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Abstract: The montane closed evergreen forests
found at altitudes above 1,800 m in the Western
Ghats of India possess a distinct vegetation type and
are called shola forests. Despite the fact that these
forests are located in relatively inaccessible areas,
they are still under anthropogenic pressure leading to
continued habitat degradation and loss of biomass
and biodiversity. A case study was conducted in
Mananvan shola, the largest shola forest in Kerala of
Western Ghats, to recognize the impact of disturbance
on  vegetation structure, composition and
regeneration pattern, to identify the socio-economic
reasons for disturbance and to evolve strategies for its
management. In the disturbed part of the forest,
dominance of light demanding species in tree, shrub
and herb communities has been recorded. Here even
the dominance of exotic species in tree seedling,
shrub and herb communities is prominent. Skewed
girth class distribution of tree community with poor
representation by the individuals of girth class 30.1 to
90.0 cm, is also an indication of the collection of small
wood and poles from the forest. The RISQ
(Ramakrishnan Index of Stand Quality) in the
disturbed area of the forest is above 2.0 as against
near to 1.0 in relatively undisturbed forest stands
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suggesting that the disturbance is intensive and thus
natural recovery process would be slow. Socio-
economic analysis in villages located near the shola
forest revealed the fact that the people depended
heavily on this forest for their livelihood. Thus, the
crux and the success of future management and
conservation strategy depend on how one can reduce
the dependency of people on the shola vegetation.
Enrichment planting in disturbed parts of shola,
enhancement of firewood by raising energy
plantations, as well as development of lemongrass
and firewood based agroforestry systems and
reduction of grazing pressure by developing
silvopastoral systems are the major strategies for the
conservation of these shola forests.

Key words: Anthropogenic disturbance; montane
forest; shola forest; species composition; western
ghats of India

Introduction

Tropical region is endowed with a vast tract of
diverse vegetation (Gentry 1992). Among different
types of forests, the montane forests, due to their
unique features including rich biodiversity and



prominent ecological services, have always
attracted biologists, bio-geographers, ecologists
and forest managers (Doumenge et al. 1995). In
India, montane forests covering 7.9 % of total
forest area occur in the Himalayan, northeastern
and southern parts of the country (Lal 1989). In
southern India, the montane forests, generally
found at the altitude above 1,800 m in the Western
Ghats, are commonly known as shola forests
(Ranganathan 1938). These forests designated as
tropical upper montane rain forests (Burtt-Davy
1938), temperate rain forests in the montane
region (Schimper 1903), montane temperate
forests (Champion 1936) and southern montane
wet temperate forests (Champion and Seth 1968)
are characterized by having stunted evergreen trees
with dense, round or umbrella shaped crown
consisting of entire and coriaceous leaves.
Moreover, trees are clothed and festooned with rich
epiphytes (Champion 1936). From the point of view
of biodiversity, shola forests are regarded as unique
due to rich flora and fauna, particularly rare and
endemic elements (Blasco 1970, Jose et al. 1994).
Even though these forests are located in relatively
inaccessible hilly areas, many of them have been
cleared and converted into plantations and
agricultural lands. Thus for instance in Kerala State
of southern India, only about 70 km2 forest area
(0.74 % of the total forest area of the State) is now
remained under shola forests (Nair 1991). However,
conversion of these forests was discontinued in the
recent past, once their ecological functions were
realized to some extent. Even then these forests are
still under anthropogenic pressure leading to
continued habitat degradation and loss of biomass
and biodiversity (Rangarajan 1997). However,
systematic studies to analyse socio-economic
factors responsible for disturbance and to analyse
the impact of such disturbance on the vegetation
structure, composition and regeneration pattern
are lacking. Such studies are also useful to develop
strategies for management and restoration of
impacted ecosystems. The present study conducted
in Mannavan shola forest, the largest in the Kerala
State with an area about 5.18 km?2, aimed to a)
investigate socio-economic issues responsible for
the forest degradation, b) analyse the impact of
disturbance on vegetation structure, composition,
regeneration and ecosystem recovery processes in
the forest, and c¢) evolve location-specific strategies
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for conservation and management.

1 Study Area and Climate

The Mannavan shola forest (77° 18" 14” N
and 10° 15’ 26" E) comes under Marayoor Forest
Range of Munnar Division (Figure 1) and is located
at an average elevation of 1,950 m. The weather
data collected from the nearby weather station
indicate that the mean annual temperature is about
20 C and mean annual precipitation between
2,000 and 3,000 mm. In this forest, the soil is red,
sandy loam, oxysol, acidic (pH = 4.2) in reaction
with 4.6 % ~ 14 % organic carbon content.

2 Material and Methods

2.1 Socio-economic analysis

The study relied on both primary and
secondary data. For generating primary data, four
villages, namely, Kanthallur, Perumala, Puthur and
Kolachavayal (Figure 1), which are proximal to the
forest, were selected. From each village, 25
households were randomly selected for studying
the problems of the Mannavan shola forest. The
primary data were collected using a structured
questionnaire. Participatory Rural Appraisals were
also conducted among the people to know the
major problems of the shola area. In addition to the
primary data, the secondary data were collected
from the Government Offices, such as the Forest
Department, Panchayath Offices, for this study.
Besides, 10 elder respondents from the above
mentioned villages were selected for collecting
historical data regarding migration, socio-cultural
tradition of the people, destruction of shola, etc.

2.2 Vegetation analysis

In Mannavan shola forest, both disturbed and
undisturbed areas can be clearly identified.
Qualitative indicators of anthropogenic
disturbance considered to determine whether a
given area in the forest patch is disturbed or
undisturbed include the presence of a) stumps of
cut trees, b) debris including branches and leaves
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Figure 1 Location map of Mannavan shola in Kerala State, India

of cut trees, ¢) remnants of lopping, d) occurrence
of paths, e) cattle or their excreta, hoof mark,
trampled soil or compacted soil, f) large and
abnormal canopy gaps, g) understorey plants
which are not characteristic to relatively
undisturbed forest patch, and h) exposed soil.
Interviews and discussions with local people also
provided the information on whether a given area
in the forest is disturbed or not. In both disturbed
and undisturbed areas of these forests, vegetation
analysis has been conducted.

Three plots were demarcated in the
undisturbed and disturbed areas of the forest,
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respectively. The size of each plot was 1 ha and the
minimum distance between any two plots in a
given type of forest was 500 m. Vegetation analysis
was carried out in the these plots by establishing
randomly laid 25 quadrats, each of 10 m x 10 m in
size. These quadrats were used for studying mature
trees (individuals with girth at breast height (gbh,
measure at 1.37 m above ground) more than 30.1
cm) and saplings (individuals with 10.1 ~ 30 cm
gbh). In each quadrats, while the subquadrats each
of 1 m x 1 m in size were established for studying
tree seedlings (individual with girth 1.0 ~ 10 cm),
and subquadrats of 5 m x 5 m in size were



established for studying shrubs and herbs. Number
and occurrence of all species in each quadrat were
measured. Girth at breast height (gbh at 1.37 m
above ground) of all trees and saplings was also
recorded. For trees with large buttresses the girth
was measured from above the buttressed part. For
seedlings, shrubs and herbs girth at ground level
was taken.

The vegetation data were analyzed for relative
density, relative frequency and relative dominance
(Phillips 1959) and the sum of values for these
parameters represented by Importance Value
Index (IVI) for various species (Curtis 1959).

Sorensons’s Similarity index (Mishra 1989)
was calculated for comparing the vegetation of
disturbed area and undisturbed area of a given
shola forest.

Similarity index = 2C / A+B

Where, C is total number of common species of
disturbed and undisturbed areas of the forest, A is
total number of species in disturbed area, and B is
total number of species in undisturbed area.

The quadrats established in disturbed areas of
the above mentioned shola forests were also used
to record number and girth of recently cut or
removed trees and saplings of different species.

2.3 Determination of forest stand quality

Considering the life history pattern, tree
species of shola forest can be categorised into
primary species (shade-tolerant species), late
secondary species and early secondary species
(shade intolerant species). Based on the available
literature (Chandrasekharan 1960,
Chandrashekara et al. 1994, Chandrashekara et al.
1998, Gamble 1928, Pascal 1988, Rai 1979), species
encountered in the study area were categorized
into three groups. Each group was given an index
number, its pioneer index 1 for the group requiring
a small gap for regeneration and 3 for the group of
strong light demanders with a strong canopy
disturbance requirement. The procedure to
determine the stand quality (Chandrashekara 1998)
followed is given as below

RISQ = Z{(n: / N) x species pioneer index}
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Where, RISQ is Ramakrishnan Index of Stand
Quality, n; and N are the same as in the Shannon
index of general diversity. Pioneer index 1 is for the
species whose seedlings establish in closed canopy
area but need small canopy gaps to grow up.
Pioneer index 2 is for the species whose seedlings
establish in small gaps but need small to medium
size gaps to grow up. Pioneer index 3 is for the
species whose seedlings need larger canopy gaps
for both establishment and growth. The RISQ of a
given site can vary from 1.0 (all stems, group 1
species; forest stand is undisturbed) to 3.0 (all
stems, group 3 species; forest stand is highly
disturbed).

The undisturbed and disturbed areas of the
forest were compared statistically for the values
obtained for a given parameter using Student’s t-
test.

3 Result and observation

3.1 Socio-economic analysis

According to the informants who participated
in the senior citizen interview, about 5 decades ago
there were hardly 10 households located near
Mannavan shola and dependent on the forest for
their livelihood. They mainly depended on shola
forest and its neighboring areas in three ways, such
as shifting cultivation, collection of NWFPs and
firewood. However, the origin of the present
resource use in the shola areas dates back to early
1970’s when migration of the people from the
nearby Tamil Nadu State and southern Kerala
began to occur (Kunhikrishnan 2001). The
migrated farmers did not follow the shifting
cultivation in their new place partly because there
was no adequate land and partly due to their lack
of awareness of various practices of the shifting
cultivation. On the other hand, they introduced a
cropping pattern, which they knew. The new
cropping pattern introduced by the migrant
farmers predominantly consisted of vegetables,
such as carrot, beans, cabbage, garlic and ginger.
However, in due course of time, with a view to
enhance their income, the farmers diversified their
agricultural activities in two ways: grazing and
lemongrass cultivation. It was estimated that there
were about 295 livestock, including 77 % cattle, in
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the selected 100 households from the four villages
near Mannavan shola forest. It was also estimated
that cattle rearing provided on an average about 12
% of the total income of the households. However,
about 85 % of the cattle in the villages were sent for
grazing in shola forest.

Around Mannavan shola, lemongrass was
cultivated in about 188 ha and it was the major
source of income, accounting for 45 % of the total
household income. But most important demerit of
lemongrass cultivation was that for distilling
lemongrass oil, and a huge quantity of firewood
was required. For example, according to the
cultivators, on an average, distillation of
lemongrass collected in one-year period from one
hectare required about 9,839 kg of firewood. Thus,
it is estimated that about 1,867 tones of firewood
was required per year for the distillation of
lemongrass cultivated in 188 ha in the villages near
Mannavan shola forest.

It was found that firewood constituted the
major source of energy for 9o % of the selected
households in the villages near Mannavan shola
forest. About 10 % of the households in Mannavan
shola area used other energy sources like cow dung
and LPG gas, in addition to firewood. Firewood
was invariably collected from the shola areas and
plantations of wattle (Acacia mearnsii) nearby.
The most preferred and widely collected species of
firewood were Viburnum spp., Strobilanthes
homotropa and Syzygium spp. It was estimated
that about 2,761 tones of firewood was collected
annually from Mannavan shola and the nearby
wattle plantation. While about 63 % of the total
firewood collected came from shola, 35 % was from
wattle plantation and the rest from homesteads. Of
the total firewood collected, 33 % was used for
domestic purpose and the rest for lemongrass oil
distillation. Firewood collection was mainly for
self-consumption although some sold a part of
their collection. However, about 10% of the total
respondents used firewood exclusively for sale. The
PRA survey also indicated that cutting of tree fern
Cyathea nilgiriensis and Cyathea crinita for the
purpose of decoration during the festivals and
marriages was also a regular activity.

3.2 Phytosociology of tree species
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Phytosociological ~ studies revealed that
Hydnocarpus alpina, Isonandra stocksii and
Gomphandra coriacea were dominant at the
mature tree phase in undisturbed areas. Whereas
in disturbed areas, Symplocos cochinchinensis and
Daphniphyllum neilgherrense were dominant and
contributed about 50 % to the total IVI of the
mature trees (Table 1). At the sapling phase of
undisturbed forest area, Mastixia arborea,
Hydnocarpus alpina and Chionanthus ramiflorus
were dominant species, while Symplocos
cochinchinensts, Maesa indica and
Daphniphyllum neilgherrense were dominant in
the disturbed forest area. The seedling population
of undisturbed plots was co-dominated by
Beilschmiedia wightii and Chionanthus ramiflorus
followed by Hydnocarpus alpine. On the other
hand, at the seedling phase of disturbed forest
plots Symplocos cochinchinensis, Daphniphyllum
neilgherrense, and an exotic species Acacia
mearnsii, were dominant. In the undisturbed
forest plots, herb and shrub communities were
dominated by  Lasianthus accuminatus,
Strobilanthes homotropa and Ardisia rhombifolia,
while in the disturbed plots apart from the above
mentioned species, Oplismenus sp., Vigna
trilobata and Ageratina adenophora were
dominant (Table 2). Only two species (Persea
macrantha and Syzygium densiflorum) were
present at all three phases in both plots. Only 14 %
of the total number of species recorded was present
at the seedling phase in both plots. Similarly, only
7.6 % of the total number of species recorded was
present at the sapling and mature phases in both
plots. The study also revealed that about 76 % of
species in the disturbed plots were not typical of
the undisturbed forest plots.

Comparison of disturbed and undisturbed
forest areas for the density and basal area of tree
saplings and shrubs and herb community indicated
that values were significantly less (P<0.05) in
disturbed areas (Table 3). The similarity index
values of mature trees, saplings, seedlings and
shrub and herb communities were 0.250, 0.225,
0.3109 and 0.381, respectively. These values
revealed that there was a significant difference
between disturbed and undisturbed areas, with
regard to vegetation composition.



Journal of Mountain Science Vol 3 No 1 (2006)

Table 1 Mean Importance Value Index (IVI) of different tree species in relatively undisturbed forest (UF) and
disturbed forest (DF) plots in Mannavan shola, Kerala, India. Mature trees (>30.1cm gbh), saplings (gbh 10.1 cm to
30.0 cm), seedlings (girth 1.0 to 10.0cm, height <1 m).

Species Mature trees Saplings Seedlings
UF DF UF DF UF DF
Abarema subcoriacea 0 2.88 o) o 0 0.84
Acacia mearnsii (o) 2.83 o) (o) (o) 24.82
Acronychia pedunculata 5.7 0 1.76 3.82 3.95 0
Actinodaphne bourdillonii 9.72 [} 25.4 o) 18.85
Aglaia apiocarpa 0 0 o) 5.37 0.84
Aglaia elaeagnoidea 1.25 0] 1.18 0] 0]
Alseodaphne semecarpifolia 5.31 8.3 o) 7.93 8.6 2.91
Beilschmiedia wightii 26.26 (o} 3.91 () 48.87 (o}
Bhesa indica 3.93 o 0 0 4.64 (o]
Canthium dicoccum 1.26 0 o) 3.72 0 0.84
Catunaregam spinosa 1.37 o 0 o o o
Celtis philippensis 0.91 0] 0] o) 0] 0]
Celtis tetrandra [6) [6) o) 0 0 5.81
Chionanthus linocieroides (o) (o) o) (o) (o) 2.91
Chionanthus ramiflorus 25.01 0 27.94 o} 48.4 0
Cinnamomum perrottetii 0.65 0 1.88 0 (o) 0
Cinnamomum sulphuratum 6.83 0 8.64 o} 0 0
Cinnamomum travancoricum 0.44 0 o) o 4.65 0
Cinnamomum wightii 0.47 3.04 o) 3.93 0 0.84
Clerodendrum viscosum 0.43 0 o) o 6.38 0.84
Cryptocarya bourdillonii 0.74 0 2.4 (o) 0 0
Cryptocarya lawsonii 8.8 0 9.48 0 0 (o)
Cyathea crinita 0 0 5.59 o} 0 0
Cyathea nilgiriensis 2.53 [6) o) 58.51 0 [6)
Daphniphyllum neilgherrense [6) 47.55 o) 4.59 0 46.16
Debregeasia longifolia (o) (o) o) 3.72 (o) (o)
Elaeocarpus recurvatus 0o 0o 1.18 o 1.18 0o
Elaeocarpus serratus 1.53 o o} o o 2.91
Erythrina indica (0] 2.66 0] (o) 0] 0]
Eugenia calcadensis 0.46 0 1.19) o 0 0
Eurya nitida 1.02 0] 2.48 o) 1.18 0]
Glochidion neilgherrense 2.34 21.51 3.05 4.59 6.12 9.63
Gomphandra coriacea 26.29 0 3.97 o} 2.33 5.35
Gomphandra sp. 0 0 5.43 o} 0 0
Hydnocarpus alpina 56.9 0 28.7 o} 28.87 0.84
Ilex denticulata [6) [6) 4.15 0 0 [6)
Ilex wightiana 0 0 0 (o) 1.02 0
Isonandra stocksii 39.99 0 4.5 o 6.76 0
Ligustrum perrottetii 0 0 0 0 (o) 2.45
Litsea beddomei 0 0 3.51 o} 0 0
-Continued-
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Species

Litsea floribunda

Litsea insignis

Litsea ligustrina

Litsea wightiana
Mallotus ferrugineus
Mastixia arborea

Maesa indica

Meliosma pinnata
Meliosma simplicifolia
Microtropis ramiflora
Murraya paniculata
Neolitsea cassia
Neolitsea scrobiculata
Pavetta indica

Persea macrantha
Phoebe lanceolata
Photinia integrifolia
Photinia serratifolia
Polygala arillata

Prunus ceylanica
Psychotria sp.

Rapanea wightiana
Rhododendron arboreum
Rauwolfia densiflora
Saprosma foetens
Schefflera racemosa
Symplocos cochinchinensis
Symplocos macrophylla
Symplocos pendula
Syzygium caryophyllatum
Syzygium cumini
Syzygium densiflorum
Syzygium gardneri
Syzygium rubicundam
Syzygium tamilnadensis
Ternstroemia japonica
Turpinia cochinchinensis
Turpinia nepalensis
Vaccinium leschenaultii
Viburnum coriaceum

Viburnum punctatum

Mature trees
UF DF
0.44
(0]
(0]
0 5.86
0.67 0
22.84 (o)
(0] (0]
0 3.64
0 18.1
0 0
(0] (0]
(0] (0]
0.97 (0]
(0] (0]
10.18 25.03
0.91 0
0.93 (0]
(0] (0]
(0] (0]
0.54 (0]
(0] (0]
0 0
() 5.45
(0] (0]
6.92 0
0.45 2.71
(0] 104.21
0 0
(0] (0]
(0] (0]
2.84 15.05
11.24 3.01
2.08 0
0 0
(0] (0]
5.95 0
(0] (0]
2.9 4.34
2.83
8.57
11.7

Saplings
UF DF
2.39 0
1.06 (0]
0]
0] 15.31
0]

78.19 (o]
(o} 59.06
0] 4.05
Y 4.74

7.23 0
0] (0]

2.57 0
0] 0

4.86 0

1.24 11.27

13.81 0
0] 0

3-53 0

1.7 0
1.22 0
1.56 0

(o} 4.89
0 5.06
1.25 0

18.79 o

2.05 4.3
(0} 63.67
0 0

1.18
0] 14.12
o 3-45

1.64 4.3
(0] 0
0 0

4.25 0
0] 0
0] 0

3.06 0

2.09 9.4
(o} 5.58
0] (0]

Seedlings
UF DF
0] 0
0] (0]
1.18 0
1.18 11.48
0 0.84
19.38 0.84
0] 22.49
0] (0]
0 1.68
0]
2.04 (0]
12.1 12.01
3.95
1.02 (0]
15.45 3.36
6.98 0
0 0.84
0] (0]
0] 0
0] (0]
0] (0]
1.09 2.52
0] (0]
(0] (0]
8.17 0.84
0 2.06
1.28 96.19
11.52 0]
0 (0]

0 5.04
0 0
7.93 16.52
0 1.68

8.38 0
0] 1.22
0] (0]
o 3.75

1.18 0
(o} 0.84
(o} 7.8
0 (0]
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Table 2 Mean Importance Value Index (IVI) of herbs and shrubs in relatively undisturbed Forest (UF) and
disturbed forest (DF) plots in Mannavan shola, Kerala, India.

Species UF DF
Ageratina adenophora 0.9 68.53
Anoectochilus elatus 2.24 o}
Ardisia rhomboidea 31.23 0
Arisaema leschenaultii 1.46 4.12
Barleria involucrata [0} 1.63
Bulbostylis densa 3.84 o
Calanthe masuca 5.92 o}
Carex sp. 8.82 11.22
Cocculus laurifolius (o) 1.36
Coffea sp. 0 1.14
Coleus malabaricus 6.03 1.2
Diplocyclos palmatus 5.14 (o)
Elatostema lineolatum 7.17 0
Erigeron karvinskianus [0} 3.46
Hydrocotyle javanica 2.21 14.9
Jasminum roxburghianum 0 1.67
Laportea bulbifera 2.41 (o)
Lasianthus accuminatus 94.09 20.7
Leptochilus decurrens 23.41 (o)
Nephrolepis auriculata 1.75 o)
Oplismenus sp. 13.4 45.77
Pavetta breviflora 0 3.65
Piper sp. 12.39 0.71
Polygonum chinense 0 1.43
Pteridium aquilinum 0 2.87
Pteris quadriaurita 10.41 5.51
Rubus ellipticus 0.9 13.41
Sarcococca coriacea 0 2.94
Shutteria vestita 8.54 o
Sida rhombifolia 0 1.5
Solanum anguivi (0] 1.91
Solena amplexicaulis 0 6.66
Strobilanthes asperrimus 7.21 20.22
Strobilanthes homotropa 43.73 6.28
Strobilanthes kunthianus 0 6.09
Toddalia asiatica 3.96 12.24
Urena lobata 0 1.81
Vernonia bourneana 0 6.48
Vigna trilobata 0 29.88
Wattakaka volubilis 0 0.71
Zehneria maysorensis 2.84 0
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Table 3 Basic statistics of tree, shrub and herb communities in undisturbed and disturbed forest plots of Mannavan
shola, Kerala, India. Mature trees (>30.1 cm gbh), saplings (gbh 10.1 cm to 30.0 cm), seedlings (girth 1.0 to 10.0 cm,
height <1 m). Values in parentheses are S.E.

Mature trees Saplings Seedlings Shrubs and herbs

Density (individuals ha-)

. 571 509 12,858 231,490
Undisturbed plots
(12) (34) (291) (4,649)
5 450 228 97508 122,729
Disturbed plots
P (17) (8 (3,534) (4,386)
t-value 41.9 18.72 45.2 176.2
Level of significance (P) 0.00063 0.00144 0.00022 0.00031
Basal area (m2-ha+)
. 55.67 1.43 2.97 27.90
Undisturbed plots
P (1.53) (0.11) (0.24) (0.80)
5 23.10 0.73 21.03 8.10
Disturbed plots
P (1.08) (0.04) (0.72) (0.38)
t-value 74.4 16.2 65.3 81.7
Level of significance (P) 0.00018 0.00377 0.00024 0.00015
RISQ
X 1.242 1.273 1.249
Undisturbed plots —
P (0.045) (0.039) (0.058)
2.41, 2.6. 2.532
Disturbed plots e 5 & --
(0.055) (0.067) (0.082)
t-value 26.82 23.5107 27.3427 -
Level of significance (P) 0.00161 0.00183 0.00134 —

Table 4 Mean density (individuals ha-1) of trees at different girth classes in the undisturbed and disturbed forest plots
in Mannavan shola, Kerala, India. Values in parentheses are S.E.

Girth class*
A B C D E F G H

Undisturbed 98,159 688 468 260 122 75 34 37
plots (1238) (37) (13) (13) (9) (3) (2) (2
Disturbed plots 97,095 L = e 36 e 0 9

(850) (15) (34) (14) (6) (2) (o) @
t-value 4.75 14.26 15.34 56.35 49.65 57.98 20.44 48.50
Level of

0.042 0.0049 0.0042 0.0003 0.0004 0.0003 0.001 0.0004

significance (P)

*Note: A: Seedlings (girth <10.0 cm, height <1 m), B: Saplings (gbh 10.1 t0o30.0 cm), and C~H: Mature trees, gbh 30.1~60.0, 60.1~90.0,
90.1~120.0, 120.1~150.0, 150.1~180.0 and >180.1 cm, respectively.
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Table 5 Density (individuals ha!) and frequency of distribution of cut trees in disturbed plot of Mannavan shola

Density (individuals ha-) of cut trees

Species di Fyequ.ency (%) of
istribution of cut trees . oG G
Symplocos cochinchinensis 8o 225 95
Doty i 5 5
Maesa indica 30 50 o)
Syzygium cumini 30 40 0
Litsea wightiana 25 35 5
Alstonia venulata 20 10 0]
Glochidion neilgherrense 20 20 o)
Acacia mearnsii 15 15 o)
Photinia integrifolia 15 10 10
Strobilanthes homotropa 15 30 o)
Acronychia pedunculata 10 10 o)
Alseodaphne semecarpifolia 10 20 10
Eurya nitida 10 10 0]
Mastixia arborea 10 20 0
Persea macrantha 10 15 10
Syzygium caryophyllatum 10 10 o)
Turpinia cochinchinensis 10 15 0
Viburnum coriaceum 10 10 0]
Beilschmiedia wightii 5 10 0]
Celtis tetrandra 5 5 o)
Chionanthus linocieroides 5 5 (0]
Cyathea nilgiriensis 5 o) 5
Neolitsea cassia 5 5 o)
Rapanea wightiana 5 5 0]
Saprosma foetens 5 5 (0]
Sarcococca coriacea 5 5 0
Syzygium densiflorum 5 5 0]
Vaccinium leschenaultii 5 5 o)
Total 680 150

67



U.M. Chandrashekara et al.

In general, density of trees in sapling and
different girth classes at the mature phase was less
in the disturbed plot (P<0.05) than that in the
undisturbed plot (Table 4, see above). Furthermore,
in the disturbed plot trees in the girth class
between 150.1 cm and 180 cm gbh were completely
absent. Unlike undisturbed plot, disturbed plot
showed the presence of stumps, small branches
and foliages of tree cut by the people. Thus,
quantification was made for the density and
frequency of distribution of recently cut trees in the
disturbed plot. Totally, 830 individuals of 28
species per ha were cut during a period of 2 years.
All these individuals belong to the girth class
between 10.1 cm and 60 cm gbh (Table 5, see
above). The removal of individuals of higher girth
classes was not recorded. More individuals of

Symplocos  cochinchinensis, = Daphniphyllum
neilgherrense and Maesa indica were cut from the
plots.

To determine the level and intensity of forest
disturbance, Ramakrishnan Index of Stand Quality
(RISQ) was estimated. The RISQ values obtained
for mature trees, saplings and seedlings were much
higher (P<0.05) in the disturbed patch than those
in the benchmark undisturbed area (Table 3).

4 Discussion and Conclusion

The study revealed that main driving forces
behind these disturbances and degradation of
forests stemmed from human activities. Change in
cropping pattern in the villages around Mannavan
shola forest led to over-exploitation of resources
from forests. For instance, the farmers undertook
the lemongrass cultivation as a source of
supplementary income, and it then became a major
source of income accounting for 45 % of the total
household income. It is generally thought that the
lemongrass cultivation is a profitable business. The
average per hectare net returns of the lemongrass
cultivation for 5 years was estimated as Rs. 37,500
(excluding the value of land) (Thomas 2000).
Another study in the neighboring area of the
Mannavan shola indicated that net annual
monetary benefit by lemongrass cultivation was Rs.
23,713+ 5,997 ha, with monetary output / input
ratio of 1.81+0.14 when the costs of firewood and
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land were not accounted (Chandrashekara 2000).
The farmers in the study areas also indicated the
profitability of the -cultivation. Three reasons
attributed for the profitability are: a) the price of
lemongrass oil is high and less fluctuating (between
Rs. 400~450 per kilogram of lemongrass oil during
last 5 years), b) firewood required for its distillation
is taken freely from the forest areas, which reduces
the cost, and ¢) wage rate is less in shola area
(Rs.40 per female labour) when compared to other
places (Rs. 100). However, lemongrass cultivation
could be considered as the major cause for forest
degradation as large quantity of dead and fallen
wood and also live trees are collected to distill
lemongrass oil. It may also be pointed out that
even the collection of a large quantity of fallen and
dead wood is not advisable in the context of
ecological resilience of the forests. If dead wood is
left to decompose in the forests with the help of
microorganisms, it adds to the stock of existing
humus, strengthens soil structure, enriches soil
composition, and retards soil loss and erosion
(Roba 2000). As sholas are confined to uplands
and play an important role in watershed protection,
this aspect may also be taken in to account while
formulating the strategy for its conservation.

Both field observation and discussion with the
respondents indicated clearly that some parts of
the shola forest are experiencing overgrazing and
also that the grazing pressure is increasing day by
day. Such a raise in grazing pressure frequently has
the effect of lowering the resilience of the
ecosystem (Perrings and Walker 1997). Moreover,
increasing grazing pressure implies reduction in
the proportion of palatable plants and increase in
both unpalatable grasses and wood plants, which
are susceptible to fire (Knoop and Walker 1985).
Furthermore, overgrazing leads to undesirable
alterations in the biomass (Perrings 1989), change
in species composition including the dominance of
unpalatable shrubs such as Laportea bulbifera and
Achyranthes bidentata, and even invasion of exotic
weedy species like Ageratina adenophora in
Mannavan shola.

Disturbance in the shola forest has also some
other impacts on vegetation structure, composition
and recovery processes. For instance, some
dominant species of undisturbed plots, that is,
Beilschmiedia wightii and Isonandra stocksii are
completely absent in the disturbed plots. In the



disturbed area, Hydnocarpus alpina another
dominant tree species in the relatively undisturbed
forest plots can only be found at seedling stage.
Invasion of exotic species is another impact of
disturbance seen in the shola forest. Acacias, such
as Acacia mearnsii and Acacia melanoxylon, have
already invaded and established in Mannavan
shola. These species have not been recorded at the
sapling and mature phases not because they are not
recruiting to these phases but because they are
prone to be cut by the local people. Disturbance in
Mannavan shola also led to the reduction in density
and basal area of trees, particularly at the sapling
phase (Table 3). Even the understorey shrubs and
herb community showed a drastic reduction in
stem density and basal area. Such low values for
density and basal area in disturbed plots can be
attributed to the collection of poles and stems of
shrubs like Strobilanthes homotropa by the local
people from these plots. However, both density and
basal area of tree seedlings in disturbed area are
more than those in undisturbed regions. This is
due to the fact that early secondary native species
and exotic species have a tendency to recruit well
when canopy gaps are created. For example, it was
noted that in the disturbed plot light demanding
species like Symplocos cochinchinensis,
Daphniphyllum  neilgherrense and  Acacia
mearnsii contributed 64 % of the total basal area of
seedlings. Canopy openings formed by human
disturbances are known to offer favourable
microenvironment for establishment and growth of
such early secondary species (Denslow 1980). Thus,
due to disturbance, species composition changed as
recorded low similarity index values obtained for
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mature trees, saplings, seedlings and shrub and
herb communities in the relatively undisturbed
plots and disturbed plots.

The RISQ values obtained for mature trees,
saplings and seedlings in the disturbed patch were
significantly more than those obtained for the
benchmark undisturbed area (Table 2). This
indicates the fact that the intensity of disturbance
is high and it in turn could lead to changes both in
species composition and stand structure of the
forest. This analysis also reveals that since the
RISQ value obtained for the disturbed site is much
higher than the expected value for an undisturbed
site, the rate of recovery by the forest could be slow.

From the forgoing discussion, it is clear that
firewood collection and grazing are the major
threats to the effective conservation of the
Mannavan shola forest. These factors should be
taken into account, while formulating strategies for
conservation and management of this shola forest.
Some of the strategies to be adopted include
enrichment planting of suitable species in
disturbed plots and enhancement of firewood base
for the villages. Species that may be considered for
enrichment planting in Mannavan shola are listed
in Table 6. The firewood base can be enhanced, by
converting monocropping of lemongrass into an
agroforestry system with the incorporation of tree
components particularly, firewood species, and by
increasing the growing stock and better
management of the existing wattle plantations with
a view to provide firewood at a concession rate to
the local people. Many of the above mentioned
strategies may be implemented through eco-
development programmes aiming at overall

Table 6 Species suitable for enrichment planting in disturbed parts of Mannavan shola, Kerala, India

Acronychia pedunculata
Actinodaphne bourdillonii
Alseodaphne semecarpifolia
Beilschmiedia wightii
Canthium dicoccum
Chionanthus ramiflorus
Cinnamomum sulphuratum
Cryptocarya bourdillonii
Cyathea nilgiriensis
Daphniphyllum neilgherrense

Elaeocarpus serratus

Elaeocarpus munronii
Elaeocarpus recurvatus
Glochidion neilgherrense
Gomphandra coriacea
Hydnocarpus alpina
Litsea floribunda

Litsea wightiana
Mastixia arborea
Meliosma pinnata
Microtropis ramiflora

Neolitsea cassia

Neolitsea scrobiculata
Persea macrantha
Rhododendron arboreum
Schefflera racemosa
Symplocos cochinchinensis
Syzygium cumini
Syzygium densiflorum
Syzygium gardneri
Turpinia nepalensis
Vaccinium leschenaultii

Viburnum coriaceum
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development of the shola, as well as people living
nearby. These programmes may undertake
plantation of firewood species, supply of inputs,
increase facilities for marketing their produces,
increase availability of fodder plants and additional
employment generation activities. As part of these
programmes, campaigns for creating awareness for
conservation and sustainable management of shola
and nearby ecosystems may be undertaken.
Inhabitants, especially tribes, may be employed in
forestry related work so that pressure on shola may
be reduced.

References

Blasco F. 1970. Aspects of the Flora and Ecology of Savannas of
the South Indian Hills. Journal of Bombay Natural
Historical Society 67:522~534.

BURTT-DAVY J. 1938. The Classification of Tropical Woody
Vegetation Types. Imperial Forest Institute Paper No. 13.
Manager of Publications, New Delhi.

CHAMPION H.G. 1936. Preliminary Survey of the Forest Types
of India and Burma. Indian Forest Record. Vol.1. Manager
of Publications, New Delhi.

CHAMPION H. G. and SETH S. K. 1968. A Revised Survey of
the Forest Types of India. Manager of Publications, New
Delhi.

Chandrasekharan C. 1960. Forest Types of Kerala State. Special
paper submitted for Diploma in Forestry. New Forest,
Dehra Dun, India.

Chandrashekara U. M. 1998. Ramakrishnan Index of Stand
Quality (RISQ): An Indicator for the Level of Forest
Disturbance. In: Damodaran, A.D. (ed.), Proceedings of the
Tenth Kerala Science Congress. State Committee on
Science, Technology and Environment,
Thiruvananthapuram, Kerala, India. Pp. 398~400.

Chandrashekara, U.M. 2000. Forest and agricultural ecosystem
analysis to assess ecosystem health and to identify
rehabilitation strategies. In: Ramakrishnan, P.S. et al
(eds.), Mountain Biodiversity, Land use Dynamics and
Traditional Ecological Knowledge. UNESCO. Oxford &
IBH Publ. New Delhi. Pp. 177~205.

Chandrashekara U. M. and Ramakrishnan P. S. 1994.
Vegetation and Gap Dynamics of a Tropical Wet Evergreen
Forest in the Western Ghats of Kerala, India. Journal of
Tropical Ecology 10: 337~354-.

Chandrashekara U. M. and Sankar S. 1998. Ecology and
Management of Sacred Groves in Kerala, India. Forest
Ecology and Management 112: 165~177.

CURTIS J. T. 1959. The Vegetation of Wisconsion: an
Ordination of Plant Communities. University of Wiscosin
Press, Madison, Wisconsin.

Denslow J.S. 1980. Patterns of Plant Species Diversity during
Succession under Different Disturbance Regimes.
Oecologia 46: 18~21.

Doumenge C., Giolmour, D., Perz, M.R. and Blockhus J.1995.
Tropical Montane Cloud Forests: Conservation Status and
Management Issues. In: Hamilotn, L.S. et al. (eds.),
Tropical Montane Cloud Forests. Springer-Verlag, New
York. Pp. 24~37.

GAMBLE J. S. 1928. Flora of the Presidency of Madras, 3
volumes. Adlered & Son Limited, London.

70

Acknowledgements

We would like to record our sincere thanks to
Dr. J.K. Sharma, Director, Dr. K.S.S. Nair, former
Director and Dr. R. Gnanaharan, Research
coordinator for their keen interest and
encouragement. Sincere thanks are also due to the
Forest Department officials and staff of Marayoor
Forest Range for their kind support and co-
operation. We are also thankful to the people of
Kanthallur, Puthur, Kolachavayil and Perumala for
their co-operation with the data collection.

Gentry A.H. 1992. Tropical forest biodiversity: distributional
patterns and their conservational significance. Oikos 63:
19~28.

Jose S., Sreepathy, A., Kumar, B. M. and Venugopal, V. K. 1994.
Structural, Floristic and Edaphic Attributes of the
Grassland-Shola Forests of Eravikulam in Penisular India.
Forest Ecology and Management 65: 279~291.

Knoop W.T. and Walker, B.H. 1985. Interactions of Woody and
Herbaceous Vegetation in Southern African Savanna,
Journal of Ecology 73:235~253.

Kunhinkrishnan E. 2001. The Sholas and Grasslands in the
Western Ghats. Science India 4:29~32.

LAL J.B. 1989. India’s Forests; Myth and Reality. Nataraj
Publisher, Dehra Dun, India.

MISHRA K.C. 1989. Manual of Plant Ecology. Oxford and IBH
Publishing Company. New Delhi.

NAIR S. C. 1991. The Southern Western Ghats: A Biodiversity
Conservation Plan. INTACH, New Delhi.

PASCAL J. P. 1988. Wet Evergreen Forests of the Western
Ghats of India: Ecology, Structure, Floristic Composition
and Succession. Institut Francais de Pondicherry,
Pondicherry, India.

Perrings C. and Walker B.H. 1997. Biodiversity, Resilience and
the Control of Ecological Economic System: The Cases of
Fire Driven Rangelands. Ecological Economics 22:73~83.

Perrings C. 1989. An Optimal Path to Extinction? Poverty and
resource degradation in the Open Agrarian Economy.
Journal of Development Economics 30: 1~24.

PHILLIPS E. A. 1959. Methods of Vegetation Study. Henry
Hold & Company, New York.

RAI S. N. 1979. Gap Generation in Wet Evergreen Forest of
Karnataka. Karnataka Forest Department Research Paper,
KFD-2. Karnataka Forest Department, Bangalore.

Ranganathan C. R. 1938. Studies on the Ecology of the
Grassland Vegetation of the Nilagiri Plateau. Indian
Forester 64: 523~541.

Rangarajan A. 1997. Shredding the Nilgiris. Sanctuary Asia 17:
30~37.

Roba AW. 2000. Costs and Benefits of Protected Areas:
Marsabit Forest Reserve, Northern Kenya. In: Perrings, C.
(ed.), The Economics of Biodiversity Conservation in Sub-
Shaharan Africa. Edward Elgar, U.K. Pp. 115~154.

SCHIMPER AF.W. 1903. Plant Geography upon a
Physiological Basis. Clarendon Press, Oxford.

THOMAS, A. 2000. Cost of Cultivation of One Hectare of
Lemon Grass. Kerala Agricultural University, Aromatic and
Medicinal Plants Research Station, Odakkali, Kerala, India.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


