1957), Wallujork (l959, 1967j 

1970), Haarlov (1960), Hale (1967), Tarras-Wahlberg (1961 ), Aucamp 

and Ryke (1965), Di Castri, (1973), Price (1973, 1975) and Mitchell 

(1977). Correlations of soil microfauna with that of soil fertility 

and their impact on soil formation indicative of soil quality have 

been studied by workers like Bornebusch (1930), Edwards and Heath 

(1963), Balogh (1963), Gilyar^v (1965), Burgas (1967), Karg (l968) 

and Fiizikawa (l970a, 1970b). 

(1962), nilne (1962), Pitelka (1964), Kevan (1962), Mina (l962), 

Drift (1963), Di Castri (1963a), Christiansen (1964), Dunger (1964" 

Torne (1965), Ogino et,. ̂ . (1965), Witkamp and Crossley (1966), 

Hale (1966a,b), IMaglitsch (l966), Hermosilla and Murua (1966), 

Poinsot (196B), WisQ (1967), Choudhury and Roy (1967), Stebaeva 

(1967), Greenslade and Graenslade (1968), Goosse (1968, 1969b), 

Usher et.. al. (1970), Marcuzzi ejb. ̂ . (1970), Wood (1970), Di 

Castri at, al. (l97l), Niijima (1971, 1973), Kaczmarek (1973) 

and Davidson (1979) 
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Work on acari and in particular most of the mitss either 

free living in soil or litter inhabiting have been done by Baker 

and Wharton (1952), Dunger (1956, 1958), Stockli (1957), Stammer 

(1957, 1959, 1963), Hirschmann (l957), Schuster (1958), Baker et_-iy 

g^, (1958), Hughes (1959), Euans et_. al. (1961), Poole (l96l), 

Kev/an (l965), Wallwork (1967, 1976), Usher (1967, 1975), FuzikauJa 

(1970a,b,c). Butcher £t. al.. (1971 ), Price (1973, 1975), Webb and 

Eimes (1973), Pande and Berthet (1975), Price and Benham (l977) 

and Aitchen (1979). 

Among the less represented groups of mesofauna are those of 

Spiders, Chelonethi, Diplura, Protura and Isopoda, though have 

been shouun in many of the general soil fauna papers in relation 

either to their abundance or seasonal variations yet there exist 

literature on the works of some of these lesser represented meso** 

fauna like Diplura, Protura. Work on their taxonomy and ecological 

studies in relation to species density and distribution have been 

done by Godfrey (1910), Tuxen (l949), Broiuney (1954), Paclt (1956), 

Rauj (1956), Ressl and Beier (l958), Sturm (1959), Engelmann (1961 ), 

Gasdorf and Goodnight (l963), Gabbutt and l/achan (1963, 1965, 

1967) and Gabbutt (l967). 

Macrofauna as has already been mentioned earlier are those 

uihich are greater than 1 cm body size. Though the present study 

includes almost all insect orders available, myriapods (Symphyla, 

Chilopoda and Diplopoda), mollusca and annelids, yet '^yjert some 
a 

mammals could be included (Wallujork, 1970). Extensive ujork in 

macrofauna have been on annelida and ants, follcujed closely by 

Hymenoptera. Taxonomical ujork on soil macrofauna, their sampling 

techniques and ecological studies in particular to earthujorms have 

been done by Nielsen, 1955a, 1955b), Peachey (1962, 1963), Satch--* 

e l l ( 1963 , 1 9 6 7 ) , Gerard (1964 , 1 9 6 7 J , O'Connor ( l 9 5 7 , 1958,1967) 
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and Huhta (1979), Important ujork on termites hav/a been done by 

Gilyarov (1949, 1964), Snider (1949, 1956, 1961). Soil inhabiting 

diptera have been described by Drift (1951 ), Brauns (1954, 1955), 

Schuster (1958), Thiele (1959), Kuhnelt (1961 ), Freeman (1967), 

Altmuller (1979) and Coleoptera by Coiffait (1958) and Rau (1967), 

The distribution of slugs and snails in the soil have been done by 

Drift (1951), Quick (i960), Lozak (1962), Ganus (l965) and IMeiuell 

(1967), The taxonomy and ecology of isopoda and their seasonal 

fluctuations and distributional patterns can bs found in the works 

of Hatchett (1947), Palmen (1951 ), Edney (1953, 1968), Dunger 

(1958) and Frankel (1979), Similar works on Chilopoda and Diplopoda 

have been by l/erhoeff (1928, 1932, 1934a), Manton (1954), Blouuer 

(1955), Eason (l964) and Loksiva and Golovatch (1979), Works on 

ants are probably only second to those available on Collembola 

and Acari* Most ecological studies in relation to mark-recapture 

methods and estimation of population density along with their sea­

sonal fluctuations have benn done by Holt (l955), Odum and Pontin 

(1961), Baroni-Urbani (1963, 1969), Abe (1971 ), Patal (1972, 1974), 

Galle (I972)fi Nielsen (l972), Hemmingsen (l973) and Hunt (l974). 

The larvae of lepidoptera cind their effect on vegetation have been 

shown by Brenchley (1935, -'969) and Williams (1974), 

In contrast to the abundant literature available for the 

temperate regions of the world wery little is available to the 

extent one would like to have for tropical conditions. Some of the 

relevant works of South-Africa includes those by Den Heyer and 

Ryke (1966), Loots and Ryke (1967), Uan der Berg and Ryke (1967, 

1968), Greenslade and Greenslade (1968), G reenslade (1969) and 

Theron and Ryke (1969), Drift (1963), has made far reaching resu­

lts by providing data to prove that very little significant dif­

ferences exist between tropical and temperate regions after his 
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ujork in Surinam, Some of the early tropical ground fauna density 

have basn studied by Beebe (l916), Dammerman (1925, 1937), Williams 

(l94l), Strickland (1945, 1947). Salt (1952* 1955) along u/ith 

Drift (1963) and Rata (196?) hav/e the recent figures for soil faU-

nal densities under tropical conditions. 

With this in background it can be seen that eWen much less 

u/ork has been done on soils from the Indian sub-continent* Though 

the first u/ork in India can be traced to Trehan (l945) ujhere he 

related the seasonal fluctuations nf soil-microfauna u/ith some 

abiotic factors in Lyallpur now in Wast Pakistano It ujas not until 

nearly tujo decades after Trshan's ujork that Indian Scientists had 

contributed to our understanding of the soil faUna and its rela*f 

tionship to the environment^ These ipclude ujorks of Choudhuri and 

Roy (1967, 1970, 1971a, 1972), Baduri and Raychoudhury (196B), 

r^Uketjee and Singh (1967, 1970j 1976)j Singh and Mu'Rerjê i (1971, 

1973), Prabhoo (19?1, 19'7l, 1976), Singh and Pillai (1975a), Singh 

ahd Singh (1975), Gupta and Mukerjee (l976a, 1976b) and l/eeresh 

(1974, 1077j 1979)* All these have been confined primarily to the 

Peninsular India and there has not been any ujork in existence till 

the late seventies for the North-Eastern Regions of India and in 

particular to the Hilly terraces. The works of Reddy and Alfred 

(1977a, 1977b, T97B),uje|;c probably the first of its kind for these 

regions though confined to pineaforsst floors. Therefore, tather 

than a typical tropical condition their work was more of a sub­

tropical nature, or more so in an ecotone-belt between the temper­

ate and tropical conditions. The only available work under real 

tropical conditions for North-East India is that l/atsauliya and 

Alfred (1980) for bamboo forest floors and Darlong and Alfred 

(1981 ) for different altitudes in the same regions. 

The aim of our present work was not only to identify the 
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ecological characteristics of the soil faunal elements in this 

region of the world but also to find out the successional pattern 

of these soil faunal elements under stress due to the pressure on 

the land. In addition, our aim ujas to identify the exact time for 

the total colonization of the original soil fauna, after the land 

has been allowed to lie fallow for recuperation, after jhum cult­

ivation. Though literature abounds in slash burning and shifting 

cultivation very little exist on the understanding of the soil 

fauna under these peculiar conditions. The nearest to such condi­

tions like the effect of fire on soil fauna have been studied by 

PearsB (l934), Heyward and Tissofe" (l 936), Macfadyen (1952), Terr-

ant (1956), Ahlgren and Ahlgren (196Q), Bsnnat (i960). Smith 

(1962), Berthet (1963), Moritz (l965), Williams (1966), Buffington 

(1967), Huhta at., al. (l967, 1969), Metz and Farrier (l971, 1973) 

and Critchley £t_« a^.(l979). However, the practical implication 

of shifting cultivation on soil fauna was done by Strickland as 

early as 1947? The nearest to such a work was available only in 

the context of logging and slash-burning affecting the soil acari 

and Collembola populations in coastal British Columbia (l/lug 

apd Borden, 1973), A similar work under tropical conditions at 

the foothills of Meghalaya (N.E, India) is available from our 

study (l/atsauliya and Alfred, 1980). 

The present study though has its own academic understanding 

of the ecosystem under consideration, one of the major aims of 

the work was to arrive at concrete recommendations for the local 

government.in relation to the land usage pattern based on soil 

fauna. This is obvious as soil fauna play a major role in soil 

fertility and help in restoration of overused land to conditions 

of utility. 
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MATERIALS AND METHODS 

Soil samples ujere regularly collected for a psriod of 24 

months, beginning from January, 1978 till December, 1979 at mont«» 

hly intervals f3rom each site in four different age falloujs (Sites 

A , B , C , D ) , In each site, 96 sub-plots of 1X5 m mere demarcated 

and each time replicate samples ujere taken. Soil from each sub­

plot ujas removed luith a rectangular iron sampler (5X5X10 cms). 

Such samples luere taken from four different depths of 0-10 cm, 

10-20 cm, 20-30 cm and 30-40 cm from each sub-plot at each site. 

Hence each soil sample ujas 250 cu, cm from each site and comprised 

of four soil-layers uiith a total of 384 soil samples were collec­

ted from each site, throughout the study period. Therefore a total 

of 1536 soil samples luare collected from all the four different 

sites throughout the period of investigation. 

All the soil samples mere collected during the morning hours 

betiueen 0800 and 1100 hrs, Qn collection of soil .simples from the 

field, they mere immediately transferred into Individual polythene 

bags, labelled and packed to prevent loss of moisture as far as 

possible. Such labelled soil samples luere transferred to the lab­

oratory from the field luithin four hours. Tiuo samples out of the 

replicate soil collections ujere pooled and extracted under large 

modified dry Tullgren Funnel series at 40°C (Macfadyen, 1955j 

Southiuood, 1966) with 100 W lamps for seven days. The third soil 

sample was used for protozoa by the Berlese floatation techniques 

(Berlese, 1905), The fourth soil sample was used for the moisture 

content, measured by dry weight method (Niijima, 1971), pH by pH 

meter (Toshniwal No, CE,43), conductivity by Conductivity Bridge 

(Elico CM-82), the latter two by the help of soil suspensionso 

Bulk density and soil porosity wore measured after Keen (1931), 
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and finally the chemical factors like organic carbon, nitrogen, 

phosphorus and potassium after Walkey and Black (1934). All the 

above starting from the extraction for larger groups, protozoa 

and the physico»»chemical parameters ujere done for all the four 

different soil layers in four different sites in duplicate and 

the mean values are presented in the results, where these mere 
A 

converted for the soil fauna into an area of* m , 

Further at the time of collection in the field both air 

temperature and soil temperature were recorded. Air temperature 

ujas recorded at each site at about 1 m above each sub-plot usi­

ng an ordinary mercury thermometer* Th)e soil temperature was 

measured by placing the soil thermometer a feuj centimeters into 

each soil layer in differenl: sub-plots at the different sites. 
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RESULTS 

The present work luas carried out for a period of tujo years 

beginning DanuarVf 1978. The results obtained in the different 

fallovus. of one, five, ten and twenty year old, at the time of the 

initiation of collection, becomes during the second annual cycle 

as tujo, six, eleven and tiuanty-one year old falloujs respectively. 

These are, therefore, referred to hereinafter for sake of conven­

ience and easy interpretation as sites A,B,C and D in accordance 

to the age of the fallows, with four depth layers of soil at each 

site. 

On a general comparison between the four sites (Table-Ill), 

it revealed that there was a consistency of total soil fauna pre­

sent in each site for both the years under study. There was how­

ever a definite pattern in their abundance during both the years, 

in that, site B recorded the lowest (l, 758X1 0^/m^ (l 978 ), (l ,850 X 

loVm^ (1979) and site D the highest (22,448X10^/m^ (1978), 

('25384X10 /m (1979). A similar pattern as seen in the total soil 

fauna was observed for total mesofauna, when a categorization was 

made into micro-, meso and macrofauna. This is understandable, 

primarily due to the fact as clearly seen from Table-Ill that the 

abundance of total mesofauna (nearly 6Q%) affects the total soil-

faunal pattern. 

While considering the different major groups among total 

soil fauna, it was seen that microfauna in both the years was 

nearly consistent in their number for each site undertaken. How­

ever, they revealed a minimum number in site B and maximum in • 

bite D, But when their relative percentage abundance was consid­

ered it was seen that though the lowest was again recorded in 

site B, the highest however was seen to be in site C for both the 
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years of study. As in case of microfauna the numbers recorded for 

mesofauna u;ere also similar during both the years of inv/estigat-* 

ion for each sits considered, recording minimum again in site B 

and maximum in site D, Hoiueuer, unlike microfauna, oihile the rel­

ative percentage abundance of mesofauna Luas considered, it u/as 

seen that their maximum relative abundance aias in site A and min­

imum in site D for both the years. Further, though, the numbers 

remained more or less constant for both the years, the relative 

pF 'centage abundance dropped by nearly 3% in the second year of 

st idy in all the sites. Tne third and last major group, the macro-

fa na unlike the other tujo earlier groups did not shouj a consis-

te "icy in their numbers for the tujo years under study in any of 

tha sites. In fact they revealed an increase in their numbers of 

nearly 800 to 900X10 /m^ during the second year of study. The mir 

piinpm qumbsrs recorded for macrofauna luas seen to be in site A 

for both the years of study, uuhile the maximum luas recorded in 

site Of A similar pattern ujas also seen when the relative percen­

tage abundance ujas considered. Moreover the increase in numbers 

from the first to second year ujas nearly 3% increase in all the 

sites for total macrofauna (Table-Ill). 

While considering the different depths at the different 

sibes, it u/as seen that tnere ujas a steady decrease in the total 

soil fauna as one goes from the top to the bottom layers of the 

soil. This ujas seen in ail the sites for both the years. Further, 

il" was seen that, though there existed minor variations in the 

• c -1 numbers present, luhile considering the tujo annual cycles at 

thj different depths in axl the sites, there was a clear consis­

tency in their percentage composition for all the depths in all 

tha sites for both the years luhen each depth and each site luas 

compared with one another. The ckftnge of about 29/? to 33% was seen 
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in the top most layer of the soil for all the sites for both the 

years, while it ranged from about 25% to 28% in the next layer 

(10-20 cm), about 20 to 25% in the next (20-30 cm) and it luas be­

tween the range of about 17 to 20% in the lower most layer (30-40 

cm) (Table-ivi. Similarly while analysing the break-up of soil-

fauna into micror meso and macrofauna, it was seen that there was 

a steady decrease in numbers only in the case of mesofauna for 

both years in all the sites from the top to the bottom iayer§# 

However, whan microfauna was considered, a similar trend as in 

mesofauna was seen only in site D, The microfauna in site A for 

both the years though decreasing till the third iaydt (20-3d dm), 

increased slightly by about 3% in the bottom most fourth soil 

layer, whereas in site B though there was a decrease in the sec­

ond layet, the third lajfsr increased to a level nearly as the 

first layer with only a small fall of 3% in last lay^t during 

both the years* In site C there was an immediate increase in the 

second layer of about 3%, which thereafter fell steadily till the 

bottom layer* An observation similar to mesofadna was also seen 

for total macrofauna in all the sites for both the years except 

in site A where the maximum was recorded in the second (10-20 cm) 

layer of the soil, which thereafter decreased steadily. 

Though this trend was seen in the different depths when 

compared among themselves as actual numbers, it was felt also to 

find out if a similar trend existed, if and when the micro, meso 

and macro-fauna were compared as percentages of the total soil 

fauna for all the soil layers in all the sites. When so conside­

red it was seen for microfauna that except for a similar pattern 

in site A in all the layers for both years as above, there was a 

different pattern in the remaining sites. In site B the last lay" 

er for both the years which should have been lower than the third 

31 



layer, houJBVer revealed an increase in percentag'S'S of nearly 0,5% 

betujQen the third and fourth layer ujhen actually among the verti­

cal distribution in site B, the microfauna deoreased by 3% for 

the same layer under consideration. A similar phenomenon luas seen 

in site C for both the years except that in this case the tiuo la­

yers ujare the first and second layers, where the increase from 

first to second layer ujas nearly ^% luhen compared ujith the total 

soil-fauna, when they actually reduced in the second layer by 

nearly 3%, Another interesting observation in site C luas in the 

third and fourth layerS, a/here the decrease from third to fourth 

layer luaa nearly 3%, luhile the percentages u/ere more or les3 con­

stant for both these layers u;hen compared ujith the total soil-

fauna for the same site for both the years. When site D oias cB'n*' 

sidered for total microfauna and its relation to total Soil fauna 

for different layers, the first tujo layers had a similar ph'erTome-

nbn as uJas seen for site C, except that the percehtage variation 

of increase In the reverse was very negligible (Q,t5d5 to %'^P>%) 

(Table-fv). 

If the total mesofauna and their relationship in terms of 

their relative percentages for all the layers, for all the sites 

for both the years ujhan compared ujith the total soil fauna, it 

UJas seen that in sites A and D there was an increase of nearly 2% 

in the abundance of total microfauna for the last two bottom lay­

ers of soil, when actually in their vertical distribution they 

had steadily decreased by nearly 3% as mentioned earlier. However, 

in the case of site 3 and site C, the rise of about nearly ^»0% 

was seen between the second and third layers for both the years 

when among themselves they were nearly the same percentages in 

their vertical distribution for these layers. 
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The total macrofauna as mentioned earlier had a decrsasing 

phenomenon from top to the bottom layers of soil in all the sites 

for both the years except site A ujhere the second layer recorded 

maximum for both the years. But on a comparison of their numbers 

ujith that of the total soil fauna, it luas seen that for site A, 

the maximum percentage was seen in the third layer luith an incre­

ase of abbut nearly A%» In case of sites B and C the second and 

the third layers registered an increase of nearly 2% during both 

the years, when the actual vertical distribution had a decrease 

of nearly 3% for these layers. In site ,̂ 0̂̂ , during the first year 

of study it folloujed the similar pattern as for its vertical dis­

tribution when either compared among itself or u/hen compared with 

the total soil fauna. Surprisingly enough, it ujas not so for the 

same site D during the second annual cycle. Hera, though the dec­

reasing trend ujas observed ujhen compared among themselves, yet 

when their numbers at the different layers ware compared with the 

total soil fauna for the same period, it was seen that there was 

an increase in their percentages in the second and third layers 

with only a slight fall in the fourth layer. In fact the percen­

tages were more or less constant for all the layers when they 

were nearly recording a difference of 5% decrease from top to the 

bottom layers (Table-IV). 

Though the major trends have been seen among the btoader 

divisions of soil-fauna, it was now left to see the intricate 

relationships, when each of the three major groups were broken 

down into the possible sub-groups. It was ideal to go upto spec­

ies level, but due to the great lacuna of taxonomic works in this 

region and particularly in India, the sub-groups thereafter des­

cribed were the only possible levels in classification which per­

mitted us, due to limitations. Therefore among microfauna, the 
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division u;as broadly categorized into Prostigmatid mites and Pro­

tozoa and the lattar being further subdivided Into flagellata, 

ciliata and amoebae. 

While considering the Prostigmatid mites it utas seen that 

there oias a steady decrease in numbers from top to bottom layers 

in only sites C and D, for both the years of study. In site A, 

though it decreased till the third layer, an increase by nearly 

i-tfo in the fourth bottom soil layer and in site B in the third 

layer, for both the years of study, Hou/ever, while analyzing 

tiioir relative percentage of abundance among microfauna it ujas 

FB'̂ n that only in site C^ they folloujed a similar pattern as for 

their own vertical distribution, while in sites A and D̂  they res-

corded an increase of Q,5?S to 1,0^, from the first to second layeij 

they actually decreased by nearly 2% and 1^ respectively. In site 

B though the increase observed from second to third layer was 

nearly 4/S, yet their relative percentage of increase among total 

mlcrofaupa was only \%^ Whan the prostigmatid mites as percentages 

of the total soil fauna was observed it was seen that only in site 

A they followed a trend similar to their own vertical distribu­

tion. In site B however, though the trend was similar to their 

vertical distribution till the third layer, with a increase in 

the fourth layer by about 0.2/b, they had actually recorded a dec­

rease of nearly 1>% for the same layers during both the years. In 

sites C and D their percentages among the total soil-fauna incre­

ased from the first to the second layer by nearly 0,5^, when act-

La..ly they had decreased by about 4/a and 1^ in both the sites 

i:e3pectively (Table-l/). 

The second major sub-group was total Protozoa within micro-

fauna. This group was seen to have the same numbers of abundance 

in both the years of study in all the sites, though the minimum 
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luas seen to be i n s i t e A and the maximum uuas i n s i t e B and s i t e D 

w i th s i t e C f o l l ou j i ng c lose behind uuith only a d i f f e r e n c e of 4X10 / 
2 

m • Their vertical distribution in the different depths in differ­

ent sites revealed a highly erratic phenomena, in that in site A, 

though it decreased in the second layer, increased to a level of 

exactly that of the first layer, luhich decreased again in the 

fourth layer exactly similar as in the second layert In site B the 

first and second layers have the same numbers and increased to 

nearly 3% aiith the same numbers of increase in the third and fou­

rth layers, both of these being similar. As ujas seen in site B^ 

in site C, the first tujo layers ujere the same in numbers except 

that they dropped by ngarly 3% in the third layer^ to rise drast­

ically by 9% in the fourth layer. In site D a totally different 

phenomenon luas seen, in that, though there was a decreasg in the 

second, third and fourth layer, the second and third layers revea-

lg(d the same numbers. While observing the prqto^oan relative abun­

dances luith total microfauna it was seen in site A though the 

first and third^ secpnd and fourth h§d the ^ame numbers of proto^ 

zoa, yst their range of difference among microfauna was nearly 

13^ for the first and third layer and nearly 1% for the second 

and fourth layers on the increasing side. In site B though there 

was a cjifference of nearly 3% between depths first, second and 

third-fourth, yet the second, third and fourth layers revealed 

the same relative percentages among the microfauna. In site C 

though there was a decrease in the third layer by nearly 3% from 

the first and second layers, the latter two being constant, there 

was an increase of nearly '[fo in the third layer. In site D,though 

the second and third layers had the same numbers, they revealed 

an increase of nearly 1% from second to the third layer, and 

while they dropped nearly 3% in their own vertical distribution 

from the third to the fourth layer, yet they showed an increase 
3Si 



of neatly 3% when compared ujith total microfauna for both the 

years of study. While considering their relative percentages among 

the total soil fauna it was seen that they nearly followed the 

same pattern as in total microfauna except that the range of dif­

ferences was negligible (Table-V/l). 

When Protozoa was further broken down, it was seen that 

flagellata comprised of more than 55-80/S among the total Protozoa, 

The total flagellata showed sither a consistency in their numbers 

among the different depths for all the sites in both the years as 

seen in site B or a decreasing phenomenon with consistency in 

depth (first, second and third) as in site A, and second, third 

and fourth in site D, Only in site C did they reveal a reverse 

trend in that they were consistent in the first three layers and 

increased suddenly by nearly 13?S in the fourth layer. However, 

they ware consistent in all the layers in site B, yet, when they 

were compared with total Protozoa, it was seen that the first t.wo 

layers had nearly 1% more than in the bottom two layers. Similarly, 

though the first three layers in site A had the same nmib-a-rs yet 

the second layer revealed nearly ^Q% increase among total Proto­

zoa, as Was also seen for the second and third layer in site C 

except that it was in the reverse. In site D, a nearly similar 

observation was- seen in that though the numbers for the second, 

third and fourth layers were same yet the fourth layer showed an 

increase of about 10/S as was seen for the first layer when consi-? 

dered among the Protozoa, while the second, third and fourth lay­

ers were ilearly 13/S lower than the first Tayer^^ When the total 

flagellata and its relative percentages among the total micro-

fauna Was considered, it was seen with minor fluctuation i'h their 

ranges to be nearly similar to their bwn vertical distribution in 

sites B and C, However, in site A they revealed an increase of Q% 

in the third layer, Uihile actually they were consistent from the 
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first to the third in their numbers and though they decreased by 

5% in the fourth layer, hoiuever they had increased by nearly 3% 

from the first tu/o layers, though their numbers ujere similar. In 

site D, a mora or less similar observation oias seen except that 

it uuas in the reverse. While considering the total flagellates 

among the total soil fauna, they had a similar pattern as for 

their vertical distribution ujith only a variation of 0,2% in their 

fluctuation among the depths, in different sites for both the 

years (Table-UIl). 

The next dominant group after flagellata among Protozoa ujere 

the total ciliata, luhich comprised of nearly 15-33% of the total 

Protozoa. The total ciliata either had the same numbers in all the 

depths as in sites C and D or they had an increase in numbers from 

third to fourth as in sites A and B, except that in the former 

there was a drop in the second layer by nearly 50%. The similarity 

between their vertical distribution among themselves luas also seer 

luhen they Ofere compared u/ith the total Protozoa in site B. In site 

C, though the numbers present in all the depths were the same, yet 

their relative percentage among Protozoa increased by 3% in the 

third layer to drop by nearly 8% in the fourth layer. In site D as 

in site C though the number of ciliata present in all the depths 

were the same, yet they showed an increasing trend from first to 

the fourth layer by nearly 10%, while their relative percentage 

among the total Protozoa when considered were nearly 3% increase 

from third to fourth soil layer. A similar observation as the 

latter phenomenon in site D was also observed in site A, .'While 

considering the total ciliata among the group microfauna, it was 

seen that there was a steady increase in their relative percentage 

from the top to the bottom layers in sites C and D for both the 

years of study, when the numbers were constant. In site A though 
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ths numbers in first, third and fourth layers uiere same, yat thay 

inorsasad in the third layer by nearly 2% and fell by ^% in the 

fourth layeTj luhen their relative percentagei among the tstal mig-f 

rofauna luas considered* In site B they more or less folloujed their 

OLup trend among the different layers, When the total ciliafea luerg 

csmparecj u/ith the total soil fauna, it luas seen that their rela* 

tiye percentages for the different Igyers in ail aiteg had a sim-

ilar pattern ^s uĵ § seen for the total ciliata and ita fglglbiue 

pprcantagas gmpng the total microfauna (TablpsjVn)» 

The last group among Protozoa u/pre the amppbae, which ranged 

frofT̂  neprly 0«14?S of the total Protozoa, In all the sifjps their 

numbers were same for both the years of study, ufhenpver they were 

present, The pelatiue percentages among the Protozoa uiag seen to 

differ by nearly 2% even though the numbers remained cpnstant, 

Si.mil^rl^ they were nearly ^% and 0,2^ differences when the total 

^moebae relative percentages were conipgrpd either with total mic­

rofauna or total soil fauna respectively. As there were yery minor 

variations we anticipate a very negligible effect on the totql 

study (Tabla-IX), 

The next major group of soil fauna, mesofauna was broadly 

divided into Collembola, Acarina, Aranaida, Diplura, Protura, 

Isopoda and Chelonathi. The first three of these sub-groups were 

further categorised into either families or sub-orders, former 

levels for Collembola and Araneida while the latter for Acari. 

While considering Collembola it was seen that there was a 

steady decrease in their numbers at the different soil layers in 

all the sites for both the years. Moreover in both the years, the 

numbers were very consistent for each site, at_ all the layers. 

However, luhen a comparison ujas made on their relative abundance 
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among mesofauna, it oias seen that a decrsasing trend as for their 

vertical distribution ujas only obseryed in sites B and C« In site 

A there luas an increase by nearly 1% in the second and third layer 

and nearly ^0% in the fourth layer as compared to the two top lay­

ers. Site D, though revealed a drop in the second layer, rose in 

the third layer to nearly 5% more than in the first layer, but 

dropped by only 3% in the last layer. Similarly, uihen Collembola 

was seen as a percentage of total soil fauna except for site B ani 

site C, Luhere it showed a steady decrease in trend from top to thr 

bottom layers, in sites A and D they dropped in second layer thouc 

insignificantly but rose in the third layer to nearly 1% and 3% 

respectively. The difference however in these two sites (A and D) 

was in the fourth layer where in site A it rose nearly 1 to 6% 

more than in the third layer, while it dropped by 1% in site D, 

This was observed to be true for both the years of study (Table-) 

The families under Collembola which occurred in the present 

investigation were Entomobryidae, Hypogastruridae, Sminthuridae 

and Isotomidae in that order of abundance. Entomobryidae comprised 

pf nearly 40«»42/2 of Csllembqla, Here, again ae in Collembola the 

numbers in the different layers for both the years was consistent 

in all the sites, and there was a steady decrease from the top to 

the bottom layers, When their relative percentage among Collembol 

was considered, it was seen that in sites A, C and D they dropped 

in the second soil layer but rose quite drastically in the third 

layer to fall again in the fourth layer. In site B, it nearly 

rose to 5% in the second to fall steadily thereafter. When their 

relative percentages among mesofauna was taken into consideratior 

it luas seen that a steady decrease from top to bottom layers for 

both the years was observed only in sites B and C. In case of 

sites A and D though it fell in the second layer, it rose in the 

42 



third layer and continued steadily in case of site A, luhereaa 

fell again in site D, While considering the relative percentages 

of Entomobryidas among the total soil fauna it was seen again, as 

for the relative percentages of mssofauna to drop steadily from 

top to the bottom layers in sites B and C only. Interestingly 

enough, the same phenomenon as in total mesofauna, so also in 

total soil fauna the relative percentages of abundance folloujed 

the same pattern in sites A and D (Table-Xl). 

The next abundant family among Collembola recorded tuas the 

family Hypogastruridae. Whereas for Entomobryidas and for the 

whole group of Collembola there was a steady decrease in their 

numbers in the different layers for both the years of study* 

Hypogastruridae which formed nearly 26 to 30% of Collembola, was 

not seen to decrease steadily in any of the sites during botli t̂lt 

years of study* Sites A and B shblued an immsdiate increase in 

secdnd and third layers and though dropped in the fourth layer, 

yet they formed the percentage of at least 1^ mdre than the first 

layer. In sites C and D, there was an increase only till the sec­

ond layer which dropped in the third layer to again rise in the 

fourth layer to levels nearly as the second layer. The percentage 

of Hypogastruridae as a percentage of total mesofauna showed a 

trend in reverse in sites A and D̂  the former being significant. 

In site B it dropped in the second layer, rose in third to drop 

further in fourth layer, while in site C it increased in the sec­

ond layer to steadily decrease thereafter. A phenomenon as seen 

for their relative percentages among total mesofaUna, was also 

seen when the percentages was considered as fof the total soil 

fauna in the same sites A and D except that it was significant ii 

latter than the former. Site C however showed a steady decrease 

while site B had a similar situation as for the percentages amonn 

the mesofauna (Table-XIl). 
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The third family of dominance among Collembola luas Sminthu-

ridae u/hich formed nearly 14 to 7.1% of Collembola. Hers too, as 

for the other families and Collembola, there uJas not only consis­

tent number present in both the years at the different soil layerr 

in all the sites, the- decrease in the different soil layers luas 

also seen though not very significantly, ujhen this family ujas 

taken as the percentage of Collembola, in sites A, C and D, Houj-

ever, in site B, the trend ujas in the reverse o/hsn Sminthuridae 

UJas considered as a percentage of total mesofauna* The phenomenon 

of decrease from top to the bottom soil layers luas seen only in 

sites B and C, while it mas in reverse in site A and in site D, 

it dropped in second layer, rose in third, to the levels higher 

than the first layer and dropped in fourth layer again. As their 

presence among total mesofauna, it ujas also true ujhen this family 

uuas considered as the percentage of total soil fauna (Table-XIIl). 

The fourth and last family among the Collembola ujaa the 

family Isotomidae which was nearly 9 to \5% of Collembola. This 

family however had one departure from others and Collembola, in 

that though the numbers were consistent for both the years for 

the different soil layers, yet the steady decrease from top to 

the bottom layers was seen only in sites C and D, Here too, the 

decrease was seen only till the third layer which increased in 

fourth layer, in site A there was an increase of nearly 1/2 in the 

second layer which fell by 5% in the third layer but rose quite 

significantly by nearly 20/2 of the third layer and fourth layer, 

in site B; though there was a steady decrease upto third layer, 

yet it rose in fourth to the levels as in the second layer. When 

their percentages was considered among Collembola, it followed a 

pattern of their own vertical distribution in sites A and B, The 

trend was in the reverse in sites C and D from the top to the 
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bottom layers, the latter recording the highest aiith a difference 

of nearly 4?S batuieen itself and in the third layer, though the 

actual numbers present ujere same. Whatever ujas seen for their 

percentages among Collembola mas also observed, to folloiu the 

same pattern uuhen their percentages were considered, either as of 

total mesofauna or of total soil fauna in sites A, B and C. HOLU-

Buer in site D, their percentages among the total mesofauna and 

the total soil fauna uias seen to increase from top to the bottom 

layers (Table-XIU). 

The major sub-group next to .Collembola among the mesofauna 

Luas Acarina luhich comprised of 25 to 38^ of the total mesofauna* 

As in Collembola, so also here in Acarina the number present in 

different soil layers for both the years aiere the same. This was 

seen to be true in all the sites. Hou/ever, the steady decrease in 

number from top to the bottom layers was seen only in the third 

layer in sites A, C and D, while in site B it fell in the second 

layer by nearly 8^, but rose to nearly 5% in third and fourth soi] 

layers. When their percentage of abundance as in total mesofauna 

was observed they followed the pattern similar to their vertical 

distribution only in site A, while in site B though similar till 

the third layer, yet in the fourth when they actually should have 

dropped, they rose nearly by 6% in site C, The percentage of abun­

dance in the total mesofauna was seen to increase from top to the 

bottom layers when actually their numbers decreased. In site D, it 

rose and fell in the alternative layers, though they did show a 

steady decrease in their actual numbers. A trend as observed for 

relative percentages of total mesofauna was also seen to be very 

similar to the trend when Acarina was considered as percentages 

of the total soil fauna (Table-XU). 
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The major sub-division, of Acarlna comprised of sub-orders 

Mssostigmata, Cryptostigmata and Astigmata in that order of abun­

dance in the present investigation. The sub-order Mesoetigmata 

made up nearly 40 to 6Q% nf Acarina and their numbers were constant 

for both the years in all the layers for all the sites, Hoiuever, 

they did not shouj a trend of decreasing order from the top to the 

bottom soil layers in any of the sites except in site A» In the 

other three sites they dropped till the third layer but rose to 

nearly ^% in the fourth layer. Their relative percentage as of 

Acarina ujhen considered luas seen to folloiu a trend just in the 

reverse in site A, while they rose in the alternate even layers 

in sit es B and C ii/hile they fell in the second layer in site Dj 

to rise steadily thereafter till the fourth layer. This pattern 

ujas also seen to be similar u/hen Mesostigmata was taken as a per­

centage of either mesofauna or total soil fauna in all the sites 

except in site B where their percentage abundance of total soil 

fauna showed a steady oincrease from top to the bottom layers 

(Table-Xl/I). 

The sub-order Cryptostigmata came second in terms of abund­

ance in Acarina comprising of nearly 23-48^, Their numbers of occ­

urrence were the same for both the years in different soil layers 

in all the sites. Except in site D, none of the other sites reve­

aled a steady fall in their numbers from the top to the bottom 

layers. In the three other sites A, B and C, the numbers fell and 

rose in the alternate layers. When the sub-order Cryptostigmata 

was considered as the percentage of Acarina, it was seen that 

they followed a trend of their actual numbers more or less in the 

sites A and B, while in site C they steadily increased from top 

to the bottom layers and in site D there was an inverse pattern 

till the third layer and a sudden fall in the fourth. This trend 
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was also true when this sub-order Cryptostigmata Uias considered 

either as the parcentaga of mesofauna or total soil fauna (Table--

XV/II). 

The last sub-order among Acarina was Astigmata u;hich compr­

ised of 1% to nearly 23^. As in the other cases they also showed 

the consistency in numbers in both the years in different layers 

in all the sites. Howeuer, no one site showed a steady decrease 

in their numbers from top to the bottom layers. Sites B and C fell 

and rose in the alternate layers, while in site A, there was a 

steady decrease in their numbers till the third layer but rose 

significantly in the fourth layer. In site D it rose and fell in 

the alternate layers in contrast to sites B and C. This trend in 

different layers in different sites for both the years was similar 

also in the case of relative abundances of the sub-order Astigmata 

in Acarina^ mesofauna and total soil fauna, except that in site B^ 

their percentages among total mesofauna and total soil fauna inc­

reased from third to fourth layer when in reality there should 

have been a decrease (Table-XUIII). 

The third major group under mesofauna comprised of Araneida 

which formed nearly 13 to 22?S of the total soil fauna. As in the 

earlier cases so also here, the,numbers were consistent in diffe­

rent layers for both the years in the various sites. However, bhe 

steady decrease from top to the bottom layers was seen only in 

site D. Sites A and C revealed a fall and rise in the alternate 

layers, while in site B there was a rise in second layer which 

thereafter fell steadily till the fourth layer. When their percen­

tages of abundance as in total mesofauna was considered it was 

seen that in site D that the trend was in the reverse, while in 

sites A and B they more or less followed the trend as for their 

vertical distribution numbers. In site C though they fell and 
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rose 33 their numbers till the third layer, yet they continued to 

rise "Sin the fourth layer though their actual numbers fell. Their 

percentage of abundance as of the total soil fauna ujhen considered 

ware seen to be similar to that of their percentages among total 

mesofauna (Table-XlX). 

The largest family among Araneida ujas the family Clubionidao 

forming nearly 44 to 56% of Araneida. The'ir numbers in the differ­

ent layers for both the years ware nearly the same in different 

sites u;ith very little differences, as in site 8 fourth layer rec­

orded a little less than in first annual cycle, ujhile in site D 

the first layer recorded a little more and second layer recorded 

a little less in the second annual cycle* The steady decrease in 

numbers was again seen to be in only site D» In sites A and C, 

they fell and rose in the alternate layers, while in site B thay 

fell steadily till the third layer tp rise though insignificantly 

in the fourth layer* When Clubionidae was seen as the percentage 

of abundance of Araneida, mesofauna or total soil fauna, it foll­

owed more or less the same trend as .;the sijbes. axcep_t_ 3i,te.̂ Q_whê ra 

tfie trend was in reverse. However, in site A, the f^rst and second 

layer where the numbers were the same, yet a slight increase was 

recorded among thosG relative percentages (Table-XX)« 

The ne^t family among Araneida was the Lycosidae which 

formed nearly 16'-39^ of Araneida. Hers also their numbers in dif­

ferent layers were consistent for bpth the years in the various 

sites under consideration. The only site where there was a steady 

decrease from top to bottom layers was site A, while there was 

steady decrease till the third layer in site D with a sudden in­

crease in the fourth. Site B rQcorded the increase in the second 

layer which fell thoreaftor till the fourth, while site C fell 

and rose alternatively. This pattern was also seen similar when 
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ĉ  
~̂ 

CO 
CM ON 
l>- • 
LA VO 

(N 

lA 
CM 

* 
VO 

CO 
CO 

• 
o 
^ i — 
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ĉ  
• 
vo 
•d-

f-
00 vo 
•d- • 
CM O 

CM 

ON 

VO 

* 
VO 

VD 
rA 
* 

T— 

vo 
LA 

• 
LA 
LA 

C^ 
O VO 
CN • 
rA MD 

CM 

CM 
a 
• 
ĉ  

LA 
rA 
• 

T— 

c— 

vo 
LA 

• 
lA 
LA 

C-
• VO 
CM • 
rA vo 

CM 

u 

o 
o 
o 

LA 
LA 

C^ 
r— 

o 
00 C:> 
CM • 
LA CM 

CM 

CM 
-d-

a 

—̂ 
lA 

• 
1>-
x— 

r>-
1 f^G^coo 
ft? ̂  
i>̂  r* 
r̂  

CM • 
LA CM 

CM 

>d-
o 
CNI 

lA 
•d-

o 
CM 

O 
VD O 
r- • 
LA ^ 

r̂J 

o-
vo 
CM 

rA 
•<t 

* 
a 
CM 

00 
vo o 
c^ • 
LA ^ 

CM 

CM 

'«̂  
• 

VO 

00 

"^y 
/• 
% 

VO 
lA 
* 
vo 
•sf 

rA 
-d- rA 
^ • 
CvJ C 3 

CM 

'-d-
!̂  
* 

VD 

rA 
•̂  
• 
O 

ON 
CvJ 

* 
IN 
•d-

rA 
•d- rA 
•d- • 
CM O 

CM 

LA 
T— 

rA 

-d-
ON 

CM 
CM 

rA 
•d- CO 
CM . 1 
l A ^ 

Cv! ! 

CM i 
VO 

rA 

LA ] 
O 

« 
CM 
CM 1 

C^ 
>i) LA 1 
N- » 
lA V- 1 

CM 

I . 
•«f 

1 • 
1 "^ 

\ 00 

•d-
1 • 
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ĉ  
vo 
• 

lA 

<D 
ON 

* 
ON 
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Lyco idae ujas considered as the percentage of Araneida. Hoiueuer 

tuhen it luas taken as the percantage of either total mesofauna or 

total soil fauna, it folloujed a trend of its oujn in both the cases 

though similar to each other in sites A and D, the third layer in 

sites 3 and C, the fourth recorded an increase ujhile actually 

their numbers and thair relative percentages of Aransida decreased 

(Table-XXl). 

The third and last family under Araneida was Linyphidae ujhicJT 

comprised of nearly 13 to 35% of Araneida. As in earlier cases the 

numbers in different layers for both the annual cycles luere nearly 

consistent for various sites, except that it recorded a negligible 

decfeasB in the second annual cycle for the fourth layer at site 

B and an increase in the sebSnd layer for site D« The decrease 

from top to the bottom layers in numbers was again seen in site D 

bhly, while in site C there was a steady decflra%B till the third 

layer which rose by A% in the fourth layer* Sites A and B had a 

significant rise in the second layer and fell steadily till the 

fourth layer. However, while the relative percentages of abundance 

in Araneida^was considered, they seemed to follow the trend as 

their vertical distribution numbers only in sites C and D, The 

fourth layer in site A and the third layer in site B recorded a 

significant increase in their relative percentages of Araneida 

when actual numbers decreased, A similar trend was also seen as:>in 

the case of relative percentage of abundance in AraneiS^i total 

?^i&? CX) mesofauna and total soil fauna in sites A, C and D, n site B how--

aver, the relative percentages of abundance in total mesofauna anc' 

in total soil fauna followed a pattern of the famify''-*'s 'own' verti­

cal distributional numbers (Table-XXll). 

The remaining four groups under total mesofauna in the pre­

sent investigation were with very little percentages of abundancev 
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Ĉ l 

1 .'A 
U'N 

Cvl 

r-
! (M 

! -^ 
vo 
!>• 
T— 
CM 

^ 
CD CD 
VO • 

T - VO 

rA 

r— 

NO 

CNI 

L-~ 
CM 

•<* 

VO 
D ~ 

T -

CvJ 

^ 
CD CO 
N O • 
r - VO 

rA 

vo 
LA 

rA 

L A 

CM 

• 
VO 

r— 
VO 

• 
L A 

rA 

r>-
0 0 CM 

CO • 
s - L A 

CM 

,_ 
c^ 
rA 

rA 
CM 

vo 

r— 
VO 

l A 

rA 

- s f 
CO l A 

CD • 
• « - L A 

Cvl 

CD 
V -

rA 

a 
«a-

• 
l A 

ON 
rA 
• 

vo 
CM 

r^ 
CM • « • 
L A • 

< - Q 

CM 

<T 

rA 

^ A 

c^ 
rA 

l A 

O N 

rA 
vo 
CM 

lA 
CM vo 
L A • 

T - O 

CM 

C J 

^ 
t^ 

t -

VO 
CD 

tA 

CM 

<t 

I>-
T— 

CD 

CM ' ^ 
ON • 

O 
CM 

CM 
CD 

«— 

L A 
O 

rA 

Cvl 

•<r 
r^ 
T -

CO 

CM ' ^ 
O N • 

O 
CNI 

C -

r— 

CM 

O N 

VO 

rA 

VO 
O 

GO 

"^ 

o 
< } • 0 0 

o • 
» - CM 

CM 

CO 
CM 

CM 

O N 

vo 

rA 

vo 
Q 

CO 
r-

O 
< • 0 0 

o • 
r - CM 

CM 

N 
C-" 

<r 
tA 
CM 
« 

CO 

0 0 

CO 

• 
LA 

rA 

I > 
CD CM 

CD • 
^ - l A 

N 

lA 
f -

•«t 

c^ 
vo 
i>-

co 
OD 

<r 
rA 

vo 
a ^ 
CO • 

r- -d-
CNl 

T -

rA 

CM 

rA 
o 

-sj-

^ D 
LA 

t> 
T— 

CO 

CM ' ^ 
O N • 

O 

CM 

n 
<t 

CM 

rA 
O N 

rA 

rA 
CO 

I > 
T— 

CO 

C-J ^ 

°^o 
CNJ 

1 CM 

1 -* 
1 r-

CM 

1 • 
CD 

CD 

7 r* 
• 

1 "=* 
rA 

1 o\ 
<-vo 

1(N • 
( A M D 

} rA 

< } • 

! rA 

J ^ 
1 (N 

rA 

c~ 

CM 

! vo 

3 -^ 
rA 

1 ON 
•d- c^ 

1 Cvl • 
rA vo 

i rA 

vo 
) MD 

f CM 

1 CD 
VO 

^ ^ 
CM 

3 lA 

3 r~ 
Ol 

] vo 
• ^ o 

; a • 
C N I 0 0 

! rA 

1 00 
vo 
CM 

CvJ 
J LA 

! -d-

5 t ^ 
tA 

T -

I CM 

O N 

5 a LTi 
o • 

(CM r^ 
rA 

CM 

Cvl 

•sJ-

c^ 
rA 
• 

E ^ 

<* 
c^ 
• 

LA 

rA 

rA 
vo CO 
c^ « 
CM O 

CM 

C Ĵ 
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They were Protura, Diplurai Chelonethi and Isopoda in that ordar 

of dominance. 

The group Protura formed nearly 2.5 to 1% of the total meeo-

fauna. The consistency of their numbers for both the annual cycles 

in different layers u/as seen if at all in sites B and D only. The 

steady decrease in numbers from top to the bottom layers uias seen 

in sites A and C, while in sits D though there mas a decrease till 

the third layer, ujith an insignificant increase in fourth. In site 

B there u/as a slight increase in second layer mhich fell thereafter 

in subsequent I'ayers. When the group Protura uias considered as the 

percentage of either mesofauna or the soil fauna, it ujas seen that 

both follOLued a trend similar to the vertical distributional num­

bers only in site B» In site A however, though the trsnd u;as simi­

lar to the third layer, there was an increase in the fourth layer 

in the first annual cycle a/hile in the third layer in the second 

annual cycle. In site C, though a steady decrease in numbers was 

observed from top to the bottom layers, yet Protura percentage of 

either the mesofauna or total soil fauna recorded an increase in 

the second and fourth layer in contrast to the first and third 

layer where the actual numbers were more (Table-XXIIl). 

The group Diplura comprised of nearly 2.5 to S% of the total 

mesofauna, their numbers recorded in different layers in various 

sites for the two annual cycles wore not consistent except in the 

case of the fourth layer site A, the second and third layer in 

site B, first, second and third layer in site C and second, third 

and fourth layer in site D, However this group revealed a decrease 

in numbers from top to the bottom layers in all the sites in both 

the years of study. This trend of decrease from top to bottom 

layers was also soon when Diplura was taken as percentages of 

either the total mesofauna or total soil fauna in sites C and D 
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for both annual cyclsa and in sita A for second annual cycle only. 

Tha first annual cycle in site A ravsalad a sudden iricriaisS in the 

third layer, u/hile in site B the increase ujas seen in, the Second 

layer though in both the cases only very insignificantly (fabla-

xxi\y)* 

the last tujo groups uiideii? mesofaUna domprlsad of Chalonethl 

and isopoda* The former formed nearly 2%, ujhild the latteif only 1?̂ , 

of the total mesofauna respectively* The hunib§rs ef Chsloriethi uiere 

ffibr§ or less similar for all the layers in all th§ ait§s« So aisb 

it iiieis trUe for the grQUp Isbpdda* As their p^reehtdQe df abUhdahe 

bithdr arriSng tbtal mesofauna or total sbii fiUna ii/as Very riegligi-

bldj nothing further can be said about them (tablBS«XXy/j XXVI)< 

fhiB third and last major group under total soil faUria iu'as 

iriacrof'aUrielj the possible large sub-divisioris under thi§ group were 

feotai insScta^ total rrifilaFi'bciliĵ  Annelida and Mollusca. The total 

ihsecta iiias categorisBd into i^g m^jcr prd̂ iirs namely^ Gdledpteraj 

bifiteifaj Hamiptera, Hymenopterai Trichoptera, fhysan6ptifa^ D̂&'r"-

mapteta, Lepidoptera and Orthoptera, The order Hymanbptera exclu­

des the total ants which is pregBnted not only separately but also 

uptp family levels. 

The tbtal Insecta, their numbers u/heri considered In the ver­

tical distribution of different soil layers for the tujb annual 

bycies^ Luas found to be alujays more in the second annual.cycle not 

only in the different layers but also in different sites. Further 

there was a steady decrease in their numbers from top to the bot­

tom layers in all the sites during both the annual cycles except 

in site A where they rose by nearly 3% in the second layer but 

fell steadily thereafter* The total insects formed nearly 70 to 

80^ of the total macrofauna. This percentage of macrofauna was 

however seen to be nearly the same for different layers at 
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ĉ  
'^ 
o 

VO 

c-
o 

a 
• s f O 

CM • 
t A 
CM 

a 
l A 

• 
O 

r-
c-

o 

o 
<T° 
CM • 

l A 
CM 

cc 

CN 
r -

T -

ĉ  
CD 

r -

«s; 
o » * 
«i *̂ V\ 

CM 

LA 
CM 

T— 

CM 
ON 

T— 

CN 

0 - = * 

MD , • 
l A 
CN 

VO 
l A 

a 

CD 
03 

O 

a 
^ D 

CM • 
t A 
( N 

CN 
l A 

• CD 

CO 
CO 

O 

O 
Q 

•vj- • 
CM L A 

Cvj 

ON 
TA 

r -

O 
CM 

CN 

CM 
0 " = ^ 

MD , • 
LA 
CM 

CO 
<} • 

-

a 
CM 

CM 

CM 

C D " = * " 
VO • 

l A 
( N 

1 

! 
J 

! 

! 
\ 

] 

I 
! 
J 
9 
i 

3 
1 

1 

^ 
If 

1 

s 
3 
\ 
\ 
! 

I 
! 

1 

1 
t 

5 

! 
1 

1 
3 
1 

5 
! 

•o-
•cJ-

a 

CM 

!> 
Q 

a 
^° CN • 

l A 
CM 

LA 
•sT 

• O 

CM 
C~ 

O 

a 
o 

< f . ^ 
CM " ^ 

CM 

ON 
CD 

• ^ 

O 
00 

r -

r-
o °o 
VO • 

KN 
CNJ 

rA 
—̂ 

TT-

^ 
CD 

^ 

ON 

O ' ^ 

'J^ - ! 
^ CM 

CM 
LA 

CD 

—̂ 
Ch 

o 

o 
^ o 
CM , • 

LA 
CM 

l A 
l A 

« O 

^ 
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diffarant sites, evan though as mentioned above, the actual nun-

bers of the total insects present increased in the second annual 

cycle in the different layers of the soil in all the sites stud-

led. Their relative percentages of the total macrofauna uias seen 

to be in the reverse in site D in relation to the actual numbers, 

though in the second annual cycle they decreased at the fourth 

layer very insignificantly. In site A the third layer registered 

the maximum percentage and though it decreased in the fourth layar 

the levels luere much greater than the first. In sites 8 and C 

there was an increase in the third and fourth layer for both the 

annual cycles. When the total insecta luas considered as the per­

centage of the total soil fauna, it revealed a pattern very simi­

lar to those of the percentages as in macro-fauna (Table-XXUII). 

Among the total insects the major group was the order 

Hymenoptera. Houjever for the sake of convenience we separated the 

total ants from this order Hymenoptera (î.as it formed a major por-

tipn* When sq considered the total ant numbers for the different 

layers in both the annual cycles were nearly the same in all the 

sites. The decrease in numbers from top to the bottom layers u/as 

seen only in sites C and D̂  while in sites A and B they fell and 

rose alternatively in different layers. The total ants comprised 

of nearly 45 to 62^ of the total insects and 30 to 50?S of the 

total macrofauna and ujhen these percentages were considered for 

different layers in different sites during tuio annual cycles, the 

trend luas in reverse again in site D, in relation to the vertj^al 

distribution to their actual numbers. They however followed a 

similar trend in sites A and 8, but in site C they registered an 

increase in third layer. When total ants as percentages of total 

soil fauna was calculated, the percentage distributional pattern 

in the different layers for different sites during the period of 
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study follou/ed nearly a very similar trend as for the relative 

percentage of total ants under Insects and macrofauna (Table -

XXUIII), 

The ants mere subdivided further into its families, Myrmi-

cinae, Ponerinae, Pseudomyrmicinae, Doryllnae and Dolichoderinae 

in that order of abundance. The family Myrmicinae ujas nearly 30 

to A0% of the total ants. Their numbers for the different layers 

in the different sites luere consistent during the second annual 

cycle. Their actual numbers present in different layers decreased 

steadily for both the annual cycles from top to the bottom only 

in sites C and D, In site A there uias a sudden increase in the 

second layer ujhich fell thereafter till the bottom layer, uuhila 

in site B there luas an increase in third layer to levels as for 

the first layer. As the percentage of their occurrence in total 

ants they vuere seen to follouj as in earlier cases a trend in the 

reverse luith increasing percentages from top to the bottom layers 

in site D during both the annual cycles. In case of sites A,B and 

C these percentages vuere seen to be on the increased side at the 

bottom most fourth layer for both annual cycles uuhen in all the 

sites the number registered were the least. When the family Myr-

micinae was considered as the percentage of either the total 

insecta, macrofauna or the total soil fauna, it luas seen that 

they folloujed a trend in different layers as the family's own 

vertical distributional number for both the annual cycles in pxtes 

A,B and C. As usual in site D, these percentages ujere in reverse 

trend of increase from top to the bottom layers (Table-XXIX). 

The next family in terms of abundance among ants mas the 

family Ponerinae. This family also revealed a consistency of the 

number present in different layers for both the annual cycles in 

all the sites undertaken. In their vertical distribution, it u;as 
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seen that in sites A and C the numbers fell and rose alternativ/eJly, 

while in site B there ujas a steady increase till the third layer 

ujith a drastic fall in the fourth. In site D there uias an increase 

in the second layer though insignificant, it fell steadily there­

after. Ponerinae formed nearly 7-14?2 of the total insecta and 20 

to 30% of the total ants. These percentages luhen considered for 

different layers luas seen to follouj a trend similar to the actual 

numbers only in site B, In sites A and C a significant increase 

in the percentages oias seen in the fourth layer only in case of 

their abundance in total macrofauna for both the annual cycles 

when their numbers actually ujere the least. In site D there ujas 

slight increase in percentage for the third layer luhen their act­

ual numbers ujere less than nearly 6% from the second layer. When 

this family Ponerinae was considered either as percentages of 

total insects, macrofauna and total soil fauna the trend in dif­

ferent layers in the different sites for both the annual cycles 

fflllloujed nearly a similar pattern to the vertical distributional 

numbers in all the sites except in site D as usual, uuhere the 

trend luas in the reverse (Table-XXX). 

The third family of abundance among ants ujas the family 

Pseudomyrmicinae luhich comprised nearly 5-18% of the total insec­

ta and 12-28^ of the total ants. Their numbers in different lay­

ers ware consistent for the second annual cycle as the first 

annual cycle at the various sites except for sites A and C,where 

there was a fall and rise in the alternate layers in the vertical 

distribution of their numbers, the remaining two sites B and D 

showed a steady decrease from top to bottom layers for both the 

annual cycles. A trend similar to their vertical distributional 

numbers was also seen for relative percentage of this family 

either for total ants, total insects, macrofauna or total soil 
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ĥ N 

CO 

ON 

VO 

CM 

CO 

m 
CM 

c^ 
CO C^ 
^ • 
r - O 

ON 

m 

VO 
CO 

T— 

CN 
CM 

o 

i n 

o 
o 

ONI 

•d-

V - • 
CvJ 

3 

1 

3 

5 
! 
? 
3 

3 
1 

rn 

CO 

ON 
c^ 

a 

o 
CM 

O r -
^ • 
CM ON 

CM 

CM 
CM 

m 

ON 

CD 

ON 

CM 

• 

O 
CM 

m 
O r -
•vJ- • 
CM ON 

CM 

rn 

m 

p -• 
o 

(•n 
o 

m 

m 
(N 

00 
CO 

m 

00 
CM 

o 

o 
c^ 

CM 

VO 
0 0 

CM 
CM 

in i 

1̂  1 
CM j 

ON 

VO 
00 ! 

' -

i 

VO 

CM 

« - a VO ' 
•v)- VO CM t n CO c^ 
^ • O N • -^f • : 
CM ON ^ - n ^ - r ^ -

CM CM V - ; 

i n 
00 

m 

in 
ON 

o 

ON 

o 
• 

m 
CO 

rn 
CM 

O 

< ! • 

in 
CD 

VO 

• 

oo 

CM 

•^ 1 

fA 1 

CO i 

- i 

^ ! 

ON j 
CD ; 

r— 
CM 

r - Q VQ 
-d" VO CM r<^ 0 0 O N 

- ^ • O N • •<)• • 

CM ON r— r<^ T - l > i 
CM CM V -

Q 



fauna in sites A and C only for both the annual cycles. In site B 

all these relative percentages shoujod an increase in the second 

layer and the fourth la^^rjjjhen the actual numbers were either 

less or same respectively in both the annual cycles* In site D, 

there uias a usual trend in the reverse though significant after 

the second layer (Tablo-XXXI). 

'The family Dorylinae came next in importance after the fam­

ily Pseudomyrmicinae and comprised of nearly 3 to Q% of the ins­

ects and 3 to ^% of the total ants. The steady decrease in their 

numbers from top to the bottom layers in both the anriual cycles 

ujere seen only in sites C and D, Site A shoujed an increase in 

second layori luhich fell steadily thereafter uihile site 8 showed 

a fall and rise till the fourth layer. The relative percentages 

of this family Dorylinae either among total insects, total ants, 

macrofauna or total soil fauna revealed a trend in different 

layers similar to actual numbers present in all the sites except 

for the fourth layer of sites B,C and D u/here they registered a 

slight increase when the actual numbers were the same as in the 

third layer (Table-XXXIl). 

The family Dolichoderinae came last in importance among the 

ants and comprised of nearly 3 to ^0% of the total ants and 2 to 

5% of the total insects. The numbers In the different soil layers 

fell steadily from top to the bottom layers in both the annual 

cycles only in site D, while so in site C for the first annual 

cycle only. The increase in the second and third layers and a 

fall in the fourth layer was seen in the first annual cycle in 

site A and for the second annual cycle in site C, The fall and 

rise in the alternate layers was seen for both the annual cycles 

in site B and for the second annual cycle in site A, When this 

family relative percentage of the total ants were considered, it 
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was seen that they follouied a trend of their vertical distributio­

nal numbers for the first annual cycle in all the four sites and 

in the second annual cycle only in sites C and D, In site A the 

fourth layer registered the maximum percentage as also in site B 

except that in the latter, the total trend was in the reverse for 

the second annual cycle. A trend similar to these relative percen­

tages luas also nearly the same ujhen Dolichoderinae relative per­

centage among macrofauna and total soil fauna ujas considered, 

except in site D mhere they revealed a trend in the reverse as 

usual. HoujBVer when the relative percentage was seen among the 

total insects they shoujed the same trend as the other percentages 

in the first annual cycle and for the second annual cycle only in 

sites B and C, while in site A they followed the pattern as of the 

vertical distribution (Table-XXXIII). 

Among the orders of insects, the order Coleoptera, comprised 

of 4 to ^Z%, The numbers in the different layers were found to be 

the same in the second annual cycle for the various sites. Further, 

there was a steady decrease in numbers from top to the bottom la­

yers In all the sites. When their relative percentage of abundance 

in total insects, macrofauna and total soil fauna was considered 

the phenomenon of steady decrease in the different layers was seen 

only in second annual cycle in site B. In site A though there was 

a steady decrease till the third layer, there was a slight incre­

ase in the fourth layer, in their percentages for both the annual 

cycles, while in site D the trend was more or less in the reverse 

for these three percentages of abundance except in fourth layer 

which revealed a rise and fall in the alternative layers (Table-

XXXIU). 

The order Diptera came next in terms of abundance to 

Coleoptera, forming nearly 6-10/S of the total insects. The steady 
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decrease in numbers from top to the bottom layers mas seen for all 

the sites for both the annual cycles except for the first annual 

cycle in site A. Further, again with the exception of the first 

annual cycle in site A, all the other sites revealed nearly the 

same numbers for the top two layers and also similar numbers for 

next tujo bottom layers, Houuever, the relative percentage of the 

abundance of Diptera in the total insects, macrofauna and total 

soil fauna alo/ays registered an increase in percentage in the 

second layer in all the sites for both the annual cycles, though 

the actual numbers present uiere nearly the same. This phenomenon 

ujas also true for the fourth layer ujhen compared uiith the third 

and in most cases registering nearly the same or more than the 

first layer (Table-XXXU). 

The order Hemiptera comprised 2 to ^^% of the total insects. 

All the sites shouted a decrease in numbers from top to the bottom 

layers for both the annual cycles except site A ujhere there ujas a 

drastic increase in the second layer uihich though decreased stea­

dily till the fourth, maintained a level far higher than the first 

layer, Moreover, the first and second layers for both the annual 

cycles registered nearly the same numbers in sites A,B and C, When 

the order Hemiptera aias observed as the relative percentage abun­

dance among total insects, macrofauna and total soil fauna, it u/as 

seen that they folloujed a trend similar to actual vertical distr­

ibutional numbers except in the second and third layer in both 

the annual cycles in all the sites inhere they revealed an increase 

(Table-XXXiyi). 

The order Hymenoptera presented,, are those present under 

this order except the ants. If so they formed nearly 2 to ^0% of 

the total insects. A steady decrease in their numbers from top to 

the bottom layers was seen for both the annual cycles, only in 
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CM Ĉ J CM CM 

CD P - -vt CM 
CO rA LA CM 

• • • • NO P - LA NU 

CD m CM ON 

rA o •«?• <}• 

c^ o p- CO ^ 
r -

NO NO <J- •<}• 
C M - < ) - C M < ) - j v | L n f y , L n 

l A . r A *os *Os • 
T - c^ T~ ON a o 

CM CSi CM CM 

T— LA O N ON 
^r- l A l A CD 

CM CNI ^ ^ 

l A CO ON P -
rA t - r^ <3-

NO P - •'Cj- LA 

CM CNI CNI CM 
NO CO -d- < t ' 

CD c^ NO p -

r - r - CJN O N 

C M T - C N | . r - ^ 0 O ^ C D 

^ * ^ • \ o *\a • , 
T - r - r - r - CD CO 1 

rA rA r- ^ 

o -vT "<a- CD 
ON r - CD CD 

O ^ Q * -

NO NO ^ - P -
t A O m MD 

o • • % 
' (NJ rA CM CM 

' CO ^— LA <c~ 
cvi a CD <t 

• • • » 
, m -d- m rA 
1 

; CD a O CD 

a ° o ° a ° D ' ^ ' N o * N o • • ^ • • s d - * 
o a a O 

! r-̂  m CM CM 

• VO CD ON 

1 (A NO •d' NO 
5 

3 p- CM CO m 
CO 00 CM r-

rA - ^ •^ lA 

a "sT tA <t-
1 CD rA NO NO 

• • • • 
I LA NO LA NO 

CD CO CM CM 
" • d - r A ^ m . ; ; } - N D ^ N O 

,CD ' C O ' V O ' N O * 
1 CD CO »— T -

CNI Osl CM Csl 

u 

' m rA < - ^ 
^ ON •<}• CD pg 

r - CM CM CM 

, r A rA NO p -
'd - LA Ln CD 

• • 9 • 
' l A NO tA l A 

O NO CM V -
Q LA rA Ln 

P^ CD P - P -

ON c^ CM o 

C 0 C D 0 0 C 3 v o C D c o ' ^ 
CM •CM A O N ' C O • 
V - ON V * O N K— O 

CM CM CM CM 

i>- rA i ^ •?-
NO X - NO CO 

T - PJ T - r -

P - ON 03 tA 
O N \ - O - C 

•vT NO Ln LA 

t A NO ^ - CM 
•d- T * P - CD 

NO C6 NO P-

a CD ^ ON 
C 0 O C 0 C 3 , ^ t - ( j 3 C D 

o - o . ^ . ^ . T - O r - CD ^— CD 
m r̂ N CNj r -

1 a D T- in 
. ^— r— CD 00 

r- r~ a O 

c^ t > >d- p~ 
! ON ON ^ CM 

• • • • ] CM Pvl CM CM 

! LA l A LA CO ' 
CD 00 NO 00 

] ' . . . 
, r^ rA CM P î 
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sites C and D luhile they increased in the second layer to fall in 

subsequent layers in sites A and B for both the annual cycles. 

When the relative percentage of abundance among total insects, 

macrofauna and total soil fauna u/ere considered, it Luas seen that 

they folloujed a pattern similar to the distributional numbers 

except in the fourth layer for sites A, B and C, uhere they regis­

tered an increase for both the annual cycles. Moreover they showed 

an increase in the second layer for site B for both the annual 

cycles also (Table-XXXVII), 

The order Thysanoptera comprised of nearly 3 to 1% of total 

insects. There uuas a steady decrease in their vertical numbers 

from top to the bottom in all the sites for both the annual cycles, 

Hoiiiever, when their relative percentages of abundance in total in­

sects, macrofauna and total soil fauna were considered, it was 

seen that they revealed an increase in the fourth layer in all 

the sites for both the annual cycles and an increase in second 

layer in sites A, Band C. Further there was a steady decrease in 

the percentage from top to the bottom layers in contrast to their 

actual numbers (Table-XXXl/III). 

The order Lepidoptera comprised of nearly 2 to 1% of the 

total insects. The steady decrease in numbers from top to the 

bottom layers was seen only in site D. In sites A and 8, though 

there was a decrease till the third layer for the first annual 

cycle in the former and for both the annual cycles in the latter, 

there was a sudden increase in the fourth layer. In site A during 

the second annual cycle the increase was seen from third layer 

onward, while in site C there was an increase for the second la­

yer which fell thereafter till the fourth layer in the second 

annual cycle, but showed a slight increase in the fourth layer 
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during the first annual cycle* When the relative percentage of 

this order Lepidoptera luas considered among the total insects, 

macrofauna and total soil fauna, they folloujed a trend similar to 

their actual numbers only in site A, luhils an increase aias seen 

for the second layer in sites B and D for both the annual cycles 

and in the fourth layer in site D (Table-XXXIX). 

Trichoptera came next in importance to Lepidoptera, compri­

sing of nearly 3 to 6% to thertotal insects. The steady decrease 

in numbers from top to the bottom layers aias seen only in sites C 

and D for both the annual cycles. Site A shoujed an increase in 

second layer aihich fell after, Luhile in site B there ujas an incr-

sasB in the fourth layer, VJhen their relative percentage of abun­

dance as in total insects, macrofauna and total soil fauna was 

seen, they folloiued a trend similar to the vertical distributio­

nal numbers except for the fourth layer in all the sites in both 

annual cycles. While they registered an increase in third layer 

in sites B, C and D their numbers vuere more or less the same as 

for the second layer in both the annual cycles (Table-XL). 

The order Orthoptera comprised of 1.5 to 6^ of the total 

insects. The steady decrease or similar numbers from top to bottom 

layers as the vertical distributional numbers was seen for the 

first annual cycle in sites B, C and D, luhila an increase from 

top to the bottom layers was seen for both the annual cycles in 

site A, while there was a fall and rise in alternate layers dur­

ing the second annual cycle in sites C and D, When the order 

Orthoptera was compared as the percentages of total insects, mac­

rofauna or the total soil fauna, it was seen that there was a 

steady increase in their percentages from top to the bottom layers 

in all the sites for both the years (Table-XLl). 
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Order Derrnaptera came last, comprising oF 2 to 5/S of the 

total insect* A steady decrease in their numbers from top to the 

bottom layers for both the annual cycles ujas seen only in sites 

C and D, In site A they shoiued an increase in second layer maint­

ained it in third layer and fell in fourth, while in site B though 

there uJas a steady decrease till the third layer, an increase u;as 

registered in the fourth in both the annual cycles. When their 

relativ/e percentage among total insects, macrofauna and total soil 

fauna ujas considered, it mas seen that they follouued a trend simi­

lar to their vertical distributional numbers, only in site B and 

that too quite obvious in the first annual cycle. These percentages 

registered an increase in the third layer for both the annual cy­

cles in sites A, C and D and for the second annual cycle in site 

B. Further, the fourth layer in sites B and D shovued an increase 

in the second annual cycle (Table-XLIl). 

The -major sub-division after insecta under macrofauna luas 

made up of total myriapoda and comprised of 12 to 22% of the total 

macrofauna. This group (lyriapoda uJas further divided into Diplo-

poda, Symphyla and Chilopoda in that order of abundance. Whan con­

sidering total myriapoda, it uJas seen that their numbers in diff­

erent soil layers at different sites decreased steadily from top 

to the bottom layers for both the annual cycles in all the sites 

except in site A. In site A, tfte.gsecond layer registered an incr­

ease li/hich fell thereafter. The same trend as their vertical dis­

tribution numbers tuas seen for the relative percentages of 

Myriapoda in macrofauna and in the total soil fauna in sites C 

and D for both the annual cycles and for the second annual cycle 

in site A. The latter site shoujed an increase in the fourth layer 

for the first annual cycle as also luas seen for the fourth layer 

for both the annual cycles for site C (Table-XLIIl). 
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The major group under Myriapoda was Diplopoda which formed 

nearly 30-50^ of the total Myriapoda; The numbers in the different 

layers steadily decreased from top to the bottom layers for both 

the annual cycles in all the sites studied. When looked at as per­

centages of total Myriapoda, it was seen that they had a similar 

vertical distribution only for first annual cycle in site C* In 

the remaining sites the third layer ujas much more during both the 

annual cycles in sites A, B and D and for the second annual cycle 

in site C, the increase ujas seen in second laferi Houyever^ when 

the relative percentage abundance of this group Diplopoda among 

either macrofauna or total soil fauna aias considered, they seemed 

to follouj a similar trend as for their vertical distributional 

numbers, only in sites A and D for both the annual cycles. In case 

of sites B and C these relative percentages were seerfi'''̂^ to be on 

the increase during both the annual cycles for the fourth and the 

second layers respectively (Table-XLIU). 

The next group of importance under Myriapoda was Chilopoda 

which was 23 to AQ% of the total Myriapoda. The steady decrease 

in numbers from top to the bottom layers was seen in all the sites 

except in site A, where in the latter case there was a two-fold 

increase in the second layer which dropped thereafter but still 

the third layer registering more than the first layer. When the 

relative percentage of this group under Myriapoda was considered 

it luas seen that the fourth layer of sites A and B and the third 

layer of sites C and D increased luhen the actual numbers decreased 

during both tHe annual cycles. This trend a/as also true for the 

relative percentages of this group Chilopoda either among mesofa-

una of total soil fauna for sites Aj B and C(£^ HSwe'Ver'' for site D 

during second annual cycle the fourth layer registered an increase 

for these relative percentages of abundance (Table-XLl/). 
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The last group under Myriapoda UJas Symphyla which vuaa nearly 

20 to 42% of the total Myriapods,. There ujas a steady decrease in 

numbers for both the annual cycles in sites 8 and C. Site D regis­

tered a fall and rise in alternate layers for both annual cycles, 

while in site A there uJas a slight increase in the fourth layer 

during the first annual cycle, rise in the second layer during 

the second annual cycle. The steady decrease from top to the bot­

tom layers was also seen for the relative percentage of abundance 

of this group either among total myriapods, macrofauna or total 

soil fauna only in site B for both the annual cycles, while in 

site C, there was an increase in the second and fourth layer. This 

latter phenomenon was also seen in site D for both the annual cy­

cles. In site A it folloujad a trend similar to their vertical dis­

tributional numbers, except for the third layer where the relative 

percentage abundance in total myriapods showed an increase (Table-

XLUI), 

Annelida formed a very minor portion of the macrofauna, 

comprised of nearly 1 to 5% of the total macrofauna. Either the 

steady decrease in numbers from top to the bottom layers or the 

similar numbers with a decrease till the bottom layer luas seen 

for the second annual cycle in site D and both the annual cycles 

in sites A and C. Site B registered an increase after the third 

layer which maintained so till the fourth, while site D in the 

first annual cycle showed an increase in the third layer. The 

trend for the relative percentage of abundance of this groupp 

either among the macrofauna or total soil fauna was seen to be 

only in site B, while they ware in the reverse trend for site D 

for both the annual cycles. In site A this latter trend was seen 

from the second layer till the fourth layer for both the annual 

cycles (Table-XLl/Il). 
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The group Mollusca came last in terms of abundance unc'e-̂  

macrofauna, comprising of nearly 0.5 to 4% of the total macro-

fauna. Here again as the annelida vertical distributional num­

bers either remained constant or decreased from top to bottom 

layers for both the annual cycles in sites B and D. In site A, 

the trend was in reverse luhile in site C there uuas a fall and 

rise in alternate layers during both the annual cycles, fl trend 

similar to their vertical distributional numbers was seen only 

in sites fl and C. When their relative percentage among macro-

fauna or total soil fauna was considered, site 8 shoiued an 

increase in the second layer for their relative percentages 

as ujell as the fourth layer, mhile in site D, a trend in the 

reverse luas seen in these relative percentages of abundance 

which increased from top to the bottom soil layers (Tab!o-

XLUIII). 
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SEASONAL FLUCTUATIONS 

Whan a seasonal analysis of total soil fauna was done, it 

ujas observed that they ranged from 900 to nearly 2,900X10 / m , 

ULihen all the sites luere considered. The minimum a/as seen for the 

month of dune in sites A and B, ujhile the maximum ujas recorded in 

the month of December in site D, The range in the different soil 

layers when considered uuas nearly between 200 to 950X10 /m . The 

interesting observation moreover was that when each site was con­

sidered, the maximum and minimum for the years of study was in 

3une and December respectively for all the sites except site A 

where the minimum occurred in the month of January during both 

the years of study. This phenomenon was also true when the indi­

vidual layers in different sites (A,B,C,D) was also considered 

(Fig. 2). 

A similar seasonal study when done for microfauna, it was 

seen to follouj the same patterns as the total soil fauna not only 

in different sites but also in different soil layers during the 

entire study period. It ranged from nearly 20 to 170X10 /m , the 

minimum in site B in the month of June and the maximum in sites 

C and D in the month of December. While the individual soil layers 

were considered the microfauna ranged from a minima of 4 to a 

maxima of 60X1oVni^ (Fig, 3). 

Under the major sub-groups of microfauna, it was seen that 

the prostigmatid mites folloujed exactly the same trend as it was 

seen either for total soil fauna or for total microfauna. In any 

case they ranged from a minima of 24X10 /m to a maxima of 168X 

9 2 
10 /m . When all the sites were considered the minima occurred 

in January in site A while the maxima occurred in December in 

site C, In the different layers the Prostigmatid mites ranged 
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9 9 2 / 2 

from a minimum of 4X10 /m to a maximum of nearly 60X10 /m , the 

minimum occurring in summer months and maxima in ujinter months 

(rig. 4). The next was Protozoa aihich ranged from a minimum of 
9 9 

total absence to a maximum of nearly 50X10 /m , A similar pheno­

menon as for total microfauna in that minimum occurred in summer 

months (April, May, 3une) and the maximum in the winter season 

(November, December) (Fig, 4)» 

When the group Protozoa was broken up for lower levels like 

flagellata, cilliata and amoebae a similar trend of fluctuation 
9 9 

was observed and maximum of more than 4X10 /m was never recorded 

in any of these groups in any soil layer in different sites dur­

ing both the years of study (Fig, 5). 

After microfauna the next major group comprised of mesofauna 

which was seen to follow a nearly similar pattern in their seaso­

nal fluctuations as for the microfauna or total soil fauna during 

the entire study period. However, the total mesofauna ranged from 
9 9 9 9 

a minimum of 524X10 /m to maximum of 1,788X10 / m , the former in 

the month of June in site B and the latter in the month of Decem­

ber in site D, All the sites did show the minima and maxima in 

Dune and December respectively during both the years of study 

except in site A, where the minima was recorded in 3uly. The range 

in the individual layers at different sites of mesofauna was bet-

ween 108 and 576X10 /m during the entire study period in diffe­

rent sites (A,B,C,D) (Fig, 6), 

Among the major subdivisions under soil-mesofauna, Collem-

bola revealed a pattern of seasonal abundance and fluctuations, 

quite contrast to all the others described so far, in that the 

minimum was always recorded in all the sites and in all the soil 

layers in the month of Oanuary for both the years of study, 

88 



68 

lO 
• -

n o -tLo 

O rt-ct-O 
MO' D 6 
CD O H*H> 

I (D 3 
I O -OlD 

*-%«*•»< 
•* •• >* O r** 
-< -H •JO O CD 
O O CDC N 
t* et *i o (a 
a D rf o (D 
I- H* O O. O 

MO O 
"D -D •* -^O O 
O O •«J0'0 O 
tt O von H M 
o r̂ s»^o o 
N H» • 3 O "O 
O «0 rt-O M 
O 3 3 C 
• D CLt*0 

rt m tf 
D "O H-C 
• <+3 D 

3" rt-
(0 <••»-• 

3-0 
-DO 3 
O 
*» -»o 

o -« 
crc 
O H T) 
tf H 
3*0.0 

M(0 
:T-t>h-
O O iO 

»1 3 
o o o 
3 3 «• 
3 C*>0 
C 
O CO O 
Mcf 3 

c a. 
o. 



UJ301-0 "J:>0?-01 ^^Oi'Ql 1-U507-0C 

c; 

Ui/ 01 X JaquiRN 



n 

(0 O 

M 0] 
t-i a 
<H >s (D 
UXSr-4 

3 O 
<g o> u 

»-4 C 10 

a> u c 
en a c 
( 0 0 - O 

U.*H Q) 

0 - 43 
O M 

a x 
C 0 4 J 
o <̂  o 
4> O 
<ax: u 
3 4 > O 
41 a . 
u c 
3 < H 0) 
»-i x: 
0 - 4 » 4 » c a 

o <s 
W D 
o 
^ 4 * a c 
« M-—* 
CO (DO\ 
(DQ-Ov 

_ O M v 
4 » - a T 3 

Q) O 
0 ) 0 (44> 
C E 3 

•HCC OCO 
3 «-C» 
C D ON 
£ C 4 » « -
tn as flj'*-' 

c 
o 
o 
(0 
(D 
0) 

o 
X 

CO 

•-« 
•-• 
CD 
cn CO 

i - i 

u. 

CO 
4* 
CO 

-t 
fA 
•H 
U 

o 
to 

J3 
ID 
O 
E 
«C 

o> 

90 



ujDOC-OZ u i307-0£ 
r 

-?o 

u 

^ 
1 1 
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though the maximum continued to be in DecBmbsr. Collambola ranged 

9 Q 9 9 

from a minimum of nearly 240X10 /m to a maximum of 628XlO'^/m at 

the different sites during the entire study period. The rangg in 
9 9 

the individual soil layers uuere betiueen 40 and 200X10 /m (Fig,?). 

When the different families of Collembola lugre considered 

for their seasonal fluctuations, all of them more or less folloujed 

the similar pattern as for Collembola, especially the families 

Entomobryidae and Hypogastruridae with a slight deviation in fam­

ilies Sminthuridae and Isotomidae ujhere the minimum though not 

very significant, ujas recorded in the month of March (Fig, 8). The 

number in families Entomobryidae, Hypogastruridae, Sminthuridae 
9 9 

and Isotomidae ranged from 88 to 304X10 /m in the months of March 
9 9 

and December^ 72 to 200X10 /m in the months of January and Dec-
ember; 44 to 120X10 /m in the months of April, Oune and December 

9 2 
and 20 to 84X10 /m in the months of March and December respecti-

9 

vely. The range in the individual layers ranged from 4 to 84X10 / 

m , in all the families (Fig, 8). 

The next major group after Collembola in total mesofauna 

was Acarina, luhich seemed to follouj the same pattern as for Coll­

embola in all the sites except in site D which recorded a summer 

minima as was seen for total soil fauna or microfauna. This phe­

nomenon was also true when Acarina Was looked at its sub-order 

levels as mesostigmata, cryptostigmata and astigmata. Thay ranged 
9 9 

as a whole from 108 to 624X10 /m in different sites. In mesosti­

gmata, cryptostigmata and astigmata the ranges were as 52 to 280 
9 9 9 9 

X10 /m in the months of January and Decemberj 40 to 212X10 /m 
2 9 

and'16 to 132Xt0/m respectively. The Acarina population in the 
9 9 

individual soil layers ranged from 4 to 80X10 /m (Figs. 7 & 9 ) , 
Araneida, which comes next in importance after Acarina in 

92 
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terms of abundance under mesofauna seemed to follow a similar 

pattern of seasonal fluctuation as has been observed for Collem-

bola. The population ranged from 92 to 408X10 /m in the months 

of DanCjary and December respectiwely. In individual soil layers 

9 2 

they ranged from 20 to 123X10 /m , This pattern of seasonal fluc­

tuation oias also true aihen Araneida ujas seen at its family level 

and especially in family Clubionidae and Lycosidae, ujhile in Lin-

yphiidae in site D, the first cycle shoujed a summer minima, though 

it uJas true for second annual cycle. The population ranged from 

28 to 184Xt0Vm in the months of January, February and December 

respectivelya When the individual layers mere considered the 

ranges ujere from 4 to 56X10 /m in the same months in all the 

families of Araneida (Fig, 10), 

The remaining groups under mesofauna being Protura, Diplura, 

Isopoda and Chelonethi which had a common seasonal fluctuation 

pattern in the first three groups, in that they revealed a summer 

minima and ujinter maxima ujhile in the last group namely Chelone­

thi the minimum was always in January and maximum in December. 

The population in all the groups ranged from 16 to 108X10^/m^ in 

the months of January and December respectively. When the indivi­

duals soil layers were considered the range were 4 to 36X10^/m 

(Fig. 11), 

The third major group in the total soil fauna was macrofau-

na which revealed a seasonal fluctuation with a maximum peak of 

occurrence in February and minimum in June, July, This was true 

not only in different sites under consideration but also when the 

individual soil layers were looked at. The range of population 

2 2 
were from 300 to 908X10 /m in the months of June and February, 

December for both the annual cycles of study. The range was from 

44 to 300X10Vni^ at the individual soil layers (Fig. 12). 
9^ 
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ThG most abundant group in macrofauna ujas total insects, 

uihich shoujed a more or less similar pattern in their seasonal 

fluctuation as macrofauna ujhich is quite understandable because 

the fluctuation pattern depended upon insects. They ranged from 

224 to 732X10 /m in the months of Dune and December respectively. 

The range of individual soil fayers uJas from 36 to 280X10 /m for 

both the annual cycles of study (Fig, 13). 

. I7hen total insects aias sub-divided into its major categories, 

it UJas seen that ants ujere the most dominant group and recorded a 

maxima in February in site A, but in October for the other sites, 

ujhile the minimum luas recorded during May-June. It mas true when 

all the sites as uuell as all the layers luere also considered. The 

9 9 
range of population ujere from 128 to 496X10 /m . The range in 

9 9 
individual soil layers were from 20 to 148X10 /m (Fig, 13), 

The ants when looked at its family levels in the present 

investigation where 5 families were present, all the families 

revealed a more or less similar picture as was seen for the total 

ants, in that the maximum occurred in February in all the sites 

and October in site A, while the minimum was observed in May-3uns 

in all the sites at all the depths. The range of population in 

different families of ants like (Myrmicinae, Ponerinae, Dorylinae, 

Pseudomyrimicinae and Dolichoderinae) ranged from 44 to 148X10 / 
o 0 0 

m in the months of April and October; 24 to 96X10 /m in the 
9 9 

months of May and October; 12 to 68X10^/m^ in th e months of April 
9 9 

and October; 20 to 124X10 /m in the months of April and October; 
9 9 

and 12 to 56X10 /m in the months of August and October respec­

tively. While the individual layers were considered, the ranges 
2 9 

were from 4 to 44X10 /m in all the sites for both the annual 

cycles (Fig, 14). 
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Amqng the other sub-divisions of total insects, ujhich incl­

uded orders like Coleoptera, Dipteraj Hemiptera, Hymenoptera, 

Thysanoptera, Lepidoptera, Trichoptera, Orthoptera and Dermaptera, 

all of them revealed a ujinter maxima and a summer minima (Fig,15). 

The range in the insect orders to their dominant abundance, luere 

16 to 72X10'̂ /m'̂  in the months of Duly and December; 8 to 80XlO^/m^ 

in the months of June and Dscemberj 16 to 52X1,0 /m in the same 

monthsj 0 to 60X10 /m in the same months; 0 to 48X10 /m in the 

months of Danuary, February and December; 0 to 54X10 /m in the 

months of March, April and Dece mber; 16 to 40XlO^/m^ in th e months 

of April, l̂ ay, 3une and December; 0 to 32X10 /m in the months of 

March, April and August; and 0 to 40Xl0^/m in the months of 

April, May, Oune and December. The range of population in indivi-

dual layers ujere 0 to 24X10 /m in the months of April and Wovam-

ber-Oecember respectively (Figs, 15 & 16). 

Macrofauna a/hich predominantly contained insect had as the 

second majoi? group Myriapoda. This group ujas further divided into 

Symphyla, Chilopoda and Diplopoda. Houjever luhen either Myriapoda 

or dj.fferent sub-groups tuere observed for the seasonal fluctua­

tions during the entire period of investigation it u/as observed 

that a ujintsr maxima particularly in December existed, and a sum­

mer minima betiugen April to Dune ujas observed. The total Myriapoda 

9 2 
ranged from 48 to 196X10 /m- in the months of Duly and December 

9 9 
respectively. The range in individual layers Uias 4 to 60X10 /m . 

9 9 
The different three sub-groups ranged from 4 to 64X10 /m in the 

9 9 
months of Dune, Duly, -August and December; 16 to 64X10 /m in the 

9 2 
months of Dune and December and 20 to 76X10 /in in the months •'of 

Duly and "• December respectively in terms of dominance. The popula­

tion •ujhen̂ s.een ;. 

(Fig. 13 & 17). 

9 9 
tion •ujhen̂ s.een ;in each.soil layers ranged from 4 to 36X10 /m 
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Mollusca and Earthujorms formed the least abundant among the 

macrofauna, their seasonal pattern of fluctuation shoujed a maxima 

in Autumn (August and Ssptamber) and a minima during both Summer 

and Winter in Mollusca, uihile in EarthuJorms it ufas only in Summer. 
0 0 0 0 

The population ranged from nil to 28X10^/m and nil to 40X10 /m 

respectively. These ranged again nil to 12X10 /m vuhen the indi­

vidual soil layers was considered (Fig. 18). 

Physico-Chemica'l factors 

The v/arious physico-chemical factors undertaken in the pre­

sent study luas broadly chosen as under three major categories 

(l) physical (environmental), (2) Physical and (3) Chemical. Under 

Physical (environmental), Soili Temperature, Air Temperature, Moi­

sture content and Rainfall was included, luhile the second physical 

incorporated pH, Conductivity, Bulk-density and Porosity of the 

soil, while the chemical factors were organic carbon. Nitrogen, 

Phosphorus and Potassium. 

The soil and air temperature at the different layers and 

different sites uuas seen to reach a peak in September while the 

minimum was in March in soil and in November in air for both the 

ar>nual cycles. The range of soil and air temperature were from 

30 to 35°C and 24 to 38°C respectively (Fig. 19). 

Rainfall had a summer maxima and winter minima true for all 

the sites. It ranged from nil to 308,18 cm during the first ann­

ual cycle, while in second annual cycle it was from 1,3 to 355.3 

cm. The moisture content of the soil however unlike rainfall 

showed a bimodal peak of maxima, one in summer and one in winter 

in all the sites, while the minimum observed was between the 

months of February and April (Fig, 20), The range of moisture 
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Figr 19 : Shoudng the saaaonal fluctuations of Air 
temperature in the study area andxjSoil:; 
temperature in th& four different'^sites 
atU four different, defitha for both' the 
annual cyclea (1978 to 1979)• 
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Fig, 20 J Shouiing the seasonal fluctuation of Rainfall 
in ths study area and moisture content of the 
soil In different study sites at different 
depths for both the annual cycles (t978 to 1979), 

tto 
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content luas 10 and 89^ approximately in all the sites for both 

the years of study (Fig. 20), 

The pH of soil had a general trend of summer minima and 

ujintsr maxima in both years for most of the sites and most of the 

soil layers, in that, though July figured in all the sites as 

maximum, the minimum ujas in November for site A and September and 

December for the remaining sites. pH ranged from 5.0 to 7.4 during 

the entire study period (Fig. 21)» The specific conductance of 

soil was seen to follouj a rev/erse trend as that of pH in general 

for the different sites. Hoiuever the upper soil layers shoiued a 

maxima in the uuinter months and in summer in the bottom tu/o lay­

ers. The specific conductance of soil ranged from 5.25 to 60,06 

qmhos/cm in upper soil layers ujhile in lower layers it was from 

9.45 to 58.20/imhos/cm (Fig. 21 ). 

The bulk density of the soil in both the annual cycles in 

sites A and B was maximum in the summer months and minimum in 

October, while it mas maximum in December in sites C and D,though 

the minimum ujas the same. The bulk density ranged from 1,30 to 

1,48 units in the first annual cycle and 1,24 to 1.43 units in 

the second annual cycle. The porosity of the soil folloujed the 

same pattern more or less as that of pH in all the sites, and 

ranged from 22.03 to A8,9% in all the sites during the entire 

study period (Fig. 22). 

All the chemical factors (C,N,P and K ) also revealed the 

summer maxima and oiinter minima in all the sites in all the soil 

layers. The ranges of C,!\l, P and K aiere 1.45 to 2.1?Sj 0.12 to 

0,18^1 0.06 to 0.28 ppm and 0.9 to 2.0 ppm respectively (Figs. 

23 & 24). 
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Fig*' 21 : Shoiuing the asaaonal fluctuation of pH 
and conductiyity of the soil in the four 
different study sites at four different 
depths for both the annual cycles (1978 
to 1979). 

a=3 pH ( u n i t ) 
•^i Conductivity (,ajnhoB/om ) 
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figi 22 i Shotning the soasonal fluctuation of BuXk« 
density and pocoaity of the soil in tha 
four diffeeant study sites at four diff-

t tent depths for both tha annual cyclas 
1978 to 1979)** 
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Fig* 23 3 Shooting the seasonal fluctuation of Carbon 
and Nitrogen of the soil in the four diff­
erent study sites at four different depths 
for both the annual cycles (1978 to 1979)• 
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Fig. 24 : Shovidng the seasonal fluctuation of Potassium 
and Phosphorus of the soil in the four differ­
ent study sites at four different depths for 
both the annual cycles (1978 to 1979), 
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DISCUSSION 

The present ujork is unique, as mentioned in the introduc­

tion, that though the immediate effects on soil fauna after either 

burning or other stress factors considerable literature exist, yet 

very little is available on land abandoned after cultivation. More­

over, the ujork incorporated not only the study of cultivated land 

abandoned from 1 to 20 years, but also that this land UJas culti­

vated after the logging and burning processes had taken place and 

then left fallouj» It is knouun that the length of a fallouj period 

depends to a large extent on the vigour of several secondary suc­

cessions, ijuhich is a complex ecological mechanism, lue therefore 

confined ourselves only to the restoration of fertility of soil 

in such abandoned falloais by a comparative study of only the soil 

fauna in the different age groups of the falloujs enabling iden­

tification of the actual period of recolonization to the original 

levels of soil fauna. 

It uuas seen that in general, the oldest fallouj (20 years) 

had the maximum number of either total soil fauna or uuhen broken 

up into micro, meso and macrofauna levels. This clearly indicated 

that a build up of soil fauna in older fallows exists. HovueVBr, 

it UJas also observed from the results that the least abundance of 

the groups uuas seen in site B (5 years old), when one should have 

expected the loujest numbers in sits A (l year old), being the 

youngest fallouj and the most recently abandoned after cultiva­

tion. This could be explained by the fact that immediately after 

cultivation any soil left untouched would attract heavy density 

of soil fauna which would start colonizing, but unfavourable 

mineral conditions and other non suitable edaphic factors, res­

ults in decrease in numbers as can be observed in site B» These 
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results agree uuith those of Karpinsn (1958), Huhta ejb, a_l» (l967; 

1969) and Moritz (l965) luhera they have clearly indicated a tem­

porary increase in the numbers of soil fauna in particular Oriba-

tids, immediately after clear cutting, Hooiever, reports plso exist 

of the populations falling to half the original values (Kuhnelt, 

1950) for Collembolat This immediate increase and later stabili^ 

zing effects primarily depends on succession of soil developments, 

which depends on the development of soil types (Rosek, 1978)» Fur« 

ther, soil animal groups which ocpur in the later succesaional 

stages cannot live in less developed earlier stage§ probably for 

Bocirphysiological reasons, as they are not passive components of 

succession, hence they change the soil micro structure and are 

capable of pushing succession actively foro/ard. 

This is very true as seen from the results that micro^ meso^ 

fpQcro and total soil fauna u/hich dropped from the youngest fallouJ 

tp the five year old fallouj thereafter increased steadily till all 

of them recorded maximum m the oldest, aihich presumably could be 

the last stage of succesplon and total recolonization. This last 

aspect ujas very true in particular for mesofauna a/hich recorded 

an abundance in the oldeeb fallow (site D ) at a level equivalent 

to that in the youngest fallow (site A ) , which proves that stabi­

lization had taken place and the density being reached to thres­

hold levels, in addition to the species diversity. This was sup­

ported by the fact that n the present study a clear phenomena of 

succession and stabilization is seen. The numbers of either meso, 

micro or macrofauna when considered as a percentage of the total 

soil fauna in different eites, there was a drop in mesofaUnaj 

more or less equal levels in microfauna and an increased percen­

tage abundance of the toLal fauna in macrofauna as one goes from 

the youngest (site A) to the oldest fallow (site D ) , 
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One clear observation from the present study ujas that in 

the Vertical distribution of the total soil fauna, there was a 

steady decrease from the top to the bottom soil layers regardless 

of the age of the fallouj. This was true also when seen from either 

micro, meso or macrofaunal divisions, with minor variations at 

certain groups. Though the present study has been done on aban­

doned fallows after cultivation, yet the common phenomenon of 

soil inhabiting fauna abundant near the soil surface was observed, gj, 

characteristic of any soil condition due to adequate living space, 

favourable moisture aeration rates and accumulation of organic 

debris (Weis-fogh (1948), Murphy (1953), Haarlov (1960), Hale 

(1967) and Wallwork (1970). Similarly, there are exceptions to 

this general rule, for certain taxa which are deep soil inhabi­

tants like Symphyla, Protura, Pauropoda, some mites and collem-

bola as can also be seen from the present study uuheri there were 

slight fluctuations in the study, decrease phenomenon from the 

top to bottom soil layers, revealing at certain times increase 

in the second layer, a rise and fall in alternate I'ayS'r̂  or an 

increase in the bottom-most layer, as has also been shown by 

early workers for general soil studies like Glasgow (1939)^ Salt 

et.. al., (1948), Sheals (l957), Edwards (l959a,b), Poole(l96l), 

Evans e^. al_, (l96l) and Price (l975)i This was alio very true 

when the percentage of the total of either individual major groups 

or the larger broader divisions of microv) meso and macrofauna 

levels as in the present study, mas observed. The study area no 

doubt though modified considerably by the effects o^ cultivation, 

f'allowing and other habital disturbances associated with agricul­

tural practices, the actual nu'mbers or the percentages of the 

totals in the deeper soils for certain groups could be attributed 

to the result of surface impoverishment, favouring in the devel-
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opment of sub-surface fauna (Price, 1973; Price and Benham,1977), 

This depth distribution is known to be governed by a complexity 

of factors, of which feeding habits, size of the individuals and 

microclimate conditions ers some of the important ones. The reac­

tion of these soil commuf ities to such factors is different for 

groups or species and herce it would be difficult to generalize 

and assess the most important factor or factors determining their 

depth distribution (Pands and Berthet, 1975). Houjever, the nearest 

correlation for depth distribution could be attributed to the 

larger climatic conditions of the area in operation at that given 

period of time". 

To be more certain, one has to see the seasonal variations 

in the different groups as shown in the graphs (Figs. 2 to IB) 

for the present study. If so observed it was seen that there was 

a clear regularity in the seasonal fluctuations of not only the 

soil fauna but also in all its major sub-divisions and groups 

during both the annual cycles,in all the sites. Invariably there 

was a clear rising of population to form the maximal peaks in 

most cases during th& wii ber months and especially in the months 

of November and December which is the onset of a cold period if 

at all in these humid tropics. This phenomenon was seen for all 

the major groups including total soil fauna like microfauna, meso-

fauna and macrofauna, except that in the latter the maximum though 

still in cold wintersmon hs occurred in the month of February and 

not in the months of !\lovcmber and December as in the other cases. 

Further, the minimum recorded for these major groups was 

observed to be confined "to the summer months and in most cases 

just before the onset of the monsoons, in the months of June and 

July. Such a regularity cf a seasonal trend of fluctuation, where 
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the maximum is in ths ujinter and minimum in summer months was also 

sasn in all the sub-divisions in the present study except in the 

Case of Protozoa and its sub-groups, Chelonethi, Diplura, laopoda, 

Nollusca and Earthujorms. Here the maximum a/as seen to occur in ths 

Autumn months of August, September, ujhile the minimum ujas still in 

the Summer months as in the other cases. One exception was seen in 

the order Diptera where the summer month of May recorded maximum 

and minimum in September, where one cannot draw conclusions to the 

possibilities of such an occurrence for only this group, though 

later some light is thrown when thsy are correlated with different 

abiotic and edaphic factors. Groups like Collembola, Cryptostig-

mata, Astigmata, Araneida and its two families, Clubionidae and 

Lycosidae were maximum in the winter month of December, minimum 

in the succeeding month of January. This seasonal trend of fluct­

uations has been seen to be observed in all the sites undertaken 

in the present study with very minor variations if at all among 

themselves. 

Though the above have been the general observations in reg­

ard to maximum and minimum population in the various groups of 

soil fauna studied, it was seen that in most cases there is a 

bimodal peak of abundance, where the magnitude of one is much less 

than the other. These peaks of abundance whether occurring during 

the winter months or autumn months was always alternated with the 

summer or post-monsoon months of very low abundances. This pheno­

menon was true for the minor subdivisions of the soil fauna also 

as shown in the present study (Figs. 2 to 1 B ) , Various authors 

have reported different peaks of abundance, as Bellinger (l954) 

recorded as spring peak, while Poole (1961 ) a summer maxima with 

small winter peak, while Doosse (l969) spring and autumn for some 

species and summer for others. The work in tropical soils which 
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is confined to Southeast Asia and Dapan, 'ujhers Ogino ê »̂  a_l., 

(1965) shoiued a collsmbola incrBass from August to March Luhile 

Takada (l973) recorded tujo peaks one in luinter and other in sum­

mer. Niijima (1975) shoujed three peaks for the dominant species 

of Collarobola studied. All these reveal that our oujn study also 

shouj affinities with one or more of the above reports, yet no 

definite trend of fluctuations can be seen to be similar in any 

tuJO studies. Different climatic conditions prevailing in differ­

ent regions always has an affect on the pattern of fluctuation 

disalloiuing any true comparison betiusan any tu/o regions. In the 

present study, it was also seen in particular for Collembola 

though December was the maximum, the immediate succeeding rrionth-'i 

records the minimum in both the annual cycles which further 

builds up slowly, indicative of an over-wintering populations 

(Waliwork, 1959,' Evans eit. ail., 1961, Madge, 1969). The next 

major giroup being Acarina also revealed the trend similar to 

Collembola in the first year of study in sites A^B and C and 

for the second year in all the sites and for the first year in 

site D where it recorded a minimum in 3une. Such peaks of abun­

dance in winter is not unusual (Curry, 1971), Ail the other 

groups followed one of these. 

The pattern of seasonal fluctuations as mentioned above, 

was seen not to differ much between the different sites. However, 

while the vertical distribution of the different groups were un­

dertaken and their seasonal fluctuations in relation to the dif­

ferent soil layers at the different sites in the present study, 

there does seem to be variations between the sites. The total 

soil fauna, microfauna and mesofauna revealed an increase in 

abundance from August to October-November in the second layer 

during both the years of study only in site A. Further in site D 
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in the first tujo laysrs, microfauna is more or less constant, 

ujhils in the remaining sites as in the case of macrofauna for all 

sites, the trend of a top to bottom lay/er decrease in numbers luas 

seen throughout the study period irrespectiue of abundance or 

fall. This phenomenon of the second layer recording more in some 

months or oiere the same as related to the top surface layers ujas 

seen usually in site A even at minor sub-division levels like 

Prostigmata, Collembola, Hypogastruridae, Sminthuridae^ Astigmata, 

and Family Clubionidae. The only groups ujhich shouued a constant 

decrease from top to the bottom soil layers Luithout the affect of 

any season was Protozoa, Isotomidae, Acarina, Lycosidae, Chelone-

thi, Diplura, Protura, Isopoda and most of the macrofaunal groups* 

The group Prostigmata, Sminthuridae, Cryptostigmata, Linyphidae 

revealed in site D for certain months ahd specially during the 

autumn months of August to October-November an increase in the 

second layer or more or less equal to the surface layer. The ver­

tical distribution phenomenon as seen in site A uuhere there luas 

definitely migration to the second layer on the onset of winter 

could have been due to the non-stabilizing effect of the soil in 

the youngest fallouj (site A) in contrast to the remaining fallouis, 

where a clear separation of species in relation to primarily the 

pore space could have taken place. Further, in site A the surface 

layer has very little of litter cover in relation to other sites 

and this being exposed to cold temperature (ujinter) and dessicc-

ation (summer) of the soil surface aiould probably be responsible 

for such migration from the top to the second layer, Moreover, it 

was only observed in certain groups though uje see them to be the 

most dominant groups in the present study (Uan der Drift, 1951 

and Usher, 1964). In site D a similar phenomenon as seen in site 

A for certain groups could be attributed to the fact that as 
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rsportsd earlier by many soil ujorkers even in untouched forest 

soils, presence of a definite vertical migration in some species 

Luas in relation to their feeding behaviour. As only major sub­

divisions ujere taken into consideration in the study, it was not 

possible therefore to pinpoint the actual mechanism responsible 

for vertical migration in the oldest abandoned falloiu (site D) 

though the effect of some abiotic factors and edaphic factors on 

these groups cannot be ruled out. Further as has been recorded 

earlier, Acarina had a much evener vertical distribution than 

Collembola aihen one considered the major dominant groups in the 

present study* Such high populations in ^one strata and low popu­

lations in the other aiithout any evidence of seasonal changes in 

vertical distribution have also been noted by many workers such 

as Glasgow (1939), Strickland (l945, 1947) and Stockli (l957)« 

The concent of vertical distribution of Collembola was outr 

lined by Usher (l970a) and Hale (1966), who feel that seasonal 

changes in vertical distribution are not necessarily caused by 

differential mortality in Collembola* In groups where the maximum 

density irrespective of "''he season was seen in the top layer could 

be attributed to the att.action to the top humus layer where there 

exist very small amplitudes of the humidity and temperature and 

the presence of rich contents of organic substances (Imdate,1974). 

Moreover, the annual pattern of seasonal incidence of any group 

in relation to their vertical distribution would closely be rela­

ted to their specific life history and ecoclimate of their habi­

tat (Nosek, 1977). Therefore, unless the actual recruitment pat­

tern of species was examined, the interpretion of seasonal den--

sity and its fluctuations in the vertical distribution can give 

Very little concreate information. Populations are known with 

short generation times (r - strategists) to feed on labile organic 
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substrates and exhibit marked fluctuations while those ujith long 

generation times (K-strategists) are expected to consume non-

labile substrates and hence shouj loujer density fluctuations. Hence 

it is primarily dependent upon the opportunity for the individual 

species in any community for developing apt life history strate­

gies adapted to the mosaic of the physical, environmental and 

food resources of the soil (Mitchell, 1977), The above phenomenon 

though not poasible to be identified from the present study, 

clearly indicates as seen in the life history chapter at least 

that the stability of the tropical fauna in the present study as 

one goes from the youngest abandoned fallow (site A) to the oldest 

abandoned falloai (site D) might be a consequence of their birth 

rate in conjunction oiith teoparity (Cole, 1954). All these sugg­

est.that the vertical distribution is closely related with the 

habitat character and is determined and dependent by the response 

of the individuals to these characters (Takeda, 1973). 

It is for this reason that the seasonal vertical distribu­

tion of soil fauna and its various groups in the different sites 

have been correlated with the various physico-chemical factors 

both of the atmosphere and the soil. When so considered it was 

seen that pH was usually maximum in the summer and minimum in 

winter in all the soil layers in different sites undertaken in 

the present study for both the annual cycles. However, in most 

of the cases, pH was negatively correlated to the various groups 

which Was highly significant. Moreover it was seen that for total 

soil fauna, mesofauna, Collembola and Acarina it was not signifi­

cant while positively significant at P < 0,01 in the first layer 

at site A and negatively significant for the microfauna and pros-

tigmata. This factor may also have some bearing for the vertical 

distribution of these groups showing maxima in the second layer 
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during certain months. A similar phenomenon was also observed for 

Prostigmata in site D, pH was totally non-significant in the groups 

like Protozoa and Total Insecta. There uias no clear cut correla­

tion variation in the soil layers at different sites except A that 

in most of these major groups there was a highly significant nega­

tive correlation in the second and third layer for most sites. In 

the present study, pH was mostly in the acidic side therefore most 

of the groups were related to acidity (Hale, 1966; Nosek, 1957). 

Still further reports do exist of pH having no effect (Agrell, 

1941; Bellinger, 1954; Paclt, 1956; Cassagnau, 1961, 1964; and 

Christiansen, 1964) (Tables XLIX to LXIU). 

The next factor, conductivity revealed two peaks of incre­

ase in most of the sites one during the monsoon and the other 

during aiinter. However, this factor was seen to be mostly non­

significant and does not seem to play any major role except in 

Protozoa and Araneida. In these groups probably there was a nega­

tive correlation for the vertical distribution in various sites. 

After pH, the next important factor which seem to affect 

the soil faunal levels was observed to be the soil moisture con­

tent. In this, the correlation for most of the groups in the 

Various levels at the different sites for both the annual cycles 

revealed a highly significant positive correlation, in particular 

for major subgroups and for those groups mentioned earlier where 

a vertical distribution pattern seasonally occurs the correlat-

ionship was at P < 0,01 level. However, many investigations have 

shown no relationship between soil moisture and various groups 

of soilfauna (Macfadyen, 1952, 1954; Huther, 1961; Marcuzzi,1967, 

1968, 1973), while others reported definite negative correlation 

(Hammer, 1934, 1937, 1953 and Stebaeua, 1962), yet it is known 
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ĉ  
CM 

• Q 

1 

* 
* 

o\ 
-vT 
l A 

O 
1 

* 
* 

• N J -

0 \ 

MD 

« 
a 
I 

X 
D . 

r~-
C h 

rA 
0 

O 

1 

LA 

crv 
r— 

• 
O 

CM 

vo 
• 

0 

o 
1 

o 
< 
—̂ 
• 

CD 

1 

r A 

a 
r— 

a 
I 

s j -

rA 
rA 

a 
1 

t A 

•=3-
f A 

• CD 

1 

O 
<c— 

r A 

• • 
1 

r-
CN 

^ 
• o 
1 

CN 

r r -
r— 

* O 
1 

* 
l A 
CM 

^ 
O 

f 

CJs 
O 

r̂ . 
• a 
I 

c 
o 
u 

CD 

M3 
O 

• a 

• s j -

r-
(N 

« a 
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ĉ  

CO 
LA 

KN 
o> 
CM 

o 

KN 
CM 

CO 
CM 

« 
O 

I 

CO 
CM 

a 
9 

CD 
KN 
VO 

O 
I 

C N I [ > 
CO CO 

O 

CM 
ON 

KN 
CO O N 

O 
I 

o 

KN 
CN KN 

O 

CO 
KN 

o 
O 

CM 

* 
a 

o 

LA 
ON 
Csl 

o 

CM 

O 

CO 
O N 

CNI 
o 

a 

CO 

a 
I 

LA 
CM 

O 

CNJ 

ON 

CD 

CO 

a 

CM 

-̂  1 
a 
I 

CM 
- d -
C N I 

o 
LTN 
O 
• 

O 

V 

Q -

II 

* 

a 

V 

a. 
II 

* 
* 

u- 1 
as i 

CD 
l > 

ON 
K^ o 

K N 
CM 

•<3- CM 
ON 
KN 

KN 
CM 

'̂• 
—̂ 

CO 
CNI 

-* VC 
LA 
CM 

^̂  
CO 
CvJ 

CvJ 

CM 

CO 

CNI 

" i 
° 
^ \ 

i 
a ' 
u 

a. 

CO 
O N 

l A 

i 

Q 

CO 

CM 

O CD 

CvJ 

K^ 
L D 

o 

K \ CD 

o 

LfN 
K\ 

ON 

CO 

a 

ON 

o 

KN 

O O O O O 
I a a 

I 
o o 

CD 

• 
I 

—̂ 
CNJ 

CM 

« D 
1 

* 
* 

LA 
•<S-
VO 

a 

VO 
K^ 
CNI 

* CD 

•<t 
Cvj 

—̂ 

Q 

CO 
•<d-
b-N 

• Q 

* 
.>. 
•*i^ ^ i — 

CD 
CO 

O 

GO 
CNJ 

V— 

• 
c: 

0\ 

•<s 
Q 

o 

•sj-
00 
CNI 

• O 

T— 
ON 
CJ 

(—» 
I 

^ 
K— 

CM 

• CD 
1 

V— 
CM 
X— 

O 

CM 
T -
CM 

• CD 

I>-
O N 

C-J 

O 

» 

00 

—̂ 
^ 
• CD 

ON 

VO 

a 

O 
1 

CNI 

T— 

Cvl 

« 
o 

ft 

VO 
ON 

CM 

O 

-̂  
T— 

•d-
• 

o 

ON 
O N 

K\ 

r — 1 

KN 
r— 
KN 

o 
O 

LA 
CD 
CM 

O 

a 
a 
a 
• a 

!>-
o. 
CsJ 

\ 
\ 
1 
1 

1 
\ 

1 
f 

1 
1 

LA 
• 

CD 
! 

CD. 

Q 

C 
o 
o 

o 

LA 

O 

* 
CD 

cn 

LA 
CNI 

KN 
« 

O 
I 

0 \ 
CO 

« 
o 
I 

1— L_ 
c T re 

N-N 

KN 

• 
O 
I 

o 
CD 

CM 
O 
CNJ 

* 
a 
I 

Q 
Q , 

O 
O 
« 

a 

CJ 

VO CM O 
r - <r- Q 
V- -vt Q 

CD a 
i 

^y\ 
1/ -^ 



0) 
E 
u 

4J ( D O 
C X < M 
0 4 > (I 
(4 O 
O f 4 ^ 

(W O 
0 . 0 - x : 

"o CD a 
c o 

O S - D 
£ CO 
•P (U t-4 

•H 
C * H O 
0 * H CO 
CD O 
3 01 CD 

* » JT 
C D O . ^ ' 

X3 O 
4 > 

, 09 CO 
•p a. 
c ncQ 
(D O 
6 oiAi 

0 - t4 CO 
(W O 
CD*^5>» 
O CDTJ 
u e 3 

• p 
C CD CD 
OSZ 

<«> CO 

con 
r^ C t J 
CD CO O 
>* • H 
(4 0) 14 
O (4 G> u o a 

•p 
o u >« 

£ flJTJ 
•P 0 . 3 

•P 
cno 09 
C H 

• H - P r H 
3 O CO 
O - H - P 

£ i 3 O 
en (o-p 

t 

f3 
CD CD 

•P 

n 
• H « 
O Q 
tn *• 

00 
li 

OK 

V. -4 

• CO 

cno-
c 

• P (0 
coe 
(D 

-P 0 
c 
o < 

• 
u 
3 • » 
•P CD 
0) M 

•H 3 

a . CO 

I I CD a. • 
•H E S K 
O 0 4^ 

s : 4><H 
6> 

• « (4 O 
>«<H |4 

4 > ( Z O 
•H a 
> 0 

«r4 a 
•P • 
OH- U 
3 • O 
TJcca 
c 
o •« ••> 
U CD >« 

(4 4» 
fl 3-rl 

4> CO 
C CD C 
O l4 CD 

cj ats 

• » B 
CO CO 0 

•P O 
C 0 « t 4 3 
E C 

cnu«t 
4^ CD • » 
CD O CO 
0 « C 4 3 
(4 U 

Q. «n (S 
CO CO 

n »-4 c 
O i - i 

Sf„ 
(4 (D 

CL P H CO 
M C 

• « O I - 4 
( D C i 
C a» 
3 II CO 
CO C 

0 - r 4 3 
O O CO 
i4U<W 
O O 

•H • » »4 
s : CO o 

C CO 
H 3 £ 

CO 

u.«^ u 
•£< O 
S . COU. 

^ ^ 
CO • 
C II • » CO 
3 O T I 
< D U . - D O 

0 . (D*»4 Q. 
S : (D CD 

r-» c :»< 
w4 • « 0 f4 
O CO U>> 
(D O e s S : 

N 
rH O U 11 
CO 44 

4> O (0 IH 
O • * » « > 

0 n •»••> 
CO O 

U ^ O C 4 > 

H^CL (4<C 

CD 

131 



-p 
c 
a: 

to 

c 

CO 

t — 

O 

CN 

o 
I 

o 
I 

CM 

O 
I 

MD 

O 
I 

CO 

o 
o 
I 

o 
o 

CM 

•xj-

o 

CD 
<3-

Q 

0\ 

O t- -^ 

CO 

o 

o 

ON 

o 

CJN 

CM 
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O Ô J 

CD o 
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ĉ  
lA 

o 
9 

CM 
V — 

—̂ 

a 
I 

^A 
—̂ 

T— 

o 
3 

r— 
ON 
r— 

O 
I 

CM 
CO 
X— 

• 
o 
1 

T-
ON 

a 
a 
I 

r— 
ON 

O 

* 
* 
T— 
CD 
LA 
• 
O 
1 

* 
* 
rA 
a 
^ 
• 

CD 
1 

h-
CC 

* 
rA 
CM 
lA 

CD 

CM 
ON 
—̂ 

o 

:̂— 
00 
rA 
• 
o 
9 

* 
• ^ — 

t> 

<r 
a 
9 

v~ 
00 
CD 

O 
9 

OJ 
T— 
CM 

O 
i 

CO 
CO 
t— 

o 

T— 
ON 

rA 
• 
o 

•<3-
—̂ 

•d-

a 
1 

rA 
CM 

o 
1 

* 
00 
•d-
•<̂  
• 
o 
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ĉ  
tA 
T -

o 

tA 
.^CvJ 

rA c- t -
• 

Q 

tA 
[>-
O 

• o 
1 

l>-
o 
r -
• 

O 

CM 

r~ 
a 

« 
a 

^ 
lA 
rA 

o 

rA 
•d-
CM 

• 
O 

rA 
CNJ 

a 
ft 

CD 
1 

•vT 
00 
O 

• 
o 
I 

x— 
CO 

o 
CD 

o 
^ 
rA 

a 

• 
CNI 

r--
•<J-

• 
CD 
c 

2 

• 
CD 

C^ 
CM 

— r— 

• 
O 

* 
CNJ 

CD 

•^ 
• 

O 

* 
c>-
CNJ 
•d-

• 
o 

•d-
o 
•sj-

o 

-sT 
rA 
CNI 

• 
a 

* 
CM 
C^ 

^ 
ft 

CD 

CNJ 

CO 
V — 

• 
O 

CNl 

!>-
' C — 

a 

* 
r-
^ 
«̂  

o 
1 

* 
* 

i>-
rA 
VO 

• 
CD 
J 

D . 

-c 
CM 
* -

o 
1 

V — 

•d-

«-
• 
i 

«— 
CO 
CNJ 

• o 
. i 

CNl 

^ 
CNJ 

* 
O 

CNJ 

t A 
rA 

9 

CD 
1 

CD 

—̂ 
<— 

a 
1 

rA 
l A 

o 
• 

o 

CD 
C^ 

—̂ 
• o 
1 

CNJ 

1>-

—̂ 
• 

O 

! 

CM 

^ 
rA 

o 

* 
i>-
CNJ 

LA 

O 
I 

* 
* 

<i-
rA 
VO 

• a 
> 

N ^ 

lA r -
CD O 

• • 
a o 
V V 
CL CL 

u u 

* * 
* 



m 
E 
O 

C O O 

u e 
o coo 

<k. C 
ft- 3 £ 

a)iH"o 

•P O M 

C O 
(D (D CO 

4J (D 
*» -C 

X3 O 
43 

4« 0 O c a 
e> 3 0 

<H O-
O i« O 

•H OI4 ' 
<U ' "Hi 
^ u a 

( to O ' 
o s*^ 

E 3 
4> 

C O O ) 
0 £ 

• H 4 > 4 1 
4> (0 
«J"0 
H C T I 
Q) Q'O 
(i) a (4 
O »4 O 
o o ci 

4> 

x: tan 
4 3 ^ 3 

*» 
cno © 
C M 

•H4» rH 
3 O to 
0 » 4 4> 
£ J3 O 
m C04» 

ClLf-l 
E 3 
(DOS 

.'4* 

n 
•H • 
0 0 

to • 
CD 

D 

• »-) 

• 0) 
(no. 

c-
'4> (9 
C C 
O 

4> 0 
C 
o • 

CDK 
f4 
3 • » 

43 O 
(0 (4 

•H 3 
0 4 3 
s- o 

(4 
a o 

•H E Ss 
O 0 * 1 
£ 4>«H 

O 
• « M O 
>s*H (4 
43 OC O 
•H Q. 

. S> 11 
•M II 
43 • 
U K U 
3 • O 
T3 c c a 
C-

''O • * ••> 

u o >« 
B S M 
.43 ra 

c CO c 
O |4 (D 
U OTI 

e» I 
(D (0 0 

43 U 
(Dec 43 

»-B C 
CD II ex 

•H 
43 (a ••> 
«) U 03 
O eC4* 
(4 O 

^ •» O 

n fH c 
0»-4 

to XI 
o E 0 
U G) 
a<-4 CO 

-4 c 
• •> Ol-4 
(0 (J 
c •« 
3 0 0 

- (0 C 
a-«H 3 
O 0 ( 0 
f 4 U Q -
o o 

•H ««f4 
S o u 

C CD 
n 3 s : 

"^ O " 
S O U . 

O 
C 0 • » O 
3 ^ (DTJ 

.O f tpT I O 
«k- O M - O . 

s ô o 
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Ĉ  
T— 

o 

t— 

in 
CM 
• 
o 
1 

T— 
in 
CM 

CD 
i 

<t 
tA 
r— 
• 

o 

CM 
r-T— 
o 

^ 
rA 
CM 
• 
o 

VO 
ON 
CM 
a 
o 

<!— 
CO 
—̂ 

o 
1 

rA 
t— 

r-

Q 
1 

(N 
•d-

—̂ 

o 
* 
« 
T— 

o 
VO 

o 
t 

CD 

^ 
CO 
rA 

a 
1 

CM 
*-
CM 

CD 
1 

•d-
CO 
y~ 

• 
o t 

CM 
CO 
^ 

o 
1 

CM 
r— 
CM 
• 

O 

T— 

OD 
O 

CD 
1 

ON 
t^ 
CvJ 
• 
o 

^-
CO 
CM 

m 
O 

CM 
ON 
—̂ 

O 
I 

* 
VO 
CM 
LA 

* 
* 
T— 

•d-
lA 

O 

* 
* 
CM 
O 
00 

O 
1 

2 

°>. 
*-
KS 

O 
1 

in 
r~ 
CM 

O 
1 

rA 
r~ V-
• 
a 
1 

•<t 
r-
r-

a 
1 

fA 
•d-

CM 
• 
O 

in 
r— 
CM 

o 
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ĉ  
o 
CM 

• 
o 

^ 
^ 
^r-

• 
• 
I 

—̂ 
CD 
a 

• 
o 

•V— 

^ 
hn 

Q 
I 

•"* 
o 
CM 

• 
o 

V-
cn 

CM 
t — 
X— 

« 

* 
• ^ 

( N 
-d-

* 
CD 

—̂ 
•vj-

• O 
1 

m 
o 
m 

• o 
1 

CM 
C^ 
O 

O 
t 

CVI 
T— 

T— 

• 
o 
1 

CO 
ON 
K— 

ft 

o 
I 

KN 
r̂  
X— 

• 
o 
1 

CD 

• 
o 
I 

VO 
CO 
r— 

• 
O 

r -

r̂  
rn 
CD 
1 

o 
CM 
CM 

• O 
I 

t -
c c 

•0-

r-
•d-

• 
o 

t n 
CO 
T— 

a 
3 

—̂ 
C3N 

rn 
a 

o 
I 

* 
X— 

00 
<3-

• 
CD 

5 

CD 
CO 
CD 

a 
J 

\<\ 
\<\ 
CM 

• 
o 
1 

CM 
i n 
t— 

• o 
I 

V -

rn 
CM 

• 
o 
1 

X-

u\ 
m 
oo*. 

O 
I 

CD 
ON 

CD 

* 
O 

•vf 
ON 
CvJ 

o 
1 

4 
O N 

rA 

-^ 
• o 
1 

u. 
Q : 

r N 
•«3-

CvJ 

• 
o 

* • 

T— 

NO 
< • 

o 

t ^ 
•<*• 
n̂ 
• 

o 
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ĉ  
r A 

• 
o 

a 
a 
•<t 

Q 

a 
LA 
r A 

• o 

V -
CM 
r— 

• 
O 

=!< 
C--
• = ; ^ 

•vj-

o 

CO 
r -
r A 

• o 

CO 
t— 

o 

• 

V -

o 
CM 

• 
o 

CM 
C^ 
X— 

• 
O 

* 
CM 
ON 

^ 
• a 

O 

s: 

o 
-d -
•vj-

CD 

o 
CD 

^ 
o 

X— 
r— 
CM 

• O 

—̂ 
•«d-
hA 

O 

•vf 
X — 

f A 

• 
O 

T— 

•^ 
o 
» o 

1 

•vT 
O 
O 

a 
1 

—̂ 
—̂ 

o 
o 

O 

a 
o 
X— 

o 

CM 
l A 
t A 

• O 

o 
LA 
^A 

• 
a 

CK 
CD 

a 
• 

a 

K 
t n 

r— 
LA 

a 
CD 

1 

—̂ 
•<}• 
o 
CD 
I 

V -

-̂  
CM 

• O 
1 

CM 
VD 

—̂ 
O 
1 

QD 
O 
CD 

• 
O 

MD 
LA 
X — 

* O 
I 

CM 
CD 
C^ 

o 
1 

r A 
LA 

—̂ 
• o 

M3 
r A 
X — 

a 
I 

CM 
T — 

•<t 

• CD 

T — 

CO 
CM 

• 
o 

ON 
vo 
CvJ 

• o 
r 

1— 
c c 

VO 
•d-
CN 

a 

CD 

o 
LA 

CD 
I 

C l̂ 

r-
r A 

o 
o 

1 

X — 

ir\ 

o 

c 

r A 
CO 

o 
0 

CD 
I 

CD 
ir\ 
CNJ 

• o 
i 

X — 

•<;J-
r -

O 
I 

r A 
CO 

a 
• a 

5^ 

V— 
CO 
< t 

o 

OJ 
T -

•s^ 

» o 

-̂
X — 

x— 
• 

o 
I 

* 
* 

r A 
D \ 
LA 

• O 
1 

L i ­
c e 

x— 
VO 
LPv 

O 

CM 
LA 
-d -

o 
i 

VO 
r A 
v o 

• o 
I 

' vo 
r— 
VO 

O 
I 

CA 

^ — -d--
• 

o 
1 

ON 
X — 

CM 

-• • D 
1 

f A 
X— 

o-
CD 
I 

o\ 
X— 
•<t 

• CD 
I 

r A 
Ov 

o 
CD 

1 

r A 
X — 

CNJ 

• o 
I 

* 
o 
LA 
LA 

• 
O 
1 

«• 
* 

LA 
ON 
LA 

e 
CD 
I 

o 
CD 

X — 

CO 

o 
CD 
1 

X — 

CD 
T — 

CD 
I 

CD 
CO 
CD 

• CD 
1 

( N 
T — 

r— 

O 

r̂  
O N 

( N 

• CD 

r— 
LA 
CM 

• O 

CO 
LA 
CM 

O 

r A 
[ > 
r A 

• CD 

•A, 
• f 

VO 
CM 
•vT 

O 

t — 

tA . ' 

r« 
• 

a 

* 
v o 
r A 
-d -

• 
o 

* 
v o 
r A 
LA 

« CD 

U 

o 
a 

LA 
r A 
CD 

O 
1 

•d -
CM 

a 

o 
9 

r A 
CO 

o 
• o 
1 

* 
O N 

CD 
•d-

O 

CM 
l A 
X— 

• O 

r -
CD 
CD 

• O 

LA 
CD 
CM 

CD 

00 
O 
O 

• 
o 

T— 
l A 
r A 

o 

T— 
0 \ 
r A 

• a 

r— 
CO 

o 
• 

o 
. 1 . 

* r -
•d -
LA 

• O 

CJ 

00 

vo 
r A 

o 

* 
X— 
00 

^ 

* 
VO 

r̂  
LA 

• a 

* 
CO 
<c— 
LA 

O 

LA 
CO 
r A 

• CD 
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Acari and Collembola require high humidity (Kuhnelt, 1950; Chris­

tiansen, 1964), other reports that the period of prolonged drought 

seem to have serious effects on the survival of the individual 

(Nielsen, 1955a, 1955b) and that Collembola has been reported to 

be relatively resistant to short duration flooding and capable of 

not only living in the submerged conditions but also laying and 

hatching of eggs has been carried out. This therefore confirms 

from the present study that primarily it is the moisture .gradient 

in the soil ujhich luas responsible for not only the vertical dist­

ribution but also for seasonal fluctuation's in particular to total 

soil fauna, microfauna, mesofauna, prostigmata, acarina, collem-

bola, aranedida, total insacta, ants and total myriapoda ujhich was 

directly correlated to the moisture content of the soil luhereas, 

in the other groups it seemed to have v-ery little effect (Tables-

XLIX to LXIl/), 

Soil temperature and air temperature in the present study 

seemed to play a very negligible role in the abundance and verti­

cal distribution, seasonally in all the sites for all the major 

groups. However air temperature, wherever observed significantly 

like Acarina, Total Insecta and Myriapoda were seen to affect 

primarily the surface layer and was significant negatively corre­

lated at P < 0,01, In case of soil temperature a similar phenome­

non was seen except that they were mostly positively significant 

at P < 0,05 level particularly in groups like total ants, acarina 

and myriapoda. Such a finding aihere the temperature either soil 

or atmosphere having very little effect on groups of soil fauna 

find very little support from the existing literature. Kevan 

(1965), Butcher eit, al_. (l97l), Gupta and Dhooria (l974) showed a 

marked effect of soil and air temperature while Niijima (1971) 

attributed temperature effecting Collembola densities in winter. 
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HoLuever it is recorded that though tamparature influences the 

metabolic rate, yet it is not considered ecologically important 

Luhen soil fauna are capable of migrating to the deeper layers 

during high or louj tamperaturea (Kuhnelt, 1950 and Christiansen, 

1964), Reports exist for aither-winter or summer movements of 

many soil invertebrates moving doujn especially when temperature 

either rises or falls belouj a critical level (Doo/dy, 1944; Pier-

rard at., sil. 1963; Bocock and Heath, 1967 and Mitchell, 1978) 

(Tables-XLIX to LXIl/). 

ImpottancB of rainfall as an abiotic factor affecting soil 

faunal groups in the present study seemed to be very nsgligiblej 

There tuas no definite- positive or negative correlation uihereuer 

thsy (juere significantly correlated either betvueen layers of tha 

same site or even bato/een sites. These effects seem only as a 

negative correlation ujhan the total soil fauna oias considered and 

pcarina for only the fourth layer and total insecta and myriapoda 

in particular, where in latter the first layer in all the sites 

and the third layer in sites B and C mere highly significant 

(negatively correlated at P < 0.01 level), tuhile for the second 

layer in the same groups for all the sites it luas positively cor­

related at P < 0,05 level. Such statistically non-significant 

seasonal differences of precipitation affecting the soil moisture 

is reported earlier (Burns, 1952; Terraunt, 1956), Hoiuever it is 

knoujn that rainfall is the most important climatic element in 

these areas. Ther-e-fore oiith the increase in rainfall and the top­

ography of the region a.nd steepness of the slope, affects the 

soil fauna (Muir, 1955), which probably helps these animals to be 

adapted to such situations. 

The bulk density of the soil in the present study luhich seem 
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to bg a factor affecting soil fauna ujas observed to be a highly 

significant thougn negative in most of the groups at P < 0.01 

level and in particulai^for the third and fourth layers. Further 

it ujas observed thrill i'î no case the animals in the first layer of 

any sits ujas affected by the bulk density. The important groups 

affected by thi^ factor in the third and fourth layer were Colle-

mbolaj Total Mesofauna, Prostigmatap Acarina, Araneida, Insecta, 

Ants and f'lyriapoda. In addition, the total soil fauna shooied a 

significant correlcition in the second layer as was also true for 

Total i^icrofauna ano ants. It saems to be that the third and the 

fourth layer of any sita is the deciding fact for bulk density to 

ope-rate as the fecbor on soil animals. From literature it seams 

that there are m T>eports of bulk dsnsity and soil faunal relat­

ionships either in forest soils, grassland or otherujise. The 

nearest could be bhat of physical characteristics of compacted 

soil (Gooderham, 19?3^ El-Karouri, 1974? Aritajat, 1975 and Ari-

tajat _G.t. al,. 1977), 

The porosiby of :ne soil and its effects on the various 

groups in the different soil layers seem to play a very negligi­

ble role even in major groups like Collembola and Acarina and 

Total Insects. This factor seems to play a role if at all in the 

fourth layer in site C for which no definite reason can be attri­

buted. The first layer showing significantly positive correlation 

with the soil fauna and porosity was seen in groups like Protozoa 

and Araneida, while a negative correlations in the same layer was 

seen in Prostigmata at P < 0.05. Porosity as a factor is known to 

be directly related to the drainage and therefore probably aff­

ects the reproductive capacity of the animals (Margalef, 1963; 

Pianka, 1970), Further it is known that with a soil moisture con­

tent of 30% the relative humidity of soil pore-spaces may oot 
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fall belouj 90^ (Thandrup, 1939). This excess ujater therefore 

creates competition for living space (Murphy, 1955). Ti is pheno­

menon can also be seen in the present study when during the rainy 

months groups like Protozoa and Araneida while shoiuing either more 

or less equal abundance in the top tiuo layers, and Prostigmata 

shows a negative correlation proving its migration due to its 

predatorial habits to deeper layers. 

In regard to the chemical factors undertaken in the present 

study it seems that only Nitrogen and Potassium seem to play a 

significant role if at all, while Carbon and Phosphorus showed no 

definite trends of correlations between layers nor between sites. 

It seems that the third layer especially in sites A and D was af­

fected by the chemical factors such as Nitrogen and Potassium, the 

former negatively and latter positively significant ab ° < D.D5 

levels. Phosphorus and Carbon wherever present and significantly 

correlated was only in the fourth layer mostly in site C-, The 

earlier phenomenon was seen to be in groups like Collembola, Total 

Mesofauna, Prostigmata, Araneida and Acarina, while the latter was 

seen among the same groups and in addition in Protozoao The nega­

tively significant correlation of Potassium particularly in the 

second layer in most sites were observed to be in the groups of 

insects, Ants and Myriapods. The latter negative corre.''ation was 

also seen for Phosphorus in the second layer in all the sites at 

P < 0,05. Such negative correlation particularly between the lev­

els of Nitrogen and Phosphorus in the soil have been weJ1 documen­

ted and the positive correlations of Phosphorus to larger- groups 

is similarly known (Edwards and Lofty, 1974). Similar relative 

correlations with carbon has also been shown by these uiorkers. It 

is however difficult to see how the amount of Phosphorus would 

play any role as tho-se of Carbon, Nitrogen and Potaasi um- Work 
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also exist on the levels of Phosphorus, positively correlated at 

least at specific levels of spiders and Collembola while at latter 

total numbers mas much less affected by Potassium as a/as seen in 

the present study (Edwards B_t_. £l_. 1975). Soil animals are known 

to return the elements to soil in the chemical forms quite diff­

erent from plants and further their moults and faeces contribute 

chemicals like Phosphorus, while Earthworms and Ants are known to 

excavate chemicals from deeper layers and bring it to the surface 

(Byzova, 1970j Koklovskaja, 1965; Dimo, 1958j Lee and Wood, 1971 ). 

In any case other than the importance of Potassium and Nitrogen 

which also not very dominant and deciding chemical factors, the 

others do not seem to play any significant role in either the 

abundance or vertical distribution seasonally of the different 

soil groups in the various sites during the present investigation. 

In conclusion some of the major aspects which has been obs­

erved from the present study has shown that the immediate aband­

onment of land after agriculture shows an increase in the soil 

animal population level and in particular mesofaunal levels as 

seen in site A. There was a drop however in the subsequent aged 

sites (B and C) while again in the oldest abandoned fallow (site 

D ) it reached to the level of site A. Moreover, a definite succ-

essional pattern was seen in the case of macrofaunal levels where 

the maximum recorded in site D, indicating thereby that the colo­

nization of macrofauna is the deciding factor for relating to 

soil fertility in such abandoned fallows after agricultural prac­

tices. Literature reveals that macrofauna is dependent on the 

litter layer for an increase in population density (iMakamura and 

Yamauchi, 1970 and IMakamura, 1971 ). Further, it is recorded that 

though some animals get destroyed '.after shifting cultivation, 

the species density decreases within 4 to 5 year and stabilizes 
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aftgr 25 years (PIcColl, 1974). Moreover from the present study it 

appears that the enuironment for vertical migration is the mois­

ture gradient of the soil, while temperature is only secondary, 

thereby psrmittinq the annual cycle to be partitioned by different 

faunal groups. It is also knoain that the physical property of the 

climate within the soil uJas less variable than that of the air 

above, proving thereby that animals are committed to survive than 

the manipulation of ecosystems for benefit of human ends» The 

result of the present study revealed that mobility of the popula-* 

tion sê Oi to be a regulating factor of ecological production and 

that particular tophic groups of soil invertebrates reflects bet­

ter than their population density in successional trends of the 

ecosystem studied (Kaczmarek, 1978). 

The clearing of forest and cultivation of land in •! ropics 

results in harsher environment with extremes of temperature, moi­

sture and direct impact of heavy rain. These changes therefore 

would have a greater effect on smaller organisms than on larger 

ones as seen in the present study. In particular Collembola and 

Acarina can be seen to increase in numbers and then stabilize 

being the dominant groups, while Prostigmata was seen to be dir­

ectly related to porosity and hence more in the youngest site 

(Wallwork, 1976). Such reports were also seen in Nigeria and some 

humid tropics (Lasebikan, 1975). Next in importance, acidity, 

salinity and differences of Nitrogen being common limiting factors 

for animal colonization takes nearly 50 years for breaking down 

the elements to allow any colonization (Molyneux, 1963), Further, 

acidity is always known to increase with weathering (Luxton, 

1976b), With all these criteria, the density increases of meso-

faunal groups which affects the total soil fauna could be attri­

buted to three main reasons, (l) apart from active migration, 

147 



ujind aids dispersal (Freeman, 1952| Buahin and Edujards, 1963), 

(2) the life cycle being relatively short, therefore adapted for 

colonization, the production being more than one generation per 

year (Sheals, 1956) and lastly (3) low initial population of pre­

datory pressure (Dunger, 1968a). All this can be very clearly 

observed from the present study and is in confirmation luith ear­

lier workers like Bruninq e_t_, a_l» 1965 who find density to be 

increasing after 8 years of reclaimed site and in particular hu­

midity being one factor and soil moisture content affecting the 

densities (Hale, 1963; Ashraf, 1971 and Hutson, 1974). Similarly, 

Neumann (l973) has shown surface fauna colonizes especially Col-

eoptera after a 3 year period. All this revealed that land within 

a year of reclaimation does support a larger and varied soil 

fauna while it may take several years for larger groups like mac-

rofauna to become established. This confirmed from the present 

study that the youngest site has still increasing density numbers, 

more or less stabilizing in the oldest fallow (Hutson, 1980). The 

study therefore could probably support the view of Hutchinson 

(1953) who defined co-active patterns as resulting from competi­

tive interaction, where the stochaistic influences of the soil 

acting on its microenvironments is balanced. 

All the above conclusions could be effectively significant 

as the density of the soil fauna in the present study seem to be 

in concordance with earlier workers from tropical situations. 

Moreover the present estimates can be seen to approach even much 

more than those recorded for temperate densities (Greenslade and 

Greenslade, 1968), and it would be premature therefore to make 

any definite statements, as tropical work is still in a relati­

vely early stage and more so in India. 
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LIFE HISTORY 



INTRODUCTION 

Most ujorks available on collembola have primarily been 

directed to their abundance in relation to various environmental 

factors under field conditions. Moreover, field studies on coll­

embola species have included age-structure, respiration, birth 

and mortality figures. Hooiever, very little is available on the 

life history of collembols species under laboratory conditions 

in relation to various environmental factors. 

The earliest report available ujas that of Maclagen (1932) 

who shooied that ssil pH had a profound effect on the oviposition 

of Sminthurua viridis (L,), and that it uJas optimum at pH 6.5, 

Later, Davidson (1934) shoujed that pH 5,5-7.0 was favourable for 

the same species oviposition. This found support even in field 

studies as Giain (1943) showed for Odontella armata (Axelson), 

typically basophilic and Odontella lamellifera (Axelson), as 

acidophilic, Britt (1951) working on the life history of Achorutes 

armatus attributed high mortality due to the varying concentra­

tions of charcoal and planter of Paris used as culture media. He 

however-did not give any idea in regard to physicochemical fac­

tors affecting the life history pattern of that species. Milne 

(196Q) suggested that quantity of food and moisture content rap­

idly changed the oviposition, fecundity and mortality in various 

species of Arthroplsone collembola* The use of activated charcoal 

as a substrate for life-history studies have been well documented 

by Choudhuri (i960) and Goto (1960a), 

The earliest work on environmental factors on the develop-? 

ment of collembola is that of Choudhuri (i960, 1963) who had 

shown the effect of temperature on three species of the genus 
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Dnvchiurus. Marshall ^nd Kauan (1962) also shoiued the effect of 

temperature on the oviposition of Folsomia Candida (Willem), 

ujhere an increase in temperature simultaneously increased the 

oviposition rate and also reduced thre time of hatching, Sharma 

and Kevan (1963a) also shoaiad the influence of temperature on 

the development, mort^rlty and fecundity of individual species 

bf collsmbolao 

Green (1964a, 1964b) revealed moisture as one factor in the 

reduction of mortality and the other as crooiding affecting the 

fecundity, uihich luas highly reciprocal to the density of the 

culture media. Wail (1965) shouued that activated charcoal and 

its pH had an effect on collembola species* A linear relationship 

betujeen the reciprocal of egg-devalogmentai time and temperature 

ujas revealed by Hale (I965ay 1965b), Ashraf (1969) luhile luorking 

on the fecundity of Dnychiurus bhattii Yosii shoujed that they 

fjiffered considerably ujith pH and that mogt individual^ survived 

a|:p(Jnd slight alkaline pH but died at pH beyond 94?^ Studies op 

food and the speed of establishment of a population (Folsomia 

Candida) (Usher Bt_ al̂ «, 1971) revealed that it luas proportional 

to the rate at which the food lUas supplied, When this was inde­

pendent of density and became limiting, the stable population 

size got reduced. He also concluded that effect of exploitation 

must have been to reduce the competition for space. Snider i^!^7^), 

has shown in culture-experiments that type and quality of diet 

can influence collembola groujth and fecundity* This is attributed 

to pH ujhich can have a great effect on the population of adventi-

tous bacteria and fungi. 

Snider (1973) and Snider and Butcher (1973) shoLued that 

reproductive cycles observed betujeen field and laboratory condi-
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tions cannot be correlated, because, in cultures the period bet-

oiean hatching to end of cuiposition aias extended to more than 

three times, Niijima (1973) aihile working on SineH^g^^ruiseta 

showed that u/ith increase in temperature, early matiJfTty ujas 

obtained. This she correlated ujith the field, the grou/th rate 

being loujer, owing probably to adverse environmental conditions 

like lo'Jj-moisture, wide fluctuations in the temperature and foo^ 

supply, Hutson (1974, 1978) was the latest record of various 

environmental factors like pH, conductivity and salinity who 

showed that either one or all three factors did play a signifi-; 

cant role in the reproduction of some species of collembola. 

The aim of the present study therefore was to at least 

take up some important^ species of the dominant groups, to idept-

ify the reproductive strategies and to show fupthep their impor­

tance in the population-dynamics. It was therefore done on two 

sites (site A and Site D) on four dominant species of collembola 

^va^-lablof Their life histories in relation to some environmental 

faptors like pH, temperature and salinity under laboratory culn 

ture conditions were done. These sites, were chosen as the young­

est abandoned fallow (Site A) and the qldest abandoned fallow 

(Site D), to reveal any significant differences in the 5iDdivig.ual^ 

species life histories. 
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[MATERIAL AND METHODS 

The top surface layers of soil from site A and site D mere 

taken for these experiments. The specimens from the soil samples 

ujsre extracted in the usual may ujith the help of modified Tull-

gren funnel series. The collecting tubes for this extraction 

contained triple distilled ujater. The species a/ere then identi­

fied, removed and kept separately. All four species belonged to 

Family Entomobryidaec These were, (1) Seira indica Yosii, 1962 

(2) Seira lateralis Yasii, 1966 (3) Salina gosii Salmon, 1964 

and (4) Entomobrya kali Tmms, 1912, the former tojo from site A 

and the latter toio from sits D oiere used in these experiments. 

The substrate preparation ujas done by the plaster-charcoal method 

folloujed after Hutson (1978), using charcoal in variable quanti­

ties for the differing ph values. These oiere placed in small 

glass vivaria, luhich consisted of heat resistant glass containers 

3 cm. deep and 5 cm. in diameter. After the substrate u/as poured 

into these vivaria, they o/ere covered with a thin sheet of plas­

tic to prevent groaith of fungi and also to render the vivaria 

more or less air-tight. The various concentrations of salinity 

LUas made with the help of Sodium chloride solutions. These solu­

tions were prepared by dissolving Analar Sodium chloride in trir 

pie distilled water in the quantitiss required, as given by 

Richards (1_9.5,4)̂ ^ However, when tfne moisture cpntent of the subrv 

strate kept lowering only drops of triple distilled water was 

added to culture-media and not the salt solution. 

Experiments were conducted at temperatures, 20£, 25° and 

30°C in temperature controlled incubators. The fourth experiments 

was conducted under ambient temperatures in the laboratory which 

served as the control. The pH U'sed were 6.2, 5.2 and 4.2 for 20°, 
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25° and 30°C respaetiv/ely ujhils it luas 4.2 for the: room tempera­

ture (control). Salinity ooncentrationa were used at 1^, 1% and 

3% levels accordingly* In this respect the experiments uusre in 

the form of a randomized block-design where the first set compri­

sed of 20°C, 6.2 pH and 1?̂  salinity, the second sat luas at 25°C, 

5.2 pH and 2% salinity, aihile the third uuas with 30°C, 4.2 pH 

and 3% salinity. The controls luere at room temperature and 4.2pH» 

Foods of different kinds ĵ ere used though houjeuer they luere not 

calculated in the present experiments as a limiting factor. 

Yeast in agar and boiled aanana ujas giuen as food, both in steri­

lized forms. For each expsrimental set, flue replicates ujera con­

ducted for all the four species undertaken. 

In each treatment 2 individuals of each species, small 

enough not to have prevloL'sly oviposited luere introduced into 

the replicates of each cuiture. Males and females u;are identified 

by the presence of Aedaegus and heavy cilia on the abdomen of the 

male in contrast to femalt in all the four species. Daily cultu­

res uuere examined tujice, once in the morning hours (lOOO hrs.) 

and the other in the even'.ng hours (1600 hrs.). 

Triple distilled ujater luas added to the culture media usua­

lly in the morning to keep the culture media constantly moist. 

Food uuas administered just before sun set. Egg development time 

ujas calculated from the day of oviposition to when more than 50^ 

of the eggs in a single batch had hatched. The significant diff­

erences between the results ^or fecundity and mortality at the 

Various temperature, pH and salinity levels were tested statis­

tically, but as no significant differences were found between the 

replicates of mean number of eggs per batch, the results at each 

treatment were pooled and only the treatment mean square was used 
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to compars the residual mean square and incorporation of Standard 

Error and Standard Deviation, This ujas done for all the experi­

mental designs in replicates for each species. The measurements 

in terms of length ujas taken tujice daily till the next higher ujag 

obrerved after a moult and measurements continued again. At every 

ste^^ the count of the population luas recorded and the experiments 

ujB'̂ e continued for each of the four species in all experiment^ 

de^^igned upto the sexually matured stage, which in the present 

care tuas upto the 6th instar. 
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RESULTS 

The present experiments incorporated the fecundity and mor­

tality of four species of collembola under different experimental 

conditions and ujith control at ambient .temperature. 

In Seira indica Yosii, 1966 mhich luas collected from the 

surface layers of the youngest abandoned falloui (Site A) it ujas 

seen that the oviposition definitely decreased (60 eggs), ujith 

increased pH and reduced temperature and salinity. This vuas clea­

rly seen from Table-LXU, that the number of eggs laid uuas seen to 

be maximum (78 eggs) Under ambient conditions, even though the pH 

ujas loujo But in the next stage, that is, immediately after hatch­

ing (1st instar), there ujas a sudden drop (50 individuals) in the 

hatchability under lab-conditions, though it was not so, under 

the remaining three experimental conditions (70, 65 and 57 indi­

viduals). In the subsequent instars in this species from second 

to sixth instar, though there luas a steady drop in numbers, yet 

they more or less stabilized at the last instar stage (28 to 30 

individuals) irrespective of the fecundity. 

While considering the number of days for the hatchability 

or for the growth of the different instars, it was seen that agaî n 

temperature played a role. Under maximum conditions (30°C) and 

at ambient temperatur'i' which was also around that, it was seen 

that the maximum number of days (10 to 12 days) for the hatching 

of the egg into the first instar̂ "' and the least number of days 

in the lowest temperature regime (7 to 8 days)i However, for the 

growth of subsequent instars, there was hardly any difference 

under the different experimental conditions and also in the control. 

The third aspect which was taken into consideration was 

either the diameter of the eggs or the length measurements of the 
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different instars, which under all these experimental designs and 

control, Luere more or less similar. Yet, the largest individpals 

of the species uias definitely recorded at higher temperature, 

though the increase in the length measurement UJas never more than 

8^05 mm, (Table^-LXU) and hence thought to be negligible. 

In the ne)i$t species namely Seira lateralis Yogii, 1966 it 

UJas seen that eviposition depended on temperature as in S_̂  indl,Q̂ »̂ 

Hqujeuer in this species the number of eggs laid uuas much mere and 

in fgct nearly sne and half times (?0r:'1Q5 eggq) than tliat |jf 

^? indicay In this species it ujas seen that |;he survival of the 

ind^-viduals steadily felt and a/ere mqr^ or less stabilized at the 

sixth instar stage uihep they ujere sê |jal].y m̂ ature under the diff­

erent experimental setups. In regard to the duration of da^s 

taken, either for hatching or fpr the deyelopmept of the instap§« 

it Luas observed that it aias maximum under maximum temperature re­

gimes, Houuever, the development of'the different stages from 

first to sixth instar, there was negligible difference in the 

HUmber of days between two moults under any experimental cSndir 

tions (Table-LXUl). Similarly when the measurements of either the 

diameter of the egg or the length of the dlffereni; instars were 

taken it was seen that the maximum sises (0,21 to 8*22 mm) were 

obtained at experiments with maximum temperature and lowest pH 

Values and highest salinity, while the lowest (8.19 to 8,28 mm| 

wbre recorded in just the reverse experimental conditions. 

The third species Salina yosii, Salmon, 1964 was obtained 

from the surface layers of the oldest abandcTneB f̂ allow (Site i')» 

This s|5ecies also showed a trend of oviposltion and development 

similar to that of S_, indica and S_« lateralis from Site A. The 

important points, however, observed were the number of eggs l^id 

in this species was nearly double that of S_, indica and one and 
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ĉ  
T— 

V— 

o 
• 

o 
+1 

T— 

-sf 
• 

CM 
O 
• 

o 
+ ! 
CM 
CM 

l-< 



hiSLf times that nf S_. latBralis. In any case the maximum sgga laid 

(130-132) ujas seen under •'the maximum temperature regimes and sali-

nity and minimum pH values. The subsequent survival figures in the 

different instars though steadily fell under all the experimental 

conditions, like the tvuo previous species, yet they did not stabi­

lize at the sexually mature stage* In fact^ the ambient temperas 

ture which recorded the maximum fecundity (130 eggs) shoiued the 

J.eaat survival (lOO individuals) in the sixth instar, vuhile even 

the leqst eggg (120 eggs) laid at the Ipiuest temperature and sali*̂  

nity aqd highest pH values tecordad (103 individuals) aRd %h^ max-? 

imum luas seen to be (108) individuals at 3D°C and 3% salinity, 4»2 

pH ujhen the eggs vuas only 10 less than the highest racordidg 

This species also, revealed that the duratibn of days taken 

either for the h|atching of the eggs or for the development pf th)a 

different instars, there was no significant difference bettueen the 

different experimental conditions. One further observation in con-

tr_ast to S, indica and in concordance ujith S. laieralis is that 

the diameter of the eggs laid or the length measurements obtained 

in the different instars, there was hardly any significant differ-

ence (Table-LXUII), under the different experiments* 

The last species, Entomobrya kali Imms, 1912 had the lowest 

oviposition rate and was nearly half of S_. indica (40 to 48 eggs);!. 

However, it was seen, that at the experimental conditions with 

maximum temperatures and highest salinity but with lowest pH not 

only the maximum eggs were laid but proportionally the survival 

was also maximum in the 6th instar stage, and as in all the other 

species the duration of days taken either for hatching or for the 

different stages between moults, was also observed here. Further 

the maximum sizes were also recorded under these experimental 

conditions. 
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One peculiarity lUhich deviated from the earlier three spe­

cies is that in this species, the duration of days for either 

hatching or for the different moulting stages of the instars, ujas 

seen to be minimum under the control conditions as also for either 

the diameter of the eggs or for the different instar lengths, 

(Table-LXl/IIl). 

Though all the abdv/e mentioned, for the four species luere 

the general observations, it aias felt to aiork out the percentages 

of hatching and mortality in the different instars, and the per­

centage of survival in the adult sexually matured stage. When so 

done, it oias seen that the maximUm percentage (97^) of eggs hat­

ched in the first species - Seira indica ®t the highest tempera­

ture series and the loiuest (64%) lyas seen under the control expe­

riments. Moreover, a similar trend betujeen these tiuo conditions 

iias in the mortality percentage for the I instar, vuhere in the 

third axperimentgl series the mortality seen in the first instar 

uJas only nearly 3%, uuhile the control showed nearly 49% mortality. 

Houjever, under maximum temperatures it revealed thereafter for 

subsequent instars from second to fifth instar an increased morta­

lity percentage. The second instar mortality ujas more or less si­

milar in all the experiments under all the conditions luhile in the 

third instap highest (25^) ip medium temperature and the highest 

mortality for t̂ je fourth instar luas again under maximum tempera­

ture series (20??) and for 1/ instar in the loiuest temperature exp­

eriments, (38^), The \ll instar revealed no mortality at all under 

the different experimental qet ups ujhile the control shoaied nearly 

7% ̂ pr,t̂ lî y(|> The percentage of adult finally observed luas-more 

or less the ^ame under all the experimental conditions with a 

fall of only 4/S under the control experiments, 
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Seira l a t e r a l i s as in Seiga in die a reyealeci the highest; p 9 | s 

cent of h a t c h a b i i i t y uritjeif rriaxiniUm teiflpsfatiire sSiries and a lso "oha 

Ipujest m o r t a l i t y i n the f i r s t i n s t a r . In t h i s sfDecies the'.^Ubsa» 

djUgn̂ ^ moEtal i ty fDarcen^age fpp i f^s ta |§ I I ^S \lif uias geerj t6 be 

rri6re or l a s s aarne undeE' a l l a>^p§rlnl8ntal sa t ups eXcapt for thS 

3 i n s t a r luhere approxlmafealy 1 ̂ 3% only ujas saah as m o r t a l i t y a§ 

undat' madiiJm tampgratupa aeS ies t fh i ifliHifDUfti 3.̂ ,0.11 $^ .^iM\ti\Jai u/Si 

Saari î g ba in coFidi t iphi of ffiinimUiri arid fnediyrn tampigBgtura s e r i e s 

pf rj iariy 60-64/^ luhile the l e a s t uJas obsetVsd Under rnaxifjium i!3fTip« 

§patL)pa a a r i a s ( § 0 ^ ) , 

in Sal ina y o s i i , the pSfcentaga of ha teh ing iiias seen to be 

ri§^|:i.y the same (98,5^^). in mediufTj, maximUm and afilbient tarriperats 

Ut:i|^ uifiila the rjfiinimLJR fs^^l ujas s i ah in niinirnLJftj tempafgtlirBi^ 

HpiiJeyer, the r eve r se t t end ujas obseru^di in t;he rriprtalif^ percahf? 

I l g e of 1st i n s t a r luherp the maxirnyfn u;as reGbrdecJ undet low terrip* 

pt-^tures fS/?) and the mihimUm i n a l l Remaining eXperimentai cond* 

i t i o n s of near ly 1e5/S, The 2nd i n s t a r again reyea ied a r eve r se 

t i ehd to the f i r s t i n s t a r in t h a t i n the c o n t r o l exper iments , the 

ffiakimuin parceritage of m e r t a l i t y of near ly ^5% u)as observed luhile 

t h s miniiTiUm was seen in loiu tempera ture i2fl%)<f The t h i r d i p s t a r 

shouJed rfjpre or l e s s s i m i l a r percentage ifipftaiity yndel' a l l expBi?is 

mentai cond i t ions^ vuhile in the 4 th j 5th and 6th insl^arSj thei 

Ipiiiest percantage m o r t a l i t y oias seen in iouj t e m p e r a t u r e s , luhile 

maximum m o r t a l i t y in medium tempera tures (4«4^)^ maikimum terripeta!^ 

tyres (3,5/2) and cdntroi (3*4?^) if espectively» the pefcentage pf 

adu l t s u r v i v a l a t the end of the e?<Reriment> iiias seen to be max -• 

mUm yhdif maximUtfi te rnpera tur i ( h i a r l y $,W°j^ uihile the ibiiifest ujas 

^bserUed in the c b n t f o l (76?S|* In the othpir tUib bxpegimerital pon^ 

di i i iShsi thi3' peiE'dentage s u r v i v a l was very heat to the ItiaximUfTj 

recording''^SJ^;- . 
*̂ =̂  .186 



The last Entomobrya ka^i. in contrast to all the other three 

species, recorded the maximum percentage of hatchability under 

louj temperatures (nearly 88^), ujhile the loiuest (71%) was seen 

under medium temperature series, The percentage of mprtaiity fr9fn 

the first to sixth instar, luas nearly the same ypder the different 

oxperimental sat ups eXcept that significant maximum mortality luag 

§een for the first instar in medium temperature§ (28^)f Similarly 

the least mortality oias observed ta be more t3r iSss UndSr the 

first experimental sat up. The f3ercentage ef adidlt surv/ii/al at 

thg Qnd of the experiment in thi^ species uJas sdfen tp be maximum 

Under Iquj tempetatUre conditions (nearly 68%) dnd thd Ibiuest 

LJnd̂ ^ medium temperature conditions (nearly A8%) f In the 6tllB|' 

t|uo set ups of, it UJas around 60% +_ 2 (Tablp-LXtX) • 

Lastly, it ujas felt that amorig the survival of adulis in 

different experimental series in the different species thd ratio 

of male and female luas to be ujorked out* When so done it luas seen 

that for all the species, the maximum number of males in relation 

to females a/as seen to be under medium temperafi'Ures, This uuas 

significantly shoiun for Seira indica and Seira lateralist Hoiuever, 

S^Ilna Yosii and Entomobrya kalia the male-female tatio uias mpjp 

br lesd the same under the different experimental conditions 

(Table-LXX). 

Though all the above ujers direct observations made under 

different experimental set ups, yet lue lUanted to see ujhethef the 

factors undertaken like pH and salinity had really any statisti­

cally significant relationships with the fecundity or development 

of the Various stages. In this connection a multivariate regres­

sion analysis uuaS performed betujeen the three major environmental 

factors as used in the different experiments and the fecundity, 

survival numbers of different instars, the egg-diameter and 
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m 

01 

instar length measurements and the number of days for the develop-

ent at each stage and in the final analysis. When so dona, as 

seen in Tabla-LXXI, it luas seen that for Saira indica fecundity 

as highly positively significant, P < 0,01, ujhile no significanfcfe 

at all uuas seen bstvueen temperature and the numbers in each in-

star. Temperature and the number of days uJas significant only in 

the egg (hatching) and in the \l and Ml instarj all positively 

significant, the former at P < 0.05 and the latter ttjuo at P ^ 0,01 

level. Temperature with either the egg-diameter or ujith the length 

of individual instars vuhen correlated was shown to be not signi­

ficant in the former. It was significant for the I, Ilf, lU and 

Ml instars all at P < 0.01 level. When pH was so correiatsd, it 

had the same correlation like temperature except that it was neg? 

ativeiyycorralated. Similarly when salinity was correlated with 

all the different life history aspects in Seira indicas a more or 

less similar phenomenon as temperature was seen except that in 

addition to all the significant correlations as for temperature, 

salinity showed a positive correlation significant at P < 0,05 

level. In addition to these individual correlations a multivariate 

analysis revealed high significance for all the stages of life 

history and that too highly significant at P < 0,01 levels in all 

Gases except for the egg stage and the M instar where the level 

of significance was P < 0.05 (Table-lXXI), 

Iî  Seira lateralis temperature with either egg-numbers or 

number of instars showed no significance at all, except in the 

second instar stage where positive at P < 0,05 level; Between 

temperature and number of days involved in the life history it 

was seen to be significant for hatching and in instard I,- Ilji 

JDOsitively significant at P < 0*01 in all cases wherever :t was 

significant except the egg and the lU, Finally temperature with 
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egg-diameter or l eng th of the va r i ous i n s t a r s i t luas seen to be 

p o s i t i v e l y s i g n i f i c a n t i n a l l the cases except \1 I n s t a r and at a 

l e v e l of P < 0.01 except the egg and the f o u r t h i n s t a r stage ujhere 

i t was at P < OiOS, The next f ac to r y pH lahen c o r r e l a t e d liias seen 

to be h o n - s i g n i f i c a n t e i t h e r f o r the egg-htJrnber and |he humbej qf 

d i f f e r e n t i n s t a r s j but i t luas nega t i ve l y s i g n i f i c a n t uĵ ien G&rresf 

l a t e d lui th e i t h e r the number of days or the nria&SUi'emeht,^ h¥ the 

va r ioud stagds at P < OiOl l e v e l i n the egg stage and i n I j i t 

aBd I I I i n s t a r exbdpt f o r lU i n s t a r oihere p o r r e i a t i d n vuitH measur-

tSment uihlolii u/as s i i g n i f i c a n t at P < (Jids l e y s | i fine t h i r d f a e t o t i 

i a i i n i t | | liias S im i la r t d pH e^ipepti f h a | fh^pe iiigi§ a hq i l - rs igh i f i cas 

r̂ ce f o r the t h i p d i n s t a r and nqmber of days, uihi ie f o r the f i r s t 

i n ^ t a f f^T tfie Ighg tb mBasurewBnl'j^ "Jhefe tf^piJgh s i gn i f i pa .h t ui.hicF) 

yjas e(\. §ply 'P,-^ 'f^*05 iaVel,^ the rnq i t iR le cpr | :e |at ipp j ^a iye§ uier(3 

^ l i . . . p o s i t i v e l y v s i g n i f l e a n t ^a|; R ?i Q̂ .Q̂  ; f TahlerrLX)^! i ) ^ . 

i n Sai iha j ^os i i the vairidus ehv i rdhmenta i f a c t d r s seGnti to 

f o i i du i a s i m i l a r p a t t e r n of s i g n i f i c a n t c o r r e l a t i o n s i h t ha t (yhg-? 

tindr i t uias tempera ture , pH or s a l i n i t y , i t was seen eniy f o r 

tBrnpSrature arid the riutfiher of 11 i n s t d r s at P < 0,01 l e v e l whi le 

i n a i l g ther i t i a s not s i g n i f i c a n t , S i f p i l a r l y , the rjuraber 6^ 

daj/s ujheh c o r r e l a t e d w i th these th red ehOirohmental f a c t d r S i i t 

Wa'i sedh tha t tempeirattji'e and phi uiire s i m i l a r to each qthei : ,except 

t h a t i t was i n former p o s i t i v e l y s i g n i f i c a n t and l a t t e r n e g a t i -

\ ie iy s i g n i f i c a n t at P'< 0,01 l e v e l e i t h e r f o r e g g - h a t c h a b i l i t y oi^ 

f o r the development of the I , I I , i\l and \i i n s t a f s , wh i le s a l i n i t y 

sfiouJed a p o s i t i v e r e l a t i o n s h i p at P < 0,01 l e v e l f o r the length 

df days only f o r the eggs and the f i r § t ins ta i r * fllTipGiriSttir^ and 
. . • • j ^ -

pH with the measurements again uiere similar e'ĵ b-ept the fo"ifffJer' 'was 

positive arid lattei" was negative at 'P < 0*01 lii^el, fdi: the' e'gg-

diametdr only.. It. was also, so fof salinity^ except that it iuas at 
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Ĉ  
tn 
• 
o 
I 

* 
:' 
LA 
r\ 
ON 

• 
i 

,̂ 
,̂ 
T — 

ON 
C^ 
• CD 
1 

* 
% 
^ 
tA 
ON 

i 

* 
C--
00 
~̂  
• 
o 
i 

^-
* 
lA 
CO 
CO 
• 

CD 
1 

* 
* 
CO 
o 
I>-
a 

O 
1 

* 
•;< 
Csl 
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P < 0,05 levals. All the othsre uiere non-significant for any of 

the three snuironmental factors undertaksn. The multiple correla­

tion shouued a positive significance in all cases at P < 0,01 level 

B><cBpb for the \1 instar where the level ujas P < 0,05 and for the 

Igt it uJas not significant (Tabla«LXXIII), 

In EntP-rng.brya. kali luhsn the correlations vuere made^ it mas 

seen that the various environmental factors ujith either' th5 ndm* 

bar of eggs or number of instars had no significance sxcept mhari 

pFl shpujsd a negative significance only for the I instar at Pĵ fOfOI 

lev9|i Similarly when the number of da^s luefe undertaken bfne §gga 

hatching period Mias shoujn to be significant ujith all environmental 

factofcs at P < 0^05 level except that pH ujas negatively signifir 

cant. Temperature shoaiad a positive^ significance also fop thp 

first instar at P < 0*135 and-~for "isTlilnity at (̂  < 0̂ *01 leVel fbr 

the second instar. The measurements u/fien correlated, it was seen 

Iĵ at both temperature and pH showed non-^significanfee for the eggs 

while salinity showed negative significance at P î  Oj05 level, 

while pH and salinity showed non-signifiriance for all instars and 

temperature only for l\l instar at P < 0*01 level, Multiple corra-

iation again, uJas seen to bs highly positively significant at 

P < 0̂ 01 level except for the first instar where they were riot 

significant (Table-LXXIV/), 
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DISCUSSION 

The present study incorporated the life history of four 

dominant species of collembola of the family Entomobryidae from 

jhum sites, tiuo species from the youngest and tujo from the oldest 

abandoned fallouu. The primary aim ujas to identify from these life 

history studies, whether the population dynamics could be corre­

lated and hence the experiments u/era conducted under laboratory 

conditions. It is known that in many coip.embola the length of 

lifa-'cycle varies luith the species and the time of year luhen eggs 

are Jaid, but usually the dav/elopment stages till the attainment 

of aciUlts or sexual mature state, occurs uiithin the period of 

year at the higher latitudes. However, in most -cases tujo or more 

generations may be produced ujithin a year. 

In these experiments, it oias seen that though the soecies 

undertaken mere different from each other and also inhabiting 

different soil conditions, yet they revealed similarities of many 

aspects in their life-history strategies Saira indica revealed 

maximum production of eggs, maximum percentage of hatching and 

maximum size either of the ogg diameter or the instar length to 

be aJuuays in the experiment of higher temperature and salinity 

and loujer pH, A similar situation like Ssira indica uJas also seen 

•̂̂  Seira lateralis except that the number of eggs laid and the 

size of the eggs and different instars ujere more. Salina yosii 

also revealed a similar trend as for Seira indica and Seir^ late-. 

rails except that the eggs ujere nearly double that of Ŝo indica 

and one and half times that of S_. lateralis. The measurements 

(egg diameter or the instar lengths) were further increased this 

species. All other aspects like percentage hatching etc, was 

similar to S_. indica and Ŝ . lateralis. The last Entomobrya kali 

showed the lowest oviposition in comparison to all others. All 
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the other aspects were similar to S_. indica* Percentage hatching 

ujas houjever maximum at the loujer temperatures for this species* 

The percentage of mortality in various instara uuas minimum 

iR 3, indica_ under maxirnum temperature and 3a3.i,nlty and ujith lou) 

pH Qonditions enly for the first instar unlike from II to UI in-

stars it aias maximum. In case of S,. lateralis it mas more or less 

similar to S, indicat In Salina vosji |:hs maximum percentage mor«-

tality luas seen in first instar under lou; temperature and salinity 

lyith high pH in contrast to Ŝ , indica and S_, lataralis« The sec» 

bnd instar, houjever^ shouied a rsuerse ^rgndy uihiie the subsequent 

instars did not reveal any significant increases in mortality 

undep the different experimental set ups» In Entomobrya kali, the 

percentage of mortality in various instars ujas more or less simi­

lar under different expsrimental set ups. 

While considering the percentage of adults, it luas mope or 

less the same under all experimental set ups while the maximum, 

male-rfemale ratio mas seen under medium temperature and it u;as 

rnore or less like this phenomenon also in S_, lateralis* In Salina 

ypsiit the maximum percentage of adults ujas seen undep louj temp­

erature series, oihile the ratio (male-female) remained constant 

under all experiments, as also from E_. kali. 

From the above, it luas seen that it mas priniarily the rela­

tion of temperature which mas related to either egg-development, 

duration of each instar, total life span of species and the pro­

duction of males and females. It seems that the higher the temp­

erature, the more rapid u/ere their developments. Further it looked 

that salinity also which was maximum at these higher temperatures 

might have played some role along with low pH. Green (l964a) 

rqVQPls'^ that limited reproductive period observed in laboratory 

conditions, twill be different from field because the period of 
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development was seen to be nearly three times under culture con­

ditions in Contrast to field. This was supported by Snider (1973) 

mho got maximum eggs of Folsomia Candida and also that the maxi-

Itium longivity ujas attained. These are further supported by Mar­

shall and K9V^n (1962). The greatest fecundity in the present 

study UJ33 seen for Sallha Vosii where the longiiyity was also max­

imum in comparison to the others. Tha fecundity being less or the 

development period being enhanced may be attributed to the accu* 

mulation of excretory products which rtilght contaminate the surfade 

of cqiturBs* Christiansen (1967) foUhd a depression of reproduce 

tion in non-cultUreg of several species of coliembola* It was fo| 

this, that Snider (1?73) transferred hsr animals to fresh cultures 

whenever it mas found to be contaminated* Moreover tha attribu^ 

tion ^f density coUld have played another irfiportant role in the 

growth and r^te of development. Green (l964b) showed that fecun­

ditŷ  uJas increased by reduclrig the density of overcrowded cultures, 

However, it was seen from the present study that the higher 

tamperature and salinity did ghow a definite relationship to 

fecundity and rate of development in all the species studied. At 

high temperatures, it is known that there is a general increase 

in the metabolic rate^ which has a greater utilization of food# 

further as Agrall (1941) pointed out that the tolerance for the 

temperatures is greater in adults than the young ones. The opti­

mum temperature for hatching was shown to be (22-24°C) by Marshall 

and Kovan (l962)j while Snider (1971) revealed that 21°C was the 

optimum. Choudhuri (1963) though states that temperature is one 

criteria for the percentage of egg to complete the development 

yet he could find no significant differences between the wide 

range of temperatures which he had used for Onychiurua. 

As for pH there are vary little reports. However, it was 
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knoujn that the charcoal and plaster in the v/arious ratios resul­

ting in different pH values have had a profound effect on the 

fecundity and longivity of collembola species (Hutson, 1978), The 

substrate pH indirectly affects bacteria and fungi and this var­

iations in food utilised in relation to type and quality of the 

diet influences collembola groiuth and fecundity (Snider, 1971 ), 

The pH in the present experiments though operating significantly 

ujas definitely coupled luith their relationships and effects on 

fecundity and developmujnt ujith that of temperature and salinity. 

Hale (I965b5 1965c) had shoujed aggs being reduced at loujer pH but 

simultaneously at optimum temperatures, Sharma and Kevan (1963a) 

found similar results ks by Milne (i960) at Very low temperatures, 

These results cannot be compared since they are rather louj for 

the number of eggs per female per batch. 

The factor of salinity again has very little comparison in 

earlier literature. However, it was seen that at higher salinity 

levels maximum growth and development had taken place. This is 

understandable as in the field conditions the conductance values 

have also been quite high during the high levels of population 

density. This is in confirmation of the study of Hutson (1974, 

1978), who showed that at higher conductivity collembola species 

is able to survive and reproduce adequately. Such results are 

comparable with plant ecologists that the yield of crops is 

directly related to conductance, therefore to salinity. 

Even though the above interpretation have been given bet­

ween the main environmental factors and life history strategies 

it was generally seen that temperature as an environmental factor 

showed only positive significant for S_, indica in relation to 

fecundity while all others were non-significant. Hence tempera­

ture does not really play a major role in oviposition. Similarly 
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except for the II instar for S_. lateralis and Salina yosii tuher§ 

there mas a positive significance, in all other case§ it luas ndt 

significant. Therefore it seems that the mortality luas not affec»* 

feed by temperature. The length of days in relation to temperature 

iiJas seen to be Qperativa for the hatching in all the species and 

for Salina ybsiii in most of the Instars, while in Seira indica in 

last tujo instars and for Seira lateralis the first fcUio instars. 

In this case it does rev/eal that terripSi'ature played a role in the 

dev/eiopment time either for the hatching period oS for the diff-* 

arent mbltsi In relation to the size it li/as seeh that tempei?atur§ 

iiJas significantly relateci only fd'i 5 air .a latef aJis and Salina 

î psii fdf egg diamater* In Seira indica and Seira late rails., for 

all ptHer ihstafs there was some significance j uJhile for Sail ha 

V-osii th^re iiJas totally hori-signifidahci §hd for Entofnobrya kali 

fqr only Il/th instar, fHer'efqre the size affected by ts'mperature 

ifiiy fpr Ipniê  hot for others. This sort of tGimperatUte uariations 

IH relatibn to different cdrfeilatidh3 shoiu that for the sJDepies 

like Seira indica and Seira l_aterails from the youngest abandonee} 

fallouj there is quite some significance while for olcjer abandoned 

faii0i.y species like Sa.li.ria y_o_si_i_ and Entdmbbrya k̂ lj.̂  there iiias 

very little significance, with temperature. This proves that 

established species have very little variations with minor fluc-

tuationd of temperature. 

pH as next environmental factor was seen to be significan­

tly correlated in all cases wherever but negatively. Only in 

Seira indica fecundity was correlated with pH while in other 

species it was not significant. Therefore like temperature, pH 

also does not play any significant role in the oviposition rate. 

Similarly it did not show any significance for the mortality of 

all the instars in any of these species. In relation to length 
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of days of devslopment and pH, it shoujed that there was signifi­

cance in all the specie<s for hatching, though negative. In Seira 

lateralis and Sailna yosii the length of developmental days of 

earlier instars also shoujed significance negative relationships 

uuhile for Saira indica it vuas for last toio instars. This showed 

like temperature that there ujas some relationship except that it 

u;as in negative. For the measurements, also pH shouued a similar 

correlation in the different species except that it vuas alujays 

negatively correlated. 

Salinity also revealed a similar pattern like temperature 

for either fecundity or the number of instars as vuell as for the 

length of days of development and for different measurements. 

It liias further seen that in most cases for all the species 

the multiple correlation oias highly significant. This therefore 

proves that temperature and salinity acts positively in that with 

increase in temperature and salinity, there is a definite rela­

tionship ujith the length of days and the size, uuhile it is nega­

tively significant for pH, hence higher the pH louusr these possi­

bilities. 
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INTRODUCTION 

The process of recycling of nutrients and the flouj of energy 

between different trooic lev/els is greatly influenced by the soil 

organism and their biotic relationships. In spite of the import­

ance of such studies, many aspects are still unknown either in 

relation to structural and functional phenomnon of the trophic 

relationships of arthropods liuing in the soil. This is very true 

eapocially among those groups of animals u/here attempts hav/e been 

madT and ujhich dominate any soil acosystem like collembola. Most 

studies exist nn the aspects of ecology connected with nutrition 

bio ,cgy of collembola in particular to litter decomposition and 

thereby formation of soil and very little on the natural feeding 

behauiour of these groups of animal in the field. 

One of the earliest reports in relation to feeding biology 

of the collambola was by Agrell (1941 ) who showed the occurrence 

of erppty guts to dry condition in the soil and litter in Anurophos? 

rus laricisf Day (1950) showed during the studies of earthworm 

that bacteria does not get affected by passage through the gut, 

Hutchinson (1951 ) also showed the effect of physico-chemical 

instability of the litter and humus microhabitats for the incor­

poration of fugitiv/e species. The type of vegetation in a region, 

was reported to be indirectly affected and exerted the influence 

of the microfloral composition in the soil (Bellinger, 1954), The 

increase to about two-thirds of the bacteria in the soil was att-

rib"-l -d to the mixing of the organic and mineral particles by 

earLhuorms and millipedes (Kollmansperger, 1956). Such mixing is 

also attributed to the tranlocation of those fragments from the 

litter layer to lower horizon of the soil (Macfadyen, 1957), 

Periodic non-feeding phases associated with moulting in collembola 

population was well documented by Poole (1959), Certain micro-
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flora ara reportsd to be present as gut symbionts in collembola 

having an important role in the digestion of plant material 

(Tornei 1961), The distribution of collettibola is directly prftpor-

tional to the distribution of fyngi on which they feed (Knight^ 

1961) and that thsy are greatly influenced by hu^iidity Bonditiona' 

§f the habitat (Poo^e» 1961), fndivldgal prefersnoss of certalh 

plants by collembola species are knouJri to be established (Dungefi 

1962), Such populations luhen aggregated is Kpgujn tg t̂ lay atleast 

a peripheral role in soil prbcesses (Macfadyan, 1963)^ Under qUlw 

|:urg exfDetiments of feedingj it uJas §hoâ n by 3h9rm3 and KeVpn 

|l963b5 1963c) tfiat p^pylatipR^ §f 5̂ ilBrt]bo|.a f§lj tp reproduce 

on a diet lacking in plant material and shoo/ed occassional cannirf 

baiistic tjehaviourj HoujeOef, Christsfisen (1^64) shou/ed fodd pre:? 

ference^ uJas quite a tuide rqpge, anî  that BacJlJUs sp •̂  in the gut 

^f collembola u/as dapabls o^ digesting chitin thereby furthef 

bonfirming the fact that coliembola and micro- ot macroflora ar6 

ĉ :|.rBctly proportional^ In any case the distinction betujeen inges­

ted and assimilated was shovun by Healey (1965) that certain collw 

embola species utilised only fats and carbohydrates in fungal 

hyphae without interferring with the repfoductiue structures of 

the fungus, Healey (1965) also showed that collembola species can 

survive upto eighteen months in a state of facultative diapause 

without feeding. 

Knight and Angel (1967) showed that the average collembola 

spend an inactive or semiactiv/e state for nearly 40-50% of its 

adults life. \Jor\ Torne (l967a; 1967b) had shown the actiuity of 

the collembola own gut-enzyme complement along with coprophagy 

could be r&sponsible for the utilization of common resources. The 

bacterial contents of the soil and the migration of the collem­

bola to higher densities of the former was shown to be reciprocal 

206 



by Stebaeva (1967), The lack of breaking doujn csllulosa in collem-

bola ujas rsportsd by Zinklsr (1969) and that the diminution of 

leaves after passing through guts is the initial step of the dec* 

omposition cycle (Tikhomiffov, 1969), The action of fungi on much 

ttiateria|iS coulf̂  be immediate as they are knoujn to adapt physlolo* 

gically to vuide range of concentration of nitrogen (Levi and COUJ-

ling, 1969), for the grouuth and regulation of animal populations 

depended on the food quality (Watson, 1970)^ This is supported by 

the fapt that the individuala of the game species differing in 

i 

tl-jB qut contents from different habitatS| is greater than in indi­

viduals of different species guts in the saoje habitats (Gilmore 

and Rafterisperger, 1970; Bodyarsson^ 1970)i Further confirmation 

tq this hai/e been shown by McMillan and Healey (1971 ) a/here coli-

r̂abola species living together shouj gut contents i/ery similar. 

T[-ie nutritional differences between species of fungi tuith 

respect to feeding of collambola was shoujn by Mills and Sinha 

|1971 ) Luhich luas coupled with the infrequent feeding behaviour of 

collemboia fOeaiith and Joose, 1971)* This is further supported by 

the fact thjat most collemboia species are more or less unspecia-

lized feeders (Petersen, 1971? Massoud, 1971; Luxton, 1972). Such 

louj degree of specialization was associated with excess of food 

available (Anderson and Healey, 1972) and that scarcity of food 

Uias an important source of stability in reducing the amplitude 

of population fluctuations (Smith, 1972). Further, Jones (1972) 

showed the secretion of toxic substances from root systc i to con­

trol populations. 

The importance of food ̂ available under field condicion:: was 

shown by Emlen (1973) as an adaptation to varied diet would only 

seem a selective advantage under laboratory conditions, A direct 

relationship between fauna and flora in agricultural tilled soil 
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waa shown by Kines and Sinha (1973), Moreover, at any one time 

the greater part of a population does not taka part in the uti­

lization of food resources (McMillan, 1975). 

Fungi from the onset of decay of plant remains incorporates 

a major protiqn of labile nutrients in microbial tissues which 

represents a high quality of food resources for soil invertebrates 

(Smith, 1976), This along with the nutritional ualueg and physior 

logical activities is helped by the wide adaptability to the nite 

fpgpri (Dowdingi 1?76j Parks^ 1976), Causes of starvation leads t|| 

mass migration of the §niniâ 8 and i§ directly related to rainfa|i 

after a dry period in inducing high f*§eding activities among ^ois 

iembola species (DOOSSS, 1976), In this respect Mitchell and Parr 

kipson (1976) reyealsd the feeding attributes of a fauna iH rela­

tion to its role to decomposition, 

3oossB and Testpipk (l977aj 1977b) attributed food scarcity 

to establishing populations and prsdation (Earnsting, 1977) and 

^oil moisture (Uerhoef, 1977) for the regu'l̂ t̂'ioa and survival of 

sbme collembola populations, 

Work on Indian collembola and their feeding behaviour does 

nqt exist by themselves except that of Singh (1969) and if at all 

present they are in relation with either the general studies or 

life history strategies. Hence the aim of present work was to 

identify among some dominant species of collembola present in the 

different abandoned fallows and especially the youngest and oldest 

and to see their feeding behaviour. This aspect was taken up also 

to find out whether the soil fertility was restored and nutrient 

recycling was done by these dominant species of collembola in 

such soils. All comparison of the feeding of the four species un­

dertaken by what is present in their gut contents was therefore 
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coreelated ujith one major group of microflora namely fungi of the 

3oil# Also their studies luers carried out seasonally for a peplod 

of one annual cycle to Identify the seleotivgness or non-selecti-

veness of the food (fungi) as present in the soil correlated ujith 

that preaant in the gut# 
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MATERIAL AMD METHODS 

The four species undertaken luere the same as for the life 

history studies. The extraction for these studies luere also simi­

larly done as ahoiun earlier in that chapter. Every month r«?plio-

ateg of 5 from each species oolleoted and extracted from field 

luare uqsd fpr the studies«.^^ 

Immediately after collection of the species the gut of the 

Individual speoies aiera teased out from five individual? 9a§h# 

These gyts ujqrg than placed in the dilution plate for culture and 

cut span and spread out on the media ujith the help of a spray of 

triple distilled mater. Hence five plates luare prepared for each 

species every month. The soil ujas taken from the tu;c sites (A and 

B) vuhare these species occurred and a similar soil dilution platq 

ffiathod lijas used ta isolate the fungi, In this case 1Q gm of sp4-l 

from each site and replicate samples of five were placed in 100ml 

of triple distilled water in a 250 ml« Erlenmayer flask and blen-

Ejed for 1 minute for each replicate sample (5) for both sqil sam-r 

pies from both sites and hence a total of 10 plates were prepared 

every month* Final dilution of 1 to 10^000 were Used for isolation. 

The media selected was Martin's rose +_ Bengal Agar (Martin,1950), 

Such plates both for the gut contents of the collembola a 

species and soil samples amounting to 20 (animals) and 10 soil 

replicates were incubated every month at 25 +_ 1 fot 5 days. After 

this period the plates were removed, the fungi identified upto 

species whereever possible or at least to genera and such identi­

fied colonies counted and exprsssedjas percentages of the total. 

The co-efficient of variation was calculated (Ivlev, 1961), All 

the above was done for a period of one year beginning Danuary, 

1978. 
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g£-S.uj-j.-g-

The present study was conducted on four species of dominant 

collembola species found in toio abandoned fallows (Site A and Sits 

D ) , the youngest and oldest re3pecti\/ely. One common finding in 

both the sites of the fungi from top soil layers in these abando­

ned falloujs £»as that a total of 21 species of fungi ujere recorded, 

irrespectius of the age of the fallouj. Of these 21 species, ujhsn 

the total year was taken into consideration, it was seen that 

Trichodarma virid9« Pars, ex. Gray luas maximum in the soil (nearly 

^S%) folloujed by Penicillium chrysooanum. Thorn. {15%), Aspergillus 

niqar, V/an Tiegham i^^%) and Puaarium sp. (12?S), in the soil of 

the youngest abandoned falloui (Sita A)« All the others recorded 

less than ^Q% with Paniclllium nioricana. Bainiar, Thorn. (9^) and 

the least were Cladosporium ap., Acramonlum sp. and Warticilllum 

ap. all recording only 0.a?S (Fig. 25). 

A similar analysis of the soil In the oldest abandoned fal­

low (site D ) when seen for the whole year, ravaaled that the maxi­

mum occurrence of the surface layer of this site was that of 

Psnicillium nigricans {^3%), All the others recorded below ^0% 

with only Aaparqillus niqar (nearly 10^). The least occurred spa-

ciea in this site were those of Actinomucor sp., Usrticillium sp. 

and ScopullarioDsis sp,, all recording around 1.5^ (F'ig* 26). 

As seen for the soil throughout the annual cycle, it was 

seen that in ths gut of 'the various species undertaken that in 

Seirq indica. the maximum occurrence of the fungi Trichodarma 

viride amounting nearly 24/5 followed by Fu sari urn sp. "of nearly 

23/S. Hence these two species formed nearly 50/S of those found in 

the gut while the ones not recorded at all throughout the year, 

though present in the soil were Cladosporium sp., Mucor hiemalis. 

Wahmar, Acremonium sp., Cunniqhamella sp., Actin_omucor. sp., 
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lyerticilliurn sp., and Scppullarioqgi,^ sp. Hence out of 21 species of 

fungi found in the soil, only 14 species ujsra recorded in the gut in 

this species (Fig, 25). 

^n Selra la.te.ralis Yosii when so observ/ed it ujas seen that 

Fyaarlum sp. formed nearly 25^ in the gut aihen the ujhole year was 

takih into consideration, folloujed by Alternaria alternate (Fpies) 

Keissler and Penicillium chrysoqanum both around 12%. Hence in this 

species of Collembola these three groups of fungi occupied pearly 

50^ pf the total fyngi in the gut, /Igaln in thi§ species, it was sean 

that aev/en fungi tuare absent oihich uiare Pythium sp., Mucsr hiemalis, 

AcrBrf|Rniuni sp«, C^^^hniqhamella spt^ Actiriomucor sp.^ l/Brticillium sp. 

and ScoBullariopsiq ^p^ It uJas ^herefops Bbsepi/ed in this species of 

CpllBFpfsgla Sairp lateralis th^t ggain Rpiy 14 species of fyngi luepp 

recorded in the gut, out of the 21 species av/ailable in spil (Fig.25)i 

Ip tt̂ p oldest abandoned fallow mhsn a similar observation was 

niada fqr the two dominant species of Collembola undertaken, it was 

seaq ''or S_aiina__yosii Salmon, that Alternaria altarnata was recorded 

rngxi-raum ip the gut {^^%) followed by Fusarium sp. (l4/S), All the 

pthefs pecqrdecj less than ^0% with only Trichodeyma viride recording 

nearly 1Q%, Hepa again as in the earlier species some fungi species 

wara totally absent; in the gut, They were Mucor hiemalis, Acremonium 

sp,^ C_unniqhamBlla spty Actinomucor sp»^ Uerticillium sp, and Scop-

U-llarippsis sp* Hence out of 21 species pf fungi present in the soil 

only 15 ware available in the gut of Salina yo_si_i (Fig, 26). 

In the fourth species of Collembola, Entomobrya k_ali, Imms, 

when a similar observation was made in the gut for the total year, 

it was seen that Alternaria alternata and Fusarium sp. occupied 
— ^ — 1 ^ » ^ i M — 6 J ^ «II-Ti •! • I • — I I I II I I I irWiM I I I » • ' •• 

nearly 15% each as maximum records among the groups of fungi present 

in the gut. All others ware below 10% with only P,Bnici 11 ium n_i_gr_i_CAns.5 

showing 9,3% as third in order of dominance. Here again like Salina 

yosii in the same site the same six groups of fungi were totally 

absent in the gut (Fig, 26). 
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After the general observation for the luhole year as shoujn above, 

it was nouj felt to see the seasonal fluctuations and their trends luhe-

thsre in the soil or in the gut of the various species of Collembola 

undertaken in the present study. In site A, the fungi isolated from 

the surface layers revealed for those dominant species of fungi to 

have their peak period of abundance in the early spring to continue 

through the summer and decline, once monsoon sets in. In this respect 

Trichoderma viride recorded 45/S in May, Penicillium chrysoqenum, 25^ 

in 3unBo Aspjerqillus niqer 31/S in Duly, Fusarium sp. nearly 18% in 

Inarch and Panicillium nigricans nearly 12% again in Marcho Houjever, 

the sam3 groups were seen to be minimum either during the early sum­

mer or J.ate winter, like Trichoderma viride recorded nil in the month 

of April, Penicillium chrysoqenum 5% in November, Asperqillus niqer 

nil in January, Fusarium sp. nearly 2% in January, while Penicillium 

nigricans nil in May and June. In all other group)s of fungi they were 

only around 10% or bslow (Table LXXU). 

In site D, the seasonal trend wben observed in the species of 

fungi present in different months on the surface layer of the soil 

revealed for the two dominant species, Penicillium nigricans and 

Asperqillus niqer that the peak period of abundance was recorded in 

August and July respectively, while the minimum was seen in the month 

of January in both. It was also seen that there were five species 

which recorded at least 20% or more of the relative abundance at one 

or more months. These species were Absidia spinosag Londoner which 

recorded a maximum of 20% in the month of April, Alternaria altarnata. 

recorded 30%, maximum in the month of July and Fusarium sp., 30.1% 

again in July, while Doratomyces sp. recorded maximum of 20% in the 

month of May and finally Acremonium sp. again 20% in the month of 

January (Table-LXXl/). 

As seen for the soil in the tiuo sites a seasonal trend in 
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the gut contents for the various species of fungi in the four 

different species of collembola luas recorded. In Seira indica the 

tujo najor species tuhich oiers found in the gut contents ujere .T,r.̂^ 

choderma viride and Fusarium sp* ujhich shovued a' maximiim peak in 

Duly (50)5) and Nevember (45^) respectively* Ir̂  addition to thesi 

tmo species, it uJaa felt to see the occurrence of any species nf 

fungi in the gut contents occupying more than 20^, at least once 

throughout the study period* Whan so observed^ it yjas seen that 

Asparqillus^ piqer recorded above 20% in the months of 3uly and 

Qptobsr in the former 315̂  and latter ?1/S| Psnicjllium chryso.qenum, 

nearJy 20^ or more in th]e mpnths of ĵ pril and August while 

AbslH" a spinosa shoujed 20/o only in the rrionth of April and f̂ ucoj 

recemosus in the month qf August (21^)« Alternaria alternate shor 

vued in Dune and August^ 38?̂  and 29% respectively. In î ucor circij 

nalloides l/gn Tieghem shoiued only in the month of 3anuary Just 

20% and Mycoqone sp« revealed nearly 22^ in the pfionths of May 

and October, (Table-LXXUI}, 

\P Seira lateralis ujhen a similar analysis Luas made for the 

gut contents during the seaspn, it ujas seep for the dominant groups 

like Fusarium sp», a record of 100% in the month of 3uly anid nil 

in the month of February, Alternaria alternata shoujed a maximum 

pf 57% in the month of June, Luhile Penicilljum chrysogenum shoiued 

a maximum of 28.5% in the months of April and November. The groups 

of fungi oihich recorded 20% or more in one or more months during 

the study period, luas seen in 5 fijngal species. These are, Trich-

odermg viride, 20% abundance in the month of May and 28.5% in the 

montn of November, luhile Aspergillus niqer mas 28.5% only in Nov­

ember and 23% in September. In Absidia spinosa, 28,5% was recor­

ded in the month of April while Mucor recemosus, Fresenius showed 

40% in August and 23% in September and Mycogone sp. showed 30% 

in May (Table-LXXl/I). 
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?n S^^lina y_osi i , when the dominant species ujere undertaken 

to see the seasonal f l u c t u a t i o n s i n the f yng i present i n thq gUt^ 

i t Luas seen t h a t Fusari,.um sp. and A l t e r n a r i a a,l^j:Brnata sccUrred 

50% i n the month of July, whi le Tricj-)G)dg f̂j]|a^ ^^riyde^ precofded a ma><' 

irnum of near ly 27^ i n the month Of October* Those species u/hiph 

oiere 2d5?i or mgfe i n any month liJaa seen t o be i n Asaagqil lUg, EiiqeJ 

and P e n i g l i 1 ijJm ehrVisoglnum' uuhlch reco*ded 20^ as maximum i t t - t he ' 

month of October, vuhile i n Absid ia apinosa 35% i n the month pP 

August and i n Mucpr. racBmosUs a pBaH pP iffs waS |*epprdBC^ i n the 

fnpnth of August^ Thg |^,rnaining speGipa IIIBSB nv.ei.|gQ.nŝ  sp^ UJhiph 

iirepQ;:(dBpi a maximum bf 5,0%= i r i l^a^, B.BJi.atbnriv'pe.a. sip^ fTja îrajjm gf |0'^ 

ujaR neen i n the month of Dctptjep 9iii::j (?.ythium sp, 23/S i n Aijgijst 

fTable L p U I l | . 

Ip Entpmobrya k j j - i ^ the segspn^l f l uG tua t i ons of .dpminant 

grDJjps ujhen pbsetv/ed vuere seen Ss i n the case of Alte.rhag.ia. a l t err 

Flat a t h a t a peak of nsar l y 10% uJas observed i n t^e rnbhth of ^Uh? 

di i th a f l i g h t drop to 60fo i n the' fnSntii of 3uly and reduced to 

near ly h a l f (28/S) i n the month of August, Fusarium a p j j ifiaximum 

i^as seen i n the mcnth of May (45/?i) wh i le i t dropped tp near iy 30^ 

(29»5/S) i n the month of •JdnSj, again increased to ^0% i n Juiy^ 

aihi le Rsn ic i l l . i um nic^ricans showed tujo peaks of abundance, one i n 

August {27fo) and the other in January (21/S), Those species which 

recorded ^0% or mors in Ŝ y" month other than the dominant dpecies 

abdua uJas in Aspergillus niqer which recorded nearly 2^fo in the 

mont'i of September as maximum peak, Absidia sp'inosa showed only 

20?b In the month of April as maximum, Mucor^ rece.mps_u_s (45%) in the 

monti of August, while in Mycoqone sp. nearly 55/S was recorded as 

maximum in the month of i'-1ay, Doratomyces sp. recorded a peak of 

25% in the month of October and Pythium sp, in the month of April 

with 20% (Table LXXUIl). 
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In addition to the general seasonal trend for either the 

soil fungi or those availcible in the gut of the species of coll-

embola undertaken, the Ivleu-indax (1961 ) u/as Luorked out to 

bring a true picture of whether there aias any particular period 

of the season of selectivity and also uuhether species ujere sele­

ctive feeders. In Seira Indica it was seen that the maximum co­

efficient occurred for Trichode^rma v i r i d e . AsjJerqillus niqerj 

Penicillium chrysoqsnqm, î ucor recemosus, Alternaria alternata 

in the month of October for the first three and August for the 

last tuuo respectively. Species like Penicillium nigricans and 

Absidia sp• occurred in maximum in the month of March and Febru­

ary respectively, luhile in Fusarium sp. and Pythium sp. it occu­

rred in May and April respectively as maximum. Finally Absidia 

spinosa. Mucor c_ircinelloides.g Doratpmyces sp., Mycoqone sp. and 

Cephalosporium sp, occurred maximum for the first three in the 

month of December and the last tujo in the month of January, 

Hence very clearly the maximum peaks occurred either in autumn, 

early spring or winter fcr different fungal species (Fig. 27). 

For Seira lateralis more or less, a similar trend was fol­

lowed except that the fungal species differed in the seasonal 

maximal coefficients. In this case Trichode;:ma viride and Myco-

,g£_ne_ sp. occurred maximum in October, while Penicillium hiaricans 

and Mucor recemosus in August, while Aspergillus niqer and Peni­

cillium chrysoqenum in November. The 6ne grbUp which occurred 

maximum in summer was Alternaria alternata. Absidia sp. and 

Cladosporium sp. occurred maximum in the month of February and 

March respectively. A,bsidia spinosa. Mucor circinelloides and 

Absidia sp. occurred In the month of December as maximum, and 

for Absidia sp. this was the second peak. Lastly, Fusarium sp., 

Cephalosporium sp. and Dpratomyces sp. occurred maximum in the 

month of Oanuary (Fig. 28). . 



Fig. 27 s Shoudng the index oP electivity and its sea* 
sonal fluctuation in the Collanibola species-
S'eira indica. 
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Fig.. 28 : Shouting the index of electivity and its sea* 
aonal fluctuation in the Collernbola spacies' 
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In the Sa].,ina. yqsii,^ maximum uere recorded during ujinter 

months like, AspBrqillus niqer, Absidia spinosa, Mypogone sp., 

CBphalosporium sp. and Cladosporium sp. all in the month of Dec­

ember. In January, Penicillium chrysoqenum, Penicillium nigricans 

and Pythium sp. recorded maximum. Coefficients in Absidia sp. and 

Doratomycss sp. ujas recorded maximum in February and Mucor circ.i" 

ne)lj[̂p,-id.e,3 sp« in the month of November^ The remaining species 

like Alternaria alternata and Fusarium sp. occurred in 3uly luhlle 

lljjcor recemosus occurred in August and T^richodgrma, viride in 

September as maximum coefficients (Fig, 29). 

In the last species Entom^obrya^ kali a more or less similar 

phenomena was seen except that in April, Pythium sp* recorded 

maximum and Alternaria alternata, and Fusarium sp * in 3ulyji August 

recorded maximum for Mucor recemosus, while Trichoderma viride 

and Aspergillus ni_ge_r in September. In October, November maximum 

records were those of Dpratomyces^ sp. and Mucor cireinelloides 

sp. respectively. All the remaining recorded during the winter 

months of either December or January, the former having fungal 

species like Absidia. sp.j î ycooone sp., Cephalosporium sp. and 

Cladosporium sp. while the latter both the Penicillium species 

were recorded (Fig, 30). 
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Fig. 29 : Shouiing the index of alectivity and its sea* 
sonal fluctuation in the Coilembola species* 

225 



It . 12 13 .U 15 

0-9 

0-6 

0-3 
r 

0 

0-3-

0-9-

I 
r •¥-®~¥f 

0-9 

0-6-

0-3-

0-

0-3 

0-6 

0-9 

_H_ 

'W I T 

8 

? 
? 

.« a 

to" 

T 3^ 

0-9 

0-6 

0-3 

0^ 

0-3-

0-6-

0-9 

-JJ! l) 

-..-1 

I 
. 

IT 
11 

M A M J A 5 0 N 



Fig* 30 : Shooing the index of electivity and its 
seasonal fluctuation in the Collembol'a 
species Cntomobrva kali* 

a26 



11 12 13 K 15 

0-9 

0-6-

0-3; 

0 

0-3 • 

0-6' 

0-9-

i iki 

n 

J L _ 1 
m 

8 n 

! 

n: 
0-9 

0-6 

0-3 

0 

0-3 

0-6 • 

0-9 • 

1 
§ 
• ^ n 

r 

1:2: 
0-9 

•0-6 

0-3 

0 

0-3 

0-6 • 

0-9 
n+T! »— 

J F M A M J J A S " 0 N D 



DISCUSSION 

While obssruing the gut contents of the four species of 

Collembola and correlating it ujith those in the soil from oihers 

these species luere extracted, it seemed, that, generally therB^ 

is no regular pattern betujeen the soil fungal flora ouer the gea-

son nor of the fungal flora in the gut. Among the dominant spec­

ies of fungi from site A, ujhich ujas the youngest abandoned falloiu 

and site D the oldest abandoned fallouj there was significant dif­

ferences over the seasonal abundance of the various fungal species. 

When th'B gut contents of Seira indica and Seira lateralis 

collembola species from the same site, oias compared ujith the soil, 

it liias seen that among the dominant fungal species, like Tricho-

derma viride, Penicillium chrysoqenum, Aspergillus niqer and 

Fusarium sp. recorded peaks of abundance in the soil, in the guts 

of Seira indica and Geira lateralis around the same month except 

for the last ujhich in Seira lateralis showed a contrasting incr­

ease ujhen actually in the soil this o/as declining. One dominant 

species in the soil luas Penicillium nigricans, luhich was not re­

corded in the gut of either of these two collembola species. 

However, fungal species like Alternaria alternata^, Absidia spinosa; 

Mucor recemosus which were least recorded in the soil was found 

to be atleast 20/S or mors in the guts of both species and had a 

similar peak of abundance. In addition to this Mucor circinello-

ides recorded in S_eira indica was replaced by Hycogone sp. in 

Seira lateralis. 

A similar analysis in the oldest abandoned fallow (Site D ) 

and the collembola speciss associated, revealed that only Alter­

naria alternata and Fusarium_ sp. when forming a peak in the soil 

was also a peak in the guts of both the species, while Penicillium 

nigricans and Absidia sp. had similar peaks both in soil and in 
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the gut of E_, k a 1 i , Thsy .houjed a different pattern in S_, yosii 

and in fact the former fi igal sp. alujays recorded below 20%, 

though revealed a peak sinilar to soil recording only ^6%, Dora-

t̂°/SXS.g-3 sp. shoiued similar peak of abundance between soil and 

5all̂ na. yjo_siJ^ gut contents but totally different for Entomobrya 

J<gl^ gut contents, Aspe-rqil̂ Ius njqĝ r recorded rtiaximum in mid-

monsoon,, shoujed peaks df abundance in the yut& of SalJna yosli 

3'̂ '̂  Entomobrya kali« only in the autumn months* Acremonium sp» 

which did show more than 10% in the soil was totally absent in 

the guts of both the sfjeciea. In addition to thesb, fungal spec­

ies like T rich Oder ma viride< Psnicilllum dhrysoxianumj Mucor. r.BC° 

emosus^ and Pythium sp., which occurred well below 10% in the soil 

but was present as peaks of 20% or more in the gut of S_» yosii* 

Of these, the Idst two species were also present in thfe gut of 

Entomobrya kali while the former two were absent. Mycbgone sp; 

similarly occurred in the gut of E^i kali and not in the gut of 

S_; y 0 si_i« 

As a general occurr nee of v,/arious fungal species of the 

gut of the collembola ir-^-spectiva of area frfim where they were 

collected, it was seen that Aspergillus niqet, FUsarium sp*^ 

Ab3i_dj.â  spinosa^. Alternaiia alternata. and Mucor recemosus occur­

red in the guts of all th= four species of Collembola irrespec­

tive for whether these foormed 10% or more in the soil from dif­

ferent sites. Trichodejxma vir-̂ de and Penicillium chr-ysoqenum 

were seen to occur only in _S6 indica, ^. lateralis and Saline 

yosji i guts, while PeniciJ lium nigricans in the gut of Entomobrya 

kal 5 only; Species like Doratomyces spi and Pythium. sp. seemed 

to show a relation to the collembola from different sites in 

that they failed to occur in the guts of S^i indica and S.lateraliSj 

while present in Salina Ĵ o,ali_ and E_« ka 1 ii Interestingly, enough, 

flycoqone sp. was found onty in _Sr lateralis and _E. kali, the 
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former from the youngest abandoned fallou/ and the lattar from the 

oldest abandoned fallouj* MUG or GlrclnBlLoidBs Uias a species ujhlch 

occurred only in the gut of _S, indica and noujhere else. 

Ivlev, 1961 index of elecitiuity when applied to shou; ujhethBr 

tjhera u/as any selectiuenssg phenprnanpn, ujas aaan that no true ppn«» 

elusions can. be obtained, even though the values rangei^ from ir) 

to .+ values of 1» Certain species of fungi, luhich shoujed a seaso­

nal peak of abundance for these baluea, shOLued t;hat it neysr cqw 

incided ujith aithar the parcantage peaks in the soil or gut, This 

proves beyond doubt that the 4 apspies Pf PPlis.fl'IsPia pndertal^en 

uuere non-specialized and the feeding ujas r̂ ndpfT) lijith affecib pf 

intensity only during the autumn mpnths immpd^ai^eiy aftaar j-qinsf 

From all the -abdve, it uJas seen that the foijr species of . 

ppilembbia uiere more qr less non-specialized feeders (Peterseni 

1?71j McMillan, 1975). This loiu degrees of specializat;i6n was 

probably attribuf'ed to thia food aUailabie tp these decomposers 

l̂uJaî s in excess. (Hsaiey, 1972), In the present study^ it was 

seen luhen even particuiar fungal species becomes rare, yet there 

does not seem to be a distinct selective advantage in contrast 

to Emlen (1973). In ^11 the four species of collembola undertaken 

there \iias no incidence at all of 8mj3ty gutsj this was probably 

becalJsB of the region under consideration which always had high 

humi£iity' ̂ and rainfall above average in comparison to rest 6f 

Indiao However, it has beeri seen'that therl was high feeding 

activities -immediateiy after th'i onset of mbnsddn (Boose, 1976). 

it is seen that there is a great synchronisation of tqt,^! poil-

pmbpla population to the feeding behaviour as seen herej aiherp 

the amplitude of population fluctuatipns increase in autump 

(Sfnith, 1972J Ooose afiGl Tasterinkj. 1977), This> therefore prima-

I'iiy attributed to soil moisture cPndition thananything else 
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(UarhoBf, 1977). Out of the nearly 10 or 11 species of fuogi it 

mas seen that more than 50?S are common the gut and also similarity 

in the gut contents betujeen the tujo species from the same habitat. 

This is in concordance ujith the several studies, that the gut con­

tents of collembolan species living under similar conditions, shouj 

similarity (Poole, 1959| Gilmore and Raffenspsrger, 1970; Bodvar-

sson, 1970; McMillan and Healey, 1971 ). But this ability of such 

extensive numbers of detritus species not only co-existing in 

habit but also utilising identical food resources, conflicts gen?? 

eral theory of edological concepts, as the latter is ujell establr 

ished, than related species sharing same habitats evolve food 

differentiatiqn and hence the concept of ecological niche (Qê rBach 

1966| Slobodkin 6rt,al., 1967; Reyppldspn and Dayies, 197p), 

From the present study it revealed that for most fungal 

qpecies there oias no direct relationship in the gut of these col-

lerabola species. This may be attributed to undetected differences 

in their soil fungal utilisation. Further, species of collembola 

are knoû n to vary in their ability to digest particular components 

and also vary ip> the activity rapge of their own enzyme compone-nt 

(l/on Torne, 1967^; 1967b)« In addition it is understood that in 

•̂'{ne present study, the microhabitat differences betujeen species 

fî ye been left undetected because of the complexity of the luorkj 

We mill agree that the louj degree of food specificity in these 

species luas due to an interaction, reducing competition pressure 

betujeen the species tuhich superficially utilise the rather unir 

form resources under moist soil conditions (Anderson and Healey, 

1972), 

Despite this fact, fungi among microflora are the most 

efficient penetrators of plant remains and ujith]in a limited 

period, nutrients get incorporated in microbial tissues, uihich 
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represents not only production of equal or similar food resources 

but also a high quality of nutrition. From the present study, it 

ujas further seen that the index after Ivlev (1961) also proves 

non-selectivity of food irrespective of the age of the fallouj and 

the differences of the species undertaken. 
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GENERAL DISCUSSION AND CONCLUSION 

It is known that a ujide range of habitats occurring as a 

mosaic differing in soil and litter type and also uegetation cover 

has bean very uuell ujorked out in temperate climates. This is, still 

to be seen from a comparative base in tropical situation as there 

have not been a total ecological study of soil fauna. This is more 

so in the Indian situation and the region under consideration, 

North-Eastern India, oihere there are hardly very feuj reports. It 

ujas therefore felt houj ecological segregation could be achieved by 

environmental factors and biotic factors besides the contrast in 

life forms of these areaso 

It is established that soil fauna of agronomic system is 

notoriously irnpoverished in comparison to uncultivated forest or 

grassland scosystems. Tillage practices disrupt to an appreciable 

extent both the structure of the soil and the biotic community 

(Allison;, 1973)« Hence, it is all the more because for high degr­

ees of depletion of soil fauna in cultivated lands brought into 

agriculture from natural forest and ujithout the • input of fertili­

zers oihen left fallouj. Therefore the response of soil fauna to 

such disturbances, determine uihich species and the mode of loca­

tion in addition to the ability to survive the disturbance of the 

inbuilt quality of recolonization by migration. The recovery of 

disturbed fauna will al'uays bs sloiu and a causative factor as re­

sistance uiould be the limited rata of recolonization as seen from 

the present investigation that though there is an immediate migr­

ation to areas on discontinuity of the tillage practices, a real 

stabilization takes many years (Greenslade and Greenslada, 1977), 

u/here in the present study it luas seen to be 20 years. This proves 

that there is an action of some factors determining the suitability 
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of habitat for soil fauna like the climatic structure, food supply 

and utidarlying pradation pressure. In this process of succession 

and recolonization, competitiue interaction could be expected to 

play a major role in population processes and dynamics. This is 

all the more true in humid tropics u/here the climate is usually 

favourable (Bullock, 1967) and competition to be diffuse (Terborgh, 

1^=1971; MacArtbu^, 1972). For any one species liable to interact ujith 

a mosaic of others at differing densities and in a number of per­

mutations and combinations, Anderson and Healey (l972) ujas of the 

opinion that fugitive species could co-exist aiith superior compe­

titors by migrating to temporarily unexploited patches in the ha­

bitat. But both opportunatist and fugitive species are I'-strate-

gists, (MacArthjir and Wilson, 1967); t-K spectrum (Southujood,1977). 

These therefore, have the potential to buffer the temporal change 

and its effects in the supply of resources caused by variation in 

Lueather or density of key species luithin normal variation ranges. 

Du Plessis (1]97B) has strongly contended that it is the sensibi­

lity of the endemic fauna for habitat changes and the human land 

use practices responsible for the destruction of natural popula­

tions uuhich are established and thereby creating avenues for thg 

spurt of unde.-SirablB elements. While these are mainly based on the 

present climate and the recant manipulations and impacts by land, 

the closest affinities among the soil faunal communities could 

always be related to a consequence of factors in the geological 

substratum and to characteristics that the "natural ecosystems" 

ujould have possessed, if left undisturbed. In other ujords the res­

ponse of any soil faunal system or sub-system to the present eco­

logical conditions precedes that of the soil system or sub-system, 

the composition and structure mainly determined by historical 

events, 
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Furthsr, it is noted that though soil fauna might uary little 

rn the'^fficiency, they utilized their resources, the carrying cap­

acity of the environment would depend on the niche breadth or the 

number- of resources luithin the environment that each specialization 

have evolved a mechaism for exploitation. Corollary ujill be, when 

there are many species of one group or community in a given habitat 

the evolutionary strategies for these groups u/ould be to diversify 

the food resources utilized as much as possible so that a reduction 

of competition to a low level is achieved (Blackith, 1974). In ad­

dition to all these ecological factors in the formation of soil it 

is certain groups of soil invertobrates like micro- meso- and mac-

rofauna which are responsible by way of their metabolic activities 

for accumulation of organic matter in and on the soil. Therefore, 

several dominant species capable of reproducing and surviving for 

long periods at below qptimum levels of environmental factors like 

pH, salinity and temperature would likely be encountered in the 

early stages of soil formation, represented either by large pres­

ence of micro, meso or macrofauna. Stabilization effect would 

truely be indicative of the presence and abundance of macrofauna 

in contrast to the other two groups. This fact was seen very clea­

rly from the present study. However though some soil fauna are ca­

pable of living under extreme conditions, there is a threshold 

level beyond the damage of the soil could show population dynamics 

irreversible. It is for this reason though quantitative variation 

at species level is ideal yet it does not allow to draw definitive 

conclusions for such studies in disturbed ecosystems. It is there­

fore the whole community which is a good ecological indicator of 

the impact of jhumming and the outcome of colonization after such 

a process in lands which lie%! fallow. 
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CONCLUDING REMARKS 

With the fore-going discussion, it is seen that the present 

inv-^sbigation incorporated in the first chapter on the total popu­

lation dynamics of groups and community of soil fauna, their in-

terpctions with physical-chemical factors of the environments and 

soi.l and the identification of succession and recolonization in 

disturbed ecosystems and landscapes left abandoned or fallow for 

con'^iderable lengths of timoo 

It is seen that the immediate abandonment of land after til­

lage shoujs a total increase only in mesofauna and to some extent 

to inicrofauna, A definite successional pattern ujas seen in the co-

lonLzation of macrofauna uihich steadily increased from the young­

est abandoned fallouj to the oldest abandoned fallouj proportiona­

tely. This therefore could be the deciding factor for a relation 

to soil fertility and recovery of land in such disturbed areas. 

The present study further revealed that it mas the moisture grad­

ient highly responsible to vertical migration in the soil faunal 

lands and temperature was only secondary. In tropics, such distur­

bed ecosystems create harsh environments with extremes of temper­

ature,., moisture in the tropics, therefore a direct impact of heavy 

rains creates a positive response. 

The second chapter incorporated the life history strategies 

of our dominant species of Collembola, the group which did play 

a s. gnificant role in the abundance of total soil fauna. Here 

aga'n it tjjas seen in two species each from the youngest and the 

oldc st abandoned fallow. Further, the life histories were worked 

out under a combination of various environmental factors like pH, 
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temperature and salinity. HoLuewerj, though one factor like temper­

ature either by itself or coupled ujith salinity did shouj marked 

effects on the life histories of these species yet in general 

there ujas hardly any difference in the species undertaken. 

The third and last chapter a/as done by utilizing the same 

four dominant species of Collembola in relation to their feeding 

behaviour in the field. The study rauealed that this species un­

dertaken uuere non-selective and non-specialized in their feeding. 

In r-ertain aspects it revealed dominance of those in the soil to 

be proportionally dominant in the gut of the species. The index 

of nelectivity proves that they luere definitely non-elective in 

their approach of feeding. The increase of environmental stabili­

ty is usually considered as the governing factor for the differ­

ences found betujeen communities attached to either different 

horizons of the soil or different soil types is a significant 

factor. This further affects the mode of reproduction and type of 

development in the light of environmental properties in relation 

to the utility of food resources for the dynamic aspects of an 

ecosystem. 

240 



REFERENCES 

Allison, F.E. 1973 

Anderson, 3.n. 1972 
& I,N. Hoaley 

Blackith, R.E. 1974 

Bullock, 3.A 

Du Plessis, S,F, 

1967 

1978 

GrsensladB, 
P.J.ri. & P. 
Grsenslads, 

E.Oo Wilson 

Southujood,T.R.E 

Terborgh, 3. 

1977 

MacArthur,R.H. 1972 

& 1967 

1977 

1971 

Soil organic matter and its role in crop 
production,, Elsevier, Weuj York, 637 p. 

Seasonal and inter-specific variations in 
major components of the gut contents of 
some ujoodland Collembola. 3« anim. Ecol, 
41, 359-368. 

The ecology of Collembola in Irish blanket 
Bogs. Proc. Royal Irish. Acad., 74 B (l6). 
202-226, 

The arthropods of some tropical soils and 
leaft litter. Tropical ecology. 8: 74-87, 

In ondersoek na die verspreiding en tak-
sonomic van die Microchaetinae (Oligoch-
aeta) in Suid Afrika. Unpublished thesis. 
Potchefstroom University for C.H.E., South 
Africa. 

Some effects of vegetation cover and dis­
turbance on a tropical ant. fauna. Insectes 
Sociaux. 24^ 163-182. 

Geographical ecology patterns in the dis­
tribution of species, Harper and Rouj, 
New York. 

The theory of island biogeography. Prince­
ton Univ. Press Princeton, NeuJ 3ersey. 

Habitat, r,he templet for ecological stra­
tegies. 3, Anim, Ecol, 46 : 337-365. 

Distribution on environmental gradients: 
theory and a preliminary interpretation 
of distributional patterns in the avifauna 
of the Cordillera Uilcababa, Peru, Ecology 
52 : 23-40, 

241 


