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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
sasn from the Anthropogenic gradient. This relates to the study,
taking "natural™ as baseline escosystems, ths measurements of dyn-
amic aspects of soil faunal variables, in systems which are sub-
jected to either agricultural activities or to degrees of mani-
pulation and perturbation by the impact of man, This was 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, 194%5; Will=
iams, 1947; Beak, 1962; Maldague and Hilger, 1963; Toye, 1967;
Madge, 1969; Fittkau and Klinge, 1973), yet only that of Lassbikan
(1975) is directly concerned with the impact of agricultural pra=
ctices on the soil fauna. Other than the above studies on the
immediate effects on land usags, interest in the restoration of
severely damaged landscape is of very recent time, primarily dus
to increasing human populations and the threat of nuclsar devas=

tatione.

With this backgrounu in mind the present study was under=
taken to see the effects of excessive land use on soil faunal
d¥namics in tropical environments of this part of the world, par=-
ticularly to aspects of recycling, succession and stabilization
of so0il fauna in lands left fallow after intensive agriculcurs
for a number of years. The unigueness of the situation was that

thess fPallow lands were the results of shifting cultivation, as

1



practiced in many regions of the world. Shifting cultivation,
though is regarded as the primitive agricultural systems of the
tropics, it is not only confined to tropics, but slsewhere also
in the worldes In these regions of Neorthe=fZastern India, shifting
cultivation is referred to as "Jhumming" where farmers move their
homes and settlements as well as the fislds they cultivate, at
frequent intervals (UNESCO, 1952). Jhumming, as for general. shif=
ting cultivation involves a similar clearing of the forest by
felling, logging and finally burning the undergrowth, then plough-
ed for agriculturs (Plates 1,2,3). Hence it is frequsntly called
as "Slash and burn'" agriculture referred to as Swidden farming
(Ekwall, 1955). Many studiss have existed on the immediats effscts
of disturbing the ecosystem by either burning, logging or agri=-
culturing (Nys and Greenland, 1960). However very little if at
all exist on the land after such usags and the agricultural yisld
falls well bslow 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
investigats the influences of soil fauna and soil on one another
on an scological approach. This Was 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. 1t 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

2



trend if existing in relation to the general physical factors of
the environment and chemical nature of the soil. In addition to
find out whether the bioclogy and the nutrition affscts the soil
fauna for dominant species of Collembola, two from the youngest
aged fallow and two 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 thres environmental factors like temperature, pH and
salinity, helping in the idgntification of the fecundity and mor-
tality, therefore the population status comparable to the field,
The third investigation was directed to the understanding of ths
nutritional status of these same four species and compared with
figlde This was thought to help in finding out the stratsgies
involved in the life history processes and therefors the popula=-
tion dynamics in relation to either the abundants and scarcity

of food resources studises.

The study though was aimed at the academic understanding
of such disturbed scosystems, yet it was thought to bring recomm=~
endation of land use practice based on such studies to the reg-

ional governmsnt,



Plate 1a ¢ Showing the cut down branches and stems of
trees and bamboos. The process of logging.

Plate 1b ¢ Showing Pire in action burning the. undergrowth.






Plate 2a ¢ Showing 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 : Showing a typical fallow land after 2 or 3
years of cultivation.
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STUDY AREA

LOCATION

Byrnihat (Meghalaya State) at 100 m asl; (Latitude 26°02°
and 30"; Longituds 91°52'), situated approximately 90 kms from
Shillong and 14 kms from Gauhati on the main Gauhati~Shillong
trunk road (Figs 1) was chosen as the main study area. Four dif-
Parent study sites from this region werse taken upe. These wsre
fallows left after Jhumming cultivation was over for a specific
period of time. In this respect the study sites in the gensral
study area was chosen on the basis of one yegar fallow till 20

year fallows (1 yr, 5 yr, 10 yr and 20 yr) (Plates 4a,5a,6a & 7a)e

- CRIGIN

Physiogsographically the Assam divisions are the narrow
Brahmaputra vallsy behind the Arunachal=-Himalayan arsa in the
North and Nerth-Eastern region, Patkai-Naga Hills in the East
and the Lushai Hills and Sivillong plateau in the South. The
Surma river is led by the aumerous small tributaries from Shi-
llong platsau and North Cachar Hillse. The Surma vallsy occupies
a triangular area bstwsan Meghalaya on the Westy; North Cachar
and Manipuri Hills to the East and Mizoram and Tripura Hills
on the Souths The valley is peculiarly low lying with swamps
and perfected level of aluvial flats stretching upto the base
of the steep rocky enscapment of the Shillong Plateau. The
river and tributaries only for a short distance havs 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 anastomosirg water channels. The drainags patt-
ern over the Mikir Hills is similar to that over the Shillong

Platesau.



The present changes of the Brahmaputra valley is the
result of uplift and subsidence of different blocks of the
precambian crystalline, the remnant of which is now repres-
ented by the Mikir Hills (Assam) and Shillong Plateau (Meg-

halaya).

THE SOIL ENVIRONMENT

Spil is lateritic brown or orange brown in colour. It
is generally acidic, The characteristic of soil in the diff-
erent sites are shown in Table-I for all the four sites,

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

VEGETATION

At all the experimental sites mostly Dendrocalamus

hamiltonijwas found, Table=II presants the vegstation in the

differsnt sites with a comparison of dominance of each specisse.

CLIMATE

The region esxperienses a sub=tropical monsoon climate,
the summer temperatures reaching 35°C and mean winter temper-
aturss falling upto 15°C. The frost was obgsrved 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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Plate S5a : Showing the study sits of the middle age fallow
(5 years old), referred to as study site B in
the text.

Plate 5b : Showing the soil profile in the same study site.

i N

12






Plate 6a ¢ Showing the study site of the middle age fallow
(;D gears old), referred to as study sites C in
the text.

Plate 6b : Showing the soil profile in the sams study site.

13






Plate 7a : Showing the study site of the oldest fallow
(20 years old), referred to as study site D
in the text.

Plate 7b : Showing the soil profile in the same study site.

14






Table I : Showing the soil types and texture in the
four differant study sites.

15



TABLE=-I

Morphology Site A Site B Site C Site D

Typs Lateritic Lateritic Lateritic Lateritic

Colour Yellowlsh Brown Reddish Dark brown
breown brown

Texture Sandy loam Sandy loam Coarss sandy Fine sandy

loam loam .

Structurs Nutty Blocky Granular Granular

Gravity Higher Lowsr Lower Lowser

Porosity More More Less Less

pH Mostly wecidic Acidic Acidic Acidic

occassionally
alkaline

nig



Table Il : Showing the vegestation at the four different
study sites and their dominance.
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TABLE-II
Speclas . Site A Sitg B Sitg C Site D

Ageratum canyzoides Linn ++4 - - -
Arundinella i

iy Spr:ﬁgo)bgzazéanSLS " e . _
Bauhinia varieqata Linn Fdt - - -
Borreria higpida (Linn) K.Schum + 4 P -
Cyperus globosus Allioni ++ et 4 R
Carex cruclata Ness - ++ ++++ g
Careya arbores RoX. ++ - +H++ +
Callicarpa itocna Roxb. + ++ +++ R
Combretum decandrium Roxbe + + ++ 4o
Desmodium trigustrum DC. ++ FROY ++++ ++++
Dendrocalamus hamiltonii e R bt s

Nees & Arn.
Dillenla indica Linn. + 4+ - 44
Eupatorium odoratum Linn. + 44+ +++4 ++ ++
Eugenia tetragona Wight + ++ ++ F b
Ficus hispida Linn, +4 - ++++ 4+t
Gregia slastica Royle ++ - - -
Litsala assmica HeRe.F. + - ++ -
Mikania micrantha He.B. & SK. + - + -
Imperata gylindrica (L.)Beaurs  ++++ +H44 - -
Macaranga dsnticulata Musll. ++ +++ - Sttt
Melia azadirachta Linn. - + + -
Machillus khasyana Meissn. - - ++
Magsa indica Walle ++ +4 -
Osbeckia crinita Benthe ++ - - -
Panicum maximum Jacqe ++ +++ +4+++ ++++
P+ khasianum Munro ++ +++ - -
Setaria tessellata Willd. - ++ +H+ FRT
Schima wallichii Chois ++ - ++++ ++++
Sapium buccatum Roxb r - ++ ++
Thysanolagna maxima Kuntze ++ +++ - -
Vitex peduncularis Wall ++ +++ ++++ -
Ve glabrata Br, ++ +++ + 4t IR
++++ = highly dominant; +++ = dominant; ++ = poorly dominantg
+ = present; - = absent
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INTRODUCTION

Thé purposa of the present work was primarily directed to=-
wards the understanding of the naturs and bioclogy of soil=fauna
in these regions where land pressure and usage is very high. At
the outsst it is advisable to indicate that soil fauna as implied
by usy ars thoss soil animals which pass one or more active stages
wholly or largely either in soil or litter (Drift, 1951). Though
our studiss have besn confined to the 80il layers, it is under=
stood that the faunal slements are tHE38 Which move either between

the litter and the soil layers or within the soil laysrs themselves

Fbor the sake of convenience, though ssveral methods exist,
for the classification of soil fauna; other than their systematie
aftangdémehts (Haarlod, 1960; Kevan, 1962); we havé followed the
bédy size ds the main criteria after Wallwork (1970). Hence those
80il fauna which rangs betwsen 20 u and 200 U as microfauna, thoss
betwesen 200 u and 1 ém as mesofauna and finally those greater than
1 tm as matrofauna. If so, from our collections; microfauna incl-
uded Protdzoa and prostigmatid mites, mesofauna comprised of mesow=
stigmata, cryptostigmata, astigmata, &ollembola, araneida, chelo-
nethi and isopoda, while macrofauna included all the soil insects
(Debmapﬁera, Coleoptera, Hymenopteta; Hemiptera, Lepidoptéra,
Dipteta, Orthoptera and Thysandptera), Myriapods (Symphyla, ChiZ

lopoda and Diplopoda), Mollusca and Annelida.

Soil fauna and their scientific studies was developed as a
discipline very recently though general observations on them havse
been in existence since Wnhite (1789) who did throw some light on
sarthworms and mole=cricksetse. The sarlisst 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 restricted them-
selves primarily to the role of sarthworms in humus formation. The
place of honour as the pionesr in the gsneral study of soil fauna

goes to Diem (1903) when he worked with certaln Swiss alpine soils

It was not untill the first half of the pressnt century that
far rsaching results based on the gensral studiss of soil fauna
was available, Ths sarliest of these were those of Bornsbusch
(1930); Frenzel (1936); Joffe (1936); Forsslund (1945) and Kubisna
(1948)s A treatise 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 presént
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, Bodenbiologis and Franz (1950) whose pub-
lications emphasized the practical implications of the study of
soil falina again in a single volums, Bodenzoologis. simultaneously
a year later Dslamore Deboutteville (1951), Hartmdnn (1951) and
srift (1951) brought out works on tropical soils, clagsification
of forest soils, and in the tradition of Bornebusch respectively.
All were based on the influence and activity of soil animals. Ever
since, so0il fauna and its ressarch has been persued by a logarith-
mic incrsasing number of investigators with vigour as had not

existed sarlier 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 ysars around 1952

to 1967. Those which take the pride of places were Lawrence (1953),
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Eglitis (1954), Kevan (1955a, 1960, 1961, 1962), Kuhnelt (1957,
1961, 1963), Nosek (1957), Farb (1959), Kipenvarlitz (19615, Mur =
phy (1962), Schaller (1962), DBLQEQEEAEGbOttBVllIB and Rapoport,
(1962, 1963), Dnmeksen and Uan 4er Drift (1963), Dunger (1964),
Gilyarov (1964), Burges and Raw (1967) and Graff and Satchsll,
(1967). It was again during this pariod that the creation of int=
arnational Journal of Socil Bioclogy, Pedobiologia in 1961 which

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

All the abovs, though are collections of ressarch wports
and sxtremely valuable refersnce works, they do not qualify as
textbooks in the conventional sense. Those which came out with
increasing recognition to the soil fauna were also during the fif=-
ties and middle sixties such as Kubiena (1953), Sharma and Ksgvan
(1953b,c), Handley (1954), Wilde (1954), Tischler (1955), Macfad-
yen (1957, 1963), Russell (1957), Balogh (1958), Wallwork (1958),
Takeda (1979) and Wiggin g;&%%@ (1979), The relative increase in
publication during this period could be traced to the availability
and improved techniquss of sgo0il arthropod sampling. Some of the
important techniques were thoss of Mgrp@y((i95§z 1955), Haarlov
and Weisfogh (1953), Macfadyen (1953, 1955; 5561), Alexander and
Jackson (1955), Schuster (1956), 0'Connor (1957), Heydemann (1958),
Averback and Crosslsy (1960a, 1960b), Tribe (1960s 1961), though

most were the improvement and modifications of Tullgren (1918).

In addition to those which have been mentioned above on
general soil fauna, literature exists for micro, meso and macro
soil fauna separately. Those of impaortance for micrafauna are the
works of Carpenter (1897, 1906, 1907, 1908, 1911, 1913), Halbart
(1915, 1920, 1923), Lawrence (1961). Those who studied the verti-
cal distribution of microfauna and attributed its occurrence to
the upper layers of the soil were Drift (1951), Riha (1951),

19
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Macfadyen (1952), Wallwork (1959), Haarlov (1960), Lebrun (1965)
and Anderson (1971). Microfauna and its relation to abiotic Pactors
affecting thelr distribution seasonally have been studied by Ford
(1937), Strickland (1947), Drift (1951), Lawrsnce (1953), Karppiner
(1955), Belfield (1956, 1967), Sheals (1957), Wallwork (1959, 1967,
1970), Haarlov (1960), Halse (1967), Tarras=Wahlberg (1961), Aucamp
and Ryke (1965), Di Castri, (1973), Price (1973, 1975) and Mitchsll
(1977). Corrslations of soil microfauna with that of soil fertility
and their impact on soll formation indicative of soil quality have
 been studied by workers like Bornebusch (1930), Edwards and Heath
(1963), Balogh (1963), Gilyarév (1965), Burges (1967), Karg (1968)
and Flzikawa (1970a, 1970b).

Howsver, most of the work in soil fauna have besn largsly
confined to studies on soil mesofauna, in general and Collembola
and Acarina in particular. Some of the important works on Collem=
bola are studies in relation to their population density, seasonal
fluctuation and in particular their abundance as related to soil
moisture content are those of Agrell (1941), Gisin (1943, 1952,
1960), Hammer (1934, 1937, 1953), Stach (1947), Strenzke (1949%a,
1949b), Salmon (1951, 1956), Maynard (1951), Nosek (1952), Salt
(1952, 1955), Macfadysn (1954, 1963), Murphy (1955), Kitazauwa
(1962), Milnme (1962), Pitelka (1964), Kevan (1962), Mina (1962),
Drift (1963), Di Castri (1963a), Christiansen (1964), Dunger (1964
Torne (1965), Ogino eta. als (1965), Witkamp and Crossley (1966),
Hale (1966a,b), Naglitsch (1966), Hermosilla and Murua (1966),
Poinsot (1968), Wise (1967), Choudhury and Roy (1967), Stebaeva
(1967 ), Gresnslade and Greenslade (1968), Joosse (1968, 1969b),
Usher gte. al. (1970), Marcuzzi gt. gl. (1970), Wood (1970), Di
Castri gte al. (1971), Niijima (1971, 1973), Kaczmarek (1973)

and Davidson (1979).
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Work on acari and in particular most of the mites either
fres living in soil or litter inhabiting have besn done by Baker
and Wharton (1952), Dunger (1956, 1958), Stockli (1957), Stammer
(1957, 1959, 1963), Hirschmann (1957), Schuster (1958), Baker st
al. (1958), Hughes (1959), Evans st. al. (1961), Poole (1961),
Kevan (1965), Wallwork (1967, 1976), Usher (1967, 1975), Fuzikawa
(1970a,bsc), Butcher gst. als. (1971), Prics (1973, 1975), Webb and
Eimes (1973), Pande and Berthet (1975), Price and Benham (1977)
and Aitchen (1979).

Among the less representsd groups of mesofauna are those of
Spiders, Chelonethi, Diplura, Protura and Isopoda, though have
been shown in many of the general socil fauna papers in relation
either to their abundance or sgasonal variations yst there exist
literature on the works of some of these lessser represented meso=
fauna like Diplura, Protura. Work on their taxonomy and ecological
studies in relation to species density and distribution have besn
done by Godfrey (1910), Tuxen (1949), Browney (1954), Paclt (1956),
Raw (1956), Ressl and Beier (1958), Sturm (1959), Engelmann (1961),
Gasdorf and Goodnight (1963), Gabbutt and Vachan (1963, 1965,

1967) and Gabbutt (1967),

Macrofauna as has already been menticned earlier are those
which are greater than 1 cm body size. Though the pressnt study
includes almost all insect orders available, myriapods (Symphyla,
Chilopoda and Diplopoda), mollusca and annelids, yet eyem some
mammals could be included (Wallwork, 1970). Extensiveawork in
macrofauna have been on annelida and ants, follcwed closasly by
Hymenoptera. Taxonomical work on soil macrofauna, thsir sampling
techniques and ecological studies in particular to earthworms havse
been done by Nielsan, 1955a, 1955b), Peachey (1962, 1963), Satch=

sll (1963, 1967), Gerard (1964, 1967), 0'Connor (1957, 1958, 1967)
21 )

!



and Huhta (1979). Important work on termites have been done by
Gilyarov (1949, 1964), Snidsr (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 Raw (1967).
The distribution of slugs and snails in the soil have besn dons by
Drift (1951), Quick (1960), Lozek (1962), Janus (1965) and Newsll
(1967)s The taxonomy and ecology of isopoda and their seasonal
fluctuations and distributional patterns can be found in the works
of Hatchett (1947), Palmen (1951), Edney (1953, 1968), Dungser
(1958) and Frankel (1979). Similar works on Chilopoda and Diplopoda
have been by Verhoeff (1928, 1932, 1934a), Manton (1954), Blower
(1955), Eason (1964) and Loksiva and Golovatch (1979), Works on
ants ares probably only sscond to thoss available on Collembola

and Acarie. Most ecological studies in relation to mark-recapturs
methods and estimation of population density along with their sea-
sonal fluctuations have benn done by Holt (1955), Odum and Pontin
(1961), Baroni-Urbani (1963, 1969), Abe (1971), Petal (1972, 1974),
Galle (1972)m Nielssn (1972), Hemmingsen (1973) and Hunt (1974).
The larvas of lepidoptera and their effect on vegetation have besn

shown by Brenchlsy (1935, “969) and Williams (1974).

In contrast to the abundant literaturs available for the
temperate regions of the world very little is available to ths
extent one would like to have for tropical conditions. Some of ths
relevant works of South=~Africa includes thoss by Den Heyer and
Ryke k1966), Loots and Ryke (1967), Van der Basrg and Ryke (1967,
1968), Greenslade and Greenslade (1968), Greenslade (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 temperats regions after his
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work in Surinam. Some of the sarly tropical ground fauna density
have begen studied by Beebs (1916), Dammerman (1925, 1937), Williams
(1941), Strickland (1945, 1947). Salt (1952, 1955) along with
Drift (1963) and Raw (1967) have the recent figures Por soil fau-

nal densities under tropical conditions.

With this in background it can bs ssen that sven much less
work has beesn done on soils from the Indian sub-continents Though
the first work in India can be traced to Trehan (1945) whers he
related the seasonal fluctuatiofis nf §oil-microfauna with some
abiotic factors in Lyallpur now in Wsst Pakistan. It was not until
nearly two decades aftsr Trehan's work that Indian Scientists had
contributed to our understanding of the soil fauna and its rela=
tlonship to the environment, Thess ipclude works of Choudhuri and
Roy (1967, 1970, 1971a, 1972), Baduri and Raychoudhury (1968),
Mukerjed and Singh (1967, 1970; 1976); Singh and Mukerjes (1971,
1973), Prabhoa (1971, 1973, 1976), Singh and Pillai (1975a), Singh
ahd 5ingh (1975), Gupta and Muker jes (1976a, 1976b) and Veersesh
(1974, 19773 1979)4 All these have besn confined primarily to the
Peninsular India and thsere has not bssen any work 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, 1977bg ?578),w§ge probably the first of its kind for these
regions though confined to pins=forsst floors, Therefore, tather
than a typlcal tropical condition their work was more of a sub=
tropical nature, or more so in an ecotone-=belt between the temper=
ate and tropical conditionse. The only available work under real
tropical conditions for North-East India is that Vatsauliya and
AlfPred (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
23



ecological charactsristics of the soil faunal slements in this
region of the world but also to find out the successional pattern
of thess soil faunal slements under stress dus to the pressurs on
the lands In addition, our aim was to identify the exact time for
the total colonization of the original soil fauna, after the land
has besn allowed to lis fallow for recuperation, afPter jhum cult-
ivations. Though literature abounds in slash burning and shifting
cultivation very little exist on the understanding of the soil
fauna undsr these peculiar conditions. The nearest to such condi=-
tions like the effect of fire on soil fauna have bsen studied by
Pearss (1934), Heyward and Tisso# (1936), Macfadysn (1952), Terr=
ant (1956), Ahlgren and Ahlgren (1960), Bennet (1960), Smith
(1962), Berthet (1963), Moritz (1965), Williams (1966), Buffington
(1967), Huhta gt. al. (1967, 1969), Metz and Farrier (1971, 1973)
and Critchley gte. 2l.(1979). Howsever, the practical implication
of shifting cultivation on soil fauna was done by Strickland as
early as 1947, The nsarest to such a work was availabls only in
the context of logging and slash~burning affscting the soil acari
and Collembola populations in coastal British Columbia (Vlug
apd Bordsn, 1973), A similar work under tropical conditions at
the foothills of Meghalaya (N.E, India) is available from our

study (Vatsauliya and Alfred, 1980).

The present study though has its own academic understanding
of the scosystem 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

Spil samples werse regularly collected for a period of 24
months, beginning from January, 1978 till Decembser, 1979 at monte
hly intervals from sach site in four different age fallows (Sites

2 were demarcated

AyByC,D)e In sach site, 96 sub=plots of 1X5 m
and sach time rsplicats samples were taken. Soil from each sub=
plot was rsmoved with a rectangular iron sampler (5%5X10 cms ) e
Such samples were taken from four different depths of 0~10 cm,
10-20 cm, 20=30 cm and 30~40 cm from each sub~plot at sach sits.
Hence sach soil sample was 250 cu. cm from each site and comprised
of four soil-layers with a total of 384 soil samples wers collec=-
ted from sach site, throughout the study period. Thersfores a total
of 1536 soil samples were collected from all the four different

sites throughout the period of investigation.

All the soil samples were collected during the morning hours
betwssn 0800 and 1100 hrs., On collection of socil S@mples from the
field, they were immediately trarsfsrred into individual polythens
bags, labslled and packed to prevent loss of moisture as far as
possibles Such labelled soil samples were transferred to the lab-
oratory from the figld within four hours. Two samples out of ths
replicate soil collections were pooled and extracted under largs
modified dry Tullgren Funnel seriess at 40°C (Macfadyen, 1955
Southwood, 1966) with 100 W lamps for seven days. The third soil
sample was used for protozoa by the Berlese Ploatation 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 suspensions.
Bulk density and soil porosity were measured after Keen (1931),

25



and finally the chemical factors likes 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 were done for all the four
different soll layers in four different sites in duplicate and
the mean values are presented in the results, whers these werse

converted for the soil fauna into an area of mﬁ.

Fyrther at the time of collection in the field both air
temperature and soil temperature were recordsd. Air tempsraturs
was recorded at sach sits at about 1 m above sach sub=plot usi=-
ng an ordinary mercury thermometer, The sail temperaturse was
measured by placing the soil thermometer a fgw centimeters into

sach soll layer in differsnt sub-plots at the different sitss.
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RESULTS

The present work was carried out for a period of two years
beginning January, 1978. The results obtained in the differsnt
fallows of one, five, ten and twenty year old, at the time of the
initiation of collection, becomes during the second annual cycle
as two, six, sleven and twenty-one year old fallows respectivsely.
Thess are, therefore, referred to hereinafter for sake of conven=
isnce and sasy interpretation as sitass A,B,C and D in accordance
to the age of the fallows, with Four depth layers of soil at each

sitaee

On a gensral comparison between the four sites (Table=III),
it revealsd that there was a consistency of total soil fauna prea-
sent in sach gite for both the years undsr study. There was how=
sver a dsfinite pattern in their abundance during both the ysears,
in that, sits B recorded the lowest (1,758X102/m2 (1978), (1,850 X
10%/m% (1979) and site D the highest (22,448%x102/m2 (1978),
653,384X102/m2 (1979). A similar pattsrn as seen in the total soil
fauna was observed for total mesofauna, when a categorization was
made into micro-, meso and macrofauna, This is understandabls,
primarily due to the fact as clearly seen from Table=III that the
abundance of total mesofauna (nearly 60%) affects the total soil-

faunal patterne

While considering the different major groups among total
soil fauna, it was sean 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=
sred it was ssen that though the lowsst was again recordsd 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 cass of microfauna the numbers recorded for
mesofauna wers also similar during both the years of investigat=
ion for esach sits considsred, recording minimum again in site B
and maximum in site D, Howsver, unlike microfauna, while the rel-
ative percentags abundance of mesofauna was considered, it was
seen that their maximum rslative abundance was in site A and min=-
imum in sits D for both the years. Further, though, the numbers
remained more or less constant for both the ysars, the relative
pe '‘centage abundance dropped by nearly 3% in the sscond year of
st idy in all the sitese Tie third and last major group, the macro=
fa na unlike the other two sarlier groups did not show a consis-
teicy in their numbers for the two ysars under study in any of
tha sitese In fact they revealed an incrsass in their numbers of
nearly 800 to 9DOX102/m2 during the second year of study. The mi=
ninum numbers recorded for macrofauna was seen to be in site A
for both the years of studyy while the maximum was recorded in
site D, A similar pattern was also ssen when the rslative percen=-
tagse abundance was considarsd. Moreover the increase in numbers
from the first to second vear was mearly 3% incrsase in all the

sites Por total macrofauma (Table=III).

While considering the different depths at the different
sites, 1t was seen that tnere was a steady decreass in the total
enil fauna as one goes from the top to the bottom layers of the
soile This was seen in all the sites for both the ysars. Further,
Lt was sgeen that, though there existed minor variations in the
¢ -1 numbers present, while considering the two annual cycles at
ths different depths in atl the sites, there was a clear consis=
tecy in their percentages composition for all the depths in all
tha sites for both the years when each depth and each site was

compared with one another. Thech@nge of about 29% to 33% was sesn
.
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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 layser
(10=20 cm), about 20 to 25% in the next (20=30 cm) and it was be=
twesn the range of about 17 to 20% in the lowsr most laysr (30=40
cm) (Table=IV} Similarly while analysing the break=up of soil=
fauna into microy meso and macrofauna, it was ssen that there was
a steady decrsase in numbsrs only in the case of mesofauna for
both years in all the sites from the top to the bottom laysrs.
Howsver, whsn microfauna was considered, a similar trend as in
mesofauna was seen only in site De. The microfauna in site A for
both the years though decreasing till the third layer (20-30 &m),
increased slightly by about 3% in the bottom most fourth soil
layer, whereas in site B though thers was a decrease 1n the sec-
6nd layafr, the third layer increased to a level nearly as the
first layst with only a small fall of 3% in last laysr during
Hoth the yearss In site C there was an immediate incétsass in the
socond layer of about 3%, which thereafter fell steadily till the
bottom layers An observation similar to mesofauna was also ssen
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 thersafter decrsased 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, msso
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 sitese. In site B the last lay-

er for both the years which should have been lower than the thira
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layer, howsver revealed an increass in percentages of nearly 0.5%
betwesn the third and fourth laysr when actually among the verti-
cal distribution in site B, the microfauna decreased by 3% for
the same layer undsr cénsideration.si gsimilar phenaomencon was seen
in site C for both the years except that in this cass the two la=-
yers were the first and second layers, where ths increase fraom
first to secand layer was nsarly 1% when compared with the total
soil=fauna, whan thasy actually reduced in the second laysr by
nearly 3%, Another interssting observation in site C was in the
third and fourth layer§, whers the decreass from third to fourth
layer was nearly 3%, while the percentages wets more or less &on<
stant for both these laysrs when compared with the total soil-
fauna for the same site for both the yeara. When site D was chbn=
sidered for totasl microfauna and its relation to total soéﬁ fauna
for different layers, the first two layets had a similaf pR&fcma=
non as was ssen For site C, axBept that the pstcentags variation
of increasé in the reverse was very negligible (Q525 to 140%)

(Table=1V).

If the total mesofauna ahd their relationship in terms of
their relative percentages for all the layers, for all the sites
for both the ysars when comparsed with the total soil fauna, it
was seen that in sites A and D thers was an lncreases of nearly 2%
in the abundance of total microfauna for the last two bottom lay=
ers of soil, when actually in their vertical distribution thay
had steadily decreased by nearly 3% as mentioned earlier. However,
in the case of site B and sits C, the rise of about nearly 1.0%
was seen between the sscond and third layers for both the years
when among themselves they were nearly the same psrcentages in

their vertical distribution for these layerse
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The total macrofauna as mentioned earlier had a decreasing
phsnomenon from top to the bottom layers of soil in all the sites
for both the years except site A where the second layer recorded
maximum for both the yesars. But on a comparison of their numbers
with that of the total soil fauna, it was seen that for site A,
the maximum percentage was seen in ths third layer with an incre-
ase of abbut nearly 4%. In case of sites B and C the second and
the third layers registersd an increase of nearly 2% during both
the years, when the actual vertical distribution had a decrease
. of nearly 3% for thess layers. In site /D, during the first year
of study it followed the similar pattern as for its vertical dis-
tribution when either compared among itself or when comparsd with
the total soil fauna. Surprisingly enough, it was not so for the
same site D during the second annual cycle. Here, though the dec=
reasing trend was observed when comparsd among themsslves, yet
when their numbers at the different layers wers comparsed with the
total soil fauna for the same pesriod, it was seen that there was
an increass in their percentages in the secaond and third layers
with only a slight fall in the fourth layer. In fact the psrcenw
tages wers more or less constant for all the layers when they
wers nearly recording a difPerence of 5% decrease from top to ths
bottom layers (Table=IV).

Though the major trends haves been seen among the b%ggder
divisions of soil=fauna, it was now left to ses the intri;;te
relationships, when each of the thres major groups were broken
down into the possible sub-groups. It was ideal toc go upto spec-
ies level, but due to the grsat lacuna of taxon&mic 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 was broadly categorized into Prostigmatid mites and Pro=
tozoa and the latter being further subdivided into flagellata,

ciliata and amosbas.

While considering the Prostigmatid mites it was ssen that
thers was a steady decreasse in numbers from top to bottom laysrs
in only sites C and D, for both the years of study., In site A,
though it decrsased till the third laysr, an incresass by nearly
4% in the fourth bottom soil laysr and in sits B in the third
laysr, for both the years -of study. However, while analyzing
their relative percentage of abundance among microfauna it was
ee=~n that only in sits C, they followed a similar pattsern as for
thegir own vertical distribution, while in sites A and D; they re=
corded an increass of 0¢5% to 1.0%, from the first to sascond laysy
they actually decreased by nearly 2% and 1% respectively, In site
B though the increasse observed from second to third laysr was
nearly 4%, yet their relative psrcentages of increass among total
microfaupa was only 1%, When the prostigmatid mites as percentages
of the total soll fauna was observed it was seen that only in gite
A they followsd 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 increass in
the fourth laysr by about 0.2%, they had actually recorded a dec-
rease of nearly 3% for the sams 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=-
ta.ly they had decreased by about 4% and 1% in both the sites

respectively (Table=U).

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

faunaes 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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was seen to bs in site A and the maximum was in site B and site D
with site C following closs behind with only a difference of 4X10%/
m2. Their vertical distribution in the different depths in differ=
ent sites rsvealed a highly erratic phenomsna, in that in site A,
though it decrsased in the second layer, increased to a lsvel of
exactly that of the first layer, which dscreased again in the
fourth laysr exactly similar as in the sscond laysr. In site B the
Pirst and second layers have the same numbers and increased to
nearly 3% with the same numbers of increass in the third and fou-
rth layers, both of these being similar. As was sesn in site B,

in site C, the first two layers were 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 differaent
phenomenon was ssan, in that, though there was a decrsasg in the
second, third and fourth layerkithe second and third layers resvea-
led the sams numbers. While observing the prqtozoan relative abun-
dances with total microfauna it was seen in site A though the
first and third, second and fourth had the same numbers of protog
z0ay, yet their rangs of diffserence among microfauna was nsarly

13% for the first and third layer and nearly 7% for the second

and fourth layers on the increasing side, In site B though there
was a difference 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 sccond layers, the latter two being constant, thers
was an increase of nearly 1% in the third layer. In site D,though
the second and third layers had the same numbers, they revealed

an increase of nearly 7% 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 showsd an increase
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of EEZ}ly 3% when compared with 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=VI).

When Protozoa was further broken down, it was seen that
flagsllata comprised of more than 55=-80% 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
sgen in site B or a decreasing phenomenan with consistency in
depth (Pirst, second and third) as in site A, and sscond, third
and fourth in site D, Only in site C did they reveal a reverse
trend in that they wers consistent in the first three layers and
increassd suddenly by ngarly 13% in the fourth layer. However,
they werse consistent in all the layers in site B, yst, when they
wers comparsd with total Protozoa, it was sesn that the first two
layers had nearly 7% more than in the battom two laysrs. Similarly,
though the first thres layers in site A had the same numbers - yet |
the second layer revealed nearly 10% increase among total Proto=
zZoa, as was also sesn for the second and third layer in site C
except that it was in the rsverss., In site D, a nearly similar
observation was- seen in that though the numbsers for the second,
third and fourth layers were same yet the Pourth layer showed an
increase of about 10% as was seen for the first layer when congi=

dered among the Protozoa, whils the second, third and fourth laye

T

ers wefs Rearly 13% lower than the first Iiyers When the total
Plagellata and its rélative percentages ambng the total micro-
fauna was considered, it was seen with minor ?Iabtua%fdh in their
rafges to be nearly similar to their bwn vertical distribution in

sites B and C. However, in site A they revealed an increase of 8%

in the thlrd layer, while 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, however they had increased by nsarly 3%
from the first two laysrs, though their numbsrs were similar. In
site D, a more or less similar observation was seen except that

it was in the reversse. While considering the total flagellates
among the total soil fauna, they had a similar pattsrn as for
their vertical distribution with only a variation of 0,2% in their
fluctuation among the depths, in diffsrent sites for both thse
years (Table=VII),

The next dominant group after flagellata among Protozoa wers
the total ciliata, which comprised of nearly 15=33% of the total
Protozoa., The total ciliata sither had the same numbsrs in all the
depths as in sites C and D or they had an increass in numbsrs from
third to fourth as in sites A and B, except that in the former
there was a drop in the second laysr by nearly 50%. The similarity
betwsen their vertical distribution among themselves was also sser
when they were compared with the total Protozoa in site B. In sits
Cy, though the numbers pressent in all the depths wers the sams, yet
their relative psrcentage among Protozoa increased by 3% in the
third layer to drop by nearly 8% in the fourth layer. In site D as
in site € though the number of ciliata present in all the depths
were the same, yet they showed an inereasing trend from first to
the fourth layesr by nearly 10%, while their relative percentage
among the total Protozoa when considered were nearly 3% increasse
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 O for both the
yosars of study, when the numbers were constant, In site A though
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the numbers in first, third and fourth layers werse same, yet thay
inoreased in the third laysr by nearly 2% and fall by 1% in the
fourth layer, when their relative percentageg among the tetal mig-
rofauna was considersd, In site B they more or less followed their
owp trend among the different layars, Whan the total ciliata wers
campared with the total soil fauna, 1t was sesn that their relaw
tive percentages for the different layers in all sites had a sime
ilar pattern as wasg ssen Por ths total ciliats and its rglagtive
percentages gmong the total microfauma (Table=YII),

The last group amomng Protozoa were the ampgbas, which ranged
from nearly 0=14% of the total Protozoa, In all the sifpg their
numbers were same for both the ysars of study, whengver they were
prgsent, The relative percentages among the Protozea wag seen to
differ by nearly 2% even though the numbsers remainsd cpnstant,
Similarly they were nearly 1% and 0.2% differences when the total
amosbas rplative psrcentages were compargd eith;; with total mic-
rofauna or total soil fauna respectivsly. As thers were very minor

variations we anticipate a very negligible effect en the totagl

study {Table=~IX),

The next major group of soil fauna, mesofauna was broadly
divided into Collembola, Acarina, Araneida, Diplura, Protura,
Isopoda and Chelonethis The first three of these subegroups were
further categorised into either families or sube-orders, former

levels for Collembola and Araneida while the lattsr for Acari.

While considering Collembola it was sesn 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, when a comparison was made on their relative abundance
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among mesofauna, it was seen that a decreasing trend as for their
vertical distribution was only observed in sites B and C, In site
A there was an increase by nearly 1% in the second and third layer
and nearly 10% in the fourth layer as compared to the two top lay-
ers. Site D, though revealed a drop in the second laysr, rose in
the third layer to nearly 5% more than in the first layer, but
dropped by only 3% in the last laysr. Similarly, when Collembola
was seen as a percentage of total soil fauna except for site B am
site C, whers it showed a steady dscrsase in trend from top to ths
bottom layers, in sites A and D thsy dropped in sscond layer thou
insignificantly but rose in the third layer to nearly 1% and 3%
respectively, The difPerence howaver 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 bs true for both thes ysars of study (Table=)

The families undsr Collembola which occurred in the pressnt
investigation were Entomobryidae, Hypogastruridae, Sminthuridae
and Isotomidasg in that order of abundance. Entomobryidas comprised
ef nearly 40-42% of Cellembala, Here, again ag in Collembola the
numbers in the differsnt layers for both the years was consistent
in all the sites, and thers 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 droppec
in the second soil layer but rose quite drastically in the third
layer to fall again in the fourth laysr. In site B, it nearly
rose to 5% in the sescond to fall steadily thersafter. When their
relative percentages among mesofauna was taken into consideratior
it was 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
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third layer and continued steadily in case of sits A, whereas
fell again in site D. While considering the relative percentages
of Entomobryidaes among the total soil fauna it was seen again, as
for the relative percentages of mesofauna to drop stesadily from
top to the bottom layers in sites B and C only. Interestingly
enough, the same phsnumenon as in total mesofauna, so also in
total soil fauna the relative percentages of abundance followed

the same pattern in sites A and D (Table=XI).

The next abundant family among Collembola recorded was the
family Hypogastruridas. Whereas for Entomobryidas and for the
whole group of Collembola thers was a stsady decfeass in thsir
numbers in the different layers for both the ysars of study.
Hypogastruridas which formed nearly 26 to 30% of Collembola, was
not seen to decrease steadily in any of the sites during both the
years of studys Sites A and B shBwed an immediate incresass in
gsecond and third layers and though dtopped in the fourth layser,
yet they formed the percentage of at lesast 1% mbre than the first
layers In sites C and D, there was an increasse only till the sec-
bnd layer which dropped in the third laysr to again rise in the
fourth layser to levaels nearly as the second layers The percentage
of Hypogastruridae as a percentagse of total mesofauna showed a
trend in reverse in sites A and Dy the former being significant.
In site B it dropped in the second layer, Tose 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 mesofaunz, was also
seen when the percentages was considered as fof ths total soil
fauna in the same sites A and D sxcept that it was significant i
latter than the formere. Site C however showed g steady decrease

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

the mesofauna (Table=XII). 43 -
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The third family of dominance among Collembola was Sminthu-
ridae which formed nearly 14 to 27% of Collembola. Hers too, as
for the other fPamilies and Collembola, there was not only consis=
tent number present in both the‘years at the different soil laysrrs
in all the sites, the- decrease in the different soil layers was
also seen though not very significantly, when this family was
taken as the percentage of Collembola, in sites A; C and D. How=
ever, in site B, the trend was in the reverse when Sminthuridas
was considered as a percentage of total mesofaunae. The phenomenon
of decrease from top to the bottom soil layers was seen only in
sites B and C, while it was 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
presencs among total mesofauna, it was also true when this family

was considered as the percentage of total soil fauna (Table-XIII).

The fourth and last family among the Collembola was the
family Isotomidas which was nearly 9 to 15% of Collembolas. This
family howsever had one departurs from others and Collembola, in
that though the numbers were consistent for both the ysars for
the diffsrent soil laysers, yet the stsady decreass from top to
the bottom layers was seen only in sites C and D. Hers 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% in the
second layser which fell by 5% in the third layer but rose quite
significantly by nearly 20% 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. Thse
trend was in the reverse in sites C and D from the top to the
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bottom laysers, the latter recording the highest with a difference
of nearly 4% betwsen itself and in the third layer, though the
actual numbers present weres same. Whatever was seen for their
percentages among Collembola was also obssrved, to follow the
same pattern when their psrcentages werse considered, either as of
total mesofauna or of total soil fauna in sites A, B and C. How=
sver in site D, their percentages among the total mesofauna and
the total soil fauna was sesn to incresass from top to the bottom

layers (Table=XIV).

The major sub=group next to .Collembola among the mesofauna
was Acarina which comprised of 25 to 38% of ths total mesofauna,
As in Collembola, so also here in Acarina the number present in
different soil laysrs for both the ysars wers the same., This was
seen to be true in all the sites. However, the steady decrsass in
number from top to the bottom layers was ssen only in the third
layer in sites A, C and D, while in site B it fsll in the second
layer by nearly 8%, but ross to nearly 5% in third and fourth soil
layers. When their percentage of abundance as in total mesofauna
was obsgerved 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 havse
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 decrsased. In site D, it
rose and fsll in the alternative layers, though thsy did show a
steady decrease in their actual numbers. A trend as obssrved for
relative percentages of total mesofauna was also sesn to be very
similar to the trend when Acarina was considered as percentages

of the total soil fauna (Table=XV).
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The major sub=division of Acarina comprised of sub-orders
Mesostigmata, Cryptostigmata and Astigmata in that order of abun=
dance in the present investigation. The sub=~order Mesostigmata
made up nearly 40 to 60% of Acarina and their numbers wsre constant
for both the ysars in all the layers for all the sites. Housver,
they did not show a traend of decrsasing order fraom the top to the
bottom soil layers in any of the sitss except in sits A. In the
other thres sites they dropped till the third laysr but ross to
nearly 1% in the fourth layer. Their relativs percentage as of
Acarina when considered was sesn to follow a trend just in the
reverse in sits A, whils they rose in the alternate even layers
in sites B and C while they fsll in the sscond layer in site D,
to rise steadily thersafter till the fourth layer. This pattern
was also sssn to be similar when Mesostigmata was taksn 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 czincrease from top to the bottom layers

(Table=XVI),

The sub=order Cryptostigmata came second in terms of abund-
ance in Acarina comprising of nearly 23-48%, Their numbers of occe
urrence were the sams for both the years in different soil laysrs
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
layerse In the three other sites A, B and C, the numbers fell and
roge in the alternate layers. When the sub~order Cryptostigmata
wag considersd as the percentage of Acarina, it was seen that
they followed a trend of their actual numbers mors 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 fourthe. This trend
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was also trus when this sub=-order Cryptostigmata was considered

either as the psrcentags of mesofauna or total soil fauna (Table=-.

XVII).

The last sub-order among Acarina was Astigmata which compre=
ised of 7% to nearly 23%. As in the other cases thasy also showed
the consistency in numbers in both the years in different layers
in all the sites, However, no one site showsd a steady decreass
in their numbers from top to the bottom layers. Sites B and C fell
and rose in the alternate layers, while in site A, thers was a
steady decreass in their numbers till the third layer but rose
signi?icantly 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
differsnt laysrs in diffesrent sites for both the years was similax
also in the case of relative abundances of ths sub=ordser Astigmata
in Acarina, mesofauna and total scil fauna, sxcspt that in site B@
their percentages among total mesofauna and total soil fauna inc=
reasad from third to fourth layer when in reality there should

have been a decrease (Table=XVIII),

The third major group dJnder mesofauna comprissd of Araneida
which formed nearly 13 to 22% of the total soil fauna. As in the
earlier cases so also hers, the numbers were consistent in diffe~
rent layers for both the years in the various sites. However, the
steady decrsase from top to the bottom layers was seen only in
site D. Sites A and C revsaled a fall and rise in the alternats
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 cansidered it was
sean that in site D that the trend was in the reverse, while in

sites A and B they more or laess Followed the trend as For their

vertical distribution numbers. In site C though they fell and
50
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rose as their numbers till the third layer, yet they continued to
rise @in the fourth layer though their actual numbers fell. Their
percentage of abundance as of the total soil fauna whsn considered
were sgen to bs similar to that of their percentagss among total

mesofauna (Table=XIX),

The largest family among Araneida was the family Clubionidac
Porming nearly 44 to 56% of Araneida. Th@ir numbers in the differ=
ent layers for both the ysars wers nearly the sams in diffsrent
sites with very little differsnces, as in site B fourth layer rec-
orded a littls less than in first annual cycle, while in site D
the first layer rescorded a little more and sscond layer recordsd
a little less in the gecond annual cycle, The steady decrease in
numbers was again ssen to be in only site D, In sites A and C,
they fell and rose in the alternate laysrs, while in site B they
Pell steadily till the third layer tp rise though 1nsigni?icantly
in the fourth layer, When Clubionidas was seen as the percentage
of abundance of Araneida, mesofauna or total soil fauna, it foll=-
owed maore or less the same trend as the siggg,egpquzgéﬁgqgjwhgfe
the trend was in reverse, However, in site A, the first and second
layer where the numbers were the same, yet a slight increase was

recorded among those relative percentages (Table=XX).

The next family among Arancida was the Lycosidae which
Pormed nearly 16=39% of Araneida. Here alsp their numbers in dif=
ferent layers were consistent for both 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 decreass till the third layer in site D with a sudden in-
crsase in the fourth. Site B rccorded the increase in the second
layer which fell thereaftor till the fourth, while site C fell
and rose alternatively. This pattern was also seen similar when
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Lyco idae was considered as the percentage of Aransida. Howsever
when it was taksn as the percentage of either total mesofauna or
total soil fauna, it followsd a trend of its own in both the cases
though similar to sach othsr in sites A and D, the third laysr in
sites B8 and C, the fourth recorded an increase whils actually
their numbers and their relative percentagss of Araneida decreased

(Table=XXI1).

The third and last family under Araneida was Linyphidae whidr
comprisaed of nearly 13 to 35% of Araneida. As in sarlier cases the
numbers in diffgrent layers for both the annual cycles were nearly
consistent for various sites, except that it recorded a negligibls
decfeass in the second annual cycle for the fourth layef at site
B and an increass in the seéetnd layer for site Ds The decréase
from top to the bofttom layers in numbers was again sean iA site D
Bhly, while in site C there was a steady dectease till the third
layer which ross by 4% in the fourth layers Sités 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 Araneidafuwas considered, they seemed to follow the trend as
their vertical distribution numbers only in sites C and D. Ths
fourth layer in site A and the third layer in site B recorded a
significant increase in their relative percentagass of Araneida
when actual numbers decrsased. A similar trend was a%&:sé@ﬁ as in
the case of relative percentage of abundancs in Araneiaég total
mesofauna and total soil fauna in sites A, C and De n §ité %Phowf
ever, the relative percentages of abundance in total mesofauna anc
&

in total soil fauna followed a pattern of the family#s Bun verti=-

tal distributibnal numbers (Table=XXII).
The remaining four groups under total mesofauna in the pre=-
sent investigation were with very little percentages of abundance-
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They were Protura, Diplura, Chelonethi and Isopoda in that order

of dominancea.

The group Protura formed nearly 2.5 to 7% of the total meso=
faunae The consistency of their numbers for both the annual cycles
in different laysrs was seen if at all in sites B and D only. The
steady decreass in numbers from top to the bottom layers was seen
in sites A and C, while in site D though there was a decrease till
the third laysr, with an insignificant increase in fourth. In site
B there was a slight increase in sscond layer which fsll thersafter
in subsequant Yayers. When the group Protura was considered as the
percentage of either mesofauna or the soil fauna, it was seen that
both followed a trend similar to the vertical distributional nume
bers only in site Bes In site A however, though the trend was simi=-
lar to the third layer, there was an increase in the fourth layer
in the first annual cycle while in the third layer in the second
annual cycle. In site C, though a steady decrease in numbers was
observed Prom top to the bottom layers, yet Protura percentage of
either the mesofauna or total soil fauna recorded an increass in
the second and fourth layer in contrast to the first and third

layer where the actual numbers werc more (Table=XXIII).

The group Diplura comprised of ncarly 2.5 to 6% of thec total
mesofauna, their numbers rcecorded in differcnt layers in various
sites for the two annual cycles werc not consistent cxcept in the
casa of the fourth laycr site A, thc second and third layer in
site B, first, second and third layer in site C and sccond, third
and fourth layer in site D. However this group rovealed a docroase
in numbers from top to the bottom layers in all the sites in both
the years of studys. This trond of decrocase from top to bottom
laycrs was also scon whon Diplura was taken as percentages of

gither the total mesofauna or total soil fauna in sites € and D
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for both annual cycles and in site A for second annual cyclse only.
The first annual cycle in site A revealed a sudden incré&sé in the
third layer, while in 8§its B the increase was sesn in the second
layer though in both tHe casas only very insignificantly (fable-
XXIU) s |

The last two groups umdsr mesofalna comprised of Chelonethi
and IsGpoda. The former formed nearly 2%, whils the lattef only 1%,
of the total mesofauna respsctivelys The humbsrs 6f Chelénethi were
mors 8f 16s§ gimilar Poér all the layers in all the sitess 96 alse
it Uas trus Por the group Isopsdas As their pereantags 6f abuhdahe
sither afBfAg total mesofauna or total §6il fauna wWas very negligi-
blg; A6thing further éan be said about them (TableseXXV; XXVI)i

The third and last major group under total soil fauna was
fiacrofalina, tHe possible large sub-divisioris under this gréup were
total insssta, total MyFisFeda,; Annslida and Melliscas. The total
insseta was Bategorisad inte its major erdets namely, Coledpteras;
biptefa, Hemiptera, Hymenopteras Trichoptera, Thysareptesa, Defe
des the total ants which is presented mot only séparately but also

dpto family levels,

The tbtal insecta, their niumbers when considersd 1f the ver-
tical distributien of different soil layers for the fwo annual.
bycies, was found to be always more in the sscond 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 wheres they rose by nearly 3% in the second layer but
fell steadily thereafter. The total insscts formed nearly 70 to

80% of the total macrofauna. This percentags of macrofauna was

however sssn to be nearly the same for diffsrent layers at
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different sites, sven though as mentioned above, the actual nume
bers of the total insaects present increased in ths second annual
cycle in the different layers of ths soil in all ths sites stud=
leds Their relative percentages of the total macrofauna was sesn
to be in the reverse in sits D in relation to the actual numbsrs,
though in the second annual cycle they decreased at the fourth
laysr very insignificantlye. In site A the third layer registered
the maximum percentage and though it decreased in the fourth layser
the levels were much qrsater than the firste. In sites B and C
there was an increass in the third and fourth laysr for both the
annual cycles. When the total insecta was considsred as the per=
centage of the total soil fauna, it resvealed a pattern very simi-

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

Among the total insects the major group was the order
Hymenoptera. However for the sake of convenience we ssparated the
total ants from this order Hymenoptera {\as it formed a major por-
tion, When sa considered the total ant numbers for the different
layers in both the annual cycles were nearly the same in all the
sitaes, The decrsase in numbers from top to the bottom layers was
seen only in sites € and D, while 1in sites A and B they fell and
rose alternatively in different layerse. The total ants comprised
of nearly 45 to 62% of the total insects and 30 to 50% of the
total macrofauna and when these psrcentages were considered fot
different layers in different sites during two annual cycles, the
trend was in reverss again in sites D, in relation to the vertizal
distribution to their actual numbers. They howsver followed a
similar trend in sites A and B, but in site C they registered an
increase in third layer. When total ants as percentages of total
sail fauna was calculated, the psrcentage distributional pattern

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

percentage of total ants under insects and macrofauna (Table =

XXVIII),

The ants were subdivided further into its Pamiliss, Myrmie
cinas, Ponerinas, Pseudomyrmicinase, bbrylinae and Dolichoderinae
in that order of abundance. The family Myrmicinas was nearly 30
to 40% of the total ants. Their numbers for the differsnt laysrs
in the different sites weré congistent during the second annual
cyclee Their actual numbers pressent in different layers decrsased
steadily for both the annual cycles from top to the bottom only
in sites C and D, In site A there was a sudden increase in the
gscond layser which fell thersafter till the bottom laysr, whilas
in site B there was an increass in third layer to levels as for
the first laysr. As the percentage of their occurrence in total
ants they were sean to follow as in sarlier cases a trend in the
reversse with increasing percentages from top to the bottom laysrs
in site D during both the annual cycles. In case of sites Ay,B and
C thess percentages were ssen to be on the increased sids at thse
bottom most fourth layesr for both annual cycles when in all the
sites the number registered were the least. When the family Myre-
micinas was considered as the psrcentags of either the total
insecta, macrofauna or the total soil fauna, it was seen that
they followsd a trend in different layers as the family's ouwn
vertical distributional number fior both the annual cycles in sites
AyB and Ce As usual in site D, these percentages were in reversse

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

The next family in terms of abundance among ants was 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 undsrtaken. In their vertical distribution, it was
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seen that in sites A and C the numbers fell and ross alternativaly,
while in site B there was a steady increase till the third layer
with a drastic fall in the fourth. In site D there was an incrsase
in the second laysr though insignificant, it fell steadily there=
afters. Ponerinas formed nearly 7-14% of the total insscta and 20
to 30% of the total ants. These percentages when considered for
different laysrs was sesn to follow a trend similar to the actual
numbers only in site B. In sites A and C a significant increass
in the percentages was seen in the fourth layer only in case of
their abundance in total macrofauna for both the annual cycles
when their numbers actually were the leasts In site D thers was
slight increase in psrcentags for the third layer when their act-
ual numbers wers less than nearly 6% from the second layer. When
this family Ponerinae was considered githser as percentages of
total insects, macrofauna and total soil fauna the trend in dife

- Perent laysrs in the different sites for both the annual cycles
Pallowsed nearly a similar pattern to the vertical distributional
numbers in all the sites except in site D as usual, where the

trend was in the reverse (Table=XXX).

The third family of abundance among ants was the family
Pseudomyrmicinas which comprised nearly 5=18% of the total insec=
ta and 12-28% of the total ants. Their numbers in differsnt 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 twoc sites B and D
showed a steady decrease from top to bottom layers for both the
annual cycless 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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fauna in sites A and C only for both the annual cycles. In site B
all these relative percentages showed an increase in the second
layer and the fourth lélﬁiﬁﬂﬂigjthe actual numbers were sither
less or same respectivéf?“iﬁﬁgﬁih the annual cycles. In site D,
there was a usual trend in the reverse though significant after

the sscond layer (TableeXXXI).

"The family Dorylinae came next in importance after the fam=
ily Pseudomyrmicinae and comprised of nearly 3 to 8% of the ins=
ects and 3 to 4% of the total ants. The steady decrsase in their
numbers from top to the bottom layers in both the annual cycles
were sseen only in sites C and D, Site A showed an increase in
secand layer, which fell steadily thersafter while site B showed
a fall and risc till the fourth layer. The relative percentages
of this family Darylinae either among total insects, total ants,
macrofauna or total soil fauna revealed a trend in different
layers similar to actual numbers present 1n all the sitas except
for the fourth layer of sites B,C and D where they registered a
slight increase when the actqal numbers were the same as in the

third layer (Table=~XXXII).

The family Dolichoderinae came last in importance among the
ants and comprised of nearly 3 to 10% 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 Por the first annual
cycle onlye. 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 alternats 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
66
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was seen that they followed 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 sitas C and D. In site A ths
fourth layer registered the maximum percentage as also in site B
except that in the latter, the total trend was in thse reverss for
the second annual cycle. A trend similar to thess relative percen=
tages was also nearly the same when Dolichoderinae relative per-
centage among macrofauna and total soil fauna was considered,
except in site D where they revealed a trend in the rsverss as
usuales Howsver when the relative percentage was seesn among the
total insecta they showsd the same trend as the other psrcentagss
in the first annual cycle and for the sscond annual gycle only in
sites B and C, while in site A they followed ths pattern as of the
vertical distribution (Table=XXXIII).

Among the orders of insects, the order Colgoptera, comprised
of 4 to 12%. The numbers in the differsnt layers wers found to be
the same in the sscond annual cycle for the various sitese. Further,
there was a steady decrsase in numbers from top to the bottom la=
yers 1in all the sites. When their relative percentags of abundance
in total insects, macrofauna and total soil fauna was considered
the phenomenon of steady decrease in the different layers was ssen
only in second annual cycle in site B. In site A though there was
a steady decreass 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-

XXXIV).

The order Diptera came next in terms of abundance to

Coleoptera, forming nearly 6=10% of the total insects. The steady
689



om::mu 1108 ﬁmwdujcﬁu
.mc:mmcuomz 18303 UT

- *g30BSU]. TE303 UT 'gebeguedsiey

..mu:« Te303 UY

.mm:ammemzu Guowe sebejusazed pue umne:z

«e7240 Ténuue yoBe

304 syjdep jueIedyyp INOJ 3B €835 JUE

-29443IP INOY ©BY3 ur porled Apnys Tej03

8yy 104 mmmmu:moumn enyjeTea €37 pue
e1e9dos(o] 4o Ieqinu 12303 8y3 Ougmoyg.

. AIXXX OTqe)

sebejuesisy ¢ @
sebejuedaad : p
: 2
sebejuesiey : q
(308 -

*a1240 tenuue

zumm J04 m:anmu quUBIBJJIP INnoy 3
88375 JUBIBJYJIP IN0J4 6Y3 U¥ potyxsd
Apn3s Tej03 Oy} 304 mmmwu:muumn
ONY3ICTB3 63F pue eBUTIBPOYIFTOQ

70

_>ﬁ«smm mo Jsquny 18303 8y3 mcago;m IIXxy efaed



s

- ey - e E -

-

peusece tty (FEED ey peeg (6628 ) ygei covw cis vers (O58%) yoeu gore zueg zers (CL 7V
£8°Z 6Y°L 92°6 Ammwmwv 6672 98 L9*0L Aqmwwuv | LrtLsete 9Lty LSt (c6°02) co°s BLUS Aqumrv
pioz 8us sveL (63098 12z 82 (1502) @ Lo ogec cuog o206 (M6728) ggey ggeg zoey any (0£706)
59°Z $9°9 19°8 AFMWMMV A ARARY) ANMMNMV 9v* L S6°C £1°6 25°6 Ammemv 0S°L YZ*% LY 9¢%6 Amequ
Lr~Z 0v*9 61°8 ﬁQMWrNV €577 69°4 Aquvwv vl £L°¢ 8L €0°6 AmmmwNv €9°0 Z6°L 8v°z 8cvh ANWMWPV
w0z 9s°s zevr (P98 ez aves (V212) gt oo sivs oute (29°08) gueg iyeg aies ozes (90750)
cewz ££09 6278 (SD7L8) gpez yiey (ep-L2) b ezel uvcc cev zovg (20°02) 1,0 902 zuz sovs (9059
c0°Z LLG v¥°L AmwmmmV LL*z 92°9 (60°0£)  ygeg 8cz 90°¢ Les (88°22) 4420 5672 Lo°c 85°9 (29°19)
05°2 6v°9 98-8 (7E°0%) Lgez 240 (PE°00)  gze1 vzrg gvey sotor (F9569) 9geq Loy gLz Lavy (s8°:L)
6cvz 1seo Leve (B8 C8) caezuoeu gitor (B87E8) yzer ugec zaey gpte (57722) ggeq g901 920z nzey (€749
110z vite cuve (ELLE) gez yzep goeyy (BL242) ® b0eL 89°2 s0°¢ 508 (£6252) 9+ covu ov*L 1og (65070)
ysoz zzec-986 (99 6%) oz veru savor (99752)  pee0 g9°z 99°c iep (67752 oo*v cieg (£7797)
su°1 195 60vs (59709) ggei 1u09 (00°61) 141 zyec avep 9°it (£9°12) ggeq zioz guoz gsv9 (H4°01)
0s*1 8-y so7s (5999) ggey g6ty (00°6L) 1ot gzog 2iy eots (O0°S2) 1pey by gpes 996 (9£°00)
gyl L5y 8ev9 (V6 EC) gge pzeo (00°¢2) " 180 007 Leve 0s°s (12°2) 1ot cooc pieg cae0L(%5,05)
eo*z sez 00°ak (%L 1) ceoz cooe (O0055) weou zetc tevs 6901 (9£20%) goei soy ayeg c1e01(4582)
P2 A e __p_9° 3 ° s Pp = g B ® p o9 q e
6.L 6 b 8 L 6 L S3IIS PR —
AIXXX  378YL ITIXXX 378Y1



decrease in numbers from top to the bottom laysrs was sesn for all
the sites for both ths annual cycles excspt for the first annual
cycle in site A. Further, again with the exception of the first
annual cycle in site A, all the other sitess revealsd nearly the
same numbers for the top two laysrs and also similar numbers for
next two bottom layers. However, the relative percsntage of the
abundance of Diptera in the total insects, macrofauna and total
s0il fauna always registered an increass in psrcentage in the
second laysr in all the sites for both the annual cycles, though
the actual numbers present wsre nearly the same. This phenomenon
was also true for the fourth layer when compared with the third
and in most cases reqistering nearly the same or more than the

first laysr (Table-=XXXV).

The order Hemiptera comprised 2 to 11% of the total insscts.
All the sites showed a decrsass in numbers from top to the bottom
laysrs Por both the annual cycles except site A where there was a
drastic increass in the second layer which though decreased stea=-
dily till the fourth, maintained a level Far higher than the first
laysres Moreover, the first and second layers for both the annual
cycles registered nsarly the same numbers in sites A,B and C. When
the order Hsmiptera was observed as the relative percentags abun=~
dance among total insects, macrofauna and total soil fauna, it was
sesen that they followed a trend similar to actual vertical distr=-
ibutional numbers except in the sscond and third layer in both
the annual cycles in all the sites where they revealed an increase

(Table=XXXVI).

The order Hymenoptera presented, are those present under
this order except the ants. If so they formed nearly 2 to 10% 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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sites C and D while they increased in the second layer to fall in
subsequent laysrs in sites A and B for both the annual cycles.
When the rslative percentags of abundance among total insscts,
macrofauna and total soil fauna were considered, it was seen that
they followsd a pattern similar to the distributional numbers
except in the fourth layer for sites A, B and C, where thsy regis=-
tered an increass for both the annual cycles. Moreover they showsd
an increass in the second layer for sits B for both the annual

cyclas alsa (Table=XXXVII).

The order Thysanoptera comprised of nearly 3 to 7% of total
insectses Thers was a steady decreass in their vertical numbers
from top to the bottom in all the sites for both the annual cycles.
Howsver, when their relative percentages of abundance in total in-
sects, macrofauna and total\soil fauna were considered, it was
sgen that they revealed an incrsase in the fourth layer in all
the sites for both the annual cycles and an increase in second
laysr in sites A, Band C. Further there was a steady decreases in
the percentage from top to the bottom laysrs in contrast to their

actual numbesrs (Table=XXXVIII).

The order Lepidoptera comprised of nearly 2 to 7% of the
total insects. The stsady decrease in numbers from top to the
bottom laysrs was ssen only in site D. In sites A and B, 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 increass in the fourth layer. In site A during
the sscond 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 thersafter 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 was considsrsd among ths total insects,
macrofauna and total soil fauna, they followed a trend similar to
their actual numbers only in site A, while an increass was sean
for the second laysr in sites B and D for both the annual cycles

and in the Pourth layer in sits D (Table=XXXIX).

Trichoptsra came next in importance to Lepidoptera, compri-
sing of nearly 3 to 6%to theztotal insects. The steady decrease
in numbers from top to the bottom layers was ssen only in sites C
and D for both the annual cyclss. Sits A showed an incresase in
second layer which fell after, while in site B thsre was an incr=-
eass in the fourth layer. When their relative psrcentags of abun=
dance as in total insects, macrofauna and total soil fauna was
seen, they followed a trend similar to the vertical distributio=-
nal numbers except for the fourth laysr in all the sites in both
annual cycles. While they registersd an increase in third layer
in sites B, C and D their numbers wers more or less the same as

for the second layer in both the annual cycles (Table=XL).

The order Orthoptera comprissd of 1.5 to 6% of the total
insectss The steady decrease or similar numbers from top to bottom
laysrs as the vertical distributiona{ numbers was seen for the
first annual cycle in sites B, C and D, while an increase from
top to the bottom layers was ssen for both the annual cycles in
site A, while thers was a fall and rise in alternate layers dur~
ing the second annual cycls in sites C and D. When the order
Orthoptera was comparsed as the percentages of total insscts, mac-
rofaurda or the total soil fauna, it was sesn that there was a
steady increase in their percentages from top to the bottom layers

in all the sites for both the years (Table=XLI).

75



*BUNBy T70S 18303 uy sebejuedasy
esunegoaoeuw uy sebejueasey

°83985UY TB303 uT sebejuedJey
esgaTesweyy buowe sebejuesyed pus Iequny

e o
O n 0O

*870402 TENUUE YOBB I0J4

*9T949 TBNUUEB sygdep UBIBJJ TP INOJ 3B B03FS

{yoes Jog4 syjdep 3JuUBIBJSTP INCY 3B 68318 queleJd4Ip Inod eyz uy poyed
qJUBISJIJIP Inod BYy3 uy por3ed Apn3is TEj0%3 Apngys Tej03 eys3 Jog sebejuedaed
8y3 3oy sebequedled say3eTel 6371 pue eayjerexas3y pue evlejdopydeq

exs3doydo13] 4o Jequwnu Te303 8y3 Butmoyg : x eyrqey 4O Jequnu TB303 eyj bugmoys & XIXxXx e1qel



-

° . . Qwowﬁ ° » ° ¢ 5 . L
czor szeg ey (VBTBL) gey gocy gty (ve'si) Z¢*l €6°¢ 6vy Gw%s c9°0 <8°l £z°Z Amwmn:
e e (DLTAT) ey e e . ‘
2ot szeg et (TE0M8) gze aueg usey (74019 ctet ooc ozte (9904 coeg myei gant (S67ED)
. ° ° vo°ve - . . o a . 1
pas1 tere €9%c (POPE) uoei cote cevc ?w%ﬁ el 08¢ L6 Amm%wv c6°0 69°C op+¢ (8877E)
. . . A@N.Q._VMV . . . A@N..._NMV * 07
serb ecng ovty UG 70 6zl vons 69ty g zLsl 99%y voeg (6Z16€)  ggeq zpeg gyeg (FE1LE)
P ° - A&N.DNV P P - mNON lllinlull'llllll.ﬂll..'.:il..'-ﬂrn-lllll-lllmllllvllllllu.
19°4 €4°¢ BL®Y o3 ev-L ev°y 6ug (6¢°0%) 1oL giog Loy (6809) pgeg agez gvg (FS76V)
¢ . . QN.DN ° ° . ° Py
Lol vees wzty (8% ) czeL vios 60 ?w%ﬁ LLoL vZo¢ L2 ?wmos L9°Q 48°L Lpez (20°LL)
. o . A&NQDN ° . . A4 J - mN
s0¢1 987z vere (62°0%) ey 1zog cevy ?w%& 6s°L 627y Loes (S7°08) iy 1geg goey (SLOVE)
. E 95
c9%1 Bgey Levg (EL°6€) g . .y (£1°65) ol o . . .
£97) BSTY 167 gyp ap‘@..m L6*w £v°9 “g) LZ*L Ov°c ge*d Amw%ﬁ pL*0 12°2 98°Z ?Nm%ﬁ
. . ee (2£°92) 4. . T N 2y
95°1050°Y ¥5°G A » | L9%L 28°% g5 ( S ) 88°L 96°% 99°9 Awoﬁmcv cerl 9g°c bzog ?m%wv@
. . o mo.—\N ° ° ° mDo—‘N . m
90° 1L %.N L8°¢ g ) zltl Retg €90y ( S ) gs*L al*% 8h°g A?@E co%s OL°C SL*v Amw%uv
. . ° AmOorN % A e NG d s
posi B9z s9vg (SQT1E) g0t prane Lzl om_wmv 28°L 69°7 se9 (¥8°98) ey ggeg gyvg (0£79¢)
P . . . ! A@M.PMV ° '® %, ° Amm.vm . . Go@
:mawar.\u xm. .waam.., am.ma s¢°l B0 ¥s°¢S Z ) Zs°lL Zg°y 2e°s Aww%wv clLeL Ov*c Z9'y Aom%mv
i sge .. (00°se) .. . . 0ocezy T T T T S N T T T T T T T TS
0C*L-66°€ 22°6 s 65°1 s6%y Lgeg (00752 190k ghes zeeg (69°40) giey ygep Lpeg (£5780)
° ° ° DDQva . ° . O ° N m
Lt MNmth L) oiey 990 pyey (00752) [ Lotlogits (9°72) 11 2oy 1yeg (61°99)
. . o, (6L°92) "4 . e, (6L4°92 . vy
LavL zitg sty (8498) gpey gyrg cgey (6479€) Lo*L zieg seoy (BOTEE)  coeg ggez zsez (£7712)
e ee onep (127€2) . o¢
$8°0 00°¢ b ( . . or (l2*¥cT . . .
0°¢ 90 0 59) Let0 zeeg syey (VEIEC) yo°L 69°¢ 00°s (2978 4940 9542 zyog (1eisey
p a q e p a q e T
p o 9 e p s! q e
6 L6 L W 53118
6 L6l 8 L6 |
X 378vl
XIXXX 378Y1

o



Order Dermaptera came last, comprising of 2 to 5% of ths
total inssct. A steady decrease in their numbers from top to the
bottom laysrs for both the annual cycles was ssen only in sites
C and D, In site A they showed an increases in second layer mainte
ained it in third layer and fell in fourth, while in site B though
there was a steady decrease till the third layer, an increase was
registered in the fourth in both the annual cycles. When their
relative percentags among total insscts, macrofauna and total soil
fauna was considered, it was seen that they followed a trend simie
lar to their vertical distributional numbers, only in site B and
that too quite obvious in the first annual cycle. Thesse psrcentages
registered an increase in the third layer for both the annual cy=
cles in sites A, C and D and for the second annual cycls in site
Bs Further, the fourth laysr in sitses B and D showed an increass

in the second annual cycle (Table=XLII).

The -major sub=division after insecta under macrofauna was
made up of total myriapocda and comprised of 12 to 22% of the total
macrofauna. This group Myriapoda was further divided into Diplo~-
poda, Symphyla and Chilopoda in that order of abundancs. When con-
sidering total myriapoda, it was 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, th&¥second layer registered an incr-
ease which fell thereafter. The same trend as their vertical dis-
tribution numbers was seen for the relative percentages of
Myriapoda in macrofauna and in the total soil fauna in sites C
and D f;r both the annual cycles and for the second annual cycls
in site A. The latter site showed an incresase in the fourth layar
for the Pirst annual cycle as also was seen for the fourth layer

for both the annual cycles for site C (Table~XLIII).
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The major group under Myriapoda was Diplopoda which formed
nearly 30~50% of the taotal Myriapodas The numbers in the different
laysrs steadily decreased from top to the bottom layers for both
the annual cycles in all the sites studied. When looked at as per=
centagss of total Myriapoda, it was seen that they had & similar
vertical distribution only for first annual cycle in site Cs In
the remaining sites the third layer was much more during both ths
annual cycles in sites A, B and D and for the secord annual cycle
in site C, the increass was séen in secand laysfs Howsver; when
the relative psrcentags abundance of this group Diplopoda &mong
sither macrofauna or total soil fauna was considered, thesy ssemed
to follow a similar trend as for their vertical distributional
numbers, only in sites A and D for both the annual cycles. In casa
of sites B and C these relative percentages were seemv® to be on
the increase during both the annual cycles for the fourth and the

second layers respectively (Table=XLIV).

The next group of importance under Myriapoda was Chilopoda
which was 23 to 48% of the total Myriapoda. The steady decrease
in numbers from top to the bottom laysrs was seen in all the sites
except in site A, where in the latter case thers was a two-fold
increase in the second layer which dropped thersafter but still
the third layer registering more than the first layer. Whan the
relative percentage of this group under Myriapoda was considered
it was seen that the fourth laysr of sites A and B and the third
layer of sites C and D increased when the actual numbers decreased
during both the annual cycles. This trsnd was also true for the
relative percentages of this group Chilopoda either among mesofa-
una of total soil fauna for sites Ay 8 and C@ HdweUsr for site D
during second annual cycle the fourth layer registered an increase
for these rslative percentages of abundance (Table~XLV).
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The last group under Myriapoda was Symphyla which was nearly
20 to 42% of the total Myriapods. There was a stsady decrease in
numbers for both the annual cycles in sites B and C. Site D regis-
tered a fall and riss in alternate laysrs for both annual cycles,
while in site A there was 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 sgen 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 sscond and fourth layer. This
latter phenomenon was also sgen in site D for both the annual cy-
cles. In site A it followed a trend similar to theif vertical dis-
tributional numbers, except for the third layer where the relativs

percentage abundance in total myriapods showed an increass (Table-

XLUT ).

Anneglida 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 laysrs or the
similar numbers with a decrease till the bottom layer was seen
for the sacond annual cycle in site D and both the annual cycles
in sites A and C. Site B registered an increase after the third
laysr which maintained so till the fourth, while site D in the
first annual cycle showed an increass in the third layer. The
trend for the relative percentage of abundance of this groupp
sither among the macrofauna or total soil fauna was seen to bea
only in site B, whils they were in the reverse trend for site D
for both the annual cycles, In site A this latter trend was sesn

from the second layer till the fourth layer for both the annual
cycles (Table=XLVII).
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The group Mollusca came last in terms of abundance unce-
macrofauna, comprising of nsearly 0.5 to 4% of the total macro-
faunae. Here again as the annelida vertical distributional num~
bers gither remained constant or decrsased from top to bottom
layers for both the annual cycles in sites B and D. In site A,
the trend was in reverse while in site C thers was a fall and
;ise in alternate layers during both the annual cycles. A trerd
similar to their vertical distributional numbers was sesn anly
in sites A and C. When their relative percentagse among macro-
fauna or total soil fauna was considered, site B showed an
increass in the second layer for their relative percentages
as well as the fourth layer, while in site D, a trend in the
reverss was seen in these relative percentages of abundancs
which increased from top to the bottom soil layers (Tablao=

XLVIII).
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SEASONAL FLUCTUATIONS

When a seasonal analysis of total soil fauna was dons, it
was observed that thsy ranged from 900 to nearly 2,9DDX102/m2,
when all the sites were considered. The minimum was sesn for the
month of June in sites A and B, while the maximum was recorded in
the month of December in site D. The range in the diffegrent soil
layers when considsred was nearly betwssn 200 to 950X102/m2. The
intsresting observation morsover was that when sach site was con=-
sidered, the maximum and minimum for the years of study was in
June and Decembsr respesctively for all the sites sxcept site A
whers the minimum occurred in the month of January during both
the ysars of study. This phenomenon was alsoc true when the indi=
vidual layers in different sites (A,8,C,D) was also considered

(Fig' 2).

A similar seasonal study when done for microfauna, it was
sesn to follow the same patterns as the total soil fauna not only
in different sites but also in different soil laysrs during the
entire study period. It ranged from nearly 20 to 170X1Dz/m2, the
minimum in gite 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 60X102/m? (Fige 3).

Under the major subegroups of microfauna, it was seen that
the prostigmatid mites followed exactly the same trend as it was
sean either for total soil fauna or for total microfauna. In any
case they rangsd from a minima of 24X1Dz/m2 to a maxima of 168X
102/m2. When all the sites were considered the minima occurred

in January in site A while the maxima occurred in Decsmber in
site Ce In the different layers the Prostigmatid mites ranged
85
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from a minimum of 4X102/m2 to a maximum of nearly 6OX102/m2, the
minimum occurring in summer months and maxima in winter months
(Fige 4)e The next was Protozoa which ranged from a minimum of
total absence to a maximum of nearly 50X102/m2. A similar pheno=
menon as for total microfauna in that minimum occurred in summsr
months (April, May, June) and the maximum in the winter season

(November, Descember) (Fig. 4).

When the group Protozoa was broken up for lower levels likse
flagellata, cilliata and amoebas a similar trend of fluctuation
was observed and maximum of more than 4X102/m2 was never recorded
in any of these groups in any so0il layer in different sitss dur-

ing both the ysars of study (Fige 5).

After microfauna the next major group comprised of mesofauna
which was seen to follow a nearly similar pattern in their ssaso-
nal fluctustions as for the microfauna or total soil fauna during
the entirs study period. However, the total mesofauna ranged from
a minimum of 524X102/m2 to maximum of 1,788X102/m2, 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
June and December respectively during both the years of study
except in site A, wherse the minima was recorded in July. The rangs
in the individual layers at different sites of mesofauna was bet-
ween 108 and 576X102/m2 during the sntire study psriod in diffg=

rent sites (A,8,C,D) (Fige. 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 January for both the years of study,

88
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though the maximum continued to be in Decembere. Collembola ranged
from a minimum of nearly 240X102/m2 to a maximum of 628X102/m2 at
the different sites during the entire study period. Ths rangs in

the individual soil layers were betwesn 40 and 200X102/m? (Figs7).

When the different families of Collembola were considsred
for their ssasonal fluctuations, all of them more or less followed
the similar pattern as for Collembola, especially the families
Entomobryidae and Hypogastruridas with a slight dsviation in fam=
ilies Sminthuridas and Isntomidae where the minimum though not
very significant, was recorded in the month of March (Fig. 8).The
numbsr in families Entomobryidae, Hypogastruridas, Sminthuridas
and Isotomidae ranged from 88 to 304X102/m2 in the months of March
and December; 72 to 200X102/m2 in the months of January and Dec=-
ember; 44 to 120X102/m2 in the months of April, June and December
and 20 to 84X102/m2 in the months of March and Dscember respecti=-
vely. The rangs in the individual layers ranged from 4 to 84X102/

m%, in all the families (Fige 8).

The next major group after Collembola in total mesofauna
was Acarina, which seemed to follow 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 mssostigmata, cryptostigmata and astigmata. They ranged
as a whole from 108 to 624X102/m2 in different sites. In mesosti=-
gmata, cryptostigmata and astigmata the ranges were as 52 to 280
x10%/m% in the months of January and December; 40 to 212X10%/m?
and - 16 to 132XTD%h2 respectively. The Acarina population in the

individual soil layers ranged from 4 to 80X102/m2 (Figse 7 &9),

Araneida, which comes next in importance after Acarina in
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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 408X102/m2 in the months
of January and December respectively. In individual soil layers
they ranged from 20 to 128X102/m2. This pattern of seasonal fluc-
tuation was also true when Araneida was ssen at its family level
and especially in family Clubionidae and Lycosidae, while in Lin-
yphiidae in site D, the first cycle showed a summer minima, though
it was true for second annual cycle. The population ranged from
28 to 184X102/m2 in the months of January, February and Dscember
respectively. When the individual layers were considered the
ranges were from 4 to 56X102/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 seascnal fluctuation
pattern in the first three groups, in that they revealed a summer
minima and winter maxima while in the last group namely Chelong~
thi the minimum was always in January and maximum in December.

The population in all the groups ranged from 16 to 108X102/m2 in
the months of January and December respectively. When the indivi-
duals soil layers wers considered the range were 4 to 36X102/m2

(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

were from 300 to 908X102/m2 in the months of June and February,
December for both the annual cycles of study. The range was from
44 to 300X10%/m? at the individual soil layers (Fige 12).
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The most abundant group in macrofauna was total insects,
which showed a more or less similar pattern in their seasonal
fluctuation as macrofauna which is guite understandable becausse
the fluctuation pattern depended upon insects. They rangsd from
224 to 732X102/m2 in the months of Juns and Descember respectively.
The range of individual soil Rayers was from 36 to 280X10%/m? for

both the annual cycles of study (Fige 13).

.When total insects was sub-divided into its major categories,
it was seen that ants were the most dominant group and recordsd a
maxima in February in site A, but in Octobser for the other sites,
while the minimum was recorded during May=June. It was true whsn
all the sites as well as all the laysers werse also considered. The
range of population were from 128 to 496X10%/m®, The range in

individual soil layers wers from 20 to 148X102/m2 (Fige 13).

The ants when looked at its family levels in the present
investigation wherse 5 families were pressnt, all the families
revealed a more or less similar picture as was ssen fer ths 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-June
in all the sites at all the depths. The range of population in
different families of ants like (Myrmicinase, Ponerinas, Dorylinae,
Pseudomyrimicinae and Dolichoderinae) ranged from 44 to 148x102%/
m2 in the months of April and October; 24 to 96X102/m2 in thse
months of May and October; 12 to 68X102/m? in the months of April
and October; 20 to 124X10%/m? in the months of April and October;
and 12 to 56X10%/m? in the months of August and October respec-
tively. While the individual layers were considered, the ranges
were from 4 to 44X102/m? in all the sites for both the annual
cycles (Fige 14).
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Among the other sub=-divisions of total insscts, which incl=
uded orders like Coleoptera, Diptera; Hemiptera, Hymenoptera,
Thysanoptera, Lspidoptera, Trichoptera, Orthoptera and Dermaptera,
all of them revealed a winter maxima and a summer minima (Fige15).
The rangs in the insect orders to their dominant abundance, wers
16 to 72X1Dz/m2 in the months of July and December; 8 to 80X10%/m?
in the months of June and December; 16 to 52X102/m® in the same

2 {n the same monthsy 0 to 48X10%2/m? in the

months; 0 to 60X102%/m
months of January, February and December; O to 54X102/m% in the
months of March, April and Decsmber; 16 to 40X10%/m? in the months

of April, May, June and December; O to 32X102/m2

in the months aof
March, April and August; and O to 4OX102/m2 in the months of
April, May, June and December. The range of population in indivi=

2

dual layers were O to 24X102/m? in tha months of April and Novem=

ber=December respectively (Figs. 15 & 16).

Macrofauna which predominantly contained insect had as the
second major group Myriapoda. This group was further divided into
Symphyla, Chilopoda and Diplopoda., Howevsr when sithsr Myriapoda
or different sube-groups were observed for the seasonal fluctua=-
tions during the entirs pseriod of investigation it was obsserved
that a winter maxima particularly in December existed, and a sum=
mer minima between April to June was observed. The total Myriapoda
ranged from 48 to 196X102/m2 in the months of July and December
respectively, The range .dn individual layers was 4 to 6OX102/m2.
The different three sub~groups ranged from 4 to 64X102/m? in the
months of June, July, -August and December; 16 to 64X102/m% in the
months of June and Dacember and 20 to 76X182/m2 in ths months-ef
July and:December respectively in terms of dominance. The pcpula=

tion wherseen in each.soil layers ranged from 4 to 36X102/m?
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Mollusca and Earthworms formed the least abundant among ths
macrofauna, their seasonal pattsrn of fluctuation showsd a maxima
in Autumn (Auguat and September) and a minima during both Summer
and Winter in Mollusca, while in Earthworms it was only in Summer.
The population ranged from nil to 28X102/m2 and nil to 40X10%/m?
respectively. These ranged again nil to 12X102/m2 when the indi=

vidual soil layers was considsred (Fig. 18).

Physico=Chemical factors

The various physico=-chemical factors undertaken in the pre=-
sent study was broadly chosen as under three major categoriss
(1) physical (environmental), (2) Physical and (3) Chemical. Under
Physical (environmental), Soili Temperature, Air Temperaturs, Moi=
sturse content and Rainfall was included, while the second physical
incorporated pH, Conductivity, Bulk=-dgnsity and Porosity of the
soil, while the chemical factors wers organic carbon, Nitrogen,

Phosphorus and Potassium.

The soil and air temperature at the different layers and
different sites was sean to reach a peak in Ssptember while the
minimum was in March in soil and in November in air for both the
annual cycless. The range of soil and air temperature wers from

30 to 35°C and 24 to 38°C respectively (Fig. 19).

Rainfall had a summer maxima and winter minima trus for all
the sitess It ranged from nil to 308.18 cm during the first annpe
ual cycle, while in second annual cycls &t was from 1.3 to 355.3
cme The moisture content of the soil howevsr unlikse rainfall
showed a bimodal peak of maxima, one in summer and one in winter
in all the sites, whilse the minimum observed was bstween the

months of February and April (Fige. 20). The range of moisturs
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Fige 19

Shouwing the aeaaonal Pluctuations of Air
temperature in the study area and: sail ‘
temperature in the four different: sites
atfR Pour different depths for: bath the
annual cycles (1978 to 1979),..
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Fige 20 : Showing the seascnal fluctuation of Rainfall
in ths study aresa and moisture content of the
soil in different study sites at different
depths for both the annual cycles (1978 to 1979).
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content was 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
winter maxima in both ysars for mast of the sites and most of the
soil laysrs, in that, though July figured in all the sites as .
maximum, the minimum was in November for site A and Septembsr and
December for the remaining sites. pH ranged from 5.0 to 7.4 during
the entire study period (Fige 21). The specific conductance of
soil was ssen to follow a rsverse trend as that of pH in gsneral
for the different sites. However the upper soil layers showed a
maxima in the winter months and in summer in the bottom two lay=
arse The specific conductance of soil ranged from 5.25 to 60.06
ymhos/cm in upper soil layers while in lower layers it was from

9.45 to 58,20 mmhos/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 was maximum in December in sites C and D,though
the minimum was the same. The bulk density ranged from 1.30 to
148 units in the first annual cycle and 1,24 to 1.43 units in
the second annual cycls., The porosity of the soil followed ths
same pattern more or less as that of pH in all the sites, and
ranged from 22.03 to 48,9% in all the sites during the entire

study period (Fig. 22).

All ths chemical factors (C,N,P and K) alsc revealed the
summer maxima and winter minima in all the sites in all the soil
laysrs. The ranges of C,N, P'and K were 1.45 to 2.1%: 0.12 to
0.18%; 0,06 to 0.28 ppm and 0.9 to 2.0 ppm respectively (Figs.
23 & 24).
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Figs 21 : Showing the seasonal fluctuation of pH
and conductivity of the soil in the four
different study sites at four diffgrent
depths for both the annual cycles (1978
to 1979).

~— pH (unit)
=2 Conductivity (wmhos/om )
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Figd 22 3 Shouwing the ssasonal Pluctuation of Bulke
dengsity and porosity of the g30il in the
four different study sites st four diffPe

rent depths for both tho annual cycles
?1979 to 1979)¢
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Fige 23 : Showing the ssasonal 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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Figs 24 : Showing the ssasonal fluctuation of Potassium
and Phogphorus of the soil in the four differ-

ent study sites at four different depths for
both the annual cycles (1978 tc 1979).
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DISCUSSION

The present work 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 availabls on land abandoned after cultivation., More=
over, the work incorporated not only the study of cultivated land
abandoned from 1 to 20 years, but also that this land was culti-
vated after the logging and burning processss had taken place and
then left fallow. It is known that the length of a fallow period
depends to a large extent on the vigour of several secondary suc-
cessions, which is a complex ecological mechanism, we thersfors
confined ourselves only to the restoration of fertility of soil
in such abandoned fallows by a comparative study of only the soil
fauna in the different age groups of the fallows enabling idsn=-
tification of the actual period of recolonization to the original

levels of soil fauna.

It was sesn that in general, the oldest fallow (20 years)
had the maximum number of either total soil fauna or when broken
up into micro, meso and macrofauna levels. This clearly indicated
that a build up of soil fauna in older fallows exists. Howsver,
it was also obssrved from the results that the least abundance of
the groups was seen in site B (5 years old), when one should havs
expscted the lowsst numbers in site A (1 year old), being the
youngest fallow and the most recently abandoned after cultiva=-
tione This could be explained by the fact that immediately aftsr
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 obssrved in sits B, Thess

116



results agres with those of Karpinen (1958), Huhta gt. al. (1967;
1969) and Moritz (1965) where they have clearly indicated a tem=
porary increass in thse numbers of soil fauna in particular Oriba=-
tids, immediately after clear cutting, Howsver, reports also exist
of the populations falling to half the original values (Kuhnelt{
1950) for Collembola, This immediate increase and later stabili=
zing seffects primarily depends on succession of soil developments,
which depends on the development of soil types (Rosek, 1978), Furm
ther, soil animal groups which ocpur in the later succsessional
stages cannot live in less developed sarlier stagseg probably for
soc=physiological reasens, as they ars not passive components of
succession, hence they change the soil micro structure and ars

capable of pushing succession actively forward.

This is very trues as seen from the resuylts that micro, meso,
macro and total soil fauna which dropped from the youngest fallow
tp the five year old fallow thereafter incresased steadily till all
of them recorded maximum tn the oldest, which presumably could be
the last stage of succession and total recolonization, This last
aspect was very true 1in particular for mesofauna which recorded
an abundance in the oldect fallow (site D) at a level equivalent
to that in the youngest fallow (site A), which proves that stabi~
lization had taksn 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 phenomsna of
succession and stabilization is seen. The numbers of either meso,
micro or macrofauna when considered as a psrcentage of the total
soil fauna in different sites, thers was a drop in mesofaunay
more or less equal levels in microfauna and an increassd percen=
tage abundance of the total 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 was that in
the vertical distribution of the total soil fauna, there was a
steady decrsase from the top to ths bottom soil layers regardless
of the age of the fallow. This was true also when seen from sither
micro, meso or macrofaunal divisions, with minor variations at
certain groups. Though the present study has bsen dons on aban=-
doned fallows after cultivation, yst the common phenomenon of
soil inhabiting fauna abundant near the soil surface was observed, &
characteristic of any soil condition due to adequats living spacs,
favourable moisture asration 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 ruls, for certain taxa which are deésp soil inhabis=
tants liks Symphyia, Protura, Paurdopoda, some mites and collem-
bola as can also be sssn from the present study when there wersg
slight Pluctuations in the study, decreass phenomsnon from the
top to bottom soil layers, revealing at certain times increass
in the second layer, a rise and fall in alternate Tayers or an
increasse in the bottom-most laysry, as has also been shown by
sarly uorkers for gensral soil studiss like Glasgow (1939); Salt
et. al. (1948), Sheals (1957), Edwards (1959a,b), Poole(1961),
Evans gt. 2%9 (1961) and Price (1975); This was aldo very true
when the percentage of the total of either individual major groups
or the larger broader divisions of microy meso and macrofauna
levels as in the pressent study, was observed. The study area no
doubt though modified considerably by the effects of cultivation,
ﬁgfﬁomfng and other habital disturbances associated with agricul=-
tural practices, the actual numbers 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, 19733 Price and Bsnham,1977).
This depth distribution is known to be governed by a complexity

of factors, of which fseding habits, size of thse individuals and
microclimate conditions ers some of the important ones. The reac-
tion of these so0il commui ities to such factors is differsnt for
groups or species and herce it would be difficult to gensralize
and assess the most important factor or factors determining their
depth distribution (Pande and Besrthet, 1975). However, the nearest
caorrslation for depth distribution could be attributed to ths
larger climatic conditions of the area in operation at that given

period of time,

To be more certain, one has to see the ssasonal variations
in the different groups as shown in the graphs (Figs. 2 to 18)
for the pressnt study. If so observed it was sesen that thers 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 ths annual cycles,in all the sites. Invariably thers
was a clear rising of porulation to form the maximal peaks in
most cases during the wit Eer months and sspecially in the months
aof Novamber and December which is the onset of a cold period if
at all in these humid tropics. This phenomenon was sssn for all
the major groups including total soil fauna like microfauna, meso-
fauna and macrofauna, excgpt that in the latter the maximum though
still in cold wintersmon hs occurred in the month of February and

not in the months of Novcomber and Decembsr 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 reqularity cf a seasonal trend of fluctuation, where
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the maximum is in the winter and minimum in summer months was also
sesn in all the sub~divisions in the pressent study sxcept in the
case of Protozoa and its sub=-groups, Chelonethi, Diplura, Isopoda,
Mollusca and Earthworms. Hers the maximum was seen to occur in the
Autumn months of August, September, while the minimum was 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 soms light is throuwn when they are correlated with different
abiotic and edaphic factors. Groups like Collembola, Cryptostig=
mata, Astigmata, Araneida and its two families, Clubionidae and
Lycosidas weres maximum in the winter month of December, minimum

in the succeeding month of January. This seasonal trend of fluct-
uations has been ssen to be observed in all the sites undertaken
in the present study with very minor variations if at all among

themsalves,

Though the above have besn the gsneral observations in reg-
ard to maximum anq minimum population in the various groups of
soil fauna studied, it was seen that in most cases there is a
bimodal psak 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-monsocon 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 (Figse. 2 to 18). Various authors
have reported different peaks of abundance, as Besllinger (1954)
recorded as spring peak, while Poole (1961) a summer maxima with
small winter peak, while Joosse (1969) 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 Japan, where Ogino gts al.,
(1965) showed a collembola increass from August to March while
Takeda (1973) recorded two peaks one in winter and other in sum=
mere Niijima (1975) showed three peaks for the dominant species
of Collembola studied. All thess reveal that our own study also
show affinities with one or more of the above reports, yet no
definite trend of fluctuations can bs seen to be similar in any
two studies, Different climatic conditions prevailing in differ-
ent regions always has an sffect on the pattern of fluctuation
disallowing any true comparison betwsen any two regions. In the
present study, it was also sesn in particular for Collembola
though Decembsr was the maximum, the immediats succesding months
records the minimum in both the annual cycles which furthsr
builds up slowly, indicative of an over~wintering populations
(Wallwork, 1959; Evans gt. al., 1961, Madgs, 1969). The next
major gtoup being Acarina also revealed the trend similar to
Collembola in the first year of study in sites A4B and C and

for the second year in all ths sites and for the first yéar in
gite O whsre it rescorded a minimum in June, Such peaks of abun=-
dance in winter is not unusual (Curry, 1971). All the other

groups followed one of these,

The pattern of seasonal fluctuations as mentioned above,
was sgan not to differ much between the different sites. Howevsr,
while the vertical distribution of the different groups were un-
dertaksn 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 two laysrs, microfauna is more or less constant,
while in the remaining sites as in the case of macrofauna for all
sites, the trend of a top to bottom la}er decrease in numbers was
sesn throughout the study period irrespective of abundance or
fall. This phenomenon of the second layer recording more in soms
months or were the same as related to the top surfacs laysrs was
sgen uUsually in site A sven at minor sub-division lsvels liks
Prostigmata, Collembola, Hypogastruridae, Sminthuridas, Astigmata,
and Family Clubionidase. The only groups which showed a constant
decreass from top to the bottom soil laysrs without the effsct of
any sesason was Protozoa, Isotomidas, Acarina, Lycosidas, Chelong=-
thi, Diplura, Protura, Isopoda and most of the macrofaunal groupss
The group Prostigmata, Sminthuridas, Cryptostigmata, Linyphidae
revealed in site D for certain months ahd specially during the
autumn months of August to October~November an incregss 1in the
second layer or more or less equal to the surface layer. The ver=-
tical distribution phenomenon as seen in site A where thers was
definitely migration to the secomd layer on the onset of winter
could have besn due to the nonwstabilizing effect of the soil in
the youngest fallow (site A) in contrast to the remaining fallouws,
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 (winter) and dessicc=
ation (summer) of the soil surface would probably be responsible
for such migration from the top to the second layer. Morsover, it
was only observed in certain groups though we see them to be the
most dominant groups in the present study (Van 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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reported esarlier by many soil workers even in untouched forest
soils, presencs of a definlte vertical migration in some species
was in rslation to their feeding behaviours. As only major sub=-
divisions were taksn intc consideration in the study, it was not
possible therefore to pinpoint the actual mechanism responsible
for vertical migration in the oldest abandoned fallow (sits D)
though the sffect of some abiliotic factors and sdaphic factors 6n
these groups cannot bs ruled out. Further as has bssen recorded
sarlisr, Acarina had a much evensr vertical distribution than
Collembola when one considered the major dominant groups in ths
present study. Such high populations in %6ne strata and low popu-
lations in the other without any evidence of seasonal changses in
vertical distribution have also been noted by many workers such

as Glasgow (1939), Strickland (1945, 1947) and Stockli (1957),

The concent of vertical distribution of Collembola was out=-
lined by Usher (1970a) and Hale (1966), who fesl that seasonal
changes in vertical distribution are not necessarily caused by
differential mortality in Collembolas In groups where the maximum
density irrespective of the 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 pattsrn 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 thegir habi-
tat (Nosek, 1977). Therefore, unless the actual recruitment pat-
tern of species was examined, the interpretion of seasonal dsn-
sity and its fluctuations in the vertical distribution can give
very littls concreate information. Populations are known with

short generation times (r = strategists)to fsed on labile organic
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substrates and exhibit marked fluctuations while those with long
generation times (K-strategists) are expected to consume non-
labile substrates and hence show lowsr density fluctuations. Hence
it is primarily dependent upon the opportunity for the individual
species in any community for developing apt lifs history strate-
gigs adapted to the mosaic of the physical, environmental and

food resources of the soil (Mitchell, 1977). The above phsnomenon
though not possible to be identified from the pressnt study,
clearly indicates as seen in the 1ife history chapter at least
that the stability of the tropical fauna in the present study as
one goss from the youngest abandoned fallow (site A) to the oldest
abandoned fallow (site D) might be a consequence of their birth
rate in conjunction with teoparity (Cole, 1954). All these sugg-
est.that the vertical distribution is closely related with ths
habitat character and 1s determined and dependent by the responss

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 corrslated 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 undertaksn in
the present study for both the annual cycles. However, in most
of the casss, pH was negatively corrslated 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 monthse 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 was no clear cut correla-
tion variation in the soil laysrs at different sites sxcept A that
in most of these major groups there was a highly significant nega-
tive corrselation in the sscond and third layer for most sites, In
the present study, pH was mostly in the acidic side thersfors most
of the groups were related to acidity (Hale, 19663 Nosek, 1957).
Still further reports do exist of pH having no effect (Agrell,
19413 Bellinger, 1954; Paclt, 1956; Cassagnau, 1961, 1%964; and
Christiansen, 1964) (Tables XLIX to LXIV).

The next factor, conductivity revealed two peaks of incrs-
ase in most of the sites one during the monsoon and the other
during winter. However, this factor was seen to be mostly non-
significant and does not seem to play any major role sexcept in
Protozoa and Araneida. In thess groups probably there was a nega=-

tive corrselation for the vertical distribution in various sites.

After pH, the next important factor which ssem 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 corrslation, in particular
for major subgroups and for those groups mesntioned earlier whers
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 corrslation

(Hammer, 1934, 1937, 1953 and Stebasua, 1962), yet it is knoun
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Acari and Collembola require high humidity (Kuhmelt, 1950; Chris~
tiansen, 1964), othsr reports that the period of prolonged drought
sesm to have serious effects on the survival of the individual
(Nislsen, 1955a, 1955b) and that Collembola has besn reported to
be relatively resistant to short duration flooding and capabls of
not only living in the submerged conditions but also laying and
hatching of sggs has been carried out, This therefore confirms
from the present study that primarily it is the moisturse . gradisnt
in the soil which was responsible for not only the vertical dist-
ribution but also for seasonal fluctuations in particular to total
soil fauna, microfauna, mesofauna, prostigmata, acarina, collsm~
bola, aranedida, total insecta, ants and total myriapoda which was
directly correlated to the moisturs content of the soil whereas,

in the other groups it seemed to have very little affect (Tables=

XLIX to LXIV).

Soil temperature and air temperaturs in the present study
gsemed 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 temperatures, whersver 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 socil temperature a similar phenoms-
non was seen except that they wesre mostly positively significant
at P < 0.05 level particularly in groups like total ants, acarina
and myriapoda. Such a finding where the temperature either soil
or atmosphere having very little effect on groups of soil fauna
find very little support from the existing literaturs. Kevan
(1965), Butcher gt. al. (1971), Gupta and Dhooria (1974) showsed a
marked effect of soil and air temperaturs while Niijima (1971)

attributed temperature effecting Collembola densities in winter.
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However it is recorded that though tempesrature influencss thse
metabolic rate, yet it is not considered ecologically important
when soil fauna ares capables of migrating to the deeper layers
during high or low temperaturss (Kuhnelt, 1950 and Christianssn,
1964), Reports exlst for either.winter or summer movements of
many soil invertebrates moving down especially when tempsrature
sither rises or falls below a critical level (Dowdy, 1944; Pier-
rard st. al. 1963; Bocock and Heath, 1967 and Mitchell, 1978)
(Tables=XLIX to LXIV).

Impoftance of rainfall as an abiotic factor affecting soil
faunal groups in the present study seemsd to be very nesgligibls,
There was no definite- positive or negative corrslation whersver
they were significantly corrslated sither betwesn layers of ths
samg sits or even betwdsen sites. Thess effects seem only as a
negative corraelation whan the total soil fauna was considsered and
acarina for only the fourth layer and total insecta and myriapoda
in particular, where in latter the first layer in all the dites
and the third laysr in sites B and C wsre highly significant
(negatiysly corrslated at P < 0.01 level), uwhile for the second
layer in the same groups for all the sitss it was positively cor-
related at P € 0,05 level. Such statistically non=significant
seasonal differsnces of precipitation affecting the soil moisturs
is reported sarlier (Burns, 1952; Terraunt, 1956). Howsver it is
known that rainfall is the most important climatic element in
these areas. Thergfore with the increase in rainfall and the top-

ography of the region and steepness of the slope, affects the

—

soil fauna (Muir, 1955), which probably helps these animals to be

e ity

adapted to such situations,

The bulk density of the soil in the present study which seem
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to bs a factor affecting scil fauna was observed to be a highly

significant thougn negative in most of the groups at P < 0.01

& -
Nt

lavel and in particulaﬁG?Or the third and fourth layerse. Further
it was ohserved thaﬁﬁggzLo case the animals in the first layer of
any sits was affected by the bulk density. The important groups
affected by this factor in the third and fourth layer were Colle=~
mbola, Total Mesofauna, Prostigmata, Acarina, Araneida, Insecta,
Ants and HMyriapcda. In addition, the total soil fauna showed a
significant correlatinn in troc sccond layer as was also true for
Total Microfzuna ano ante. 1t saems to be that the third and the
fourth layer of any sitz is the deciding fact for bulk density to
nperate as the fecktor an s0il animals. From literature it seams
that there are nn rgports of bulk density and soil faunal relat-
ionships either in foreost soils, grassland or otherwise. The
nearest could be that nf physical characteristics of compacted
soil (Gooderham, 19733 El-karouri, 19743 Aritajat, 1975 and Ari-

tajat ote. al. 1977),

The porosity of :ne soil and its effects on the various
groups in the diffsrent soil layers seem to play a very neqligi=-
ble rols sven in major groups like Collembola and Acarina and
Total Insects. This factor sesms to play a role if at all in the
fourth layer in site C for which no definits reason can bse attri-
buted. The first layer showinng significantly positive correlation
with the soil fauna and porosity was ssen in groups like Protozoa
and Araneida, while a negative correlationsg in the samg layer was
seen in Prostigmata at P < 0.05. Porosity as a factor is known to
be dirsctly 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 npot
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fall below 90% (Thandrup, 1939). This excess water thevefore
creates competition for living space {(Murphy, 1955). T. is pheno=
menon can also be ssen in the prssent study when during the rainy
months groups like Protozoa and Araneida while showing either mors
or less squal abundancs in the top two layers, and Prostigmata
shows a negative correlation proving its migration due to its

predatorial habits to deepsr layers.

In regard to the chemical factors undertaken in the present
study it ssems that only Nitrogen and Potassium ssem to pl?y a
significant rols if at all, while Carbon and Phosphorus showed no
definits trends of correlations between layers nor between sitgs.
It seems that the third layser 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 at © < 0,05
levels. Phosphorus and Carbon wherever present and significantly
correlated was only in the fourth laysr 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 additicn in Protozoa, The nega-
tively significant correlation of Potassium particularly in the
second layer in most sites wsre observed to bs in the groups of
insects; Ants and Myriapods. The latter negative correlation was
also seen for Phosphorus in the second laysr in all the sites at
P < 0.05. Such negative correlation particularly between the lev=-
els of Nitrogen and Phosphorus in the so0il have been well documen=-
ted and the positive correlations of Phosphorus to larger groups
is similarly known (Edwards and Lofty, 1974). Similar readative
correlations with carbon has also been shown by these wotkers. It

is however difficult to sse how the amount of Phosphcorus would

play any role as thaoss of Carbon, Nitrogen and Potassium- Work
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also sxist on the lsvels of Phosphorus, positively corrslated at
least at specific levels of spiders and Collembola while at latter
total numbers was much less affected by Potassium as was seen in
the pressnt study (Edwards gt. al. 1975). Soil animals arse 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
gxcavate chemicals from deepsr layers and bring it to the surfacs
(Byzova, 1970; Koklovskaja, 1965; Dimo, 1958; Lee and Wood, 1971),
In any case other than the importance of Potassium and Nitrogen
which also not very dominant and deciding chemical factors, ths
others do not ssem to play any significant role in sither the
abundance or vertical distribution seasonally of the differsnt

soil groups in the various sites during the present investigation.

In conclusion some of the ma jor aspects>which has been obs=-
erved from the prasent study has shown that the immediate aband-
onment of land after agriculture shows an increase in the soil
animal population level and in particular mesofaunalilevels as
ssen 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 reachéd to the level of site A. Moreover, a definite succ-
essional pattern was seen in the case of macrofaunal levels whers
the maximum recorded in site D, indicating the}eby that the colo~
nization of macrofauna is the deciding factor for relating to
8oil fertility in such abandoned fallows after agriéultural prac-
tices. Literature reveals that macrofauna is dependent on the
litter layer for an increase in population density (Nakamura and
Yamauchi, 1970 and Nakamura, 1971). Further, it is recorded that '
thoagh some animals get destroyed -after shifting cultivation,
the species density decreases within 4 to 5 year and stabilizes
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after 25 years (McColl, 1974). Moreover from the present study it
appears that the environment for vertical migration is the mois=-
turs gradisnt of thse soil, while temperature is only sscondary,
thereby permitting the annual cycle to be partitioned by differsnt
faunal groups. It is also known that the physical propsrty of the
climate within the soil was 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 géem to be a regulating fPactor of ecological production and
that particular tophic groups of saoil invertebrates reflects bet~-
ter than their population density in successional trends of ths

scosystem studied (Kaczmarsek, 1978).

The clearing of forest and cultivation of land in t‘ropics
results in harsher environment with extremes of temperature, moi-
sture and direct impact of heavy rain. These changes therefore
would have a greater sffect on smaller organisms than on larger
ones as seen in the present’study. In particular Collembola and
Acarina can be seen té 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 impértance, acidity,
salinity and differences of Nitrogen being common limiting factors
for animal colonization takes nearly 50 years for breaking douwn
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, (1) apart from active migration,
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wind aids dispersal (Freeman, 19523 Buahin and Edwards, 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 with sar=-
lier workers like Bruning gt. ale. 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 (1973) has shown surface fauna colonizes especially Col=-
goptera after a 3 year period. All this revsaled 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 bscome 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 microsenvironments 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 sarly stage and more so in India,
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INTRODUCTION

Most works available on collembola have primarily been
directed to their abundance in relation to various environmental
factors under fisld condiiions. Morsowsr, field studies on coll=-
embola species have incluced age=-structurs, respiration, birth
and mortality figures. However, very little is available on ths
life history of collembolz spsciss under laboratory conditions

in relation to various snvironmental factors.

The sarliest report available was that of Maclagen (1932)
who showsd that seil pH had a profound effect on the oviposition

of Sminthurus viridis (L.), and that it was optimum at pH 6.5.

Later, Davidson (1934) showed that pH 5.5=7.0 was favourabls for
the same species oviposition, This found support even in field

studies as Gisin (1943) showed for Odontella armata (Axelson),

typically basophilic and Odontella lamellifsra (Axelson), as

acidophilic, Britt (1951) working on the life history of Achorutss
armatus attributed high mortality due to the varying concentra-
tions of charcoal and plastsr of Paris used as culture media. Hs
however.did not give any idea in regard to physicochemical fac-
tors affecting the 1life history pattern of that spscies. Milns
(1960) suggested that quantity of food and moisturs content rap-
idly changed ths oviposition, fecundity and mortality in various
speciss of Arthroplsone collembolas. The uss of activated charcoal
as a substrate for life~hiIstory studies have besn well documented

by Choudhuri (1960) and Goto (1960a).

The sarliest work on environmental Pactors on the develop=
ment of collembola is that of Choudhuri (1960, 1963) who had

shown the effect of temperature on three specigs of the gsnus
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Onychiurus. Marshall &nd Kevan (1962) also showsd the sffsct of
temperaturs on the oviposition of Folsomia candida (Willem),
whers an increase in tempsrature simultansously increassd ths
oviposition rats and also reducsd the time of hatching, Sharma
and Kevan (1963a) also _showsd the influsnce of temperaturs on
the devslopment, morté%ity and Pecundity of individual speciss

of collembola.

Gresn (1964a, 1964b) revealed moisture as one factor in the
reduction of mortality and the other as crowding affecting the
fecundity, which was highly reciprocal to the density of the
culturs media, Vail (1965) showed that activatsd charcoal and
its pH had an effect on collembola speciesse A linear relationship
betwsen the reciprocal of egg-developmental tims and temperature
wag revealed by Hals (1965a, 1965b), Ashraf (1969) while working

oR the fecundity of Onychiurus bhattii Yosii showed that they

differed considerably with pH and that most individualg survived
apound slight alkaline pH but died at pH beyond 9474 Studies on

fgod and the spesd of establishment of a populationC(?%?somia

candida) (Usher st al., 1971) revealed that it was proportional®
to the rate at which ths food was 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 competitipn for sgpacs, Snideréﬁ??ﬂ@h
has shown in culture-experiments that type and quality of diet
can influence collembola growth and fecundity. This is attributed

to pH which can have a great effect on the population of adventi=-

tous bacteria and fungi,.

Snidsr (1973) and Snider and Butcher (1973) showed that

reproductive cycles observed between fisld and laboratory condi=
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tions cannot be corrslated, because, in culturss the period bet-

ween hatching to end of cviposition was extendsed to more than

three times. Niijima (1973) while working on Sinelkg_ggruiseta
showed that with increase in tempsraturs, early maﬁgggf; was
obtained. This she correlated with the fisld, the grdwth rate
being lower, owing probably to adverse snvironmsntal conditions
like low=-moisturs, wide fluctuations in the temperature and food
supply. Hutson (1974, 1978) was the latest record of various
environmental factors liks pH, conductivity and salipity who
showsd that either one or all three Pactors did play a signifi=

cant rols in ths reproduction of some species of collembola.

The aim of the present study thersfors was to at least

take up some important” species of the dominapt groups, to idept-
ify the reproductive strategies and to show further 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
gvailable, Their life histories in relation to some environmental
Pactors like pH, temperature and salinity under laboratory culs
ture conditions wers done. These sites, wers chosan as the young=
est abandoned fallow (Site A) and the oldest abandoned fallow

(site D), to reveal any significant differences in the dndividual

species life histories.
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MATERIAL AND METHODS

The top surfacs layers of soil from sits A and site D wers
taken for thess expsriments. The specimens from the soil samples
were extracted in the usual way with the help of modified Tull-
gren funnsl series. The collecting tubes for this extraction
contalned triple distilled water. The speciss were then identi-
fied, removed and kept separatsly. All four speciss belonged to

Family Entomobryidas. These wers, (1) Seira indica Yosii, 1962

(2) Seira latsralis Yosii, 1966 (3) Salina Yosii Salmon, 1964

and (4) Entomobrya kali Tmms, 1912, the former two from site A

and the latter two from site D wsre used in thesse sxperiments.
The substrate preparation was done by the plaster-charcoal method
followsd after Hutson (1978), using charcoal in variable quanti-
ties for the differing ph values. These wsre placed in small
glass vivaria, which cons’sted of hesat resistant glass containers
3 cme desp and 5 cm. in diameter. APter the substrats was poursed
into these vivaria, they wsre covered with a thin shest of plag=
tic to prevent growth of fungi and also to rendser the vivaria
more or less air-tight. The various concentrations of salinity
was made with the help of Sodium chloride solutions. Thess solu=
tions were preparsd by dissolving Analar‘Sodium chloride in tris=
ple distilled water in the quantitiss required, as given by
Richargﬁaélggﬁk; However, when the moisturs cpntent of the subi>
strate kept lowsring only drops of triple distilled water was

added teo culturse-=media and not the salt solutipgne
By

Experiments wsre conducted at temperatures, 202, 25° and
30°C in tempsrature controlled incubators. The fourth experiments
was conducted under ambient temperatures in the laboratory which
served as the control, The pH used were 6.2, 5.2 and 4.2 for 20°,

-
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25° and 30°C respestively while it was 4.2 for the room tempsra=
turs (control). Salinity concentrations wers used at 1%, 2% and
3% levels accordingly. In this respsect the expsriments wers in
the form of a randomized block~design where the first set compri=
sed of 20°C, 6.2 pH and 1% ealinity, the second set was at 25°C,
5.2 pH and 2% salinity, while the third was with 30°C, 4.2 pH

and 3% salinity. The controls were at room tempsrature and 4.2pH.
Foods of different kinds isre used though howsver thsy were not
calculated in the pressnt expsriments as a 1limiting factor.
Yeast in agar and boiled janana was given as Pood, both in steri=-
lized formse For each sesxpsrimental set, five replicates werse con=

ducted for all the four species undertaken.

In sach treatment 2 individuals of sach spesciss, small
enough not to have previcusly oviposited were introduced into
the replicatss of sach cuiture. Males and females were identifisd
by the presence of Aedaegiis and heavy cilia on the abdomen of ths
male in contrast to femalc in all the four species. Daily cultu=
res were sXamined twice, once in the morning hours (1000 hrs.)

and the other in the svening hours (1600 hrs.).

Triple distilled watsr was added to the culture media usua-
lly in the morning to keep the culture media constantly moist,.
Food was administersd just before sun set. Egg development time
was calculated from the day of oviposition to when more than 50%
of the eggs in a single batch had hatcheds The significant diff-
erences bstween the rssults for ﬁecundity 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 Desviation., This was done for all the experi=-
mental designs in replicates for sach species, The measurements
in terms of length was taken twice daily till the next higher was
obrerved after a moult and measurements continusd again. At svery
sta.2 the count of the population was rescordsd and the sxpsrimsnts
were continued for sach of the four speciss in all experiments
designed upto the sexually matured stage, which in the present

care was upto the 6th instar,
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RESULTS

The present expsriments incorporated the fecundity and mor-
tality of four species of collsmbola under different experimental

conditions and with control at ambient .temperaturs.

In Seira indica Yosii, 1966 which was collected Prom ths

surface laysrs of ths youngest abandoned fallow (Site A) it was
seen that the oviposition definitsly decreassd (60 sggs), with
increased pH and rsduced tempsrature and salinity. This was clea-
rly sesn from Tabla=LXV, that the numbsr of eggs laid was sesn to
be maximum (78 eggs) under ambient conditions, even though the pH
was low. But in the next stags, that is, immediately after hatch=-
ing (Ist instar), thers was a sudden drop (50 individuals) in the
hatohabil;ty under lab=conditions, though it was not so, undsr
the remaining thres experimental conditions (70, 65 and 57 indi=
viduals)e. In the subssquent instars in this species from second
to sixth instar, though thers was a steady drop in numbers, yst
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 séen that aga?ﬁ
temperaturs played a role. Under maximum conditions (30°C) and
at ambient temperatu?@ which was also around that, 1t was ssen
that the maximum number of days (10 to 12 daysj for the hatching
of the egg into the first instary and the least number of days
in the lowsest temperature regime (7 to 8 days): However, for the
growth of subssquent instars, thers uwas hardly any difference

under the different experimental conditions and also in the control.

The third aspect which was taken into consideration was

either the diametser of the eggs or the length measurements of the
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different instars, which under all thess expsrimental designs and
control, wers mors or less similar. Yet, the largest individuals
of the species was definitely recorded at higher temperaturs,
though the incrsasse in the length measuremsnt was never mors than

8,05 mm, (Table=LXV) and hsnce thought to be nesgligible.

In the next species namely Sgira lateraglis Yosii, 1966 it
was seen that oviposition dspended on temperature as in 5S¢ ipdiga;
Howsver in this species the number of sggs laid was much mere apd
in fact nearly sne and half times (90=180 gqgs) than that uf
Se iqqi9a, In this species it was ssen that ths survival of the
individuals steadily felt and were mprg or less stabilized at the
sixth instar stage when they were sesxually mature under the diff-=
grent experimental setups. In regard to the dpratioﬁ of days
takeng either for hatching or fgr the development of the instargg
it was observed that it was maximum undér maximum temperature re-
gimes. Howsver, the development of 'the different stages from
first to sixth instar, there was negligible difference in the
Humbetr of days between two moults under any experimental c6ndi<
tions (Table-LXVD). Similarly when the measurements of either the
diameter of the egg or the length of the different instars werse
taken it was seen that the maximum sizes (0,21 to 0§22 mm) were
obtained at experiments with maximum temperature and lowsst pH
valueg and highest salinity, while the lowsst (0,19 to 0.20 mm?

were recordsd in just the reversa experimental conditions.

The third species Salina Yosii Salmon, 1964 was obtained

from the surface layers of the oldest abandBnéd faliow (site n)s
This species also showsd a trend of oviposition and develdpment
similar to that of S. indica and S. lateralis from Site A. The

important points, however, observed were the number of engs laid

in this species was nearly double that of S. indica and one and
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half times that nf S. latsralise. In any case the maximum eggs laid
(130-132) was sesn under “the maximum temperaturs regimes and sali=
nity and minimum pH values. The subssquent survival figures in the
differsnt instars though stsadily fsll under all the sxpsrimental
conditions, like the two previous specises, yet they did not stabi-
lize at the sexually mature stage. In fact, the ambisnt temperas=
ture which recorded ths maximum fecundity (130 eqgs) showed the
least survival (100 ihdividuals) in the sixth instar, while sven
the least eggs (120 eggs) laid at the lpwest temperaturs anmd salis
nity and highest pH values tecordsed {103 individuals} and ths max=
imum was seen to be (108) individuals at 30°C and 3% salinity, 4,2

pH when the sggs was only 10 less than the highsast retord8ds

u

This species also, revealsd that the duratipn 0of days taken
gither for the hatching of the sggs or for the development pf the
different instars, there was no significant difference between ths
different experimental conditions. One further observation in con=-

trast to S, indica and in concordance with S, laleralis is that

= ——
o=

the diametsr of the eggs laid or the length measurements obtained

in the different instars, there was hardly any significant differ=-

s
L)

ence (Table-LXVII), under the different experiments,

The last species, Entomobrya kali Imms, 1912 had the lowsst

oviposition rate and was nearly half of S, indica (40 to 48 eggsh&
Howsver, it was sesn, 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 sither for hatching or for the
different stages between moults, was also observed hers. Further

the maximum sizes were alsc recordsd undsr thess experimental

conditions,
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One peculiarity which deviated from the sarliser three sps=-
clies is that in this spscies, the duration of days for sither
hatching or for the different moulting stagss of the instars, was
gseen to be minimum under the control conditions as also for either
the diameter of the eggs or for the differsnt instar lsngths,
(Table=LXVIII),

)
Though all the abdve mentioned, for the four species were
the gsnsral observations; it was %elt to work cut the percentagss
of hatching and mortality in the diffsrent instars, and the per=~
centage of survival in the adult sexually maturesd stage. When so
done, it was seen that the maximum percentage (97%) of sggs hat=-

ched in ths first speciss = Seira indica at the highest tempsra-

turs seriss and the lowest (64%) was sesn undsr thes control expe=
riments., Morsover, a similar trend bestween these two conditions
#ag in the mortality percentage for the I instar, where In the
third exparimgntal series the mortality seen 1in the first instar
was only nearly 3%, while the control shouwed near£;J49% mortality.
However, under maximum temperaturses it reVealed thersafter for
subsequent instafs from second to fifth instar an increassd morta=
lity percentage. The second instar mortality was more or less si-
milar in all the sxperiments under all the cpnditions while in the
third instap highest (25%) in medium tempersture and the highsst
mortality for the fourth instar was again under maximum tempera-
ture series (20%) and for V instar in the lowsst temperature sxp=
eriments, (38%)., The VI instar zevealsed np mortality at all under
the differsent sxperimental set ups whils the control showsed nearly
7%=59;£§é§§z@ The percentage of adult finally pééﬁ?%%B was” mors

or less the same under all the experimental conditions with a

fall of pnly 4% under the control experiments,

. 1848
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. Seira latsralis as in Sei;?riﬁgigé_peyealad the highagﬁ pafs
cent of hatchability undet maxinim temperature s6ties and also ihg
ibwast mortality in the first instar. In this sﬁédiéé the sibsae
dﬁShﬁ mértality percentage for imstaps II 46 VI, wag geen to bs
mafé of less sams under all experimental set ups except For the
3 instar where approximately 145% only was sesn as mértality ag
inder medium tamperature series, The maximum adult &f auBvival wag
8f nBarly 60264% while the least was observed UAder maximum Eefpe

B¥atyrs geries (50%),

IR Salina Yosi¥, the patcentags of hatehing Was sesn t6 be
Hoarly the same (98,5%) in medium, maximum and ambient tefpsrats
Urgs, while the minimum (92%) was séep in minimunm tempsratire,
Hbﬁeyer? the reverse trénd was observgd in the mérfality percers
gggé 6f Ist instar whers the maximum wag fegorded under low temp=
tatures (8%) and the minimim in all pemaining experifsntal conds
itions of nearly 1.5%. The 2nd instar again pevealed a reietrag
tgénd to the first instar inm that in the control experifiénts, the
fiaximim petrcertags 6f mértality 6f rearly 15% was observed while
the minifiUm was sBen in low temperatute (2,7%)¢ The third instas
shoied méfefcr less similar pefosntage martality Undst all experis
mefital conditions, while in ths 4th, 5th and 6éth instars; tha
ié@ééﬁ pé:canfage mortality was seen in lew tempapaﬁures, while
maximum mortality in medium ﬁemﬁeratU#es (4;4%5; maximim tempetras
tures (3:5%) and Bontrel (3.4%)srespectively, The psrgsntage of
adult sitvival ab the ond of the experiment, uss sesf £6 be max -
fif URdeE maximii temperatuve (nBarly 86%); while the ituest was
Bbgefied in the éanﬁfai‘(ﬁs%); if the Bther tub sxperimertal eép=
aiﬁiahég“ﬁhefﬁefaegpage survival was very fear té the maximinm

recdfdin§ﬁ§3%ip : o
‘ = 186



The last Entomobrya kali in contrast to all the other threse
species, recorded the maximum percentags of hatchability under
low temperaturess (nearly 88%), while the lowsst (71%) was sesen
under medium temperaturs ssries, The psrcentage of meprtality frém
the first to sixth instar, was nearly the same yndsr the differaent
oxpsrimental st ups eXcept that significant maxkimum mortdlity wag
geen for the first instar im medium temperatureg (28%), Similarly
the least mortality was obssrved te be mers or l&ss und8r the
first expsrimental set up. The fercertage 6f adult survival at
the end of the sxpsriment in this species was sdén te bs maximum
Under low temperature conditiong (nearly 68%) &nd the lbwdst
Undét medium tempdraturé conditions (nearly 48%)s In the BtHsr

two sst ups of, it was around 60% + 2 (Tabla—LXiX).

Lastly, it was felt that amordg the survival of adulfs in
differsnt expsrimental seriss in the different spdcies thé ratio
of male and femals was to be worked oute When so done it was sesn
that for all the species, the maximum number of males in relatiaon
to females was sesn to be under medium temperafiures, This was
significantly shown for Seira indicg and Seira latsralis, Howsver,

ggjina Yosii and Entomobrya kali, the male=female tatio was mo.p

br less the same under the different experimental conditions

{Table=LXX).

Though all the above were direct obssrvations made under
different experimental sst ups, yet we wanted to ses whsther the
factors undertaken like pH and salinity had really any statisti-
cally significant relationships with the fecundity or dsvelopment
of ths Yarious stages. In this connection a multivariate regres-
sion analysis was performed between the three major environmental
factors as ussd in the different expsriments and the fscundity,

survival numbers of different instars, the sgg=diameter and
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instar length measurements and the number of days for the devslop=-
ment at sach stage and in the final analysis. When so dons, as

seen in Table=LXXI, it was seen that for Seira indica fecundity

was highly positively significant, P < 0,01, while no significanés
at all was seen bstwssen tempsrature and ths numbers in sach in=-
star. Temperaturs and the number of days was significant only in
the sgg (hatching) and in the V and VI instary all positively
significant, the former at P € 0,05 and ths latter two at P ¥ 0401
level, Temperaturs with sither the egg~diameter or with the length
of individual instars when correlated was shown to bs not signi-
Pficant in the former. It was 8ignificant for the I, III, IV and

VI instars all at P < 0,01 level. When pH was so corrslated, it
had the sames corrslation like temperaturse except that it was neg=s
ativeiyycorrelated. Similarly when salinity was correlated with

all the different life history aspects in Seira indica; a mors or

less similar phenomencn as temperaturs was sssn sxcept that in
addition to all the significant correlations as for tempseraturc,
salinity showed a positive correlation significant at P < 0,05
level, In addition to thess individual corrslations a mullivariate
analysis revealed high significancs for all the stages of life
history and that too highly significant at P < 0,01 levels in all
Eases except for the egg stage and the V instar where the level

of significance was P < 0,05 (Table-LXXI).

In Seira lateralis temperature with either egg-~numbers or

number of instars showed no significance at all, esXcept in the
second instar stage whers positive at P < 0,05 level; Between
temperature and number 6f days involved in the 1ife history it
was seen to be significant for hatching and in instars I; 11
bositively significant at P € 0401 in all cases whersVer ’t was
significant except the egg and the IV, Finally temperature with
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egg~diameter or length of the various instars it was seen to be
positively significant in all the casss except V instar and at a
level of P < 0,01 except the sgg and the fourth instar stage where
it was at P < 0.05. The next factor, pH when correlated las s&efi
to be non=significant sither for the éggﬁhumbe; and the numbep of
diffarent instarsy but i§ was negatively significant whan cérré;'
lated with either the niimber of days or the measutements of ﬁké
various sﬁégés at P £ 0,01 1ével in thHs égg é%agé ana iﬁ i; i1
tement mhich was éigniFiCaht at P & ﬁ;dé 1@951; The ﬁhiﬁd ?aétofi
dalinity wWas similar £6 pH except £hat thHews s & Aonssignificas
Ace for the third ingtar and number of days, while for the First
ingtap fbr the iénoth measuremsnt; Whste though sionificant which
s at gnly P € 08405 levely The miltiple gorrelatipf yalues yere
all positively.significant at P € 0,09 :(TablesLXXI1)y

'“xn Saiiﬁa'yosii the Various éAvircAmental factfrs sesm to

Follsw a 51milar pattern of 31gnlflcant correlations in that wha-
ther it was temparature, pH or Sallﬂlty, it was seen enly for
temperature and the number of II 1nstars at p < 0,01 level while
in all gther 1t iras not Slgﬂlflcant' Slmllarly; the number 6f

dayg mhen corfblated with these thrés éhV1ronmenﬁal factors; it
mgétéésﬁ"%haﬁ temﬁéf;%dfe and pH wers $imilar to @ach Gthet,excEpt
that lt was 1n Former p031t*vely 51gnlflcant “ahd iafﬁef negaﬁi—
dely 31gnlflcant at b < o 01 level eithser For egg-hatchablliﬁy of
For the develooment of the ‘I, II, ty and V instars, while salinlty
showed a pOslthe relatlonshlp at P < 0,01 levsl For the iength
of days only For the' eggo and £h8 Flrst instar, Tempemaza;% ahd
pH wlth the measurements agaln wers 81mllar except “the ?E§E§F°m55'
DOSltiUe and latter was nagatlve at P < 0301 ievel, Fof the egqg=
dlamétéf only. It_was élsd.so'faf §éiiﬁiﬁyié26éﬁﬁ that it was at
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P < 0,05 levels. All the othere wers non=significant for any of
the three environmental factors undsrtaksn. The multiple corrsla-
tion showsd a positive significance in all casss at P < 0,01 lsvel
sxcept for the V instar where the level was P € 0,05 and for the
Ist 1t was not significant (Table~LXXIII),

In Entomobrys kald when the correlations wers made, it was
seen that the various environmental factors with either the nums
ber of eggs 6f number of instars had no significance sxeept wher
pH shpwed a negative significance only for the I instar at P 0401
ievsig Similarly when the number of days wsfe uhdertsksm thHe Bggd
hatching period was shown to be significant with all environmental
factots at P £ 0,05 level sxcept that pH was negatively signifi=

cant. Temperaturse showed a p031tive §%gnificance also Fo; the

~ \’(

first instar at P < DcD5 ;%d’?or salinity at B € 0,01 level fbr
the sscond instar. The measurements when correlated, it was seen
that both temperaturs and pH showed non¢significants for the sggs
while salinity showsd negative significance at P £ 0;05 level,
whils pH and salinity showsed non=signifigance for all instars and
temperature only for IV instar at P < 0401 lsvel, Multiple corre-
%ation agaln, was seen to be highly positively significant aﬁ

P € D401 level except for the first instar whers thsy wers ot
significant (Table=LXXIV),
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DISCUSSION

The pressnt study incorporated ths life history of four
dominant species of collembala of the family Entomobryidas from
jhum sites, two species from the youngsst and two from ths oldest
abandoned fallowes The primary aim was to identify from these lifs
history studies, whether ths population dynamics could be corre=-
lated and hence the experiments wers caonducted under laboratnry
conditionss It is known that in many collembola the length of
life~cycle varies with ths species and the time of year when eggs
are laid, but usually the development stages till the attainment
of acults or sexual mature state, occurs within the period of
year at the higher latitudes. However, in most ‘cases two or mors

gensrations may be produced within a ysar.

In thess expsriments, it was seen that though the soecies
undertaken were different from each other and also inhabiting
different soil conditions, yest they revealed similarities of many

aspects in their life-history strategies Seira indica revealed

maximum production of eggs, maximum pegrcentage of hatching and
maximum size either of the ogg diameter or the instar length to
be always in the sxperiment of higher tempsrature and salinity

and lower pH. A similar situation like Ssira indica was also sesn

in Seira latsralis except that the number of eggs laid and the

size of the eggs and different instars wers mors. Salina yosii

aleo revealed a similar tremd as for Seira indica and Seira latg=

ralis sx¢ept that the eggs were nsarly double that of S. indica
and cne and half times that of S. latsralis. The measuremcnts
(sgg diameter or the instar lengths) were further ipcreased this
spaciess All other aspects like percentage hatching etc. was

similar to S, indica and S. lateralise. The last Entomobrya kali

showsd the 1lowest oviposition in comparison to all others. All
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the other aspects wers similar to S. indica. Percentags hatching

was howsver maximum at the lowsr temperaturss for this speciles.

The psrcentags of mortality in various instars was minimum
inm Se indica under maximum tempsrature and salinity and with lo@
pH gonditions enly for the first instar unlike from II to VI in=-
stars it was maximum, In case of S, lateralig it was more or less
similar to S. indicas In Salina ypsil the maximum percentage moDe
tality was seen in first instar under low temperaturs and salinity
with high pH in contrast to Sy indica and S, lateralis, The sec=
und instar, howsver, showed g reverse trgnd, while the subssquent
instars did not reveal any significant increages in mortality

under the differsemt sxperimsntal set ups, In Entomgbrya ka%i, the

percenptage of mortality in various instars was mors or lesg simi=-

lar under different experimental set upse.

While considering the percentage of adults, it was mpre or
less the same under all experimental set ups while the maximum,
male=female ratio was ssen undef medium temperature and it was
more or less like this phenomenon also in S, }gggré%ig, In Sé%inq
Zg;i;, the maximum percentage of adults was ssen under low temp=

eraturse series, while the ratio (male-femals) remained constant

undsr all experiments,y as also from E, kali,

From the above, it was sesn that it was primarily the rsla=
tion of tempesrature which was relatsd to either sgg-development,
duration of each instar, total 1life span of spscies and the pro=-
duction of males and femalese. It seems that the higher the temp=-
eraturs, ths more rapid were their developments. Further it looked
that salinity alsoc which was maximum at these highsr tempsratures
might have played some role along with low pH. Green (1964a)
ravealed that limited reproductive period obssrved in laboratory

conditions, will be different from field because the psriod of
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development was ssen to be nearly three times under culture con=
ditions in contrast to fisld. This was supported by Snider (1973)

who got maximum sggs of Folsomia candida and also that the maxie=

mum longivity was attaineds Thesse ars further supported by Mar-
shall and Kevan (1962). The greatsst fecundity in the present
study was ssen for Salina yosii where the longivity was also max=-
imum in comparison to the others. The fecundity being less or the
development period being enhanced may be attributed to the accus
mulation of excretory products which might contaminate the surfads
of cuylturess Christiansen (1967) fouhd a Hepression of reproducs
tion in non-cultufes of ssveral speciss of collembola, It was foP
thig, that Snider (1973) transferred her animals to fresh cultures
whenever it was found to be contamirateds Morsover the attribus
tion af density é8uld have played another important role im the
gtowth apd rats of development, Gregn (19649) showed that fescun~

dity was increassd by reducing the density of overcrowded culturss,

Howsver, it was segsn from the present study that the higher
temperaturs and galinity did show a dsfinite relationship to
fecundity and rate of development in all the species studied. At
high tempsratures, it i1s known that thers is a gensral increase
in the metabolic rate, which has a greater utilization of food,
Further as Agrell (1941) pointed out that the teolerance 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 (1962); while Snider (1971) revealed that 21°C was the
optimum. Choudhuri (1963) though states that temperature is one
criteria for the percentage of sgg to complste the development

yet he could find no significant differences betwsen the wide

rangs of temperatures which he had used for Onychiurus.

As for pH thers ars very little reports. However, it was
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known that the charcoal and plaster in the various ratios resul=-
ting in differsnt pH values have had a profound sffect on the
Pecundity and longivity of collembola species (Hutson, 1978). The
substrate pH indirsctly affects bacteria and fungi and this var-
fations in food utilised in relation to typs and quality of ths
dist influences collembola growth and fecundity (Snider, 1971).
The pH in the present sxperiments though operating significantly
was definitely coupled with their relationships and effects on
fecundity and developmunt with that of temperature and salinity.
Hale (1965h; 1965c) had showed sggs being reduced at lowsr pH but
simultansously at optimum temperatures. Sharma and Kevan (1963a)
found similar results ks by Milne (1960) at very low temperaturss.
Thess results cannot be compared since thsy are rather low for

the number of eggs per female per batche

The factor of salinity again has very little comparison in
sarlier literaturs. Howsver, it was seen that at higher salinity
levels maximum growth and development had taken placs. This 1s
understandable as in the fisld conditions the conductance values
have also been quite high during the high levels of population
densitye This is in confirmation of the study of Hutson (1974,
1978), who showed that at higher conductivity collembola species
is abls to survive and reproduce adequatelye Such results are
comparabls with plant scologists that the yield of crops is

directly related to conductancs, therefore to salinity.

Even though the above interpretation have been given bet-
wesn the main environmental factors and life history strategiss
it was gensrally seen that tempsrature as an snvironmental factor
showed only positive significant for S. indica in relation to
fecundity while all others were nonesignificant. Hence tempsra-

ture does not really play a major role in oviposition. Similarly
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except for the Il instar for S. lateralis and Salina yosii whsrs

there was a positive signifitande, in all othet casesd it Was not
significant. Thersfors it seems that the mortality was not affeds
ted by temperature. The length of days'in relation té temperaturs

ilas sean to be sparative for the hatehing in all ths spebieé and

for Salina yosbi in most of the instars, while in Seira indica in

last two instars and For Seira lateralis_thé firéﬁ tijo instarsge

In this case it does reveal that temparatire played a role in the
dQVGlopment tlme elther For the hatchirg period 6% for the diff-
grent mdlts, In relation to thd size it wss sesf that temperatirs

was significantiy relatsd only fos Séifa latgéralis and Salina

yosii FBF egg diametéry In Ssira 1nd10a and Seifs latsralis, for

aii gfhat instars there was some slganlCahéé, mﬁiie for salina

..........

fqp pn;y IVth instar, Therefdre the size affected hy témperature
8Aly for sofie, not Por others. This sort 6f températiie variatisng
if telation to different Gorrelaticns show that For the spBiies

like Saira indica and Sgira latsraiis from the youngest abandoned

fallow there is quite some significance while for older abandoned

ﬁaiié@ gpecies like §§}iﬁa yosii and Enfdmébfya kKali. thefé iias

VETY little significance, with temperaturs. This proves that
established species have very little variations with minor fluc-

tiations of tempsrature.

pH as next snvironmental factor was ssen to be significan=
tly correlated in all cases whersver 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 slgnlﬁlcant role in the oviposition rats,
Similarly it did not show any 31gniflcance For the mortality of

all the instars in any of these species. In relation to length
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of days of development and pH, it showed that thers was signifi=~
cance in all the species for hatching, though negative. In Seira
lateralis and Salina yogii ths length of developmental days of
sarlier instars also showed significance negativs reslationships
while for Sgira indica it was for last two instars. This shouwed
like temperature that thers was some relationship except that it
was in negative. For the measurements, also pH showsd a similar
correlation in the different spascies except that it was always

negatively corrslatsd.

Salinity also revealed a similar pattern like temperaturs
for either fecundity or the number of instars as wsll as for the

length of days of development and for different mesasuremsnts.

It was further seen that in most gases for all the spsciss
the multiple correlation was highly significant. This therefors
proves that tempsrature and salinity acts positively in that with
increase in temperaturs and salinity, there is a definite rela=-
tionship with the length of days and the size, while it is nega-
tively significant for pH, hence highser the pH lowsr thsse possi=

bilities.
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INTRODUCTION

The process of recycling of nutrients and the flow of snergy
betwesn different troéﬁc levels is greatly influsnced 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 living in the soil. This is very trus
espocially among those groups of animals whers attempts have besn
mad= and which dominate any soil acosystsm like collembola. Most
studies exist mn the aspects of scology connected with nutrition
bioc .cgy of collembola in particular to litter decomposition and
thereby formation of goil and very little on ths natural feeding

behaviour of thess groups of animal in the fisld.

Ong of thes sarliest rsports in relation to feeding bioclogy
of the collambola was by Agrell (1941) who showsd the occurrenco
of empty guts to dry condition in the soil and litter in Anuroghe:
tus laricis, Day (1950) showed during the studies of sarthworm
that bacte;ia doss not gst affectsd by passags through the gut.
Hutchinson (1951) also showsed the effect of physico-chemical
instsbility of ths litter and humus microhabitats for the incor=-
poration of fugitive speciese. The typs of vegetation in a region,
was reported to be indirectly affected and exsrted the influsnce
of the microfloral composition in the soil (Bellingsr, 1954). The
increase to about two~thirds of the bacteria in the soil was att-
rib"{-d to the mixing of the organic and minsral particles by
sar.Fvorms and millipedes (Kollmanspserger, 1956). Such mixing is
also attributed to the tranlocation of those fragments from the
litter layer to lowsr 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 are reported to be pressent as gut symbionts in collembola
having an important role in the digestion of plant material
(Torne, 1961), The distribution of collembola is directly prépore
tional to the distribution nf fungi on which they fesd (Knight,
1961) and that they are greatly influenced by humidity gonditiong
6f the habitat (Poole, 1961), Individual preferenpss of certain
plants by collembola species are knowdA to be egtablished (Dungety,
1962). Such populations when aggregated is kngun %o play atleast
a peripheral rale in soil processss (Macfadysn, 1963)g Under Gul=
turs expstiments 6f Peeding; it was ghown by Sharma and Kevan
(1963bs 1963c) that pApwlatisng 6f ghilembola fai} to repreducs
on a dist lacking in plant material and showed occassional sannis
balistie behaviour, Howsver, Christsfisen (1964) showsd fodd pfes
fersnces was quite a wide rapge, and that ngéligijgp% in the qut
bf collembola was Gapable of digesting chitin thereby furthsf
confirming the fact that collembola &nd micro~ ot macroflora ars
directly proportionaly In any case the distinction Bstween inges=
ted and assimilated was shown by Healsey (1965) that certain collwe
embola species utilised only fats and €arbohydrates in fungal
hyphae without interferring with the repfoductive structures of
the fungus, Healey (1965) also showsd that collembola spscies can
survive upteo sighteen months in a state of facultative diapause

without feeding.

Knight and Angel (1967) showed that the average cc llembola
spend an inactive or semiactive state for nearly 40~50% of its
adults lifs. Von Torne (1967a3 1967b) had shown the activity of
the collembola own gut=-enzyme complement along with coprophagy
could be responsible 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
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by Stebasva (1967). The lack of breaking down celluloss in collem=
bola was reported by Zinklsr (1969) and that the diminution of
lesaves after passing through guts is the initial step of the decs
omposition cycle (Tikhomiwov, 1969)s The action of fungl on much
haterials could be {mmediate as thsy are known to adapt physiclo=
gically to wide range of concentration of nitrogen (Lesvi and Cow=
ling, 1969), for the growth and requlation of animal populations
depended on the food quality (Watson, 1970),‘This is supported by
the Fapt that the individuals of the game specieg differing in

the gut contents from different habitats, is greater than in indii
viduals of diffsrent spscies gquts in the same habitats (Gilmore
and Raftansperger, 1970; Bodvarssony 1970);: Further confirmation
tg this have been shown by McMillan and Healsy (1971) where colls

Bmbola spscies living together show gut contents Uery similar.

The nutritional differences betwsen species of fungi with
raspact to feeding of collembola was shown by Mills and Sinha
(1971) which was coupled with the infrequent feeding behaviour of
collembola {Dewith and Joose, 1971)s This is further supported by
the fapgt that most collembola specisess are more or less unspecia=
lized feeders (Petersen, 1971; Massoud, 19713 Luxton, 1972). Such
low degree of specialization was associated with excess of food
available (Andsrson and Healsy, 1972) and that scarcity of food
was an important source of stability in reducing the ampl tuds
of population fluctuations (Smith, 1972). Furthsr, Jones (1972)
showed the secretion of toxic substances from root systc to cone

trol populations.

The importance of food _ available under field condicions was
shown by Emlen (1973) as an adaptation to varied diet would only

seem a selective advantags under laboratory conditisns. A direct

relationship between fauna and flora in agricultural tilled soil
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was shown by Kines and Sinha (1973). Moreover, at any one time ‘"«
the greater part of a population does not take papt in ths uti-

lization of food resources (McMillan, 1975).

Fungi from the onset of decay of plant remalns incorporates
a major protigm of labile nutrisnts in microbial tissues which
represents a high guality of food rescurces for soll invertebrates
(smith, 1976)s This along with the nutritional valuss and physio=
logical activities is helpcd by the wide adaptability to the nits
rngen (Dowding, 19763 Parks, 1976), Causes of starvation lesads &g
mass migration of the gnimais and ig directly related to rainfaii
after a dry period in inducing high f8eding aptivitids amepg Bols
iembola speéiss (Joosss, 1976). In this respect Mitchell and Par=
kipgon €1976) revealed the feeding attributes of a fauna iR rela=

tion to its role to decomposition.

Joosse and Testripk (1977a; 1977b) attributed food scarcity
to sstablishing populations and predation (Earnsting, 1977) and
goil moisture (Verhoef, 1977) for the regullation and survival of

sbms collembola populations,

Work on Indian collembola and their feeding bshaviour doss
not exist by themselves except that of Singh (1969) and if at all
pfesent they are in relation with either the general studies or
life history strategiss. Hence the aim of prssent work was to
identify among soms dominant species of collsmbola present in ths
different abandoned fallows and sspecially ths 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 nutrisnt
recycling was done by these dominant species of collembola in
such soils. All comparison of the feeding aof the four species un-

dertaken by what is present in their gut contents was therefors
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corsslated with one major group of microflora namsly fungi of the
soil, Also their studies were carrisd out ssasonally for a pepiod
of one annual cycle to ldentify the selectiveness or non-selscti=
vensss of the Pood (fungi) as pressnt in the soil corrslated with
that present in the gut,
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MATERIAL AND METHODS

The four species undertaken were the same as for the lifse
history studiss., The extraction for these studies were also gimi-
larly done as shown sarlier in that chapter, Every month raplic=-
ates of 5 Prom sach speclss collected and sxtracted from fisld

were uged for the studids.,,

Immediately after collection of the specigs the gut of the
individual spepies were teased out from five individuals saghs
Thess guts wgrg thaen placed in the dilution plats for culturs and
cut epen and spread out on the media with the help of a spray of
triple distilled water, Hencs five plategs wsre prepared for each
spacies svery month, The soil was taken from the two sites (A and
B) whers thess speciss occurred and a similar soil dilution platg
method Wwas used te isolats the fungi, In this case 10 gm of spil
from sach sits and replicate samples of five were placed in 100 ml
of triple distilled water in a 250 mls Erlenmayer flask and blen=
ded for 1 minute for sach replicate sample (5) for both sgil Sam=
ples from both sites and hsnce a total of 10 plates wers prsparsd
svery months Final dilution of 1 to 10,000 were used Por isolation.

The media selected was Martin's rose + Bengal Agar (Martin,1950).

Such plates both for the gut contents of the collsmbola s
speciss and soil samples amounting to 20 {(animals) and 10 soil
replicates were incubated every month at 25 + 1 fotr 5 days. After
this period the plates were removed, the fungi identified upto
species whersever possible or at least to gensra and such identi-
fied colonies counted and expressed,as 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 January,

1978,
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RESULTS

The present study was conducted on four species of dominant
collsmbola species found in two abandoned fallows (Site A and Site
D), the youngest and oldest respectively. One common finding in
both the sites of the fungi from top soil layers in these abando=-
ned fallows was that a total of 21 speciss of fungi wsre recorded,
irrespective of the agse of the fallow, Cf these 21 species, whan
the total year was taken into consideration, it was ssen that

Trichoderma virids, Pers, sx. Gray was maximum in the soil (nearly

16%) followed by Penicillium chrysogenum, Thoms (15%), Aspgragillus

niger, Van Tisgham (14%) and Fusarium sp. (12%), in the soil of

the youngest abandoned fallow (Site A)e All ths others recorded

less than 10% with Penicillium nigricans, Bainier, Thom. (9%) and

the least were Cladosporium sp., Acremonium spe and Vserticillium

spe all recording only 0.8% (Fig. 25).

A similar analysis of the soil in the oldest abandoned fale-
low (Site D) when sesn for ths whole year, revealed that the maxie
mum occurrence of the surface layer of this sites was that of

Penicillium niqricans (13%). All the othars recorded below 10%

with only Aspergillus niger (nmearly 10%), The least occurred spa~
cies in this site wsre thoss of Actinomucor spe., Ygrticillium sp.

and Scopullariopsis sp., all recording around 1.5% (Fige 26).

As seen for ths soil throughout the annual cycle, it was
sesn that 1n the gut of 'the various speciss undertaksn that in

Sedra indica, the maximum occurrence of the fungi Trichoderma

viride amounting nearly 24% followed by Fusarium spe. ©of nearly
23%+ Hence thess two species formed nearly 50% of those found in
the gut while the ones not recorded at all throughout the year,

though present in the soil were Cladosporium spe., Mucor hiemalis,

Wehmer, Acremonium spe., Cunnighamella sp., Actinomucor sp.,
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Usrticillium spe, and Scopullariop&is spe. Hence out of 21 species of

fungl found in the soil, only 14 speciss werse recordsd in ths gut in

this species (Fig. 25),

In Ssirsg lateralis Yosii when so observed it was seen that
Fusarium spe formed nearly 25% in the gut when the whole year was
taken Into considsration, followed by Alternaria alternata (Fries)

Keissler and Pgnicillium chrysogenum both around 12%, Hence in this

species of Collembola thess three groups of fungl sccupied pearly
50% pf the total fyngi in the gut, Again in thig species, it was ssen
that ssven fungil were absent which were thhiq@ 8pe, Mucer hiemalis,

T

ﬂcrgﬂgqép@ BP vy Qghqighqms%kg spesy Actinomucor spe, Ygrticillium sp.

and Scopullariopsis spe It was therefors ebsspved in this gpecies of
. - RN
Cpllpmbpla Seira lateralis that ggain Aply 14 spscies of fungi werse
£l ___‘_A:\) —— “:j
recorded in the gut, out of the 21 species available in gpil (Fige25)s

In the oldest abandened fallow when a similar observation was

made Far the two dominant species of Cellsmbola undsrtaken, it was

sean for Siiing_yosié Salmon, that Altsrnaria alternqta was recorded
maximum in the gut (18%) followed by Fusarium sp. (14%), ALl the

athers recerded less than 10% with only Trichoderma viride recording

nearly 10%, Here again as in the sarlier species some fungi species

werg totally absent in the gut, They were Mucor héemaiis, Acremonium

spyy Lunnighamella aps, Actinomucor spy, Yerticillium sp, and Scop=
g&&gréggsis spe Hence out of 21 species of fupgi present in the soil

only 15 were available in the gut of Salina yosii (Fig, 26).

In the fourth species of Collembola, Entomobrys kali, Imms,

when a similar observation was mads in the gut for the total year,

it was sssn that Alternaria alternata and Fusarium sp. occupied

nearly 15% each as maximum records among the groups of fungi present

in the gut. All others wsre bglow 10% with only Penicillium nigricans;

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 genesral observation for the whole year as shown above,
it was now felt to see the seasonal fluctuations and their trends whe-
there in the soil or in the qut of the various species of Collembola
undertaken in the present study. In site A, the fungi isclated from
the surface layers revealed for those dominant species of fungi to
have their peak period of abundancs in the early spring to continue
through the summer and decline, once monsoon ssts in. In this respect

Trichoderma viride recordaed 45% in May, Penicillium chrysocgenum, 25%

in June. Asperaillus niger 31% in July,/Fusarium sp. nearly 18% in

March and Penicillium nigricans nearly 12% again in March. Howsver,

the sam2 groups wers seen to be minimum either during the sarly sum=-

mer or late winter, like Trichodserma viride recorded nil in the month

of April, Psgnicillium chrysogenum 5% in Novembsr, Aspergillus niger

nil in January, Fusarium sp. nearly 2% in January, while Pgnicillium

nigricans nil in May and Juns. In all other groups of fungi they were
only around 10% or below (Table LXXV).

In site D, the ssasonal trend when observed in the species of
fungi present in different months on the surface layer of the soil

rgvealed for the two dominant species, Pgnicillium nigricans and

Aspergillus niger that the pesak 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 wsre five species
which recorded at least 20% or more of the relative abundance at ons

or more months. These species were Absidia spinosa, Lendoner which

recorded a maximum of 20% in the month of April, Alternaria alternata

recorded 30%, maximum in the month of July and Fusarium sp., 30.1%

again in July, while Doratomyces sp. recordsd maximum of 20% in the

month o May and Pinally Acremonium sp. again 20% in the month of

January (Tabla-LXXV).

As seen for the soil in the two sites a seasonal trend in
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the gut contents for the various spscies of fungi in the four

differant species of collembola was recordsd. In Seira indica the

two major specises which were found in the gut contents wers Jri=

choderma viride and Fusarium sps which showsd & maximlm peak in

July (50%) and Nevembsr (45%) respectivelys In addition to thess
two species; ¥t was felt to see the occurrence of any specles AP
fungi in the gut contents occupying mors than 20%, at least once
throughout the study psriod. When so sbssrved, it was seen that

Aspargillys piger recorded abous 20% in the menths of July and

Optober in the Pormer 31% and latter 21%, Pgnicillium chrysogenum,

nearly 20% or more in the manths of April and August while

Absir a spinogsa showed 20% only in the month of April and Mucea

recemosus in the month of August (21%), Alternaria alternata sho=

Pz araen

wed in June and August, 38% and 29% respectively. In Mucer circi=-
nglloides Van Tieghsm showed aonly in the month of January Just
20% and Mycogone sp. revealed nearly 22% in the months of May

and Octobgr, (Table-LXXVI),

Ip Seira lateralis when a similar analysis was made for the

gut contants during the seaspn, it was seep for the dominant groups
like Fusarium sp., a record of 100% in the moenth of 3July and nil

in the month of February, Alternaria alternata showed a maximum

of 57% in the month of June, while Pepicillium chrysogenum showed

oa—— = [Emgr——y

a maximum of 28.5% in the months of April and November. The groups
of fungi which recorded 20% or more in one or more months during
the study period, was sesn in 5 fungal species., These ars, Jrich=-

oderma yiride, 20% abundance in the month of May and 28.5% in the

montn of November, while Aspergillus niger was 28.5% only in Nov=

ember and 23% in Septembser. In Absidia spingsay, 28.5% was recor=-

ded in the month of April while Mucor recemosus, fresenius showed

40% in August and 23% in September and Mycogons sp. showed 30%

in May (Table=LXXVI).
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In Salina "osii_,i when the dominant speciss were undertaken
to ses the seasonal fluctuations in the fupgi present in the gut,
it was seen that Fusarium gf. and Altermaria g}ternata 66curred

yirids recofded a maxw

50% in the month of July, while Trighoderg

imum of nearly 27% in the month &6f Ostober, ThHose species g@%ph

month of October, while in Absidia gpinosa 33% in the month of

August and in Mucor recemosis a psak 8f 7% was retorded in ths

month of Augusts The fémaining gpeciss were Myadgdne py whieh

tecasded g faxinin 6F 50% in May, Doistonypss &py meximum of 20%

was neen in the month of October and Pythium sp, 23% in Augiist

(Table LXXVII),

In Entomobrya Kali, ths seas8fial fluctuations Bf domimant

grodps when obsefVed were sgén as ip the case of Altgrnsgis alter-

hata that a peak of nearly 70% Was obsstved in the msnth 6f Jurs
With & slight drép to 60% if the month of July and reduced t6

nearly half (28%) in the month 6f August,

Fusarium spy, Maximum
ljas sesh in the menth of May (45%) while it dropped to Asarly 30%
(29,5%) in the ménth of Jdnd, again increased to 40% in Jily;,

while Pempicillium nigricaqg showed two peaks of abundance, one in

August (27%) and the other in January (21%). Those 8§pecies which
recorded 20% or more in ®ny month other than the dominant species

above Was in Aspergillus aiger which recorded rearly 21% in the

month of September as maximum peak, Absidia spinosa showed only

20% in the month of April as maximum, Mucor recemosus (45%) in the

mont~ of August, while in Mycogone sp. nearly 55% was recorded as

maximum in the month of May, Doratomyces sp. recorded a peak of

25% in the month of October and Pythium sp. in the month of April

with 20% (Table LXXVII).
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In addition to the general seasonal trend for either ths
s0il fungi or those available in the gut of the speciss of coll=-
- embola undertaken, the Ivlev=index (1961) was worked out to
bring a true picturs of whether there was any particular period
of the season of selectivity and alsoc whether species were sele=-

ctive feeders. In Seira indica it was seen that the maximum co-

efficient occurred for Trichoderma viride, Asperqillus niger,

Penicillium chrysogsnum, Mucor recemosus, Alternaria altsrnata

in the month of Octobser for the first three and August for the

last two respectively. Species like Penicillium nigricans and

Absidia spe. occurred in maximum in the month of March and Febru-
ary respectively, while in Fusarium spe. and Pythium sp. it occu=
rred in May and April respectively as makximdme Finally Absidia

spinosa, Mucor circinelloides, Doratomyces sp., Mycogons sp. and

Cophalosporium sp. occurred maximum for the first three in the
month of December and the last two in the month of January.
Hence very clearly the maximum peaks occurred either in autumn,

gdarly spring or winter fcr different fungal species (Fig. 27)

For Segira lateralis more or less, & similar trend uwas fol=

towsed except that the fungal species differed in the seasonal

maximal coefficientss In this case Irichoderma viride and Myco=

gone sp. occurred maximum in Octcber, while Penicillium nAigricans

and Mucor recemosus in August, while Aspergillus niger and Peni=

cillium chrysogenum in November. The 6ne gréoup which occdurred

maximum in summer was Alternaria alternata, Absidia spe. and

Cladosporium sp. occurred maximum in the month of February and

March respectively. Absidia spinosa, Mucor circinelloides and

Absidia spe occurred in the month of December as maximum, and
for Absidia spe. this was the second peak. Lastly, Fusarium sp.,

Cephalosporium spe and Doratomyces sp. occurred maximum in the

month of January (Fig. 28). 221



Fige 27 : Shouwing the index of electivity and its sea=
sonal fluctuation in the Collsmbola gpecies=

Seirg indicsa.
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Fige 28 : Showing the index of electivity and its sea=
sonal fluctuation in the Collembola species=

Seizg lgtorglis.
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In the Salina yosii, maximum were recorded during winter

months like, Asperaqillus niger, Absidia gpinosa, Mycogone sp.,

Cephalosporium spe. and Cladosporium spe all in the month of Dec=

embers In January, Penicillium chrysogsnum, Psnicillium nigricans

and Pythium sp. recorded maximum. Cosfficients in Absidia sp. and
Doratomyces spe was recorded maximum in February and Mucor circi=
pelloides spe in the month of Novembere. Ths remaining gpecies

like Altesrnaria altsrfata ahd Fusarium sp. occurrsd in July whilse

Mucor recemosus 6ccurred in August and Tricheoderma viride in

September as maximum coefficients {(Fig. 29).

In the last species Entomobrya kalli a more or less similar

phenomena was seen except that in April, Bythium sp. recorded

maximum and Altsrnaria alternata and Fusarium sps in July; August

recorded maximum for Mucor recemosus, while Trichoderma viride

and Aspergillus niger in September. In October, November maximum

records were those of Doratomyces spe. and Mugor circinelloides

sp. respectively. ALl the remaining recorded during the winter
months of either Descember or January, the former having fungal

speciss like Absidia spe., Mycoaone sp., Csphalosporium sp. and

Cladosporium sp. while the latter both the Penicillium species

were recorded (Fig. 30).
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Figoe 29 3 Shouwing the index of glectivity and its sea-
sonal fluctuation in the Collembola specisse

Saling yosii.
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Fige 30 : Showing the index of electivity and its
seasonal fluctuation in the Collembola

species Entomobrya kali.
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DISCUSSION

While observing the gut contsnts of the four species of
Collembola and correlating it with those in the soil from whers
these species wsre extracted, it seemed, that, generally thefe®y
is no regular pattern betwesn the soil fungal flora over the gsa=-
son nor of the fungal flora in the gut. Among the dominant spec=
ies of fungi from site A, which was the youngest abandoned fallow
and site D the oldest abandoned fallow there was significant dife-

ferences over the ssasonal abundance of the various fungal species.

When the gut contents of Selra indica and Seira latsralis

collembola species from the same site, was compared with the soil,
it was sesn that among the dominant fungal speciss, liks Tricho-

derma virids, Penicillium chrysogenum, Aspergilluys niger and

Fusarium sp. recorded peaks of abundance in the so0il, in the qguts

of Sgira indica and Selra latsralis around the same month excspt

for the last which in Sgira latsralis showed a contrasting incr-

eass when actually in the soil this was declining. One dominant

species in the soil was Penicillium nigricans, which was not re-

corded in the gut of either of these two collembola species.

However, fungal species like Alternaria alternata, Absidia spirposa,

Mucer recemosus which were least recorded in the soil was found

to be atleast 20% or mors in the guts of both species and had a

similar peak of abundance. In addition to this Mucor circinello=

ides recorded in Seira indica was replaced by lMycogone sp. in

Seira lateralis.

A similar analysis in the oldest abandoned fallow (Site D)
and the collembola specics associated, revealed that only Alter=-

naria alternata and Fusarium sp. when forming a peak in the soil

was also a peak in the cuts 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. kali. They .howsd a diffsrent pattern in S. yosii
and in fact the former fi11gal sp. always recorded below 20%,
though revealed a peak sinilar to soil recording only 16%. Dora=

tomyces sp. showed similar peak of abundance betwesen soil and

wl
W]

l1ina yosii qut contents but totally different for Entamobrya

mTE e

l

kall gut contents. Aspaerqillus niggr recorded maximum in mide

monsoon, showed peaks df abundance in the guts of Salina ypsii

and Entomobrya kali, only in the autumn months, Acremonium sp.

which did show more thar 10% in the stil was totally absent in
the guts of both the sfeciss. In addition to thesé, fungal sped-

ies like Trichodsrma viride, Psnicillium éhrysogenumy Mucbr rec-

emosus and Pythium sp., which occurred well below 10% in the sdil
but was present as peaks of 20% or fors in the gut of S. yosii.
Of these, the ldst two species were also prassent in the gut of

Entomobrya kali while the former two were abssnte Mycogons sps

similarly occurred in the gut of E: kali and not in thse gut of

_5_3 YOSiio

As a general occurt nce of various fungal species of the
gut of the collembola ir-~-spective of arsa From where they wers

collected, it was seen tbat Asperqillus niger, Fusatium spa;

Absidia spinosa, Altsrnar.a alternata and Mucor recemosus occur=-
39 a

red in the guts of all th= four species of Collembola irrespsc-
tive for whether thess fo.somed 10% or more in the soil from dif-

ferent sites., Trichoderms vir.de and Psnicillium chrysogenum

were seen to occur only in S. indica, S« lateralis and Salina

yosii quts, while Penicillium nigricans ih the gut of Entomobrya

kali omly: Species like Daratomyces sp¢ and Pythium sp. ssemed

to show a relation to the collembola from different sites in
that they failed to occur in the guts of S indica and S.lateralis

while present in Salina yogli and E. kalis Interestingly, enough,

Mycogone sp. was found onwuy in Se. lateralis and E. kali, the
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former from the youngest abandoned fallow and the lattar from the

oldest abandoned fallow, Mucor circinelloides wWas a species wﬁich

occurred only in the gut of Se indica and nowhere elsa.

Ivlev, 1961 indSXjBf;s;a¢%ivi§y when appiied te stow whether
there was any selectivensss phéhémém@m, wag 8esn that no true cbn=
clusions can. be obtéined, even though the values ranged ?ram (ﬁ)
to + values of 1. Certain spscies of Fungi, which showed a sesaso=-
nal beakeofiabandanbe for these baiues,'shomed that it mever cos=
incided with either the percentage peaks im tke seil or gut, This
prOVeé"beybndldoubt that the 4 species of collembola undertaken
were non=specialized and the feeding was randam with QﬁchtApﬁ
intensity only during the autumn mgnths ;mmagiaggiy @ﬁtﬁ? ?éi”S@

From all the :aboié, it was ssan that the four speéies of |
collembola wers more or legs non-specialized feeders (Petef&sfij
19713 McMillan, 1975). This low degtées of specialization -das
pfobabiy é%tribdﬁéd to ths food available to thess deoomposers
always in excess, (Healey, 1972), In the present study, it was
gsen when even partlcular fungal specigs becbmas rarse, yst thers
does ngt seem to be aldlstlﬂct selective advantags in contrast
to Emlen (1973). In 511 the four species of collemboia undertaken
there was no incidenée at all of sfipty gutsy This was probably
bec&lse of the regilon under considération which always had high
humldlty and ralnFall above average in comparlson to rest of
Indlao Houever, it has beén séen that there was high Feedlng

aCthltleS immedlately after th

é onset of moAsOGR (Joose, 1976)
It 1s seen that there is a great synchronlsatlon of total coll-
gmbola popylatloh to the Feedlng behavlour“as segn here; whe;e
the amplitude of population fluctuatiens increase in autump
(Smith, 1972; Joose and Testerink; 1977), Thisy therefore primas
rily attributed to soil moisture condition thananything else

229


file:///iias

(Verhoef, 1977). Out of the nearly 10 or 11 species of Tungi it
was seen that more than 50% are common the gut and also similarity
in the gut contents betwsen the two species from the same habitat.
This is in concordance with the several studies, that the gut con=-
tents of collembolan species living under similar conditions, shouw
similarity (Poole, 19593 Gilmore and Raffensperger, 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 well establ=
ished, than related species sharing same habitats svolve food
differentiatign and hence the concept of ecological niche (De:Bach

1966; Slobodkin gteale 1967; Reypoldspn and Dayiss, 1970},

From the present study it revealed that for most fungal
gpecies there was no direct rslationship in the gut of thess cols
lembola species, Thig may be attributed teo undetected differences
in their soil fungal utilisation. Further, species gf collembola
are known to vary in their ability to digest particular compongnts
and alsa vary inp the actiuity ranpge of their own enzyme component
gUgn Torne, 196%5; 1967b). In addition it is understood that in
the present stuap, the microhabitat differences betwsen species
have been left undetected because of the complexity of the workz
We will agree that the low degree of food specificity in thess
species was due tp an interaction, reducing competition pressure
betwesn the species which superficially utilise the rather uni-
form resources under moist soil conditions (Anderson and Healey,

1972),

Despite this fact, fungi among microflora are the most
gfficient penetrators of plant remains and within a limited

period, nutrients get incorporated in microbial tissues, which
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repressnts not only production of squal or similar food resources
but also a high quality of nutrition. From the present study, it
was further seen that the index after Ivlev (1961) also proves
non=selectivity of food irrespective of the age of the fallow and

the differences of the species undertaken.
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GENERAL DISCUSSION AND CONCLUSION

It is known that a wids range of habitats occurring as a
mosaic differing in soil and litter type and also vegetation cover
has bsen very wsll worked out in temperate climatses, This is still
to bs seen from a comparative base in tropical situation as therse
have not been a total scological study of soil fauna. This is more
so in the Indian situation and the region under consideration,
North~Eastern India, where thers are hardly very few reports. It
was therefore felt how ecological ssgregation could be achieved by
environmental factors and biotic Péctors besides the contrast in

lifs forms of these areass

It is sstahlished that soil fauna of agronomic system is
notoriously impoverisned in comparison to uncultivated forsest or
grassland eccsystems. Tillage practices disrupt to an appreciable
extent both the structure of the soil and the biotic community
{(Allisony, 1973). Hence, it is all the more because for high degr-
ges of depletion of soil fauna in cultivated lands brought into
agriculture from natural forest and without the:input of fertilie
zers when left fallow, Therefore the response of soil fauna to
suéh disturbances, determine which 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
digturbed fauna will always ba slow and a causative factor as re-
sistance would be the limited rate of recolonization as seen from
the present investigation that though there is an immediate migr=-
ation to areas on disgontinuity of the tillagse practices, a real
stabilizatian takes many years (Greenslads and Greenslada, 1977),
where in the present study it was sssn to be 20 years. This provss
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 dUhderlying predation pressure. In this process of succession
and recolonization, competitive interaction could bs sxpacted to
play a major role in population processes and dynamics. This is
all the more true in humid tropics where the climate is usually
favourable (Bullock, 1967) and competition to be diffuss (Terborgh,
1219713 MacArthum, 1972). For any one species liable to interact with
a mosaic of others at diffsring densities and in a number of per=
mutations and combinations, Anderson and Healey (1972) was of the
opinion that fugitive spscies could co-exist with superior comps-
titors by migrating to temporarily unexploited patches in the ha=-
bitat, But both opportunatist and fugitive species are ¥-strate-
gists, (MacArth@r and Wilson, 1967); ¥=K spectrum (Southwood,1977).
These thersfore, have the potential to buffer ths temporal change
and its effects in the supply of resources caused by variation in
weather or density of key gpscies within normal variatien ranges.
Du Plessis (1978) 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 which are established and thereby creating avenues for theg
gpurt of undeSirable elements. While these are mainly based on the
present climate and the recent manipulations and impacts by land,
the closest affinities among the soil faunal communities could
always be related to a conssquents of factors in the geological
substratum and to characteristics that the "natural ecosystems"”
would have posssssed, if left undisturbed. In other words the res=
ponse of any soil faunal systsm 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

avents,
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Further, it is noted that though soil fauna might vary little
tn ‘the efficiency, they utilized their resources, the carrying cap-=
aeity of the environment would depend on the niche breadth or the
number of resources within the environment that each specialization
have svolved a mechaism for expleoitation. Corollary will be, when
thers are many species of one group or community in a given habitat
the svolutionary strategies for these groups would be to diversify
the food resources utilized as much as possible so that a reduction
of competition to a low level is achiesved (Blackith, 1974). In ad-
dition to all these ecological factors in the formation of soil it
is certain groups of soil invertebrates likes 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 speciess capable of reproducing and surviving for
long periods at below gptimum lsvsls of snvironmental factors like
pH, salinity and temperaturs would liksly bs encounterad in the
sarly stages of soil formation, represented sither by large pres-
ence of micro, meso or macrofauna. Stabilization sffect would
truely bs indicative of the presence and abundance of macrofauna
in contrast to the other two groups. This fact was sssen very clea-
rly from the present study. However though some soil fauna are ca-
pable of livino under extrems conditions, there is a threshold
levsl beyond the damage of the soil could show population dynamics
irreversiblse. It is for this rgason though quantitative variation
at species level is ideal yet it doss not allow to draw definitive
conclusions for such studies in disturbed ecosystems. It is there-
fore the whole community which is a good ecolaogical indicator of
the impact of jhumming and the outcome of colonization after such

a process in lands which liep fallow.
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CONCLUDING REMARKS

With the fore=~going discussion, it is seen that the present
inv~stigation incorporated in the first chapter on the total popu-
lation dynamics of groups and community of soil fauna, their in-
terrctions with physical=-chemical factors of the environments and
soil and the idsntification of succsssion and rscolonization 1in
dis.urbed scosystems and landscapes left abandoned or fallow for

con-iderable lengths of time,

It is seen that the immediate abandonment of land after tile-
lag> shows a total increase only in mesofauna and to soms sxtsnt
to microfauna. A definits successional pattern was sssn in the co=-
lon.zation of macrofauna which steadily increased from the young=-
est abandoned fallow to the oldost abandonsd fallow proportiona-
tely. This therefore could be the deciding factor for a relation
to soil fertility and recovery of land in such disturbed areas.
The pressnt study further revealed that it was the moistures grad-
ient highly responsible to vertical migration in the soil faunal
lands and tempsrature was only secondarye. In tropics, such distur-
bed ecosystems create harsh environments with extremes of tempsr-
ature, moisturs in the tropics, therefore a dirsct impact of heavy

rains creates a positive responss.

The second chapter incorporated the life history strategies
of our domimant speciss of Collembola, the group which did play
a s.gnificant rols in the abundance of total soil faunae. Here
aga n it was seen in two species each from the youngest and the
oldc st abandoned fallow. Further, the 1life histories were worked

out under a combination of various environmental factors like pH,
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temperature and salinity. However, though one factor like temper-
aturs either by itsslf or coupled with salinity did show marked
effects on the life histories of these species yet in gsneral

there was hardly any differencs in the speciss undaertaken.

The third and last chapter was done by utilizing the same
four dominant spacies of Collembola in relation to their feeding
behaviour in the field. The study revealed that this speciss un-
dertaken were non-selective and non-specialized in their feeding.
In rertain aspects it revealed dominance of those in the soil to
be proportionally dominant in the gut of the species. The index
of selectivity proves that they were definitely non=slective in
their approach of feseding. The increase of environmental stabili-
ty is usually considersed as the governing factor for the differ-
ences found betwsen communities attached to either diffesrent
horizons of the soil or differsnt soil types is a significant
factor. This further affects the mode of reproduction and type of
development in the light of gnvironmental propesrtiss in relation
to the utility of food resources for the dynamic aspects of an

gcosystam.
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