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It's little things that run the world

-E.O. Wilson
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General Introduction

Forest organisms are greatly diverse both taxonomically and
ecologically and they occupy a wide range of microhabitats, consume many
kinds of food resources and are active in different seasons and/or different
times of day (Toda & Kitching 1999). Although the magnitude of biodiversity
present on earth is largely unknown and its estimates remain highly
controversial (Erwin 1982) most workers agree that much, if not, most of
biodiversity are represented by arthropod inhabitants of evergreen tropical
rainforests (Wilson 1988). The lowland tropical rainforest is the most species
rich terrestrial ecosystem harbouring more than 50-75% of all living organisms
on approximately 6-7% of land area (Linsenmair 1990; Wilson 1992). The
determinants and primary causes of this gradient and mechanisms responsible
for the maintenance of this high diversity are manifold and widely discussed
(Blackburn & Gaston 1996; Connell 1978; MacArthur 1969; Paine 1996) since
noted by the first naturalists (Wallace 1869). However, being located in under-
developed or developing countries, the pressure of these forests are very high
and as a result many areas are getting degraded.

An unexpected high species richness of arthropods which even resulted
in new global estimations of biodiversity were recorded in studies of the
rainforest canopy (Basset 1991; Basset & Kitching 1991; Erwin 1995, Floren
& Linsenmair 1994; Gastén & Hudson 1994; Stork 1987) and were also
confirmed for the forest floor studies of different insect groups (Bruehl et al.
1998; Fittkau & Klinge 1973; Stork 1988). With this, the picture of a stratum

with an especially high biodiversity emerged. Above and below ground



General Introduction

organisms are critical for the biogeochemical cycles that sustain the Earth and
this constitutes the main resource of energy and matter for an extraordinarily
diverse community of soil organisms connected by highly complex interactions
(Hattenschwiler et al. 2005). Above ground diversity might promote below
ground diversity — or vice versa- by increasing the variety of food resources
(litter quality and composition) the range of environmental conditions
(temperature and humidity) or the structural complexity of the habitat
(Anderson 1994; Hooper et al. 2000). In spite of this, there is limited
knowledge on the extent to which the biota below ground and the functions
they perform are dependant on the biota above ground and vice versa (Wolters
et al. 2000).

Similarly, the ecosystem consequences of the diversity of litter
organisms are little understood, except for some keystone species or ecosystem
engineers such as earthworms, termites, and ants (Jones et al. 1994; Anderson
1995). Below ground communities also affect nutrient availability and detritus
build up. Feedbacks through these mechanisms could influence the diversity of
above ground communities, although evidence for such feedback is mixed
(Hooper et al. 2000). In addition, removal of specific below ground top
predators can induce a cascade of effects down the food chain that alters the
mineralization of available plant nutrients (Santos et al. 1981). Understanding
patterns of belowground biological diversity is a matter of renewed urgency
because of the steady anthropogenic destruction of natural ecosystems

worldwide.
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The close relationship between the vegetation change and soil Carbon
dynamics (Jobbagy & Jackson 2000) suggests that any disruption of the
coupling between plants and soil organisms as a result of global change may
have deleterious consequence for functioning of terrestrial ecosystems.
Moreover, the agents of global change (such as land use, climate and
atmospheric inputs), acting either individually or in combination, may lead to
non-linear changes in above and below ground relationships with effects
varying in distribution and intensity around the globe (Heal et al.1997).
Changes in the species composition of this component of the belowground
community may significantly alter the nitrogen transfer to plants.

Due to urbanization and increased agricultural practices, natural forests
are disappearing or transforming into plantation forests at alarming rates world
wide (Laurance 1999), which appears to be the single greatest threat to the
world’s biological diversity (Whitmore 1990; Huston 1994). In landscapes
worldwide, ongoing fragmentation and clearance of native habitat is spawning
complex mosaics of natural, semi-natural and human-dominated habitats. Apart
from the preservation of a huge amount of the world’s overall biodiversity.
tropical rainforests are of unique importance due to their ecosystem services for
climate stabilization as major carbon stores, for erosion prevention and for
global and local water balance (Laurance 1998; Linsenmair 1997). They are of
great importance in understanding complex processes of nutrient recycling and
may contribute valuable data to studies of comparative biodiversity. forest

management and conservation (Stork 1988: Kremen et al. 1993; Hoekstra at al.

(V)
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1995). It has been estimated that by 1990. 24% of the lowland tropical
rainforests on Earth had been cleared (Turner & Corlett 1996). As the extent of
relatively natural habitat shrinks. the future of biodiversity depends
increasingly on the conservation potential of existing forests and remnants of
native habitat embedded in landscapes devoted primarily to human activities.
Lavelle et al (1993) suggested that biological systems of regulation of
organic matter turnover are most strongly expressed in moist tropical situations
where optimal conditions of temperature and humidity remove the higher-level
constraints of climate over biota. With a wide array of bioclimatic and
topographic conditions, the Western Ghats, fringing the Arabian sea coastline
of Indian peninsula has a high level of biodiversity and endemism and at the
same time it is also a most threatened region due to various land practices and
other developmental activities and has accordingly earned the status as one of
the 25 biodiversity ‘hotspots” (WCMC 1992; Myers 1988). In spite of the fact
that the South Western Ghats montane rainforests are the most species rich
ecoregion in the Deccan peninsula (Rawat et al. 2001), the forest belt in the
region is already extremely attenuated and fragmented and is now under
maximum destructive pressure (Nair 1991). Nearly three-fourths of the natural
vegetation in the ecoregion has been cleared or converted, and the remaining
severely fragmented forests are one of the major conservation priorities in a
global scale due to their fragility, biological richness, high rates of endemism
and multiple anthropogenic threats (Pascal 1991). In the past it had been

ravaged by the European planters and subsequently for the ply wood industry.
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With post-independence period. a whole combination of factors came to affect
them calamitously. Developmental schemes in particular the river valley
projects, roads, resettlement schemes, mining industries accelerated timber
working and large scale conversion of natural forests to the so called fast
growing commercial wood species etc caused massive damage (Nair 1991).
With threats of different nature looming large over the forests of Western Ghats
leading to its present scale of deforestation, insitu conservation of remnant
forests is most desirable. This is possible if forest areas with minimum human
interferences are set aside. It thus becomes imperative to make an assessment
of the status of forests and their health. Such assessment is possible only if
pristine stands of forests are available with periodically collected databases of
the floral and faunal elements.

Though the floral and vertebrate faunal diversity found in the region are
well documented, little is known of the litter insect distributional pattern in the
different vegetation types of Western Ghats forests. Documentation of the
insect fauna of the state was initiated with the establishment of the British rule.
The results of these surveys were made in areas, which were easily accessible
or in areas close to human settlements, many locations. particularly in
formidable areas, have been either poorly covered or not covered at all. Also,
the intensity of the sampling was low as indicated by data generated by
subsequent workers especially of the ZSI. various universities and research

institutions (Mathew 2004).
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With the wettest and biologically diverse portion of Western Ghats.
Kerala part of Western Ghats has landlocked Islands of biodiversity resulting in
high endemism (Chatterjee & Sastry 2001). In terms of total extent. richness of
habitat types, natural inaccessibility and low level of forestry operations. the
Nilgiri tracts were amongst the most significant localities from the viewpoint of
conservation of biological diversity in Western Ghéts (Nair  1999).
Biogeographically Wayanad region of Western Ghats is a transitional zone
between the moist Cullenia sp dominated forests of South Western Ghats and
dry dipterocarp forests of the northern region, harbouring habitat restricted,
endemic species as well as disjunct populations of species that are found in
both regions (Rodgers & Panwar 1988; Pascal 1988; Rawat et al. 2001). Low
elevation evergreen forests dominated by dipterocarps constitute the most
threatened habitat in the Wayanad region and its continuum along the Western
Ghats has been fragmented (Nair 1991; Pascal 1991). These ecologically
sensitive lowland forests along the foothills of the Western Ghats and on the
hillocks in the mid lands were cleared in the early phases of deforestation (Nair
1991). A strong need exists for the documentation of litter insects of remaining
evergreen forests of Wayanad to know about their ecological roles, succession
patterns or how they respond to different seasons of the year. With this outlook.
a low elevation wet evergreen forest in one of the biodiversity ‘hotspot’ region

is selected for this work.

The view that tropical evergreen rain forests are static communities that

function under consistently optimal moist and warm climatic conditions have
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changed with the recent recognition of a strong seasonality of leaf litter fall
(Swamy & Proctor 1994: Clark et al. 2003; Wood et al. 2005) with moderate
fluctuations in rainfall reported to impose a distinct seasonality (Ricklefs 1975;
Jansen 1983). Accordingly the seasonal component of diversity must also be
measured, since many tropical insects vary in abundance or may not be
represented in samples taken at certain times of the year (Wolda 1987
Richardson et al. 1997). While it is clear that seasonal fluctuations in rainfall
modify the physical environment (Holdridge 1967) and change resource
availability (Fodgen 1972), data on seasonal patterns on insect abundance are
scarce (Wolda 1988). Major peak in the number of leaves in the beginning of
wet season and increase in dry and dead suspended leaves during dry season
result in litter layers of different decomposition stages thus creating
fluctuations in food and water availability to litter insects resulting in different
patterns of litter insects in successive litter layers in evergreen forest. With
favourable conditions of multilayered tree species providing shelter and
moisture accumulation and litter fall remaining consistent through out the year.
insect fauna present in the wet evergreen forest would be indicative of the
influence of litter conditions in determining the habitat preference. The prime
objective of the second chapter is to check out the seasonal and layerwise
pattern in litter insect diversity and abundance influenced by precipitation in a
selected tropical wet evergreen forest in Wayanad. This study provides a
baseline that allows other more poorly known sites in Western Ghats to be

assessed for richness. structure and endemism.
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In 1988, Edward Wilson, noted rainforest ecologist described insects as
“the little things that run the world”. Among them, beetles represent the most
spectacular and diverse group. In the evergreen study habitat also, Coleoptera
is the most diverse and abundant group of insects. Within Coleoptera, the
largest and most studied family is Scarabaeidae, the scarab beetles. They are
functionally important taxa playing a crucial role in tropical and subtropical
forests by recycling nutrients (Halffter & Matthews 1966; Mittal 1993),
aerating soil (Mittal 1993), controlling vertebrate parasites (Bryan 1976), and
dispersing seeds (Andresen & Feer 2005). In the family Scarabaeidae,
Scarabaeinae and Aphodiinae are dung beetles (Baraud 1992). The first group
is well adapted to warm conditions, whereas Aphodiinae is predominantly
adapted to cold, temperate conditions (Hanski & Cambefort 1991). My study is
limited to the Scarabaeidae, which is the common taxonomic group, found in
India.

Choice of dung beetles as a study taxon in this work was due to the fact
that they are coprophagous insects, which have a relatively well-known
taxonomy and are known to be highly habitat specific (Halffter & Favila 1993
Scheffler 2002). Variation in height of vegetation, types of soil and amount of
insolation have been associated with changes in species composition of dung
beetles (Doube 1983; Lumaret & Kirk 1991). Subtle changes in the habitat
have been shown to affect dung beetle communities (Galante et al. 1991;
Halffter & Favila 1993; Nummelin & Hanski 1989). Because of the rapid rates

at which tropical forest is being modified and destroyed, it is important to study



General Introduction

forest species while intact forest is still relatively common. Degradation and
disturbance of Western Ghats have implication for the biodiversity of dung
beetles and other taxa. which depend on intact forest habitat. As habitat
heterogeneity is thought to be one of the parameters determining their species
diversity at a regional scale (Huston 1994; Rosenzweig 1995: Begon et al.
1996) and perhaps the most important one (Schoener 1974) similar studies.
which provide information on species composition, behaviour and abundance.
are needed in other unexplored vegetation types of Western Ghats.

Very little is known about dung beetles in the rainforests of India.
especially from the rainforests of Western Ghats in India and Srilanka which is
a recognized hot spot of biodiversity (Bossyut et al. 2004; Myers et al. 2000)
except for checklists from Silent Valley National park (Biswas & Chatterjee
1986) and Nilgiri Biosphere Reserve (Biswas & Mulay 2001). The classic work
of Arrow (1931) provides a catalogue and identification manual for the Indian
region, but does not mention whether the collections have been from
agriculture field or forest lands. High wvariability in precipitation and
topographic diversity of Western Ghats has generated a wide variety of
vegetation types, ranging from wet evergreen and semi-evergreen forests on the
western side and at high altitudes to dry deciduous forests and scrub vegetation
on the eastern slopes and lowlands (Jha et al. 2000). Since structure of the
vegetation, soil type and physical structure of the forest appear to be an
important factor in the structure and local distribution of dung beetle

communities (Doube 1983: Nealis 1977: Jansen 1983; Davis 1993; Davis 1998:
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Davis & Sutton 1998: Davis et al. 2000) cataloguing the dung beetle fauna
from the remaining forest fragments and understanding the peculiarities of their
phylogenetic structure would serve to recognize the regional variation in the
dung beetle community structure across different forest vegetations of Western
Ghats and will add to the general efforts towards the conservation of
biodiversity in Western Ghats. In the third chapter a checklist of dung beetle
fauna (Coleoptera: Scarabaeinae) from the evergreen forest in Wayanad region
of Western Ghats along with a pictorial key for the species collected from the
habitat is provided.

Forest litter acts as an input-output system of nutrients and the rates at
which forest litter falls and subsequently decays, contribute to the regulation of
nutrient cycling, as well as to soil fertility and primary productivity in forest
ecosystems (Berg 2000). These tree/soil relationships are reflected in nutrient
concentrations and biochemical constituents of leaves and litter that influence
herbivory, litter quality, decomposition processes and hence the study of litter
chemical qualities that feed back to plant production through nutrient
availability (Stachurski & Zimka 1975; Bryant et al. 1983; Pastor et al. 1984;
Zak et al. 1993; Aerts & Chapin 2000). Tree species on fertile soils tend to
produce leaves and leaf litters with high nitrogen concentrations. low
concentrations of carbon-based plant protection compounds such as tannins and
lignin mainly associated with vascular tissues. The high quality litters
decompose rapidly and support high plant production through fast turnover of

the nutrient pools. Trees on soils of low inherent fertility generally produce leaf
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litters that decompose slower. reducing the rates nutrient turnover. because of
low nitrogen, higher tannins and polyphenol concentrations. and greater
lignification of leaf tissues often associated with longer leaf life spans
(Sariyildiz et al. 2005; Cornelissen & Thompson 1997; Hittenschweiler et al.
2003). To maintain production and biomass, forest ecosystem requires stable
nutrient cycles that form equilibrium between trees and soil (DeAngelis 1992).
The concentration of nutrients at the time of leaf fall is also an important
parameter because it influences the rate of decomposition and is the starting
point for the measurement of the amount of nutrients recycled (Songwe et
al.1997). In humid tropical forests with abundant moisture and warm annual
temperatures, litter quality becomes the dominant control on decomposition
rates (Lavelle et al. 1993; Aerts 1997; Loranger et al.2002).

The dynamic nature of tropical evergreen rain forests with strong
seasonality of leaf litter fall, with the peak at the end of the dry season followed
by a surge in nutrient availability in the forest floor (Swamy & Proctor 1994)
results in a pulse of increased soil nutrient availability at the beginning of rainy
season leading to high nutrient concentrations in live leaf tissue. often
coinciding with the peak-growing season (Wood et al. 2005). Hence, litter fall
rates and its quality may not be constant along the year and over the surface. so
they may contribute to the creation of litter of different quality and quantity on
the ground and therefore they may have an effect on decomposition of litter
during different seasons and influence faunal diversity (Sundrapandian et al.

2005). Concentrations of nutrients in the litter determine the amount of
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returned nutrients and the decomposition rates of litter controls the speed at
which bound nutrients are transformed into viable form ready for reuse by plant
uptake. Given the low apparent intra year variability in mean temperature and
solar radiation in tropical wet forests, seasonal changes in leaf litter nutrient
concentrations could serve as a constraint on net primary productivity (Wood et
al. 2005).

Despite this recent evidence indicating the influence of seasonality on
patterns of nutrient cycling, litter fall nutrient measurements in evergreen
forests are never considered in the tropical moist evergreen forests of southern
moist Western Ghats. This gap in knowledge limits our understanding of
overall nutrient cycling in these forests. In the fourth chapter, my aim is to
evaluate the seasonal patterns of leaf litter nutrient variation in freshly fallen,
fermentation and humus litter layers in the climax wet evergreen forests on the
windward side of Western Ghats.

Though there is significant role of litter diversity for the composition
and activity of litter communities and processes during decomposition has
rarely been studied. This circumstance is surprising because litter quality as the
overriding determinant for decomposition within a given climate (Co uteaux et
al. 1995) varies tremendously among species (Perez-Harguindeguy et al. 2000,
Hittenschwiler 2005). Where low- quality plant litter decomposes slowly to
form deep organic layers with complex structure, this structural heterogeneity
in turn promotes the development of diverse surface living communities

(Anderson 1978). Factors. such as plant species and structural diversity above
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ground. which are often related to diversity of above ground insect species
(Southwood et al. 1979). therefore may have important implications for below
ground insect diversity as well.

The dynamics of litter contributions and decomposition and subsequent
bioelement release play a fundamental role in the biogeochemical cycle of
organic matter and mineral elements thus becoming a key component in the
functioning and stability of forest ecosystems (Waring & Schlesinger 1985;
Keenan et al. 1996; Martin et al. 1996). Organic residues coming from
vegetation and accumulated on ground together with providing energy
resources and bioelements necessary for edaphic micro and mesofauna
represent the main source of mineral return to the ground (Caritat et al. 1996;
Martin et al. 1997). In terrestrial ecosystems, major part of the net primary
production enters the detritus-based food web (Swift et al. 1979; Wardle &
Lavelle 1997). Therefore, litter decomposition is an important process
regulating energy flow, nutrient cycles, and structures of these ecosystems
(Swift et al. 1979;: Wachendorf et al. 1997). Decomposition of forest litter has
been extensively studied in temperate forests, in relation to various factors such
as fauna (Bocock 1964; Witkamp & Crossley 1966), species (Heath et al. 1966)
and other environmental factors (Bocock & Gilbert 1957; Witkamp & Van Der
Drift 1961) or with the purpose of estimating nutrient release. Among the first
authors who studied the decomposition of the litter in tropical forests. Jenny et
al. (1949) indicated the rapid disappearance of tropical forest litter, which was

emphasized by Laudelout & Meyer (1954) and Bartholomew et al. (1953).
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Several works on this subject have been carried out particularly in recent vears.
and many attempts have been made to compare the different results obtained
(Hopkins 1978). In tropical ecosystems, maintenance of soil organic pool is
achieved by the high and rapid circulation of nutrients through the fall and
decomposition of litter. Standing crop of litter (total forest-floor material) acts
as an input—output system of nutrients and the rates at which forest litter falls.
and subsequently decays, regulate energy flow, primary productivity and
nutrient cycling in forest ecosystems (Sundarapandian & Swamy 1999).

Many studies have shown that decomposition is influenced by litter
quality, climatic factors and soil biota (Tian et al. 1997, Wachendorf et al.
1997; Wardle & Lavelle 1997; Heneghan et al. 1999; Gonzalez & Seastedt
2001). Nutrient concentrations of litter are always in a dynamic process. Some
nutrients and compounds are withdrawn from senescing plant tissues and others
show relative increase, the concentrations of some elements can increase while
the others will decrease in decomposing litter (Berg & Cortina 1995). Some
studies suggest that the soil/litter fauna may have a greater effect on
decomposition in tropical forests than in temperate ones (Heneghan et al. 1999;
Gonzalez & Seastedt, 2001). However, decomposition rates vary greatly even
among tropical forests, depending on factors such as climate and litter quality.
Microflora (bacteria and fungi) is the major group that decomposes litter
directly (Vossbrinck et al. 1979; Wardle & Lavelle 1997). Micro invertebrates
directly consume or indirectly regulate micro floral communities. thereby

affecting decomposition rates (Vossbrinck et al. 1979: Reddy & Venkataiah
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1989). Macro invertebrates influence decomposition through changing the
abundance of micro decomposers (Lawrence & Wise 2000). Regarding the
decomposition rate constant (k), greater faunal abundance and diversity
correlated with increased mass loss in the experiments by Kaneko and
Salamanca (1999). However, the role of litter fauna in decomposition process,
however, has only recently begun to be addressed. (Irmler 2000; Heneghan et
al. 1999; Zimmer et al. 2002; 2004). Active participation by litter fauna in
decomposition contributes to spatial transfer of nutrients to sites of progressive
degradation of litter, thus significantly altering the chemical environment,
favoring enhanced rate of decomposition (Vogt et al. 1986). Physical factors
like water availability affect rates of mass loss and nutrient release primarily
through its effects upon the activity of decomposer community (Meetenmeyer
1978; Orchard & Cook 1983; Berg 1986). As the major factors that affect litter
decomposition are on one hand litter biota activity (Martin et al.1994) and on
the other hand, litter composition and quality (Heneghan et al. 1999; Gonza'lez
& Seastedt 2001), in the fifth chapter an attempt has been made to study the
decomposition rate of litter along with the patterns in biochemical profiles of
the decomposing litter and in the sixth chapter successional patterns of faunal
groups during decomposition is carried out in the wet evergreen forest using

litter bags

Most of the vegetation change occurring today is very likely to cause a
major shift in plant life and ecological strategy because it alters the proportion

of woody and herbaceous plants (Jackson et al. 2000). This happens in tropical

15



General Introduction

and sub-tropical regions experiencing de forestation and re-forestation. The
sensitivity of above and below ground relationships to changes in species
composition has important implications for prioritizing future research and
management (Hooper et al.2000). There is a need for research networks and for
setting up new experiments in poorly known but important habitats (e.g.
Tropical forests). A proper understanding of both changing interactions
between above — and below ground organisms and feed backs between
atmosphere and biosphere that may occur through shifts in vegetation types
will allow us to develop more reliable global change scenarios of ecosystem

functioning that include biota and soil processes (Schimel & Gulledge 1998).
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1.1 STUDY AREA

The research was carried out in the wet evergreen forests, at
Chanthanathode covering an area of 85.12 sq km on western slope of North
Wayanad Western Ghats ecoregion (11° 50’ N latitude and 75° 49'E longitude)
(Plate.1 & 2). Entire area is a part of the Nilgiri Biosphere Reserve. The
altitude range is 800—850 m. Though Teak and Eucalyptus plantations have
wiped out most part of the natural vegetation in the region, study area is one of
the best-preserved climax tropical forests in Wayanad part of Western Ghats
and it is an isolated remnant of the original extensive natural ecosystem (Nair
1991).
Vegetation description

The study habitat exhibit characteristics of evergreen forests, which
include multilayered forest structure; copious growth of fine feeder roots,
slender and clear boles of trees with thin barks and presence of lianas and
woody species. The forest has two tree layers and subordinate shrub and herb
layers, as well as abundant epiphytes. The upper canopy of the forest is 18-25
m high and contains a number of tree species including Artocarpus hirsutus,
Terminalia bellirica, Lagerstroemia microcarpa, Schleichera oleosa, Mesua
ferrea, Dalbergia latifolia, Xylia xylocarpa and Alstonia scholaris. A variable
second storey of small trees or tall shrubs includes Macaranga peltata,
Embilica officinalis, Olea diocia, Nemedra elaeagnoidea, Cinnamomum
malabatrum, Flacourtia cataphracta and Diospyros bourdillonii. Small shrubs

in the study habitat include Calamus sp., and Costus speciosus and prominent
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herbs are Elephantopus scaber and Molineria trichocarpa. The undergrowth
consisted of canes, Strobilanthes sp. and ferns of Allophylus sp. The common
climbers are Entada scandens, Gnetum edule, Acacia intsia, Caesalpinia sp.,
Calycopteris floribunda, Celastrus paniculata and Butea parviflora. Moss,
ferns and lichens with much moss cover on tree boles and branches, exposed
rock and dead wood. Information on phenological patterns in the area is
lacking. Leaf flushing and new leaf production was observed prior to the rainy
season or during the summer season is observed in many tree species. Some
trees of deciduous character have not affected the evergreen nature of the forest
as a whole (Forests and Wildlife Department working plan, 2001).
Physical parameters

The climate of the habitat is controlled by both southwest monsoon and
northeast monsoon. Meteorological observations (2002-2003) at the regional
rainfall stations (KSEB meteorological station), show annual precipitation of
3752 mm, of which 81% was received during southwest monsoon (Jun- Aug),
10% during northeast monsoon (Sep-Nov), 1% during pre-summer (Dec-Feb)
and remaining 8% during summer (Mar-May) (Figure.1.1). Temperature ranges
around 21-31°C. Natural disturbances commonly affecting forests in the Periya
are strong winds during the monsoon seasons and the occasional dry spell in
pre-summer and summer seasons. P! of litter is acidic (4.9-5.6). A litter layer

(47 cm thick) covers almost all the soil surface.
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Human activity around the habitat

Timber requirements by the British army during Second World War and
state sponsored developmental activities such as hydroelectric projects and
human settlements during the late 1970s and 1980s wiped out most part of the
natural vegetation in the region (Nair 1991) and only a few fragments of the old
mature wet evergreen forest remains. Contiguity of Tholpetty and part of
Brahmagiri with Kuttiadi region of Wayanad north is lost due to encroachment
along the Kuttiadi-Mananthavadi road. Developmental programmes and
encroachment have led to the degradation of forest in the lower areas and a
large extent of the vested forest has been planted with eucalyptus and teak.
Wood-based industries are located in and around the north Wayanad division.
Human settlements within and adjoining the reserve forests and illegal

woodcutting might damage the forest habitat.
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Figure 1.1. Rainfall received during different seasons and months
in the wet evergreen forest study region during 2002-03.
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INTRODUCTION

Litter invertebrates provide a good indication of ecological conditions
because they are highly diverse and functionally important and can integrate a
variety of ecological processes, besides being sensitive to environmental
change (Greenslade & Greenslade 1984: Brown 1997). Although insects may
seem to be small and inconspicuous compared with vertebrates (Whitmore
1990) they are extremely important, arguably dominant elements within the
ecosystems (Janzen 1987). A lesser interest in belowground invertebrate
communities is obviously due to the fact that litter fauna are locally very
numerous, with a wide range of mobility requiring enormous sampling efforts
and are often difficult to identify. Insect communities in forest litter are
heterogeneous and are represented by detritivores feeding on litter fragments as
communitors and mycophagous species, taking part in important ecosystem
functions such as decomposition and nutrient mobilization (Anderson 1988;
Setdla & Huhta 1991; Laakso & Setdld 1999). Moreover, predatory fauna
through predation regulate the populations of other faunal groups (Hyvonen &
Persson 1996; Huhta et al. 1998) and thereby possibly influence decomposition
processes. Cqmplex natural forests harbour a wide variety of insects which can
be directly correlated with the abundance of niche resources, contribute
significantly to decomposition and nutrient cycling, (Seastedt 1984; Moore et
al. 1988) influence the functioning of decomposer flora (Seastedt 1984) and
increase overall soil fertility (Edwards & Bohlen 1995). In spite of their role in

decomposition and the fact that litter/soil organisms make up a substantial part
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of the global biodiversity (Giller 1996: Adams & Wall 2000), many of these
species remain poorly known.

The amount of present knowledge on the insects of tropical forests is
comparatively sparse compared to that of the temperate forests. Although the
insects form around 50% of the biota described from India, and it is clear that
seasonal fluctuations in rainfall modify the physical environment (Holdridge
1967) and change resource availability (Fodgen 1972), data on seasonal
patterns on arthropod abundance in the natural ecosystems are scarce (Wolda
1988). Temporal fluctuations in the abundance are an important manifestation
of populations’ response to the environmental conditions. Such seasonal
fluctuations are especially prominent in the populations of lower organisms
such as insects (Ezhoe 1995; Frith & Frith 1985; Kato et al. 1995). Insects are
generally more sensitive to these environmental changes and the various
distinct life-history stages of insects are adaptively timed according to the
seasonal environmental conditions (Parker & Courtney 1983). Except for a few
recent studies (Arun 2003), information on seasonality of insects is grossly
lacking from the Western Ghats region, one of the two internationally
recognized biodiversity hotspots of Indian region.

As the litter layer of the forest becomes deeper and as it undergoes an
orderly and sequential breakdown, the insect faunal assemblages tend to
succeed one another. Humid litter conditions in the evergreen forest all through
the year supports wet litter preferring insect fauna indicative of the role of

climatic variables in determining local distribution patterns. The prime
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objective of this work is to record the seasonal and layer wise patterns of litter
insect diversity and abundance in a selected tropical wet evergreen forest in
Wayanad. It is expected that at a conservation level this analysis may provide
the decision makers and conservation organizations a powerful tool in
maximizing the impact of policies for the conservation of the remaining

evergreen forests in the region.

METHODOLOGY

Data collection

Six litter samples of one m’

area, two each of freshly fallen (L),
fermentation (F) and humus (H) layer were collected on a monthly basis during
southwest monsoon season (June-August), northeast monsoon season
(September-November), pre-summer season (December-February) and summer
season (March-May) in 2002-03. Altogether 18 litter samples were collected
during each season comprising L. F and H layer. The collected litter was
transferred to 45 ¢cm X 30 cm polythene bags with a clearly displayed label
having information of the collection date and time. Mean values of bimonthly

collection were taken to account for the abundance of individuals in each

s€ason.

Fauna was extracted with a series of 15-20 cm diameter Berlese funnel
fitted with 4-6 mm mesh screens and a 60-watt bulb (Plate.3) for 1- 2 days until

litter was dry (Ananthakrishnan 1996). Organisms living within the sample
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tend to move downward to escape desiccation and eventually fall into a
container of alcohol beneath the funnel. The preserved faunal samples were
emptied into a Petri dish with a grid drawn on its underside. The dish is then
searched repeatedly under a stereo zoom trinocular microscope (Labomed-
ZM45 TM) and collected fauna were sorted, counted, identified and assigned to
trophic level according to whether the majority of members éf the taxon were
predatory, detritivorous or fungivorous (Borror et al. 1996). Once identified to
this level, insects were removed and placed in small vials (Tarson, model no:
510000) containing 70 % ethyl alcohol and members of each category for each
sample were lumped together. Fine (#8) Watchmaker’s forceps were used for
picking up insects from the dishes but occasionally a small hairbrush was
substituted. Each vial contains a clearly displayed label having information of
the site, location, number, collection date, taxon name and preservation date.
Following the initial sorting, the whole set of vials from a particular sample
were then bundled together using an elastic band. The count of each order/
category of insects was entered on a pre printed tally sheet, also having the date

of collection, preservation, sorting and sample code.

Data Analysis

To understand the diversity patterns, alpha diversity indices (richness,
evenness and diversity), rarefaction plot, rank abundance plot and Bray Curtis

similarity index (Beta diversity index) were considered.
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For analyzing taxa richness. Margalef’s index (d) (Clifford &
Stephenson 1975. Magurran 2004) was calculated by using the following
formula.

d=S-1/log(N)
S = total number of taxa
N = total number of individuals

Evenness expressed as Pielou’s evenness index (J’), addresses

equitability of the taxa (Pielou 1966).
I’=H"/logS
H’= Shannon diversity index
S = Total number of taxa.

Among the diversity indices, Shannon-Weaver diversity index
(Shannon & Weaver 1949) is the most commonly used because it incorporates
both species richness and evenness components and can provide heterogeneity
of information (Rosenstock 1998; Cheng 1999). Also, it is possible to test the
differences between two communities using a Shannon #-test/ ANOVA
(Magurran 2004; Cheng 1999).

H™ =-X; P;(log (P;)

where P; is the proportion of the total count arising from the
- species (loge was used in its formulation).

Simpson’s dominance index (1) (Simpson 1949) gave the probability
of any two individuals drawn at random from an infinitely large community

belonging to the same species. its largest value correspond to assemblages
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whose total abundance is dominated by one. or a very few of the species
present
=X p/

where p; is the proportion of the total count arising from the i th species

Bray-Curtis similarity coefficient (Bray & Curtis 1957) was used to
quantify and compare the similarity of insect community composition among
seasons or months. This index is calculated as

P

B ~ ziﬂl),’j _}’iki
St L T

where BCj, is the similarity between the jth and kth seasons/months and y;
represents the abundance for the ith insect order in the jth season/month.

This method start from a triangular matrix of similarity coefficients
computed between every pair of seasons/months. To measure the similarity
coefficients between various seasons/months, a data matrix with p rows (insect
groups) and n columns (seasons/months), filled with entries of abundance
counts of each insect order for each season/month was first constructed. The
similarity based on the Bray-Curtis coefficient was calculated between every
pair of seasons/months. and an abundance similarity matrix was then
constructed. The Bray-Curtis similarity coefficient was used because it is often
a satisfactory coefficient for biological data on community structure (Clarke &
Warwick 1994). Furthermore, to reduce the large disparities in counts between

species and to validate statistical assumptions for parametric techniques, square
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root transformation were applied to the original abundance counts of insect
order before computing the Bray-Curtis coefficient.

Although there are many classes of clustering methods (Johnson & Wichern
1992; Clarke & Warwick 1994). this study applies hierarchical clustering
with group-average linking to achieve its purpose because the technique has
proven useful in a number of ecological studies conducted during the last two
decades (Clarke & Warwick 1994). Seasons were grouped and the groups
themselves form clusters at the levels of similarity of insect abundance. These
take a similarity matrix as their starting point and successively fuse the samples
into groups and the groups into large clusters, starting with the highest mutual
similarities then gradually lowering the similarity level at which groups are
formed. The process ends with a single cluster containing all samples. The
result of the hierarchical agglomerative clustering is represented by a
dendrogram, with the X axis defining similarity level at which two samples or
groups are considered to have fused and the Y axis representing the full set of
samples (seasons/months).

All diversity analysis was done with PRIMER 5 software version 5.2.9
(Clarke & Gorley 2001).

Rarefaction plot, a method for intrapolating smaller samples and
estimating taxa richness in the rising part of the taxon-sampling curve (Colwell
& Gotelli 2001) was done using Biodiversity pro software (McAleece 1997).
Expected numbers of order are plotted against number of individuals on the x-

axis. Steeper curves indicate more diverse communities (Hurlbert 1971).
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ES,=X° i [1-((N-Ni)!(N-n)!)/ ((N-Ni-n)IN!)]

S = total species (in this case total insect order/groups)
N =number of individuals

ES,= how many species/groups would have been expected had we
observed a smaller number (n) of individuals

Rank/abundance plot was plotted with relative abundance of each
order against rank of taxa/order for the study habitat as a whole and for
different seasons (Whittaker 1965). Three abundance models (geometric. log-
series and log normal) were fitted to log abundance data using PAST software
package ver 1.43 (Hammer et al. 2001).

Most of the data derived from diversity analyses were not normally
distributed. Consequently, non-parametric statistics (Mann —Whitney U tests)
after multivariate comparison through Kruskal —Wallis H tests (Sachs 1992),
were used for pair wise comparison of data sets during each season.
Significance levels of the seasonal variations in Shannon diversity value (H")
of each litter layer during each season and between the seasons were analysed
with Kruskal Wallis H tests. As the data’s of individual insect groups/orders
were normally distributed, one-way ANOVA was applied to data to test for
significant difference in the abundance of different insect groups in different
layers (for e.g. abundance of Coleoptera in L. F. H layers)

The relationship between predators and other trophic categories viz..
detritivores, microdetritivores and fungivores were analysed with Pearson’s

correlation. Relation between insect diversity values and rainfall received was

27



Seasonal variation in litter insect diversity & communitv structure

analysed using correlation analysis. For all analysis, significance was
determined at P<0.05.Statistical analysis was done with GRETL open source

software version 1.1 (Cottrell 2006).

RESULTS

Twelve litter insect faunal groups were collected during four sampling
seasons of the study period (Table.1) (Plate.4) and their rank based on relative
abundance is represented in (Figure.2.1). Coleopterans and ants were the most
abundant taxa sampled. collectively accounting for 53 % of the total
individuals captured. The abundance of Ptiliids (Coleoptera) during pre-
summer season and Psocopterans during summer season was noticeable. List of
family/species of insect orders and beetle families identified from the study
habitat provided in table.2.2 and plate.5 respectively.

Seasonal abundance patterns

Coleopterans were the dominant group during all seasons. During pre-
summer season, Coleopterans take up >50 % of the insect faunal abundance,
chiefly due to the dominance of Ptiliids. Hymenopterans and Collembolans
were the other dominant groups in pre-summer season occupying 13% and
11% respectively. Summer season showed the predominance of Coleoptera
(20.4%) followed by Psocopterans (15.8%) and Thysanopterans (15.6 %o).
During the monsoon seasons (southwest and northeast) Coleopterans was the
dominating insect order contributing 39% and 42% respectively. Hymenoptera
(16%) and Collembola (15%) were abundant during southwest monsoon season

while Coleopteran larvae (17%) and Hymenoptera (16%) dominated northeast
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monsoon season (Figure.2.3). Rank abundance plot showing dominance of
insect groups during different seasons is shown in figure.2.2 a. b and ¢ and
patterns of insect abundance during different months of the study period
provided in figure.2 4.
Layer wise abundance patterns

Thysanoptera dominated fresh litter during all seasons except during
summer period, which was dominated by Psocopterans contributing about 60%
of the total insect faunal abundance. In the F and H layer Coleoptera was the
major insect fauna during all four seasons mostly due to the abundance of
Ptiliids and Staphylinids (Figure.2.5).
Litter insect trophic structure

Predatory Staphylinids and ants belonging to Tapinoma sp.. Strumigenys
sp., fungivorous Ptiliids, Thysanopterans and microbidetritivorous
Collembolans were the dominant trophic categories during different seasons of
the study period. During all seasons except summer season, L layer was
dominated by fungivorous thrips. During pre-summer season predatory
Staphylinids and ants were abundant in F layer while fungivorous Ptiliids was
dominant in the humus layer. In summer season preponderance of fungivorous
Psocopterans was evident in the fresh litter whereas F and H layer was
dominated by predatory ants belonging to Zapinoma sp. and Coleopteran
Staphylinids respectively. During southwest monsoon season, I layer was
dominated by predatory ants and H by fungivorous Ptiliids. Detritivorous

larvae and Orthopterans dominated F layer during northeast monsoon period
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and H layer by fungivorous Ptiliids and predatory ants. (Figure.2.6 & 2.7:
Table. 2.1).
Diversity and statistical analysis

The rank-abundance plot showed a shallower slope, implying that the
litter insect faunal distribution is even during the study period, consistent with
the lognormal model (Magurran 2004). Three models have been fitted for the
order — log rank abundance data with log normal plotting the best fit
(Geometric k = 0.29, P=6.122 e-13; Log series alpha=2.08, x=0.99. P =1.377
e-31; Log- normal —mean=1.43, variance=0.31, P=0.08) (Figure.2.8 a. b & c).

Rarefaction plot showed higher values of diversity during southwest
monsoon period. The rarefaction curve for the pre-summer season reached an
asymptote indicating sampling was satisfactory for the period. whereas the
curve (Figure.2.9) for southwest monsoon period indicates further sampling is
required for the period.

Kruskal Wallis test on abundance of insect faunal groups showed no
significant difference with seasons (H=3.30.df= 3, P>0.05), while litter insect
diversity (H’) revealed significant effect of seasons in the evergreen forest
study site (H= 16.69, df=3, P<0.05). Shannon diversity (H) recorded high
values during southwest monsoon season (H’=1.972) and high evenness during
summer season (I’= 1.77). All 12 insect orders were present during southwest
monsoon season, showing high values (d= 2.76) for Margalef’s richness index.
Simpson’s dominance index recorded high values during pre-summer period

(0.34) (Table.2.3; Figure.2.10). Pair wise comparison of the diversity values
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between seasons showed significantly higher diversity values between summer
and northeast monsoon season. During pre-summer season fresh litter showed
significantly higher diversity value (H= 2.00) over F and H layers (F=132.42.
P<0.05). In summer, southwest and northeast monsoon seasons. diversity
values were high for F layer but no significant difference with other layers was
noted during summer (F=1.77, P>0.05) and northeast monsoon season (F=0.62,
P>0.05) while significantly high values was noticed in southwest monsoon
season (F= 20.46, P<0.05). When fresh litter of all seasons were analysed,
significantly high diversity was recorded during pre-summer season (H’=2.01)
(F=8.47, P<0.05) while F layer recorded significantly high diversity values
during southwest monsoon season (H’=2.09) (F=15.35, P<0.05) and H layer
during northeast monsoon season (H’=1.60) (F=29.35, P<0.05).

All insect groups, showed significant difference in their abundance in
different litter layers. Collembola and Coleoptera were abundant in H layer,
ants in F layer and Psocopterans and thrips showed clear-cut preference
towards fresh litter (Figure.2.5).

Pearson’s correlation analysis revealed a highly significant positive
relationship between predators with microbidetritivores (R*=0.850, P<0.01)
and detritivores (R’=0.824, P<0.01) and a marginally insignificant positive
relationship with the abundance of fungivores (R2¥0.52, P=0.08). Significant
positive correlation was observed between rainfall and diversity of insect fauna

in the study habitat (R= 0.65 P<0.05) (Fgure.2.11).
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Bray Curtis similarity coefficient showed greatest similarity between
southwest and northeast monsoon season, combined in the dendrogram at a
similarity level of 83.96% (Figure.2.12a). To this group. pre-summer season
joined with a similarity level of 77.75 % and the final merge of remaining
sample (summer season) into the existing cluster to form a single group took
place at a similarity level of 73.6 %.

The clustering analyses between various months are represented in
figure 2.12b.Three major clusters were evident from the analysis. Highest
similarity was observed between monsoon months June and August showing
97.37% similarity to which another monsoon month July got linked at 94.14%
similarity. Summer months April and May showed a similarity percentage of
91.6 % and formed a cluster and got linked to southwest monsoon months at
85.02% similarity. Northeast monsoon months September and October
observed a similarity percentage of 87.75 % to which February got linked at
83.29% similarity. Three of these minor clusters linked at 82.03 % similarity
(Cluster 1). Pre-summer months December and January formed a cluster
(Cluster 2) at 95.22% similarity. Insect fauna during dry month of March and
wet northeast monsoon month of November showed least similarity. forming a
cluster (Cluster 3) at 79.62%. Cluster 3 was linked to cluster 1 and 2 at 62.96%

similarity.
DISCUSSION

Forest floor litter insect faunal community structure and abundance

associated with an evergreen forest litter habitat in the Western Ghats is
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recorded for the first time. The existing data is from the moist and dry
deciduous forests and plantation forests in the region (Ananthakrishnan et al.
1993). Significant differences were noticed in the insect faunal diversity (H’)
during different seasons in the study habitat where as abundance of insect fauna
revealed no significant variation with seasons. Fluctuations in the amount of
rainfall appeared to be the most important factor underlying seasonal
fluctuation in insect diversity of tropical forests (Boinski & Fowler 1989:
Wolda 1988). Insect fauna living within the relatively sheltered
microenvironments provided by dead leaves is less affected by heavy rains
(Boinski & Fowler 1989) as their diversity did not declined during monsoon
seasons in the study habitat. Peaks of arthropod abundance in the dry season or
in the transition from dry to wet season have been reported else where, where
the dry season is relatively short (Janzen 1973; Buskirk & Buskirk. 1976). In
this study during the middle part of the wet season detritivorous larvae and
fungivorous ones were abundant in agreement with the same reported by
Boinski & Fowler, 1989 in Costa Rican wet tropical rainforests.

Abundance of fungivorous Psocoptera during the summer and Ptiliidae
during pre-summer season were noticed. Though Ptiliid abundance can be
attributed to humidity in the wet evergreen tropical forests (Marinoni & Ganho
2003). their low abundance during the monsoon months might be due to the
excessive wetness in the area. Staphylinid formed the next major Coleopteran
family owing to the increase of mites that serves to them of food (Didham et al.

1998: Sabu 2005). The presence of Ptiliids as the dominant Coleopteran fauna
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is obvious in the study habitat whereas Staphylinids and Scarabaeids were the
major Coleopteran families in the adjacent deciduous forests (Vineesh et al.
2003). This could be attributed to the lesser herbivore dung availability and
extensive wetness in the evergreen forests in general. Moisture changes might
also have affected the fungal community and thereby. have indirect effects on
the fungivorous fauna (Héagvar 1998). During southwest monsoon period.
Collembolan populations doubled compared to other months. This might be
related to the preference of Collembolans towards wetness (Swift et al. 1979;
Lensing et al. 2005). The Psocopterans showed a climb in pre-monsoon months
and their abundance can be noticed in L layer alone. The presence of two wet
rainforests preferring ant genera Acropyga sp. and Paratrechina sp. (Shattuck
& Barnett 2001) exclusively in the evergreen forest is indicative of the
influence of litter habitat conditions in determining the habitat preference of
ants. Abundance of ants during southwest monsoon season could be related to
the abundance of Collembolans serving as food to Strumigenys sp. abundant in
the study habitat (Anu & Sabu in press). First record of Carabids Perigona
nigriceps and Clivina spp. from the evergreen forest of Wayanad were made in
this study. Scarcity of termites in the samples might be due to their better
adaptability to environments with poor quality of organic resources, low
quality of water and also they have very aggregated distributions (Decaens et
al. 1994; Stork 1993). Several other studies (Madge 1965; Plowman 1979,
Lasebikan 1988: Stork 1988) also report low numbers of termites in litter/ soil

samples in tropical forests. Abundance of moisture loving Staphylinids.
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Ptiliids. Collembola and Psocoptera are indicative of the influence of moist wet
litter floor on faunal distribution patterns (Didham et al. 1998).

Prominence of fungivorous thrips and Psocopterans in the fresh litter
might be due to the abundance of fungal communities colonizing the fresh
litter. Dominance of predatory and fungivorous insect fauna in the evergreen
litter habitat indicates the high resource availability including fungal blooms
and prey organisms. The parallel rise in predator groups viz.. ants and
Staphylinids with detritivorous, microbidetritivorous and fungivorous groups
suggests the significance of the latter in maintaining diversity and abundance of
predator faunal community in natural forest litter stands. Abundance of insect
fauna is often influenced by the initial chemistry of litter and changing
chemical profile during litter break down influences the abundance and
distribution of insect communities (Ananthakrishnan 1996; Maity & Joy 1999).

The rarefaction curve for the pre-summer season reached an asymptote
indicating sampling is satisfactory for the period, whereas the rarefaction curve
for southwest monsoon period shows further sampling is required for the
period (Magurran, 2004). Even though the abundance values showed a peak
during pre-summer season, the high diversity value during southwest monsoon
season is due to the even distribution and high richness of litter insect fauna
during the period. Evenness index showed a lower value during pre-summer
season due to the dominance of Coleopterans and ants.

The fit of general log normal distribution with faunal abundance data is

a feature of species rich communities (Whittaker 1965: Hughes 1986:
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Magurran 2004). It could be asked whether anything is to be achieved by fitting
models since agreement with such a model does not support any particular
ecological hypothesis. Pielou (1975) answers the question by pointing out that
fitting model leads to economy of description and facilitates comparison among
different communities. These models are important ecological tool and their
potential in elucidating empirical patterns of diversity has only just begun to be
realized (Magurran 2004).

There are no comparative data from southwest Western Ghats forests on
the effects of sampling season on diversity of insects captured. However,
studies by Arun & Vijayan 2004 in Siruvani forests of Western Ghats have
reported highest insect abundance during southwest monsoon period. High
insect abundance recorded in this study during pre-summer season was due to
the dominance of Ptiliids while diversity, evenness and richness were high
during southwest monsoon period. As temperature influences seasonality in
subtropics and temperate zones (Basset 1991), seasonality in litter invertebrates
of tropics is influenced more by rainfall and relative humidity (Wolda 1988;
Kai & Corlett 2002; Levings & Windsor 1985). Likely, a significant positive
correlation was observed between rainfall and diversity of insect fauna in the
study habitat. Many studies have roughly correlated peaks of insect abundance
with plant phenology., with invertebrate abundance peaking during the period
of maximum young leaf availability (Wolda 1988; Fodgen 1972: Buskirk &
Buskirk 1976) As my study did not considered the phenological patterns a

correlation between insect diversity and leaf/fruit production cannot be made
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with respect to the study habitat. Again separating the influences of
temperature. rainfall and plant phenology is difficult because all three show
basically similar seasonal pattern (Kai & Corlett 2002). Seasonal patterns were
quantified only for single year in this study, but casual observations made in
other years support the hypothesis that the patterns observed in this study are
indeed seasonal and not primarily due to some other source of variation.

Bray Curtis similarity coefficient showed greatest similarity between 2
monsoon periods due to the similar pattern in insect abundance. again
influenced by similar rainfall patterns. Summer months of April, May and pre-
summer months of December and January clustered together showing similar
insect abundance. Clustering between summer month of March and pre-
summer month of November at 79% similarity owing to resemblance in insect
abundance pattern in accordance with likeness in the amount of rainfall
received during the 2 months.

The sampling technique might have resulted in under representation of
large, active species, such as many Carabids, that were able to take evasive
action during this approach. Again, many soft-bodied ones might have missed
out from the collections and sources of error probably introduce a conservative
bias in the richness and abundance counts. Still, it provides a glimpse of the
insect faunal diversity enclosed within the wet evergreen litter ecosystem in the
Wayanad forests. Some taxa viz., Psocopterans and many Coleopteran families
were abundant in the samples and could not be as thoroughly sorted or

precisely identified as others.
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Interpretation of studies such as this is compromised by difficulties in
identification of species due to the incomplete knowledge of species diversity
within speciose but little known taxa, inability to identify larvae of many
groups especially the Coleoptera at lower taxonomic level. Obviously. more
information needs to be gathered about biologies of the component taxa at
various life stages in order to gain a more complete picture of how these

assemblages interact.
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Table.2.2 List of family/species identified from the study habitat

Insect Order Family Species
COLEOPTERA Carabidae Clivina spp., Perigona nigriceps
Curculionidae Rhadinomerus sp.
Histeridae Pachylister chinensis. Santalus orientalis
Ptiliidae Bambara spp., Storicricha spp.
Scarabacidae Copris davisoni, Copris repertus, Onthophagus
bronzeus, Onthophagus dama
Scydmaenidae Euconnus spp.
Tenebrionidae Gonocephalum bilineatum, Uloma spp.
Bostrichidae
Chrysomelidae
Elateridae
Hydrophylidae
Scolytidae
Staphylinidae
Trogossitidae
COLLEMBOLA Entomobryidae
Hypogastruridae
Isotomidae
Sminthuridae
ORTHOPTERA Mecopoda spp., Gryllus spp.
ISOPTERA Odontotermes obesus
HEMIPTERA Pyrrhocoridae
THYSANOPTERA Stigmothrips limpidus, Bactothrips spp.
HYMENOPTERA  Formicidae Acropyga spp., Camponotus angusticolis,
Camponotus radiatus. Camponotus sp.1.
Camponotus sp.2, Cardiocondyla sp.1.
Crematogaster sp.. Diacamma sp.1, Leptogenys sp.1.
Leptogenys sp.2, Monomorium spp., Myrmicaria
sp.1, Myrmicaria sp.2, Oduntomachus spp.,
Pachycondyla sp., Paratrechina sp.. Ponera sp.,
Solenopsis sp.1, Solenopsis sp.2, Strumigenys sp.,
Tapinoma sp.. Tetramorium sp.1
Chalcidae Aphanogmus spp.
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Seasonal variation in litter insect diversity & communin: struct

Table 2.3. Seasonal variations in the litter insect diversities at Periya

Number

of insect Margalef’s Pielou’s Shannon Simpson’s

orders Abundance richness evenness index dominance
Seasons (S) (N) (d) (4" H") (lambda)
Pre-summer 11 279.33 1.949328 0.619468 1.53932 0.340039
Summer 12 165.27 2.219459 0.768288 1.97062 0.186871
Southwest 12 106.66 2.76036 0.747262 1.972067 0.200573
Northeast 11 97.66 2.380415 0.747459 1.857366 0.225016
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Figure.2.1 Rank abundance plot showing the dominance of
insect groups in the evergreen habitat during the study period
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| Figure.2.2 Rank abundance plot showing the dominance of insect
groups during (a) pre-summer (b) summer (c) southwest monsoon
and (d) northeast monsoon seasons
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Figure.2.4 Monthly variation in the faunal abundance
of litter insects at Periya (a) Major groups and (b) Minor groups
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Figure.2.6 Seasonal variation in the abundance (%)
of various trophic groups in the evergreen habitat
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Figure. 2.7 Trophic web of insect orders collected from the study habitat
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Figure. 2.8 Abundance models fitted to log abundance data of insect faunal
abundance during the study period (a) Geometric (b) Log-series (c) Log normal
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Figure.2.11 Relation between rainfall and litter
insect diversity (H’) during study period
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Figure.2.12 Dendrogram based on hierarchical agglomerative
clustering (group-linking) of litter insect faunal assemblage
during (a) seasons and (b) months




(a) Series of Berlese funnels and (b) Forest leaf litter floor



Litter insects collected from the evergreen habitat (a) Coleoptera (b) Collembola
(c) Hymenoptera (d) Blattaria (e) Thysanoptera (f) Psocoptera (g) Isoptera (h) Larvae
(1) Hemiptera (j) Orthoptera (k) Diptera (I) Dermaptera




Litter Coleoptera of evergreen forest (a) Staphylinidae (b) Ptiliidae
(c) Scarabaeidae (d) Chrysomelidae (e) Carabidae (f) Bostrichidae (g) Curculionidae
(h) Histeridae (1) Tenebrionidae (j) Trogossitidae (k) Scolytidae (1) Scydmaenidae
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Checklist & pictorial kev of dung bectles

INTRODUCTION

Structure of the vegetation, soil type and physical structure of the forest
appear to be an important factor in the structure and local distribution of dung
beetle communities (Doube 1983; Nealis 1977; Jansen 1983; Davis 1993;
Davis 1998; Davis & Sutton 1998; Davis et al. 2000). Our knowledge about the
composition and dynamics of forest dung beetle communities and their
responses to destruction, fragmentation and isolation of rain forests are based
on the records from Central and South America (Durdes et al. 2005; Horgan
2002; Halffter et al. 1992; Peck & Forsyth 1982; Klein 1989; Scheffler 2005)
and Malaysia in South east Asia (Davis 2000; Davis et al. 2001). Whereas, very
little is known about the forest dung beetles in South Asian region especially
from the Western Ghats which is a recognized global hot spot of biodiversity
(Bossuyt et al. 2004; Myers et al. 2000) with distinct regional variation in
topography, rainfall patterns and vegetation types.

Though, in his classic work Arrow (1931) has reported 48 species of
dung beetles from the western slopes of South Western Ghats it is unable to
decipher how many are from the forests, as habitat details are not provided
along with site descriptions. An analysis of the sites indicated that his
collections from the western slopes had been confined to lower elevations and
gaps in the Western Ghats. No records of dung beetles from the midlands and
highlands in Western Ghats, which were densely forested and remained
inaccessible till Second World War. Timber requirements by the British army

during Second World War and state sponsored developmental activities such as
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hydroelectric projects and human settlements during the late 1970s and 1980s
wiped out most part of the natural vegetation in the region (Nair 1991) and only

a few fragments of the old mature wet evergreen forests remains.

As per the records (Biswas & Chatterjee 1986: Biswas & Mulay 2001).
only 19 species are known from the moist evergreen forests of Western Ghats
against the 89 species recorded from the evergreen forests in Malaysia (Davis
1993) and 59 from the Amazon region (Andresen 2002). Collections made
from the Shola and deciduous forests of Wayanad revealed the existence of 22
and 41 species of dung beetles respectively (unpublished data). In the current
study a catalogue of dung beetles based on 1 year collections using bait surface
grid pitfall traps exclusively from one of the best-preserved wet evergreen
forest in the Wayanad region of Nilgiri biosphere in Kerala state, in Southern

Western Ghats is provided.

METHODOLOGY

Most coprophagous beetles do not disperse long distances to find food
as they are very sensitive to environmental changes and have a stenotopic
distribution in relation to vegetation types (Cambefort & Hanski 1991. Klein
1989, Favila & Halffter 1997). Bait-surface-grid pitfall trap is the widely
accepted standard method for the random collection of dung beetles (Lobo et
al. 1988, Veiga et al. 1989) (Plate.6).

The collections were done during one-year period from November 2003
— 2004. 30 bait-surface-grid pitfall traps, made up of plastic basins (210 mm in

diameter) were set in the ground in the study site at randomly selected spots
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separated by about 100 m using hand trowels. Traps were baited with fresh cow
dung and the contents were collected at an interval of one week. The collected
dung beetles were preserved in 70% ethanol prior to processing and were
sorted from each sample. Species identification was done with the help of
taxonomic keys available in the books of Arrow (1931), Balthasar (1963 a & b)
and Baraud (1992) and confirmed with the assistance of specialists. After
identification specimens were dried, pinned, labeled and temporarily kept in the
insect collections of St. Joseph’s College and would be transferred to the
Zoological Survey of India, Western Ghats station, Calicut.
RESULTS

Current checklist on beetle fauna of evergreen forests of Wayanad
region of Western Ghats reveals the existence of 29 species, all belonging to
subfamily Coprinae comprising four tribes- Coprini, Onthophagini, Onitini and
Oniticellini. Of the 29 species reported, four are first record from South India;
six species are endemic to South India of which three are endemic to Western
Ghats including the two, which are specific to Nilgiri Biosphere Reserve
(Plate.7). This checklist may serve as baseline information on the dung beetle
fauna in the western slopes of South Western Ghats and will be useful in future
comparisons with faunal lists from other regions of Western Ghats.
Synonymies (in italics) for genera and species are provided. Superscripts
provided to species furnishes the following details " first report from South
India. * endemic to Nilgiri Biosphere reserve, ~ endemic to South India, $

endemic to Western Ghats.

44



Checklist & picrorial key of dung beetles

SCARABAEIDAE

SCARABAEINAE

COPRINI

Copris GEOFF.
GEOFFROY. 1762, Ins. Env. De Paris 1:87: BURMEISTER, 1846,
Genera Ins. Heft 10, Col. No. 27; REITTER. 1892 (1893): 39, 93;
PERINGUEY, 1900 (1901): 110. 342: BOUCOMONT et GILLET,
1921: 10; ARROW, 1931: 102; BALTHASAR. 1933: 263;
BALTHASAR. 1935: 66; JANSSENS. 1939: 40: PAULIAN., 1945: 71;
-subg. Litocopris WATERHOUSE, 1891, Ann. Mag. Nat. Hidt. (6) VIII:
53: -subg. Paracopris BALTHASAR, 1939, Redia XXV:2; PAULIAN,
1945: 72; -subg. Microcopris BALTHASAR. 1958, Acta. Ent. M.N.
Prague 32: 474; -Okologie: FABRE. 1922, souvenirs entom. V. Ed.def.:
109-157; ARROW, 1904, Trans. Ent. Soc. London: 722; KOLBE, 1906,
Aus der Natur I: 678 KRAUSSE, 1907.Entom. BI. III: 105;
LENGERKEN, 1952, Der Mondhornkafer und seine Verwandten. Neue
Brehm-Bucherei, Bd. 58: 1-57; LENGERKEN, 1954, Die Brutfursorge
und Brutpflegeinstinkten der Kéfer. Leipzig, II. Aufl.:240-347.

Copris (Paracopris) davisoni WATERH.
WATERHOUSE, 1891, Ann. Mag. Nat. Hist. (6), VII: 520; ARROW,
1931: 132.

Copris (Paracopris) furciceps* FELSCHE
FELSCHE, 1910. D. Ent. Ztschr.: 348; BOUCOMONT et GILLET.
1921: 12; ARROW, 1931: 130; BALTHASAR, 1933: 268;
BALTHASAR, 1935: 73; PAULIAN, 1945: 73.

Copris (s.str.) repertus WALKER
WALKER, 1858, Ann.Mag.Nat.Hist. (3) II: 208; GILLET. 1911: 290;
ARROW. 1931:116; BALTHASAR. 1933: 272: BALTHASAR, 1935:
78: -claudius HAROLD, 1877, Ann. Mus. Civ. Genova X:48: (sub
Catharsius) -? orientalis FABRICIUS, 1792, Entom. Syst. 1.:52.

Copris (Paracopris) signatus WALK.
WALKER, 1858, Ann. Mag. Nat. Hist. (3), 2: 208: BOUCOMONT et
GILLET, 1921: 12; ARROW, 1931: 131: PAULIAN. 1945: 74.

Catharsius HOPE
HOPE. 1837, Col. Man. I: 21; BURMEISTER. 1846. Gen. Ins. X, No.
27; PERINGUEY, 1900 (1901): 109, 323; BOUCOMONT et GILLET.
1921:7;: ARROW. 1931: 92; BALTHASAR. 1935:62;: PAULIAN.
1945:68.-Subg. Metacatharsius PAULIAN (GILLET in Htt.), 1939,
Rev. Fr.Ent.VI:13.
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Catharsius (s.str.) sagax (QUENS.)
QUENSTEDT, 1806, Schonh. Syn. Ins. 1:43; BOUCOMONT et
GILLET. 1921:8: ARROW, 1931:96: BALTHASAR. 1935:65.

Heliocopris HOPE
HOPE. 1837, Coleopt. Manual I: 23; BURMEISTER. 1846, Gen.
Ins.Heft 10. Col. Nr.27; REITTER. 1892 (1893): 92; PERINGUEY,
1900 (1901): 109, 310; ARROW, 1931: 84: BALTHASAR, 1935: 58;
JANSSENS, 1939; 47; PAULIAN, 1945:66.0kologie: ARROW, 1904:
722; KOLBE, 1905, Zool. Jahrb. Suppl. VIII: 488: 1906, Aus der Natur
I: 681.

Heliocopris bucephalus (FABR.)
FABRICIUS, 1775, Syst. Ent. I: 24 (sub Copris); CASTELNAU, 1840:
76; ARROW, 1931: 43; BALTHASAR, 1935: 61; PAULIAN, 1945:
68.-cristatus DEGEER, 1778, Mem. Ins. VII: 636 (sub Copris), - tmolus
FISCHER. 1822, Entomogr. Russ. I: Tf. 13, Fg.2 female. Okologie:
GHOSH, 1923 (1924), Rept. Proc. 5" Meet. Pusa: 404.

ONTHOPHAGINI

Onthophagus LATR.
LATREILLE, 1802, Hist.Nat. Crust. Ins.III: 141; MULSANT, 1842:
102; ERICHSON, 1848. III: 762; LACORDAIRE, 1856. Gen. Col. III:
107; MULSANT-REY, 1871: 78; REITTER, 1892 (1893): 47;
d’ORIBGNY, 1898: 132; d’ORIBGNY, 1900: 289; PERINGUEY, 1900
(1901): 168; PERINGUEY, 1908: 560:REITTER, 1909: 325; BEDEL,
1911; 25; dORIBGNY, 1913: 49;1915: 378 (Suppl.); BOUCOMONT,
1914: 238; BOUCOMONT et GILLET. 1921: 1; BOUCOMONT,
1924a: 669; ARROW 1930: 159; PORTEVIN, 1931:42; PORTA. 1932:
408; BALTHASAR, 1935d: 303 ; SAVCENKO, 1938; 46, 136;
PAULIAN, 1941:66; PAULIAN, 1945: 85;: ENDRODI, 1956:94;
TESAR, 1957: 127; -Monapus ERICHSON. 1848, Naturg. Ins.
Deutschl. Col. III: 763; -Psilax ERICHSON, 1848, 1.c.; -Matashia
MATSUMURA, 1938, Ins. Matsum. XII: 63; -subg. Proagoderus
LANSBERGE, 1883, Not. Leyd. Mus. V: 14; d’ORIBGNY. 1913: 493;
BOUCOMONT, 1914: 261; MARCUS, 1917.A (1919): 1; MARCUS.
1920, D. Ent. Zeitschr.: 177, 1921, ibid. 163; -Tauronthophagus SHIPP,
1895, Entomologist XXVIII: 179; - subg. Diastellopalpus
LANSBERGE, 1886, Not. Leyd. Mus. VIII: 91; d> ORIBGNY, 1913:
577 MARCUS, 1920, 1921:1.c.; -subg. Serrophorus BALTHASAR.
1935, Fol. Zool. Hydrob. VIII: 306; PAULIAN. 1945: 86: -subg.
Micronthophagus BALTHASAR, 1935, 1.c: 306: PAULIAN, 1945: 86
-subg. Strandius BALTHASAR, 1935, 1.¢.:307; PAULIAN. 1945: 86:-
Gonocyphus LANSBERGE, 1885. Ann. Mus. Civ.Genova. XXII: 382

46



Checklist & pictorial kev of dung beetles

(ex parte): -subg. Phanaeomorphus BALTHASAR, 1935, 1935.1.c.:
307; -Gonocyphus LANSBERGE, 1885.1.c. (ex parte); PAULIAN,
1945; 86; -subg. Gibbonthophagus BALTHASAR. 1935.1.c.: 308; -
subg. Onthophagiellus BALTHASAR. 1935, 1.c.:308: PAULIAN 1945:
87: -subg. Colobothophagus BALTHASAR, 1935.1.c.: 308; PAULIAN,
1945, 87:-subg. Parascatonomus PAULIAN, 1932, Bull. Soc. Ent. Fr.;
205 (als selbst. Gattung); PAULIAN, 1945: 87; -subg. Euonthophagus
BALTHASAR, 1959, Acta Ent. Mus. Nat. Prague 33: 467: -subg.
Digitonthophagus BALTHASAR, 1959.1.c.:464; -subg.
Paraphanaeomorphus BALTHASAR, 1959,1.c.:465; -subg.
Paronthophagus BALTHASAR, 1959, 1.c.:466; -subg. Endrodius
BALTHASAR, 1959;1.c; 465; -subg. Indachorius BALTHASAR, 1941,
Zool. Anz. 133: 161;-Onthoellus BALTHASAR, 1959, 1.c.: 466; -subg.
Pseudonthophagus BALTHASAR, 1959, 1.c: 466; -Chalcoderus
ERICHSON, 1848, Naturg. Ins. Deutschl. Col. III: 763 nota (ex parte);
BOUCOMONT, 1914: 272.

Onthophagus (s.str.) amphinasus *ARR.
ARROW, 1931, Fauna Brit. India, Lamell. III: 184, 195.

Onthophagus (s.str.) andrewesi *ARR.
ARROW, 1931, Fauna Brit. India, Lamell. I1I: 321, 324.

Onthophagus (Paraphanaeomorphus) bifasciatus (F.)
FABRICIUS, 1781, Spec. ins. I: 25 (Scarabaeus); ARROW, 1931; 327,
339;-birmanicus HAROLD, 1879, Col. Hefte XVI: 226;ARROW, 1931;
339.

Onthophagus (s.str.) bronzeus ARR.
ARROW, 1907, Ann. Mag. Nat. Hist. (7), XIX: 429;ARROW, 1931:
184, 192.

Onthophagus (s.str.) dama (F.)
FABRICIUS, 1798, Syst. Suppl.:32 (Copris) :d’ORIBGNY, 1898:
217:ARROW, 1931: 279, 280;-aeneus OLIVIER, 1789, Ent. 1.3: 131;-
zubaci BALTHASAR, 1932, Stett. Ent. Zeit., 93: 151;ARROW, 1933:
422.

Onthophagus (Digitonthophagus) diabolicus HAR.
HAROLD, 1877, Ann. Mus.Civ. Genova: 78; BOUCOMONT, 1914;
266; BOUCOMONT et GILLET. 1921: 40; BALTHASAR, 1935 d:
319; PAULIAN. 1945; 87.91; -nilgirensis GILLET. 1922. Ann. Soc.
Sci. Brux. LI: 128; ARROW, 1931: 229, 242; BALTHASAR, 1935:

319.

Onthophagus (s.str.) ensifer " BOUC.
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BOUCOMONT, 1914, Ann. Mus.Civ. Genova. XLVI: 220; ARROW,
1931: 327, 334.

Onthophagus (s.str.) falsus * GILL.
GILLET, 1925, Ann. Soc. Sci. Brux. XLIV: 236: ARROW, 1931: 328,
350; -cervus d’ORIBGNY (nec FABRICIUS). 1898, I'Abeille, XXIX:
214.

Onthophagus (s.str.) fasciatus BOUC.
BOUCOMONT, 1914, Ann. Mus. Civ. Genova, XLVI: 231; ARROW,
1931: 310, 311.

Onthophagus (s.str.) furcillifer BAT.
BATES, 1891, Entomologist XIV, Suppl.:11; ARROW, 1931: 270, 273.

Onthophagus (s.str.) insignicollis* FREY
FREY, 1954, Arb. Mus. Frey, 5:744.

Onthophagus (s.str.) laevis* HAR.

HAROLD, 1880, Not. Leyden Museum II: 194; HAROLD, 1886, apud
RITSEMA, Col. Midden Sumatra;26;BOUCOMONT, 1914: 276;
BOUCOMONT et GILLET, 1921; 51;ARROW, 1931; 171; PAULIAN,
1945: 89, 109; -ssp, lampromelas FAIRMAIRE, 1891, C.r. Soc. Ent.
Belg. XXXV: 193; BOUCOMONT et GILLET, 1921:51;
BALTHASAR, 1935d: 336; PAULIAN, 1945: 109; -ssp. asiaticus
BOUCOMONT, 1919, Bull. Mus. Paris: 604, BOUCOMONT et
GILLET, 1921; 51; ARROW, 1931: 172; BALTHASAR, 1935d: 336;
PAULIAN, 1945: 110; -ssp. stevensi ARROW, 1931, Fauna Brit. India,
Lamell. III: 172.

Onthophagus (s.str.) madoqua * ARR.
ARROW, 1931, Fauna Brit. India, Lamell. III: 252, 258.

Onthophagus (s.str.) pacificus LANSB.
LANSBERGE, 1885, not. Leyden Mus. VII; 17;BOUCOMONT, 1914:
280; BOUCOMONT et GILLET, 1921: 34, 53; ARROW, 1931: 171,
172;-var. peguanus BOUCOMONT, 1914, Ann. Mus. Civ. Genova
XLVI: 215; BOUCOMONT et GILLET, 1921: 53; ARROW, 1931:
172; BALTHASAR, 1935d; 339; PAULIAN, 1945: 89, 112.

Onthophagus (Serrophorous) rectecornutus LANSB
LANSBERGE, 1883, Not. Leyvden Mus. V: 49 (female); ARROW,
1907: 421 (male); BOUCOMONT, 1914: 293; BOUCOMONT, 1914a:
228; BOUCOMONT et GILLET, 1921: 55;: ARROW, 1931: 229, 233;
BALTHASAR, 1935 d; 342; PAULIAN, 1945: 90. 119; -luridus
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ROTH, 1851, Arch. Naturg. XVII, 1: 128; -Crypfochirus LESNE, 1900,
apud Ch. Michel, Vers Fachoda: 499: -Drepanochirus PERINGUEY,

1900 (1901), Trans. S. Afr. Phil. Soc. XII: 17; BOUCOMONT, 1921b:
199.

Drepanocerus setosus (WIED.)
WIEDEMANN, 1823, Zool. Mag. II. 1: 19 (Copris); ARROW, 1931:
381; JANSSENS, 1953: 19, 31; -setosa MOTSCHULSKY, 1863, Bull.
Soc. Nat. Moscou, XXXVI, II: 459 (Ixodina)

Tiniocellus PER.
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BOUCOMONT. 1914, Ann. Mus.Civ. Genova. XLVI: 220; ARROW,
1931: 327, 334.

Onthophagus (s.str.) falsus * GILL.
GILLET, 1925, Ann. Soc. Sci. Brux. XLIV: 236; ARROW, 1931: 328,
350: -cervus d’ORIBGNY (nec FABRICIUS). 1898. 1'Abeille, XXIX:
214.

Onthophagus (s.str.) fasciatus BOUC.
BOUCOMONT, 1914, Ann. Mus. Civ. Genova, XLVI: 231; ARROW,
1931: 310, 311.

Onthophagus (s.str.) furcillifer BAT.
BATES, 1891, Entomologist XIV, Suppl.:11; ARROW, 1931: 270, 273.

Onthophagus (s.str.) insignicollis* FREY
FREY, 1954, Arb. Mus. Frey, 5:744.

Onthophagus (s.str.) laevis* HAR.

HAROLD. 1880, Not. Leyden Museum II: 194; HAROLD. 1886, apud
RITSEMA, Col. Midden Sumatra;26;BOUCOMONT, 1914: 276;
BOUCOMONT et GILLET, 1921; 51;ARROW, 1931; 171; PAULIAN,
1945: 89, 109; -ssp, lampromelas FAIRMAIRE, 1891, C.r. Soc. Ent.
Belg. XXXV: 193; BOUCOMONT et GILLET, 1921:51;
BALTHASAR, 1935d: 336; PAULIAN, 1945: 109; -ssp. asiaticus
BOUCOMONT, 1919, Bull. Mus. Paris: 604; BOUCOMONT et
GILLET, 1921; 51; ARROW, 1931: 172; BALTHASAR, 1935d: 336;
PAULIAN, 1945: 110; -ssp. stevensi ARROW, 1931, Fauna Brit. India,
Lamell. III: 172.

Onthophagus (s.str.) madoqua " ARR.
ARROW, 1931, Fauna Brit. India, Lamell. III: 252, 258.

Onthophagus (s.str.) pacificus LANSB.
LANSBERGE, 1885, not. Leyden Mus. VII; 17;BOUCOMONT, 1914:
280; BOUCOMONT et GILLET, 1921: 34, 53; ARROW, 1931: 171,
172;-var. peguanus BOUCOMONT, 1914. Ann. Mus. Civ. Genova
XLVI: 215; BOUCOMONT et GILLET, 1921: 53; ARROW, 1931:
172;: BALTHASAR. 1935d; 339; PAULIAN, 1945: 89, 112.

Onthophagus (Serrophorous) rectecornutus LANSB
LANSBERGE, 1883, Not. Leyden Mus. V: 49 (female); ARROW,
1907: 421 (male); BOUCOMONT, 1914: 293; BOUCOMONT. 1914a:
228; BOUCOMONT et GILLET. 1921: 55: ARROW, 1931: 229, 233;
BALTHASAR, 1935 d; 342: PAULIAN, 1945: 90, 119; -luridus
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PAULIAN, 1933, Bull. Soc. Zool. France LVII: 98: PAULIAN, 1945:
119.

Onthophagus (Proagoderus) vividus "ARR.
ARROW, 1907, Ann.Mag. Nat. Hist. 7. XIX: 428: BOUCOMONT,
1914: 264; ARROW, 1931: 230, 245.

Caccobius THOMSON

THOMSON, 1863, Skand. Col.V: 34; HAROLD. 18667, Col. Hefte 1:5;
HAROLD, 1867, 1.c.ll:1; MULSANT. 1871: 75; JEKEL, 1872, Rev.
Mag. Zool.:405; WATERHOUSE, 1875. Trans. Ent. Soc. London: 73;
REITTER, 1892 (1893): 39, 91:d'ORBIGNY. 1898; 127;
PERINGUEY, 1900 (1901): 275; PERINGUEY,
1908:565;d’ORBIGNY, 1913: 17, BOUCOMONT et GILLET,
1921:27; ARROW, 1931:141;PORTEVIN, 1931:39; PORTA, 1932:412;
MATSUMURA, 1936:61; PAULIAN, 1945:81; BALTHASAR. 1949:1;
-Onthophagus (ex parte), div.auctores; -subg. Caccophilus JEKEL,
1872, 1.c.:410; d’ORBIGNY, 1898: 130: 4d’ORBIGNY, 1913:21;
BALTHASAR, 1935e:183; BALTHASAR, 1949:7;  -subg.
Caccocnemus JEKEL, 1872.1:c.:418; -subg. Tomogonus d’ORIBGNY,
1904, Ann.Mus. Civ. Gen. XLI: 284.

Caccobius (Caccophilus) meridionalis BOUC.
BOUCOMONT, 1914, Ann. Mus. Civ. Genova VI (XLVI): 239;
ARROW, 1931: 142, 148; BALTHASAR, 1949: 8, 36.

ONITICELLINI

Liatongus REITT.
REITTER, 1892 (1893), Bestimmungstab.d. Lucaniden u. copr. Lamell.:
38, 45; d’ORIBGNY, 1898:222; BOUCOMONT, 1923; 53; ARROW,
1931: 79, 362; BALTHASAR, 1935: 26, 103: JANSSENS, 1953: 10,
62;- Oniticellus div.auct.;-subg. Paraliatongus BALTHASAR n.;-
Pseudoniticellus PAULIAN (nec KRAATZ), 1945. Col. Scarab.
Indochine: 136.

Liatongus (s.str.) indicus * (ARROW)
ARROW, 1908, Ann. Mag.Nat. Hist. (8). 1: 180 (Oniticellus); ARROW,
1931: 363, 368; JANSSENS. 1953; 75, 95.

Drepanocerus Kirby
KIRBY, 1828, Zool. Journ. III: 521; CASTELNAU. 1840: 92;
LACORDAIRE, 1856, Gen. Col. II: 105.1I1; PERINGUEY, 1900
(1901): 108, 110; BOUCOMONT et GILLET 1921: 19;
BOUCOMONT, 1921b: 200: ARROW, 1931:380; BALTHASAR.
1935: 97; PAULIAN, 1945: 50, 137: JANSSENS, 1953: 9. 12; -Ixodina
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ROTH, 1851, Arch. Naturg. XVII. I: 128: -Cryptochirus LESNE, 1900,
apud Ch. Michel, Vers Fachoda: 499: -Drepanochirus PERINGUEY,
1900 (1901), Trans. S. Afr. Phil. Soc. XII: 17 BOUCOMONT, 1921b:
199.

Drepanocerus setosus (WIED.)
WIEDEMANN, 1823, Zool. Mag. I1. 1: 19 (Copris); ARROW, 1931:
381: JANSSENS, 1953: 19, 31; -serosa MOTSCHULSKY. 1863, Bull.
Soc. Nat. Moscou, XXXVI, II: 459 (Ixodina)

Tiniocellus PER.
PERINGUEY, 1900 (1901), Trans S. Afr. Phil. Soc. XII: 116;
PERINGUEY, 1908, 1.c.XIII: 693: ARROW. 1908: 183; d'ORIBGNY,
1916, Voy. G. Babault Afr. Or. Angl., 1912-13:29; BOUCOMONT,
1923: 53;-Oniticellus div. auct.

Tiniocellus spinipes (ROTH)

ROTH, 1851, Arch.f. Naturg. XVII, 1: 128 (Oniticellus);
BOUCOMONT, 1921: 211; ARROW, 1931: 378 (= modestus ARR.);
BALTHASAR, 1935: 102; JANSSENS, 1939, Parc Nat. Alb., mission
Witte, fasc. 25; 12, 16; MULLER G, 1940, Miss. Biol. Borana, Zool.Il:
97 (bei allen Autoren sub Oniticellus ); sub Tiniocellus: PERINGUEY,
1900 (1901); 116; d’ORIBGNY, 1916, Voy. G. Babult Afr. Or. Angl..
29; JANSSENS, 1953: 58, 60;-variegatus FAHRAEUS, 1857, apud
BOHEMAN, Ins. Caffr. II: 320;-humilis GERSTAECKER, 1871, Arch.
Naturg. XXXVI, 1:52;-imbellis BATES. 1891, Entomologist XXVI,
Suppl.: 13; -setifer KRAATZ, 1895, D.Ent. Zeitschr.: 143.

ONITINI

Onitis FABR.
FABRICIUS, 1798, Suppl. Ent. Syst.:2; FABRICIUS, 1801, Syst.
Eleuth. 1:26; CASTELNAU, 1840: 88; LACORDAIRE, 1856, Gen.
Coleopt.III: 103; LANSBERGE, 1875: 14. 49; BEDEL. 1892, Abeille
XXVII: 251; REITTER, 1892(1893): 96; PERINGUEY, 1900 (1901):
108. 118; ARROW, 1931: 386; BALTHASAR, 1935: 87:JANSSENS,
1937:15; PAULIAN, 1945: 140.

Omitis falcatus (WULFEN)
WULFEN, 1786, Descrip. Cap. Ins.: 14, Tf2, Fg. 17 m# (sub
Scarabaeus); LANSBERGE. 1875: 126; BOUCOMONT et GILLET,
1921: 17, 19; ARROW, 1931: 392; BALTHASAR, 1935: 93;
JANSSENS, 1937: 44; PAULIAN. 1945: 142: Onitis hymalajicus
REDTENBACHER. 1848, apud Hiigel, Kashmir, IV. 2: 518:0nitis
sphinx HERBST (nec FABRICIUS), 1789, Kifer II: 186.

Onitis subopacus ARROW
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ARROW, 1931, Fauna Brit. India. Copr.:395: BALTHASAR. 1935: 94;
JANSSENS, 1937: 51; Onitis philemon LANSBERGE (nec
FABRICIUS), 1875, Ann. Soc. Ent. Belg. XVIII: 133; BOUCOMONT,
1914: 336; BOUCOMONT et GILLET, 1921: 19.

Onitis virens LANSB.
LANSBERGE, 1975, Ann. Soc. Ent. Belg. XVIII: 135: BOUCOMONT

et GILLET, 1921: 19; ARROW. 1931: 396: BALTHASAR, 1935: 52:
PAULIAN, 1945: 144.;0nitis amplectens LANSBERGE, 1.c.: 136.

DISCUSSION

First report of Copris furciceps, O. insignicollis, O. falsus and O. laevis
from South India and the presence of 6 endemic species of South India
highlight the chance of revealing several endemic species from Wayanad
regional forests, which is a localized center of many endemic species in the
Western Ghats (Nair 1991; Pascal 1991).

The present checklist of species of dung beetle fauna cannot be
considered as a final picture and it seems that many species still remain to be
described for which more surveys are needed. Whatever be the explanation for
these observations, the new reports of species in an area where they were
previously not recorded highlight the necessity for long-term studies in forest
interiors. Vegetation type analysis of dung beetles as done here would be
helpful in analyzing the influence of physical structure of forest in determining

the composition and distribution of dung beetle assemblages.
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PEATRY

Endemic dung beetles collected from the evergreen forest at Wayanad
(a) O.amphinasus (b) O. madoqua (c) L. indicus (d) O. ensifer
(e) O. vividus (f) O. andrewesi
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3.1 PICTORIAL KEY

The purpose of this work is to provide practical pictorial guide to the
identification of dung beetles collected from wet evergreen forest of
Western Ghats. Photographs were taken using Nikon D50 digital camera.
The images were finalized in JPEG format using Photoshop 7.0 (Adobe
Co., Sanjose, CA). The pictorial key to the species is purposely designed for
use by non-specialists in dung beetle taxonomy. Morphological characters
were selected from Arrow (1931) and Balthasar (1965 a & b) for easy
recognition as possible and for accurate diagnosis. Again many
discriminating features of dung beetles viz., distribution of
punctures/granules, nature of elytra -shinning/opaque and pronotal declivity

can be clearly distinguished using pictorial key.
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KEY TO THE GENERA OF SUBFAMILY SCARABAEINAE IN AN
EVERGREEN FOREST AT WAYANAD )

1(16) Pronotum without 2 basal impressions near the middle

2 (11) Scutellum wanting

3 (6) Elytra with 2 lateral carina

4 (5) First joint of antennal club shinning

(Hc]iocoprisj

r N

—-—

5 (4) Antennal club entirely pubescent

Catharsius,




6 (3) Elytra with one lateral carina

7 (8) Prontoum with a strong basal groove

8 (7) Pronotum without a strong basal groove

9 (10) Terminal margin of the front tibia at right angles to the
inner margin and anterior angles of the prothorax
hollowed beneath

0 (9) These characters not both, and usually neither present

~N
J

(Caccobius))

'1

(Onthophagus),




11 (2) Scutellum present

12 (13) Elytra not fringed before the hind margin

13 (12) Elytra fringed before the hind margin

14 (15) Sides of abdomen exposed above

15 (14) Sides of abdomen not exposed above

16 (1) Pronotum with 2 basal impressions near the middle

g !Irlrcch’uc )

\ (Drepanocerus) )




EVERGREEN FOREST AT WAYANAD

KEY TO THE SPECIES OF SUBFAMILY SCARABAEINAE IN AN

' TR,
Heliocopris
single species recorded
\ (bucephalus))
@ =
Catharsius
! single species recorded
|
@ " (sagax))
. e B
Copris

1 (2) Pronotum with sharply defined anterior declivity

(repertus) )

2 (1) Pronotum without sharply defined anterior declivity

3 (4) Metasternal sheath not smooth behind

(furciceps))




4 (3) Metasternal shield smoother behind

5 (6) Metasternal shield unpunctured

6 (5) Metatsernal shield unpunctured infront

Caccobius

single species recorded

Onthophagus

1 (4) Hind tibia extremely short, triangular, as broad at the
end as metatarsus is long

4 (davisoni) )
f 7
L (meridionalis) )

~




2 (3) Pronotum grooved, vertex bearing a median tubercle

3 (2) Pronotum not grooved, vertex without a median
tubercle

4 (1) Hind tibia not extremely short, not as broad at the
end as metatarsus is long

5 (16) Pronotum wholly or partly granular or rugose

6 (9) Pronotum with closely packed granules or rugose
without distinct punctures

i l. 3
L (laevis) )
‘ |

(pacificus))

e W &

-




7 (8) Head gently rounded at the sides

8 (7) Head very strongly rounded or angular at the sides

9 (6) Pronotum partly or rugose with some punctures
(or smooth areas)

10 (15) Elytra more or less opaque

11 (12) Pronotum not shinning

(bronzeus) )

-

(amphinasus) )

e

(rectecornutus )/




12 (11) Pronotum shinning

13 (14) Elytra unpunctured

14 (13) Elytra punctured

15 (10) Elytra very shinning

16 (5) Pronotum punctured, without granules,
asperities or rugosity

,!‘\

NS /
—

'\

N

(.\

L (dia olicus)J

L (madoqua) )

T

(vividus) )




17 (18) Punctures of pronotum large, close, umbilicate

18 (19) Punctures of pronotum not large, close, umbilicate

19 (20) Upper surface, without hair, smooth, or with only
very minute, scanty and inconspicous setae

20 (19) Upper surface distincly hairy or setose

21 (22) Pronotum pale at the sides

F‘

( ﬁjrcd[ffér)
i : =
e

s

J/

s

&

(fa;aatusb




22 (21) Pronotum uniformly coloured

| 23 (30) Pygidium with a basal ridge

24 (29) Pronotum evenly and uniformly punctured

25 (26) Uniformly dark above

' 26 (25) Not uniformly dark above

(ensifer))

¥




27 (28) Pronotum with longitudinal groove

28 (27) Pronotum without longitudinal groove

29 (24) Pronotum unevenly and unequally punctured

30 (23) Pygidium without a basal ridge

Liatongus

single species recorded

&

(bifasciatus) )

k" (insignicollis) )

¢

(andrewesi) )

N

(indicus) )




Oniticellus
single species recorded
L (spinipes),
Drepanocerus ( A
single species recorded
9 (setosus)
= N
Onitis

1 (2) Narrow; pronotum very feebly punctured

L (falcatus)
r X

2 (1) Broader; pronotum well punctured

3 (4) Clypeofrontal carina broadly interrupted

S (subopacus) |

~

4 (3) Clypeofrontal carina narrowly interrupted

virens
(iens)
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Seasonal variation in the chemical qualin: of litter luvers

INTRODUCTION

Litter fall is the most important way of energy and organic matter
transfer from the forest canopy to decomposer organisms of the soil surface
(Hirabuki 1991). Major factors that affect litter decomposition are on one hand
temperature. humidity and aeration, which affect litter biota activity (Martin et
al. 1994) and on the other hand, litter composition and quality (Heneghan et al.
1999; Gonza'lez & Seastedt 2001). High quality litter encourages rapid initial
breakdown of litter, resulting in faster decomposition and nutrient cycling,
enhancing the site quality, whilst for low- quality litter, the effects of
invertebrates increases with time (Scha“dler & Brandl 2005; Vitousek 1982).
Therefore, litter quality analysis based on various ratios of C, N, lignin and
polyphenols is a significant step in assessing the nutrient cycling of vast forest
ecosystems (Vanlauwe et al. 1997; Seneviratne 2000). Litter with high resource
quality tends to be higher in nitrogen content, lower in lignin content. have
greater moisture content and low C: N ratio (Berg 2000). Knowledge of C: N
ratio of the litter is important as detritus with low C: N ratios lead to a greater
amount of decomposition (Schlesinger 1997) and litter with low lignin: N
ratios decompose most quickly (Chapin et al. 2002). Nutrient content of litter is
also determined by mineral content of litter as higher levels of Ca, Mg, and K
make litter more palatable, favouring microorganism’s activity and litter
decomposition. As the concept of ‘substrate quality’ varies among litter species

(Berg 2000), assessing the initial litter quality of different types of forests helps

(]
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to draw a conclusion about the variation in decomposition rates of the forest
types.

A variety of mechanisms have been proposed to explain the seasonal
variation in leaf litter nutrient concentrations in evergreen forests. One such
potential mechanism is the rainfall mediated leaching of nutrients from live and
senescent leaves (Aerts & Chapin 2000; Chuyong et al. 2000) and
decomposing litter in forests (Aerts & Chapin 2000; Schuur & Matson 2001).
Contrasting to this low nutrient and high rainfall hypothesis. strong winds
during high precipitation would lead to increased nutrient rich green litter fall
in tropical rainforests (Cuevas & Lugo 1998). Since, strong winds and
increased green leaf fall during southwest monsoon period are common in the
windward region of Western Ghats forests (personal observations), these events
may be resulting in higher concentrations during the period. Another probable
mechanism contributing to low litter nutrient levels during rainy periods is the
lower photosynthetic rates resulting from the persistent cloud cover and
reduced insolation reaching the canopy during rainy seasons in wet tropical
forests (Graham et al. 2003; Santiago et al. 2004). Contrastingly leaf litter
nutrient concentrations could be lower during early summer periods when the
trees are flushing new leaves (Boinski & Fowler 1989), due to the source sink
interactions taking place during flushing of new leaves and fruit production.
Therefore, translocation of mobile nutrients from old tissue (source) to new
(sink) occurs during this period (Nambiar & Fife 1991: Newbery et al. 1997).

Another probability is the premature senescence of leaves due to water stress
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during non-rainy periods in tropical wet forests (Wright & Cornejo 1990; del
Arco et al. 1991; Wieder & Wright 1995).

In the current study. the variation in leaf litter nutrient levels of freshly
fallen. fermentation and humus litter present in a wet evergreen foreét during
the four seasons is analysed. It is expected that the results will invite more
attention towards the assessment of seasonality of leaf litter nutrient variation
in the windward region of Western Ghats.

METHODOLOGY
Data collection

Litter layer on the forest floor was sampled in randomly located plots of
20m x 80m, three times during a season covering all four seasons, southwest
monsoon (Jun-Sep), northeast monsoon (Oct-Nov), pre- summer (Dec-Feb) and
summer season (Mar-May) in 2002-03. Two samples of fresh fallen litter (L
layer) were collected using a 50 X 50 cm net tied over the forest floor thrice in
every season. Two composite sampies (made of two sub samples) of litter
sorted into fermentation (F) and humus (H) layers were also collected thrice a
season from the forest floor. At each time the collected litter was dried at 30°C
in the laboratory to constant weight. All dried litter sub-samples were ground
and passed through a 1 mm mesh screen before chemical analysis. Thereafter
required amount of sub-samples of litters were taken for nutrient analysis.
Average of six samples of L layer contributed to the value of a chemical

variable during a particular season.
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Total phenols were quantified by Folin Ciocalteu method (Anderson &
Ingram 1993) and Carbon determined by Walkley and Black method (Walkley
& Black 1934). Nitrogen levels were determined by micro-Kjeldahl digestion
(Jackson 1958) followed by distillation and titration. Na. Ca and K levels were
determined by acid digestion of samples and flame photometry (Barrows &
Simpson 1962). Lignin concentration in the litter was measured using acetyl-
bromide extraction procedure (liyama & Wallis 1990), because of its greater
sensitivity, the totality of an analysis achieved on the whole sample and
reproducibility (Monties 1989). Values of ratios of lignin to N, carbon to N
were derived from the above measurements. All chemical analyses were carried
out in triplicates on the same sub sample. Mean values of the triplicates were
taken as the value of the sub sample.

Data analysis

Data derived from chemical analyses were not normally distributed.
Consequently, non-parametric statistics (Mann —Whitney U tests) after
multivariate comparison through Kruskal —Wallis H tests (Sachs 1992), were
used for pair wise comparison of data sets. Significance levels of the seasonal
variations in chemical variables of each litter layer during each season and
between the seasons were analysed with Kruskal Wallis H tests. All data
analysis was performed using GRETL open source software version 1.1.
Cottrell (2006).

RESULTS

Seasonal Variations in the biochemical parameters in fresh litter layer
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Distinct seasonal variation in the levels of most litter chemical variables
was evident with a peak in rainy season and low values in dry periods
(Table.4.1& Figure.4.1). High levels of total phenols were noticed during pre-
summer season. Phenolic concentration declined significantly during summer
season but with the beginning of southwest monsoon a significant increase was
noted. N levels peaked during northeast monsoon thereafter a significant fall
was noted in pre-summer, Which continued till summer season. Carbon, lignin,
L:N and C:N values were high during summer season. Lignin and L:N values
showed a steep rise during summer from the low levels in pre-summer season.
C: N values were <25 during all seasons except in summer while the lowest
C:N values were observed during northeast monsoon season. High amount of
cations were recorded during monsoon seasons. Sodium levels were high in
southwest monsoon and significantly low during summer season. Calcium and
potassium levels peaked during northeast monsoon and recorded lowest in the
driest pre-summer season (Figure.4.1).

Variations in the biochemical parameters in different layers of litter during
different seasons

Levels of all litter chemical variables except lignin decreased during
pre-summer season from L to H layer (Table.4.1). Lignin values in F and H
layer were high during pre-summer season leading to rise in L:N ratios whereas
a fall in lignin values was recorded during monsoon and summer periods.
Nitrogen values decreased from L to H layers during all the seasons leading to

high C:N ratios in H layer especially during northeast monsoon and summer
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seasons. Ca, Na and K levels declined steeply from L to H layers during all
seasons except summer.
Statistical analysis

All litter chemical parameters in freshly fallen litter varied significantly
between the seasons (P<0.05) (Table.4.2). Except lignin:N (P>0.05. H= 3.56).
other biochemical parameters varied significantly between the seasons in F
layer (P<0.05) and except calcium in H layer (P>0.05. H= 2.47). Excluding
potassium and L: N values, all other variables varied significantly from L to H
layers during all seasons (Table.4.3 & 4.4). C: N values increased significantly
from L to H layer (P<0.05) except during pre-summer season (P>0.05).
Potassium levels showed no significant layer wise variation during pre-summer
period (P>0.05). Significant variation was absent for lignin:N values from L to
H layers during summer and southwest monsoon season (P>0.05) (Table.4.3).
DISCUSSION

Nutrient quality of fresh litter varies seasonally in the aseasonal
evergreen forests of the region all along the year. leading to the formation of
litter of varying chemical quality during different seasons. It may have an
effect on the decomposition rates of litter shed during different seasons and on
the faunal community dynamics as litter chemistry and the activities of
invertebrate decomposers are linked because chemistry is considered to be one
of the major determinants of invertebrate colonization and comminution of
litter (Anderson 1973; Maity & Joy 1999; Zimmer & Topp 2000). As per the

litter quality indices viz., C: N and cation levels, litter of high resource quality
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is shed during the monsoon seasons (northeast and southwest) and low quality
during summer and presummer season. Elevated quality levels are suggested to
be related either to the pulse of increased soil nutrient availability at the
beginning of rainy seasons in evergreen forests (Swamy & Proctor 1994;
Wieder & Wright 1995; Lodge et al. 1991: Mc Grath et al. 2000) or to the wind
mediated green fall deposition by branch breaking and the thrashing action of
branches on leaves (Fonte & Schowalter 2004) during the monsoon seasons
which is common in the region. It implies that leaf litter added to the evergreen
forest floor during the wet warm rainy season are richer in nutrients and are
more palatable to detritivores than that produced during the drier months.
Significant seasonal variation in chemical quality is also evident in the
fermentation and humus litter layers in accordance with the variation in fresh
litter.

Though, significant seasonal differences in litter quality was evident, on
the basis of the threshold value of 25 (for mineralisation) for C: N (Regina et
al. 2004; Myers et al. 1995), it can be stated that the litter of the study habitat
was not N limited except during summer season signifying that litter of high
quality was available for decomposition. Plant litter is considered as high
quality when C: N < 25 and of low quality when C: N> 25 (Regina et al. 2004)
and lower the C: N in fresh litter. the more organic matter is left for
decomposition (Berg 2000). CN ratio by itself merely describes the proportion
of C to N, without revealing how these elements are distributed among the

important chemical classes of the plant cell (Cromack & Monk 1975).
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Regardless of this simplification. the CN ratio has been shown to be a valuable
predictive tool in numerous studies of litter decomposition at local, regional.
and global scales (Flanagan & Van Cleve 1983: Fog 1988: Taylor et al. 1989;
Aerts 1996).

Significantly high values of C: N and L: N during summer are resulting
primarily by low nitrogen concentration as C levels did not vary much during
the period. It may be related with the suggested source—sink interactions related
to peak fruit production and leaf flushing in tropical rainforests
(Sundarapandian et al. 2005; Pragasan & Parthasarathy 2005: Murali &
Sukumar 1993; Wood et al. 2005) and also to the initiation of flowering and
fruit production in the region (personal observations). As per source-sink
interactions, when new plant tissue (fruits) is produced, greater translocation of
mobile nutrients from old tissue (senescent leaf/source) to new (sink) occurs
(Nambiar & Fife 1991; Newbery et al. 1997). Therefore, lower leaf litter
nutrient concentrations in summer and presummer p§riods could be related to
the fruit production in the region (Sundarapandian et al. 2005). Sharp decline in
C: N values during southwest monsoon are attributed to rise in N levels. Green
leaves have significantly higher nitrogen concentrations and lower lignin to
nitrogen ratios compared to senescent leaves (Fonte & Schowalter 2004). Prior
to the fall of senescent mature leaves, plants reallocate mobile nutrients
especially N (Aerts & Chapin 2000), but when leaves are lost by unexpected
hazards like wind mediated fall, where the plant does 1not have the opportunity

to withdraw nutrients, foliar nutrient withdrawal is more-or-less zero and
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leading to a seasonal rise in litter nutrient pool (Wright & Cannon 2001) as
observed in the regién during southwest monsoon. CN ratios rose rapidly from
L to H layers owing to the rapid loss of N from litter. Decrease in N
concentrations from L-F-H layers without net accumulation suggest that either
N immobilization is not taking place at significant detectable levels or this
stage might be missed out which is distinct in litter bag studies, where a more
steady step by step nutrient release is observable. Absence of a rise in N levels
in F and H layers indicate that N may not have been a limiting factor for
microorganisms during various seasons (Melillo et al. 1982; Lavelle et al.
1993) as fresh litter with high N levels was available round the year in the
studied evergreen forest. Soil and humus CN ratios 22-24 are suggested as a
critical threshold for the onset of nitrification and nitrate leaching (Ollinger et
al. 2002). Hence, lower CN ratios (< 22) in H layer during pre-summer indicate
higher net production of nitrates and higher CN values (>41) during summer
indicate lower nitrification rates.

Explanations for increase in phenol levels during southwest monsoon
might be due to the addition of green leaf fall already explained above. Pre-
summer rise in phenol levels could be related to the rise in herbivore and
pathogen pressure in humid forests succeeding the long wet monsoon periods
(Wolda 1988). Seasonality in abiotic factors and food quality are suggested to
be responsible for the abundance of larval herbivores in habitats dominated by
evergreen plants, such as tropical rainforests (Lawrence et al. 1997: Wolda

1978 & 1988). Rise in phenol levels possibly with other secondary metabolites
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after monsoon periods might be a structural defence mechanism linked to the
earlier experiences from herbivory to defend against the herbivores active after
rainy season. Sudden changes in photosynthetic productivity of canopy trees
linked to the solar insolation availability after cloud covered monsoon periods
(Westoby et al. 2002) lead to variation in foliar nutrient levels (Graham et al.
2003; Wright & Westoby 2002). However, how far the differences in the
seasonal average daily light availability during rainy seasons contributed to the
observed patterns of litter nutrient variability and abundance of herbivore in the
study region is to be studied.

Higher lignin: nitrogen ratios during summer and southwest monsoon
seasons were observed in the evergreen habitat. High leaf lignin concentrations
reflect relatively low nutritional content because lignin is indigestible to most
insects and is negatively correlated with herbivory (Coley 1983) thus an
interfering factor in the decomposition of cellulose and other primary
metabolites (Gallardo & Merino 1992). High lignin levels during summer and
southwest monsoon might also be a structural defense mechanism against
herbivory during leaf expansion period facilitated by the low water stress in the
region. High availability of rainfall and low water stress increase allocation to
carbon rich compounds such as lignin (Austin & Vitousek 2000) and possibly
other phenolic and primary metabolites in mature leaves. But such
antiherbivore defenses mediated by lignin levels may continue to function
against decomposers during decomposition (Grime et al. 1996). Hence, it is

reasonable to expect that litter with high initial lignin shed during summer and
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southwest monsoon would remain in the humus pool of the region as
accumulated recalcitrant materials for prolonged period (Berg & McClaugherty
1987) than litter of other seasons.

Seasonal variation in L:N and C:N values of fresh litter indicate that
litter of variable quality are produced during different seasons and hence the
limit value (the stage at which litter becomes the humus pool without further
decomposition, Berg 2000) of the litter produced during each season might be
varying unless the other two major factors, climate and fauna (Swift et al.
1979: Berg et al. 1995) very strongly influence litter decomposition. High L:N
in H layer during presummer and summer and high C: N in summer means
high immobilization of N during presummer and summer seasons indicating
probably less N loss by leaching and denitrification from the H litter layer in
the succeeding rainy seasons. These observations highlight the need to conduct
litter decomposition studies in the moist evergreen forests in Western Ghats,
employing litter shed during different seasons as against the general practice of
employing single season litter in litter decomposition and faunal succession
studies as it would potentially miss the influence of seasonal variations of litter
quality on these processes.

High levels of all major cations viz., Ca, Na and K during rainy periods
in the newly added litter as if, leaching loss is not an important source of
variation in the dynamics of major cations. However. physical leaching is a
major driver of short-term variation in leaf litter cation concentrations and

physical leaching as a process dominating the dynamics of K in many
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ecosystems is well known (Wood et al 2005: Dziadowiec 1987; Rapp &
Leonardi 1988). Results of this study suggest that cation leaching is taking
place during rainy days. but the higher cation values in samples during
monsoon period are related to the wind mediated green leaf deposition and
probably high nutrient reabsorption from soil during rainy seasons. Higher
level of K which is highly soluble and not bound to any known organic
compounds during southwest-northeast periods in the study region (Epstein
1972; Veneklaas 1991; Schlesinger 1997) substantiates the observations. Low
Ca, K and Na levels during presummer and summer indicate nutrient sink
absorption correlated to the fruiting-flushing events as well as retrieval by
plants prior to leaf fall. However, what leads to high levels of Ca during
summer season is not understood. Rapid loss of Ca-Na-K levels from L to F
layers and a subsequent slow release from F to H except in summer season
suggests utilization by decomposers along with rainfall mediated leaching loss.

Present study highlights the seasonal variation in the substrate quality
of litter shed during different seasons in the evergreen forests of the region.
This seasonal variation in litter quality must be leading to variation in the
decomposition rates of litter present during different seasons, feeding activities
and distribution pattern of detritivore community and nutrient availability in the
forest floor. High levels of litter nutrients during rainy days indicate increased
nutrient reabsorption from soil and it necessititates further research on seasonal
changes in forest floor soil nutrient availability in the evergreen forests of moist

Western Ghats. which will broaden our understanding of how seasonal
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variation in soil nutrient availability affects canopy leaf traits as well. Patterns
observed in the present study from the transitional Wayanad forests may vary
from the patterns in other evergreen forests as forests in Western Ghats differs
from each other due to the local variations in climate and vegetations in
different regions of Western Ghats would be leading to regional variations in

litter shedding patterns.
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Table.4.1 Seasonal variations in the biochemical profile of LFH litter layers during southwest monsoon,

northeast monsoon, pre-summer and summer season in the wet evergreen forest

Biochemical Southwest monsoon Northeast monsoon Pre-summer Summer

L F H L F H L F H L F v
parameters
{mg/gm)
Carbon 240 £48.64  210+17.2 147£27.1  298+185  245+14.7 218+16.8 295+20.54 280.5+8.19 121.5+13.8  300+29.8  255422.7 210+44.75
Nitrogen 128+ 0.80  10.6£1.74  6.7+0.73 16.8£2.27 7+1.06 6.4+1.97 12.33+0.58 10.08+1.2 7.28+0.84 11.2+0.71  7.28+0.81 5.04+0.08
Lignin 78+3.43 TL5+21.1  48.9+4.27 61.544.59  50+3.14 48+1.16 48+4.99 94.5+£36.95 119426.99  100.6+8.5 49+£11.72 46+11.60
Lignin:N 5.8+0.37 6.66x2.85 6.73+1.84 4.93£0.76  7.36+0.79 8+2.22 3.88+0.41 9.35+3.19 16.34+1.87  8.15£0.98  5.59+2.33 8.72+4.08
C:N 18.75+4.72 19.81+£3.6  21.94+49 17.74+£23 35+4.49 34.06£9.6  23.93+1.54 27.83+4.49 16.69£2.24  26.79+2.7  35.03+4.7 41.67+6.91
Calcium 9.6+0.9 4.78+1.18 1.67£0.09 13.03+1.0  8.2+0.92  3.01£2.33 7.82+1.05 5.94£1.65 1.71+£0.45 11.2£3.40  8.9+0.08 2.71£1.69
Sodium 0.39+0.06 0.27+0.06  0.22+0.02  0.34£0.09 0.2120.06 0.18+0.11 0.27+0.08 0.15+0.04 0.02+£0.004  0.21+£0.08  0.12+0.04 0.08+0.008
Potassium 2.2+0.43 1.43+£0.18  1.31£0.11  2.9+0.26 1.62+£0.18  1.23+£0.59  0.32+£0.277 0.2+0.09 0.13+0.03 1.38+0.54 1.2£0.12 0.08+0.019

Total Phenols 7.01£0.91 3.241.44 0.8+0.21  4.87+0.53  2.6+0.01  0.49x0.106 8.41£0.50 3.2«1.13 10.49+0.20 4.3+0.82 1.240.53 0.9+0.31




Table.4.2. Results of Kruskal Wallis and Mann Whitney tests on the seasonal variation of biochemical parameters

in (a) L (b) F and (¢) H litter layers in the wet evergreen forest (s.w-southwest monsoon, n.e -northeast monsoon,

p.s -pre-summer and s -summer)

Biochemical (a) Differences found (b) Differences found (©) Differences found
parameters P H (Mann whitney at 5%) r H {Mann Whitney at 5%) r H (Mann Whitney at
Carbon <0.05 8.65 S.w<p.s :$>s.w<n.e <0.05 15.79 n.€>s.w<p.s>n.e:s.w<s <0.05 17.37 n.e>s.\v<s>sr_(:/;\<n.e:s.w<p.s
Nitrogen <0.05 14.15 p.s<n.e>s.w>sin.e>s <0.05 15.89 p.s>N.e<s.W>s<p.s <0.05 11.65 S.W>D.S>s
C:N <0.05 15.61 n.e<p.s>s.w>s>n.e <0.05 16.35 p.s<n.e>s.w<p.s<s <0.05 17.35 N.e>s. W<S>P.S<N.eis. W>p.s
Lignin <0.05  21.63 P.s<s. W<s>p.s<n.e<s <0.05 11.58 n.e<p.s>s <0.05 13.66 S<P.SPNLEIP.S>SAWY
Lignin:N <0.05 19.73 S.W>p.s<s>8.w>n.e:p.s<in.e >0.05 3.56 N.€=S.W=p.§=§ <0.05 13.22 S<P.S>N.EIP.S>S.W
Sodium <0.05 14.00 p-S<S.w. s.w>s<n.e <0.05 13.33 S<NLE>P.S>S<S. WP.S <0.05 17.13 N.e>P.S<S.W>s>p.s
Calcium <0.05 15.86 S.w<n.e>p.s<s <0.05 17.68 n.e>p.s<s>s.wen.e >0.05 2.47 N.€=S.W=5=D.S
Potassium <0.05 19.78 n.e>p.s<s.w> <0.05 18.38 n.e<p.s<s.w<n.eis.w>s>p.s <0.05 19.2 S<S.W>P.SIS<N.e>P.S>S
Total phenols <0.05 19.50 n.e<p.s>s.Wp.s>s<S.w>n.e <0.05 10.33 p.s>s<s.win.e>s <0.05 12.01 n.e<s.w>p.s<s>n.e




Table.4.3. Values of significance from Kruskal Wallis and Mann Whitney test on the seasonal variation of biochemical
parameters in LFH litter layers in the wet evergreen forest (L= L layer, F=F layer, H= H layer; s.w-southwest monsoon,

n.e-northeast monsoon, p.s-pre-summer and s-summer)

Biochemical Southwest monsoon Northeast monsoon Pre-summer Summer
parameters
P H Difference P H Difference P H Difference P H Difference
found foupd found found (Mann
Carbon <0.05 10.84 H<L=F>H <0.05 13.39 H<L>F>H <0.05 12.81 F>H>L=F <0.05 12.26 H<L>F>H

Nitrogen <0.05 14.72 L>F>H=F <0.05 12.03 H<L>F=H <0.05 1438 H<L>F>H <0.05 1535 H<L>F>H

C:N >0.05 151 L=F=H <0.05 10.89 H>L<F=H <0.05 14.00 F=L>H<F  <0.05 11.29 F>L<H>F
Lignin <0.05 799 F=L>H=F  <0.05 12.05 H<L>F=H <0.05 1234 H>L<F=H <0.05 11.44 H<L>F=H
Lignin:N >0.05 121 L=F=H <0.05 9.72 F>L>H=F <0.05 14.75 F>L<H>F  <0.05 237 L>F=H

Sodium <0.05 1221 H<L>F=H  <0.05 7.04 F<L>H=F <0.05 14.13 H<L>F>H  <0.05 1{3.37 H<L>F>H
Calcium <0.05 15.19 H<L>F>H <0.05 1478 H<L>F>H <0.05 13.35 H<L>F>H <0.05 13.20 F=L>H<F
Potassium <0.05 1198 H<L>F=H <0.05 1195 H<L>F=H >0.05 5.13 L=F=H<L  <0.05 11.62 F=L>H<F

Total phenols  <0.05 15.16 H<L>F>H  <0.05 15.27 H<L>F>H <0.05 15.17 F<L>H<F <0.05 1192 F<L>H=F
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Litter decomposition in relation to substrate chemical qualin

INTRODUCTION

The decomposition of plant litter plays a significant role in the structure
and function of natural ecosystems by acting as an energy source for soil
organisms and as a nutrient reservoir for intra-system rcycling processes
(Kantarcd 1978 Swift et al. 1979; Karadz 1991, 1993) and is one of the
ecological processes critical to the functioning of forest ecosystems. The rate at
which decomposition occurs is an indicator of the functionality of biogenic
belowground ecosystem processes of nutrient cycling in which soil organisms
play a central role (Tian et al. 1997; Lavelle et al. 1997, 2001; Tian & Badejo
2001). It is estimated that the nutrients released during litter decomposition can
account for 69-87% of the total annual requirement of essential elements for
forest plants (Waring & Schlesinger 1985). This is particularly important in the
nutrient budget of tropical forest ecosystems (Waring & Schlesinger 1985) as
nutrient poor soils, where vegetation depends upon recycling of nutrients
contained in the plant detritus (Singh 1968). Understanding these interactions is
essential, since leaf litters do not segregate neatly into individual species types
in ecosystems, and the composition of plant communities can show
considerable intraspecific variations in the decay rates and nutrient release in
relation to differences in the forest floor types (Prescott 1996) or soil conditions

(Berg et al. 1995).

Decomposition has been widely studied (Anderson & Swift 1983:

Golley 1983; Swift & Anderson 1989) and the fastest decomposition rates have
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been found in undisturbed tropical rain forests (Olson 1963). These studies
have led to a better understanding of the factors that influence litter decay. A
hierarchy of 3 main interacting factors influences rates of litter decomposition:
physical (climate and microenvironment surrounding the litter), chemical (the
chemical composition of the litter) and biotic (the nature of the micro-
organisms and soil fauna active in the litter decomposition) (Swift et al. 1979).
But variability of decomposition rates is high in tropical forest ecosystems,
strongly related to the decomposer faunal community effects of seasonality on

biochemical constituents of litter (Anderson & Swift 1983).

Availability of nutrients influences the crucial decomposer phase of
decomposition that lasts for a year (Valiela et al. 1985), therefore, litter quality
analysis based on various ratios of C, N and polyphenols is a significant step in
assessing the nutrient cycling of vast forest ecosystems (Vanlauwe et al. 1997;
Seneviratne 2000; Tian et al. 1992, Melillo et al. 1982). Plant litter is
considered as high quality when C: N < 25 and of low quality when C: N> 25
(Regina et al. 2004) and lower the polyphenols make litter more palatable.
favouring microorganisms activity and litter decomposition. Strong positive
relationship between the initial concentration of nitrogen and rate of release of
nutrients during the initial stages of decay has been reported in several studies
(Yavitt & Fahey 1986: Stohlgren 1988). High quality litter encourages rapid
initial breakdown of litter. resulting in faster decomposition and nutrient
cycling, enhancing the site quality, whilst for low- quality litter the effects of

invertebrates increases with time (Scha“dler & Brandl 2005: Vitousek 1982).
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As precipitation can control the physical process of leaching with
greater rainfall accelerating the breakdown of surface litter (Swift et al. 1979).
litter decomposability and quality changes with precipitation in tropical
ecosystem (Austin & Vitousek 2000: Schuur 2001). With highly humid
microenvironment surrounding the litter, the evergreen study habitat strongly
influences the activity of microorganisms, which in turn affects the rate of
decomposition of litter. Although there have been several studies on litter
dynamics in tropical forest ecosystem in India (Rai & Proctor 1986; Kumar &
Deepu 1992; Visalakshi 1993; Khiewtam & Ramakrishnan 1993) information
on litter decomposition in natural forest ecosystems in Western Ghats is limited
except for studies on selected tree species by Sundarapandian & Swamy 1999.
In view of the relative importance of litter quality and site characteristics in
determining decomposition in tropical forests (Vitousek et al. 1994) nutrient
cycling rate in the evergreen forest is studied using litterbags. This study
focuses on the decomposer phase of decomposition that lasts for one year and
my objectives in this study is to (1) document the pattern of annual rate of leaf
litter decomposition in a wet evergreen forest and to (2) determine the variation
in the litter substrate quality during decomposition.

METHODOLOGY

The core of methodology regarding litter decomposition studies is the
creation of a time series with litters of different degrees of decomposition. This
was done with mass loss experiments using the litterbag method of Bocock

(1964) modified by Rustad and Cronan (1988) (Plate.8). Although the litterbag
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method has a number of drawbacks (Witkamp & Olson 1963; Edwards et al.
1970: St John 1980). and may underestimate actual decomposition rates. it is
assumed that biases are standard and allow direct comparisons to be made with
other works (Wieder & Lang 1982).

Only yellow or brown leaves with a fully formed abscission zone were
collected in the middle of 2004. Partially green leaves or those firmly attached
to the branches were not used. The standard litterbag technique was employed
for charactering litter decomposition dynamics (Bocock & Gilbert 1957). Litter
was thoroughly mixed; air-dried and approximately 20 gm of dry litter was
placed in litterbags of 20 x 20 cm constructed of single layer of 4mm mesh of
nylon. This mesh size was sufficiently small to prevent losses of litter due to
breakage, but sufficient enough for the access of micro, meso and macro fauna
(Wise & Schaefer 1994). 56 litterbags were pinned to randomly selected
surface of the forest floor in Aug 2004. Bags were placed in suitable gaps in the
vegetation, incorporated into litter layer without causing excessive disturbance.
Collections of litterbags were completed at 7, 15, 30, 60, 90,120.150,180,
210,240,270,300.330 and 365 days intervals selecting 4 bags at random at each
date. After collection, any mineral soil or debris was carefully removed from
the litter or wooden dowels and the samples were air dried for the
determination of dry mass. There was very little or no mineral soil attached to
the litter., and thus litter was not analysed for percentage ash. Decomposition
was assessed in terms of percent mass loss based on air-dry weights at the

beginning and end of the experimental periods.
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All air-dried litter sub-samples were ground and passed through a I mm
mesh screen before chemical analysis. Thereafter required amount of sub-
samples of litters were taken for nutrient analysis. Nitrogen levels were
determined by micro-Kjeldahl digestion (Jackson 1958) followed by distillation
and titration and carbon determined by Walkley and Black method (1934).
Values of ratio of carbon to N were derived from the above measurements.
Total Phenols were quantified by Folin Ciocalteu method (Anderson & Ingram
1993). All chemical analyses were carried out in triplicates on the same sub

sample.

Data analysis

Decay rate coefficient
To obtain decay rate coefficient (k) from exponential model. mass loss
over time was approximated by regressing the log of the fraction of the mass
remaining against time, using In (My/M,) = y-kt (Olson 1963). Changes in the
percent initial litter dry weight over time were fitted to a single exponential
model of litter decomposition (Jenny et al. 1949; Olson 1963; Wieder & Lang
1982) and also to linear and quadratic models. Linear model was fitted with M,
= y- kt and quadratic model using the formula M= y-kt +b**t with M, =mass at
time t, M, = initial mass of the litter, y is the intercept, b is the constant,  is the
decomposition constant and t the duration of exposure of the litter bags in the
field in days.
Time to 50% litter decomposition (litter turnover time) (tso) was estimated

from k values using the following equation (Bockheim et al. 1991).
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_ 0.693
tso = /4

For 99% decay (tgg).

_ 4.605
tog = /&

Exponential, quadratic and linear models were also fitted to weight loss
of carbon, nitrogen and total phenols obtained from litter analysis.

Regression analysis of effect of age of decomposition on the nutrient
variables of litterbags (C, N, C: N and total phenols) was done. All data
analysis was performed using GRETL open source software version 1.1
(Cottrell 2006). Significance was determined at P<0.05.

RESULTS
Weight loss during decomposition

For single exponential model the leaf-litter decomposition rate, k& (days),
was -0.007 after 365 days of decomposition. Only 4.5 % of the litter was
remaining after 1-year decomposition studies (Figure.5.1). & value recorded
was -0.005 after 3, 6 and 9 months interval whereas following 12 months; rate
of decomposition was faster with a £ value of -0.007, which estimated 99%
mineralization of litter after 542 days. Approximately, 50 % of decomposition
was completed after 120 days of deposition of litter. Quadratic model produced
exceptionally good fits to mass loss data when compared with exponential and
linear models (Figure. 5.2, Table.5.1).
Carbon and nitrogen dynamics in decomposing litter

Carbon concentration decreased till 1 month of decomposition. marginal

increase was noticed during 3-month period, steadily decreasing till the end of
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decomposition (Figure.5.3a). After 1 year of litterbag study 63% loss was noted
from the initial concentration. Significant decrease was noted for carbon values
with age of decomposition (1’ = 82%. F=54.76, P <0.05).

Nitrogen values showed a peak during the 2™ week of litterbag study.,
thereafter significant decline was noticed (Figure.5.3b) with the course of
litterbag experiment (r’ =91%, F=123.91, P<0.05). A decrease of 63.5% was
noted after 12-month decomposition study.

C:N ratio pattern in decomposing litter

A fluctuating pattern was noticed for C:N ratio during decomposition with
values ranging between 16.6 and 21. Fall in C:N values was noted with lowest
values during the 2" month of decomposition followed by a gradual rise during
the 3™ month again decreasing upto 6 months (figure.5.3c). During the 9
month of litterbag study C: N values showed highest value (21).

Total phenol levels with decomposing litter

Total phenol concentration noticed a sharp fall of 86% during the 2™ week
of litterbag study thereafter decreasing gradually with significant decrease
(*=0.2%. F=4.67, P=0.05) (Figure.5.3d).

All chemical factors showed good statistical fits to quadratic model
(Table.5.1).
DISCUSSION
An exponential litter decomposition rate of -2.55 k/year was reported
after 365 days of litterbag study in the evergreen forest habitat. An initial rapid

loss of litter weight followed by a slower rate of loss was observed with 50%
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weight loss of litter noticed after 4 months of decomposition and further 46%
of decomposition requiring 8 months period. Nutrient concentrations also
varied during the decomposing period, due to the utilization of carbon and
nitrogen by heterotrophic microbial and animal populations and also through
leaching loss (Bubb et al. 1998; Jamaludheen & Kumar 1999; Palm & Sanchez
1990). The initial faster rate of disappearance of litter obtained in the current
study is in agreement with the results reported by others (Anderson et al. 1983;
Seastedt 1984; Swift & Anderson 1989; Kumar & Deepu 1992;
Sundarapandian & Swamy 1999). This could be due to higher initial content of
water-soluble materials, simple substrates and the breakdown of litter by
decomposers, especially the micro flora (Songwe et al. 1995). The higher loss
in the initial stages must also be due to the added effect of high precipitation
received during the initial days of litter bag deposition, with conducive physical
determinants such as soil moisture content, temperature and evapotranspiration
for the activity of decomposers (Facelli & Pickett 1991) and also due to the
leaching of soluble litter materials that occurs in the presence or absence of
micro flora and fauna (Witkamp & Crossley 1966; Vossbrinck et al. 1979).

In this study negative exponential model is considered to explain the
results. Although negative exponential model is an oversimplification of the
decomposition process, it gave good estimates of decomposition rates. Alvarez-
Sanchez and Becerra Enrique (1996) fitted an exponential model. a double
exponential model and a negative exponential model through their leaf decay

data at Mexico. They concluded that the double and negative exponential
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model yielded the best results. Decomposition rate of —2.55k/yr reported in the
present study is equivalent to reported decomposition rates of natural leaf-litter
in evergreen forest in Central Amazonia -1.3 k/year Klinge (1977): 0.58+5.00
k/year Cuevas & Medina (1988) and to average values for other tropical forests
(-1£4 k/year) (Olson 1963). Thus, exponential litter decomposition rate
measured in this study is to some extent a good measure of decomposition rate
in wet evergreen forests. However, statistical fits to single exponential model
were poor, as it overestimated initial litter decomposition rates.

Quadratic model fitted better than negative exponential model to the
experimental data and it estimated a £ value of -0.07/day showing faster
decomposition rates than the exponential model. Overestimate of
decomposition by experimental method might be due to the compaction of the
leaves resulting in a better conservation of water during the dry periods. hence
better conditions for the micro flora. But the decomposition rates obtained from
experimental method are largely dependent on the experimental conditions and
are generally not possible to compare results from different authors and
countries (Torreta & Takeda 1999). Though, decay functions, such as linear or
quadratic, produce better statistical fits to the data, but do not have a strong
biological basis for describing litter decomposition (Wieder & Lang 1982).

Concentrations of C. N and total phenols in the leaves decreased in the
course of litterbag experiment. Among chemical parameters, total phenols had
the most rapid rate of release. Of the initial amount, 99.97 % was lost during 1-

year decomposition compared with a weight loss of 96.5%. This indicated
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initial leaching loss of 84% because of its solubility. Studies conducted indicate
that phenolics are removed rapidly from the leaf litter through leaching
(Schofield et al. 1998). Positive effect of rainfall on nutrient release has been
reported by Meetenmeyer (1978); Anderson (1991); Berg et al (1993) and
Austin & Vitousek (2000).

Carbon and nitrogen also decreased over time, but at a constant rate.
During decomposition processes in the study habitat, nitrogen dynamics
showed leaching, immobilization and mobilization phases (Berg & Staaf 1981).
The increase in N concentration followed by decline overtime as observed in
this study is similar to the patterns found in other studies (Bubb et al. 1998;
Singh et al. 1999; Palm & Sanchez 1990). A short leaching phase was evident
during the start of decomposition up to 15 days probably due to heavy rains
received. thereafter a short immobilization phase showing peak in nitrogen
values, afterward continuous mobilization phase was recorded. Though phenols
are lost rapidly through leaching, nitrogenous compounds are lost slowly
through leaching (Khanna & Ulrich 1991), resulting in a relative increase in
nitrogen content. Because it is immobilized in microbial biomass. N is further
accumulated in decomposing leaf litter (Swift et al. 1979). The increasing N
concentration during the 2" week of decomposition indicates a short phase of
N storage by microorganisms (Aber & Melillo 1982; Bosatta & Staaf 1982). A
higher release of N could be observed during the last phase. Release of N
without net N accumulation, suggesting that N was not a limiting factor for

microorganisms because the initial N concentration in the litters of study
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habitat was relatively high compared to other studies (Aerts 1997: Melillo et al.
1982: Singh et al. 1999).

C and N dynamics are related to the relative availability of C and N to
the litter faunal population. In many decomposition studies. nitrogen
mobilization commences at the critical C/N ratio of about 20-30 in many
species and about 30-40 in tropical species (Regina et al. 2004). As expected
lower C:N ratio in the evergreen habitat suggests that nutrients are not limiting.
As the C:N values reported in this study are <22 showing N mobilization
through out the experiment with decreasing N concentration (64 % drop in N
concentration). The decrease in N content and increase in C/N ratio of litter
exposed to detritivores and fungivores is more readily explained by the
selective removal of N rich litter and associated micro arthropods. Storage by
microorganisms was not evident as N was continually decreasing after 2 weeks
of study and C concentration also was decreasing (Aber & Mellilo 1982;
Bosatta & Staaf 1982).

Loss of nutrients in the initial stage is correspondent to the leaching
phase during which soluble substances leach for a month (Valiela et al. 1985).
Continued decrease of litter in the evergreen habitat after the loss of soluble
components is primarily the result of biotic processes (Vossbrink et al. 1979).
Quadratic pattern was noticed for nutrient release characterized by slow release
during initial phase and a subsequent rapid release phase, not agreement with

results reported by Jamaludheen & Kumar 1999. Delay in initial nutrient
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release could possibly due to the fresh leaves of evergreen forest with high leaf
toughness (Wolda 1988: Wright 1992).

Studies on the dynamics of nutrient release from litter report somewhat
diverse results, even for litters of similar type (Berg 1986: Rashid & Schaefer
1988). Because different patterns were observed for the dynamics of particular
chemical elements in various forest ecosystems, it was hypothesized that
nutrient dynamics is determined to a large extent by the nutrient availability of
decomposers (Swift et al. 1979). In this study, release of nutrients from the
initial stage of decomposition highlights the fact that nutrients exceeding the
needs of decomposers are released from the litter from the very start of
decomposition while limiting nutrients occurring in suboptimal amounts would
be accumulated during the initial stages of decomposition (Laskowski et al.
1995). The mechanism determining the dynamics of nutrients during litter
decomposition are however still poorly understood. The decomposition
constants k obtained in this study were typical of tropical forests (Olson 1963).
Thus, the patterns of chemical element dynamics observed during
decomposition are probably valid for a broad range of forest ecosystems in

these climatic conditions.
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Table.5.1. Regression models (linear, quadratic and exponential) fitted for changes in mass loss and biochemical parameters

(dependant factor) with age of decomposition (independent factor)

Linear Quadratic Exponential

Dependent

Factors RTdf F P v k R? af F P 3 [ b RT df a P I P
Mass loss  0.96 12 35040 <0.05 17.69 -0.049 0.993 11 790.11 <005 19.16 -0.078 0.000083 0922 12 141.2 <0.05 23.19 -0.008
Carbon 0382 12 54.76 <005 24679 -0.39 0.88 1 42.19 <0.05 22675 0.005 -0H 0.754 12 36.70 <0.05 264.88  -0.003
Nitrogen  0.91 12 12391  <0.05 13.06 -0.0221 0.94 I 79.94 <0.05 12.41 -0.0091  -0.000004 [ 0848 12 67.2 <0.0S 13.99 -0.003

Total 0.28 12 4.67 =0.05 1.05 -0.0035 0.440 I 4.33 <0.05 15390 -0.0132  0.000027 12 12 273 <0.05 0.73 -0.006

phenols
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Figure.5.1 Percentage of leaf mass in the litter bags with increasing
age of decomposition at the evergreen forest of Periya
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Figure.5.2 Fitted linear, quadratic and exponential models
for litter mass loss during the study period
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Field placed litterbags employed for faunal succession analysis
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INTRODUCTION

Through the related process of decomposition and mineralization. which
includes leaching. mechanical breakdown and digestion by saprophagous
animals and enzymatic degradation of chemical compounds by saprotrophic
biota (Facelli & Pickett 1991), litter is broken down and the nutrients within the
litter are released into the forest floor where the nutrients are available for plant
uptake. Recent studies of litter decomposition have emphasized the effects of
communition by fauna and microbial interactions in determining
decomposition (Vossbrink et al. 1979; Wachendorf et al. 1997; Gonzalez &
Seastedt 2001; Irmler 2000). Influence of these litter invertebrates in
decomposition is due to the communition of litter and the resulting increase in
surface area of the substrate for microbial colonization (Seastedt 1984). In the
presence of microarthropods (free living Acari and Collembola), which are
prevalent components of decomposer fauna, mass loss of newly senesced litter
increases, amounts of inorganic nitrogen may be greater and primary
productivity can be enhanced (Seastedt 1984; Seta”la” & Huhta 1991).
Adopting an experimental approach to reduce arthropod populations has shown
them to be influential in determining mass loss from litterbags (Seastedt 1984).

Although a diverse fauna and micro biota are involved in the
degradation of leaf litter. little is known about the significance of their diversity
in the corresponding processes of nutrient cycling (Cragg & Bardgett 2001).
The composition of the litter fauna successively changes during decomposition

reflecting structural, chemical. biological changes in the litter (Hasegawa &
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Takeda 1995). Furthermore. some species of fauna disappear during
decomposition or change their feeding behaviour. which alters the food web
involved in the decomposition process (Dilly & Irmler 1998). Microarthropods
occupy all possible food webs within the detritivore food web and are primarily
based on dead plant materials (Swift et al. 1979). In decomposition food webs
fungi and bacteria provide most of the energy and nutrition to microarthropods
(Moore et al. 1988). Most Oribatids, Collembolans and free living Astigmatid
mites have well developed mouth parts capable of fragmenting organic matter
while feeding on micro flora adhering to this detritus. These processes have
very important consequences to decomposition and mineralization processes by
creating new surfaces for microbial colonization (Elkins & Whitford 1982). In
conclusion, the trophic structure of the detrital food web proves to affect the
intensity of belowground processes and consequently, plant growth (Setéld
2002).

Availability of nutrients is an important factor in controlling the faunal
succession processes in the decomposer phase, which lasts for one year
(Valiela et al. 1985). Mechanical breakdown of litter by saprophagous
arthropods and biochemical degradation of leaf litter compounds through
enzymes originating from animals and microbiota, strongly depend on the
physicochemical characteristics of leaf litter (Swift et al. 1979; Melillo et al.
1982). Effects of initial chemistry of litter has strong influence on subsequent
trajectory of decomposition are based in part upon interactions with detritivores

(Valiela et al. 1984: Lagerloef & Andren 1985; Pereira et al. 1998).
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Assessment of nutrients during leaf breakdown provides important information
on the function of faunal activity in particular during leaf breakdown
(Robinson & Gessner 2003). Several studies have demonstrated that the
chemistry of leaf litter represented by polyphenols and C:N influences
subsequent colonization by. and activity of invertebrate decomposers (Maity &
Joy 1999: Zimmer & Topp 2000). Low C:N ratios and low concentration of
polyphenolics favour consumption by, and population growth of, some
invertebrate decomposers (Maity & Joy 1999; Zimmer & Topp 2000).

Reports of successional changing of litter arthropods using litterbags in
temperate forests dates back to 40 years (Bocock & Gilbert, 1957). While
studies that assess the role of litter quality (Melillo et al. 1982; Taylor et al.
1989; Aerts 1997) or litter fauna (Heneghan et al. 1999) as determinants of
decomposition rates are common, studies that investigate interaction between
these two variables are not. The warmer and moister soils of the tropics provide
optimal conditions for microbial growth and for the development of strong
interactions between the microbes and the fauna, which feed on them
(Heneghan et al. 1999). The patterns of the litter faunal succession in relation
to the litter biochemical changes during decomposition using litterbag
methodology differ widely from the patterns seen in temperate succession
studies. As the relative importance of invertebrates differs from site to site
(Swift et al. 1979; Seastedt 1984; Heneghan et al. 1998) and varies between
litter types and specific litter mixtures, the objective of the present study is to

analyse the faunal succession pattern with increasing age of decomposition of

84



Litter arthropod faunal succession

litter along with the influence of the variation in litter chemical quality in
determining the abundance of various trophic groups of litter fauna in a wet
evergreen forest.

METHODOLOGY

Freshly produced litter was collected from the study habitat during
August 2004. Litter was thoroughly mixed; air-dried and approximately 20 gm
of dry litter was placed in litterbags of 20 x 20 cm constructed of single layer of
six mm mesh of nylon. This mesh size allows for the movement of most soil
fauna into the litterbag (Edwards & Heath 1963) facilitating decomposition. 56
litterbags were pinned to randomly selected surface of the forest floor in the
middle of August 2004. Bags were placed in suitable gaps in the vegetation,
incorporated into litter layer without causing excessive disturbance. Four bags
were collected at 7, 15, 30, 60, 90,120,150,180, 210,240,270,300,330 and 365
days intervals. Collections of litterbags made during first four months
constitutes first phase of faunal succession, succeeding four months in second
phase and last four months of succession forming 3™ phase of faunal
succession.

Macroscopic litter-dwelling arthropod fauna were collected by hand
from litterbags. Meso and micro fauna were extracted with a 15-20 cm
diameter Berlese funnel fitted with 4-6 mm mesh screen and a 60-watt bulb for
2-4 days until the litter was dry (Ananthakrishnan 1996) and the fauna
collected in 70 % alcohol. All fauna were counted and sorted to the taxonomic

level required to establish adult trophic level when possible. For some common



Litier arthropod faunal succession

taxa this was established by identification up to order. Beetles were assigned to
trophic level based on family and mites based on sub order. Categorization of
soil/litter fauna into well-defined trophic groups or feeding guilds is difficult,
mostly because of the limiting amount of experimental evidence of dietary
requirements of most soil/ litter fauna (Hunt et al. 1987: Lee & Pankhurst
1992). However the collected litter arthropods were classified into the
following guilds/ feeding groups viz., predators, detritivores and fungivores.
Collembolans were classified as microbidetritivores, because of a broad diet
and lack of information about their trophic category; these were excluded from
diversity analysis, instead their abundance considered.

(Methodology of chemicals discussed in chapter.5)
Data analysis

Differences in the abundance of arthropod assemblages during different
phases of succession in litterbags were done .using ANOSIM (Analysis of
Similarities, with a maximum of 999 permutations)(Clarke 1993) in the
program PRIMER. The program constructs a similarity matrix between
samples using the Bray-Curtis similarity measure that is not affected by joint
absences. This similarity measure also gives more weight to abundant than to
rare species (Field et al.1982). Shannon diversity index was calculated for
estimating trophic group diversity.

The following statistical analyses were performed using GRETL open
source software version 1.1 Cottrell (2006). Regression analysis was carried

out to assess the effect of age of succession on the diversity and abundance of
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trophic groups. Multiple regression on the abundance of each trophic group as
a function of nutrient variables (C: N and total phenols) were carried out for
different stages of succession. For all analysis. significance was determined at
P<0.05.
RESULTS
Changes in litter fauna with succession

Oribatid mites, Collembolans, Coleopterans and Isopods were the most
abundant groups during different days of succession. Proportion of mites in all
litterbag samples were high, ranging from 10-48 % forming largest functional
component of the fauna during all stages of succession, represented by four sub
orders (Astigmatids, Prostigmatids, Mesostigmatids and Oribatids) (Figure.6.1
& 6.2). During the initial phase fungivorous Oribatids occurred in the litterbags
with relatively high abundance. During the later phases, predatory
(Mesostigmatids) and detritivorous (Oribatids) dominated (Figure.6.3). In
contrast, Collembola and Isopods were slightly less abundant during the
beginning of the experiment, but showed a steady increase in the 4-6 month
period of succession; thereafter a declining trend was noted. Larval abundance
towards the last days of succession can be observed, whereas fungivorous
thrips were abundant in the first phase of succession. Hymenopterans
dominated the faunal assemblage during the second week of succession
(Figure.6.1 & 6.2). Seven Coleopteran families were reported from succession
studies with predatory Staphylinids and fungivorous Ptiliids dominating the

assemblages (Figure.6.4).
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Assemblages of arthropods were not significantly different between the
litterbags during different phases of succession (ANOSIM always with P>0.05)
(Table.6.1). Using percent similarity as the measure. species composition
within consecutive stages clustered together. Highest similarity was observed
between arthropod groups in the litterbags of seven and fifteen days (100%)
(Figure 6.5).

Diversity and abundance of trophic groups during succession

Fungivores recorded highest abundance during the litterbag study
followed by detritivores, predators and microbidetritivores. Highest detritivore
and predator abundance was noted during the 3™ month of succession,
thereafter significant decrease was noted for predators (r’=60%, F=17.89,
P<0.05) while detritivores also showed a declining trend but not a significant
one (r2=0.9%, F=0.11, P>0.05). Fungivore abundance was noticed during the
first week of succession study; thereafter a fluctuating pattern in abundance
was noticed with no significant change (r’=13%. F=1.82, P>0.05). Abundance
of microbidetritivores was in the peak during the 6™ month of succession,
recording no significant change with succession (r’=2%, F=0.25. P>0.05).
Detritivore abundance was contributed mainly by Oribatids during first and last
phase and Isopods during the middle phase of succession. Ants and
Staphylinids were the major predators during first phase of succession followed
by Mesostigmatids in the second and last phase. Oribatids dominated
fungivores during the first and second phase and by Prostigmatids and Ptiliids

in the Jast phase of succession. Microbidetritivorous Collembola was dominant
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in the second phase of succession (Figure. 6.7 a. b ¢ & d).

During the initial phase of succession (up to one month) diversity of
arthropod fauna was low thereafter H* value increased showing a peak during
the 3™ month (H’=2.05) afterwards declining till the end of study. Predators too
recorded highest H® value (1.90) in the 3™ month of succession. Fungivore
diversity was high during the 6™ month of succession showing a value of 1.50.
Diversity of detritivores was high in the 1* month of succession and thereafter
a significant loss in the diversity was noted in the litterbags (r* =30.8%, F=
5.34, P<0.05) (Figure.6.6).

Multiple regression analysis of abundance of detritivores as a function
of litter biochemical variables (C:N and Total phenols) showed significant
variation (r° =71%, F=6.34, P<0.05) (Table.6.2).

DISCUSSION

Low incidences of Collembola during the early phases of succession,
dominance of mites throughout the litterbags and preponderance of Isopods in
the middle phase of litterbag succession were noted in the one year faunal
succession studies in the wet evergreen forest. Significant decrease was noted
in the abundance of decomposer fauna (detritivores) with decreasing litter
quality of the litterbags. There was little evidence of a trophic category being
confined to a particular successional stage.

Oribatid mites were the abundant group through out the litterbag study.
The dominance of these species in decomposing leaf litter was already

demonstrated in the litter of temperate and tropical forests (Luxton 1982;
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Heneghan et al. 1999). As the availability of food controls the survival of
mites. their abundance in litterbags suggests lush of fungal and detrital
materials in the litter layers. But their participation in the decomposing process
is still unclear (Ribeiro & Schubart 1989). In accordance with studies in
temperate deciduous forests abundance of Oribatid mites increased as
decomposition proceeds (Seastedt et al. 1983; Anderson 1975) and further
more, high litter quality through out the study period might have exerted
influence on their community (Heneghan et al. 1999). It has been suggested
recently that several species of putative litter-feeding Oribatid mites are not
primary decomposers but mainly feed on fungi or are predatory or
necrophagous (Schneider et al. 2004), and similar results have been obtained
for Collembolans (Chahartaghi et al. 2005). Indirect evidence from litterbag
studies showed that mesofauna (Acari and Collembola) might be more
important in mobilizing nutrients than in contributing to mass loss, and that
they act principally as "grazing arthropods" (Hanlon & Anderson 1979). The
high moisture and warm temperatures favoring fungal growth (Hassal et al.
1986), might have lead to the preponderance of fungal grazers in the evergreen
tropical system and these arthropods tend to have the greatest effect on
decomposition in systems dominated by fungi (Moore et al. 1988).

In contrast to the findings in the temperate forests where Collembola
was always earlier in succession than Oribatid assemblages (Irmler 2000), in
the evergreen study habitat Oribatids dominated in the beginning and

Collembola in the middle phase of experiment. It may be that competition
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between Collembola and Oribatids also influences the different period of
occurrences of Collembolan. Kaneko et al. (1995) found that at least some
species of Collembola and Oribatids compete for the same microbial food.
Decrease in Collembolans might also be due to their increased rates of
migration from litterbags to humus layers (Greenslade & Greenslade 1973;
Filser & Fromm 1995) apparently searching for favourable microclimates
(Usher 1970; Hijii 1987; Sgardelis et al. 1993). Furthermore, abundance of
Oribatids increased with the increasing age of the litter, which indicates greater
niche separation by Oribatids and reflects a higher efficiency of food
exploitation. Decreasing microbial food availability and more efficient food
exploitation by Oribatids may also be responsible for the low abundance of
Collembola at the late breakdown phase. Abundance of mites in the litterbags
can also be attributed to their “K —selected” nature as they live through several
annual cycles of their habitat’s renewal and decomposition exhibiting its
dominance throughout the stages of decomposition (Hansen 2000; Hagvar &
KjOndal 1981) whereas shorter dominance of Collembola in the litterbags
indicates their “R-selection™ behaviour which favours sudden boom- bust
prosper in favourable conditions in which they take advantage of flushes of
microbial growth.

In concordance with the results recorded by Zimmer (2002), Isopods
formed the next dominant saprophagous group in the litterbags particularly
during the last month of first phase. Abundance of Isopods was noted during

phases of low phenol and C:N concentration as high amount of these adversely
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affected consumption by them (Cameron & Lapoint 1978; Swift & Boddy
1984). During the litterbag experiment other saprophagous groups (Oribatids,
Isopterans, Larvae, Dipterans etc) were found to be less abundant in the Isopod
dominated stages (end of first phase) of decomposition as Isopods compete
with organisms of same guild for ‘high quality food” (Zimmer 2002) in
addition to the reduced fungal mass by Isopod feeding (Kayang et al.
1994,1996). Isopods could play a significant role in decomposition by
enzymatic cellulolysis resulting in mechanical breakdown (Zimmer & Topp
1998; Swift & Boddy 1984).

During the 3" month of succession (first phase), Coleoptera was the
second dominating group contributing (22%) of litterbag fauna primarily due to
Ptiliid and Staphylinid dominance. Staphylinid abundance can be attributed to
the abundance of mites that serves as prey resources to them (Didham et al.
1998). Profusion of Ptiliids can be explained by the excessive humidity in the
area with consequent proliferation of fungus (Marinoni & Ganho 2003).
Humidity and high moisture levels in litterbags affect the foraging ability of
smaller sized ant groups leading to the lower abundance of ants in litterbags
(Briihl et al. 1998; Janzen 1973). Abundance of arthropods was lower in the
litterbags through out the study period confirming the observations made by
many researchers as the abundance fauna will be less in tropical forests
(Anderson et al. 1983; Collins 1980; Pfeiffer 1996). In this study seasonal

influence on faunal succession could not be factored out and dealt singly,
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however low abundance of Collembolans and ants were noted during periods
of high precipitation.

Studies conducted by Smith & Bradford (2003) observed strong
interactive effects of litter quality and faunal community on decomposition.
Litter of the study habitat is having C: N ratio below 25. with high quality litter
in the litterbags, N is mineralized readily from organic materials (Regina et al.
2004; Myers et al.1995) and this initial breakdown is due to the effect of
invertebrates (Schiddler & Brandl 2005). Wachendorf et al. 1997 has showed
about 40% carbon loss in wet alder forest litter, attributed to the activity of
fauna on the breakdown process. During the one year decomposition study in
the study habitat, 60% loss of carbon was noticed which should be mainly
credited to the faunal activity. The decreasing nitrogen and carbon
concentrations indicate that there is no storage by micro-organisms (Aber &
Melillo 1982; Bosatta & Staaf 1982). Increase in C: N ratio was noted in the
litter bags (though not a significant positive one) exposed to detritivores and
fungivores which can be more readily explained by the selective removal of N
rich litter associated with micro fauna. It is well established that decomposer
organisms more readily utilize herbaceous material because it has a higher N
content and lower content of structural polysaccharides (Sah 1990; Meiwes &
Beese 1988; Ellenberg et al. 1986). Phenolic compounds can directly affect the
composition and activity of decomposer communities, thus showing a
significant negative relation between detritivores abundance (Héattenschwiler &

Vitousek 2000). However, direct effects of polyphenols on litter fauna are
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difficult to demonstrate because of the covariability of other compounds and
the complexity of soil food webs. Field studies by Lavelle et al. 1993 also
confirm that micro arthropod community has disproportionate effect on the
nutrient cycling processes in humid tropical systems compared to temperate
ecosystems.

In accordance with the high quality litter in the litterbags through out the
experimental period, successional changing of species during decomposition
was negligible with litterbags in the same phase clustering together except for
litterbags during first month. Each bag is a very small sample of assemblage,
including only 5-10% of the species that have collected from the habitat. Even
with this daunting potential for variation in species composition, a consistent
pattern of greater similarity was evident probably due to unchanging high
quality of litter through out the study period.

In forests, up to 90% of aboveground net primary production may enter
primarily detritus-based food webs (Swift et al. 1979; Peterson & Luxton 1982;
Coleman et al. 1983). In this study detritivores were dominant members of the
arthropod assemblage recovered from litterbags suggesting that decomposer
mediated effects upon decomposition may have been most significant. My
results are limited to the first 12 months of decomposition, as early changes in
the chemistry of litter are known to influence a range of subsequent ecological
processes including colonization of litter by microarthropods (Anderson 1973
Pereira et al. 1998). A parallel rise in relation with fungivores is evident in the

predator fauna utilizing this high resource availability.
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Litterbag sampling is just an indicator of the dynamics of the entire
assemblage, reflecting as it does. only the activity of minority of insect groups
at a part of its life stage (Hansen & Coleman 1998). But the relative ease with
which large numbers of replicate treatments can be established for long
succession studies improve our understanding of control processes in terrestrial
decomposition processes. Future work must assess how litter faunal community
composition, manipulated in a more realistic manner, affects decomposition of

senesced litters in both the long and short-term studies.
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Table.6.1. Analysis of similarities (ANOSIM) of insect faunal assemblages in
litter bags during 3 different phases of decomposition

Sample statistic (Global R): 0.296

Significance level of sample statistic: 1.5%

Phases of R statistic Significance level
decomposition
First, Second 0.40 P>0.015
First, Third 0.26 P>0.015
Second, Third 0.25 P>0.015

Table.6.2. Multiple regression analysis of abundance of detritivores as a
function of litter biochemical variables (C: N and total phenols)

Regression equation 1s

Detritivore = - 85.3 + 5.51 C: N - 3.79 phenols

Predictor Coefficient SE Coef T P
Constant -85.27 3031 -2.81 0.037
Phenols -3.79 1.60 3.44 0.01
C:N 5.51 1.60 -0.32 0.72
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Figure.6.3 Abundance of mites during
different stages of succession

Figure.6.4 Abundance of Coleoptera during
different stages of succession
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Figure.6.5 Dendrogram based on hierarchical agglomerative
clustering (group-linking) of litter insect faunal assemblage during
different months of succession of litter bags

Figure.6.6 Diversity of guilds during different stages of succession
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Figure.6.7 Abundance of different trophic groups during
different stages of succession (a) detritivores and (b) predators
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Figure.6.7 Abundance of different trophic groups during
different stages of succession (c) fungivores and
(d) microbidetritivorous Collembola







Conclusions

1. Data on the seasonal and layer wise distribution and diversity of litter
insects in the wet evergreen forest of Wayanad were studied.

2. Ample evidence for the seasonal and layer wise variation in the quality
of litter biochemical parameters also provided.

3. Species richness and checklist of the dung beetle fauna (Coleoptera:
Scarabaeidae: Scarabaeinae) linked with the evergreen habitat is studied
and a pictorial key of the collected dung beetle fauna provided.

4. Decomposition rates of the study habitat and its relationship with
biochemical parameters of litter along with the insect assemblages

associated were studied.

First time comprehensive insect faunal inventory in the wet evergreen
rainforest of South Western Ghats showed the dominance of Coleopterans,
Hymenopterans and Collembolans. Peaks of insect diversity were noticed
during wet seasons, revealing a significant positive relation between insect
diversity and rainfall. Significant seasonal variation in insect fauna was
noticeable with Ptiliids (Coleoptera) dominating during pre-summer period and
Psocopterans in the summer season. Fungivorous thrips and Psocopterans
dominated the fresh layer; Coleopteran Ptiliids and Staphylinids dominated the
fermentation and humus layers. Predatory Staphylinids and ants belonging to
Tapinoma sp., Strumigenys sp., fungivorous Ptiliids, Thysanopterans and
microbidetritivorous Collembolans were the dominant trophic categories
during different seasons of the study period. The presence of two wet

rainforests preferring ant genera Acropyga sp. and Paratrechina sp. exclusively
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in the evergreen forest is indicative of the influence of litter habitat conditions
in determining the habitat preference of ants. First record of Carabids Perigona
nigriceps and Clivina spp. from the wet evergreen forest of Wayanad were

made in this study.

Checklist on dung beetle fauna of evergreen forests shows the existence
of 29 species, all belonging to subfamily Coprinae comprising 4 tribes, Coprini,
Onthophagini, Onitini and Oniticellini. Dominant tribe was Onthophagini with
16 species followed by Coprini comprising 6 species, tribe Onitini and
Oniticellini with 3 species each. Of the 29 species reported, 4 are first record
from South India; 6 species are endemic to South India of which 3 are endemic
to Western Ghats including the 2. which are specific to Nilgiri Biosphere

Reserve.

Significant seasonal variation in the chemical quality of freshly fallen
litter and the F and H litter layers were recorded. As per both the litter quality
indices (C: N and L: N), litter of high resource quality is shed during the
monsoon seasons (northeast and southwest) and low quality during summer
season. Peaks of insect diversity also coincide with wet seasons associated with
high quality litter during these seasons. Fluctuations in Carbon, nitrogen.
minerals and primary metabolites along layers showed depletion from L — H

layers.

Litter decomposition rates of 2.94k/yr showed 99% decomposition after
574days. par with studies from other tropical forests. All nutrient

concentrations decreased with decomposition. Release of N without net N
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accumulation, suggests that N was not a limiting factor for microorganisms
because the initial N concentration in these litters was relatively high compared
to other studies. Low incidence of Collembola during the early phases of
succession, dominance of mites throughout the litterbags, preponderance of
Isopods in the middle phase, abundance of detritivores and predators during 1%
phase and fungivore dominance during middle phase are the features of
litterbag succession studies. Though, there was little evidence of a trophic
category being confined to a particular successional stage, detritivores were the
prime trophic group in the litterbag as they more readily utilized herbaceous

material with higher N content and lower content of structural polysaccharides.
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