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GENERAL INTRODUCTION 

Forests vary greatly in structure, their productivity 

and turnover rates in general, though ofrering a stable micro-

habitat. The physical conditions of the microclimate and con­

sequently the microhabitats are generally important in detisr-

mining the composition of fauna (Stout, 1974). 

Trees and forests have always been subjected to dual 

attitude, on the one hand a feeling of beauty, awe, reverence 

or mystery and on the other a sense of utility, a desire to 

cut them down, make houses and bridges and clear the land for 

farming, as seen throughout man's history (Botkin and Miller, 

1974), The need to study forest systems, stems from the need 

to understand, not only as a value for man's soul - his re­

creation and aesthetic appreciation, but to understand those 

organisms that exist in communities involving many biological 

interactions. It is in this context, that the forest ecosys­

tem is relevant not only to professional ecologists but also 

in view of man's present day environmental problems that it 

has been studied in greater detail than ever before. This led 

Odum (I97l) to define ecosystem from both anthropocentric and 

professional angles. Either definition involves the structure 

and *unction uf a system under consideration. The word 

"EcQs/stem" coined by Tansley (1935) had passed through a 

phase V? related terminologies like "BioOenosis" (Mobius, 

1877), '̂ licrocosm (Forbes, 1887) and "Biogeocenosis" (Sukac-

heva, 1544). However, no one has expressed the ecosystem 

concept -0 man oetter than Leopold (1933) who wrote, that 

Christianity tries to integrate the individual to society, 

democracy to social organisation in the individual, with no 
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ethic of man's relation to his environment. It is for these 

reasons that ecological processes hav/e been traditionally stud­

ied from convenient vantage points. Three of these could be 

identified, (l) the geographical distribution of species and 

their relationships between species diversity and area, (2) 

species interactions in rerms of population dynamics and (3) 

energy floui in ecological communities from primary producers 

to consumers through higher trophic levels (Rapport and 

Turner, 1975). 

With these in mind the present investigation was undert^^ 

ken from a merological point of view where parts of the system 

could be studied and finally to build up a whole. The ambition 

was soon realised to be far fetched when, as the work progres­

sed, it dawned, that we had to start from scratch. Though idaal 

to study all the three components defined above, a total unde­

rstanding of all aspects and from all points of view was vir­

tually unattainable. The present study was therefore, confined 

to the understanding which was required to use it for some 

specific purpose and the nature of this purpose was the out­

come of the present work. 

As mentioned earlier, about the diversity in forest eco­

systems, the present work was confined to a very restricted 

range of trees dominated primarily by pine (£imjs kesiya Royle). 

Investigations on the kinds of invertebrate fauna, particular­

ly arthropods, which were associated within a range of ecolo­

gical conditions were studied in detail. The forest sites 

undertaken were near-to-natural ecosystems, since they lusrs 

'-in outcome of plantations managed over several years. Two 

major factors affecting this system were the consumers and 
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decomposers. The questions uje asked ourselves, to enable the 

realisation of the objectives of the present study u/ere, (1) 

What were the dominant arthropod groups?, (2) What mere their 

population dynamic relationships?, (3) What ujere the detrime­

ntal and beneficial effects of these, on the forest stands?, 

and (4) Hovu much vuas their functional Interplay? 

At the outset lue divided the forest into two major div­

isions for easier analysD-sof the consumer populations. The 

young plantations ujere analysed for sap-sucking consumers and 

the older ones for chewing and mining insect consumers, the 

latter by the light-trap method. For the decomposer studies 

both soil and litter fauna were analysed to help in elucida­

ting the return of nutrients to the soil. An attempt has been 

made to interelate these different components to get a total 

understanding of the ecosystem considered. A lack in the 

understanding of species differences of the fauna became very 

obvious and therefore the establishment of the relationship 

on firm grounds required the specialized, detailed knowledge, 

which was unlikely to be found in one person. The present 

study revealod the need for a range of specialists combined 

with a knowlodgo of whole system behaviour leading to requi­

rement of a multi-disciplinary research team. However, the 

components analysed have been discussed with confidence, 

wherever possible, to reflect the scene in its totality. 

The specific goals of these studies were to advance 

the understanding of ecosystems through measurements of rates 

of change in system components, expand the data to base on 

the whole system, increase the reliability of production 



estimates and improve the scientific basis for determining 

the resource management practices. 
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STUDY AREA 

Location : 

The study area named as "Riatkhwan Pine Plantation" 

(Plate-1) is about 15 kms. from the Montane temperate city of 

Shlllong (Latitude 25°34'N and Longitude 90°56'E) on the west­

ern side of Gauhati-Shillong Road (Fig. 1a,b), The Riatkhiuan 

pine plantation lies in an altitudinal range of 900 to 1250 m 

M3L. Khasi pine (Piriu,3 ,l<Q.s,i.y.a Royle ex-Gordon) planted by the 

Meghalaya Government occupies the major area. The rest are bare 

hills with tuseds and extensions of undergrotuths (Table-I). 

Nearly all the area is situated above the Barapani Reservoir 

and the hills run parallel to Umroi River. 

Origin : 

Physiogeographically, the area represents a remnant of an 

ancient plateau of precambrian Indian peninsular shield block 

uplifted to its present height. The kernel of the plateau is 

the exposed Archean gneisses and schists covered in this area 

by pre-cambrian quartzites and phyllites intruded later by 

younger granites and basic/ultrabasic suites. This ancient pe­

ripheral surface of the olateau is still preserved with marks 

of different cycles of denudation. It is hidden beneath the 

Mesozoic traps along the central Southern fringe and Cretace­

ous/Tertiary and post-tertiary sediments. The present physio­

graphic ,configuration of the plateau vuas attained through 

different geological events since Mesozoic to present day as 

indicated by the polycyclic erosional surface at various levels. 

The Shillong plateau is a horst which has been block 

uplifted since Jurassic times to its present height of 



610-1544 m above Tl.S.L. and its tectonic history begins luith i 

the effusion of plateau basalts (Sylhet traps) through frac­

tures and faults in the basement and uplift and subsidence of 

adjacent basement blocks. These were followed by upper Creta­

ceous/Tertiary sedimentation into the relatively dou/n throu/n 

portions along faults* The tectonic force has been vertically 

dominated and controlled by differential movements, along 

these basement fractures. 

CljLjnâ te : 

The region experiences a sub-tropical monsoon climate, 

the summer temperatures reaching 28°C and the mean winter 

temperature falling doiun to 6°C, marked by appearance of 

ground frost at night and early morning for most of the win-

tar. The average annual rainfall is around 25n cm, the maxi­

mum annual average of 1143 cm being recorded around nearby 

places at Cherrapunji and Hau/synram, the worlds rainiest spots. 



Figure la shou/ing the physiographical map of 
f'leghalaya and the location of Shillong. 

b shouuing the physiographical map of 
the study area. 
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Plate 1 shoujing the different plantations 
in the Riatkhu/an pine forest study 
area. 





Table I A list of plants found in the 
study area throughout the year. 



TaAls,.! 

L i s t of p l a n t s p r e s e n t in the Riatkhwan Pine P l a n t a t i o n Area, 

TREES : -

* Pi,njj3 ke ŝjL^a. Schima u i a l l i c h i i 

HERBS : -

* ^iiESiSZiiiOl a,d_e_̂ noph.o_r.Uni 
IrenaTTobata 

Oxal is corymbosa 
iiU.P.Q,3 .ê UP t̂jU3U^3_ 
CpjI}Ĵ Qlin_a .bgn^aJLgn.s.i.3 
!̂ -dia|hlLaJ£dJLâ  burjngmni^a.na 
Smj_tBjLaria_ bicpl j j r 
H^^pchaerJLsrX^'^^X^-^-
Artemisia v/ulqaris 
Poa annula 

£mj2oljzia_ ze_̂ ylajT.ij5a_ 
P^xâ lî ŝ  £0£n_i£ulata, 
-^-ra,9-erî a, in^drpja. 
Jiê d̂ cJTJLjjnT cAro.nArjLjuji 
gjB t̂arî a. gj/aurpa 
E^rAgej-oji jXmLToAi-U-3 

* Ane,m_qne_ ri\iiilaj^-^-^-
Ana£hali£ cfl̂ n t̂o^rta. 
T^ifol ium repans 

SHRUBS 

LajT t̂an̂ a canja^a, 
gaj]_i_l_l,ij]e_d.iLp_, as^simi_le_ 

-Î A(iq.di_ujTl .t,ri/JLo_rlju,"T, 
Osbecia c r i n a t a 

GRASSES J -

*S8_taria_ £la_uca_ 
*I.mp_ ê̂ rata c^j:^lj.jTdr_\ca 
* D i q i t a r i a a^djspenjdan.s 

Erlan.thus sps« 

*Cjaj3jUUJLp.ediuni £ s s i m l l 8 
* PsTsBaTumSTla't a turn 
Saccharum officinalis 

'Indicates dominant species. 



SAP SUCKING CONSUMER ARTHROPODS 



INTRODUCnON 

Phytophagous insects are common ubiquitous elements of 

most terrestrial ecosystems. Forest ecosystems, in particular 

support myriads of phytophagous insects (Mattson and Addy, 

1975), aphids constituting one such groupo They are knotun to 

have originated from Archescytinidae in the Carboniferous era 

(Heie, 1967), and are an extremely sun<-;es3ful group of small 

and inconspicuous insects, ujorldujide in distribution. Aphids 

or phloem sucking bugs belong to the super-family Aphididae, 

under the order HemipteraB These are mostly restricted to 

those parts of the plants that can be pierced by their sty­

lets. These are highly defenceless yet destructive, shou/ing 

a high degree of polymorphism (Raychaudhuri, 1975). Oiuen and 

Weigert (1970) suggested that aphids can be good agents for 

nitrogen fixation. The aphids may be beneficial or harmful 

(Raychaudhuri, 1975) and can multiply so rapidly that they 

can reach pest proportion (Dixon, 1973), the study of their 

population dynamics being therefore highly essential for 

better management in farm, forestry and agriculture. 

Even though aphid ecology has been worked out by many, 

knowledge about the population dynamics of aphids of both 

agricultural and forest crops, all over the world is very 

scanty.' The population dynamics of _M. ;je_r3̂îca_̂B has been stu­

died in different potato growing regions of India (Saxena 

and Rizvi, •]974)«. Several workers have studied one or more 

factors concerned in the growth of j^. £̂ rs_icae_ on a particu­

lar crop, Hafez (l961) studied the seasonal fluctuations of 

population densi'i-.y of cabbage aphids BreLvi_co_rjm̂ e_ brassjLcae 

(L) in the Netherlands. Mitchell ejb a_l (I96l) and Amman 
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(1962) described the seasonal history of the balsam ujoolly 

aphid, Â dal.gss. piceae, (Ratzeburg) in Western and Eastern 

United States. 

The rapid rate at u/hich the aphid number changes nece­

ssitates frequent observations of the effects of all factors. 

Continuous observations of marked clusters of ̂ , brassica 

have proved a useful way of integrating certain population 

events and processes {\Jan Emden, 1963). Such data are note-

morthy in indicating a very significant aphid mortality from 

predation as well as intraspecific regulation by emigration. 

DBBOO B^ al, (1964) noted that population fluctuation in the 

number of pine leaf adelgid Pinus pinifoliae (Fitch) has been 

epidemic in portions of the North Eastern United States since 

1955, Balch and Underwood (1950) recorded population abunda­

nce in Eastern Canada. Damage to white pine, produced by the 

pine leaf aphid first became noticeably severe about 1966 in 

Maine although signs of population build up were seen earlier. 

Careful population measurements together with experi­

ments and observations to analyse both inter and intra-spe-

cific causes of numerical changes are few (Hughes, 1963; Way, 

1967; Way and Banks, 1968, Wyatt, 1965). There is always an 

increasing rate of alate formation (with consequent emigra­

tion) as population density increases as well as a decrease 

in the fertility of apterae and alate (Hughes, 1963j Way and 

Banks, 1968). Bryant (1972) studied the distribution of 

first nymphs of Adelqes pic.e_ae, (Homoptera: Phylloxeridae) on 

branches of Balsam fir. In 1976, he studied the abundance 

and survival of these aphids on balsam fir and concluded that 

to forecast outbreaks or assess the efrect of stand treat-
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ments, it is necessary to measure aphid population levels, 

Uan Rensburg (1973) reported the seasonal fluctuations in the 

numbers of field populations of the sorghum aphid, Melanaphis 

(Longi.ugijle.s.) p̂ yyarius (Passerina) forma Sacciari lulth special 

emphasis on the factors that cause these fluctuation. Mackauer 

(1973) studied the population grou/th uf the pea aphid biotype 

Rl on broad bean and pea. 

The detrimental effect of different aphids to various 

forest trees have been reported by many uiorkars viz., the 

effect of European adelgids on shoot growth in nurseries 

(Merker and Eichhorn, 1955), stunted trees in forest (Steffan, 

1970), killing of older trees (Eichhorn, 1969b), volume loss 

of merchantable balsam fir caused by luoolly aphids in Neiu-

foundland (Page, 1975), the typical gnarled or gouted branch­

ing of open growing trees caused by Asia Adelgids (Bryant, 

1974b), the shoot browning and killing of pine (DBBOO jat_ al, 

1964), stunting of needles and shortening of branch internp-

des (DeBoo £t a_l, 1964) and damage caused to sitka spruce by 

ELlâ tobî um a_bietin_um (Dumbleton, 1932j Parry, 1974). Kieckhe-

fer (1975) reported the occurrence, abundance, composition 

and distribution of cereal aphids in small grains at several 

locations in South Dakota (U.S.A.) from 1963 to 1972. 

In Britain, Hussey (1952) studied the population fluc­

tuation of No ajbi_e;bina., over a period of two years, when no 

infestations occurred. Studies on the populations dynamics 

of E. abietinum were beqjn at Fdrest of Deer (Aberdennshire) 

and Fetteresso Forest (Kincardineshire) early in 1967, due 

to a severe attack of the aphid (Parry, 1968).' Sitka spruce 

(£iS§S. .SiisJli£L§ia (Song.) (Carr.) when introduced in 1919 in 
12 



Ireland luas attacked by the epidemic green spruce aphid, 

(!̂A°J"JjLzaj3hia abiatina_ Walker) creating a havoc (Petar3on,1962). 

The attack was so severe that the trees were defoliated. 

Parry (1968, 1970) reported that spruce plantations densely 

populated u/ith aphids shouied upto 75^ needle loss. Count of 

needles showed that the main loss of needles were just after 

the peak aphid population. Parry (1969, 1973) reported exten­

sive defoliation during large aphid population in Counteas-

ujells and related abiotic factors such as temperature and 

frost to the aphid (E. abietinum) population rise or decline. 

Powell (1974) reported high aphid numbers and consequent nee­

dle loss, in spring and early summer and have associated luith 

unusually mild climatic conditions in the preceding winter. 

Parry (1969) reported all needle shedding being attributable 

to the summer populations which built up rapidly fram the end 

of March onwards resulting in a loss of approximately 93^ of 

needles. 

Dixon (1971b) reported that in a single year^ lime 

saplings increased very little in weight when an aphid popul­

ation was allowed to develop on them. It was further otbsrerved 

that the roots were very much smaller in aphid infested sap­

lings. Further he reported that heavy aphid infestation of 

trees must have a profound effect on the woodland ecosystem. 

Ford and Dimond (1973) reported that a knowledge of popula­

tion flucL-ustion of aphids in relation to its reproductive 

environmental factors was very much essential for control 

measures. Diciiond (1974) observed that sampling galls in mid 

''̂ y, one could prpdjct the infestation levels of neosistan-

ces of ,Pinu,s Bj.nif_oliae^ on pine that occurred a month later. 

13 



According to Brjmnt (1971, 1976a) a detailed knowledge of the. 

seasonal history of the aphid mas required for timing control 

measures and scheduling detection and appraisal surveys. To 

forecast outbreaks and to evaluate the effects of natural and 

applied control factors aphids must be sampled at frequent 

intervals to determine population level (Bryant, 1976b). 

Sehura (1977) reported that very little work has been 

done on the Indian aphids compared to that in other countries 

of the World. Raychaudhuri (1975) stated that in the interest 

of Indian economy much remains yet to be done luith these tiny 

insects injurious to plants. In India, on aphid taxonomy much 

has been done, but very little is knoiun about the population 

dynamics uf Indian agricultural aphids and great neglect is 

seen in the population studies of Indian forest aphids, 

Behura (1977) stated that evaluation of aphid population on 

difrerent crops in relation to different varieties and dates 

of seedlings is Very much essential fot the formation of eff­

ective insecticidal control measures against the pest. 

The present chapter deals with the population fluctua­

tion of the three different pine aphids C. attratibialis, 

£• thunberqii and N. circumflexus in relation to various phy-

slcal environmental factors on different pine nurseries. 

14 



MATERIALS AND METHODS 

Population estimations were done following the method 

nf Gray and Schuh (1941). Weekly samples were collected duri 

the period March, 1976 to March, 1978 from the different 

pine plantations of less than one year old seedlings (Plata 

2a,c). The time of sampling was confined to the morning hours 

betiueen 0800 and 1-100 hrs. One year old seedling were chosen 

for Cinara attrotibialis and Eulachnus thunberqii and three 

months old for Ngomyzus circumflexus (Buckton) of twenty sac!-

were selected growing at different experimental sites. Seed'-

ling shoot length ranging from 15 to 20 cm (Plate 2b). wore 

selected at random for C_. a_̂ tjr_p̂ tJ.J3.iali3̂  and E^ thunbe.r_giA 

and 6 to 9 cm (Plata 2d) for N_. circumflexus. Sufficient n.-̂.rn 

was taken to prevent loss of any aphid either by cutting an' 

plucking the seedlings. Eacn seedling was then immediately 

sealed in a polythene bag and brought to the laboratory and 

the aphids were counted individually. In the present study nc 

separate attempt has been made to analyse the population of 

alata forms as they were very negligible. 

The maximum and minimum air temperature was recorded 

by an ordinary centigrade mercury thermometer. The air hum;i." 

dity was recorded by a hygrometer. The rainfall was recorded 

by a simple rain guage. 

S.tud̂ y sits 

The area selected for sampling these pine aphids were 

the pirie seedling plantations seeded in 1976 and 1977, The 

area covers thren different hilly slopes continuous with 

each other. All these hilly slopes are situated at an averse,: 
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altitude of 1150 m. The size of each nursery bed is about 

twenty hectares (approximately fi*rfey acres). 

The pine seeds were seeded in each row at the beginning 

of the rainy season during May of each year. The seedlings 

were very close touching the needles of one another, a charac­

teristic- view of which is given in Plate 2a. The soil is red 

loam in nature. All rows are without any litter deposition, 

but patches of grass are present. Seedlings of other shrubs 

or trees were completely lacking. 

16 



Plate 2a shouJing the 1975 plantation of 1 year 
old pine nurseries, tuhere Cinara 
ajttrj3_tiJ3i_̂ li_s and Eulachnus thunbgrqii 
occurred. 

b showing individual 1 year old pine 
seedling planted in 1975. 
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P l a t e 2c shouuing the 1976 p l a n t a t i o n of 3 month 
old pine n u r s e r i e s , u/hera Neornyzus 
p îr^c_urnflexu_3. occur red . 

d showing individual 3 month old seedling 
planted in 1976 
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RESULTS 

Altogether three aphids were recorded viz. Cinara attrp-

tiblalls David and Rajasingh, Ejj_la_c.hnj4.3. thunberqii (Wilson) 

and Neornyzus circumflexus (Buckton). It was observed that 

JC, attro,tibialis almost always occupied the apex of the seed­

lings though not in recognisable colonies. They were lethargic 

creatures. E,. .th_unb8rciii were saBn only on the needlea and 

were very active. M_. cirjc.um_f_l̂ êxjJ3̂  was first recorded in two 

month old seedlings (Reddy e^ al, 1978), They confined them­

selves in clusters at the distal part uf the shoot on the 

newly flushed needles, with one to two adults and four to five 

nymphs on each sapling. £, attro,tijj.ijaJ.̂ i_3, and E_. thunberqii 

seemed to have no marked preference between currant and 

previous year needles. 

The monthly fluctuations in the number of these three 

species of pine aphids during 1976-77 and 1977-78 are presen­

ted in Fig. 2. In plantations of May, 1975, the aphid popula­

tion sampling began from March, 1976, It was seen that from 

March, 1976 till the end of May, 1976, an increase in the 

number of C, attrotibialis was recorded, after which there 

was a decline in the number upto September, Thereafter a 

steady increase was recorded upto November, 1976, after which 

a rapid decline was observed. Thus Cin_a,râ  ât t r ôt i b i a lis rea­

ched two peaks in one annual cycle (Fig, 2c). The first one 

in May, 1976 with the number of aphids 112 per 20 seedlings 

and the second during November, 1976, the number beinsg 145 

per twenty seedlings. Similarly, the lowest recorded occurred 

twice during the annual cycle, once in March with the aphid 

number 49 per twenty seedlings and the other in September, 
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52 per twenty seedlings. The second annual cycle had an over­

all trend of population abundance basically similar to that 

of the first annual cycle. During this annual cycle, the May 

1977 peak recorded 94 aphids and the second peak luaa in Nov­

ember 1977, ©hen the number reached 138, The loiuest tuas obse­

rved one in March 1977 when the aphid number was 56 and the 

second one in September 1977 when the number was 68, the 

trend being similar to that of the previous annual cycle. 

(Figs 2c). 

The monthly population fluctuation of £• thunberqi,i. 

(Wilson) on pine seedlings seeded during the period 1976-78 

is presented in Fig. 2b, a perusal of which reveals that the 

aphid number was minimum in April, 1976 ( 2 per twenty seed­

lings) with complete absence in March and Dune, 1976»' From 

3uly, 1976, onwards it started increasing gradually reaching 

a peak in January, 1977 of 58 aphids per twenty seedlings 

after which a sudden decline was recorded. The number then 

reached a minimum in April, 1977 (7 per twenty seedlings). 

From May 1977 onwards, it started increasing with considera­

ble fluctuation and reachsd the peak in January, 1978 (39 par 

twenty seedlings). This indicates that E. thunberqii unlike 

£• attr0tibialis reached the peak only once during an annual 

cycle i.e. in January. 

The monthly fluctuation of N^ _circujnfle_xus, is presen­

ted in Figc 2a. The species was recorded for the first time 

in July, 1976 and thereafter a gradual increase in the num­

ber occurred. The peak of 96 per twenty seedlings was recor­

ded at the end of November, 1976 after which a rapid decline 

occurred reaching e minimum of 20 per twenty 38edli{j|gs in 



the third weak of April, 1977 and completely disappeared 

thereafter. The next population was recorded from 1977 seeded 

plants tuhich shou/ed more or less a similar pattern of fluctu* 

ation though less in number. The population number reached a 

low ebb during the third week of August and second vueek of 

September, 1977, the number being 2 to 3 per twenty seedlings 

and reached a peak during the third week of November, 1977 

when the total population was 48 per twenty seedlings. Total 

absence was observed during 3uly, last two weeks of Septem­

ber, first week of October, 1977 and first week of March,1978. 

However, the population was completely nil from the second 

weak of April, 1978. 

Different environmental factors such as maximum and min­

imum temperature, rainfall, relative humidity and wind velo­

city are presented in Fig. 3. The maximum temperature ranged 

from 14.61+0.13°C to 24.38_+0.68°C during 1976-77 the maximum 

being recorded in April, 1976 and minimum in January, 1977 

and 13,21+0.68 to 24.46+0.52 during 1977-78, The maximum being 

recorded in August and minimum in January, During 1976-77, 

the maximum temperature in April was maintained upto Septem­

ber. It then gradually reached a minimum in January, From 

January, 1977 onwards it gradually increased till it reached 

the maximum in August and then decreased reaching the minimum 

in January, 1978. The minimum temperature range was 6.98Hh0.22 

°C tc 18.<'3+a.2a°C during 1976-77, and 6.05+0.69 to 18,89 

4;0.09°C during 1977-73, The minimum temperature gradually 

increased and reached the peak in July, then decreased grad­

ually to minimum in January, 1977, It started increasing gra­

dually rea'jhing the peak in July and gradually decreased to 

minimum in January, 1976 (fig. 3b)» 
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The monthly relative humidity (Fig, 3c) ranged from 

53,25+2,57 to 87.42+1,55 percent; during '[916-11, the mini-

mum being in March, 1976 and the maximum in June and August, 

1976 and 58,39+3,31 to 88.27+1,21 percent during 1977-78, 

the minimum being recorded in March, 1977 and maximum in July, 

1977. The relative humidity from March, 1976 onwards gradually 

increased reaching the peak in 3une and August, 1977. It then 

gradually decreased to minimum in March, 1977. During 1977-785 

it showed more or less a similar pattern of fluctuation. 

The rainfall ranged from 0 mm to 720.8 mm during 1976" 

77, the maximum being recorded in June, 1976 and nil being 

recorded in January, 1977 and 0 to 644.5 mm during 1976-77p 

the maximum being in May, 1977 and nil in January, 1978, 

During both the years, it showed more or less a similar typo 

of fluctuation (Fig«. 3a), From January it gradually increased 

with a sudden rise in May, 1976, reaching the maximum in June^ 

1976 after which it started gradually decreasing reaching nil 

in January. During 1977-78, the sudden increase in the rain­

fall was recorded in April and it reached the maximum in P'ray, 

It then gradually decreased with a small increase in August, 

1977 and was nil in January, 1978. 
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Figure 2 showing the seasonal fluctuation of 
the three pine aphids during ths 
entire study period, 

a li§£L[lil?ii§, .c î,r̂ c,umJ'JLe_xus. ( B u c k t o n ) 

^ E ŷ,l,â o.hm-4.s. J^ i i f lbBJlSi i . W i l s o n 

^ ,Q,in.a,i;a. •aĴ 'fcr̂ QĴ _̂ ii?,i.a,ljL,ŝ  Dav id and Raja S ingh 
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Figure 3 shouiing seasonal fluctuation in the 
uarious abiotic factors during the 
entire period. 

a Average Wind Velocity 
b riaximum and Minimum Temperature 
c Re la t i ve Humidi ty 
d R a i n f a l l 
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DISCUSSION 

The study of population dynamics during the present in­

vestigation revealed nearly the same abundance in the numbers 

of the species, C, attrotibialis and E. thunberqii when anal-

ysed in different 1-year uld plantations during the tu/o annual 

cycles (1976-77 and 1977-78), It u/as also similar in the case 

of N, circumflexus in the 3 month old plantations. Moreover 

they disappeared luhen the plantation was nearly 10 months old, 

Houiever, when the population was continuously sampled on the 

same plantation for the next year (1977-78), C_. attrgtibialla 

and £_• thunberqii showed a marked difference in their popula­

tion abundance. 

This may be due to the fact that during 1976-77, the 

seedlings had V6.:y soft tissue as they were then one year old, 

but during 1977-78, the plant tissue hardens as they grow, 

which might influence the migration cf £. â ttrô tibialis and 

E. thunberqii to plantations of softer plant tissues. Such 

plantations in the present study revealed populations being 

more or less constant yearaftsr year. The non-suitability of 

needles, could also have been influenced by a high population 

of aphids in the previous year (Parry, 1976). 

Though the above phenomenon of abundance in the three 

aphids, C. attrotibialis, N. circumflexus and E. thunberqii 

was marked, yet they exhibited the same trend of fluctuation 

during the two annual cycles under study. A coefficient cor­

relation analysis for these two years for the different pop­

ulations of aphids revealed a significant positive-relation­

ship (Table-Il). This significance is one criteria which > 
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indicated the prediction of population for succeeding years. 

Such trends of predictive fluctuation has also been shown by 

Uan Rensburg (1973). 

Both climate and uueather play a significant role in the 

population dynamics of aphids (Behura, 1977j Mclean £t ad, 

1977). Hughes (1972) stated that changes in environmental 

factors are associated luith changes in aphid population number. 

In favourable uueather, aphids multiply so rapidly that they 

soon reach the pest status (Dixon, 1973; Peterson, 1962). 

Climate influenced the distribution and abundance of luoolly 

aphid populations, not only geographically but also tuithin 

trees (Creenbank, 1970), Hodek £t al_ (1972) went one step fur­

ther and showed microclimatic influences affecting aphid 

abundance directly and indirectly. Rapid increase of aphid 

population could be possible under ideal temperature condit­

ions (Parry, 1969j 1973). Dixon (1973) also reported that the 

rata of development of aphids and their fecundity were affec­

ted to a large extent by changes in temperatures. 

The present study, clearly indicated that for the pop­

ulations of E. thunberoii and l\l, circumflexua which had only 

one peak of abundance, they were inversely related to temp­

erature. Whenever the temperature fell in both the years of 

study, the populations of E. thunberoii and N, circumflexus 

which startao building up in September and August respecti­

vely reached its maximum in January the temperature being 

14.61°C and 13,21°C, the lowest recorded for the years 1977 

and 1978 respectively. However, in the case of C. attrotibia-

li^ there were two distinct peaks of population abundance, 
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one in 3une and the other in November. The latter peak could 

be attributed to similar effrcts of temperatures, as in the 

other species, but the former peak distinctly had a positive 

relationship. 

A coefficient correlation analysis betu/een temperature 

and the. total number of aphids for the three species is pre­

sented in Table-II. The population of £, tJTurîb_e_r̂iA and 

N. circumflexus has a statistically significant negative rela* 

tionship (PC 0,01) with temperature* However, the population 

of £. attrotibialls though had an inverse relationship mith 

temperature luas not statistically significant. This u/as due 

to the fact that tujo peaks occurred, one in summer and the 

other in winter. 

The above is a clear indication that different aphids 

have different temperature regimes for their favourable multi' 

plication and growth. This finds support from Hughes (1962), 

that different aphid species reach the reproductive age at 

different times and the rate of increase varies continuously 

with temperature. 

Though many reports exist on low temperatures being 

detrimental to aphid population (Broadbent, 1953j Schreier, 

1953; Fisken, 1959j Meier, 1959j Heie and Pertersen, 1961; 

Adams, 1962; Hughes, 1965; Daiber, 1964; Parry, 1969; Green-

bank, 1970; Powell, 1974; Thambs-Lyche, 1975; Parry and 

Powell, 1977; Powell and Parry, 1976) in contrast, very few 

reports are available on low temperature being favourable for 

aphid multiplication (Dixon, 1973; Saxena and Rizvi, 1974; 
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Table II Coefficient correlation and multiple 
correlation between the monthly abun­
dance of the three pine aphids and the 
monthly variation in the various abiotic 
factors. 

Max. Temp, = Haximum Temperature 
Min. Temp. = Minimum Temperature 
Rel, Humi. = Relative Humidity 
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Aphid Species 

Cinara 
attrotibialis 

Eulachnus 
thunberqii 

Neomyzus 
circumflexus 

X 

Abundance 
II 

II 

It 

Abundance 
rt 

M 

tf 

Abundance 
II 

II 

It 

Y 

Max.Temp. 

Min.Temp. 

Rel.Humi. 

Rainfall 

Max.Temp. 

Min.Temp. 

Rel.Humi. 

Rainfall 

Max.Temp. 

Min.Temp, 

Rel.Humi. 

Rainfall 

TABLE 

Coefficient 
correlation 

(r) 

-

-

mm 

«• 

-

-

-

-

-

*• 

0.4844 

0.3402 

0.2535 

0.1635 

0.8897 

0.8161 

0.0398 

0.5326 

0.8818 

0.9127 

0.6344 

0.7956 

: II 

Computed 
»t" of r 

2.599 

1.696 

1.229 

0.777 

9.151 

6.632 

0.186 

2.952 

5.295 

6.325 

2.321 

3.719 

Degree 
of 

Freedom 

22 

22 

22 

22 

22 

22 

22 

22 

8 

8 

8 

8 

Significance Multiple 
Correla­
tion 

NS 

NS 

NS 

NS 

P < 0 , 0 1 

P < 0 , 0 1 

NS 
P<0.01 

P<0.01 
P<0.01 
P<0 .05 
P<D.01 

0.6146 

0.8436 

0.9096 

NS = Not significant 



Raychaudhuri, 1975; and Behura, 1977). Two ideas worth ment­

ioning are those of Dixon (1975) tuho reported that low temp­

erature and high nutritive quality reduces the restlessness 

of aphids and hence allows accumulation of large number per­

cent area and Raychaudhuri (1975) that low temperature, short 

day length and the physiological condition of the plant are 

factors responsible for production of sexual forms. 

Rainfall as an environmental factor had the same effect 

as temperature. The correlation coefficient analysis not only 

revealed the same picture but confirmed it. For the species 

^* thunberqii and IM, circumflexus, it was inversely related, 

whereas for C, attrotibialis it had no significant effect. 

Similar reports where low rainfall and cold climate along 

with altitude reducing the water content of the plant and 

thereby increasing the population number exist (Markkula, 

1953| Taylor, 1955j Kennedy £t al, 1958; Legge, 1966; Wearing, 

and Uan Emden, 1967 and Wearing, 1967), The detrimental 

effect is also mentioned where heavy rainfall reduces the 

population (Hughes, 1963; Bryant, 1971; Hodek ejb al, 1972; 

Dixon, 1973 and Parry, 1974). Hughes (1̂ 563) feels that rain­

fall dislodges the aphids. But in the present study such a 

phenomenon is ruled out as conifers have needle leaves ena­

bling the rain drops to slide off. Moreover, coniferous aphids 

adapt themselves to rain, it being a common feature for a 

major part of the year. Hence it could be the rate rather 

than the amount of rainfall afrecting the population (Dunn 

and Wright, 1975; Lewis and Siddorn, 1972), This is further 

oorraborated by the fact that the first peak of C, attroti-

bialis occurs in June, the period of peak monsoon. 
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Throughout the period of investigation the relative 

humidity was high, never belovu 50^, The effect of relative 

humidity on the populations of the different aphids is seen 

in Table-II, where a correlation coefficient analysis is g 

given. Except in the case of N. circumflexus, it did not have 

any effect on the other two species. Moreover, in N_, circum'' 

fl̂ exus, the negative significance was very low (P<0,05). 

Reports exist where relative humidity was not an important 

factor for though there may be marked changes in atmospheric 

humidity, yet very little was influenced at the surface of 

the leaf which was at or near the saturation point always 

(Ullyett, 1=947; Uan Rensburg, 1973). Moreover, it is known that 

the effect of relative humidity on field population of aphids 

is highly controversial (Rivnary, 1938 and Hodek £t al̂ , 1972). 

In the present study to further establish the effect of 

environmental factor under consideration on the population of 

three species of aphids a multiple correlation coefficient and 

analysis was performed. This enabled an assessment of the 

cumulative or total effect of all the environmental factors 

acting simultaneously on the population. From Table-II it is 

seen that it is highly significant. It is understandable in 

the case of E, thunberqii and N, circumflexus as most of the 

factors acting individually were also highly significant. 

Surprisingly enough in the case of _C, attrotî bi_ali.ŝ  though 

the individual environmental factors showed no significant 

relationship, their cumulative effect, however, had a sig­

nificance though not as high as the other two species* 

From the prpsent study it was very clear than in all 
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the three species there was the maintenance of a fairly large 

over wintering population (Ohnesorgs, 1959j Peterson, 1960j 

1962) but highly dependent on the mildness of the winter. 

Moreover, there was no evidence of winter mortality. It seemed 

likely therefore the establishment of density independent pop­

ulation were favoured by low temperature and negligible rain­

fall. Such overwintering populations did not have any effect 

during the succeeding summer, except in the case of 

C. attrotibialis. The summer peak which was marked in June in 

the case of C, attrg.tibj.ali3 may have had several operative 

factors like food, lack of disease and enemies and the buil­

ding up of the nitrogen level in the plants by washing down 

of honey dew where in turn the nitrogan being fixed by soil 

bacteria transported back to the pjftnt through the roots. 

This became more evident as seen in the present study when 

the population abundance decreased on the same plantation 

during the second year uf the study. Hence, a possible migr-

ation from these hardened growing plants to the younger ones 

revealed the same pattern. Another reason for the summer 

build up in C. attrotibialis could be attributed to its eco-

logical niche. In the present study C_. attroti,bialls occupied 

the stem portions while E, thunbergii occupied the needles 

of the same plant. This was further confirmed by the fact 

that tuhen the plants started growing and even before the 

first flush of needles, ^, circumflexus made their appearance 

and continued till for about 10 months after which they 

disappeared and E_. thuhberqii appeared on the nsedles of the 

same plant. More or less around the same time C.attrotibialis 

iLiare also found occupying the stem of the same plants. Thus, 
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a clear pattern of succession was seen among these three spe­

cies of aphids which was either due to physiological changes 

in the plant and/or environmental factors occurring either 

independently or together. 

In conclusion, from the present study it luas seen that 

the abiotic factors did play a significant role in controlling 

the population of the three species of pine aphids. The pat­

tern of population followed the same trend and fluctuation 

year after year on the younger plants while the abundance 

fell in the older plantations. In both cases, however, the 

trend of fluctuation remained constant. This further enabled 

to predict the population of succeeding years and therefore 

would help to a large extent in the prediction of any of these 

species reaching pest status. 
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r̂a.b̂ae. Scop., Hŷ zus p.ersicae, (Sulz.) and 

Brevicoryne brassicae (L) Nature, 213: 

1051-1052. 

1965 The distribution uf Myzus garsicae 

(Sulz.) un year-round Chrysanthemums. 

1. Summer season. Ann. appl. Biol. 56: 

439-459. 

42 



CHEWING AND MINING CONSUMER ARTHROPODS 



INTRODUCTION 

t 

Besides the sap-sucking entomofauna, chewing and mining 

sntomofauna constitute a major group of forest consumer 

fauna. These insects uiere estimated both quantitatively and 

qualitatively by the use of a light-trap (Reddy and Alfred, 

1977) during nights, as insects are ftstpable of flight and moro 

active primarily at nights (Barrett «rb aj^, 1974), Wheeler 

(1937) used such a method fir Ejinj3oa3_ya_ sp., Ghani and Afzal 

(1946) used light-traps for determining population of Empoaaca 

devestans on cotton. The value of iasect traps equipped uiith 

BL lamps in determining the time of—appearance and the sea­

sonal abundance of insects luas reported by Pfrimmer o_t al 

(1955), Stanley and Dominick (1958), Apple (1962) and Gentry 

B^ al, (1971b), Hanna (1969) stressed the importance of light 

traps in the study mf the period of activity and aeaaonal 

fluctuation of inserts. Hassanein (1956), Hosni and Khattab 

(1960) and Nasr (l961) used different-light traps to catth 

moths of cotton leaf ujorm, in trials tn study the population 

fluctuation of pests during the cot±»n season in Egypt, Deay 

ejb al, (1964) reported the use of light traps to determine the 

presence and absence nf insects, specially moths, and the 

use of Blacklight insect traps to determine the seasonal occ­

urrence and abundance of corn earujojm-and other insects. 

Falcon 8_t al̂  (l967a,b) stated that a combination of 

black light (CBL) tjpaps and field samftling, u/as a more eff­

ective means for detecting the nnset •f infastations and 

assessing the population levels of the boXl u/orm. Wolf ât ,al 

(1969) and Ford et, al (1972) investigated the effect of BL 
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trap baited with sex phermone of cabbage looper, on popula­

tion cf several lepidopteran pests of lettuce. Cantelo ejb aĵ  

(I972a, 1974) used black lights in studying the population 

trends of many species of Lepidoptera, Orthoptera, Hemiptera 

and Coleoptera on an isolated tropical island, Bakka (1974) 

analysed the abundance and diversity in the fauna of nocturnal 

moths at two sites in South Nortuay, by light-trap. Jabber 

and Ahmed (1974) used light-traps for determination of popul­

ation of ̂ . g.u.X!iSi. (Ahmed) a pest of wheat and maize in Pak­

istan. Frith (1975) studied the insect abundance on West 

Island, Aldabra Atoll, Indian Ocean, Hagen (1976) reported 14 

years study of the populations of the Wsstarn bean cutworm 

using light traps located both in the field corn (Parks trap) 

and dry bean (Gering \/alley trap) growing areas. Roome (1974) 

established a grid of light trap to study the seasonal fluc­

tuation in the populations of certain economically important 

moth species. Belts eJb a]^ 1971 and Odiyo, 1973 reported fore­

casting of armyworm by light trap. Many workers have used 

light-traps fur taxonomic and seasonal variation studies of 

C_ulicoAdB3 (3ames, 1943j Khalaf, 1952; Williams, 1955; Beck, 
r -r -r • IT • .^ •i I» • ^ ^ w W W W W W 

1958; 3amnback and Matthews, 1963; Khalaf, 1967; Linley let a^ 

1970; Kline and Axtell, 1976). 

Insect population studies by various light-traps seems 

to be more in agroecosystems than in forests. Very few 

reports exist on the studies of seasonal population abundance 

of forest insects by light traps, Chaniotis e^ a_l (I971'b) 

presented light trap data on the population dynamics of spe­

cies occurring in lowland, highland and secondary forest 
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biotopes. Rutledga e^ a_l (1975) analysed the sand fly 

(Diptera; Psycholidae) light trap collections in the Panama 

Canal zone. Chaniotis and Correa (1974) presented light trap 

data on the population dynamics of phiebotomine sandflies in 

a mature forest and adjacent open space. Williams (1948) used 

the Rothamsted tungsten Lamp trap to survey moth population 

in Rothamsted Insect Survey in Britain. Williams (1951) and 

William _6jb al. (1955) developed an experimental layout to com­

pare the catch of Macro-lepidoptera from Rothamsted and Rob­

inson traps in a ujood in Southern England and found differen­

ces in relative numbers of the major taxa. Yates and Ebel 

(1970, 1972) studied the occurrence and the effect of rain­

fall, temperature on the activity of long leaf, pine, slash 

and pine cone injects by light traps. Yates (1973) reported 

the use of light traps in studying the adult activity periods, 

relative abundance and geographical distribution of insects 

that infest pine seed and cones, Yates and Ebel (l975a,b) 

reported 4 different species of pine cone damaging lepidop-

teran pests attracted to light trap and studied their freq­

uency distribution. 

While identifying collected insects one of the unanswer­

ed questions always, is Luhat percentage of the insects att­

racted does this catch represent (Hartstack e_t aJL 1966; 

Taylor and French, 1974). Numerous attempts have been made 

to USB liqht traps catch for estimating total field popula­

tions of certain insects (King and Hind, 1960j Falcon et al, 

1967a,b). The release and capture of insects tagged with 

points, dyes or radioactive markers have been used in 

A 5 



population estimating techniques (Henneberry ejt a_l, 1967j 

Alma, 1973), The percentage of the released insects that are 

captured is assumed to be indicative of the percentage of the 

total field population that a particular light trap will catch. 

It has been reported that many factors may influence the 

light trap catches. These include time of the day (Graham ejb 

a]., 1964), temperature (Sutherland, 1966), rainfall (King, 

1966) ev/aporation and dispersion @f the phermone (Gentry and 

Davis, 1973), Bogush (1936) u/as one of the earliest to point 

out the use of light traps for the study of field populations 

and the effect of weather on them. Gentry and Davis (1973) 

shoiued the importance of the influence of weather conditions 

on insect activity in survey and controlling insect popula­

tions when they are stimulated by the BL or the BL + Phero-

mone traps. There are probably a number of measurable clima­

tic and other environmental factors of which the daily varia­

tions correspond on the size of the light trap catches (Van 

Ark, 1975 and Williams, 1939, 1940, 1951, 1961), The insect 

activity under the presence of changing environmental influ­

ences like surface wind velocity and temperature, caused light 

trap catches to fluctuate widely, sometimes on ah hourly or 

nightly basis. Changes in the environmental factors that 

affect trap catches are usually short ranged (hours) at the 

moat 1 or 2 days, and catch profiles can be smoothed by math­

ematical techniques to provide a reliable estimate of the 

insect population (Hartstack ert aJL, 1973), In the earlier 

works, ciijing to the difficulties in analysing the inter­

relationships of meteorological factors with abundance of 
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insects, it luas difficult to differentiate the exact role 

played by each factor in regulating the number and activity 

of animals (Uvarov, 1931). VJilliams (1935) was perhaps the 

first worker to apply the statistical formulae of partial reg** 

ression analysis to isolate the effect of each environmental 

factor on the population and activity of insects. Cantelo ejb 

.al (1974) stated that the decrease in collection by black 

light (BL) traps could have caused by weather conditions. The 

effect of environmental factors on insect flight behaviour has 

been studied for a wide variety of insects including serious 

economic pests such as the black cut worm, and the European 

corn borer, (Cook, 1961 j Stirrett, 1938; Loewer e^ al,, 1974). 

Broersma 8^ aJL (1976) reported that in a field situation the 

influence of these factors cannot be easily isolated because 

of complex interactions among various environmental variables. 

Heinton (1974) reported that under optimum conditions of 

light intensity for moth attraction that exist before and 

after dark, the temperature and wind or air movement may red­

uce the number of moths captured. Pristavka (1969) reported 

on the effect of temperature and wind velocity which assumed 

to be the leading factors affecting the quantity of catches 

uf the codling moth, l/ail B_t a]^ (1968) collected corn earworm 

moths from traps equipped with 15-W BL lamps in Home gardens 

and Riverside, California to determine possible correlations 

between seasonal abundance, mating of females, sex ratios 

and seasonal temperature. 

In India, attempts to study the effect of phototrophism 

and ether different weather conditions on relative seasonal 
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abundance of insects dates back to 1934 (Ramakrishnayyar and 

Ananthnarayanan, 1934). Banerjee and Basu (1951) are probably 

the first in India to study the effect of weather on activity 

and abundance of certain Lepidoptera with the help of a 

William's light trap at Chinsura (West Bengal), Usman (1954 

a,b, 1956) made the use of light traps to study the fauna of 

a particular locality (Bangalore), Kundu e^ ̂ , (l 967); Kundu 

and Gupta, (1971) used light trap to work out the seasonal abun­

dance of Hemiptera at Pilani, Rajasthan, Shull (1967) used 

the trap to study the hemipteran fauna of Surat (Gujarat), 

Narula (1969) stud led the seasonal abundance of certain hete-

ropterans, Goel (1976) studied the ecology of hemipteran catch 

by the light trap at Muzaffarnagar. Maik and Kundu (1977) 

studied the activity of six species of Orthoptera of semiarid 

regions of Rajasthan in relation to weather conditions, Mathur 

and Singh (1959) brought out a list of insect pests on forest 

plants in India. 

As indicated, although the subject is extensive and some 

knowledge of light trap performance has been accumulated, in 

India right now information regarding the study of insects 

with light~traps is far from satisfactory. The objectives of 

the present study were to analyse the species composition of 

the different consumer insect fauna attracted to light trap, 

to examine the catches of insects for identification of 

insects d&brimental to the pine, to determine the seasonal 

population abundance and their rate of population increase, 

to collect information on the flight periods uf some import­

ant species and to study the changes in abundance of various 

48 



species during two annual cycles and to determine whether 

these insects could be controlled by the use of suitable 

light traps* Attempts have been made to correlate the activity 

and abundance jf these insect pests with monthly meteorologi­

cal data. 
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• MATERIALS AND METHODS 

De^s^c^iop^t\ori^ _pf^._thB_ J^Jjaji. 5 

The light trap was specially designed for forest insect 

ecological studies luhere electricity did not exist. The light 

trap consisted of one petromax light and nine ujhite enamel 

trays each of size 32x27 cm, making the entire trapping sur­

face uf 96x81 cm. The light source was of 400/500 candle 

poujer. The light trap was corroborated by a major source cf 

attraction to nocturnal insects i,e, the reflection of the 

enamel trays. Moreover, it luas a combination of tiuo traps : 

(l) light and (2) water trap. The insects attracted to the 

light fell in the water placed in the enamel trays surround­

ing light source. Detergent added to water, made the insects 

sink and prevented them from drifting to the edges for escape 

while narcotising them at the same time, Teepol was used as 

the detergent. 

Procedure 
>-^-«>rr» i » r j ^ Ti 

The trapping was done on the new moonday of every month, 

not only avoiding the effect of moonlight on the catch, but 

also to collect greater numbers and variety (Provost, 1959; 

Brown and Taylor, 1971; Hartstack ejt al̂ , 1973; Kline and 

Axtell, 1976), Care was taken to avoid the blackening of the 

glass enclosing the light source. One of the enamel trays 

was put upside down on the forest floor over which the petro­

max light was placed. Around the base tray of the petromax 

light, the other eight well-cleaned white enamel trays were 

placed. Care was taken to put all the trays on the same 

plane (Plate 3b), 5 cc of Teepol was added to each tray 

which were half filled water, thoroughly mixed. 



The total duration of the. experiment uias for a period of 

12 hours (1800 to 0600 hrs.). At the end of every hour the 

samples were collected by pouring the water from the traya 

along with the insects caught through a plankton net of 50 /i 

pore size in a bucket and the water was reused, A uniform 

light Was maintained by pumping the petromax light every hour. 

Th« light source was protected from the rain during the rainy 

season by mounting an umbrella over the trap. At the time of 

heavy rains two or more umbrellas were used. All the insects 

were preserved in 7Q% alcohol, except Lepidoptera in paper 

triangles. In the laboratory the catches were sorted upto 

families and some of the important orders were sent to Zoolo­

gical Survey of Jndia for identification. Few of the smaller 

insects could not be identified and were grouped under 

miscellaneous. 

St_udy Site 

The size of the plantation was 20 ha (approximately 50 

acres) and composed of pine trees 22 years old (planted in 

1955) and 10 m high, at the time of investigation (Plate 3a). 

The soil in the area was covered with a litter layer 1-2 cm 

thick:; ^15% attributed to the freshly fallen litter and the 

rest to the burnt humus. 
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Pla te 3a ahovuing the 1955 p l a n t a t i o n of 22 year 
o ld t rees uihers l i g h t - t r a p p i n g uias 
conducted, 

b L i g h t - t r a p i n use. 
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RESULTS 

During the present investigation it luas seen that insects 

of fourteen different orders viz. Lepidoptera, Diptera, Coleo-

ptera, Hymenoptera, Hemiptera, Heteroptera, Orthoptsra, Die-

tyoptara, Trichoptera, Neuroptera, Arachnida, Dermaptera, 

Isoptera, Odonata u/ere attracted to the light trap (Fig, 4). 

During 1976-77, the first year of study, Lepidoptera was 

the most abundant group representing 34,81 percent, folloujed 

by Diptera 34,39 percent, Heteroptera 6,36 percent, Hymenop­

tera 5,4 percent, Trichoptera 5.34 percent, Coleoptera and 

Hemiptera 3.8 percent each, Orthoptera 2,5 percent, NewEopt-

era 1,51' percent, DictyoptBra 1.04 percent, Arachnida 0,73 

percent, Isoptera .1.1 percent, Dermaptera 0.03 percent and 

Odonata 0,02 percent (Fig. 4), It was seen that Lepidoptera 

and Diptera collectively represented about 70 percent of the 

total catch. 

During the second year of investigation (1977-78) only 

12 orders were recorded. Isoptera and Odonata were completely 

absent. Diptera dominated the catch representing 49,57 per­

cent folloiued by Lepidoptera 23,16 percent, Coleoptera 7,35 

percent, Hemiptera 6,42 percent, Hymenoptera 3,7 percent, 

Heteroptera 3,31 percent, Orthoptera 1,95 percent, Trichop­

tera 1.93 percent, Neuroptera 1.27 percent, Dictyoptera 0,76 

percent, Arachnida 0.52 percent and Dermaptera 0,03 percent. 

Here again, Diptera and Lepidoptera represented more than 

70 percent of the total catch (Fig, 4). 

A comparison of 1976-77 and 1977-78 data (Fig, 4) 
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Figure 4 showing the qualitative and quantitative 
composition of the various insects caught 
during the entire study period, 

Le = Lepidoptera Or = Orthoptera 
Dip=rDiptera Die = Dictyoptera 
Het= Heteroptsra Ne ~ Nauroptera 
Hy = Hymenoptera Ar = Arachnida 
Tr = Trichoptera Is = Isopoda 
Co = Coleoptera De = Darmaptera 
Hem = Hemiptara Od = Odonata 
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revealed that the overall catch of 1976-77 was larger than 

that jf 1977-78, Diptera and Hemiptera caught were more during 

1977-78 than that of 1976-77 in the seasonal abundance of 

total insect consumers (Fig, 5), The total maximum catch luaa 

in the month of May, 1976 representing 3069 individuals. It 

then started decreasing and reached a louj ebb in January, 

1977 when only 15 individuals tuere caught. From February it 

increased till the maximum number of insects caught mas in 

June, 1977 representing 3090 individuals, after u/hich it dec­

reased reaching a minimum in January, 1978 folloujing the same 

trend as in the previous years. 

The relationship betu/een the monthly abundance of diff­

erent orders of insects for both the years (1976-77 and 1977-

78) is presented in Table-Ill, A positively significant rela­

tionship (P<0,01) for the orders Diptera, Hymenoptera, Het-

eroptera, Orthoptera, Dictyoptera and Neuroptera exist and 

the relationship uias positively significant at P^0,05 level 

for the total catch. No relationship mas seen for Lepidoptera 

Hemiptera, Trichoptera and Arachnida, 

An analysis of the relationship between the environmen­

tal factors (Fig, 3), such as temperature, rainfall, humidity 

and mind velocity and the total number of insects caught is 

presented in Table D/e,h, The maximum tpinpsrature mas positively 

related (P/LO.OS) mith the total insect catch during 1976-77 

mhereas no significance existed during 1977-78, Homever, the 

minimum temperature snomed a positive correlation (P/̂  0*05) 

for both the years. Though rainfall and the total insect 

catch had a positjve significant relationship for both the 
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Figure 5 showing the seasonal fluctuation of 
the total insacts caught in light-trap 
during the entire study period. 
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Table III Coefficient correlation between the 
monthly abundance of various insect 
orders for 1976-77 and 1977-78 
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ĉ  
"^t 

rv 

00 
ON 
r k 
r-

• 
o 

CM 
CM 
CM 

O 

C^ 
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Table l\la Coefficient correlation betu/een the 
monthly abundance of total insects, 
various insect orders a'nd monthly 
variation in the various abiotic 
factors for the year 1976-77. 

Max. Temp, = Maximum Temperature 
Min. Temp. = Minimum Temperature 
Wind MBIO, = Wind Uelocity 
Rel. Humi. = Relative Humidity 
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TABLE lUa 

Insect Orders 

Lepidoptera 

Diptera 

Coleoptera 

Hymenoptera 

Hemiptera 

Heteroptera 

Orthoptera 

Dictyoptara 

Trichoptera 

Neuroptsra 

Arachnida 

Total Insects 

Max. Temp. 

0 . 6 2 5 5 

0.4871 

0 ,4865 

0.6319^ 

0.4170 

0 ,7213 

0 .4522 

0.7297 

0 . 7 0 9 3 ' 

0 . 3 5 4 2 

0 .6530 

IMS 

NS 

N3 

• * 

I\IS 

»» 

• * 

MS 

* 

M i n . Temp. 

.MS 

* « 

* * 

NS 

R a i n f a l l 

MS 
0 . 4 7 5 6 ' ' ^ 0 . 4 3 7 8 ' 

** 0 .7119 0 . 7 6 6 3 

0.3467^^^ 0.2645*^^ 

NS • * 
0 . 5 5 5 3 ^ 0 . 9 2 1 5 
0.6025"" 0 . 3 5 1 2 NS 

NS N«i 
0 . 2 1 i r - 0 .0295 '^^ 

0 .8366 0 . 8 9 2 7 »# 

NS 
* 

0 .3992 0 ,4511 

0 . 6 7 9 6 * 0 . 5 9 1 2 ' 

0 . 6 3 1 6 * 0 .4728 

0.3260"^^ 0 . 1 7 7 6 

0 . 6 1 6 8 * 0 . 5 8 8 6 ' 

Not s i g n i f i c a n t 
P < 0 . 0 5 
P < 0 . 0 1 

NS 

NS 

NS 

R e l . Humi. 

,NS 
0 . 0 0 8 0 ' 

0 . 4 8 1 2 

- 0.2575 

0.4495 

0.1634 

- 0.4839 

0.5940' 

- 0.0455 

0.1628 

0.0587 

- 0 . 3 6 9 4 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

0 . 1 2 1 9 
NS 

Wind l / e l o . 

,NS - 0.1844 

- 0 . 4259 

0 .0076 

- 0 , 2 9 8 5 

- 0.1441 

- 0 . 2 7 9 7 

- 0 . 3 8 8 2 

- 0 . 1 5 2 5 

- 0 .2491 

- 0 . 1 8 0 8 

0 . 2 6 1 9 

- 0 .2251 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 



Table IUb Coefficient correlation between the 
monthly abundance of total insects, 
various insect orders and monthly 
variation in the various abiotic 
factors for 1977-78 

Max. Temp. = Maximum Temperature 
Min. Temp. = Minimum fJemperature 
Vi/ind l/elo, = Wind lyelocity 
Rel. Humi. = Relative Humidity 
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TABLE lUb 

Insect Orders 

Lepidoptera 

Diptera 

Coleoptera 

Hymenoptera 

Hemiptera 

Hetaroptara 

Orthoptera 

Dictyoptara 

Trichoptera 

Neuroptera 

Arachnida 

Total Insects 

Max. Temp. 

0,5460 

0.5455 

0.4742 

0,4736 

Q.6594' 

NS 

N3 

NS 

C.3661 

0.5935' 

0.4186 

0,4788 

0.7443' 

0.1322 

0.5588 

IMS 

NS 

NS 

»# 

NS 

NS 

Min. Temp. 

0.6216* 

0.6396 

0.5574 

0.5626 

0.7802 

0,3668 

0.7328 

0.4892 

0.4203 

0.7759 

0.2294 

0.6474' 

NS 

NS 

** 

NS 

** 

NS 

NS 

»* 

NS 

Rainfall 

0.6935 

0.7369' 

0,7392' 

0.7099' 

0.7193' 

0.7102' 

0.7702' 

O.8O52' 

0.3406 

0.9102 

0.3398 

0.7506 

»* 

** 

*« 

** 

»* 

it* 

** 

NS 

»* 

NS 

•* 

Rel. Humi, 

0.5556^2 

0.6154* 

0.4757 

0.5252 

0.7087' 

0.4454 

0.7824' 

0.4832 

0.0967 

0.5939' 

0.3887 

0,6095' 

NS 

NS 

** 

NS 

*» 

NS 

NS 

NS 

Wind l/elo. 

,NS 
0.1083 

0,0840 

0.2428 

NS 

NS 

0.0567 NS 

- 0.1829 

0,4570 

0.1770 

0.6006^ 

0.1139 

0.3630 

0.1041 

0.1294 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS = Not s i g n i f i c a n t 

* = P < 0 . 0 5 

* • = P < 0 . 0 1 



years, the correlation was greater during the year 1977-78 

(P<0.01) than the year 1976-77 (P^0.05). Relative humidity 

also had a positive relationship luith the total insect catch 

during 1977-78 (P<0,05), whereas no relationship was seen 

during 1976-77, The insect catch had no significant relation­

ship ujith wind velocity during both the years of study. 

An hourly analysis of the catch is presented in Table-l/ 

a,b which revealed that during the first year (1976-77) it 

was recorded maximum during 2000-2100 hrs. representing 15.07 

percent of the total night's insect catch, while the minimum 

was during the early morning hours (0500-0600 hrs.) represen­

ting 0,22 percent. During 1977-78, the maximum (14.73^) 

occurred during 2300-2400 hrs, and the minimum was again 

during 0500-0600 hrs, with 1.23^. 

A further analysis was made by dividing the night into 

halves and quarters to se& the optimum activity period of the 

insects (Table-l/l). This revealed that the first two quarters 

of the night viz, 1800-2100 hrs, and 2100-2400 hrs. recorded 

the maximum catch of 33,71% and 30,24/S respectively, showing 

the first half of the night for the maximum number of insects 

caught. 

However, for each month the maximas during different 

quarters of the night varied. During February, October and 

December, 1976, till riarch, 1977 and from November, 1977 to 

January, 1978, tho maximum insect catch was confined to 

180C -21nc hrs. whereas in March, April, 3une, 3uly and Nov­

ember, 1976, April, 3'jne, Duly and October, 1977, the maximum 
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Table l/a An hourly analysis of the total insects 
and various insect orders caught in 
light trap during 1976-77 

1-12 represents 1800-0600 hrs. hourly. 
The top figure for each insect order 
represents the actual number ujhile the 
fraction immediately beloiu it represents 
the percent caught for that hour. 
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Table \}b An hourly analysis of the total insects 
and various insect orders caught in 
light trap during 1977-78. 

1-12 represents 1800-0600 hrs. hourly. 
The top figure for each insect order 
represents the actual number while the 
fraction immediately below it represents 
the p»»cent caught for that hour. 
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Table Ml Percent of total insects caught in 
light trap, during the different 
quarters and halves of the night, 
seasonally for the entire period of 
study. 
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catch ujas recorded during 210D-2400 hrs, and in Hay, August, 

September, 1976 and 1977, the maximum insect catch was confi­

ned to 2400-0300 hrs. The minimum catch uas encountered during 

0300-0600 hrs. for all the months except December, 1976, 

Diptera :-

Diptsra tuere one of the most abundant groups of insects 

caught in the present light trap, representing a total of 8382 

individuals. During the year 1976-77 this order was next only 

to Lepidopteira constituting 34.39 percent of the total insect 

catch (Fig. 4). However, during 1977-78 diptara exceeded 

lepidoptera and constituted 49.57 percent of the total insect 

catch (Fig, 4). The seasonal abundance of total Diptera is 

presented in Fig, 6 and different suborders in Fig, 7, The 

former figure revealed that during 1976-77, diptera trapped 

were maximum comprising 926 individuals in May, 1976 and gra­

dually decreased with a small peak of increase in October, 

1976 and reached its low ebb in January, 1977 representing 

only four individuals. From Hay, 1977 onwards, the abundance 

gradually increased to reach its peak jf abundance in Dune, 

1977 representing 1658 individuals. Once again it decreased 

however, with a slight increase in October, 1977 and reached 

its lowest ebb in January, 1973 representing only 5 indivi­

duals (Fig, 6), 

An analysis of the relationship between the monthly re­

lative abundance of diptera and various environmental factors 

is presented in Table"I\y which revealed that the maximum 

temperature had a positive significant correlation (PK 0,05) 

with the dipteran catch during 1976-77, whereas no signdffiant 
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relationship existed during 1977-78. The relationship between 

the minimum temperature and diptera caught was positively sig­

nificant at P<0.01 level during 1976-77 and at P<0,05 level 

during 1977-78, The rainfall had a positi\/e correlation, sig­

nificant at P<0.01 level during both the years, 1976-77 and 

1977-78, The wind velocity had no relation ujith seasonal dip­

tera abundance, luhereas the relative humidity had a positive 

correlation with the diptera abundance, significant at P^0,05 

level during 1977-78 and no significant relationship during 

1976-77. 

During the present investigation, the diptera caught in 

the light trap were identified only upto thn sub-order level 

due to limitations of species identification. The diptera 

caught was represented by all the three sub-orders viz, Brac-

hycera, Cyelorrhapha and iMematocera* 

Among the three sub-orders Brachycera was the most domi­

nant group representing 3903 individuals, 46,56 percent of 

the total catch, folloujed by IMematocera representing 3261 in­

dividuals, 38,91 percent of the total catch, Cyclorrhapha u/as 

caught minimum which represented 1218 individuals, 14,53 per­

cent of the total catch. The relatiuo monthly abundance of 

Brachycera, Cyclorrhapha and Nematocera are presented in Fig, 

7 which revealed that during 1976-77 Brachycera had its peak 

of abundance in May, 1976 representing 424 individuals (10,86 

percent). Then it started decreasing with a small peak of 

abundance in August representing 355 individuals (9,1 percent) 

making its complete disappearance in December, 1977, From 

January, 1977 onwards, it reappeared and gradually increased 
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Figure 6 shoiuing the seasonal fluctuation of 
total Lepidoptsra and total Diptera 
caught in light trap during the 
entire study period. 

Figure 7 shouing the seasonal fluctuation of 
3rach/cera, Nematocara and Cyclorr-
hapha caught in light-trap during 
the entire study period. 
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till it reached a peak in Dune, 1977 representing 895 indivi­

duals (22.93 percent) and then it gradually decreased reaching 

its lowest in January, 1978 representing only 2 individuals 

(0,D5 percent). 

Nematocera shoiued its peak abundance in May, 1976 repres­

enting 317 individuals (9,72 percent). From 3une, 1976 it 

started decreasing with a slight increase in September reach­

ing its second peak of abundance in October, 1976 representing 

190 individuals (5.85 percent). Then it decreased reaching its 

minimum in January, 1977 representing only 3 individuals (0.09 

percent). From February, 1977 onwards it started increasing 

gradually and rfiached its maximum abundance in June, 1977 

representing 626 individuals (19,21 percent). Then it started 

decreasing gradually with a small peak of increase in October, 

1977 representing 159 individuals (4.88 percent) and reached 

its minimal in January, 1978 representing only 2 individuals 

(0,06 percent), 

Cyclorrhapha was caught maximum in May, 1976 representing 

185 individuals (15,19 percent). Then it started decreasing 

with a slight increase in October, 1976 and disappeared com­

pletely in January, 1977, From February onwards it started 

increasing gradually reaching its peak in May and June with 

155 individuals (12.78 percent). Then it started decreasing 

with a slight increase in October, 1977 and disappeared com­

pletely in December, 1977 with a negligible number (O.O8 per­

cent) in January^ 1978, 

An analysis of hourly abundance of diptera revealed that 

for 1976-77 they were caught maximum during 2200-2300 hrs. 
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representing 13,82 percentage of total night catch follou/ed 

by the period 0200-0300 hrs. representing 11,89 percent. The 

least catch was recorded during the houis 0500-0600, which 

represented only 0,48 percentage. However, during 1977-78 it 

was seen that they reached the peak of their abundance during 

2300-2400 hrs, representing 27,23 percent followed by 2400-

0100 hrs, representing 12.84 percent (Table-'IU'a,b) • The 

minimum hourly catch was recorded during 0500-0600 hrs, which 

represented only 2.06 percentage of total night's catch. 

Lepidoptera i-

The monthly fluctuation of the order Lepidoptera (Fig,6) 

and its families are presented in Fig, 8, The months May, 1976 

and Dune, 1977 recorded the most abundant, represented by 1469 

and 757 individuals respectively. From Dune, 1976 the total 

Lepidoptera caught decreased gradually reaching a minimum in 

Danuary, 1977 when only 3 individuals were caught. It started 

increasing gradually thereafter and reached the peak again in 

Dune, 1977 and declined till the minimum was observed in 

Danuary, 1978. 

An analysis of the relationship between the total moth 

catch and the different environmental factors is presented in 

Table-JVajh. The maximum temperature during both the years and 

minimum temperature during 1976-77 had no significant rela­

tionship with Lepidoptera caught. However, the minimum temp­

erature showed a significant relationship (P<0,05) during 

1977-78, The relationship between the total rainfall and 

Lepidoptera caught was positively significant (P<0,05) dur­

ing 1977-78, But there was no significant relationship during 
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Figure 8 shoujing the seasonal fluctuation of 
Gsomatridae, Pyralidae, Arctiidae, 
Lyrnantriidae, Ctenuchidae, Limacodidae, 
Drepanulidae, IMoctuidae and Lasiocam-
pidae caught in light-trap during the 
entire study period. 
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1976-77» There was no relationship either between the wind 

velocity or relative humidity and the total Lepidoptera. 

The order Lepidoptera was represented by nine familiee •• 

Geometridae, Pyralidae, Arctiidae, Lymantriidae, Ctenuchidae» 

Limacodidae, Drepanulidae, Noctuidae and Lasiocampidae. 

Family Geometridae represented peak numbers in May, 1976 

(770 individuals) and 3une, 1977 (337 individuals), during 

the study period. From dune, 1976 onwards it started decrea­

sing gradually and disappeared during January-February, 1977, 

It reappeared in March, 1977 and reached the peak in 3une, 

1977, thereafter declining till it reached the lowest in Jan­

uary, 1978, In thi'? family Acidalia Sp. was the most dominant 

followed by Craspedia rê m̂ ĝtâ t̂a, Guene?.. 

The family Geometridae was followed by the family Pyra­

lidae in abundance (Fig. 8). The family Pyralidae represented 

two peaks, the larger in May, 1976 and the smaller in August, 

1976 numbering 330 and 89 individuals respectively. It was 

minimum in February, 1976 with only two Individuals. During 

1977-78 this family was maximum in 3une, 1977 representing 

146 individuals. Thereafter the number of Pyralidae moths 

fluctuated. Ŝ lejp̂ tâ  l̂ unal̂ iŝ  Guenee was the most dominant 

species followed by _Th_l.ĴJ3"faoc9̂r.gLS ĉâsjŝal̂e Swinhoe among this 

family. 

The family Arctiidae was highest in May and August, 1976 

and Dune, 1977 representing 150,54 and 176 individuals res­

pectively (Fig, 8)e Tha minimum number was ra^ra-t 

f-ebruary and Decembar, 1976, January and Fafaruary, 197' 



January, 1978 represented by cnly one individual* In this 

family Â ŝ ura. un̂ dalj3_sa. Walker was found to be most dominant 

species folloiued by Mijl̂ toĉ ĥ rî ŝ t̂ ^ stric^iuenata (VJalkar) and 

Ĉ î lejna n̂ig,r,ijj_e3 Hampson. 

The family Lamantriidae was the next dominant group. This 

family showed peak periods of abundance in May, 1976 and June, 

1977 representing 157 and 30 individuals respectively. The 

minimum number were recorded during February and March, 1976, 

November, 1976 to February, 1977, December, 1977 and January, 

1978. E_uj3.rj3̂c_ti_s_ d̂jL̂v̂îŝa, Walker was the most dominant species. 

The family Noctuidae represented peak periods of abund­

ance in April, 1976 and July, 1977 numbering 47 and 24 indivi­

duals respectively (Fig, S), The minimum number was recorded 

in October, 1976 and February, 1977. This family was complete­

ly absent during February and March and December, 1976 and 

January, November and December, 1977 and January, 1978, 

B̂jLeĝ tina sp, nr, Jia_d̂B_najL̂i_s Moore was the most dominant species. 

The family Limacodidae represented its peaks of abundance 

in July, 1976 and 1977 numbering each time 28 individuals. T 

The minimum number was recorded in November, 1976, April and 

November, 1977 representing 4 and 3 individuals respectively. 

The family was completely absent in February and March, 1976, 

December, 1976 to February, 1977 and December, 1977 and Jan­

uary, 1970. B̂̂ n̂ ô dora. Sp. was the most dominant group followed 

^y ,T̂,Q.̂Ĵ-A ĉ ana Walker, 

The family Lasiocampidae was maximum during July, 1976 

and 1977 representing 31 and 19 individuals respectively. The 
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minimum number was recorded during November, 1976 and October, 

1977 and was completely absent during February and March, 

1976, OecBmber 1976 to March, 1977, November, 1977 to 3anuary, 

1978. 

The family Drepanulidae was listed by Drepanâ  p̂ '̂allida. 

Moore, It was recorded maximum in April, 1976 with a larger 

peak (44 individuals) and 3une, 1976 and 3uly, 1977 with 

smaller peaks (lO and 9 individuals respectively). It was com­

pletely absent during February and March, 1976, November, 

1976, February, 1977 and December, 1977 to 3anuary, 1978, 

The family Ctenuchidae was listed by Eressa affinis 

Moore which was recorded maximum in April, 1976 and May, 1977 

with large peaks, and in 3uly, 1976 and 1977 with small peaks. 

This family was recorded minimum during November, 1976, April 

and October, 1977 and completely absent during February and 

March, 1976, December, 1976, February, 1977 and December, 

1977 and 3anuary, 1978. 

An analysis of hourly catches of Lepidoptera is presen­

ted in Table-\/a,b, which revealed during 1976-77 and 1977-78, 

the catch was highest during 2000-2100 hrs. representing 16.28 

percent and 13,41 percent of the total night's catch respect­

ively. The lowest catch was recorded during 0400-0500 hrs. 

representing only 1.86 percent and 2.76 percent in 1976-77 

and 1977-78 respectively. The moth catch was completely nil 

during 0500-0600 hrs. 

Coleoptera ; 

Coleoptera represented 426 (3,8^) individuals during the 
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year 1976-77 and 681 (,1,35%) during the year 1977-78 (Fig, 4). 

Monthly relative abundance of coleoptera with it families is 

prBsented in Fig, 9, a perusal of which revealed that the peak 

abundance occurred during Nay, 1976 roprBsenting 153 indivi­

duals. It was abssnt during March and December, 1976, It reap­

peared again in January, 1977 and gradually increased reaching 

its peak in the month of June, 1977 representing 275 individ­

uals. Then it gradually decreased repressnting ths minimum 

catch in the month of December, 1977 numbering only 3 indivi­

duals and completely disappeared in January, 1978, 

An analysis of relationship betiueen the total abundance 

of coleoptera and various environmental factors (Table-IVa,b) 

revealed that the maximum and minimum temperatures, relative 

humidity and wind velocity had no significant correlation 

during both the years of study. The total monthly rainfall 

also had no significant relationship with the coleoptera 

caught during 1976-77, However, the relationship was positiv­

ely significant (P<Q.Ol) for the following year 1977-7a 

Coleoptera was represented by the families: ScarabaeidaB, 

Elateridae, Rhinchitidae, Staphylinidae, Cantharidae, Curoiul~ 

ionidae, Chrysonelidae, Prinidae, Carabidae, CoccilinidaB, 

Lyonsxilidas, Dermisticdae, Cassodidae, Claridae, SilvaniedaB. 

Family Staphylinidae was the most dominant group repres­

enting 319 individuals (28.28^) followed by Rhinchitidae rep­

resenting 203 individuals (18,00/S), Elateridae representing 

197 individuals (17.46^) and Scarabaeidae representing 193 in­

dividuals (17.11%). The remaining families of Coleoptera were 

very poorly represented in the catch (Fig, 9). 
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Figure 9 showing the ssasonal fluctuation of 
total Coleoptera, Scarabaedae, Elateridas, 
Rhinchitidaa, Staphylididaa, Cantharidae, 
Curculionidaa, Prinidas, Carabidae, Cocci-
linidae, Lyonexilidae, Dermisticdaa, 
Cleridae and Silvaniedae caught in light-
trap during the entire study period. 
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Stapbylinidae was at its peak^of abundance in Dune, 1976 

and 1977 representing 17 and 122 individuals respectively. 

From duly, 1976 it started decreasing with complete disappear­

ance in Decembar, 1976 and January, 1977 and again it increa­

sed in number from March, 1977 reaching its peak in June, Than 

it started decreasing and disappeared completely in December, 

1977 and January, 1978. 

Rhinchitidae was maximum in April, 1976 representing 45 

individuals. Then it started decreasing with a slight increase 

in June, 1976 and fell thereafter. It started increasing 

again from February, 1977 reaching its peak in June, 1977 rep­

resenting 23 individuals. It was completely absent in March, 

1976, December, 1976 and 1977 and January, 1977 and 1978. 

Elateridae represented its peak of abundance in May, 1976 

representing 13 individuals. Then it gradually decreased till 

it disappeared during December, 1976 and January, 1977. This 

group again made its appearance in February, 1977 and with a 

gradual increase reached its peak in June, 1977 representing 

65 individuals. From July, 1977 it decreased gradually in num­

ber and disappeared thereafter. 

Scarabaeidae is the only family which represented more 

in 1976-77 than that of 1977-78. It was at its peak of abun­

dance in May, 1976 and 1977 representing 74 and 23 individuals 

respectively. From June, 1976 and July, 1977 onwards it dec­

reased gradually. It was completely absent from September to 

January, during botli the annual cycles. The remaining famillss 

repre3ant9d maximum in May, 1976 and June, 1977 and ware not 

represented in number regularly to show any seasonally signi­

ficant chanqg, 
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An analysis of hourly abundance uf Coleoptera (Table-Ua, 

b) revealed that they were moat abundant during 2000-2100 hrs. 

representing 27,23 percent in 1976-77 and 16.74 percent of the 

total night catch in 1977-78, follou/ed by 1900-2000 hrs. in 

1976-77 representing 10,98 percent and 2100-2200 hra. in 1977-

78 representing 14.61 percent. The least catch uias recorded 

during 0500-0600 hrs. which luas nil in 1976-77 and 0.28 per­

cent in 1977-78. 

HymanoDtera :-

Hymenoptera represented 592 (5.4 percent) and 343 (3.7 

percent) during 1976-77 and 1977-78 (Fig, 4). The monthly 

abundance of Hymenoptera is presented in Fig, 10, a perusal 

of which revealed the gradual increase from March, 1976, rea­

ching a peak in 3une, 1976 representing 223 individuals (38,01 

percent). From 3uly, 1976 it started decreasing with a small 

peak of increase in September, 1976, representing 83 indivi­

duals (14.02 percent) reaching the minimum in 3anuary, 1977 

representing 2 individuals (0.34 percent). In 1977-78, this 

group reached the peak of abundance again in 3une representing 

78 individuals (22,74 percent) with two small peaks of incr­

ease in February and October, 1977 representing 28 (8.16 

percent) and 36 (10,5 percent) individuals respectively. 

An analysis of relationship between the monthly total 

abundance of Hymenoptera and the different environmental 

factors (Vable~I\/a,b)revealad that the minimum and maximum tem­

perature, relative humidity and wind velocity showed no rela­

tionship with the monthly hymenopteran abundance during both 

the years of study. However, the hymenopteran fauna showed 
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a strong positive correlation (P<0.01) with total rainfall 

during both the years. 

Hymenoptera compriseri of the families Formioidae, Diap-

rinidae, Uipioniidae, Ceratinidae, Bombidae, Stizidae^ Psammo-

charidae and their seasonal abundance are presented in Fig. 10# 

Catches of Pormicidae represented 62.14 percent of the total 

number of Hymenoptera caught in the trap followed by Diaprln-

idae representing 20.32^, and Ceratinidae representing 9,20?S. 

Pormicidae showed its peak period of abundance in 3une, 

1976 representing 171 individuals (I8.285i2) of the total hymen­

optera. Then it started decreasing with a small peak of incr­

ease in September, 1976 and reached minimum in ^eoenbBVf%976 

and January, 1977 representing only 1 individual. Then it 

Increased with a slight peak in September, 1977 representing 

24 individuals. Prom October, 1977 it gradually decreased 

reaching a low ebb in 3abiary, 1978 when it was only 1 indi­

vidual. 

Diaprinidae was caught maximum during 3uly, 1976 and 

October, 1977 representing 26 individuals (2.78^) and 25 ind­

ividuals (2.67/̂ ) respectively. This family was completely 

absent during December and Oanuary for both the years. 

Ceratinidae was maximum in Dune, 1977 representing 37 

individuals (3.9^). The remaining families were not represerj* ' 

ted in numbers large enough to show any seasonally signifi­

cant changes. 

An hoi.Tly analysis of abundance of hymenoptera caught 

revealed that during 1976-77 they were maximum during 2000-
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Figure 10 showing the seasonal fluctuation of total 
Hymenoptera, Formicidae, Diaprinidae, 
Ceratinidae, Bombidae, Stizidae and 
Psamrnocharidae caught in light-trap 
during the entire study period. 

Figure 11 showing the seasonal fluctuation of total 
Hemiptera, Cercopidae, Cicididae and 
Aphidoidae caught in light-trap during 
the entire study period. 
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2100 hrs. representing 11.30 p3rcBnt of the total night's 

catch, folloLued by 2200-2300 hrs. representing 8.60 percent. 

In 3une, 1976 at 0300-0400 hrs. an army of Formicidae, 150 in 

numbers mere ccught which increased the total catch of the 

hour to 31.87^ of total night's catch (TablB-\/a,b) an unusual 

phenomenan observed during the entire period of study. The 

minimum catch tuas recorded during 0500-0600 hrs. representing 

0.51 percent. During 1977-78, the maximum catch was recorded 

during 2000-2100 hrs. representing 17.78 percentage of total 

night catch, followed by 2100-2200 hrs. representing 13.99 

percent. The minimum catch was recorded during the hours 0500-

0600 hrs. represented only by 0.29 percent. 

Jjerniĵ tê ra "-

Hemiptera represented 420 (3.8^) individuals during the 

year 1976-77 and 595 (6.42^) during the year 1977-78 (Fig. 4), 

The monthly relative abundance of total hemiptera caught is 

presented in Fig. 11, a perusal of which revealed that during 

1976-77 they were in peak abundance during April-May, 1976 

representing 70 (16.67^) individuals and during October, 1976 

with about 75 (17.86^) individuals. The least catch of hemip* 

tera was recorded in Danuary, 1977 for the period 1976-77. 

During 1977-78 from February^ 1977 it started increasing rea­

ching the maximum in Dune, 1977 representing 140 (23.58/S) 

individuals. Then it decreased in number with a small peak of 

increase -.n October, 1977 representing a catch of 93 (15.63/?) 

individuals. The least catch was recorded in Danuary, 1978 

representing only 1 individual (0.17/S). 
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An analysis of relationship between monthly relative 

abundance of hemiptera and various environmental factors 

(TablB-IUa,b)revealed that the maximum temperature had a posit­

ive correlatio.i (P<0,05) with the seasonal abundance of Hem­

iptera. The minimum temperature also had a positive relation­

ship, it being significant at P<0.05 level during 1976-77 

and P^Q.01 level during 1977-78, The total rainfall and rel­

ative humidity also showed a positive significant correlation 

(P<0,01) during 1977-78 whereas, no relationship was seen 

during 1976-77. The wind velocity showed no relationship with • 

their seasonal abundance for both the years. 

The order hemiptera was represented by Cercopidae, Cici-

didae and Aphidoidf̂ e • Cercopidae was the most dominant group 

representing 877 individuals (87,39^) of the total hemiptera 

caught, followed by Aphidoidae representing 87 individuals 

(8.67?̂ ) and Cicididae represented only 40 individuals, 3,98% 

The family Cercopidae had its peak of abundance in April, 

May and October, 1976 representing 58 individuals (5.78^) 

each time. In 1977-78, the peak periods of abundance were 

Duns and October, 1977 representing 125 individuals (12.45^) 

and 90 individuals (8*96^) respectively. This group was enti­

rely absent during December, 1976 to February, 1977 and Jan­

uary, 1978, The relative peaks of Cercopidae abundance there­

fore reflected the relative abundance of the entire order. 

The other two families trapped were too few to show any sig­

nificant seasorial variations. 

An hourly analysis of Hemiptera presented in Table-

\la,h, revealed that during 1976-77 the maximum catch was 
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recorded during 0300-0400 hrs. representing 14.29 percent of 

the total night catch followed by 1900-2000 hrs. representing 

11.21 percent. The least catch u/as recorded during 0500-0600 

hrs. which represented only 0.25 percent. During 1977-78 the 

maximum catch was recorded around 2000-2100 hrs., which rep­

resented 21.43 percent of the total night catch followed by 

2100-2200 hrs., representing 14.92 percent. The least catch 

was recorded at 0500-0600 hrs. which represented 1.59 percent 

of the total night catch, 

Jlg-tja-ro_p_tera_ :-

Heteroptera represented 698 (6.36^) individuals during 

the year 1976-77 and 307 (3.31^0 during 1977-78 (Fig. 4). The 

monthly total relative abundance of heteroptera is represented 

in Fig. 12, a perusal of which revealed that during 1976-77 

the catch Was maximum in April, 1976 representing 446 (63.61^) 

individuals. It then decreased till it again rose with a neg­

ligible peak of increase in October, 1976 and reached a low 

ebb in January, 1977, From February, 1977 onwards it gradua­

lly started increasing reaching its peak of abundance again 

in April, 1977 representing 84 individuals or 27.36^ of the 

total catch of the year. Then it started gradually decreasing 

and before it reached the minimum in January, 1978 represen­

ting 2 individuals (0,65%) of the total catch of the year, it 

again had a small peak in October, 1977 representing 28 in­

dividuals (9,12 ?S). 

An analysis of relationship between total monthly rela­

tive abundance of hleteroptera and various environmental facts* 

urs (Tabl8-J\fei,b) revealed that the variation in maximum and 
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Figure 12 ahoujing the seasonal fluctuation of 
total Heteroptsta, Reduviidae, 
Pyrrhocoridas, Neididas and Pentato-
midae caught in light-trap during 
the entire study period. 

Figure 13 shoujing the seasonal fluctuation of 
total Orthoptera, Gryllidae, Acrididae 
and Tettigoniidae caught in light-trap 
during the entire study period. 
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minimum temperature, relative humidity and voind velocity show­

ed no significant correlation with the monthly abundance of 

hetaroptera during both the years. The total rainfall also had 

no significant relationship uuith the heteroptera caught during 

1976-77. However, the relationship was positively significant 

(P<0.01) during 1977-78. 

The group Heteroptera uias represented by the families 

Reduviidae, Pyrrhocoridaa, Neididae, Pentatomidae and Hydro-

metridae. Reduviidae ujas the most dominant group representing 

669 individuals, 65»72% of the total heteroptera catch, fol-

loujed by Pyrrhocorldae representing 235 individuals (23.08?̂ ), 

Neididae represented 105 individuals (l0.31^o), by Pentotomi-

dae and Hydrometridae representing 9 (0.88^) and 1 (0.18^) 

individuals respectively. 

The monthly abundance of Reduviidae is presented in Fig, 

12, a perusal of which revealed that Reduviidae was at its 

peak abundance in April, 1976 and 1977 representing 334 

(32.81^) and 74 (7.27^) individuals respectively. From April, 

1976 the population gradually decreased with negligible peak 

of increase in 3une, 1976 representing 24 individuals (2.36^) 

and disappeared completely in December, 1976,' From January, 

1977, it gradually started increasing with the peak of abun­

dance in April, 1977. Then it gradually decreased reaching 

the minimum in January, 1978 representing only 2 (0,2?S) indi­

viduals. 

Pyrrhocorldae was caught maximum in April, 1976, then 

it gradually decreased and disappeared from November, 1976. 
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In 1977-78, the family was not represented in numbers large 

enough to shouj any seasonal significant changes. 

The relative peaks of Reduviidae and Pyrrhocoridae abun­

dance therefore reflect the relative abundance of the order 

heteroptera. The remaining three families were trapped too 

less in numbers to show any seasonally significant changes. 

An hourly analysis of heteroptera caught revealed that 

during 1976-77, this group was trapped maximum at 2000-2100 

hrs. representing 28.26 percent of total night catch followed 

by 2100-2200 hrs. representing 16.09 percent. The minimum num­

ber was caught during 0400-0500 hra. representing 0.72 percent, 

and nothing was caught during 0500-0600 hrs. During 1977-78, 

the maximum heteroptera were caught at 2100-2200 hrs. repres­

enting 22.08 percent and minimum during 0400-0500 hra. repre­

senting 1.95 percent. Again nothing was caught during 0500-

0600 hrs, 

Ort]TOg_tera, i-

Orthoptera represented 273 (2.5/o) individuals during 

1976-77 and 181 individuals (1.95^) during 1977-78 (Fig. 4). 

The monthly total abundance of this group is represented in 

Fig. 13, a perusal of which revealed that during 1976-77 this 

group reached the peak of their abundance In 3une, 1976 rep­

resenting 5'5 individuals (l9.41/o) of the total yearly catch. 

Then it decreased with a negligible increase in Octobertj 1976 

representing 27 individuals (9.89/2) and reached its minimum 

in December, 1976 representing only 1 individual (0,37^) with 

total disappearance in January, 1977. Then the number 
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gradually increased and reached the maximum in June, 1977 rep­

resenting 36 individuals (19.89^). Then it started decreasing 

with a slight increase in November, 1977 representing 19 indi­

viduals (10,5/S) and reached its minimum in January, 1978 rep-

reaftnting only 1 individual (0,55/S). 

An analysis of relationship betujeen total monthly abund­

ance of Orthoptera and different environmental factors (Table-

I^b)revealed that the variation of minimum temperature had a 

very strong correlation (P<rO,Ol) with seasonal abundance of 

Orthopteran fauna during both years of 1976-77 and t977-7B, 

The maximum temperature showed a positively significant rela­

tionship during both the years, but the sign.'ficance was at 

P<0,01 level during 1976-77 and at P<0.05 level during 

1977-78, The total rainfall showed positive correlation sig­

nificant at P<0,Q1 level for both the years. The wind velo­

city showed no correlation at all.HotDGVP.r the relative humidity 

was significant at P<0,05 level for 1976-77 and at P< 0.01 

level for 1977-78, 

The order Orthoptera was represented by families Grylli— 

dae, Acrididae and Tettigoniidae, Family Gryllidae was the 

most dominant group representing 191 individuals (42,16/o) uf 

the total orthopteran catch, followed by Acrididae represen­

ting 185 individuals (40.84^) and Tettigoniidae represented 

77 individuals (17.00^). 

The family Gryllidae was caught in maximum number during 

May, 1976 representing 27 individuals {3,96%), Then it grad­

ually started decreasing, finally making its disappearance in 
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December, 1976 to March, 1977. It reappeared in April, 1977 

and reached the maximum in Dune, 1977 representing 18 indivi­

duals, 3.97/S of total orthoptera catch. Then it started dec­

reasing, reaching its minimum in December, 1977 represented 

by only 1 individual (0,22/S), and finally disappeared from 

January, 1978, 

An hourly analysis of total orthoptera caught revealed 

that during 1976-77 they were caught maximum at 2000-2100 hrs. 

representing 20.15 percent folloaied by 1900-2000 hrs. repres­

enting 16.12 percent. During 1977-78, the maximum catch was 

recorded during 1900-2000 hrs. representing 28,33 percent 

followed by 1800-1900 hrs. representing 18.89 percent. The 

least catch ujas recorded at 0400-0500 hrs. representing 3,3 

percent, mith complete disappearance at 0500-0600 hrs. during 

1976-77. During 1977-78 the least catch was recorded during 

0200-0300 hrs. (0,56^) with a complete disappearance at 0400-

0500 hrs, 

Dictyoptera :-

Dictyoptera represented 114 individuals during 1976-77 

and 70 individuals during 1977-78 which are 1,04^ and 0*76% 

of the total yearly catch of insects (Fig. 4). The monthly 

fluctuation of total dictyoptera is presented in Fig. 14, a 

perusal of which revealed that during 1976-77 they were pre­

sent only in February, 1976 and from April to August, 1976. 

They were trapped maximum in Nay, 1976 representing 51 indi­

vidual*, 44.74^ of the total dictyoptera caught and minimum 

in February, 1976 representing only 3 individuals, 2.63^ of 

the total yearly catch of dictyoptera. During 1977-78, they 
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Figure 14 showinq the seasonal fluctuation of 
total Oictyoptera, Blattidae and 
Nantidae caught in light-trap during 
the entire study period. 

Figure 15 shouiing the seasonal fluctuation of 
Trichoptera, Neuroptsra, Arachnida, 
Dermaptera, Isoptera and Odonata 
caught in light-trap during the 
entire study period. 
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were only trapped from April to September, 1977, showing thair 

peak of their abundance in Hay, 1977 representing 27 indivi-

duals, 38.57?S. They were recorded minimum in September, 1977 

representing only 2 individuals, (2.86^), 

An analysis of relationship between the monthly abundance 

nf dictyoptara and the various environmental factors (Tablê il/â b) 

revealed that the variation in maximum â d minimum temperatu­

res and relative humidity had no correlation with the abund­

ance of dictyoptera. The total rainfall showed a positive 

significant correlation (P<0.01) with the seasonal dictyop­

tera abundance during 1977-78 and no relationship existed 

during 1976-77. The wind velocity also shotaed a positive sig­

nificant correlation (P<0.05) with dictyoptera abundance 

during 1977-78 with no significant relationship during 1976-77, 

The order dictyoptera was represented by two families 

Blattidae and Mentidae, the former representing 157 indivi­

duals, Q3,96% of the total dictyoptera catch, the latter 

representing 10 individuals representing 16,04^ of total dic­

tyoptera catch. 

The monthly population fluctuation of Blattidae and Man-

tidae, is represented in Fig. 14 which revealed that Blatti­

dae appeared in April, 1976 and reached its peak of abundance 

in May, 1976 representing 47 individuals, 26,^3% of the total 

dictyopteran catch and minimum was recorded in Duly and 

August, 1976 each month representing 9 individuals (4.81/S), 

Then it reappeared in April, 1977 and reached its peak of 

abundance in May, 1977 representing 12.3^ of the total 
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dictyoptera catch. The minimum catch recorded u/as in Septem­

ber, 1977 representing only one individual, (0.53?S), The rela­

tive peaks of Blattidae abundance therefore reflected the 

relative abundance of the total order dictyoptera. 

Hantidaa was recorded only in February, 1976 and from 

May to July, 1976 and from May to August, 1977, They u/ere 

represented in numbers too few to show any significant seaso­

nal variations. 

An hourly analysis of dictyoptera caught revealed that 

they were recorded maximum during 2000-2100 hrs, representing 

20,69 percent of total night catch and minimum was recorded 

at 0300-0400 hrs. which represented only 0,86 percent during 

1976-77. In 1977-78 the maximum catch was recorded during 

1900-2000 hrs. representing 49.3 percent followed by 2000-

2100 hrs. representing 11.27 percent of the total night catch, 

and minimum catch was recorded during 2400-0100 hrs. repres­

enting 1,41 percent while no catch was recorded during 1800-

1900 hrs., 0300-0400 hrs. and 0500-0600 hrs, 

Tri'ohopter^ :-

Trichoptera represented 589 individuals during 1976-77 

and 179 individuals during 1977-78 which represented 5,39^ 

and 1.93/2 of the total yearly insects caught respectively 

(Fig. 4). The monthly fluctuation of trichoptera is presented 

in Fig, 1'̂j a perusal of which revealed that they were caught 

in maximum numbers in Nay, 1976 representing 136 individuals, 

23,09^ of the total yearly catch of trichoptera. Then it 

nradually decreased with a slighb increase in number in 
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September, 1976, representing 74 individuals, (12,56^) and 

reached a minimum in October, 1976 representing 9 individuals, 

(1.53^). During 1977-78 it appeared in February, 1977 and had 

its peak of abundance in Dune, 1977 representing 37 individu­

als, (20»67^). The minimum number was recorded in November, 
« 

1977 representing 7 individuals, 3.91^ of total trichoptera 

catch. This group was completely absent in December and Jan­

uary of both the years. 

An analysis of relationship between the monthly abundance 

of Trichoptera and various environmental factors (Table-I\/a,b) 

revealed that the variation in maximum and minimum tempera­

tures, total rainfall showed a positive correlation (P<0,01) 

with the monthly abundance of trichoptera during the year 

1976-77 of study whereas no significant relationship during 

1977-78, The wind velocity and relative humidity had no cor­

relation with their seasonal abundance. 

An hourly analysis of abundance of trichoptera (Table-l/ 

a,b) revealed that during 1976-77 they were most abundant at 

2000-2100 hrs. representing 16.06 percent of the total night's 

catch followed by 0200-0300 hrs. representing 13.41 percent 

and the least was recorded at 0500-0600 hrs. representing 

0,33 percent only. During 1977-78 they were most abundant at 

2300-2400 hrs. representing 25.41 percent followed by 2200-

2300 hrs. representing 12*15 percent. The least catch was 

recorded at 0500-0600 hrs. representing only 0.55 percent. 

.M_e.urQP.tera :-

Neuroptera represented 166 individuals during 1976-77 

and 118 individuals during 1977-78 which constituted 1.51̂ 2 
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and 1.27̂ 0 of the total yearly catch of insects respectively 

(Fig. 4). The monthly fluctuation of neuroptera is presented 

in Fig. 15, a perusal of which revealed that they were caught 

in maximum numbersin May, 1976 representing 37 individuals, 

(22.29^) of the total yearly catch of neuroptera. Then they 

started decreasing reaching a minimum in Danuary, 1977 repre­

senting 3 individuals, (1.815^). From February, 1977 onwards 

it increased in number gradually and reached its peak of 

abundance in June, 1977 representing 23 individuals, (19,44?S)* 

It then started decreasing and reached the minimum in Novem­

ber, 1977 representing only 2 individuals (1.69^). In both 

the years there was a slight peak auring September. They were 

completely absent during December, 1977 and January, 1978. 

An analysis of relationship between the monthly abundan­

ce of neuroptera and various environmental factors (Tabl8-Il/a,b) 

revealed that the variations in maximum and minimum tempera­

ture showed a strong positive correlation (P<0.01) with the 

seasonal abundance of neuroptera for both the years. The 

rainfall and relative humidity had a positive correlation 

with neuroptera abundance during 1977-78, with no relation 

during 1976-77. The wind velocity had no relation with their 

abundance during both the years of study. 

An hourly analysis of abundance of neuroptera (Table-

\/a,b) revealed that during 1976-77 and 1977-78 they were 

most abundant at 2000-2100 hrs. representing 20.71 percent 

and 25.81 percent respectively and the minimum was recorded 

during 0400^0500 hrs, which represented 2.96 percent and 0.81f 

Ĵê cent respectively. They were completely absent during 

the 0500"060Q hrs. 
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Ar£chni^ :-

The group Arachnida represented 80 individuals during 

1976-77 and 48 individuals during 1977-78 which constituted 

0.78^ and 0.52^ of the total yearly catch of arachnida resp­

ectively (Fig. 4), The monthly population fluctuation of 

arachnida is presented in Fig. 15, a perusal which revealed 

that they were at their peak of abundance in April, 1976 rep­

resenting 29 individuals, 36.25/S of the total yearly catch of 

arachnida. They then gradually decreased with a small peak of 

increase in October,-1976 representing 7 individuals, (8.75/S) 

and reached minimum in December, 1977 representing only 1 in­

dividual, (1.25^). Arachnida was completely absent in January, 

1977. During 1977-73 they represented a small peak of abund­

ance in Dune, 1977 representing 10 individuals, (20.83?S). 

Then it decreased till September and increased thereafter 

reaching the maximum peak catch in November, 1977 represent­

ing 13 individuals, 27.08'/o uf the total yearly arachnid catch. 

The minimum was recorded in April, August and September, 1977 

each month representing 2 individuals, 4.17/̂ . They were com­

pletely absent during January, March, December, 1977 and 

January, 1978. 

'̂n analysis of relationship between monthly abundance 

of arachnida and various environmental factors (Table-H/a»ti) 

revealed that the variation in all the environmental factors 

under study ehowed no significant correlation with the sea­

sonal variation of arachnida. 

An hourly analysis of abundance of arachnida (Table-\/a, 

b) revealed that during 1976-77 they were maximum at 1900-
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2000 hra., 2100-2200 hrs. and 0200-0300 hrs. representing in 

each hour 16,67 percent of the total night's catch. The mini" 

mum catch was recorded during 2200-2300 hrs. representing only 

2.78 percent. They luere completely absent during 2400-0100 

hrs. and 0500-0600 hrs. During 1977-78 they represented maxi­

mum number during 2200-2300 hrs, comprising 15.00 percent of 

the night's total catch, folloujed by 0300-04-00 hrs. represen­

ting 13.75 percent. The minimum was recorded during 1800-1900 

hrs. and 0400-0500 hrs, representing only 1.25 percent. They 

were completely absent during 0500-0600 hrs, 

•P9.r"iaP-te,ra s-

Dsrmaptera reprBsented only 3 individualj both during 

1976-77 and 1977-78 (0,03^) of the total catch of insects 

(Fig. 4). hey u/ere recorded in April, May and November^ 1976, 

each month representing one individual (Fig, 15). During 1977-

78 they were present only in February and Harch, 1978, The 

former representing 2 individuals, while the latter only one. 

They were caught at 2100-2200 hrs. in April and November^ 

0300-0400 hrs. in Hay, 1976 and 2400-0100 hrs. and 0300-0400 

hrs. in February, 1977. They were too low in number to draw 

any conclusion regarding their hourly activity. 

Isoptera, during the entire study period were caught 

only in April, 1976 representing 11 individuals, 0.1^ of the 

total yearly insect catch (Fig, 4). They were caught in max­

imum numbers at 1800-1900 hrs, representing 6 individuals, 

54,5̂ !̂  of the total catch, followed by 2000-2100 hrs. 
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representing 3 individuals, 21*27%^ 2100-2200 hrs. and 0200-

0300 hrs, each hour representing only one individual (9.09^). 

Odonata :-

Odonata was represented by only tiuo individuals (0,02/S) 

of the total insect catch (Pig. 4), They were recorded only 

in Dune, 1976 during the entire study period at 2100-2200 hra, 

and 0200-0300 hrs. each hour representing one individual. 

They vuere also too low in number to draw any conclusion 

regarding their hourly activity. 
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DISCUSSION 

Fourteen orders of insect consumers uiere caught during 

the present investigation. This was probably the first time 

that maximum number of insect ordexs had been caught from a 

single light source. The nearest to such a variety being 

caught was that of Yates (1973) who used Black-light and 

blacklight blue sources unlike the present study where the 

yellow light source was used. His catches comprised of thir­

teen orders of which ten urders were common to the present 

study. This, therefore proved that a simple light trap as 

used in the present study was as efficient if not more, than 

any sophisticated ones known so far. 

From the results it was seen that the total insect catch 

was much more in 1976-1977 than during 1977-1978 (Fig. 5). 

This was due to the fact that most of the insect orders caught 

were nearly half in density during the second year of inves­

tigation and the complete disappearance of the two orders of 

Isoptera and Qdonata. The only two orders which had an abun­

dance during the second year of investigation were that of 

Diptera and Hemiptera though they did not have any effect on 

the total catch. Such annual variation in insect consumers 

have been reported by Deay st al_ (1964) and Bakke (1974), 

Yates and Ebel (l975a) reported similar results where in cer­

tain years, some groups were totally absent followed by 80^ 

of their catches in succeeding years. Raychaudhuri (1975) 

stated that natality was one of the main causes of insect 

multiplication in any ecosystem. The catche fall, in the 

second year of investigation may therefore be due to the 

95 



mortality of gravid females being trapped during the preceding 

annual cycle. This was further, elaborated from the present 

study, when the correlation coefficient between the abundance 

of the insect orders during the two years was highly positive­

ly significant for most of the orders (Table-Ill). This ena­

bled one to predict the population fluctuation for succeeding 

years. However, this prediction value was not possible for 

about five orders (Tablo-IIl), either at high or low popula­

tions (Hagen, 1976), 

The total insects caught during both the annual cycles 

followed a similar trend with the peak during May-3une and the 

lowest recorded during January, An interesting observation 

made in the present study was that when the peak occurred in 

May, 1976 the total number caught was 3069 and in 3une, 1977 

it was 3090, which was very close in abundance. Similarly, 

during January of both the years the number trapped was only 

15. Such a constancy in trend year after year may be attribU*-

ted to regularity of environmental factors like rainfall and 

temperature for insect increaso and decrease respectively, 

(Cantello o^ _al, 1973j F:.ith, 1975). Further this was suppor­

ted when a strong positive significant correlation existed 

between rainfall, minimum tomperature and total insects for 

both the years in the present study (Table-I \/a, b). 

A quantitative analysis of the hourly activity of insec­

ts during the present study revealed that most of them were 

caught during the first half of the night as ahown in Table-

UT. The general activity of the insects during the winter 

months was high during the first quarter of the night and 
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decreased steadily as daujn approached. Hoiuaver, the flight 

activity seemed to continue for all the first three quarters 

before there u/as a drastic fall in the fourth or last quarter 

during summer. Similar flight activities of insects have been 

reported by Hanna (1969, 1973) ujhere he reported that the num­

ber declined towards 0200 hrs, Hamilton and Steiner (1939) 

and Day and Raid (1969) recorded highest catches of moths and 

luiremorms respectively during the first quarter of the night 

(1800-2100 hrs,). Graham £t al. (1964),and Gentry and Davis 

(1973) recorded peak activity near or slightly before midnight. 

In contrast to these. Click and Hollingsu/orth, 1954j HaddouJ, 

1961; Standfast, 1965 and Gladney and Turner, 1970 had light 

trap collections which were greater after midnight. Houiever, 

Taahiro (1961) reported two peaks of activity in the European 

chafer, one before midnight and one after 0300 hrs. with a 

lull in activity around midnight. During the present study, 

though the maximum catch, was recorded before midnight there 

was a small peak around 0200-0300 hrs., thereby confirming 

Tashiro (1961). Whatever the case may be, it was very clear 

that midnight was a turning point for all major insect groups 

in their response to light traps, acted upon however, by over­

all climatic conditions and seasonality. 

The monthly fluctuation of Lepidoptera had a trend of 

fluctuation similar over the two annual cycles. Tha maximum 

caught were during the rainy months of May, 1976 and 3une, 

1977. This clearly showed the presence of only one genera­

tion for most of the Lepidoptera. However, none of the envi­

ronmental factors had any effect on the fluctuation of first 
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annual cycle, whereas minimum temperature and rainfall had a 

significant relationship over Lepidoptera fluctuation for the 

second annual cycle. No immediate reason could be attributed 

except that thb relative abundance of second yoar of Lepidop­

tera being much louier than the previous year, could have been 

affected by either one or both- of the abiotic factors. Cante-

lo Qĵ  al (I972a)| Cantelo e^ al. (1973) and Frith (1975) have 

all reported a positive correlation betvueen total rainfall 

and total moth catch. HoLuever, Cook (1961), Yates and Ebel 

(I975a,b) contradicted that rainfall had any effect and felt 

that the rainy weather appeared to capture as many moths as 

on rainless nights. The effect of minimum temperature on the 

Lepidoptera caught as revealed in the present study found 

support from the works of that of Tashiro (1961), Cook (1961), 

Ahmed e_t _al (1973), Chalfant e^ al (1974) and Broersma e^ al., 

(1976). 

Of the nine families represented by Lepidoptera in the 

current study some families had two generations as clearly 

indicated by their two periods of flight activity, one during 

the monsoon and the othe-̂  during the popt-monsoon or pre-

winter months. Interestingly enough, not all the families 

which showed the two peaks of activity during the first ann­

ual cycle 1976-77, showed a similar trend during the succee­

ding year (Fig. 8), This discrepancy in the fluctuation patt­

ern of th9 different families of Lepidoptera did not allow 

any conclusions to be drawn. Such controversies exist earlier 

as by Abul-Nasire^ al. (1973), who reported three distinct 

fluctuations of moths of cotton leaf worm during 1964, and a 
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very low and irregular pattern in folloiuing two years. The 

support for the existence of two generations of moths in a 

year came from Bakke (1974), who also showed that the two 

peaks occurred in May and October. Frith (1975) was of the 

opinion that rainfall or a marked increase in precipitation 

had a direct positive effect on the amount of Lepidoptera 

catch. Families Geometridae, Pyralidae and Arctiidae represen­

ted 11% of the total moth catch. The relative peaks of Lepi­

doptera abundance, therefore reflect the relativ/e abundance 

of these three predominant families. Moreover, since the fami­

ly Geometridae which formed more than 40 percent, the two 

generations observed in the families Pyralidae and Artiidae 

got evened out and presented a single total Lepidoptera gene­

ration (Fig, 6), The leas^ catch for all the families were 

during the winter months of December, January and February • 

and some families even disappeared during these months. This 

clearly indicated that rainfall and temperature were the only 

abiotic factors which had, if any, a marginal affect on the 

abundance of the different families of Lepidoptera. The hourly 

catches of Lepidoptera followed a similar trend as that of 

the total insect catch. Maximum were caught before midnight 

and with a slight peak around 0200-0300 hrs. (Tashiro, 1961) 

completely disappeared as dawn approached. 

The order diptera presented the same trend in the sea­

sonal fluctuation of relative abundance for the two annual 

cycles. The maximum caught was during the rainy months of May, 

1976 and June, 1977 similar to that lepidoptera. However, 

unlike lepidoptera, diptera exhibited an extra smaller peak 
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which occurred during the post-monsoon or pre-vuinter months 

of October during both the years (Fig. 6) and hence depicted 

the presence of tuio generations per annum. Such bimodal patt­

erns occurring in Diptera has been shown by 3amnback and 

Matthews (1963) and Kline and Axtell (1976). 

The effect of different environmental factors on the pop­

ulation trend of total diptera caught had no significant cor­

relation except with rainfall (r = +0.7663 and r = +0,7369 

during 1976-77 and 1977-78 respectively) and minimum tempera­

ture (r = +0.7119 and +0.6396 during 1976-77 and 1977-78 res­

pectively). The other factors were nither not significant for 

one year or both the years. The significance of rainfall on > 

diptera had been shown by Bertram and McGregor (1956) and 

Williams (1961,/ who reported large collections during heavy 

rains or rainy nights respectively. Minimum temperature being 

more effective than maximum temperature as in the present 

study, gnt its support from the works of Bradley and McNeal 

"(1935), Porter and Gojmerac (l970) and Kline and Axtell (1976). 

Among the diptera caught during the present study all the 

three sub-orders were represented, Of these Brachycera and 

Nematocera formed more than 80 percent thus reflacting the 

relative abundance of total diptera. All the sub-orders, had 

at least two peaks representing two generations. A similar 

trend as was seen in lepidoptera and its families was also 

observed here, when the peaks occurred in the monsoon and 

post-monsoon months. Lewis (1959) and Owen (1969) reported 

similar peaks of abundance, the larger ones in May and June 

uihile the smaller during August and September. The hourly 
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analysis catch for diptera and its sub-orders revealed the 

same trend as discussed for lepidoptera. 

The remaining orders comprising of Coleoptera, Hymanop-

tera, Hemiptera, Heteroptera, Orthoptera, Dictyoptara, Trich-

optera, Neuroptera and Arachnida folloiued more or less the 

same trend of fluctuation as for diptera, Most of them and 

their families showed similar peaks of abundance, one during 

the rainy season and the other after the rains, just before 

the onset of winter. Except for Trichoptara and Arachnida rairv-

fall had no effect for all the orders (Table-Bfevb). Maximum and 

minimum temperature had an effect only on Hemiptera, Orth"p-

tera and Neuroptera for both the years of stuo.• The orders 

Dermaptera, Isoptera and Odonata though represented in both 

the annual cycles were in such low numbers that they had no 

effect on the total insect catch. Hence no definite conclu­

sions could be drawn from either the absence or presence of 

these three orders in the present study. The results of the 

hourly analysis of the twelve orders followed a similar patt­

ern as was seen for lepidoptera and diptera (Table-Uafb). 

To summarise and to draw upon some salient features from 

the present work, its findings are reported here to form gen­

eral conclusions, A great many works exist on light-trap cat­

ches, most of them confined, however, to agricultural pests. 

One can count on one's fingers the light trap work in forest 

ecosystems. Two major aspects emerged from the present study. 

One was, that, whatever may be the diversity of the insect 

orders and their families trapped, they followed a similar 

trend in their relative abundance of population fluctuation, 
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The other uJas that of all the environmental factors, only 

rainfall and minimum temperature seemed to have any effect on 

the insect consumer population. 

In general, hoiuever, catches luere dominated in all the 

orders by some families or sub-orders present throughout the 

trapping period even though there was considerable variation 

in their monthly totals. The results suggest that insect div-

arsity ujas relatively high for most part of the year except 

during ujinter months. This was due to the constancy of the 

families in all the catches and also during the months when 

the total insect abundance was high. Such a phenomenon was in 

contrast to tropical regions in general where the insect abun­

dance and diversity were negatively related (Frith, 1975) and 

in temperate regions where diversity increased with seasonal 

abundance (Williams, 1964). The present work was done in a 

place which could be attributed to as sub-tropical where 

temperature fluctuations was not very high. 

The light trap catches in the present study indicated 

that most of the insect Orders were capable of overwintering, 

and had a surge in population after the onset of first mon­

soon, as when average temperature exceeds 16°C, development 

of larval and adult activity accelerate rapidly (Chalfant 

e^ al_, 1974). In tropics, rainfall was the most important 

factor which regulated the size of insect population, where 

abundance of species occurred following period of heavy rain­

fall (Oweny 1969), In the present study too, the peak activi­

ties of most of the orders caught occurred immediately after 
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rains and therefore rainfall could be attributed as an opera­

tionally significant factor in the regulation of insect 

abundance. 

During the second annual cycle, though the trend of fluc" 

tuation remained constant as of the first annual cycle and the 

variety being constant, yet there ujas a drastic fall in their 

total abundance. This may be due to the diminishing effect of 

the insect populations by light-trapping, ujhich act as food 

reservior for the insectivorous predators and parasites incr­

easing the pressure on the remaining host populations. A chain 

reaction gets built luhich limit reproduction of predators and 

parasites thereby decreasing the pressure on the remaining 

insect hosts. Therefore resurgence of many populations will 

still occur but far less than initial levels indicating that 

the rates of increase approached the net biotic potential 

(Cantelle _et ail, 1974). 

The present study further revealed that considerable 

differences in the influence of climatic factors on catch 

sizes were evident. This meanb that other environmental and 

sampling factors influenced the relative abundance of these 

catches. They could be, the determination of activities of 

relevant population (Southu/ood, 1960; Strickland, 1961; Manley 

and Farrier, 1969; Murdoch êt al., 1972) and the threshold 

values of climatic factors for insect activity (Taylor and 

Carter, 1961; L.etuis, 1963, 1964; Johnson, 1969; Rahn and 

Berger, 1973). 

Uariation o*' climatic factors during a catch period 

103 



(night) occurred and influences of such variation as luell as 

periodicity of activities luas investigated by hourly catches. 

As louj temperatures rise, the relationship betu/een ambient 

temperature and insect activity resembled a sigmoid curve 

(Taylor, 1963). The insects response to warming temperature 

mould be most rapid in the central portion of the curve with 

progressively slouier rates towards extremeties. Therefore, 

temperatures at dawn being invariably lower than the evenings 

probably accounted for the nil catches during the early morn­

ing hours (Table-Va,b). 

The statistical analysis performed for the present study 

does not enable us to pin down the effect of any single envi­

ronmental factor un insect population. Dohnson (1969) ment­

ioned that the use of regression to determine the relationship 

between the activities and climatic factors was very complex 

and regressions may be only an empirical convenience or they 

may indicate functional relations. However, the study, helped 

in the prediction of populations so that insect pest outbreaks 

could be easily reflected if such studies were done and 

records maintained continously over several years for proper 

forestry management. 
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Uar* .mejĵ as. Theobald in entrance traps 

of a baited protable ujooden hut, with 

special reference to the effect of wind 

direction. Bull. Ent. Res. 47: 669-681. 

Bogush, P.P 1936 Some results of a study of light traps" 

in Central Asia. Bull. Ent. Res. 27: 

377-380. 

Bradley, G.H. 1935 Mosquito collection in Florida with the 
& T.E. McNeal 

fJew 3ersey light-trap. 3. econ. Ent, 

28: 780-786. 

Broersma, D.B., 1976 Activity and black light induced flight 
3.R. Barrett, 
3r. & 3.0. of Black cutworm and European Corn 
Sillings. 

Borer as related to temperature and 

relative humidity. Environ. Entomol,, 

5(6): 1191- 1194. 

1971 Lunar cycles in the distribution and 

abundance of airborne insects in equa­

torial highland of East Africa. 3. 

Anim. Ecol» 40: 767-779. 

Brown, E.S, & 
L.R. Taylor 

106 



Cantelo, W.W., 1972a Suppression of an i s o l a t e d population of 
3 . S . Smith ,3r . , 
A,H. Bauinhovar, tobacco hornuiorm u/ith black l i g h t - t r a p s 
3.M. Stanley & 
T.3. Hanneberry unbalted or baited with virgin female 

moths. Environ. Entomol. 1: 253-258. 

1973 Changes in the population levels of 17 

insect species during a 3^ year black-

& light trapping program. Environ. 

Entomol, 2% 1033-1038. 
H.B. Peace 

, 1974 Haas trapping with black light: Effects 
J.L. Goodenough, 
A.H. Baumhover, on isolated populations of insects. 
3.S. Smith, 3r., 
3.CI. Stanley & Environ, Entomol, 3(3): 389-395. 
T,3. Hanneberry 

Chalfant, R.B., 1974 Cabbage looper: populations in Black-
C.S. Creighton, 
G.L. Greene, light traps baited with sex phsrmone in 
E.R. Mitchell, 
3,n, Stanley & Florida, Georgia and South Carolina. 3, 
3.C. Webb 

Bcon. Entomol. 67: 741-745. 

Chaniotis, B.N. 1974 Comparative flying and biting activity 
& M.A. Correa 
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ri.A. Correa, tômĵ n̂e_ sand flies in Panama. 3. Med. 
R.B. Tesh & 
K.M. 3ohn3on Ent. 8: 339-352, 

Cook, W.C. 1961 Relation of environment to photosensi­

tivity of insects. Page 36. In' Responoe 

of insects to induced light. USDA ARS 

20-1.0, 66 pp. 

107 



Day, A, & 1969 Respnse of adult Southern potato wire-
W.3. Raid 

luorms to light traps, 3. econ. Ent. 

62; 314-318. 

Deay, H.O,, 1964 Light t r ap c o l l e c t i o n s of corn earuiorm 
3,G, Taylor & 
3.R. Barrett, 3r. adults in Indiana in the years- 1953-

1963. Proc. North. Cent. Br., Ent, Soc. 

Amer. 19: 45-52. 

Falcon, L .A. , 1967a Light t r a p s and moth i d e n t i f i c a t i o n an 
W.R, Bauer, 
G.T. Okumura, aid for detecting insect outbreaks. 
U.E. Burton, 
R. l/an den Bosch Uniu. California Agr. Exp. Sta. and 
& G. Tract 

Ext. Serv, Lerflst, 197. 16 pp. 

^, 1967b Light traps as detection devices for 
R. i/an den Bosch, 
L.K. Etzel, moths of cabbage looper and bulluiorm. 
C.A. Ferris & 
L.K. Strombery Calif. Agric. 21(7): 12-14. 

Ford, 3,H., 1972 Use of light traps for cabbage looper 
W, Wolf & 
P.U. Uail c o n t r o l in a l i m i t e d a r e a . Trans . ASAE. 

15: 352-354. 

Frith, D.W. 1975 A preliminary study of insect abundance 

on West Island, Aldabra Atoll, Indian 

Ocean. Trans. R. Ent. Soc. Lend. 

127(3): 209-226. 

Gentry, C.R. & 1973 Weather: Influence on catches of adult' 
D.R, Davis 

cabbage loopers in traps baited with 

Black light only or u;ith Black light 

plus synthetic 3BX Pheromone. Environ. 

Entomol. 2(6): 1074-1077. 

108 



Gentry, C.R,, 1971b Population and mating of adult tobacco 
W,A* Dickerson, 
3r», & budujorms and corn eariuorms in North Wen,'; 
J.M. Stanley 

Florida indicated by traps, 3, scon. 

Ghani, M.A. & 
M. Afzal 

Entomol. 64; 335-338. 

1946 Studies on the cotton jassid (Empoaaca 

deyestan̂ s Dist.) in the Punjab: IX. A 

consideration of the light trap collect" 

ion. Bull, Brooklyn Ent. Soc, 44: 145-151<, 

Gladney, W.J. & 1970 Mosquito flight activity studies utili-
E.C, Turner, 3r. 

zing timer equipped light traps and 

Malaise traps Mosquito Neujs 30: 75-80, 

Click, P,A, & 1954 Response of the pink bollworm moth to 
3.P. Helling-
aujorth certain ultraviolet and visible radia­

tion. 3, econ, Ent, 47: 81-86, 

1976 An ecological study on the hemipteran 

catch on the light trap at Muzaffarna-

gar, India, Trop, Ecol,, 17(2): 89-94, 

1964 Nocturnal activity of adults of six 

leoidopterous pests of cotton as indi" 

cated by light trap collections, Ann, 

Entomol. Soc» Am, .57: 328-332, 

1961 Entomological studies from a high tower 

in Mpanga Forest, Uganda. Will, The 

biting behaviour of Mosquitoes and 

tPbanids. Trans, Roy. Ent, Soc, Lend. 

113: 315-335, 

Goe l , S ,C , 

Graham, H.M., 
P .A. C l i c k & 
D,F. r i o r t i n 

Haddouj, A , 3 , 

109 



Hagen, A.F, 1976 A fourteen year summary of light trap 

catches of the Western Bean cutuiorm in 
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Zyginid̂ iâ  g_uj/_umi_ (Ahmed), a leaf hopper 

pest of wheat and maize in Pakistan. 

Mushi, 48: 79-85. 

Dames, M.T. 1943 The genus Culicoides in Northern Colo­

rado. Pan-Pac. Entomol. 19: 148-153. 

3amnback, H. & 1963 Studies of populations of adult and 
T, Matthews 
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DECOMPOSER ARTHROPODS IM SOIL 



INTRODUCTION 

As one of the important components of ecosystems soil, 

had recently been revieiued by Witkamp (1971). Soil, the prin­

cipal substrate in ujhich vegetation takes root, includes the 

dead organic material found both in and upon the mineral sub­

strate (Drift, 1951), and the decomposing organic matter 

ujhich lie immediately above it (Kevan, 1965). Soil fauna 

exists both in and belouu the litter layer often moving from 

one to the other. It is a broad term applicable to all the 

groups of animals luhich spend their whole life or one or more 

of their developmental stages, in soil or litter (Drift, 1951). 

Arthropods are one of the groups of soil fauna which inhabit 

the soil and the overlying layer of organic debris. According 

to Kuhnelt (1963J, there was hardly an arthropodan group 

luhich was not found in the soil. The arthropods usually ref­

erred to collectively as the soil microarthropod fauna (Drift, 

1951), included Acarina, Collembola, Protuura, Pauropoda, 

Diplura and Symphyla. The first two groups are the abundant 

in most soils (Kevan, 1965). 

The observation on soil fauna dates back to the last 

quarter of the 18th century (Kevan, 1965) and perhaps it may 

be said to have begun when White (1789) expressed his opin­

ions concerning earthworms and mole crickets. Among the early 

landmarks of soil zoology were the observations of Darwin 

(1840, 1881) on earthworms and of Scandinavian authors, cul­

minating in the works of Huller (1879, 1884), who considered 

the role of various invertebrates in humus formation. Several 
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studies on earthworms and a few on other groups, were publis­

hed during the last part of the 19th and early 20th century. 

The general studies of soil fauna may perhaps be said to have 

begun with Diem's (1903) pioneering investigations on certain 

Swiss alpine soils. During the first half of the present cen­

tury, possibly the most far reaching general studies on soil 

fauna were those of Bornebusoh (1930) and Forsslund (1945), 

although it might appear invidious not to refer numerous other 

publications such as Ramann (1911), Cameron (1913), Tullgren 

(1917), Pillai (1922), Pfetten (1925), Escherich, 1923; Grim-

mett, 1926J Soudek, 1928; Tragardh, 1929. Snell (1933) had 

attempted to describe the general characteristics of soil mic-

roarthropod populations. The arthropod populations under dif­

ferent soil conditions have also bean studied by many other 

workers including Frenzel (1936); Strenzke (l949a,b); Thompson 

(1924); Edwards (1929); Ford (1937); Wies-Fogh (1948); Kubiena 

(1955); Sheals (1957); Kuhnelt (1950, 1955, 1957, 1961, 1963)*, 

Kevans (1955, 1960, 1961, 1962); Dhillon and Gibson (1962) 

and Madge (1965) in different countries. 

Kuhnelt (1950) summarized in a single volume, Badonbio-

lô î e, the greater part of what was known about soil animals 

till that time, Franz (1950) published his Bodenzoolqqie 

where he emphasized the practical implications of the study 

of the soil fauna. Delamare-Deboutteville (1951) studied the 

influence of animals in tropical soils. Hartman (1952) based 

his classification of forest soils on the activities of anim­

als and Drift (I95l) published a large research work in the 

tradition of Bornebusch, Bellinger (1954) studied soil fatlHa 

with special reference to Collembola of four habitats of 
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different pine stands. Drift (1963) reviewed the early workers 

results on tropical soil faunal densities. Greenslade and 

Greenslade (1968) investigated the density and vertical dist­

ribution of the fauna of soil and litter in lowland rainforests 

and coconut plantations, Curry (1969) studied the qualitative 

and quantitative composition of the fauna of an old grassland 

and reviewed the earlier work on all grassland fauna. Curry 

(1971) attempted the seasonal and vertical distribution of 

the arthropod fauna. Wood (1967, 1970, 1971) studied the dis­

tribution and abundance of Acarina and Collembola and other 

microarthropods in arid and semiarid soils and found the gre­

atest densities of Acarina and Collembola in the upper 4 cm. 

Price (1973) investigated the abundance and vertical distri­

bution of microarthropods in the surface layers of a pine 

forest soil. 

McColl (1974) analysed the arthropod fauna of the floors 

of six forest types. Soil inhabiting microarthropods usually 

were most abundant near the surface in a zone ca 10 cm deep 

characterised by adequate living space, favourable moisture 

conditions and aeration -rates and rich accumulation of orga­

nic debris (Wies-Fogh, 1948| Hurphy, 1953; Harlov, 1960; 

Wallwork, 1970). Price and Benham (1977) stated that most 

arthropod groups declined rapidly in abundance with increasing 

depth. VJallwork (1967) felt that soil acari were primarily 

hemiedaphic, although their distribution may also extend into 

the other two zones, as with active and tolerant species. 

Murphy (1955) reported that the fauna of heath or forest moor 

was largely concentrated in the surface organic layers. 
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Price (1975) stated that high surface concentrations Of 

the soil fauna to be particularly characteristic of temperate 

coniferous forest uiith more humus formation. In such habitats 

the fauna was largely confined to a discrete organic layer of 

litter and humus luhich overlay the mineral sub-soil (Borne-

busch, 1930; Bellinger, 1954; Murphy, 1953, 1955; Walliuork, 

1959; Poole, 1961; Evans ejb al, 1961; Fujikawa, 1970), The 

species composition and abundance of soil fauna are influenced 

by the geographical location, climate, physical and chemical 

properties of the soil, type of vegetative cover, nature and 

depth of litter and humus and a variety of other environmental 

factors. Thus, the soil fauna may vary considerably from one 

locality to another (Price, 1973). Further, he mentioned that 

seasonal changes in soil moisture and temperature, food supp­

lies, biotic pressures from other components of the fauna and 

microflora and inherent factors in the life cycle of each 

species result in cyclic fluctuations and spatial movements 

ujithin the soil community. Summers and Lussenhop (1976) repo­

rted that the response of soil arthropods to single habitat 

factors such as soil organic matter or particle size has been 

infrequently demonstrated, flost soil arthropod faunal studies 

ujere samples of species present in different habitats. In 

such studies, species differences among soil arthropods, from 

habitat to habitat were due to interaction of microclimate, 

vegetation and soil properties, Davis (1963) correlated chan­

ges in soil arthropod fauna with changes in vegetation and 

soil properties occurring during grassland reclamation. 

Among the earlier collembolan workers, the work if 
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Bellinger (1954) and Christiansen (1964) were most important, 

uthere the former studied the microarthropod populations with 

reference to Collembola, from six different pine forest stands 

and the latter reviewed the early work on bionomics of Collem­

bola. Stebaeva (1967) demonstrated the effect of climate on 

Collembola distribution, with reciprocal exchange of soil 

blocks between plant communities. Joosse (1969) investigated 

the population structure of six species of surface dwelling 

Collembola in a pine forest. Niijima (1971, 1975) studied the 

seasonal changes in Collembola populations in a warm temperate 

forest of Dapan. Kaczmarek (1973) reported on Collembola in 

the biotopes of the Kampinos national park. 

It is clear that the regular seasonal occurrence of Coll­

embola was rare and these were readily marked by environmental 

conditions (Gisin, 1955). The result was that the pattern of 

population fluctuation varied not only from species to species 

but from year to year (Milne, 1962) and geographically (Chris­

tiansen, 1964). Seasonal changes of Collembola population have 

been studied by many investigators (Poole, 1961j Milne, 1962; 

Ogino ̂ t al, 1957; Marcuzzi, 1966; Choudhuri and Roy, 1967; 

Healey, 1967). Studies where seasonal population peaks occur­

red, they generally appeared in spring, in central Europe and 

parts of the United States, while in summer and winter in 

England and other regions of North America (Baweja, 1939; 

Sheal, 1957; Dunger, 1958). Winter populations appeared to be 

essentially similar in nature to summer populations, but most 

studies showed the occurrence or dominance of some species 

during the spring and summer months. 
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Nosek, (1959); riarcuzzi, (1959, 1962, 1966, 1967, 1968, 19?:$ 

studied the seasonal abundance, biogeography of Collembola of 

South-Eastern Alps. Greenslade and Greenslade (1973) reported 

the activity of epigeic Collembola in a semiarid locality in 

Southern Australia and in 1974, studied their ecology and zoo­

geography. Takeda (1973) studied the seasonal changes in num­

bers and distribution patterns of eight species of Collembola. 

Blackith (1974) studied the eGology of Collembola in Irish 

blanket bogs. Kaczmarek (1975) analysed Collembola communities 

in different pine forest environments. Tamura (1976) studied 

the population dynamics in a sub-alpine coniferous forest. 

There uj.as a close relationship between population density and 

soil moisture. (Hammer, 1944; Strenzke, 1949a,b). The degree 

of hygrophilia of these species being the best criterion for 

their ecological classification (Agrell, 1941; Gisin, 1943; 

1952). 

Mites constituted one of the most successful ubiquitous 

soil microarthropod groups (Kevan, 1965), Most mites are 

either free living, in soil and or litter inhabiting species 

(Evans ejb al, 1961), In litter and humus some of the most 

abundant species of mites belonged to the cryptostigmata 

(Kevan, 1965). Most of the qualitative and quantitative infor­

mation on the ecology of soil acarina population relate to 

the European fauna, particularly of Scandinavia, much of it 

concerninq temperate forest and grassland communities 

(Wallujork, 1967). 

A basic understanding of the population biology of orbatid 
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mites u/as needed to assess their role in the soil, since their 

population parameters would directly influence their inter­

actions vuith both the abiotic and biotic components of the 

system (Mitchell, 1977). Usher (1971, 1975) studied the seaso­

nal and uertical distribution of a population of mesostigmatid 

mitas in a scots pine forest, Pandey and Berthet (1975) stud­

ied the vertical distribution of orbatid mites in a black pine 

woodland soil. Soil mites were important contributors to fun­

damental fertility, humification process and that agronomic 

or plant protection practices affected them adversely (Butcher 

e_t al, 1971), Attempts to correlate soil fauna with soil fer­

tility dates back to Soudek (1928). Bornebusch (I930)j Edwards 

and Heath (1963); Surges (l967);and Fujikawa (1970) have 

stressed on the role of soil microarthropods in litter decom­

position and release of nutrients therefrom, which in turn had 

an impact on soil formation and fertility. The significance of 

Collembola and mites in breakdown of organic matter and soil 

formation had also been pointed out by Dunger (1956, 1958)j 

Stockli (1957); Schuster (1958); Poole (1961 ) and Fujikawa 

(1970), The role played by oribatid mites in the comminution 

of decaying leaf tissues was of a high order. Moreover, the 

immature stages of oribatid mites were of greater importance 

in so far as decomposition of organic matter was concerned, 

and hence had a major role in promoting soil fertility. How­

ever, according to Hale (1967) "Insect Mull" soil as named by 

Mullar (1879, 1884) was almost entirely formed by Collembola 

faeces. Microarthropods may be of considerable importance in 

controlling soil microflora and pests inhabiting soil by 
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feeding upon them. Several workers have suggested that soil 

microarthropods may serve as excellent indicators of soil 

quality, (Balogh, 1963; Ghilarov, 1965j Karg, 1968). 

In contrast, information regarding the arthropod fauna of 

tropical soil are scanty (Rauj, 1967). Most of the papers dealt 

ujith description of neu; taxa and other taxonomic aspects. The 

investigation of soil microar.thropods in India, their fluctua­

tions and effect of various factors on them, was first under­

taken by Trehan (1945) in Lyallpur, now in West Pakistan, 

followed by Choudhury and Roy (1967, 1970) in uncultivated 

soils; Baduri and Raychaudhuri (1968) and Prabhoo (1976) in 

uncultivated and cultivated soils and by Mukherjee and Singh, 

1967 and 1970); Singh and nukherjee (1971, 1973); Singh and 

Pillai (1975a) and Gupta and Mukherjee (1976a,b and 1978) 

mostly in cultivated soils. Hence, it was clearly indicative 

that vary few soil faunal studies exist for the tropics in 

general. Floreover, Indian studies was mostly if not all rest­

ricted to cultivated or uncultivated soils only. This study 

was therefore primarily undertaken to establish the soil fau­

nal structure in forest soils (Singh and Singh, 1975). As the 

area under study comprised of pine forests our study was res­

tricted only to the pine forest floors (Reddy and Alfred, i 

1977). 
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MATERIALS AND METHODS 

Study, Sitê f. .Sampllri^ an_d̂  ̂ E,xtraî ti_on 

Samples of soil have been regularly collected for a per­

iod of 20 months from a plantation seeded in 1965. The age uf 

the plantation was 11 years when the work commenced (Plate 4a). 

Samples were collected monthly and the time confined to 0900 

and 1000 hrs. 10 sample units were taken at random, on each 

sampling occassion (Plate 4b), A rectangular iron sampler of 

5x5x10 cm was used for removing the samples. A total of 200 

sample units were collected and examined during the entire 

period of study. All the samples collected were immediately 

transferred to polythene bags and labelled, taking as much as 

possible to prevent loss of moisture. The labelled samples 

were brought to the laboratory for extraction within 24 hours 

of their collection. Berlese-Tullgren funnel series were used 

for the extraction (Macfadyen, 1955). 

P-ĥ -sAcĵ Q.h9jni.caĴ  X̂ JpA°-r̂ 3 

Soil samples were collected separately for the study of 

physicochemical factors. 

Soil temperature was measured by an ordinary mercury 

thermometer at 5 cm depth and at soil surface and the temper­

ature of air, one metre above ground level. 

Moisture content was measured by the dry weight method. 

pH and conductivity were measured by a pH metre (Toshni-

wal Cat. IMo. CL-43) and a Elico Conductivity Bridge (Elico 

Type CM-82). Organic carbon was analysed by the method given 

by Walkley and Blacks (1934). P2°5* "̂ 2°* '^S2°3' ^ ^ ° ' ^"^^^ ̂ "^ 

Na20 were analysed after Piper (1950). 
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Plats 4a shoiuing the 1965 plantation of 12 year 
old trees aihere soil sampling and 
litter decomposition studies u/ere done. 

b shoiuing soil profile, of the abo\/e with 
the litter and humus layers. 
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RESULTS 

The term "microarthropods" as used in the present invest­

igation designated all arthropods extracted from soil (Price, 

1973). These ranged in size from less than 0,4 mm for most 

prostigmatids, including the juveniles of Acarina to 7 mm as 

in Diplopoda and Chilopoda, The extracted soil fauna mere 

counted and sorted only upto family in Collembola and higher 

taxonomic levels for the others. 

The abundant groups of soil fauna encountered in the pre­

sent study were Acarina and Collembola (Fig. 16) follou/ed by 

less commonly occurring groups like Protura, Diplurai Chilo­

poda, Diplopoda, Symphyla, Isopoda, Thysanoptera, Hemiptera, 

Araneidae, Pauropoda, Formicidae, Microcoleoptera adults and 

larvae, Calanoids and Diptera larvae. Five families of Colle­

mbola recorded uuere Isotomidae, Entomobryidae, Qnychiuridae, 

Sminthuridae and Hypogastruridae. The group Acarina composed 

of Prostigmata, Hesostigmata and Cryptostigmata sub-orders. 

Members of the sub-order Astigmata ujere not encountered 

during the entire study period. 

The quantitative composition of different groups of 

microarthropods for the period of investigation is presented 

in Fig, 16, The present investigation ujas carried out for a 

total period of 20 months beginning September, 1976, The 

first annual cycle was complete u/hile the second consisted of 

only 8 months. Since both annual cycles could not be compared 

as such, the first eight months of the previous annual cycle 

Luas compared to the eight months of the second annual cycle. 
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Figure 16 shoiuing the qualitative and quanti­
tative composition of the various 
raicroarthropod groups found in the 
soil during the entire study period. 

TC =: Total Collembola 
Is = Isotomidaa 
En = Entomobryidae 
On ~ Dnychiuridae 
Hy s= Hypogastruridaa 
TA = Total Acarina 
Pr = Prostigmata 
Cr = Cryptostigmata 
Me = riesostigmata 
Ar = Araneidae 
Pre* = Protura 
Dip = Diplura 

TM = Total Myriapoda 
Ch = Chilopoda 
3y = Symphyla 
Pa = Pauropoda 
Di = Diplopoda 
Iso = Isopoda 
Th = Thysanoptera 
He = Hemiptera 
CA = Coleoptera Adults 
DL = Diptara Larvae 
Hy = Hymenoptara 
C = Calanoids 
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When so done it was seen that the abundance of microarthropods 

Was much more during the latter than in the former. Collembola 

and Acarina constituted 39,54^ of the total soil arthropod pop­

ulation for the entire study period. Among these two, Collembo­

la, was the most dominant group constituting 58,42/S. Among Col­

lembola, Isotomidae was the most dominant group and were reco­

rded 49,18% of the total microarthropod population followed by 

Entomobryidae (4,13%), Sminthuridae (2.53%), Onychiuridae 

(1,89%) and Hypogastruridae (0,32%). Among Acarina, Prostigma-

ta Was the most dominant group comprising of 16.54% of the 

total microarthropod fauna, followed by Cryptostigmata consti­

tuting 11.11% and Hesostigmata 3.44%- Apterygota which consti­

tute Collembola, Protura and Oiplura formed 59.9% of the total 

microarthropod population. The group Myriapoda represented $y 

Diplopoda, Chilopoda, Symphyla and Pauropoda constituted 1,6% 

of the total microarthropod population. The other groups such 

as Hymenoptera (Pormicidae), Isopoda, Coleoptara adults and 

larvae, Thysanoptera, Hemiptera, Calonoids, Araneida, Diptera 

larv/ae constituted 1.23%, 0.63%, 0.48% and 0.06%, 0.42%, 0.42%, 

0.27%, 0,12% and 0.06% of the total arthropod population res­

pectively. 

Seasonal Fluĉ tuation 

Fig, 17 represents the seasonal abundance of the total 

soil microarthropods during the period of investigation. The 
2 

total microarthropod population ranged from 208x10 to 1600x 

10 /m , maximum during the month of Duly and minimum in the 

month of September for the first year of study (September, 

11976 to August, 1977). The month of April, 1977 had a peak 
2 2 

representing 1356x10 /m . But during the second cycle 
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Figure 17 shoujing the seasonal fluctuation of 
total microarthropods found in the 
soil during the entire study period. 
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(September, 1977 to April, 1978) the minimum number of 240x 

10 /m ujas in the month of April, 1978 and the maximum occurred 

in the month of November, 1977 representing 836x10 /m • 

The seasonal abundance of the total Collembola group 

(Fig, 18) represented by all the fiv/e families (Fig, 19) rea­

ched the peak of abundance in the month of July, 1977 (1312x 

10 /m ) and minimum in the month of September, 1977, Besides 

that it had another smaller peak during the months of April 

and May, 1977, During the second year of investigation, the 

Collembola population tuas maximum in the month of October, 

1977 and minimum in the month of April, 1978, The family lao-

tomidae was the most predominant group. The seasonal abundance 

of this family presented in Fig, 19 revealed that the number 

ujas minimum in the month of September, 1976 and the abundance 

fluctuated upto the month of March, 1977 and suddenly increa­

sed in the month of April, 1977 reaching a small peak of 

1052x10 /m and then with a alight decrease in the month of 

May-June, 1977 reached the largest peak in the month of July, 

2 9 
1977 representing 1260x10 /m , Then it suddenly decreased to 

2 9 

208x10 /m * During the second year of investigation, the pop­

ulation fluctuation did not follow the previous year. The 

minimum number was recorded in the month of April, 1978 and 

September, 1977 representing 56x10 and 80x10 /.ii respectiveJy 
9 9 

and maximum in the month of October representing 372x10 /m 

Therefore, relative peaks of 

Isotomidae reflected the relative abundance of the total 

Collembola group and also the relative abundance of the total 

microarthropods. 
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The family Entomobryidae u/as the next dominant group 

among Collembola, The family did not shouj any significant sea­

sonal variation (Fig, 19). The maximum number was recorded in 

the month of rJovember, 1976 representing 56x10 /m followed by 

August, 1977 representing 40x10 /m and was recorded minimum 

during the month of January and March, 1977. During next year 

of investigation the maximum number recorded was in the month 

o? Novemberf 1977 representing 80x10 /rn individuals and mini­

mum in the month of April, 1978. 

The family Sminthuridae was next to Entomobryidae in 

order of abundance. The monthly catches of this family aldo 

did not show any significant variation (Fig, 19), The peaks 

recorded was in the month of May and August, 1977 representing 

60x10 /m and 56x10 /m respectively. The minimum number was 

recorded during the months of September, 1976 and January, 

1977. During the second cycle, the maximum numbeis recorded 

were in the month of August, 1977 and minimum in the months 

of February, March and April, 1978, 

The families Onychiuridae and Hypogastruridae were too 

few to detect changes in seasonal abundance. The peak numbers 
2 2 2 

32x10 to 40x10 /m in case of Onychiuridae was recorded 
X 

during the month of March, 1977 and in November, 1977 respec­

tively. 

The group Acarina was the second major group of soil 

microarthropods (Fig. 16), The group was represented by three 

sub-orders. The seasonal abundance of total Acarina presented 

in the Fig, 18, revealed that the abundance ranged from 
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Figure 18 showing the seasonal fluctuation of 
total Collembola and Acarina found 
in the soil during the entire study 
period. 

Figure 19 showing the seasonal fluctuation of 
Isotomidae, Entomobryidae, Onyohiusridae 
end Hypogastruridae found in the soil 
during the entire study period. 
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BAx^o'^/m^ to 416x10'^/m^, the minimum in the month of October, 

1976 folloLued by a sudden increase in the month of November, 
2 

1976 reaching the maximum, A second peak of abundance, 308x10 

/m was recorded in the month of February, 1977, During the 

second year of investigation, the minimum number of Acarina 

recorded was in the month of September, 1977, 112x10 /m rea-

ching a small peak of 308x10 /m in the month of November, 

1977, In the month of March, the population of Acarina reached 

the maximum representing 40x10 /m , 

Among the Acarina group, Prostigmata was the most domin­

ant group (rig, 21). The Prostigmata population reached the 

maximum in the month of November, 1976 representing 264x10 /m 

and minimum in the month of August, 1977, 40x10 /m (Fig, 21). 

A small peak representing 160x10 /m was recorded in the month 

of April, 1977, During the second year, the minimum numbee 

recorded was in the month of September, 1977 and maximum in 

the month of November, 1977 and March, 1978. The relative 

peaks of Prostigmata abundance therefore reflected the rela­

tive peaks of abundance for the total Acarina. 

Cryptostigmata was next to Prostigmata in order of abun­

dance among the Acarina group. The Cryptostigmatid mites 

recorded were minimum in the month of October, 1976 represen-

ting 20x10 /m and suddenly increased in the month of Novem­

ber, 1976 (Fig, 21) and gradually reached the peak in the 

month of February, 1977, Then it gradually started decreasing 

with a small peak in the month of August, 1977. During the 

second year the number gradually increased from the month of' 

August, 1977 and reached a small peak in the month of 
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Figure 20 showing the seasonal fluctuation of 
Protura and Diplura found in the 
soil during the entire study period, 

Figure 21 showing the seasonal fluctuation of 
Prostigmata, Mesostigmata and 
Cryptostigmata found in the soil 
during the entire study period. 
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2/2 

November, 1977 representing 80x10 /m^. It then suddenly dec­

reased to a minimum in the month of December, 1977 represent-

ing 24x10 /m , From January, 1978 oniuards it gradually started 

increasing and reached the peak in the month of March, 1978 

representing 152x10 /m , after which it decreased. 

The Mesostigmata mites of the Acarina group u/ere too 1?eiu 

to reflect any significant change in their seasonal abundance. 

Collembola along with Protura and Diplura constituted 

the Apterygota group. During the present investigation Collem­

bola uJere the most prominent group of Apterygota (Fig. 18), 

They constituted 97.53/? of the total Apterygota. The next 

dominant group was Protura. The seasonal abundance of Protura 

during the first year more or less followed that of the sec­

ond year. The Proturans were recorded maximum in the month of 

2 2 
November, 1976 representing 20x10 /m and were recorded nil 

during the period from February to June, 1977, During the 

second year, the number reached maximum in the month of Nov-
2 2 

ember, 1977 representing 36x10 /m and were minimum during 

the month of August, September and October, 1977 and April, 

1978 (Fig. 20). 

The Diplura were represented by very negligible numbers. 

They were recorded maximum in the month of November, 1976 
2 2 

representing 12x10 /m and were nil from the month of January 

to August, 1977, During the second year of investigation, the 

maximum Diplura population was recorded in the month of Nov­

ember, 1977 and decreased to minimum in the month of February, 

1978, But in the month of March, 1978, it again showed a peak 
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representing 16x10 /m and then decreased to 4x10 /m in the 

month of April, 1978 (Fig, 20). 

The group Myriapoda during the present investigation uias 

represented by Chilopoda, Diplopoda, Symphyla and Pauropoda. 

The total Myriapoda represented 1,6 percent of the total popu­

lation (Fig, 16)^ The seasonal abundance of total Myriapoda 

presented in Fig. 22 revealed no significant fluctuations. 

These luere maximum in the month of February, 1977 representing 

24x10 /m and minimum during the months of September, 1976 and 

March, 1977, They further shoiued a small peak in the month of 

July, 1977 representing 20x10 /m • During the second year they 

were in an increased state of abundance from November, 1977 to 

April, 1978 and ujore recorded nil in the month of. April, 1978, 

The group Chilopoda were represented by very feu; individuals 

to detect any change in the monthly fluctuation. The family 

Symphyla luas represented by very negligible numbers but the 

maximum ujas distinct, and was recorded during both the years 

during the month of November. The group Pauropoda were also 

recorded in very negligible numbers. They uiere recorded onnly 

in Oune and Duly, 1977 and from January to March, 1978 during 

the entire period of investigation. The group Diplopoda was 

recorded only in June, 1977 for the entire study period. 

The other groups Formicidae, Isopoda, Thysanoptera, 

Hemiptera, Coleoptera adults and larvae, diptera larvae, 

Araneidae arid Calanoids were very poorly represented (Fig, 

23), and were so few to allow detection of any change in 

seasonal abundance. However, these groups when collectively 
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Figure 22 shoujing the seasonal fluctuation of 
Pauropjda, Diplopoda, Chilopoda and 
Symphyla found in the soil during 
the entire study period. 

Figure 23 shoiuing the seasonal fluctuation of 
Hymenoptera, Isopoda, Araneidae, 
Thysanoptera, Hemiptera, Coleoptera, 
Diptera and Calanoids found in the 
soil during the entire study period. 
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represented as miscellaneous, they exhibited considerable var­

iation in monthly fluctuations (Fig, 23). The miscellaneous 

group was maximum in the month of Duly, 1977 representing 64x 

10 /m and minimum in the month of May, 1976. During the succ­

eeding year, this group was represented maximum in December, 

1977 and minimum in April, 1978. The maximum number represented 

during December, 1978 was due to the colony of Hymenoptera 

which represented nearly Q7% for that month (Fig, 23). 

Physical factors 

The seasonal variation in physical factors for the study 

period is represented in Fig, 24. The temperature of the air 

inside the forest canopy,temperature at soil surface and at 

5 cm depth of the soil, during the period of study varied con­

siderably, the range being 17.0°C to 25.5°C, 16.0°C to 25.5°C 

and 14.0°C to 24.0°C respectively. The maximum air temperature 

and temperature at soil surface was recorded during July to 

September, 1977 and minimum during December, 1976 and December, 

1^77. The temperature at 5 cm depth was recorded maximum in 

the month of August, 1977 and minimum in December, 1976 and 

1977. All these temperatures showed a definite trend of decr­

ease starting from September, 1976 reaching the minimum in the 

month of December. From January onwards a gradual increase was 

recorded reaching the maximum during Duly, August and Septem­

ber, 1977 (Fig. 24a). 

The monthly variation in the percentage of moisture con­

tent of the soil (Fig. 24a) showed a considerable variation. 

It ranged from 12/S to 44.67^. The maximum percentage of mois­

ture content was recorded during October, 1976 and the minimum 
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Figure 24 shoujing the seasonal fluctuation in 
the various physical factors of soil 
during the entire study period, 

a Temparatura of the soil surface, 
temperature at 5 cm depth and 
moisture. 

b Conductivity and pH. 
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during January, 1977. Besides that a few smaller peaks uiere 

seen during the months of May, August, October, 1977 and 

February, 1978, 

The pH of the soil tuas acidic, ranging from 4.47 to 6,47 

units. The maximum pH was recorded in the month of February, 

1977 and minimum in the month of October, 1976, Besides that, 

the pH shoujed another peak of increase during the month of 

March, 1978. The monthly variation in pH during the present 

study ujas considerable (Fig, 24b). 

The conductivity ranged from 14.88 to 41.3/jmhos/cm • The 

minimum conductivity was recorded in the month of May, 1977 

and maximum in the month of July, 1977. A second peak of incr­

ease was recorded in the month of February, 1978 representing 

37.45 /umhos/cm « 

J?,h.Bjnical _f â ctors 

Phosphorus (P2D5)ranged from 3,6 to 29,6 pound per acre, 

the maximum being in the month of March, 1977 and minimum in 

the month of February, 1978 (Fig. 25a). Pottasium (KjO) was 

very abundant comparatively and ranged from 140 poundsper acre 

to 650 pounds per acre, the maximum being in the month of 

August, 1977 and minimum in the month of November, 1977. A few 

smaller peaks of maxima were recorded during the months of 

January, March and June, 1977 and March, 1978 (Fig. 25a), The 

percentage of organic carbon ranged from 2,25;^ to 4.58/S, 

the maximum being in the month of March, 1977 and minimum in 

the month of January, 1978, Besides that, the percentage of 

organic carbon also had a peak during June, 1977 (Fig, 25b). 

There was very little monthly variation in percentage of 
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Figure 25 shotuing the seasonal fluctuation in 
the various chemical factors of soil 
during the entire study period. 

n PgO, K^O 

b Total iron, organic carbon 

c CaO, MgO, Na^O 
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total iron content. It ranged from A,06% to 5.43/S, the maximum 

being in the month of November, 1976 and minimum in the month 

of May, 1977. 

The percentage of Calcium (Cao), Magnesium (Mgo) and 

Sodium (Na2o) uJas very negligibly represented and the monthly 

variations could not be detected. Calcium (Cao) u/as recorded 

from trace to 0,21$̂ . The maximum amount was recorded in August, 

1977, and the trace luas recorded during December, 1976, March 

and April, 1977, May and Gune, 1977, October, 1977 and April, 

1978, Magnesium (Mgo) content ranged from trace to 0,45%, The 

maximum amount ujas recorded in November, 1977, The content of 

Sodium (l\la20) ranged from 0,M% to 0.17%, the maximum being 

recorded in the month of October, 1976 and minimum in the 

months of January, April and December, 1977 and January and 

April, 1978. 
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DISCUSSION 

Drift (1951) reported 3365x10^/m^ of arthropods in a beach 

forest soil, while Harding (1969) and Price (1973) found 2150x 

10 /m in an oak woodland and more than 2207x10 /m in pine 

forest soil re3pectively« In the present study uihere a maximum 

of 1600x10 /m have been reported luas much lower than these 

and the nearest comparison could only be made with the temper­

ate pine forest soil where Crossley and Bohnsack (i960) repor­

ted 1020x1oVm^. Drift (1963) and Greenslade and Greenslade 

(1968) reported 514x1oVtn^ and 920x10^/m^ respectively from 

tropics and compared their estimates with those of earlier tro­

pical workers and reported that there was no significant diff­

erence. The present study site located at an altitude of Ca 

1175 m approached to near temperate climatic regimes, but still 

the total microarthropod densities reported fell between thofte 

of reported temperate and tropical estimates. 

The seasonal fluctuation in the total microarthropod pop­

ulation did not show any regularity in their peaks of abundance 

for entire period of study, A comparison made between the 

first eight months of both the years studied showed a maximum 

of 1356x10 /m during April, 1977 while it was minimum for the 

same month during 1978, Since the study was not extended to 

complete the second annual cycle no concrete conclusion in the 

total mioroarthropod population and their pattern'of trend 

could be drawn. In any case, however, the trend during the 

first eight months of both the annual cycles being not similar, 

the effect of season seemed to be minimal on the relative 
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abundance of total microarthropods. This ujas confirmed by a 

perusal of Table-l/TIa, where none of the abiotic factors except 

rainfall had any significant correlation with the total micro-

arthropods. However, it was known that edaphic and climatic 

factors influenced the development and maintenance of any soil 

community (Drift, 1963). This was supported by Usher (1971) 

who reported that populations of soil arthropods were affected 

by the two factors of temperature and precipitation. The phy­

sical factors like pH and conductivity and all the chemical 

factors under study seemed to have no significant effect on 

total microarthropods when they were either positively related 

or negatively related. 

Of the total microarthropods, Collembola and Acarina con­

stituted a major portion comprising of nearly 89,54̂ 0, Among 

these two, Collembola dominated Acarina and was 58,42/2 during 

the total study period and ranged between 24x10 and 1312x10 / 
2 
m • Such an abundance of Collembola has also been reported 

earlier by other workers like Tragardh (1929) - 1200x10 /m; 

Kaczmarek (1973) - 170x10^ to 220x1oVm^; Price (1973) -

1461x1oVm and Tamura (1976) exceeds the order 105 indivi-

duals/m , 

The tfend in seasonal fluctuation of total Collembola 

showed one large and two small peaks of abundance during an 

annual cycJe, The two smaller peaks occurred during the post-

monsoon months of October and Movember and the post-winter 

month of February, The larger peak occurred during April -

'̂jly which is the monsoon season for the present study under­

taken, A comparison of these peaks of abundance could be done 
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Table \Jlla Coefficient cor re la t ion betaieen the 
monthly abundance of total microarth-
ropods, total Collembola, total Acarina, 
Myriapoda, insects other than Collembola 
and Acarina and various physico-chemical 
factors. 
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TABLE l / I Ia 

P h y s i c a l F a c t o r s T o t a l Micro-
Arthropotds 

Air Temp. 0 . 2 7 7 5 

Temp, a t S o i l Surface 0 . 1 9 6 4 

Temp, a t 5cm dep th 0 . 2 5 6 3 

S o i l M o i s t u r e 0 , 1 4 3 7 

NS 

NS 

MS 

Rainfall 
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pH 

Conducti 

Organic 

P2O5 

K2O 

Fe203 

CaO 

MgO 

IMa20 
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th 
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Carbon 

MS 

0,4580 

0.0922 

0.1849 

0.1794 

0.1133 

- 0.0781 

- 0.0453 
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0.0680 

MS 

MS 

MS 

NS 

MS 

MS 

MS 

MS 

MS 
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MS 

MS 

NS 
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»* 
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0 . 2 6 t O 
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- 0^0706 
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NS 

MS 

NS 

MS 

MS 

NS 

NS 

Total 
Acarina 

Total 
Myriapoda 

Arthropods 
other than 
Collembola 
and Acarina 

Apterygota 

* (\1S 
0.5212 - 0.1852 

* MS 
0.4655 - 0.4158'^ 

0.5318* - 0.1692'*^ 

** NS 
0.6899 - 0.3274^ 

- 0,3903 

- 0.3898 

- 0.3113 

- 0.0505 

MS 

MS 

NS 

NS 

NS 
* 

0.4278 

0.3318 

0.4080 

0 . 3 2 1 4 

NS 

NS 

NS 

NS 

0 , 5 4 4 4 - 0 . 1 9 0 3 ' ^ - 0 . 0 2 1 4 ^ 0 .5961 

MG. ** MQ |\IC 

0.-2696'^^ 0 .6300 0 .136 l ' ^^ - 0 , 4 3 3 5 ^ 

0 . 2 3 0 9 ^ ^ 0 . 4 2 9 2 ^ ^ 0 . 1 3 1 6 ^ ^ - 0. .4260^^ 
N<̂  MS * * 

0 . 1 7 1 0 " ^ - 0 . 1 2 2 5 ^ - 0 . 5 3 2 9 - 0 .5412 

0,1732™^ - 0 . 0 0 5 2 ' ^ - 0 . 5 6 4 8 0 , 4 8 9 0 

0.1377"^^ - 0 .2778 '^^ - 0.4018"^^ - 0.3290"^^ 

0.3922*^^ - 0 .2842'^^ 0 .2526 '^^ - 0.1929"^^ 
0 . 3 0 6 9 ^ ^ 0.0502*^^ - 0 . 1 3 0 6 ^ ^ - 0.4295*^^ 

0 . 1 4 9 4 ' S , 0.0553NS 0 . 3 1 0 5 ^ 3 ^ 0 . 3 3 1 6 ^ 3 

0.218? '^^ 0.0373*^^ - 0.1580"^^ 0.1429"^^ 

Not s i g n i f i c a n t 
P < 0 . 0 5 
P < 0 , 0 1 



with other forest soils and in particular coniferous soils of 

the temperate region, if our monsoon was summer season and the 

post-monsoon and post-winter be attributed as autumn and spring 

respectively. If so, Poole (1961) reported summer maxima with 

smaller winter peaks and Bellinger (1954) recorded a spring 

peak while Doosse (1969) showed maximum for some species during 

spring and autumn and others during summer, A better comparison 

would however be with that of tropical forest soils, where most 

of the work was confined to South East Asia and Japan. In such 

cases, Dgino B_t al (1965) reported an increase in Collembola 

from August to March with an abrupt rise in May while Takeda 

(1973) recorded two peaks one in December and the other in 

March. Niijima (1975) reported three peaks in a year for the 

dominant species of Collembola studied. Though all comparisons 

made were between forest soils, yet no definite trend of fluc­

tuation in population density was seen similar in any two 

studies. Such lack of definite fluctuations could be attribu­

ted to differential preferences of individual species, their 

migration, natality and mortality dissimilar to one another, 

having a disadvantage in the total presentation of seasonal 

population fluctuation as Collembola in general (Ooosse, 1969). 

Different climatic conditions prevailing in different regions 

could also have an effect on the pattern of fluctuation allow­

ing no true comparisons between any two regions (Niijima, 

1975). 

All the five families represented in Collembola have been 

recorded during the current study. Of these, the family Iso-

tomidae was the most dominant in abundance while Hypogastruri-

daa was the least. A perusal of Fig. 19 revealed that the 
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population trend of fluctuation for the family Isotomidas fol-

louued the same pattern as that of total Collembola, This u/as 

not surprising since thay formed 84.14/S of the total Collembola. 

Other than the attributes given for total Collembola, in rela­

tion to the peaks of• abundance, nothing thought provoking 

could be added for Isotomidae. Regarding the other families, 

the pattern of fluctuation u;as so irregular that no conclusiore 

regarding their seasonality could be drawn. The only possible 

reason for rise and fall in populations successively was 

that the families Entomobryidae, Sminthuridae and Onychiuridae 

had several generations of overlapping populations. 

The maximum Collembola occurring during rainy months s 

showed a significant positive relationship (r = +0.5950 and 

P^O.Ol) ujith rainfall. The other abiotic factors which had a 

similar relationship though only at P< 0,05 level was also 

understandable as the population started building up during 

the onset of summer. These results find support of Kevan 

(1965)J Butcher et al, (1971) and Gupta and Mukherjee (1978) 

where they reported a marked effect on soil arthropods by the 

influence of temperature. Niijima (1971) had attributed that 

temperature was one of the main causes for the low density of 

Collembola during winter. Temperature was one factor respon­

sible for oviposition and grouith rate of Collembola (Kevan, 

1955, 1965 and Hale, 1966, 1967) could be the probable reason 

for their increase in abundance during the summer. Among the 

physico-chemical factors only pH and CaO u/eace significantly 

related to total Collembola, the former being positive at 

P< 0,01 level and the latter negatively at P< 0,05 level. The 
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pH during the present study was always on the acidic side and 

therefore the Collembola species encountered uuere related to 

acidity '.Hale, 1966| Nosek, 1967) and seem to have a distinct 

preference for that range. On the other hand there exists more 

reports on Ph having very little or no effect on Collembola 

populations (Agrell, 1941| Bellinger, 1954; Paclt, 1956; 

Cassagnau, 1961, 1964 and Christiansen, 1964). 

Among the different families of Collembola, Isotomidae 

the dominant group also had the same correlations significant 

as for total Collembola. The other tu/o families Entomobryidae 

and Sminthuridae were not effected by any abiotic either phy­

sical or chemical factors except Mgo which did show some rela­

tion to Entomobryidae. 

The group dominant next to Collembola during the present 

investigation was Acarina. Though so, it represented only half 

of the total-Collembola in relative abundance. As a group, 

Acarina followed a more or less similar pattern in their fluc­

tuation to that of Collembola. Their peaks of abundance occ­

urred during pre-winter (latQ aatumn), post-winter (early 

spring) and monsoon (mid-summer). The first eight months of 

the two annual cycles were similar in their trend of fluctua­

tion for Acarina except for their peaks of abundance being 

reversed. The maximum numbers recorded were during the months 

of September and October for both the annual cycles. For most 

temperate dcils, a 3uly peak for Acarina was a common finding 

(Bellinger, 1954; l̂ adge, 1965). Peaks of abundance in November 

Was also not unusual (Curry, 1971), except that in the present 

study, the range being much more in November than in 3uly, not 

152 



reported earlier. The possibility of an over-u/intering popula­

tion making Its impact in summer as in temperate soils luas not 

as significant as the population building up after the monsoon 

as ae»n in the present study. Altitude and the climatic regime 

of the present study site should probably be one factor having 

a similarity near to temperate conditions. 

Among Acarina all the three sub-orders had been recorded 

during the present study. The sub-order Prostigmata was the 

most abundant comprising of 53.02% of the total Acarina, The 

peaks of abundance in their seasonality followed more or less 

a similar pattern as that for the u/hole order except than an 

extra peak was observed in the month of April during first 

annual cycle. A dominance of the sub-order Prostigmata had 

been earlier reported by Loots and Ryke (1967) and Price (1973) 

though reports esist of the group having very low density 

(Madge, 1965 and Block, 1965, 1966). Their dominance could be 

attributed to their adaptation as a group tolerant of external 

environmental conditions of the region under study (Loots and 

Ryke, 1967). 

Cryptostigmata followed Prostigmata in order of abundance 

during the present study. Though Price (1973) is in agreement, 

yet riadge (1965) and Wallwork (1967) had different views to 

that of the present study, for the latter two had reported 

more than 75;;o of the sub-order Cryptostigmata in their respec­

tive works- The trend in the population fluctuation of this 

sub-order did not follow any significant seasonal variation. 

The only period when they were in an increased state was 

during March of both the years attributed to the probability 
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of an overiuintering population making its effect felt during 

early spring. The loiu population abundance u/as seen during the 

summer. Reports of such trends were found in Walliuork (1959); 

Ev/ans êt aĵ  (1961) and Madge (1965). As species could not be 

identified during the present study, no conclusions could be 

drawn from the seasonal fluctuations of the whole group as 

Usher (1975) had clearly pointed out that different species 

had not only different peaks of abundance but also the number 

of peaks varied between species. This was further confirmed by 

Harlov (I960)j Evans ̂ t al (1961); Block (1966) and Mitchell 

(1977) who had reported well defined bimodal peaks for most 

oribatid groups. 

The sub-order Mesostigmata during the present study was 

not only too few in number (Price, 1973 and Madge, 1965) but 

also showed no seasonal trend in their fluctuation (Usher, 

1971). Hence no significant conclusion could be drawn from 

them. 

Though the trend of fluctuation was more or less similar 

as for Collembola, the effect of the various abiotic factors 

had a very significant relationship on the total Acarina pop-

ulationg A Very interesting observation revealed from the 

present study showed, temperature (air, soil surface and at 

5 cm depth), rainfall and moisture were negatively correlated 

and were h:!ghly significant, at P< 0»05 level for the former 

two and at P<0.01 for the latter with total Acarina. As for 

the other physical factors like pH and conductivity and for 

all the cnemical factors, no significant rslationahip u/as 

found and hence probably had very little role to play in 
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regulating the Acarina population. Though some investigators 

did shouj no relationship between soil moisture and Acarina 

(riacfadyen, 1952, 1954j Huther, 1961; Marcuzzi, 1967, 1968, 

1973) yet others reported definite negative correlation (Hamm­

er, 1934, 1937, 1953 and Stebayev, 1962). It ujas known that 

the effect of moisture was complex, indirect and to a large 

extent interwoven with that of temperature (Glasgow, 1939; 

Gisin, 1943, 1952). Such a relationship existing between temp­

erature and moisture was also found in the present study, as 

both the factors were negatively correlated. One could not go 

far too wrong if along with the above two factors rainfall was 

also included. Belfield (1964) and Gupta and Mukherji (1978) 

had reported excess moisture or water logged conditions to 

adversely affect microarthropod populations. pH not having any 

effect on Acarina unlike Collembola was understandable as it's 

correlation with the density of Acarina would be misleading 

when effects of temperature, humidity and animal respiration 

combined, acidify the substrate (Lebrun, 1965j Prank, 1965 and 

Loots and Ryke, 1967). 

Among the various groups of Acarina it was intriguing to 

find that not all the abiotic factors effected thair popula­

tion densities, than when they are clubbed together. This was 

more so, especially whan even the dominant group Prostigmata 

did not follouj the total Acarina for they were significantly 

negatively correlated only with air temperature and soil 

moisture and positively correlated with total iron. Cryptost-

igmata was negatively correlated for the abiotic factors like 

moisture, pH and CaO while positively correlated for total 
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Table Ullb Coefficient correlation betuieen the 
monthly abundance of Isotomidae, 
Entomobryidas, Sminthuridae, Prostigmata, 
Mesostigmata, Cryptostigmata and various 
physico-chemical factors. 
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P h y s i c a l F a c t o r s 

A i r Temp, 

Temp, a t S o i l s u r f a c e 

Temp, a t 5cm dep th 

S o i l M o i s t u r e 

R a i n f a l l a t p r e ­
v i o u s month 

pH 

C o n d u c t i v i t y 

Organ ic Carbon 

P2O3 

K2O 

FagOj 

CaO 

MgO 

NagO 

En tomobry idae 

- 0.2219^^2 

NS 
- 0 .2297 '^^ 

- 0 . 0 1 6 ^ ^ 3 

NS 
0 . 1 0 0 7 ^ 

NS 
0.1080 '^^ 

MS 

- 0 .1318^3 

- 0 .2526^3 

- 0.3518'^S 

NS 
- 0 . 1 8 5 7 ^ 

0 .3806 '^^ 

0 .1591^3 

0 . 4 9 7 3 * 

0 . 1 4 7 1 ^ ^ 

I s o t o m i d a e 

0 . 4 4 1 7 * 

0 .3532^2 

. 0 . 406? ' ^ ^ 

0 , 3 1 7 0 ^ ^ 

0 . 5 8 5 9 * * 

0 .5618 

0.1394"^^ 

0 .2561^3 

0.1988*^^ 

- 0 . 0 1 5 3 ^ 3 

NS 
- 0 .0762 '^^ 

- 0 , 4 4 6 6 * 

- 0 . 3 7 4 4 ^ 3 

0 . 1 1 9 1 ^ 3 

MS = 
• — 

** — 

TABLE U l l b 

S m i n t h u r i d a e 

0.3670'^2 

0 . 2 4 7 7 ^ ^ 

0.4309"^^ 

0 .3926^3 

NS 
0 . 3 9 8 6 ' ^ 

NS 
- 0 . 0 1 3 9 ' ^ 

NS 
- 0 , 2 1 2 7 ^ 

0 .3340^2 

NS 
0 . 2 9 3 8 ' ^ 

NS 
0 . 3 7 3 9 ' ^ 

- 0 . 3 7 8 1 ^ ^ 

0 .2622^2 

- 0 . 1 3 8 4 ^ ^ 

NS 
0 .2274 

P r o s t i g m a t a 

-

-

-

-

M l 

mm 

•M 

•• 

-

-

-

Not s i g n i f i c a n t 

P < 0 . 0 5 
P < 0 . 0 1 

0 . 4 3 4 4 * 

0 . 3 9 6 7 ^ 2 

NS 
0 . 3 9 0 8 ' ^ 

0 . 4 6 1 2 * 

0 .3840 '^^ 

0 .0631^2 

NS 
0.2390 '^^ 

NS 
0 , 3 9 8 3 ^ 

0 .3546^3 

0 .3246^3 

0 . 5 5 5 5 * * 

NS 
0 , 0 2 9 4 ^ 

NS 
0 . 0 7 4 2 ^ 

NS 
0 .1558 ' " ^ 

Mei 

•• 

-

-

-

-

-

-

~ 

-

-

s o s t i g m a t a 

0 . 4 4 5 7 * 

NS 
0 , 3 9 7 5 ^ 

0 . 4 7 2 5 * 

NS 
0 . 3 3 7 r 

0 .3546^3 

0 . 4 9 1 0 * 

0 .1157^5 

0 . 4 4 9 1 * 

0 .5617 

0 .1625^2 

NS 
0.380? '^^ 

0 .2355 '^^ 

0 .1969 '^^ 

NS 
0 . 3 4 8 2 ^ 

C r y p t o s t i g m a t a 

- 0 . 3 4 5 5 ^ 2 

NS 
- D , 2 9 8 r 

- 0 . 4193^2 

- 0 . 7 0 7 0 * * 

- 0 . 4 9 8 9 * 

NS 
0 .3497 

0 .2135^3 

0 .3393^3 

0 .317o '^^ 

NS 
0 . 3 3 9 7 ^ 

0 . 6 9 9 1 * * 

- 0 . 5 4 0 8 * 

- 0 . 2 9 2 7 ^ ^ 

- 0 .1230 ' ^^ 



iron. The last group P̂ esostigmata was negatively correlated 

ujith air temperature, temperature at 5 cm depth and organic 

carbon (P<Q,n5) while positively correlated with pH (Table-

l/IIb). This was a clear indication, as mentioned earlier while 

dealing with total Acarina, that temperature, rainfall or mois­

ture either singly or together with one of the other factors 

or all three combined together did play a significant role in 

controlling the different sub-orders of flcarina, A3 regards 

the organic matter with Mesostigmata, this was probably the 

first time that a negative correlation had been found. Most of 

the authors were of the opinion that highest densities of ar­

thropods were recorded by many workers where the organic matt­

er was more and organic substance being rich, depending on the 

humus of the environment (Pooie, 1961; Lutz and Traitteur, 

19655 Choudhuri and Roy, 1967; Loots and Ryke, 1967; Butcher 

e^ al, 1971; Niijima, 1971 and Castri, 1973). 

Other than the groups discussed earlier, Protura, Diplu-

ra, Pauropoda, Symphyla, Chilopoda, Diplopoda, Isopoda, Thys-

anoptera, Hemiptera, Hymenoptera, Coleoptera adult and larvae 

and Diptera^larvae, Calanoids and Arachnida, were also present 

among the microarthropods during the present investigation. 

Except for Protura, Chilopoda and Hymenoptera which were a 

little more than 1/S of the total microarthropods, all the 

others were recorded less than 1̂ » Moreover, all these were 

very few in number and not being present throughout the year 

no seasonal pattern in their trend of fluctuation was found. 

An interesting observation made during the present study was 

l;he occurrence of Formicidae (Hymenopteora) in the month of 
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December, 1977 in such large numbers having a predatory affect 

on the population of most other groups as ujas obvious in their 

loai numbers being revealed during that month. 

While considering the remaining groups together it was 

seen that none of the physical factors had any effect and 

among the chemical factors only organic carbon (P<0,05) had 

a significant negative correlation. It further proved that as 

in Mesostigmata, the organic carbon and its abundance dras­

tically effected the population of most microarthropods. 
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DECOMPOSER ARTHROPODS IN LITTER 



INTRODUCTION 

All phytomass in terrestrial ecosystems, dead and shed, 

forms what is referred to as the plant litter# Plant litter is 

defined in ecological terms as layers of dead plant material 

present on the soil surface and not attached to a living plant 

(Satchell, 1974). Rodin and Bazilevich (1967) defined litter 

as all dead organic matter from above and beloiu ground plant 

parts either due to death as a result of slow ageing or natural 

thinning. 

Decomposition of plant litter is one of the most important 

processes in an ecosystem (Rosswall sjt al, 1975) as its rate 

ujaa directly related to the availability of nutrients for re­

cycling (Gist and Crossley, 1975). Satchell (1974) stated that 

decomposition signified the mechanical disintegration of dead 

plant structure from the stage it was attached to the living 

plant to the humus stage when the gross cell structure became 

no longer recognizable. Alternatively, it meant the breakdown 

of complex organic molecules to carbon-dioxide, water and min­

eral components, in other words expressed as the proportion of 

the initial weight of the substrate lost per unit time. Three 

main decomposition processes outlined by Heal and French (1974) 

were the release of carbon in gaseous form by microflora and 

fauna (respiration), leaching of soluble material and commi­

nution by fauna and physical factors. 

Edwards (1974); Edwards 8^ al., (1970) and McBrayer ejt al, 

(1977) stated that decomposition was accomplished by the acti­

vity of both the floor microflora and fauna in a synergestic 
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manner. Wood (1974) used "Decomposition" to designate u/eight 

losses due to removal and/or consumption of tissue by leaf-

feeding invertebrates, losses due to leaching, losses due to 

biochemical degradation by microorganisms and losses dua to 

biochemical degradation during passage through the guts of in­

vertebrates. However, Satchell (1974) considered weight losses 

due to removal and/or consumption by invertebrates in terms of 

"disappearance" rather than biochemical degradation, as majo­

rity of soil and litter invertebrates had insufficient diges­

tive systems, net assimilation being less than 205̂ , and their 

excreta consisted of finely comminuted food material, rioh in 

energy and nutrients, which were a rioh substrate for ultimate 

decomposition by microorganisms. Drift and Witkamp (i960) 

reported that during decomposition processes, biological att­

ack was most important, as a large variety of microflora and 

fauna were involved in it. To understand the mechanism of this 

process, it was therefore necessary to evaluate the role of 

the most important groups of organisms, their succession and 

their natural influences. Kevan (1955, 1962) recognized the 

importance of soil animals in transforming plant remains into 

humus. 

Dudich ei si (1952) and Nef (1957) calculated that all 

the annual litter fall in woodlands were eaten by the soil 

fauna. Kurcheva (i960) reported that litter decomposition was 

five times faster with the presence of soil animals than with­

out them, which was supported by Edwards and Heath (1963) who 

recorded no visual litter breakdown when the animals were 

completely excluded from the litter. P̂ adge (1966) stated that 
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in natural conditions small soil animals rapidly fragment 

tissue to fine poujder. Styles (1967) examined changes in inve­

rtebrate populations of decomposing litter over a period of 4 

years. Metz and Ferrier (1969) reported that Acarina which con­

stituted a large part of the small animals living in forest 

floor, played a major role in nutrient cycling. Removal of 

fresh plant litter by decomposition offered evidence of animal 

activity in these processes, (Curry, 1969a), Wood (1970) repo­

rted the effect of soil fauna on decomposition of two species 

of Eucalyptus leaf litter in Australia. Weigert (1974) stated 

the litter microarthropods and related them to litter decom­

position in three SoUth Carolina Oil Fields. 

McColl (1974) compared arthropod populations on the floors 

of three types of beach forest and flcColl (1975) showed the 

effect of microclimate on the activity of invertebrate fauna. 

Anderson (1975) studied the succession, diversity and trophic 

relationships of some soil animals of decomposing leaf litter 

while Weigert and McGinnis (1975) studied the annual produc­

tion and disappearance of detritus. Drift (1975) reported the 

significance of millipedes in litter decomposition and an 

approach of its parts in energy flow. Parkinson and Lousier 

(1974) studied litter decomposition in a cool deciduous wood­

land with dominant tree species exposed to extreme climatic 

conditions. Gist and Crossley (1975) studied the number, bio-

mass and mineral element contents of the litter arthropod 

community in a Hardwood forest. Grimmett (1976) compared 

invertebrates in litter between a mixed rain forest with 

those of a beach forest. 
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Mitchell (1978), u)a:s of the opinion that insects were 

very essential in pulverizing plant parts and felt that flora 

or surface phenomenon alone would be a very slouj process. 

Reddy and Alfred (I978a,b) reported the microarthropods assoc­

iated u/ith pine litter and related them to the rate of decom­

position seasonally. 
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MATERIALS AND METHODS 

Nylon bags (10 cm ) of three different mesh sizes 

(3.0 mm I 1.0 mm and 0,3 mm ) were used for the present 

study. Freshly fallen pine needles were collected at the 

time of needle fall during April, 1977, The needles were 

cut into uniform lengths of 5 cm and air dried, 10 gms 

of air dried litter was placed in each of the nylon bags 

(Plate 5a), 50 litter bags in each mesh size were such 

prepared and plaied along with the litter of the forest 

floor in the plantation of study site as for soil studies 

(Plate 4a). Thereafter, three bags of each mesh size ware 

collected from the experimental site (Plate 5b) every 30th 

day over a period of one year. Immediately, on removal, 

the litter bags were sealed (Crossley and Hogland, 1962) 

individually in polythene bags. Microarthropods were then 

extracted by a modified Tullgren funnel (Macfadyen, 1955), 

The temperature of the litter-Was recorded by an ordinary 

mercury thermometer. The moisture content of the litter 

was determined by oven drying to a constant weight at 

105°C (Piper, 1950). 
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Pla te 5a shoujing the l i t t e r bags of 3 d i f f e r e n t 
mesh sizes of 3,0 mm^, 1,0 mm^ and 0.3 mm 
containing litter 

b shoLuing the l i t t e r bags i n the study s i t e 
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RESULTS 

All microarthropods recorded during the present investi­

gation were exclusively from the litter bags. During the pre­

sent investigation major emphasis was made to correlate the 

abundance of microarthropods with loss in weight of litter 

placed in the litter bags seasonally. Temperature and moisture 

content of litter in the bags were also taken to see any affect 

of these factors on the microarthropods. The mean number from 

replicate samples from each mesh sized bags, for different 

groups of litter microarthropodsare presented in the Pig, 26a, 

b,c. The two most abundant microarthropod groups present in 

aJB. three different mesh sized bags, were Collembola and Acari­

na, Collembola being more numerous than Acarina (Fig, 26a,b,c). 

The other groups encountered in much less numbers, were groups 

belonging to Apterygota such as Protura and Dipluraf Myriapoda 

such as Chilopoda, Diplopoda, Symphyla and Pauropodaj Isopoda; 

Thysanopteraj Hemiptera; Coleoptera adults and larvaej Diptera 

larvae; Dictyoptera; juvenile earthworms; Araneidae and Moll­

uscs, The group Collembola was represented by all the five 

families, Entomobryidaa, Isotomidae, Sminthuridae, Onychiuri-

dae and Hypogastruridae. Acarina was represented by three of 

the four sub-orders Prostigmata, Mesostigmata and Cryptostig-

mata, with the sub-order Astigmata completely absent, A mean 
2 

total of 207x10 litter microarthropods were collected during 

one annual cycle from all the litter bags irrespective of mesh 

size of the bags. However this total comprised of 35,36% from 

the maximum mesh sized bag,- 31,57% from medium mesh size and 

"̂ 3.07/̂  from the minimum mesh sized bag. 
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The quantitative composition of litter microarthropods 

collected from the maximum mesh sized bags is presented in Fig. 

26a. It mas seen that the Collembola and Acarina constituted 

95.475;$ of the total litter microarthropod fauna in the maximum 

mesh sized bags. Collembola was the dominant group representing 

75.59^, while Acarina represented only 19,88jS. Isotomidae was 

the most dominant group among Collembola and formed 66,16%, 

followed by EIntomobryidae (5.315^), Sminthuridae 2.05%, Onychl-

uridae 1.84% and Hypogastruridae 0.23% of total microarthropods. 

Among Acarina, Prostigmata and Cryptostigmata were more or less 

same, the former being 7.28% and the latter 7.16%, while Meso-

stigmata represented 5.44%. Protura and Diplura together with 

Collembola forming the group Apterygota was 76.9% of which Pro­

tura was .1,28% and Diplura 0.03%. The group Myriapoda which 

constituted Chilopoda, Diplopoda, Symphyla and Pauropoda was 

0.84% of which 0.57% was Pauropoda, 0,11% was Chilopoda, 0,12% 

Diplopoda and 0,04% Symphyla, The group Araneidae were poorly 

represented, encountering only 0,18%. All other groups such as 

Isopoda, Diptera and Coleoptera larvae, Hemiptera, Coleoptera 

adults, Thysanoptera and Dictyoptera encountered were 0,56%, 

0,4% and 0,38%, 0,26%, 0,22%, 0,11% and 0.04% respectively. 

Besides these, earthworm juveniles and molluscs were also 

present, being 0,12% and 0,05% respectively, 

A quantitative representation of litter microarthropods 

from the medium mesh sized litter bags are presented in Fig, 

26b, As in the maximum mesh sized bags, Collembola and Acarina 

collectively represented 97,08%, of the total microarthropods 

vn the medium mesh sized bags. Moreover Collembola was the 
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Figure 26a showirj the qualitativ/s and quanti" 
tative composition of the various 
microarthropods found in the maximum 
mesh sized (3.0 mm2) litter bags 
during the entire study period. 

TC = 
Is = 
En -
Sm -
On -
H v ••= 

TA = 
Pr == 
Cr = 
he = 
Ar -= 
Pts = 
Dip-
no -= 

Total Collembola 
Isotomidae 
Entomobryidae 
Sminthuridae 
Onychiuridae 
Hypogastruridae 
Total Acarina 
Prostigmata 
Cr/ptostigmata 
Hesostigmata 
Araneidae 
Protura 
Diplura 
Molluscs 

Tfl 
Ch 
sy 
Pa 
Di 
I so 
Th 
He 
CA 
DL 
Hy 
Die 
Ej 

Total Myriapoda 
Chilopoda 
Symphyla 
Pauropoda 
Diplopoda 
Isopoda 
Thysanoptara 
Hemiptera 
Coleoptera Adults 
Diptera Larvae 
Hymenoptara 
Dictyoptara 
Earthujorm 

juveniles 
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most dominant group representing 78,3/̂ , folloiued by Acarina 

with 18.785̂ , Among the different families of the group Collem-

bola once again, Isotomidae u/as the predominant group forming 

71,11% folloujed by Entomobryidae with 7,79%, Sminthuridae with 

1,49%, Onychiuridaa vuith 0,64% and Hypogastruridae being poorly 

represented u/ith only 0,22%, Among the different sub-orders of 

the group Acarina, Prostigmata representing 6,66%, and Crypto-

stigmata with 6,60% were the dominant groups. The group Meaos-

tigmata was only 5.6%. Collembola together with Protura and 

Diplura forming the group Apterygota represented 78.95% of 

which Protura was 0,65% and Diplura was nil. 

The group Myriapoda which comprised of Chilopoda, Diplopo-

da, Symphyla and Pauropoda formed 0,67%. Of this, Pauropoda was 

0,29%, Chilopoda 0.24% and Diplopoda 0,13%. The group Symphyla 

was absent in these bags. The other groups such as Isopoda, 

Diptera larvae, Hemiptera, Coleoptera adults and larvae and 

Thysanoptsra represented 0,47%, 0,36%, 0.13%, 0,12% and 0,12% 

and 0,09% respectively. In addition to these, earthworm juven­

iles and mollusca represented 0.09% and 0,03%, Araneidae were 

preaent in very negligible numbers with 0,12%, 

The quantitative composition of litter microarthropods 

from the minimum mesh sized litter bags are presented in Fig, 

26c, As in the other two mesh sized bags, Collembola and 

Acarina were the dominant groups and formed 97,27% of the 

total littRT fauna in the minimum mesh sized bags. Among these 

two major groups, Collembola was dominant representing 73,35%, 

while Acarina represented 23,92%, Among the different families 
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Figure 26b showing the qualitative and quantitative 
composition of the various microarthro-
pods found in the medium mesh sized (l.O 
mm2) litter bags during the entire study 
period. 

TC = Total Collembola 
Is = Isotomidae 
En = Entornobryidae 
3m = Sminthuridaa 
On = Qnychiuridae 
Hy = Hypogastruridae 
TA = Total Acarina 
Pr = Prostigmata 
Cr = Cryptostigmata 
lie - liesostigmata 
Ar - Araneidae 
Pre = Protura 
Dip = Diplura 
Mo' = Molluscs 

TM = Total Myriapoda 
Ch = Chilopoda 
Sy = Symphyla 
Pa = Pauropoda 
Di = Diplopoda 
Iso = Isopoda 
Th = Thysanoptara 
He = Hemiptera 
CA = Coleoptsra Adults 
DL = Diptsra Larvae 
Hy = Hymenoptera 
Die = Dictyoptera 
Ej = Earthworm 

juveniles 
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of the group Collembola, Isotomidae uias the dominant group rep­

resenting 66,02/^ followed by Entomobryidae representing 4.08%, 

Sminthuridae representing 1.81/2, Onychiuridae representing 

1.11?S, while Hypogastruridae represented only 0,29%. The group 

Apterygota represented 73.94^ of which Protura formed 0,54% 

and Diplura 0,03%, Among the different suborders of Acarina, 

Prostigmata the dominant group represented 9,39% followed by 

Cryptostigmata with 7.86% and Mesostigmata with 6,66%, The 

group Myriapoda represented 0.28%, of which Pauropoda the domi­

nant group was 0.54% followed by Diplopoda with 0.18%, Chilo-

poda with 0,12% and Symphyla with 0,04% were poorly represented. 

Araneidae constituted a very small quantity with only 0,12%.' 

The other groups were Diptera larvae, Coleoptera adults 

and larvae, Hemiptera, Hymenoptera, Isopoda and Thysanoptera 

which represented 0,34%, 0,19% and 0.09%, 0,12%, 0,07%, 0,04% 

and 0,03% respectively. Earthworm juveniles were also recorded 

which represented only 0,01%, No mollusca were recorded. 

The maximum number of 7319 litter microarthropods were 

recorded in maximum mesh sized bags and a minimum of 6544 was 

recorded in the medium mesh sized bags. Collembola and Acarina 

the major groups of litter microarthropod fauna, collectively 

represented a maximum number of 6987 in maximum mesh sized 

bags and a minimum of 6353 in medium mesh sized bags. 

On a general comparison between the three mesh sized bags 

(Table-UIII) it was seen that the groups which were maximum 

according to their relative abundance were Isotomidae, Entomo­

bryidae, Sminthuridae, Ornychiuridae, Araneidae, Protura, 

188 



Figure 26c showing the qualitative and quanti­
tative composition of the various 
microarthropods found in the minimum 
mesh sized (0,3 mm^) litter bags 
during the entire study period. 

TC = Total Collembola 
Is = Isotomidae 
En = Entomobryidae 
Sm = Sminthuridae 
On = Onychiuridae 
Hy = Hypogastruridae 
TA = Total Acarina 
Pr = Prostigmata 
Cr = Cryptostigmata 
r-le = Me so stigmata 
Ar = Araneidae 
Pra = Protura'^ 
Dip = Diplura 
Mo = Molluscs 

TM = Total Myriapoda 
Ch = Chilopoda 
Sy = Symphyla 
Pa = Pauropoda 
Di = Diplopoda 
Iso = Isopoda 
Th = Thysanoptera 
He = Hemiptera 
CA = Coleoptera Adults 
DL = Diptera Larvae 
Hy = Hymenoptera 
Die = Dictyoptera 
Ej = Earthujorm 

juveniles 
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Pauropoda, Isopoda, Thysanoptera, Hemiptera, Coleoptera adiiLts 

and larvae and Earthujorm juveniles, recorded from the maximum 

mesh sized bags. Those maximum in the medium mesh sized bags 

had a maximum number of Hypogastruridae, Prostigmata, Crypto-

stigmata, Mesostigmata, Diplopoda and Hymenoptera. The groups 

Diplura and Symphyla were maximum in both the maximum abd min­

imum mesh sized bags, as they were exactly the same number in 

both the bags. Similarly Araneidae was minimum in medium and 

maximum mesh sized bags and Diplopoda minimum in maximum and 

minimum medium mesh sized bags, vuhile the group vuhich was 

recorded minimum in maximum mesh sized bags were Chilopoda 

only. Those which were minimum in medium mesh size bags were 

Sminthuridae, Hypogastruridae, Prostigmata, Cryptostigmata, 

Mesostigmata, Pauropoda, Symphyla, Coleoptera adults and Hym­

enoptera, Those which represented minimum number in minimum 

mesh sized bags, were Entomobryidae, Isotomidae, Protura, Chi­

lopoda, Isopoda, Thysanoptera, Hemiptera, Coleoptera larvae, 

Diptera larvae and earthworm juveniles (Table-UIIl). 

Maximum mesh sized bags ;-

The seasonal abundance of the total litter microarthro-

pods in the maximum mesh sized bags is presented in Fig. 27a. 

They ranged from 69 to 3214 in numbers in the different 

seasons. 

The maximum number was recorded in the month of May,1977 

and gradually decreased till August and thereafter rose again 

till it reached a small peak in October. It immediately fell 

in November to again rise in December after whioh it declined 

till it reached the minimum in the month of March, 1978. 
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Table Will Abundance of litter microarthropods, 
shouJing maximum and minimum density 
in the different mesh sized litter 
bags. 

191 



(MM 
S 
E 

sz 
09 

s: 
E 

E 
•H 
c 
•H 

4: « )|i « * * 

c ^ c ^ J - ^ J • v o o ^ < ^ r - o o c o l ^ - c ^ J a o ^ J 
r ^ c M C M r - c M t ^ c N s j - rv v-
CM i n « - lA ITv 'vf 

* 
* * * • 

r - '̂̂  t ^ CM CD 
^ • SJE ^ 

^^ vo <̂̂  if\ <i 

Csf 
E 
E 

U 

CD 

j r 
0) 
CD 

s: 
E 

•W 
TD 
(D 

Csf 
E 
E 

x: 
0) 
o 

E 

E 
•H 
X 
(d 

* 9̂  * 4c 4 * « 
• < t < t a 3 C M i r v M D r - c s - c D n 
v - l n c ^ s t T - ^ < ^ o ^ c M -^ 

St 

* * * 
i> c^ cj\ 

I r» 
vo ĉ  
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Figure 27a showing the seasonal fluctuation 
of total microarthropods found in 
the maximum mesh sized (3.0 mm^) 
litter bags during the entire 
study period. 
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Collembola and Acarina were the major dominant groups and coll­

ectively ranged from 60 to 3185 in numbers and folloujed the 

same trend in fluctuation as that of the total microarthropods 

(rig. 28a). 

The total Collembola varied between 2 and 3135 in numbers 

during the different months and luere recorded maximum in May, 

1977 and minimum in March, 1978 uiith a small peak in October, 

1977. Isotomidae the most dominant group of Collembola ranged 

from 2 to 3113 in numbers and were maximum in May, 1977 and 

minimum in March, 1978, They showed two small peaks of increase 

during the months of October and December, 1977, The family 

Entomobryidaa ranged from 0 to 96 individuals and represented 

a gradual increase from May, 1977 reaching a peak in October, 

1977 and than gradually decreased to nil in March, 1978, Smin-

thuridae ranged from 0 to 31 individuals, the maximum encoun­

tered were in the months of July, September and October, 1977 

and were completely absent from December, 1977 to March, 1978, 

The family Onychiuridae ranged from 0 to 64 in numbers, the 

maximum occurring in October, 1977 and were recorded nil dur­

ing May and 3une, 1977 and March, 1978, The family Hypogastru-

ridae ranged from 0 to 5 in numbers, being maximum in October 

and December, 1977 and were completely absent during May to 

3uly, 1977 and from February to April, 1978 (Fig. 29a), 

The group Protura ranged from 0 to 35 individuals the 

maximum being recorded in October and December, 1977 and were 

nil during May to Ouly, 1977 and during February and March, 

1978, Diplura were completely absent throughout the annual 

cycle except during December and January, 1978 (Fig, 30a), 
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Figure 28a shouiing the seasonal fluctuation of 
total Collembola and total Acarina « 
found in the maximum mesh sized (3.0 mm ) 
litter bags during the entire study 
period. 

Figure 29a showing the seasonal fluctuation of 
Isotomidae, Entomobryidae, Sminthu-
ridae, Onychiuridae and Hypogastruridae„ 
found in the maximum mesh sized (3.0 mm ) 
litter bags during the entire study 
period. 
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The second dominant group Acarina ranged from 50 to 331 in 

numbers over the seasons, the maximum being recorded in Decem­

ber, 1977 and minimum in May, 1978, It had small peaks of in­

crease during October, 1977 and February and April, 1978 (Fig, 

28a). Prostigmata the dominant group among Acarina, ranged bet-

vueen 6 and 106 individuals, the maximum being recorded in Dec­

ember, 1977 and minimum in May, 1977. There was another large 

peak of increased abundance during February, 1978, The group 

Cryptostigmata ranged from 8 to 127 in numbers, the maximum 

being recorded in December, 1977 and minimum in March, 1978, 

There luas a second peak of abundance during October, 1977, 

Mesostigmata ranged between 17 to 68 in numbers being maximum 

in December, 1977 and minimum in 3une, 1977 (Fig, 31a), The 

monthly variation in the Araneidae number ujas negligible, the 

range being 1 to 3 in numbers. The maximum was recorded in 

August, 1977 (Fig, 33a), 

The group Myriapoda ranged from 1 to 16 individuals, the 

maximum being recorded was in October and November, 1977 and 

minimum in May and December, 1977 and February, 1978, Pauropo-

da was the dominant among Myriapoda and ranged from 0 to 12 in 

numbers, the maximum being recorded in October and November, 

1977, They ware completely absent during May, 3uly and August, 

1977, The groups Symphyla, Chilopoda and Diplopoda were recor­

ded in very negligible numbers, the range being 0 to 1, 0 to 

2 and 0 to 3 respectively. Maximum numbers of Diplopoda were 

recorded in August, 1977, being absent during May, November, 

December, 1977 and January, February and March, 1978. Chilopo­

da were maximum during August, October and November, 1977 and 
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Figure 30a showing the seasonal fluctuation 
of total Protura and total Diplura 
found in the maximum mesh sized 
(3.0 mm2) litter bags during the 
entire study period. 

Figure 31a showing the seasonal fluctuation of 
Prostigmata, flasostigmata and Cryp-
tostigmata found in the maximum mesh 
sized (3.0 mm^) litter bags during 
the entire study period. 

196 



i-

E 

40' 

30" 

20' 

1 0' 
oi 

110" 

90 

70" 

50" 

30' 

10' 

PROTURA 

/i---A DlPLURA 

o—o PR0STI6MATA 
*—X MES0STI6MATA 
^ - A CRYPTO STIGMATA 

_j i_ _l I I U j i I 

M J J A 
1976 

S 0 N D J F 
1977 

M A 



absent during June and December, 1977, January and April, 1978. 

The Symphyla were completely absent throughout the annual cycle 

except in September and l\lo\/ember, 1977 and January, 1978 (Fig, 

32a). 

The group laopoda ranged from 0 to 10 in numbers and luers 

maximum in August, 1977 and mere completely absent from Febru­

ary to April, 1978, Thysanoptera and Hemiptera had a range of 

0-3 and 0-5 individuals respectively, Thysanoptera mere recor­

ded maximum in May, 1977 and were completely absent in August, 

November and December, 1977 and from January to April, 1978, 

Hemiptera vuere recorded maximum during June, 1977 and vuere nil 

from October to December, 1977 and January, 1978. The Coleop-

tera adults and larvae ranged between 0 to 7 and 0 to 10 res­

pectively. They were both maximum during May, 1977 and the 

adults were absent from June and August, 1977 and October to 

December, 1977 and February and March, 1978. The larvae were 

absent during October and December, 1977, January and March, 

1978, The Diptera larvae number ranged from 0 to 8, the maxi­

mum during August, 1977 and April, 1978 and were completely 

absent from May to July, 1977, September, 1977 and January and 

February, 1978. Dictyoptera were absent during the entiiue ann­

ual cycle except during September and October, 1977, The ju­

venile earthworms ranged from 0 to 5 in numbers, the maximum 

recorded in May, 1977 and were completely absent from July to 

September, November and December, 1977, January, 1978 to March 

1978, The molluscans were recorded in very negligible numbers 

only in May and August, 1977 (Fig, 33a), 
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Figure 32a showing the seasonal fluctuation of 
Pauropoda, Diplopoda, Chilopoda and 
Symphyla found in the maximum mesh 
sized !̂ 3.0 mm^) litter bags during 
the entire study period. 

Figure 33a shoujing the seasonal fluctuation of 
Hymenoptera, Araneidae, Isopoda, 
Thysanoptera, Hemiptera, Coleoptera 
adults and larvae, Diptsra larvae, 
Dictyoptera, earthiuorm' juveniles 
and mollusca found in the maximum 
mesh sized (3.0 mm2) litter bags 
during the entire study period. 
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fle.di.um_̂ mê 3ĥ 3̂_i,z,ŝ d .ba_g.3 :-

The seasonal abundance of total litter microarthropods 

from medium mesh sized bags is presented in Fig. 27b u/hich 

revealed that the microarthropod groups reflected more or less 

the same type of fluctuation as that in the maximum mesh sized 

bags. The total microarthropods ranged from 19 to 3209 in num­

bers, the maximum recorded in the month of May, 1977 and mini­

mum in March, 1978. They further shou/ed two smaller peaks of 

abundance in the months of September and November, 1977. Coll-

embola and Acarina together ranged between 15 and 3198 and 

followed the trend in fluctuation of total litter microarthro­

pods for this mesh sized bags (Fig. 28b), 

The total Collembola numbers ranged from 0 to 3165 and 

luare recorded maximum in May, 1977 with a gradual decrease to 

nil in March, 1978. In between it had two small peaks of incr­

ease in September and November, 1977, The family Isotomidae 

ranged from 0 to 3138 in numbers and was maximum in May, 1977 

and were absent in March, 1978. They had similar peaks of 

abundance like total microarthropods and Collembola. The family 

Entomobryidae ranged from 0 to 105 individuals. From 3une, 

1977 the number gradually increased reaching a peak in Septem­

ber, 1977 and gradually decreased to nil in March, 1978 with a 

small peak during November, 1977, The family Sminthuridae 

ranged from 0 to 23 in numbers, the maximum being recorded in 

September J, 1977 and were completely absent in May, 1977 and 

from December, 1977 to March, 1978. The family Onychiuridae 

ranged from 0 to 19 in numbers, maximum being in October, 1977 

and were completely absent during May and 3une, 1977 and from 

December, 1977 to March, 1978. The family Hypogastruridae 
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Figure 27b shoming the seasonal fluctuation 
of total microarthropods found in « 
the medium mesh sized bags (l.OO mm ) 
during the entire study period. 
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Figure 28b shoaling the seasonal fluctuation of 
total Jollembola and total Acarina 
found in the medium mesh sized (1.0 mm"" 
litter bags during the entire study 
period. 

Figure 29b showing the seasonal fluctuation of 
Isotomidae, Entomobryidae, Sminthu-
ridae, Onychiuridaa and Hypogastruridao 
found in the medium mesh sized (l.O mm^ 
litter bags during the entire study 
period. 
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ranged from 0 to 5 in numbers, the maximum recorded being in 

November, 1977 and were completely absent in flay, 1977 and 

from 3anuary to March, 1978 (Fig. 29b). 

The group Protura ranged from 0 to 18 in numbers, maximum 

being in the month of October, 1977 and were absent in May, 

1977 and from December, 1977 to March, 1978, The Diplura mere 

completely absent throughout the annual cycle (Fig, 30b). 

The total Acarina ranged from 15 to 211 in numbers and 

from May, 1977 onwards it gradually increased till September, 

1977 and then decreased in October, 1977, it reached the peak 

in November, 1977, Then it gradually decreased to minimum in 

March, 1978 and increased to maximum in April, 1978 (Fig. 28b). 

The number of Prostigmata ranged from 4 to 81, the maximum 

being in the month of September, 1977 and minimum in March, 

1978. The number of Cryptostigmata ranged from 3 to 125, They 

gradually increased from May, 1977 and with a small peak in 

November, 1977, decreased to minimum in March, 1978 with a 

sudden range of increase to maximum in April, 1978. The number 

of Mescstigmatid mites ranged from 8 to 71, the maximum was 

during November, 1977 and minimum in March, 1978 with a small 

peak in the following month (Fig, 31b), The range in the num­

ber of Araneidae was 0 to 3, the maximum being recorded in 

August, 1977 and were absent during May to July, 1977 and 

November and December, 1977 and February and March, 1978 

(Fig. 33b). 

The total Myriapoda ranged from 0 to 11 individuals. 

They were maximum in numbers during November, 1977 and absent 
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Figure 3nb shou-'ing the seasonal fluctuation 
of total Protura found in the 
medium mesh sized (1,0 mm^) litter 
bags during the entire study period. 

Figure 31b showing the seasonal fluctiuation of 
Prostigmata, tlesostigmata and Cryp-
tostigmata found in the medium mesh 
sized (1,0 mm2) litter bags during 
the entire study period. 
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during May, 1977 and February, 1978. In the group Chilopoda, 

the numbers ranged from 0 to 5, the maximum being recorded in 

July, 1977. They were entirely absent during May, June and 

December, 1977 and February and March, 1978,̂  The Diplopoda num­

ber ranged from 0 to 3, the maximum in August, 1977 and were 

recorded nil during May, 1977 and from October, 1977 to March, 

1978. The group Symphyla luere completely absent. Pauropoda 

ranged from 0 to 9 in numbers. The maximum was recorded in 

November, 1977 and ujere recorded nil from May to August, 1977 

and February and April, 1978 (Fig, 32b). 

The number of Isopoda ranged from 0 to 11 in numbers, the 

maximum encountered were in July, 1977. This group was nil in 

October, 1977 and during March and April, 1978. Both the groups 

Thysanoptsra and Hemiptera ranged from 0 to 2 in numbers, the 

former being maximum in June, 1977 and absent during July to 

November, 1977 and January and April, 1978 while the latter 

was maximum in November, 1977 and April, 1978 and absent dur­

ing September, October, 1977 and January to March, 1978. The 

Coleoptera adults and larvae ranged from 0 to 3 and 0 to 5 

respectively. The adults were maximum in June, 1977 and absent 

during July, September and December, 1977, and January to 

March, 1978, The larvae were maximum in May, 1977 and recorded 

nil from July, 1977 to April, 1978, The Diptera larvae numbers 

ranged from 0 to 15, the maximum being recorded in October, 

1977 and absent completely during May to August, 1977 and 

from January to March, 1978. The Juvenile earthworms were only 

two in numbers every month from May to July, 1977 and absent 

throughout the remaining annual cycle, Mollusca mere nil for 
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Figure 32b showing the seasonal fluctuation of 
Pauropoda, Diplopoda, Chilopoda and 
Symph/la found in the medium mesh 
sized (l.O mm^) litter bags during 
the entire study period. 

figure 33b shoiuing the seasonal fluctuation of 
Hymenoptera, Araneidae, Isopoda, 
Thysanoptera, Hemiptera, Coleoptera 
adults and larvae, Diptera larvae, 
Dictyoptera, earthuJorm juveniles and 
mollusca found in the medium mesh 
sized (1.0 mm^) litter bags during 
the entire study period. 

205 



20 

16 

12 

8 

o—o PAUROPODA 
A—A CHILOPODA 
• - . - • DIPLOPOOA 

o 

10 

8 

6 

2 A 6 

12 

10 

8 

6 

^ 

2 
1 

-

1 

-A 
a ~K^ 

V 

A—ACOLEOPTERA LARVAE 
•-•-•DIPTERAN LARVAE 

o HYMENOPTERA 
A---A EARTHWORM jUV. 

D MOLLUSCA 
]ItHEtARANElDAE 

m 

I50P0DA 
A- - i ^ THYSANOPTERA 
D—a HEMIPTERA 
• - " - • COLEOPTERA ADULTS 

• 

N 
1 

D 

0 Ai— 
• I 

J F 
1978 

1 

M 

a 
9 

A 



most of the period, except in Duly, 1977 and February, 1978, 

Uihen they represented only one individual each time (Fig. 33b). 

Minimum mesh sized baoa :-

The seasonal abundance of total litter microarthropods 

from minimum mesh sized bags is presented in Fig, 27c, uihich 

depicted that they had more or less a similar pattern in seaso­

nal fluctuation to those seen in the maximum and medium mesh 

sized bags. The total microarthropods ranged from 48 to 3054 

in numbers, the maximum being in May, 1977 and minimum in Mar­

ch, 1978 with a small peak of abundance in October, 1977. The 

groups Collembola and Acarina collectively represented 42 to 

3049 in numbers (Fig, 28G), They also showed the same type of 

seasonal variation as recorded in that of the medium mesh 

sized bags. 

The range in total Collembola numbers was 2 to 3010, the 

maximum being in May, 1977 and minimum in March, 1978 with a 

small peak of increase in October, 1977, The family Isotomidae 

numbers ranged from 2 to 3003. It was encountered maximum in 

May, 1977 and minimum in March, 1978 with a small peak of 

abundance during October, 1977. The family Entomobryidae ran­

ged from 0 to 105, It gradually increased from May, 1977 till 

it reached a small peak in 3uly, 1977, fell and then reached 

the maximum in September, 1977 and thereafter decreased grad­

ually to nil in March, 1978, The range for the family Sminthu-

ridae was 0 to 30, the maximum being in September, 1977, They 

were completely absent during December, 1977 to March, 1978, 

The family Onychiuridae and Hypogastruridas ranged from 0 to 

23 and 0 to 10 respectively. The maximum number of Onychiuridae 
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Figure 27c shotuing the seasonal fluctuation 
of total microarthropods found in ^ 
the mi'i: mum mesh sized bags (0,3 mm ) 
during the entire study period. 
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Figure 28c shovuing the seasonal fluctuation of 
total Collembola and total Acarina „ 
found In the minimum mesh sized (0,3 mm ) 
litter bags during the entire study 
period. 

Figure 29c showing the ssasonal fluctuation of 
Isotomidae, Entomobryidae, Sminthu-
ridae, Onychiuridae and Hypogastruridae^ 
found in the minimum mesh sized (0,3 mm ) 
litter bags during the entire study 
period. 
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Was recorded in October, 1977 while the maximum number of Hypo-

gastruridae was recorded in November, 1977, They were both 

recorded nil during May and 3uly, 1977 and February and Harch, 

1978 (Fig. 29c), 

The number of Protura ranged from G to 7, the maximum 

recorded being in September and October, 1977 and April, 1978, 

They were completely absent during May and 3une, 1977 and from 

3anuary to March, 1978, The Diplura were recorded only in Sep­

tember, 1977 when they were two in numbers (Fig, 30c), 

The group Acarina ranged from 39 to 299 in numbers, the 

minimum being in May, 1977 and maximum in April, 1978, Besides 

it showed two smaller peaks of abundance during October, 1977 

and February, 1978 (Fig, 28c), The sub-order Prostigmata ran­

ged from 4 to 162 in numbers, the minimum being recorded in 

May, 1977 and maximum in February, 1978, Besides, they showed 

small peaks of abundance in July, 1977, October, 1977 and 

April, 1978, Cryptostigmata ranged from 5 to 160 in numbers, 

the maximum being recorded in April, 1978 and the minimum was 

in March, 1978 with a small peak of increase in October, 1977, 

Mesostigmata ranged from 10 to 76 numbers, being maximum in 

October, 1977 and minimum in March, 1978 with a sudden incre­

ase forming a small peak in April, 1978 (Fig, 31c), The group 

Araneidae ranged from 0 to 5 numbers, TTne maximum was encoun­

tered during August, 1977 and were absent from May, 3une, 1977 

and September to December, 197? and from January, February 

and April, 1978 (Fig, 33c), 

The total Myriapoda ranged from 0 to 17 individuals, 

maximum being recorded in October, 1977 with a small peak in 
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Figura 30c shooiing the seasonal fluctuation 
of totjl Protura and total Diplura 
found in the minimum mesh sized 
(Opi mm^) litter bags during the 
entire scudy period. 

Figure 31c shouiing the seasonal fluctuation of 
Prostigmata, Mesostigmata and Cryp-
tostigmata found in the minimum mesh 
sized (0,1 mm^) litter bags during 
the entire study period. 
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April, 1978 and tuere recorded nil in March, 1978. The number 

of Pauropoda ranged from 0 to 9, maximum being recorded in Oct­

ober, 1977 and were recorded nil during 3une to August, 1977 

and March, 1978. The Diplopoda numbers ranged from 0 to 3, the 

maximum being recorded in August and October, 1977, uihile reco­

rded nil during May and June, 1977 and from December, 1977 to 

March, 1978. The number of Chilopoda recorded each time U/aa 

only tu)o in number during 3unB, August and October, 1977 and 

April, 1978, Symphyla mere recorded 3 in number only in Ooto-

ber, 1977 and absent throughout (Fig. 32c). 

The group Isopoda was recorded only one each time in Duly 

and September, 1977 and January, 1978, Thysanoptera was recor­

ded only in December., 1977 and February, 1978, one individual 

each time* The group Hamiptera ranged from 0 to 2 in numbers, 

maximum in May and August, 1977 and luare nil in July, 1977 and 

from October, 1977 to January, 1978 and April, 1978. Both 

Colaoptera adults and larvae ranged from 0 to 3 in numbers, 

the maximum recorded being in June and August, 1977 for adults 

and in October, 1977 for larvae. Adults <0srs absent during 

December, 1977 to March, 1978 and larvae mere absant from 3une 

to September and Moveinbar, 1977 and from January to March, 

1978» Tbe range of -Diptsra larvae \aaa from 0 to 6 nufubars, 

the maximum being recorded in April, 1978, A second peak of 

increase uias recorded in August, 1977 and u»ars absent during 

May, Sep'.amoar and October, 1977 and January and February, 

1978, Hyroenoptara was recorded tujo in numbers eacti ti,»e in 

N̂ Dveraber, 1977 and January, 1978, A juvenile earthmrarTB- utas 

recorded only once in May, 1977 as one individual (Fig, 33c), 
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Figure 32c showing the seasonal fluctuation of 
Pauropoda, Diplopoda, Chilopoda and 
Symphyla found in the minirnum mesh 
sized (D.3 mm^) litter bags during 
the entire study period. 

Figure 33c shou/ing the seasonal fluctuation of 
Hymenoptera, Araneidae, Isopoda, 
Thysanoptera, Harniptera, Coleoptera 
adults and larvae, Diptera larvae, 
Dictyoptera, earthuJorm juveniles and 
mollusca found in the minimum mesh 
«ized (0,3 mm2) litter bags during 
the entire study period. 
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Physical Factors ;-

The physical factors recorded during the present investi­

gation luere temperature, moisture and uJeight loss in the litter 

bags. The seasonal variation in temperature is presented in 

Fig^ y^d^ It ranged from 16°C to 25,5°C, The maximum tempera­

ture ujas recorded in dune, 1977 and minimum in November, 1977, 

The total mean moisture content and mean weight loss for all 

bags is presented in Fig, 34d, The mean moisture content ranged 

from 10.80^+1.55 to 70,67%+J ^n^ f the maximum recorded being in 

May, 1977 and minimum in March, 1978, The mean percentage loss 

in weight of litter ranged from 22.45^+0,19 to 43.56^+0.66, 

the former being in May, 1977 and the latter in April, 1978. 

The annual average rate of decomposition u/as 36.09/O, 

The percentage of moisture content and weight loss of 

litter in the maximum mesh sized litter bags are presented in 

Fig. 34a. Moisture content ranged from 10,27 to 69,63%, the 

highest being recorded in dune, 1977 while lowest in March, 

1978. The percentage loss in weight of litter ranged from 

23.3^ to 43*75?S, the lowest being in the month of Hay, 1977 

and the highest in the n.onth of April, 1978. The annual aver­

age rate of decomposition was 38.25/̂ . 

Moisture content and loss in litter weight for the med­

ium mesh sized litter bags are presented in Fig. 34b. The 

range of the moisture content was between 7.56^ and 73.00^. 

The highest recorded was in May, 1977 and minimum in March, 

1978. The weight loss in the litter bags ranged from 22.165(2 

to 43,75fi, the minimum recorded during May, 1977 and the 
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Figure 34a shouiing the seasonal fluctuation of 
variou:- physical factors of litter 
- moisture content and u/eight loss 
in percent in the maximum mesh sized 
(3.0 mm2) litter bags during the 
entire study period. 

Figure 34b showing the seasonal fluctuation of 
various physical factors of litter 
- moisture content and weight loss 
in percent in the medium mesh sized 
(l.O mm^) litter bags during the 
entire study period. 
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Figure 34c shovuir j the seasonal fluctuation of 
Various physical factors of litter 
" moisture content and oieight loss 
in percent in the minimum mesh sized 
(0,3 mm2) litter bags during the 
entire study period. 

Figure 34d showing the seasonal fluctuation of 
various physical factors of litter 
- moisture content and weight loss 
in percent aa moan in all the three 
mesh sized bags. 
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maximum in April, 1978, The annual average rate of decomposi­

tion in these bags was 35.34/^, 

The percentage moisture content and loss in litter weight 

for the minimum mesh sized bags are presented in Tig, 34c, The 

range of moisture conteni- uias between 14,58^ and 70,20^, the 

maximum being recorded in 3une, 1977 and minimum in March, 

1978, The loss in litter weight ranged from 21,88?$ to .43.18?S, 

the minimum being in May, 1977 and the maximum in April, 1978, 

In these bags the average rate of decomposition was 34,68/S, 
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DISCUSSION 

The rate of decomposition of forest litter has bean used 

as an indication of soil fertility and decomposition activity 

(Lahde, 1974), For such a breakdoiun of organic matter in the 

soil, the role of soil organisms in relation to the size in 

terms of biomass and numbers has often been discussed and fre­

quently cited as evidence that these populations were important 

(Bornesbusoh, 1930j Murphy, 1955), To improve the reliability 

of results in field experiments, the litter had been enclosed 

in glass fibre (Mikola, 1954, 1960) or nylon mesh (Bocock and 

Gilbert, 1957| Bocock e^ ai» 1960j Shanks and Olson, 1961j 

Bocock, 1964J Anderson, 1973a,b, 1975) bags. Change in weight 

of litter sample with time had also been a measure of the acti­

vity of soil animals causing litter breakdown (Heath and King, 

1964| Heath and Arnold, 1966; Heath £t al,, 1966; King and 

Heath, 1967). 

The present work incorporated the study of enclosed pine 

needle litter in nylon mesh bags and an attempt to relate the 

activity of soil organisms over a season to the litter weight 

loss. The most abundant organisms in dry funnel extracts of 

plant litter have been Collembola and Acarina, where, in most 

studies they are referred to as litter microarthropods (Hard­

ing and Stuttard, 1974). However, most other groups as inclu­

ded in the present study in addition to these two, came under 

the broad definition of this. The present investigation incor­

porated a detailed study of these microarthropods in relation 

to litter decomposition as the mesh size of the nylon bags 

used prevented the activity of macroarthropods. 
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Published estimates of Collembola and Acarina density 

exist for habitats ranging from deserts to Arctic and tropical 

systems (Edwards and Fletcher, 1971). Very little information 

was available on the activity of other microarthropods in rela­

tion to litter weight loss to the extent where comparisons 

would be feasible. The reason was obvious as their densities in 

relation to either Collembola or Acarina or both was very neg­

ligible to draw conclusions of their role in such an ecosystem. 

The present study also revealed both Collembola and Acarina 

constituting more than 95/̂  of the total microarthropods extrac­

ted. Hence, the role of these two major groups, where one has 

mandibulate mouth parts (Collembola) and the other chelate jaws 

(Acarina) seemed to effect the litter decomposition rather than 

the remaining microarthropods which totally constituted less 

than 5fo» Such findings were also reported earlier (Weigert, 

1974). When only the two dominant groups were considered it 

was seen that for the entire period of investigation, Collemb­

ola dominated Acarina in numbers and formed more than 70^ in 

all the three mesh sized bags. This was in contradiction to 

Witkamp ejb _al (1966) who reported that though the total arthr­

opods comprised 98^ of Acarina and Collembola yet 90% of these 

were Acarina. However, during the monthly analysis, it was re­

vealed that the activity of Collembola was more during warmer 

months and the onset of winter has a dominance of Acarina pop­

ulation. This phenomena was consistent as seen in Figs. 28a, 

b,c, where Collembola from the month of May till November were 

in maximum numbers and fell from December to April, A very 

clear indication of interplay between these two groups of org­

anisms existed and there could be at least two possible reasons 
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for such rhythms. One, the activity of Collembola during the 

warmer periods and Acarina during ujinter and the second, the 

feeding habits of these two groups, for, the litter gets prim­

arily broken down by Collembola and at this partially decom­

posed litter gets acted upon by Acarina. 

As observed in the previous chapter on soil it was seen 

that Collembola comprised of all the five families and the fam­

ily Isotomidae dominated over the other four families in terms 

of population numbers. However, their number being maximum was 

misleading, as, over the season, they were found to be maximum 

only during the months of May and 3une, During the succeeding 

months of investigation, till the completion of one annual cyc­

le though their number fell drastically they were found throu­

ghout the year when the other families were absent, which 

could account for their total maximum abundance. This family 

Isotomidae could be designated as an indicator species for 

habitats as in the present study. The next dominant family was 

Entomobryidae which together with Isotomidae was responsible 

for fluctuation of total Collembola. This family was seen to 

be maximum during the month of September which was the lag 

phase of the monsoon period. All the other families did not 

show any significant effect either in numbers or their activi­

ty over the seasons. 

The maximum number of total microarthropods encountered 

in the nylon bags used in the present study was above 3000 in 

all mesh sizes and this occurred during the month of May. Sim­

ilarly least Was recorded in all the mesh size bags during 

the month of March, when their number were below 100. No 
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earlier reports exist to make a comparison, except to ahou/ from 

the present study that the activity of total microarthropoda 

depended primarily on season rather than on anything else. 

lab'larlXajb,̂  represents the coefficient correlation, u/here it 

was seen that though the maximum numbers of total microarthro-

pods occurred during the summer months, yet temperature did not 

seem to play any role and the possible reason may be due to 

the narrouj range of fluctuation in litter bag temperature over 

the different seasons. However, from the same table it was seen 

that the moisture content in all the litter bags of different 

mesh sizes were highly positively significant with the total 

microarthropods (Witkamp and Drift, 1961; Witkamp ejb jj, 1966; 

Rosswall, 1973, 1974, 1975, Rosswall ejb al_, 1975). Hence mois­

ture, which was absorbed by the litter seemed to play a greater 

role in the regulation of these populations. 

Collembola as a group when analysed for coefficient corr­

elation analysis between the factors like temperature, moisture 

and weight loss revealed that moisture was one factor which 

was responsible for their activity as it was found to be posi­

tively significant for all the three mesh sized litter bags. 

As Collembola being the most dominant group in the present 

investigation, it further reflected the activity of microarth­

ropods in general on pine litter. This was all the more obvious 

uihen the coefficient correlation (Table-IX) revealed that 

Collembola with weight loss was negatively correlated in all 

the mesh sized bags though significant for the maximum_and_ 

medium mesh sizes only. Further, this was corrabc 

fact that this was an indication of the dominance/ZfJiry one 

family Isotomidae under Collembola (Table'»IXa,b), 
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Table IXa Coefficient correlation and multiple 
correlation betiueen monthly abundance 
of litter microarthropods and v/arious 
physical factors in the maximum mesh 
sized bags. 
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TABLE IXa 

Microarthropod 
Groups 

Maximum mesh sized litter bags (3,0 mm ) 

Moisture Weight loss 

Isotomidaa 

Entomobryidae 

Total Collembola 

Prostigmata 

Mesostigmata 

Cryptostigmata 

Total Acarina 

Total Arthropods 

Temperature 

NS 
0.2320'^^ 

- 0.5654 

0.0492 

- 0.4036 

- 0.7074 

- 0.5676' 

- 0.6556^ 

NS 

IMS 

* * 

- 0.2032 
NS 

0.5138 

0.5277 

0.6477' 

- 0.2477 

0.9340 

0..1989 

- 0,1097 

0,6210' 

NS 

NS 

NS 

»» 

NS 

NS 

- 0^6081 

- 0.1165 

m 0 ,5877' 

0.5068 

0.3345 

0.3215 

0.4822 

- 0,4116 

NS 

MS 

NS 

NS 

NS 

NS 

Multiple 
Corralation 

0.3549 

Q,.7117' 

0.4890 

0.1809 

O.6OO9' 

0.5465 

0,5338 

0.4519 

NS 

NS 

NS 

NS 

NS 

NS 

NS = Not s i g n i f i c a n t 
* = P < 0 , 0 5 

** = P < 0 , 0 1 



Table IXb Coefficient correlation and multiple 
correlation between monthly abundance 
of litter microarthropods and various 
physical factors in the medium mesh 
sized bags. 
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Microarthropod 
Groups 

Isotomidae 

Entomobryidas 

Total Collembola 

Prostigmata 

Mesostigmata 

Cryptostigmatc 

Total Acarina 

Total Arthropcds 

TABLE IXb 

Medium mesh sized l i t t e r bags (1»0 mm ) 

Temperature Moisture Weight loss 

0.3180 

- 0.6218' 

0,2667 

- 0.5517 

- 0.7467 

- 0.1379 

- 0.5433 

0.0677 

NS 

NS 

NS 

* • » 

IMS 

NS 

NS 

0.6257 

0.5850' 

0.7314' 

0.1274 

0,1846 

0.4017 

0.2362 

0.8429 

* * 

NS 

NS 

NS 

NS 

#» 

- 0.7433 

- 0.2815 

• * 

NS 

- 0.7485 
• » 

0.3602 

0.4119 

0,3055 

NS 

NS 

NS 

0,4711 

- 0 . 6 1 4 4 ' 

NS 

Multiple 
Correlation 

0.6583 

0,3465 

0.7407 

0.4680 

0.7823' 

008434' 

0o7948' 

0.7841 

NS 

*-» 

NS 

* * 

N3 = Not s ign i f i can t 
* = P<0 .05 

** = P<0.01 



Table IXc Coefficient correlation and multiple 
correlation betujeen monthly abundance 
of litter microarthropods and various 
physical factors in the minimum mesh 
sized bags. 
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TABLE IXc 

Microarthropod 
Groups 

Isotomidae 

Entomobryidae 

Total Collembola 

Prostigmata 

Mesostigmata 

Cryptostigmata 

Total Acarina 

Total Arthropods 

Minimum mesh sized litter bags (0,3 mm ) 

Temperature Moisture Weight loss 

0,1685 

- 0.1497 

0,0841 

- 0,1147 

NS 

NS 

NS 

NS 

- 0,6342 

- 0.0339 NS 

- 0,2080 

0.0120 

NS 

NS 

0.7735 

0,4563 

0,8419 

- 0.3850 

0.3358 

0.3458 

0,0971 

0,7889 

** 

NS 

** 

NS 

NS 

NS 

NS 

*'.i 

- 0,4802 

0,1234 

NS 

NS 

- 0,4325 NS 

0.5779 

0.3738 

0.3870 

0.5617 

NS 

NS 

NS 

0.1656 NS 

Multiple 
Correlation 

0,6929 

NS 0,3756-

0.7730 

0,3468 

0,7373' 

0,6936' 

0.5892 

0.7387 

NS 

NS = Not significant 

* = P< 0,05 

** = P<:0,'01 



Though Acarina formed the second dominant group during 

the present investigation it never exceeded 25/̂  of the total 

microarthropods. They further failed to show any significant 

correlation with the loss of weight in the litter and interes­

tingly enough they were positively correlated in all the three 

mesh bags with percentage loss in weight of the litter. This 

phenomenon was quite intriguing since the Acarina population 

dominated after half the study period was over, when the litter 

weight loss was nearly A0% and at the end of the study period 

a further loss of only three to four percent more was recorded 

(Witkamp and Drift, 1961; Gill, 1969). Under the different sub­

orders of Acarina, Prostigmata and Cryptostigmata population 

numbers ware nearly the same, with Mesostigmata following close 

behind. Though all the three were negatively correlated with 

the temperature, only Fiesostigmata was significant for all the 

three mesh sizes and Cryptostigmata for the maximum mesh size 

only. None of them were significantly related with any of the 

other factors. 

All the other groups of microarthropods represented in 

this study were so few in number that rt-lationships from eit­

her their presence of absence could not be derived. 

The population densities of microarthropods and also the 

weight loss of litter was negligibly affected by the mesh size 

of the litter bags. This may be due to the fact that the lar­

gest mesh sized bags used during the present study allowed 

colonization of microarthropods which could also enter the 

smallest mesh size, and excluded only macroarthropods. How­

ever, it Was felt that this study being done in acidic areas 
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where very little macroarthropods existed in comparison to mic-

roarthropods (Reddy and Alfred, 1978a,b), the use of larger 

mesh sized bags could not have had any significant effect on 

weight loss. 

The present study revealed that though there was a succe­

ssion of population in microarthropods, their role differed 

either individually or totally in litter decomposition, which 

was significant. However, Harding and Stuttard (1974) were of 

the view that moisture, metabolism, chemical decomposition of 

litter and microarthropods were less important compared with 

microflora. However, Howard and Houjard (1974) stated that a 

burst of activity of microarthropods, particularly Collembola 

and Acarina was due to the preceding fungal waves. Subsequen­

tly the activities of these microarthropods were responsible 

for the reduction of not only plant debris but also the fungal 

hyphae forming the organic matter of the soil. Decomposition 

will slow down and totally stop if this animal activity was 

removed (Surges, 1967; Kendrick and Surges, 1962; Howard and 

Howard, 1974; Millar, 1974; Das, 1980) confirming that though 

Acarina and Collembola were inefficient feeders, decomposition 

was accelerated by comminution of the litter (Mitchell, 1978) 

and also helped in fungal spore transport to new sites (Pandey 

and Berthet, 1975). In any case there was general agreement 

that the overall rate of decomposition may increase when the 

material was converted into faeces (Drift, 1961; Drift and 

Witkamp, 1960; Hacfadyen, 1955, 1963). This was further con­

firmed by Drift (1975) who reported that the primary effect 

of soil fauna was indirect rather than diredt. 
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Witkamp (1971) further corroborated that comminution of 

litter by animals could lead to increased leaching of the sub­

stances by rain. In confirmation of these and from the present 

study the initial rapid loss of weight of litter during the 

first two months could be attributed to physical leaching of 

readily soluble materials (Crossley and Hoghland, 1962j Madge, 

1966; Macklin and Witkamp, 1973; Anderson, 1975; Reddy and 

Alfred, 1978a,b), uihila the slouJer rate of weight loss there­

after, approximated an exponential relationship with time 

(Olson and Crossley, 1961) probably due to a combination of 

biological and physical factors. In conclusion, our study rev­

ealed that litter, its decomposition and its breakdown into 

elements, was only possible when both the fauna and flora 

acted synergestically. 
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GENERAL DISCUSSION AND CONCLUSION 

Total ecosystem analyses ujere based on the concepts of 

landscape being organised into logical patterns of self sustai­

ning internally regulated and dynamic components. Relationships 

between pools and fluxes, seasonality and variability of these 

parameters need to be explored for comparison from different 

ecosystems (Reichle e^ aJL, 1973). As mentioned at the beginning 

of the thesis, to the ecologists, the landscape was organised 

by nature into a mosaic of systems called ecosystems. Inspite 

of gross and obvious differences all ecosystems possess the 

same inherent structure and more importantly the same basic 

processes. Hoiuever, the individual composition of these proces­

ses (primary producers, consumers and decomposers) differed 

considerably, depending on the climate of the region, its evo­

lutionary history, its extent of modification by man, and the 

chemical and physical nature of the supporting substrate. Nev­

ertheless, inspite of what appeared as differences, all mater­

ials moved in an organised, albeit cyclic pattern in any eco­

system (Auerbach ejb al_, 1974). 

The study of interactions had long been of interest to 

ecologists. Moreover, interaction had been included in the de­

finition of ecology, the scientific study of interactions 

which determined the distribution and abundance of organisms. 

However, natural communities were nude in terms of the econo­

mics of consumption, production and mechanisms for bringing 

into balance, producer-consumer activities (Rapport and TurnoTv. 

1975). Population dynamics was usually concerned with the inc^ 

rement and decrement of the populations, numerically based on 
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the amount of natality and mortality, but functionally an inte­

gration uf all interactions of factors contributing to a parti­

cular density (Cole, 1974), As the affects of population densi­

ty mere studied in an increasingly uiide variety of arthropods 

it ujas apparent that there might be a common range of factors 

affecting them. Hence, the differences in response between po­

pulation, served to illustrate, that, the precise direction 

and effect of environmental factors depended on a genetically 

controlled ability responding in the individual animal. From 

this it follouied that the ecological results of the total patt­

ern of response luas peculiar to the particular group of arthr­

opods (Long and Zaher, 1958). HacArthur (1972) had suggested 

that the four essential ingredients of all interesting biogeo-

graphic patterns, were the structure of the environment, the 

morphology of the species, the economics of the species beha­

viour and the dynamics of populations. The close relationships 

of the first and the last had been the main focus of the pres­

ent ujork. 

The numbers of population species, tend to increase to 

very high levels, unchecked by natural control factors and 

only becomes stabilised luhen biotic factors adapt to the new 

race or subspecies. Therefore, effective forest protection 

depended on reliability of identifying races or subspecies for 

appropriate control measures (Bryant, 1974). Although various 

environmental and physiological variables effect the rates of 

uptake and turnover of materials, ultimate concentration fac­

tors for chemical compounds or elements luere intimately rela­

ted to the stable element chemistry of the consumer organism 
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and its food (Reichle and Man Hook, 1970). A unique advantage 

gained from the present study was, that we could predict unmea­

sured ecosystem parametara from a limited sat of data. This was 

primarily because we had maintained traditions to increase sci­

entific knowledge through the classic approach, familiar to 

population biologists. We were convinced, however, that the 

paradigm was promising even with out limited knowledge with it, 

and we do not hold any illusions that what we have offered, 

was singularly best in all situations or that there were no 

alternative strategies which may prove superior. 

The significance, was not that the present conceptualisa­

tion was capable of drawing realistic bounds on the ecosystem 

response volume. The significance lay in the potential to ref­

ine this type of analysis as ecosystem theory becomes better 

developed (O'Neill, 1976), Although certain coefficient corre­

lation analysis had failed to prove that there were signific­

ant differences between abiotic factors and the arthropods un­

der different components, it must be pointed out that the dif­

ferences would have to be very great to be pronounced statis­

tically significant. However even with the number of samples 

used in the present study, many relationships stood signifi­

cant (Coyne and Critchfield, 1974), Within India, the number 

of ecosystems for which comprehensive information was availa­

ble were too few to allow regional comparison and interpreta­

tion of characteristics. However, within the faunal research, 

the population studies had provided information on population 

dynamics which was essential to the understanding of the 

regulation of production (Heal and Perkins, 1976). 
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Concludinq Remarks 

With the above mentioned background, a general overvievu of 

the study undertaken prompted certain conclusions to be drawn. 

The first two chapters dealing with fauna at the consumer level 

had many attributes of similar nature probably proving that the 

effect of environmental factors on the species of populations 

considered, was in a regular systematic pattern. The prediction 

of populations for succeeding years stood out as one very imp­

ortant feature enabling control of species, if and when they 

would re^ch pest status. Moat populations further had distinc­

tive himodal patterns of fluctuation over an annual cycle. 

Temparatuire and Rainfall were two factors which seemed to play 

a major role in regulation of both sap-sucking» chewing and 

mining consumers, proving either one of these abiotic factors 

as operationally significant. In those cases where statistical 

significance of any one factor on a population failed to expr­

ess itself it Was seen that a highly significant relationship 

existed when a multiple correlation was computed for all the 

factors with the groups of the populations considered. This 

did not prevent the conclusion, though general, it seemed that 

the Gxtrinsie factors of the environment played a dominant role 

than microclimatic effects. A further phenomena worth the men­

tion was the decrease in population abunda.ice during the 

second year of investigation proving thereby that the rates of 

increase never reached beyond the net biotic potential known 

to be effected by factors like emigration, predators and 

parasites. 

The last two chapters dealt with the role of micro-
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arthropods on plant litter breakdown and their importance in 

the soil. In both cases, Collembola and Acarina formed the do­

minant groups, the former playing a major role. One common fao* 

tor effecting their population lev/els had been the water cont­

ent, as rainfall for soil, and moisture of the litter* pH was 

another factor (which positively influenced the soil organisms 

which preferred the acidic range), generally known to have a 

significant offset on the soil microarthropods and understand­

ably much more than a factor to be reckoned with in the pine 

litter as seen in the present study. There was a clear indica­

tion of an interplay between Collembola and Acarina with sea­

sons, for summer, had a dominance of Collembola, while the win­

ter months revealed a greater activity of Acarina. Not only 

was this phenomena observed at bhat level but it was seen to 

have a similar effect while treating them at either sub-order 

and family levels. It was generally accepted that it is diffi­

cult to isolate the decomposition processes from faunal activi­

ty without disturbing the microbial processes (Mignolet, 1972). 

One of the effects of faunal populations on detrital process­

ing was comminution which exposed greater surface area for 

microbial attact (Drift and Witkamp, 1960j McBrayer ejt ^1, 

1974; Mitchell, 1978). The present investigation not only con-

fi ed these findings, but also gets support in the microbial 

aspect of the study done simultaneously (Das, 1980). 

It was now felt to interpret a total analysis of the 

results of the different components of the ecosystem studied. 

The average turnover rate for the trophic levels studied, 

changed during the season as temperature and moisture changed 
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and populations undertuent shifts in abundance. The total ecosy­

stem had an obvious application in the mov/ement and eventual 

fates of the populations due to interplay of certain abiotic 

factors. The results of this study thus, had an unique advant­

age of these emerging general concepts of the ecosystem in that 

uie could predict unmeasured ecosystem parameters. 

The strength of this paradigm was derived from the fact 

that it seeked to extend analytical insights possible at the 

population level to the community, thereby forcing a formal 

relationship between two levels. On one hand community dynamics 

were interpreted whenever possible as population phenomena, on 

the other, population biology was studied only within the com­

munity concept as seen in the present study. What had emerged 

from our own evaluation of ecosystem analysis, was to identify 

the kinds of research for the next phase and that great oppor­

tunities existed for building models and to solve the underly­

ing mechanisms of integration between the community and popu­

lation. This would require solutions based on life histories, 

Bcotypic Variation, genetic regulation, and species interac­

tions (Odum and Pigeon, 1970), We have made the beginning and 

have a long and hard way to go to explicitly put down our und­

erstanding on total ecosystems. The study helped us to raise 

questions to be answered in the near future to further the 

insight into the pathways of this unique pine forest ecosystem 

such as: What are the rates of the metabolic processes in prin­

cipal pine forest component? How fast do the leaves, trunks, 

soils and animals process carbon? How much energy is stored 

and how much utilized in the main classes of the forest 
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community? HOUJ do memberstJof the Shillong pine forest compare 

u/ith other forest systems in the tropics and elsewhere? What 

do comparisons between successional and climax species show? 
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Some Observations on the Earthworm Population and the 
Biomass in a Sub-Tropical Pine Forest Soil 

M. ViKftAM RKDDY AND J. R. B. A t n i i D 
Department of Zoology, Sdbooi of Life-Science*, NortbCa*tera Hill Univenity. Shillong-793 003 

ABSTRACT 

Monthly fluctuations in the bionuasand population denaity of earthworm* in a 
pine foreet *oil of Sbillmig, Nortb-Eastem India were studied during the period April-
September, 1976. The earthworms wetc extracted both by the wet formalin method 
and by handawting, to ensure adequate sampling and to avoid underestimation* of 
population *ize. The population size was related to soil pH and moisture. Maximum 
abundance was recorded in July and minimum in April, 1976. The high and low values 
in population size coincided with the maximum and minimum levels in soil moisture 
during this period. The soil pH was on the acidic side (S.80 to 6.23) which explains 
the comparative^ small earthworm population in this soil. Relationships of population 
size to soil pH and moisture were tested statistically and significant corielations were 
esublished and discussed. 

iNTnOOUCTION 

EARTHWORMS form a major proportion of the invertebrate biomau in the soil 
particularly in temperate regions. The pioneering work of Darwin (1881) on 
earthworms sparked off a great opaurge of interest in these animals during the 
late l9th and early 20th century, even though the work was on morphology and 
detailed histology rather than on basic biology and ecology. The earthworms 
are secondary decomposers and their role in fragmentation and breakdown of 
dead plant and organic material is well established. (Raw, 1959. 1962; Health 
tttd King. 1964: Satcbell and Lowe, 1967; Pearel e/a/.. 1966; Barley 
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and Keining, 1964 and Medge, 1966). The part, t h ^ organitmi play in 
humification of leaf litter and organic debris has bean extensively studied 
(Guild, 1955 ; Barley, 1961; Satchell, 1967 ; Raw, I9«rand Van Rhee, 1963 ). As 
an attempt to study the earthworm population structure, Block and Baaage. 1968 ; 
Bi-Duweini and Ghabbour. 1965; Guild. 1951, 1952; Nakamara, 1968; Raw. 
1960: Van Rhee and Nathans, 1961; Svendsen. 195S: Waters, 1955 and Zicsi, 
1962; have estimated population densities in difiTerent ecosystems. 

In India, ecological observations on earthworms are few, and even these 
investigations have been mostly on damage caused by earthworms to agricultural 
crop and measures of control (Puttarudraiah and Sastry, 1961). This investiga­
tion considers some aspects of earthworm population and biomass in the pine 
(Pimis khasya Royle) forest soil of Meghalaya. 

Study area : The study was confined to one of the cultivated pine forests of 
the Government of Meghalaya in Shillong (2S.34°N and 91.56''E) at an eleva­
tion of 12S0 m. The dominant undergrowths of the forest were £iu/>a/or/iim and 
Artemisia. 

% MATXRIAL AND MITHODS 

Population and biomass estimates were made every month from April to 
November 1976. The litter and surface twigs were removed in five randomly 
selected patches of 625 cm* area. A dilute solution of formalin (0.55 per cent) 
was sprayed on each quadrat until the soil was saturated. The earthworms were 
picked up as they appeared over a period of twenty minutes. The worms were 
washed immediatly and stored in polythene bags along with some soil. After 
extracting the worms with formalin, the soil in each quadrat was carefully dug 
up to a depth of 10 cm. This soil was thoroughly examined and any worms 
present in it were hand-picked. This was done to ensure thorough sampling of 
each quadrat. In the laboratory the earthworms were once again washed in 
water, dried with blotting paper and weighed fresh and the biomass per unit 
area was calculated (standing crop). The worms were relaxed by adding drops 
of rectified spirit and the length of the stretched worms were recorded. The 
worms were preserved in 10 per cent formalin for taxanomical investigation. 

For statistical parameters, methods outlined by Woolf (1968) were followed. 

RESULTS AND DISCUSSION 

It has been seen that the members of the family Lumbriculidae and Acao* 
hodrillidae were the most dominant in the study area. It can be seen from 
Fig. 1 that the highest density of worms (52/m*) occurred in July and the mini­
mum density (8.8/m*) in April. This corresponds to the maximum and mini­
mum levels in soil moisture. A significant coaelation between soil moisture 
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and earthworm abundance was established (Table II). Moisture levels in the 
soil microenvironment are governed by macro environmental factors namely 
rainfall. 
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TABLE I 

Coefficient of correlation values between pH, moisture and earthworm populations 

Metric traits Coefficient of correUitioD 

Body length and body weigbt 
Earthwonn population and moisture (soil) 
earthworm population and pH (soil) 
Soil moisture and soil pH 

a978 
a925 
a988 
0.988 

All the values are significant at 1 per cent probability level. 
pH limits earthworm distribution (Petrov, 1946, and Edwards and Lofty, 

1972). The forest soil under the present study being acidic, the abundance of 
these earthworms was less (Table II). 

It is well known that earthworm density and activity fluctuates during 
annual cycles. However, Gates (1961) observed that earthworms were mainly 
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TABLE II 

Climatological data for the study area with per cent of total earthworms extracted 

Months Per cent of total earthworms Moisture pH 

April 4.52 
May 14.07 
June 13.07 
July 26.13 
August 22.11 
September 20.10 

20 
30 
25 
35 
28 
28 

5.85 
5.95 
5.80 
6.25 
5.95 
6.15 

active during May to October in both monsoon tropical climate of Burma and 
the humid sub-tropical climate of India. Cocoon production also seem to be 
seasonal even in the sub-tropical climate of India Bahl (1922) reported that al­
though Pheritima sp. produce cocoons throughout the year, peak production 
occurred between March to June, before the rain in July and August. Cocoon 
production was lowest during these rainy months. 

The experimental area always has undecomposed litter on the surface. This 
' was only to be expected when acidity of the soil restricts earthworm population 

to low densities. Although the bulk of the humification process is due to micro­
organisms and microarthropods of the soil, the process is accelerated by the 
passage of the organic material through the guts of earthworms (Edwards and 
Lofty, 1972). They have shown that most species of litter mites are incapable of 
feeding on raw litter and they change from fungal-feedjng to litter-feeding only 
when the litter has reached a certain stage of decay. Moreover, soil micro-
arthropods can complete the process of Aifneralisation. as essential for nutrient 
recycling, only when the litter is fragmented and incorporated by the earthworms. 
Earthworms form an important link in this series of events by breaking down 
the organic matter, tjhus enhancing the mineralisation process. This study on 
the population density and biomass is useful for further work on the role of 
earthworms in pine litter decomposition. 

^ The authors are thankful to Prof. R. G. Micheal and Prof. P. S. Ramakrishnan. Heads or 
the Zoology Department and Botany Department respectively for providing necessary facilities. 
They are also thankful fo North Eastern Hill University and University Grants Commission 
for financial a.ssistance. 
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Microarthropods Associated in the Decomposition Process of 
Fitter Litter of Meghalaya Pine (Pinus khasya Royle) Forests 

M. ViutAM REDOY AND J. R. B. AIFRED 

Depanment of Zoology, School of Life Sciences, North-Easiern Hill University 
Shilloog-793003 

ABSTRACT 

A ttudy was made during the period May-August, 1976 of the microarthropods 
associated with the decomposition of the litter of pine forests of Meghalaya, North-
Eatt India. For this, five forest sites of different age group plantations of 1970 
(young ^antation). 196S, 1961 (High altitude <.r 1190 metres) and 1961 (Low altitude 
i.t. 900 metres) and 19SS (Oldest plantation) were selected. 

Observations were recorded on the differences io microarthropod abundance, their 
easooal fluctuations in numbers and their role on litter decomposition in relation to 
lifferent environmeotal conditions, such as the litter moisture, temperature, pH etc.. 

at different sites- It was foimd that among microarthropods Coliembola and Acarina 
play the nnost active role in the decomposition process of the pine litter under natural 
conditions. 

Interesting correlations were obtained between the litter moisture, pH and the 
abundance of microarthropods (Coliembola and Acarina) in litter bags. The 
significance of these data is discussed. 

MANY species of soil microarthropods play a key role in the mineralization of 
litter. Information on their life habits, feeding behaviour, distribution and 
population changes is quite meagre and accumulated very slowly. This is mainly 
due to methodological problems. Litter bags have been employed to investigate 
whether the microarthropods of litter and soil layers are discrete populations 
with little intermingling and whether the composition of the litter fauna is a 
function of litter type. Litter bags are used to follow the succession of microar­
thropod species involved in the decomposition process of litter. Although the 
litter bag method has the advantages of permitting I. complete separation of 
the litter and mineral soil components and 2. evaluation of the effect of mesh 
size of bag, the difficulties encountered are, the nylon bags which are commonly 
used are subject to damage and decay. Fibreglass bags are now being used in 
litter decomposition studies abroad but these are not available in India. 

Microarthropods associated with the decomposition of pine litter in five 
different cultivated stands were studied in this investigation. The effect of 
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different environmental factors such as moisture and pH on the densities of 
these organisms was analysed. 

1955 Plantation 

U1' 
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* ^ - x - ^ Weight loss 

Fig. 1 

Study anat 

This study was conducted in five cultivated pine forests of different age 
groups in Sbillong (2S.34°N and 91.S6*E), India. These five pine stands are at 
slightly different altitudes viz., 195S plantation at 1250 metres, 1970 plantation 
at 1225 metres, I96S and one 1961 plantation at 1200 metres and another 19<1 
plantation at 950 metres. The common dominant undergrowths of all tiie 
experimental sites are Artemisia and Eupatorium. 

MATERIAL AND MITHODS 

Nylon bags of 1 mm mesh size and 1 dm' were used for the present study. 
The choice of the mesh size and bag dimension is based on the report of 
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Crosjley and HogUnd (1962). Freshly-fallen pine needles were collected at the 
time of needle fall in April (197«). The needles were cut into uniform lengths 
of 5 cm and air dried. lOgof air dried litter was then placed in each of the 
I dm* nylon bag*. A total of 180 bags were prepared out of which 36 bags 
weie placed in each of the five plantations (1955 plantation, 1965 plantation, 

T965 Plantation 

600-

<3t 

m 

4 0 0 - * 

o 
o 

a 

I 200 

tos 

75 

^_V.—'̂  — ' r •-••*^» 

3 

O 

tS 

-15 

-36 

X Li/ *0 
•26 rr 

, v 

o 

-12 

9 
JUNE JULY AUG SEPT OCT 

Microarthrcpods/litter bag 
A-x-'»—* Moisture 
a X pH 
« .« Weight loss 

Fig. 2 

1970 plantation, and 1961 plantations at two different elevations), under the 
Utter of the forest floor. Thereafter, three bags were collected from each site 
every 30th day for a period of five months. Immediately on removal, the litter 
bags were sealed individually in polythene bags. The moisture content was 
determined by ovendrying to a constant weight at lOS'C. The pH was recorded 
using a pH meter (Toshntwal type CL 43). Microarthropods were extracted by 

238 



a modified Tuligren funnel (Macfadyen 19SS). The extracted microarthropods 
were categorised as Coiiembola. Acarina and miscellaneous group. 
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Fig. 3 

RESULTS AND DISCUSSION 

A perusal of Table I in which the population densities of the three 
categories of microarthropods are summarised, reveals that the Acarina and 
Coiiembola are abundant with fluctuating densities, all through the five months 
(15th May to 15th Oct. 1976), Of the five plantations the greatest microar-
thropod abundanpe wa$ observed in the 196S plantation at 1200 m which has « 
thick tree density and rich litter layer. In contrast to this, very low densities 
of microarthropods were recorded in the 1961 (1200 m) plantation and 195S 
(1250 m) plantation, which had been suffered from natural forest fire in Marcb-
April. 1976. The microarthropod density in the 1970 (1225 m) plantation andl 
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1961 (9S0m) planution fall between these two extremes. This may be related 
to the comparatively moderate litter fall in these plantations. Quite a few ô  
the litter bags used were found to be damaged. Other larger arthropods such as 
iaopods, Symphyla and chironomid larvae (Diptera) were frequently found in 
such bap..- These bags registered a marked weight loss as could be expected. The 
high densities of Collembola and Acarina recorded in October were due to addi­
tion of young ones and not by immigration, since gravid females and developing 
young ones were obeerved in the bags. 

1961(H) Plantation 
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Fig. 4 
Mokture coatents of the bags ranged from 40 to 82 per cent (Table II).. 

These low and high le#eb correspond to the dry (October) and rainy months 
Ouly and August) reepectiveiy. The pH was ahrays on the acidic side (5,1 to-
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6.S Table II) in all the plantationt, without much variation in each. No 
correlation existed between mioroarthropod abundance and either moitture 
or pH. 

TABLE I 

Total mean number of dfflerent groups of mieroarthropods teen in the litter bags 

Year of June July AugiMt September October 

e 
O 

B 
m U I io <i I 0<!i $ o ^ II 0 4! S 

1970 0 

1965 70 

1955 2 

1961 0 
High akitnde 

1961 4 
Low altitude 
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3 

173 

3 

5 

0 0 2 

2 75 226 

1 176 4 

0 3 2 

2 11 6 
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8 

7 

7 

8 
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3 

2 
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3 

10 
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TABLE I ( 

Microarthropod frequency in relation to pH, moisture and Mieight lots in litter 

Year of pltoutioa June July AugMt September October 

I97D 

1965 

1955 

^ 1961 
(High altitude) 

1961 
(Low altitude) 

A-
€ • 

A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 

0 
16% 
5.75 

65% 
75 
21% 

5.4 
65 

176 
10.5% 
6 

69 
3 

24.2°/o 
5.9 

59 
11 

20.5 7o 
5.3 

ii*!. 
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-pH 

10 
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5.85 
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•A'', A strong positive sorrelatioo between moisture content and the densities of 
Ticfoithrotiods per litter big has been eetablished by Weigert (1974) in his 
work in Sooth Carolina old fields in U.S.A. Anderson (197S) in his work in 
Blean Woods Nati<yial Nature Reserve, U.K., could not establish any correlation 

.between weight loss in litter bags and microarthropod abundance and recorded 
a low correlation ^ween moisture and microarthropod adundance. In the 
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present study, although the increased in weight loss observed in the litter bags 
corresponds to the increased abundance of microarthropods, no significant 
statistical correlation could be established between these two. This is explained 
by reports on oribatid mites Wallwork (19SS) and Wooley (1960) who showed 
that not all mites are capable of feeding on fresh or coarse litter and that many 
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species require greatly decayed material. Litter decomposed by a sucessiton «^ 
arthropods species. (Anderson 1975). 

The species invading the litter bags are determined by the mesh size of the 
bags used. The changeover in mites from fungal-feeding to litter-feeding occurs 
when polyphenols are reduced to low concentrations (Anderson 1973). 

The slow rate of breakdown of litter confined in the litter bags can be 
attributed to the exclusion of earthworms and other larger meso«and macro fauna 
of the soil which fragment the litter make it palatable to most species of litter-
inhabiting microarthropods. The microarthropods which occupy the various 
soil horizons act upon the decayed litter in succession as the litter becomes 
incorporated into the deeper layers of soil with progressing decay. Litter bags 
present such incorporation and this again slows down the rate of decomposition. 

The authors wish to express their thanks to Prof. R. O. Michael and Prof. P. S. Rama 
krisiman, Head of the departments of Zoology and Botany respectively for providiitt necessary 
facilities. They are also grateful to Dr. J. M. Andetaon, Hatberly Laboratories, UK, for hit 
constant encouragement and helpful suggestions. Our thanks af« due to North-Eattem Hile 
University and University Grants Commission for financial atiistance. 

RaFEKENCES 

AMDEUON, J. M., 1973. The breakdown and decomposition of tweet chetaut (Ctuumta taUva 
Mill) and beech {Fagus syhaiiea L.) leaf litter in two decidous woodland soils ; 1 Break­
down, leaching and decomposition. Oecohfia., 12: 251-274. 

ANDERSON, J. M., 1975, Succession, diversity and trophic relationshipc of tome toil aniaaals 
in decomposing leaf litter. / . Anim. EeoL, 44: 475-495. 

CaonLEY, D. A. AND HOOLAND, M. P., 1962, A litter bag method for the study of micro­
arthropods inhabiting leaf litter. Ecology, 43: 571-573. 

MACFADYEN, A . , 1955, A comparison of methods for extracting soil arthropods. In: Soft 
Zoology, ed. Mc. E. Kevan, O. K., Butterworths, London pp. 315-332. 

WAIXWORK, J. A., 1958, Notes on the feeding bdiavtour of some forest toil Acarina OIkot: 
9: 260-271. 

WEIOERT, R . G. , 1974. Litter-bag studies of microarthropod populationt in three South 
Carolina old fields. Ecology., 55: 94-102. 

^ooLEY, T. A., I960. Some interesting aspects of oribatid ecology (Acarina). Aim. Em. Soc. 
Amer., 53: 251-253. 

213 



SIXTY-FIFTH SESSION OF THE 
INDIAN SCIENCE CONr,RBSS 

i Advance Notet On Sytnpe$ia A Discussions 

factories in Japan utilise earthworms as dcoomposei organisms for their waste 
discharge (Watanabe and Tsukamoto 1976). Studies on density, biomass, 
and energy budget of Indian earthworms indicate that they not only process 
some 14 percent of the total energy input into the ecosystem but produce 
some 31 tonnet/Acre/year of wormcast and 72 kg, acre year of nitrogen 
(Dash and Patra, 1977). Scientists have suggested to utilize the.se organisms 
along with organic manures as an alternative to Ibe extensive use of chemical 
fertilizers. 

Fertilizers and insecticides when mixed with the soil by cultivation or 
leaching, reach the soil biota. Chlorinated hydrocarbous and organopho-
sphate insecticides seriously decrease population of earthworms (Bdwarda. 
1967). Aldrin and Dildrin two extensively used insecticides have been found 
ia earthworm tissue. These pesticides not only cause damage to the 
beneflcial biota in soil but ultimately get incorporated into the food cbani 
and accumulate in alarming amount in animal and human tissue and create 
health hazards. Fertih'zers sometimea destroy the nitrogen fixing ability of 
(iMaotl. Therefore understanding of ecosystem functioning is a must if we 
wish to enjoy a rich, clean and healthy environment 

7. Insect Heterotbophs and Nutrient Cycling in Terrestrial Ecosysteoa 

M. ViKRAM RiODY and J. R. B. Alfred. ^EGHALAY 

Plant nutrients are one of the most important groups of limiting factors 
in the dynamics of an ecosystem. A lack of these cuts short its primary 
production. Insect consumen, as one of the componenu of the ecosystem 
play a significant role in nutrient cycling. Very little is known about the 
role played by theae insect heterotrophs i.e. consumers and decomposers 
on nutrient cycling and vice versa. Hence, these aspects are worth consi­
dering to understand the holistic functioning of the ecosystem. 

Normal insect grazing on the foliage never impairs the annual primary 
production. However, it accelerates the plant growth. These insects 
return a considerable amount of nutrients to the forest floor in the form 
of dead insect bodies, insect excreta and waste food parts. Rcicble (1971) 
stated that about 2 per cent of calcium and 7 per cent of potassium is 
returned to the forest floor annually by the insect grazers. It has also been 
reported that moderate to severe def<4iatton can increase normal nitrogen, 
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photptaorufl in the litter fall by 20 to 209 per cent. Betides the grazers, 
the dacomposer fauna degrade a major amount of dead plant material into 
smaller and simpler fractions and enhance the circulation of nutrients 
eSieotial for plant growth. Microarthropods such as ccHembola and 
mites, play an important role in nutrient cycling by taking active part in 
litter break-down processes. 

Forest fertilization which is a common practice to increase the wood 
production, changes the nutrient balance of the ecosystem. This imbalance 
affects the physiological condition of the green plant and in turn on the 
animals grazing them. The effect of these nutrients on forest insects depends 
on the type of the tree, fertilizer used and the insect species. Generally 
the fertilizers limit the defoliator population development. This is due to 
the nutritional imbalance in tbcjr diet (House, 1%S). On the other hand, 
the addition of mineral fertilizers increase the population of certain sap-
sucking inaect such as aphids and mites. This is due to increase in the 
soluble nitrogen levels of the leaves. Besides this, the addition of nutrients 
increase the availability of soft tissue in the tree, thus increasing the 
pooulation of twin «»d shoot-boring insects. Very little is known about 
loc efleci of tertilizauon on soil decomposer fauna. In fact, the additioo of 

fertilizers increasees the abundance of soil fauna, the real cause of which is 
vt: • be kauwd 

Mthotiffh little is known about the effect of less-amout of nutrients on 
t<: cunsumers, there are reports that certain insect outbreaks occur in 

forests growing on nutrient poor-soils. For example, occurrence of 
outbreaks of several species of pine defoliators were reported in stands 
growing on nitrogen deficient toils (Gremal'skii, 1961). 

These interrelationships show that the insect hetertrophs particularly 
consumers and decomposers undoubtedly play a significant rde in the 
functioning of a terrestrinl ecosystem. 

8. Use of Plant Materials at Nematicides 

N. C. SuKUL and A. CHATrewBa, SANTINIKETAN 

The use of chemical pesticides for the control of plaot-paratitic 
nematodes involves some problems. They are mostly phytotoxic, pollutants 
of soil and also very costly. For this reason the use of non-panittant peati 
cides which are less dangerous ecologically, are tncreatingly recoBuneiidad. 
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A CASE-STUDY ON STRUCTURE OP CONSUMER AND DECOMPOSER 
ENTCIaOPADNA OP PINE (PINUS KESIYA ROYLE) FOREST 

ECOSYSTEMS OP NORTH-EASTERN 
(INDIA). 

M.VikaraiT: Reddy and J . R . B . Alfred 
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Nortfc-f iastem H i l l U n i v e r s i t y , 
S h i l l o n g - 793003. 

Meghalaya. . 

ABSTRACT 

In a case-study of ecosystem stmicture of consumers 
and decomposer entomofaxma of pine forests of North Eastern 
India, it has been seen that the pine, Pinus kesiya Royle 
was the dominant primary producer. Insect consumers are rel 
related to the primary producers by regulating the primary 
production^ Among insect consumers, aphids were one of 
the important sap-sucking consixmer groups. Three different 
species of aphids, such as Cinara attrotibialis David and 
Rajasingh, Eiilachnus thunbergii Wilson and Neomyzus Circum-
flexus (Buckton) have been recorded, each occupying diffe-
erent ecological niches. These were the only sap-suckers 
seen throughout the year. Among chewing constimers, 
Lepidoptera was the most dominant followed by Diptera, 
Heteroptera and so on. Collembola was the most dominant 
group followed by Acarina on the forest litter-soil sub­
system. The population density of total edaphic arthropods 
was recorded 145,200 per m . Both chewing consumers, 
and decomposer arthropods were maximum in the wet season 

) and minimum in dry season.. This case-study presents the 
existence of a variety of Atthropod fauna in the pine 
forest ecosystems which clearly indicates their complexity* 

Every ecosystem regardless its size and shape is 
characterised by different components such as soil, primary 
producers, consumers, decomposers and microclimate etc* 
These components parts are directly or indirectly dyna­
mically interrelated with each other in the form of food 
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chains and Tsutrient cycles. To toaderstand the ecoeystem 
as a whole, it is essential to know its different components 
and their relationships. There is very little literature 
on the holistic investigation of the Indian ecosystems. 
A case-study of the structure of consumer and decomposer entomo 
entomofauna in pine forest ecoeystems was undertaken in cultiva 
cultivated forests of Govt* of Meghalaya situated on both 
sides of the old Gauhati-Shillong fioad near Shillong. The 
dominant primary producer tree species in the ecosystem is the, 
local pine, Pinus kesiya Royle., Eupatorlum, ̂ rtimesia and 
Lantana being the dominant undergrowthsf fhe altitude of 
different canopies ranges from 950 to 1250 meters. The 
latitude is K 25° 34' and longitude E 91 56*• 

CONSUMER ENTOMOPADNAt 

Forest ecosystems support inyriads of phytophagous 
insects. These insect consumers are related to primary pro­
ducers by regulating the primary production (Mattwon and 
Addy, 1975)• Insect consumers can be broadly groxmed into 
• two categories based on their mode of feeding: (1) Saj)-
sucking consumers and (2) Chewing consximers* Aphids are 
represented as one of the important group of the sap-sucking 
consumers. Aphid as pests to coniferous forests has been 
reported by many workers, especially in Canada and U.S»A. 
But in India, their pest nature on forest tirees is yet to 
be determined. During the present investigation the aphids 
were sampled following the method of fray and Schuh (1941)• 
Three different aphids have been recorded viz. Cinara 
attrotibialis David and Ra;)asingh, Eulachnus thunbergii 
Wilson, Neomyzus circumflexus (Buckton)* fhe ̂last one was 
recorded for the first time feeding on the young pine 
seedling (Reddy et al., 1978). C, attrotibialis and B. 
thxmberp;ii were seen on seedling's from 6 months old t*© 
mature trees. But N» circumflexus was recorded on two month 
old seedlings and "disappeared when the seedlings attained 
one yesLT age* These occupied different and diffnite ecolo­
gical niches* C» attrotibialis usually feed on the soft 
apical stem of l̂ he pine whereas E. thunbergji was recorded 
on the needles and N. circiimfleacus was on the yoiangest needles. 
C* attrotibialis in"*their peak and minimum periods were about 
To and 2 per stem respectively. E. thunber|gii and N. circtuiH-
flexus, each were recorded about "5 and 1 per stem. Parry 
(1969, 1974) worked on population ecology of Elatobium abieti-
(Walker) on Sitka spruce (Picea sitchenssis (Bon/;). Carr.) 
trees and shown that the population of S.abietinum reaches a 
population peak in late June followed by a sudden collapse in 
aphid numbers* Besides these aphids, other sapsucking insects 
such as phytophagous mites, spittle bugs, msmtids, coccine- ^ 
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>llid beetles «d2>@ aim r»oor4G^ ̂ «h£ah shdwed their peaks 
in rcdny season a^€ reoorie<̂  '»ii9JABiklS> iik dry season-

CHEWINCr-CONSDMKRS? 

The ecology of chewing consumers were studied with the 
help of a light-trap (Reddy and Alfred, 1978b)» The study 
of the ecology of forest insects (chewing consumers) by 
light-trap confirms where and when the populations are 
active, their abundance and adult activity in relation to 
various environmental factors;. Studies with light traps 
have provided useful biological data on pine insect pests 
(Yates, 1973; Yates and Ebel, 1972). In India very little 
research has been done on forest insects by lighttrapping, 
due to lack of proper methodology. During the present 
investigation light trapping of insects HHB conducted 
every new-moon night, as the effect of moonlight has been 
reported by many workers. All the insects collected were 
grouped into 15 orders (Reddy and Alfred, 1978a) viz* Lepi-
doptera, Diptera, Colepptera, Hymenoptera, Heteroptera, 
Hemiptera, Neuroptera, Trichoptera, Orthoptera and Dictyoptera. 
All these insects were sampled during 1976-77• A total number ' 
of 10971 individuals were collected, Lepidoptera being most 
dominant (3823 inds.) followed by Diptera 3773 inds.), 
Heteroptera (698 inds.), Hymenoptera 592 inds.),-Trichop­
tera 589 inds.), Goleoptera (426 indis.), Hemiptera(420 inds.^, 
Orthoptera (273 inds.), Neoroptera 166 inds.), Dictyoptera 
114 inds»), Arachnida(80 inds.), Isoptera (11 inds*), 
Dermaptera (3 inds.) and 0donata(2 inds.-). The last three 
orders were recorded only during April, J5ay and June (wet 
season), being absent throtighout the year where as Dictyo­
ptera was recorded only during April to August (wet season)* 
Most of the orders were recorded maximum i.e^ about more 
than90^ of the total collection during wet season (April to 
October and minimum during the dry saason (November to 
April).. Similar quantitative reports were of Omen (1961) 
who recorded sixteen orders such as Lepidoptera, Diptera, 
Hymenoptera, Ephemeroptera, Neuroptera, Orthoptera, Hemiptera, 
Goleoptera, Trichoptera, Collembola, Isoptera, Mecoptera, 
Dermaptera, Psocoptera, Thysanoptera and Siphonoptera 
attracted to electromagnetic radiation. Milne and Milne 
(1944) recorded a total collection of 660 individuals of 
11 orders mich as Lepidoptera, Diptera, Hymenoptera, Gole­
optera, Homoptera, Heteroptera, Trichoptera, Gorrodentia, 
Neuroptera, Flacoptera and Mecoptera. 
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These insect sap-suckers and grazers are comnon and 
ubiqtiitous elements off most, terrestrial ecosystems. Occa-
ssionally some of these species become BO abundant that they 
threaten the stability or out-put of the system having hi^h 
ecological aesthetic or economic value (Mattson pnd Addy, 
1975). But normal insect gracing, i.e. from 5 to 30 percent 
of annual foliage crops usually does not impair annual plant 
(primary production). In other words it may accelerate the 
plant growth. Either these insects are beneficial or harmful, 
to forest ecosystems it is always worthy of knowing their ' 
structure quantitatively and oualitatively for their better 
management, according to the human n^^ds» 

DECOMPOSER ARTHROPOD FAUNA; 

Herbivore insect fauna consume very little of the prisTiary 
production of most ecosystems. The major pathway of the 
ecosystem is usually through feeding sequences being with 
saprophages (Chew, 1974).. Consumer arthropod fauna of 
litter-soil subsystem are known as decomposers or saprophages. 
Chew (1974) stated that littler-soil animals are important as 
they physically change litter and thus facilitate the meta­
bolism of micro-organism, prevent fungal over-growth (fungi-
vores) and others like mites and collembola besides their other 
functions in the ecosystem, innoculate the litter with 
spores (Macfadyen, I96I). D\iring the present investigation 
the litter and soil arthropod fauna were samnled following 
the methods described by Crossley and Hogland (1962) and , 
Macfadyen (1962) respectively. All these arthropods colle­
cted from litter-soil subsystem are grouped into the diffe­
rent categories such as Coleoptera and their larvae., 
Dipteran larvae, Pormicidae, Hemiptera, Thysanoptera, Isop-
tera, Myriapoda, Collembola and other apterygota, Acarina 
and Araneidae^ Among all these groups Collembola were most 
dominant followed by Acarina and so on* The poniilation 
density of 145,200 edaphic arthropods ner m2 (Reddy and . 
Alfred, 1977), is comx)arable to estimates reported by 
workers investigating in other forest habitats.. Per example, 
van der Drift (1951) estimated "336,500 arthropods per tt-
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in a beech forest soir in Holland* Crossley and Bbhnsack 
(I960) estimated 102,000 per nr in a pine forest soil in 
Tennessee and Harding (1969) reported 215f000 per n^ in an 
Oakland in England. Price (1973) reported a population 
density of 220,739 micro-arthropods per nr in a California 

Sine forest soiit. The population were recorded maximum uring the wet season and minimum in the dry season* The 
presence of these decomposer arthropods in the litter-soil 
sub-system throughout the year clearly indicates their activit«. 
ies which accelerate mineralisation leading to primary 
productivity.. 

The consumer-plant interaction is an important and 
essential operational character of a system as ̂ ^ incx^ses 
the productivity complexity or homeostasis. Tl̂ ê:ti:̂ 9̂;̂ ce 
of a variety of arthropod fauna in these present ecbsystems 
which has been observed dtiring the present investigation 
clearly indicates its complexity. The total ecosystem study 
of its structure and function leading to modelling could be 
the ideal conclusion, and the present study is a beginning t^ 
such an effort. 
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increase in the malliplication of tubers would ultimately lead to ao increase . 
in agricultural production of these plants. 

10. Soil fauna and plant produottvity 

M. ViKRAM REDDY AND J. R. B. ALFRED, SHILLONG 

The nutrient cycling in natural ecosystems primarily depends on the 
Ibiomodification of autochthonous material in the form of shed or dead orga-

J
D̂ismic remains returned to soil. Soil fauna play a significant role in these 

and accelerate the process of remineralisation. Soil fauna is a broad term 
applicable to all the groups of animals but whatever may be the soil fauna, 
their role in biomodification commences through the process of their feeding. 
This feeding is of various types, such as the mining of the parenchyma 
tissue ; consumption of cuticle and parenchyma from either the top or 
bottom of a leaf; skeletiliog ; simply eating small round boles like those 

^i produced by various orbitads or eating along the leaf edges. This commi-
^ ^ nution results in an ever-increasing surface area of the litter under process 

for microbial action, leaching and thus releases the minerals therefrom. 

Consumption, in biological process is always followed by ejaculation. 
Ejaculation of faecal pellets by soil fauna is another important process lead-
ing to plant productivity through soil fertility. Besides, these faecal pellets 
favour the microbial growth particularly bacteria, which enhances the 
remineralisation process. Soil fauna is also important in downward move-
ment of the organic minerals, in increasing soil porocity, aeration and 
humification which not only lead to soil fertility but to soil formation too. 
On the other hand, white-grubs, nematodes, collembola and symphyla act 

g?.. as pests and others such as mites, root aphids, nemotod ic cnchytraeidae, 
\ transmit various plant diseases and reduce the plant productivity. Research on 
jcomplete eradiction of these economically unimportant insects without 

^ / ^ causing any ecological imbalance is also of immense importance. 

^ 
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11. Effect o>7 dual culture of Azolla pinnata and yield of rico 

P. K. SlNGR, CiriTACK 

Nitrogen it a major constraint in increasing crop yield in developing 
countries. Provision of enough fertilizer N being too expensive a project, 


