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1. Introduction

Biodiversity is the immense variety and richness of life on Earth which includes
different animals, plants, microorganisms etc. The biodiversity we see today is the result of
billions of years of evolution, shaped by natural processes and it represents the biological
wealth. Biodiversity has three essential elements such as genetic diversity, ecosystem diversity
and species diversity. Biodiversity in itself provides a range of services, including aesthetic,
cultural and recreational values as well as goods that have direct use value and enhances many
other ecosystem services on which human depend (Bulte et al., 2005).
In the last decades, human have more than ever been changing the world’s ecosystems
to meet the growing demands for food, fresh water, timbers, fibre, fuel and minerals (M E A,
2005). Man depended entirely on biodiversity for various purposes and the increased
dependence leads to biodiversity loss. The loss of biodiversity is a global crisis and it gives rise
to a lot of problems like decreased food security, disruption in the food chain, climate change,
loss of livelihood etc. Due to over exploitation and increased human activity, floral and faunal
species have become endangered and are moving towards extinction. Various natural and
human invoked disasters not only destroy human life and property but also greatly influence
biodiversity. Natural disasters can also produce new habitat and may lead to the evolution of
species. Local scale disasters like land -slides and floods which are caused by heavy rains are
relatively frequent in various regions and affect ecosystems (Wright et al., 2017).
India, with wide variation of rain fall pattern coupled with the complex geography
produces a great variety of vegetation types. Kerala state located at the southwest end of India
is a narrow strip of land lying between the Western Ghats in the east and Arabian Sea on the
west. Western Ghats are one of the Global biodiversity hotspots of the world. Attappady is an
extensive mountain valley spreading over nearly 731 sq. km. It is a unique place which lies in
the foothills of Nilgiries in the Mannarkad forest division, Kerala. Attappady is blessed with
diverse vegetation from evergreen forest to dry deciduous forests.
Kerala experienced an abnormal heavy rain fall from 1 June 2018 to 19 August 2018.
Flood and landslides have affected 13 districts of Kerala including Palakkad. Attappady
spreads over three panchayaths viz. Agali, Pudur and Sholayur of Mannarkad Taluk and
Sholayur is considered as the least affected area due to geographic peculiarities.

1

The diversity of flora and fauna is essential for long term persistence of an ecosystem. Edaphic
factors and vegetational aspects are closely linked to each other. Edaphic attributes are one of
the most important productivity determining factors of an area. The present study has been
carried out to assess the floral and faunal diversity and, soil physic-chemical and microbial
characteristics of this region after flood and landslides.
1.1 Physical settings of Attappady region
Attappady block, the study area situated in the Mannarkkad taluk of Palakkad district
and lies in between the Nilgiri hill ranges in the North and Vellinkiri hill ranges in the South;
both having a height of over 1200 meters. Attappady is an extensive mountain valley located
between 10055’10” N and 11014’19” North latitudes and between 76027’11” E and 76048’8”
East longitudes stretching from Mukkali in west to Anakkatty in east and Thazhemulli in north
to Muthikulam in south covering an area of 745 km2. Physically Attappady is a plateau with
750 – 1000 meters rising from the undulating mid lands beyond the east of Mannarkkad taluk.
This area is flanked by mountain ranges, the Nilgiris in the north, and extension of the Western
Ghats in the south and the east and merges with the plains of Coimbatore.The total land area is
spread over three panchayaths (local self-government institutions) namely, Agali, Puthur and
Sholayur.
Attappady lies between the two ranges of Western Ghats and its general slope is
towards north-east. The western extremity at Mukkali is 550 metres and the northern Attappady
is having an elevation of 2300 metres and forms a fragment of Nilgiri Peak. The eastern side
of Attappady has an extremity of 450 metres and shares the border with Tamil Nadu.
Attappady is one of the oldest and largest tribal settlements with a population of over
30,000. The tribal society in Attappady can be divided into three communities: the Kurumbar,
Mudugar and Irular. The Kurumbar had inhabited and initiated shifting cultivation in
Attappady at the end of 7th century. The Mudugar came to Attappady in the 15th century and
the Irula had started inhabitation in the region in the 17th century and expanded population
across Attappady area. The fertile soil in Attappady has high agriculture potential. The fertile
land and abundant rainfall attracted the marginal and small farmers to the region in the last two
centuries. Those who infiltrated to the region included the British colonialists, Zamindars or
landlords who had been appointed by Zamorin of Calicut, Tamils and Malayalis.
Until the 18th century, the most fertile land of Attappady was under the custody of the
tribal communities. The distribution and productivity of the land were well preserved,
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controlled and ruled by the Mooppan and/or leader of the tribal council. A tribal council is a
traditional sociocultural and political informal institution headed by the Mooppan. A tribal
council comprises five members from tribal communities namely, the Mooppan, Bhandari
(Vandari), Mannukkaran, Jatikkaran and Karuthalai. A Mannukkaran is the knower of the soil
and supervises agricultural activities in hamlet, a Vandari or Bhandari is the treasurer of
council; a Karuthalai is the junior headman; and a Jathikkaran is headman of hamlet. Natural
resources are considered as the Common Property Resources (CPRs)6 by the tribal people.
Interestingly, the conservation and management of CPRs are entrusted to the tribal council by
tribal people. Hence land and other natural resources like forests are under the control of the
tribal council and/or the Mooppan for the last few centuries. The Mooppan allocated lands to
the tribal people as and when required. For instance, after three or four years of cultivation on
a particular land, the tribal people will change cultivable land called shifting cultivation. It is
also known as slash and burn cultivation or kumri cultivation or punam cultivation or cotucadu7 or panchakkadu. When the tribal households need lands for shifting cultivation, the tribal
council

headed by Mooppan will ask Mannukkaran to find out suitable cultivable land for

them. The Mannukkaran, who is considered to be an expert in soil, land and agriculture, will
perform certain rituals before sowing. Tribal people had seen divinity in land, which is also
known as land ethic. It depicted that culturally; tribal communities nurtured and followed ecocentric values8. They cultivated for subsistence and believed in the conservation of their land
and other natural resources.
Therefore, agricultural practices of the tribal communities have never shown any sign
of soil infertility and soil erosion. More specifically, agricultural practices of tribal
communities in Attappady did not lead to more soil erosion and soil infertility for the following
three major reasons: i) eco-centric culture of the tribal communities, ii) subsistence cultivation
and iii) maintenance of soil fertility by providing enough fallow period, crop diversification
and ash and manure. For instance, the Kurumbas - a Particularly Vulnerable Tribal
communities (PVTGs)9- with over 1200 years of agricultural history, have land that do not
show any sign of soil degradation and soil infertility till the 1960s. Similarly, Irula and Muduga
tribal communities, with over 500 years and 300 years of agricultural history, respectively, had
agricultural land without any sign of soil fertility depletion and erosion in Attappady.
Agricultural activities of the tribal communities were questioned and challenged by the British
during the colonial period in the country. For instance, shifting cultivation was banned among
the Irular and Mudugar communities, but was allowed to the Kurumbar who lived in dense or
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remote forest. A massive deforestation was carried out in the name of development of rail and
road and plantations by the British between 19th century and 20th century. As a result,
Attappady lost much of its biodiversity, dense and open forests and vegetation, led to high
desertification, drought and land degradation. The British destroyed the ecology of Attappady
area in the name of development of socio-economic infrastructure and agricultural plantations.
In spite of this, Attappady has retained about 80 percent of forest coverage in its total
geographical area on the eve of independence of India10. Forest cover of Attappady sharply
declined during the post independent period due to an influx of non-tribal settlers. A largescale immigration of the settlers to Attappady has led not only to heavy deforestation, but also
huge land alienation of tribes and forced them to settle in degraded or marginal land. Moreover,
when the settlers, for example, Malayalis and Tamils had settled and started non-subsistence
agriculture11, the problem of land degradation began in Attappady. It is just opposite to
subsistence agricultural activities of the tribal societies. More specifically, subsistence
agricultural practices of tribes prevent soil infertility and soil erosion, whereas non-subsistence
agricultural practices of settlers led to soil infertility and soil erosion in Attappady. Moreover,
the settlers’ nonsubsistence agricultural practices have deteriorated the relationship between
human beings and environment (HER). For instance, the population growth due to the arrival
of settlers has resulted in agricultural extensification (forest clearing for agricultural purposes)
and agricultural intensification (use of chemical fertilizer, pesticides, tractors and machineries
in agriculture) in Attappady. Therefore, forest cover has decreased from about 80 percent to 20
percent of the total geographical area and the application of fertilizers and pesticides increased
considerably during the period 1959−1994. The settlers (e.g., Tamils and Malayalis) population
increased from 1,100 to 37,805 during the period 1951−1991. As a result, soil fertility depletion
and erosion increased in the study region or in other words, land degradation in Attappady is
anthropogenic or socially constructed rather than natural. Moreover, the deterioration of soil
fertility induced by settlers rather than tribal communities. Paradoxically, land degradation
affects negatively the food needs, nutrition, health and the quality of life of tribal people in
Attappady.
1.2 Lanslides
A large mass of bedrock or regolith sliding downhill is known as a landslide. Large,
disastrous landslides are possible wherever mountain slopes are steep and unstable. Unlike
mudflows and earthflows, which are triggered by heavy rain, landslides are set off by sudden
rock failures or earthquakes. Landslides can also result when the base of a slope is made too
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steep by excavation or river erosion. Landslides range from rockslides of jumbled bedrock
fragments to bedrock slumps in which most of the bedrock remains more or less intact as it
moves (A. H. Strahler, 1996).
Kerala receive high amount of rain fall during the monsoon period (2018) which make
the slopes of hilly areas vulnerable to landslides especially the Western Ghats that sprawls over
the eastern side of Kerala state. Landslides are of many types as categorised in the table below
(Table 1.1). Attappady, is severely affected by landslide and floods during rainy season of
2018. The assessment of landslide hazard and risk has become an important subject of interest
for geoscientists, engineers, and local administrators because of its severity and vulnerable
affects. A review of the historical events leads to the understanding of the processes involved
in landslide assessment, mitigation strategies and risk reduction. Such studies ultimately result
in the identification of high susceptible zones of occurrence by preparing landslide zonation
maps for typical regions. Slope failure processes are the major causes of concern, especially in
Attappady, since they not only retard the developmental activities, but also bring a change in
the set-up of natural environment.
Table: 1.1 Types of landslides (D. J. Varnes, 1978)

Type of material
Types of movement
Bed rock
Falls
Topples
Slides

Rotational
Translational Few units

Lateral spreads
Flows

Predominently
Fine
Rock fall
Earth fall
Rock topple Earth topple
Rock slump Earth slump
Earth block Earth block
Slide
Slide

Manyunits Rock slide
Rock
spread
Rock flow
Rock
Avalanche

Complex and compound

Predominently
Coarse
Debris fall
Debris topple
Debris slump
Debris block
Slide

Earth slide
Earth spread

Debris slide
Debris spread

Earth flow

Debris flow
Debris
Avalanche

[Deep
[soil creep]
creep]
Combination in time and/or space of two or more
principle types of movement
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1.3 Significance of the study
2018 Kerala flood disaster which occured from June – August 2018 has been described
as the worst and unprecedented one in the history of Kerala. Attapady is an extensive east
slopping plateau on the Western Ghats of Kerala having rich biodiversity and is nurtured by
river Bhavani and its tributeries. Since Attappady contributes great floristic and faunal diversity
to Western Ghats, it is essential to take serious measures to study the impact of flood and
landslide on the biodiversity of Attappady. The outcomes of this research study could be a
baseline in policy formulation and planning for the sustainability of the rural environment and
livelihoods of the tribal people in Attappady.
Taxonomical studies are significant not only to assess the present flora and fauna in
affected areas but also to analyse the distribution and conservation status. It is important for
developing conservation strategies. Besides angiosperms, which are highly unique and
vulnerable to different ecological and anthropogenic pressures, an effort was also made to
assess the diversity and distribution of lower plants like pteridophytes.
Faunal diversity plays a key role in the maintenance of ecological balance and provides
us with various ecosystem services. They are also biodiversity indicators of a healthy
environment.
Soil is one of the most important ecological factors. Plants depends on it for their
nutrients, water supply, and anchorage. From the point of view of plant nutrients in soil, there
are two important chemical components - organic matter and the chemicals in solution. These
are of much ecological significance.

6

1. Objectives

1. To estimate and Map flooded and landslides prone areas of Attappady region
2. To assess the present status of flora of flood affected riparian areas of Attappady.
3. Analysis of the extent of biodiversity loss through collection of data through field
observations and questionnaire survey.
4. To assess the faunal diversity of Attappady in the flood and landslide-hit areas and
present a detailed checklist of the same.
5. To assess the effect of flood on microbial population and the physico-chemical
parameters of soil.
6. To propose measures for the healthy restoration of the ecosystem.
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2. Review of literature

3.1 Geographical studies
Landslides and mass movements are common phenomena that occur worldwide, and
as such a lot has been discussed and written about it. Landslides can occur in different sizes
and it can range from a single boulder that fall off a cliff to a large area encompassing tens
of square kilometers and millions of cubic meters of debris. And the speed of movement
can range from extremely slow to extremely rapid. A wide variety of terms have been used
for the denudational process whereby soil or rock is displaced along the slope by mainly
gravitational forces. The frequently used terms are slope movement, mass movement, mass
wasting, and landslide. Mass movement is defined as "the outward and downward
gravitational movement of earth material without the aid of running water as a transporting
agent" (Crozier, 1986), or "the movement of a mass of rock, debris or earth down a slope"
(Cruden, 1991).
D. P. Kanungo (2009) point out that landslides happen to be the most common
natural hazards in the mountain regions and can results in enormous damages to both
property and life. Hence identification of landslides prone areas is essential for strategic
planning of future development activities.
Kandaswamy et al., (1985) recorded mass movements in the district of Wayanad in Kerala
within Kabani basin at Thariode and Brahmagiri in 1960 and Chembara peak estate in
1980. Thwy found that the unfavourable geologic conditions, such as thick lateritic cover,
tampering of the natural drainage network, large scale deforestation and intense rainfall
close to the divide within the first order sub basin, were the causes for the mass movement.
Kuriakose et al., (2009) stated that the highlands of Kerala experience several types
of landslides, of which debris flow are the most common. This highland experience an
annual average rainfall as high as 500cm through South-West, North- East and PreMonsoon showers. Majority of the mass movements are occurred in hills slopes > 20
degree along the Western Ghats. Studies conducted in the state indicated that prolonged
and intense rainfall or more particularly a combination of two and the resultant pore
pressure variations are the most important trigger for landslides. The initial zone of most
of the landslides was typical hollows generally having degraded natural vegetation.
Landslide susceptibility mapping is an important step in landslide investigation and
landslide risk management. Varnes and IAEG (1984) define the term ‘zonation’ as ‘the
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process of division of land surface into areas and ranking of these areas according to the
degree of actual or potential hazard from landslides or other mass movements.’ Courture
(2011) explained the concept of landslide hazard as ‘division of land into somewhat
homogeneous areas or domain and their ranking according to the degrees of actual or
potential landslide susceptibility’. In this context, detection, monitoring and mapping of
landslide susceptible area would help in the prevention and mitigation. These vulnerable
areas can be identified by direct and indirect method based on causative factors. The
assumptions in identifying landslide hazard susceptibility (LHS) regions Hutchinson are:
occurrence of landslides follows past history in the region depending on
geomorphological, geological, climatic and hydrogeological conditions. Identification of
LHS involves dividing the region into zones depending on degrees of stability, the
significance of causative factors like instability, etc. Consistency of the susceptibility maps
depends mostly on the amount and quality of available data, scale and methodology of
modelling and analysis. The method of creating the maps involves several qualitative or
quantitative techniques.
Qualitative techniques depend critically on expert opinions. The common types for
examining landside inventory maps to identify sites of similar geomorphological and
geological properties are susceptible to failure. Some qualitative methods, however,
incorporate the idea of ranking and weightage, and it could develop to be semi-quantitative
in character.
Quantitative techniques based on mathematical expressions of the relationship
between controlling factors and landslide occurrence. There are two main types of
quantitative methods: deterministic and statistical. Deterministic methods depend on the
engineering principles of slope instability expressed in terms of the factor of safety. Due
to the need for exhaustive data from slopes, these methods are frequently effective for
mapping only on lesser areas. Landslide susceptibility mapping using either multivariate
or bivariate statistical approaches analyzes the historical link between landslidecontrolling factors and the distribution of landslides. The qualitative and quantitative
methods of landslides studies stand for integration with remote sensing and GIS technique.
Landslide inventory mapping is one of the simplest qualitative approaches of
landslide susceptibility mapping. It is also known as ‘distribution analyses. In this method,
landslide inventory maps are generated which portray spatial and temporal distribution of
landslide patterns, type of movement, type of displaced material, rate of movement etc.
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Landslide details are obtained through historical records, field survey mapping, aerial
photo interpretation and satellite images.
Landslide inventory mapping is accepted as the first stage of landslide hazard
mitigation efforts. These inventory maps provide significant information to support
decisions for land use planning and urban development. These maps can be used to
considerably reduced damage potential and cost-effects of landslides.
Guzzetti et al., (2002) have studied and compared three landslide event inventories
using universal frequency-area statistics. The results of the study portray that number of
landslide events rapidly increased with increasing landslide area up to a maximum value
and decreased as power law function.
Arora et.al., (2004) had suggested zonation as very important in their study which
aim to identify places of landslides occurrences over a region on the basis of a set of
internal causative factors. This is specifically known as landslides susceptibility zonation.
Colombo et al., (2005) have prepared landslide inventory map by systematic surveys
using aerial photo interpretation and GIS database. Landslides are categorized on the basis
of landslide classification format given by Varnes and IAEG.
Galli et al., (2008), prepared landslide inventory maps and compared with different
parts of Italy. He compiled and established relationships between landslide distribution,
geomorphological landslide maps and multi-temporal landslide inventories. The results
illustrated that the completeness and quality of landslide inventory influence reliability of
landslide analysis.
Ghosh et al., (2011), discussed the generation of landslide inventory maps for
different triggering events, based on the available information in the forms of landslide
maps, images and archives. These maps should portray the landslide patterns and types of
triggering events with a range of return periods, which can be used to analysis the temporal
and magnitude probabilities.
The landslide susceptibility maps are used to identify the vulnerability of an area
respect to landslide location. It can be extracted to relevant spatial data base. Such data
base is prepared and generated with the help of Remotely Sensed data combined with
Geographical Information System. The advancement in Earth Observation techniques
facilitate effective landslide identification, monitoring, mapping and hazard assessments.
Praveen Kumar Rai et al., (2014) stated that the study of landslides drawn worldwide
attention mainly due to increasing awareness of socio-economic impacts of landslides.
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Remote sensing images provide much useful information to combine in a GIS
environment with other spatial factors influencing the occurrence of landslides.
Developments in the application of RS data in landslide studies in Europe have been
discussed by Tofani et al., (2013). The study reveals that over 70 percent of the total
applications of RS data for landslide studies are related to landslide monitoring, detection
and mapping.
Suman Das et al., (2014), in their study, uses processing involving various advanced
digital image processing and GIS techniques such as edge enhancement, colour
compositing, generation of slope, aspect layer, land use and land cover identification
overlay and logical operations.
Geographical Information System, which can process multiple variables in a
systematic manner, can also be a useful tool for landslide susceptibility analysis. GIS is
an efficient tool used commonly in landslide susceptibility mapping to identify potential
landslide-prone areas, by applying different models and approaches. GIS is widely used
in landslide hazard assessment especially for derivation of causative layer, computation of
different analysis and assigning of weightings, integration of data and generation of
landslide susceptibility zonation.
The various methods of data integration for Landslide Susceptibility Zone (LHZ)
have been reviewed by Van Westen (2006). The main types of methods are: (a) spatial
distribution analysis providing information on the occurrences of landslides, (b) the
ordinal scale (quantitative) approach using weighting rating system of terrain parameters
and (c) the statistical method, which finds suitability for small areas with detailed
information.
Anbalagan et al., (1992) developed a new quantitative approach, based on major
causative factors of slope instability. In this method they incorporated major inherent
causative factors of slope instability and adopted a simple practical and effective approach.
Thampi et al., (1998) in their study used a Qualitative Zonation approach based on
assigning relative weightings for discerned causative parameters such as Slope, Soil
Thickness, Land use, Relative Relief, Drainage, Landform and Rainfall.
P. V. Seethapati (2015) has prepared landslide hazard zone map for the entire
Alakananda valley in GIS mode by integrating various thematic layers. He used the
parameters like geology, linear features, land use, land cover, slope, relative relief and
drainage. A weighted index overlay method was used.
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In recent years, the approach towards LHZ has been changed from heuristic approach
to statistical approach to minimize subjectivity in weightage assignment procedure and
produce more objective and reproducible results. Statistical based analysis of geoenvironmental factors related to landslide occurrence is preferred. The statistical methods
for LHZ can be grouped into two types such as bi-variate statistical analysis and multivariate statistical analysis.
The bi-variate statistical analysis for LHZ compares each data layer of causative
factor to the existing landslide distribution. The landslide causative factors weights are
assigned based on landslide intensity. Frequency analysis approach, weighted overlay
model, and weights of evidence Models are important bi-variate statistical methods used
in LHZ mapping.
Weighted overlay method is a simple bi-variate statistical method wherein weights
are assigned based on the relationship of landslide causative factors with the frequency of
landslide in the area. Sarkar et al., (1995) developed a methodology of LHZ for Garhwal
Himalayas. Numerical weights are assigned to causative factors on the basis of their
relationships to the frequency of landslide. Finally, the data layers were overlaid to
produce LHZ map.
Ajin et al., (2014) used the application of weighted overlay analysis method based
on remote sensing and GIS techniques to produce the landslide hazard zonation map for
the study area. The factors influencing the landslide activity were collected and the
thematic maps of these factors are reclassified and weighted overlaid using GIS
environment. The landslide hazard zonation maps were generated.
Another bi-variate statistical approach of landslide susceptibility assessment is
frequency ratio, which is based on observed relationships between landslide distribution
and each causative factor. This method is used to establish spatial correlation between
landslide location and landslide influencing factors. Frequency ratio for every sub-class of
individual causative factor is computed based on their relationship with landslide
incidence. Landslide Susceptibility Index is computed by summing of frequency ratio
values of all factors.
Lee and Pradhan (2006) applied FR model to landslide susceptibility in Penang
region of Malaysia. Landslide susceptibility maps produced by Frequency Ratio Model
are compared with Logistic Regression model. They applied frequency ratio model to map
landslide susceptibility for Penang region, Malaysia. The derived results showed 80.03%
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accuracy and found that incorporation of precipitation data in LHZ mapping improves
prediction accuracy of landslide susceptibility mapping.
Kannan et al., (2014) use three different methods in order to generate landslide
hazard zonation maps. The methods are Bureau of Indian Standard (BIS), Multi- Criteria
Analysis (MCA), and Frequency Ratio (FR). The comparisons were done using the
parameters such as landslide density, success rate curve, and spatial agreed area. The
output shows the same variation for all the three methods.
Another statistical method is the Weight of Evidence method. It is a log linear form
of Bayesian probability model for LSA that uses landslide occurrence as training points to
derive prediction results. It calculates both unconditional and conditional probability of
landslide risks. This method is based on calculation of positive and negative weights to
define degree of spatial association between landslide occurrence and each explanatory
variable class.
Martha et al., (2013) have applied this method to assess spatial landslide probability
in Rudraprayag district of Garhwal Himalayas using semi-automatically created landslide
inventories. This Weight of Evidence method statistical method for landslide susceptibility
modelling has proved to be a useful spatial data prediction model in many research works
published in recent past.
John Mathew et al., (2007) have used weights of evidence model, which is basically
the Bayesian technique in a log-linear type using the prior probability of occurrence of an
event like landslide and slope stability, helps to find out its posterior probability based on
the relative contributions of evidential themes which are influential in creating slope
instability. The model has been further validated using receiver operator characteristic
curve techniques, which shows an accuracy of 84.6 percent.
Vijith et al., (2007) in their study, established the quantitative relationship between
landslides and factors affecting landslides by the data driven- Information Value (InfoVal)
method. By applying the InfoVal, a continuous scale of numerical indices was obtained
with which study area was divided to five classes of landslide susceptibility. In order to
validate the result, a success rate curve was prepared. The final result showed the accuracy
of 80.45 percent.
Vijith et al., (2008) have estimated potential landslide sites of an upland subwatershed in Western Ghats of Kerala (India) through frequency ratio and GIS. In this
study landslide inventory of the area was made by detailed field surveys and the analysis
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of the topographical maps. The landslide triggering factors were also monitored.
Probabilistic-likelihood ratio was used to create the landslide susceptibility map for the
study area. The result was validated using the Area under Curve (AUC) method and
temporal data of landslide occurrences. The final result has the success rate of 84.46% and
prediction rate of 82.38 percent.
Prasannakumar and Vijith, H. (2012) similarly made an Evaluation and Validation
of landslide spatial susceptibility in the Western Ghats of Kerala, through GIS-based
weights of evidence model and area under curve technique. The quantitative relationship
between landslides and the causative factors were statistically weighted using the ArcSDM
extension of ArcGIS. The result was validated using the Area under Curve method and
shows a prediction rate of 81.32 percent.
Vijith et al., (2014) similarly have done a work-based weights-of-evidence analysis
of multi-class spatial data-sets along the natural sloping terrain of Western Ghats”. This
study used a bivariate statistical method, known as the weights of evidence modelling,
which offers a flexible way of testing the importance of input factors used for landslide
susceptibility assessment. Fourteen terrain parameters were generated and its weights were
determined. The conditional independence of the evidential thematic maps was assessed
by ‘Omnibus test’ and those maps were integrated to produce the final landslide zonation
map. The model shows 89.2% of prediction accuracy.
Multi-variate statistical analysis for LHZ considers relative contribution of each
factor to the total landslide susceptibility. In this method landslide area for each pixel and
landslide absence calculate percentage of presence data layer is produced followed by the
application of multivariate statistical method for reclassification of hazard for the given
area. Analytical Hierarchy Process (AHP), Logistic regression model, multiple regression
models, Artificial Neural Networks (ANN) are commonly used methods for LHZ
mapping.
Narumon et al., (2010), have compared the LSM used analytical hierarchy process
(AHP) and weighted linear combination (WLC) methods to produce landslide
susceptibility map of the lower Mae Chaem Watershed in the north of Thailand. The study
was carried out using field surveys, satellite imagery and GIS tools. The landslide
susceptibility index (LSI) was calculated using the WLC technique based on the assigned
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weight and rating given by the AHP method. The result of analysis was verified using
existing landslide locations where the rate of accuracy is 65percent.
Mancini et al., (2010), in their study uses multivariate statistical method and data
processing in a Geographical Information System. The Logistic Regression method was
chosen to produce a susceptibility map over an area of 130000 ha where small settlements
are historically threatened by landslide.
Ninu Krishnan et al., (2014) determined the susceptibility of two different statistical
techniques in shallow landslide (debris flow) initiation susceptibility assessment in the
Western Ghats. In this study, Information Value (InfoVal) and the Multiple Logistic
Regression (MLR) methods based on bivariate and multivariate statistical analysis have
been applied for shallow landslide susceptibility assessment. The factors influencing the
landslide activity were used to generate the thematic maps. Landslide Susceptibility Index
(LSI) maps were generated by integrating the weighted thematic maps and divided into
five landslide susceptibility zones (LSZ). The LZS map produced by InfoVal technique
showed higher accuracy and is more realistic compared in the field.
Landslides are governed by several preparatory and triggering factors which are
complexly interrelated. These interrelationships between factors and landslides are
nonlinear in nature. To get perfect landslide susceptibility assessment more accurate
methods are needed. Artificial neural network (ANN) is a system based on the capability
to learn a particular phenomenon similar to human being. This method has over three
layers of neurons which are connected by weights. Back propagation learning algorithm
is used to define rules for assignment of weights. The weight of each variable is then
adjusted to minimize errors. ANN is a non-linear model and proved to be more effective
in landslide hazard assessment.
Lee et al., (2005) have applied artificial neural networks for assessment of landslide
susceptibility. The landslide-related factors were extracted from the spatial database and
analyzed by two different ANN models. In the first model, the landslide susceptibility
index was calculated by the back-propagation method. Then, the susceptibility map was
made with a GIS program. The results show satisfactory agreement between the existing
landslide location and landslide susceptibility index. In the second model, weights of each
factor were determined. The weights, relative importance of each factor was calculated
using importance free characteristics method of artificial neural networks.
Prabhus et al., (2009) have applied ANN technique to Nilgiris district, Tamil Nadu
for LZM. Landslide locations are identified by field survey data and satellite imagery and
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a spatial database of the land use topography, forest and soil data. Each factor’s weight is
determined by the back-propagation training model. In this study different training sets
will be identified and applied to analyze and verify the effect of training. After that,
landslide susceptibility index will be calculated and the susceptibility map will be created
with a GIS program.
The review on landslide susceptibility mapping suggests that broadly there are two
different techniques: qualitative and quantitative techniques for LSM. The qualitative
methods, such as geomorphic analysis, map combination, distribution analysis methods,
etc., were very popular after 1970s among various researchers. The qualitative approaches
rely on weighting, expert knowledge for selection of factors and combination function of
the factors and therefore, can be considered as conventional or subjective. Qualitative
methods (Heuristic) are based on intrinsic properties as the main input factor for landslide
risk evaluation. The risk is rated, taking into account the expert opinion of the analyst
making the survey. The main problem of heuristic methods is insufficient knowledge
about the area of interest, which sometimes leads to unacceptable generalizations. Other
limitations of this method are the reproducibility of the results and the subjectivity of the
weighting of the variables. Statistical techniques (Frequency ratio) became more popular
in the last two decades because of developments in computers and geospatial techniques.
This approach uses mathematical and statistical techniques to express the relationships
between the landslide distribution and the categories of parameters. Therefore, this
approach can be considered as more objective than conventional approaches. However,
achievement of this technique is highly affected by the data reliability. These methods
involve the estimation of quantitative values of stability variables known as factor of safety
over a defined area. They are only applied to areas where the landslide types are simple
and the intrinsic properties are fairly homogeneous. One of the main drawbacks of these
methods is their high degree of over simplification when the data are incomplete.
Statistical techniques require the collection of large amounts of data to produce reliable
results. This method uses sample data based on the relationship between the dependent
variables which may be the presence or absence of landslides and the independent or
explanatory variables. The combination of these parameter maps is treated statistically and
quantitative predictions are made for areas currently free of landslides but with similar
conditions.
Heuristic or statistical approaches require the collection of huge amounts of data to
produce good results and also, contribute in determining the ratings of the factors, but
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consider constant or arbitrary weights for all the factors to generate the LSM. Therefore,
some non-parametric models and soft computing techniques such as AHP and ANN
approaches have been attempted to evaluate the landslide susceptibility in modern days.
The AHP model addresses the determination of ratings of the categories. In most of the
ANN black box approaches for LSM, single neural network architecture has been
attempted. It can also be observed that the weights for the causative factors remain hidden
in case of ANN model. The connection weight analysis seems to be an alternative
approach for determination of weights of the causative parameters. Moreover, a
combination of ratings determined through AHP approach and weights obtained through
ANN connection weight analysis seems to be better for landslide susceptibility mapping.

3.2 Floral studies
Recognized by UNESCO, Western Ghats is one of the world’s most important
biodiversity hotspots. It has different vegetation types: scrub jungles and grasslands at
low altitudes, dry and moist deciduous forests, montane grasslands and sholas, and the
precious tropical evergreen and semi evergreen forests. Western Ghats are rich with
flowering plants. There is also a great diversity of traditional crop plants and an equal
diversity of animals.
Kerala constitutes only 1.18% of the geographical area of India but it accommodates
27.57% of the flowering plants occurring in the country. The state harbours 5094 taxa
under 1537 genera and 221 families of flowering plants (Sasidharan, 2012). A total of
1709 taxa that are endemic to peninsular India are found in Kerala; of which 237 species
distributed in 47 families are exclusively endemic to the present political boundary of the
state (Nayar et al., 2008). There are about 1170 species with established medicinal
properties. The flowering plants of Kerala include 858 exotics that have been introduced
as agriculture, forestry as well as accidentally entered species (Sasidharan, 2012); of
which around 200 species have become naturalized in the state. Gymnosperms are
represented by just 5 species belonging 3 genera. The state also harbours 337 species of
pteridophytes (Easa, 2003), and 465 taxa of bryophytes (Manju et al., 2008).
Hortus Malabaricus is the greatest ever contribution of the Dutch to the floral studies
of Kerala. Dutch Governor Hendrik Van Rheede, authored and published it in Latin
under12 volumes from Amsterdam. Flora of the Presidency of Madras (Gamble &
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Fischer, 1915-1936) has been serving as an authentic record of flowering plants since its
first publication. The Forest Trees of Travancore by Bourdillon (1908) is the first
comprehensive work on the tree flora of Travancore and it dealt with 582 indigenous
trees. The other important works are: Flowering Plants of Travancore (Rama Rao, 1914),
Flora of Anamalai Hills, Coimbatore District, Madras Presidency (Fischer, 1921) and
Flora of South Indian Hill Stations (Fyson, 1932) etc. Several important works were
carried out for various regions of Kerala. They includes Flora of Calicut (Manilal &
Sivarajan, 1982), Flora of Silent Valley (Manilal, 1988), Flora of Cannanore
(Ramachandran & Nair, 1988), Systematic studies on the flora of Kottayam (Antony,
1989), Flora of Palghat (Vajravelu, 1990), Floristic study of Pathanamthitta (Anil
Kumar, 1993), Flora of Thiruvananthapuram District (Mohanan & Henry, 1994), Flora
of Thenmala Division (Subramaniyan, 1995), Floristic studies of Agasthyamala
(Mohanan, 1995), Flowering plants of Trissur Forests (Sasidharan & Sivarajan, 1996),
Flora of Nilambur (Sivarajan & Philip Mathew, 1997), Shenduruny Wildlife Sanctuary
(Sasidharan, 1997), Periyar Tiger Reserve (Sasidharan, 1998), Chinnar Wildlife
Sanctuary (Sasidharan, 1999), Parambikulam Wildlife Sanctuary (Sasidharan, 2002),
Biodiversity Documentation for Kerala, Part 6: Flowering Plants (Sasidharan, 2004),
Flowering plants of Kerala (Nayar et al.,2006 ), Phytosociology and plant diversity of
the Attappady hills (Anil Kumar, 2015) etc.Flora of Palakkad has been explored and
flowering plant wealth were documented by various workers. Mainly four floras were
published on the angiosperms of Palakkad district. They are Flora of Silent Valley
(Manilal, 1988), Flora of Palghat (Vajravelu, 1990), Floristic studies in Parambikulam
Wildlife Sanctuary (Sasidharan, 2002) and Phytosociology and plant diversity of the
Attappady hills (Anil Kumar, 2015).
4.2 Faunal studies
Vijayan (2008) prepared an inventory of the major components of the biodiversity
of the Attappady, especially birds and butterflies intending to be useful for deciding the
strategies for management and development of the area and monitoring the changes in
the area. 4607 individuals of 152 species were reported in which 15 were endemic to
Western Ghats. 133 butterflies were recorded out of which eight were endemic to the
region, four endemics to South India, one endemic to the Peninsular India and three
endemics to the Western Ghats. They have also recorded 14 Scheduled species including
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the Danaid Eggfly. Ramalingam et al. (2009) has worked on the response of ground insect
committees in restoration efforts in Attappady hills.
The potential environmental impact of wind farm development in Agali, Attappady,
Kottathara and Nallasingam areas of Palakkad was studied by Arun et al. (2014) and they
have reported bat and bird deaths due to collisions with wind turbines, changes in air
pressure around the rotating turbines and from habitat loss due to the windmill
construction works.
Praveen et al. (2007) studied the avifauna of Siruvani and Muthikulam hills
including Kuravanpadi of Sholayur panchayathh and reported a total of 158 species of
which 14 species were endemic to Western Ghats and nine species included in the IUCN
Red List. Major faunal studies from Kerala include that of Vertebrates (Nameer et.al.,
2015a), mammals (Nameer, 2015b), birds (Praveen, 2015), reptiles (Palot, 2015),
amphibians (Das, 2015), fishes (Bijukumar et al., 2015). Butterflies and host plant
diversity in Myristica swamps of Kattilappara, Shendurney Wildlife Sanctuary was
carried out by Sujitha et al. (2019) to report 206 species under six families. Of which 19
were endemic of Western Ghats. 82 larval host plants were also recorded, 27 of them
being new records. It was also found that none of the plants belonging to Myristicaceae
family is a larval host plant.
Praveen (2017) studied the assemblage of moths in various paddy fields of Palakkad
along with their seasonal variations. A total of 14 species under Noctuidae, Sphingidae,
Pyralidae, and Saturnidae were recorded among which Cnaphalocrosis medinalis and
Spodoptera mauritia were reported to be the prevalent species.
Palot et al. (2005) studied the Odonate diversity of rice fields in Palakkad district
and reported 21 species under 18 genera of 5 families of which 6 species were additions
to the odonate fauna of the rice-field habitats of India.
3.4 Soil studies
Ubuoh et al., (2016) studied the effect of flood on Soil Quality in Abakaliki Agro
Ecological zone of south-eastern state, Nigeria. The work observed a washing away of
soil nutrient from the upland. Impact of flood on Organic carbon concentration was
studied by Saint-Laurent et al., (2016). This study could conclude a remarkable effect on
soil organic carbon after flood.
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Sarreshtehdari, (2002) studied the impact of flood in arid and semi-arid regions
which showed a positive impact of soil quality after flood. Ghazavi, (2010) investigated
the impact of flood on physical and chemical soil properties in the arid regions of Iran
and significant difference in some of the soil properties were observed.
Rangel-Peraza et al., (2017) analysed the Soil Quality Index at Sinaloa state in
Mexico to evaluate if the area was suitable for agricultural purposes. Prachansri, (2007)
assessed the flood hazard in downstream areas of Nam Chun watershed, Thailand and
observed a significant effect on soil physical properties. Kalshetty et al., (2012) studied
the effect of flood on soil properties in the areas of Bangalkot district, Karnataka. The
study inferred a decrease in Nitrogen, Phosphorus and Magnesium concentration and an
increase in Potassium content. The major effect of the flood was a massive crop-loss and
the destruction in agricultural infrastructure.
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3. Materials and Methods

4.1 Geographical survey and Mapping
The Landslide Susceptibility Zonation map divides the land surface into zones of
varying degrees of stability, based on the estimated significance of causative factors inducing
instability. These maps were prepared based on the basic causative factors of slope instability.
Earlier, the work concerning the preparation of landslide hazard zonation was of conventional
nature only and there is a lot of scope in the improvement of the methodology, particularly with
the advent of remote sensing data, GIS techniques and fast computers. A proper combination
of conventional methods with the latest spatial tools and techniques provided a better and faster
methodology for the preparation Landslide Susceptibility Zonation maps.
After assessing the contribution of various causative factors and assigning the rating for
the same, the stability of slopes was determined from the combined effect of these parameters
by superimposing over each other and getting the total estimated susceptibility value for
individual points. These susceptibility values indicate the net probability of occurrence of
landslide at that particular point. The final results were presented in the form of maps, where
total estimated susceptibility value equals to rating of geology + land use + slope + elevation
+ drainage density + geomorphology, and soils. The thematic data layers have been integrated
in GIS environment by weighted overlay analysis. The thematic maps were converted to score
maps after assigning the weights and score values to different subclasses of each thematic map.
These maps were superimposed over each other to get their combined effect for Landslide
Susceptibility Zonation (Anju Kailas et al., 2018). The Landslide Susceptibility Zonation map
was, then categorized into three classes, viz. (1) Low Susceptibility Zone, (2) Moderate
Susceptibility Zone, and (3) High Susceptibility Zone. These susceptibility zones are then
validated with the landslide hits areas.
The first step in data collection was to obtain the base map of the study area. The base
map was created from the Web GIS based Land Resources Information system for Kerala,
hosted by Kerala State Land use Board. The drainage map was vectorized from the
Topographical map prepared by Survey of India, which was downloaded from the ‘Nakshe’
portal. Topographic maps or Open Series Maps (OSM) containing natural and man-made
geographical features including terrain or topography are prepared by the Survey of India since
its inception in 1767 and is in conformity with the National Map Policy-2005. These Open
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Series maps have been made available for free download from Nakshe web portal in pdf format
on 1:50,000 scale through Aaadhar enabled user authentication process. All Indians can use the
map for their studies, researches and development projects.
ASTER GDEM downloaded from ‘Global Data Explorer’ of US Geological Survey
was processed to derivate the slope, slope aspect, contour and elevation data. The Advanced
Space borne Thermal Emission and Reflection Radiometer (ASTER) is a Japanese sensor
which is one of five remote sensory devices on board the Terra satellite launched into Earth
orbit by NASA in 1999. The instrument has been collecting data since February 2000. ASTER
provides high-resolution images of the planet Earth in 14 different bands of the electromagnetic
spectrum, ranging from visible to thermal infrared light. The resolution of images ranges
between 15 and 90 meters. ASTER data are used to create detailed maps of surface temperature
of land, emissivity, reflectance, and elevation. The ASTER Global Digital Elevation Model
(GDEM) is available at no charge to users worldwide via electronic download. It can be
downloaded with a free registered account from either NASA's Earth Data Search delivery
system or from the USGS Earth Explorer delivery system.
Landsat 8 Optical Land Imager (OLI) image for preparing Land use Map was also
downloaded from ‘Global Data Explorer’ of US Geological Survey (Fig:4.1). The image was
classified using ArcGIS 10.5 in Geographical Information System and Remote Sensing Lab,
Department of Geography, Government College, Chittur. The goal of classification is to assign
each cell in the study area to a known class (supervised classification) or to a cluster
(unsupervised classification). In both cases, the input to classification is a signature file
containing the multivariate statistics of each class or cluster. The result of each classification
is a map that partitions the study area into known classes, which correspond to training samples,
or naturally occurring classes, which correspond to clusters defined by clustering. The ArcGIS
image classification toolbar gives several options for classification including: maximum
likelihood, ISO cluster, class probability and principal components. Maximum likelihood
classification is used for processing image to land use classes. The maximum likelihood
classifier calculates for each class the probability of the cell belonging to that class given its
attribute values. The cell is assigned to the class with the highest probability, resulting in the
term "maximum likelihood." This tool requires input bands from multiband rasters and
individual single band rasters and the corresponding signature file. Equal weight is chosen for
all classes. Supervised classification generally includes three stages. They are, Selecting the
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training area, Generate signature file, and finally classification. ICAR fivefold Land use
classification scheme was followed to derive the land use.

Fig: 4.1 (Image Courtesy: U.S. Geoilogical Survey)
Source: https.//Earth explorer.vsus.gov
The Geology map was prepared from the Geological Quardangle map, prepared by
Geological Survey of India in 1: 50,000 scale, Data related to geomorphology and lineaments
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were obtained from ‘Bhuvan’ web map service, hosted by National Remote Sensing
Centre.Bhuvan-Thematic Services facilitate the users to select, browse and query the Thematic
Datasets from this portal. Users can consume these Thematic Datasets and integrate into their
systems as OGC Web Services.
Soil map prepared by Department of Soil Survey and Soil Conservation,
Thiruvananthapuram, is used for creating the soil map of the study area.
A landslide susceptibility zonation map categorizes a region into zones of varying
degrees of stability. Since this work attempt application of Weighted Overlay method for
Landslide Susceptibility Zonation mapping (LSZ), selection of factors and preparation of
corresponding thematic data layers are crucial components. The factors governing instability
in a terrain are primarily slope, elevation, geology, geomorphology, land use, drainage, and
soil. The variables of these factors are grouped into classes according to landslide susceptibility
and numerical weights of the categories of the factors have been determined.
The weight and score for every parameter stated above is given in the Table: 4.1.

Table: 4.1. Weight and Score parameters, Anju Kailas et al., (2018)
Sl
No.

Parameter

Weight

Slope
(In degrees)

25

2.

Elevation
(in Metres)

10

3.

Land use

13

4.

Geology

17

1.

Class

Rank

0 – 10.67
10.67 – 18.74
18.74 – 27.11
27.11 – 36.92
36.92 – 73.55
60 – 600
600 – 900
900 – 1200
1200 – 1600
1600 – 2400
Barren/ Waste lands
Agricultural Land
Built Up
Forest
Water bodies
Biotite-hornblende gneiss
Charnockite-Charnockite gneiss
Metaultramafite
Garnet-Biotite gneiss
Calc Silicate
Hornblende-Biotite gneiss
Hornblende-Biotite Schist and gneiss

5
4
3
2
1
4
3
3
2
1
5
4
3
2
1
1
1
5
2
5
1
5
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5.

6.

7.

Geomorphology

Soil

Drainage
Density (in
km/sq km)

10

Pink Granite and gneiss
Amphibolite/Hornblende granulite
Moderately Dissected Structural Hills and
Valleys
Pediment-PediPlain Complex
Highly Dissected Denudational Hills and
Valleys
Highly Dissected Structural Hills and
Valleys

2
5

Agali, Anakatty

3

Uthrampallam, Paruthimala

1

0 – 0.00029
0.00029 – 0.000612

5
4

2
4
1
2

15

10

0.000612 – 0.000927
0.000927 – 0.001275
0.001275 – 0.00211

3
2
1

The thematic data layers have been integrated in GIS environment by weighted overlay
analysis. Overlay analysis tools allow you to apply weights to several inputs and combine them
into a single output. There are several approaches for performing overlay analysis. Although
the methods differ, they all follow the same general steps for solving a multi-criteria problem.
Since each approach is based on different assumptions, the meaning of the numbers and the
analysis techniques are specific to the approach. The Weighted Overlay tool scales the input
data on a defined scale, weights the input rasters, and adds them together. The more favourable
locations for each input criterion will be reclassified to the higher values such as 5. In the
Weighted Overlay tool, the weights assigned to the input rasters must equal 100 percent. The
layers are multiplied by the appropriate multiplier, and for each cell, the resulting values are
added together. Weighted Overlay assumes that more favourable factors result in the higher
values in the output raster, therefore identifying these locations as being the highly susceptible.
Landslide Hazard Zonation (LHZ) mapping helps to identify relatively safe areas for
future expansion of constructions and other activities for developing schemes. LHZ mapping
is a pragmatic approach, which takes into account both inherent and external factors for slope
instability. Stable zones like low susceptibility zones are considered safe for civil constructions.
Hill slopes falling in moderate hazard classes are also safe for construction practice, but may
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contain local instability conditions, which should be suitably accounted during constructions.
For slopes falling in very high susceptibility classes, it is always advisable to avoid
constructions.

4.2 Floral survey and documentation
4.2.1 Survey of vascular plants and lichens
Ordered and frequent visits were made to identify flood and landslide hit areas for the
data collection during the month of January 2019 to February 2019. Initial field trip was utilized
to familiarize with the land, vegetation types and also for the identification of flood affected
areas. Plants were identified from the field itself. The specimens which could not be identified
from the field were collected and brought to the laboratory for dissection and were identified
using pertinent literature (Gamble & Fischer, 1915-1936; Vajravelu, 1990; Sasidharan, 2012;
Cook, 1996; Madhusoodanan, 2015). Herbariums of the collected materials were also prepared.
Photographs of plants were taken using digital camera (Canon Power shot SX50 HS).
Lichens are collected from affected areas by using scalpel and knife on all possible
substratum such as tree bark and rocks. Lichens on fallen twigs were collected and all samples
were packed and labelled. Identification of the same was done based on morphological features,
pigmentation and the presence of chemical constituents. Experts were also consulted for proper
identification.
4.2.3 Format and presentation
Plants identified were arranged according to the system of classification by the
Angiosperm Phylogeny Group or APG III- 2009. The distribution and conservation status of
the plants were recorded from IUCN (https://www.iucnredlist.org.) and Sasidharan (2012). The
taxonomic name of every taxon was obtained from https://www.theplantlist.org.
4.2.2 Analysis of Soil microflora
Soil samples were collected from seven flood affected and unaffected areas and
immediately packed, labelled, and sent to Dept. of Agricultural Microbiology, Kerala
Agricultural University, Vellanikkara for the estimation of microbial population.
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4.3 Faunal survey and documentation
The period study for the post-flood biodiversity assessment of Agali, Pudur and
Sholayur was carried out during the months of January, February and March of 2019. The
following methods were adopted for the study.
4.3.1 Data collection
The local bodies, Panchayaths, Villages and Krishi Bhavans of Agali, Pudur and
Sholayur were visited and the available reports on the post-flood loss and damages were
collected. Details about the affected areas and the extent of loss in crops and livestock were
assessed.
4.3.2 Literature survey
The published literature relevant to the present study were surveyed extensively to get
prior information on biodiversity of the study area. Available monographs and faunal diversity
works were consulted.
4.3.3 Field visit
Intermittent field visits were conducted.

Riparian ecosystems in the flood and

landslide-hit areas were selected for the faunal study. Questionnaire surveys and interviews
with the local inhabitants were also carried out to assess the impact of flood and the loss
inflicted.
4.3.4 Faunal survey
The major faunal categories selected for the diversity study were Butterflies, Birds and
Mammals. Other aquatic and terrestrial life forms such as annelids, insects, fishes, amphibians
and reptiles spotted during the course of survey were also noted.
In every selected study region, 1km transect was taken and repeated surveys were
carried out for faunal documentation. Point count method was also followed for bird counts.
The diversity of the organisms sighted were all recorded and photographed (Nikon D5300).
Nests, early stages, moulted skins, discarded shells, fallen feathers etc. were also taken into
account. The diversity of larval host plants of butterflies was also observed and recorded.
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4.3.5 Identification
Possible identification of the taxa was done on the site itself and confirmed with the
help of standard reference guides and monographs (Bhakare & Ogale, 2018; Induchoodan,
2017; Kiran & Raju, 2013; Das, 2015; Palot, 2015; Bijukumar, 2015; Praveen, 2015; Nameer,
2015). Experts on the respective fields were also consulted for further identification and
confirmation with photographs.
4.3.6 Documentation and analysis
The identified faunal diversity was documented as a checklist including the scientific
name, citations, common and regional names, endemism of each species along with respective
IUCN, WPA status and CITES Appendix referring to the field guides, monographs, literature
and

online

resources

available

(https://www.iucnredlist.org

and

https://www.wiienvis.nic.in/Database/ScheduleSpeciesDatabase).

4.4 Analysis of the physico-chemical parameters of soil
Soil samples were collected from 13 locations of the study area. Samples from affected
and unaffected soil were taken for comparative analysis. Four samples were taken randomly
from each site of 100×25m transect plot using spade and mixed well. It was then divided into
four parts from which one was selected for testing. Analysis of the selected samples were
carried out in KFRI, Peechi, Thrissur. Twenty-two parameters including 17 nutrients, soil
texture, pH and electrical conductivity were analyzed.
Statistical analysis was carried out for the data. The normality of the distribution has
been tested using Kolmogorov-Smirnov Test. The data which were under normal distribution
were subjected to Students T-test to verify whether the samples vary significantly or not. In
those cases, where the distribution was not normal, Mann-whitney U test has been conducted.
Interpretations of each parameter is tabulated and graphically represented. The variation of
each parameter in the affected area is compared with that of the unaffected area.
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5. Results
5.1 Geographical details of the study area
The present study deals with the triggering factors of Landslides in Attappady region
and also demarcates the landslide prone areas. Physically Attappady is a plateau with an
average height of 800 – 1000 meters. This area is flanked by mountain ranges of the Nilgiris
in the north, Palakkad gap in the south and Coimbatore plateau in the east and the general slope
of the area is towards north-east. On the basis of geographical and climatic peculiarities, it is
possible to differentiate the region into two zones, viz; Western Attappady that receives about
3000mm annual rainfall and Eastern Attappady, which is a rain shadow region, receiving less
than 1000mm of average annual rainfall. Erratic rainfall with poor soil moisture retentivity has
rendered these lands an erosional landscape leading to desertification. Attappady is a landslide
prone area so it is of great significance to study about the causes and consequences of landslide
in scientific manner. For the study seven parameters such as slope, elevation, geology,
geomorphology, soil type, drainage and land use are taken on causative parameters and
zonation map has been prepared.
5.1.1 Slope details of landslides and flood hit areas of Attappady region
Slope is the most substantial natural factor triggering landslides. Expressed as a
percentage or degree, this factor is directly proportional with the possibility of landslide
occurrence. Attappady block can be grouped into five categories based on the degree of slope
viz, 0-10.670, 10.670-18.740, 18.740-27.110, 27.110-36.920and 36.920-73.550. As the value of
slope increases the likelihood of landslide increases 6.24 percent of total area of Attappady is
having a slope of 36.920 and above. It is found that the value of slope is more at Pudur
Panchayath, located between the latitude of 1100’0’’N and 11015’0’’N and at a longitude of
76022’12” E to 76044’23” E. The given table and maps represent slope of Attappady block and
Pudur Panchayathh (Table: 5.1 and Fig: 5.1&5.2). Since this area is having high degree of slope
it is more vulnerable to landslides.
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Table: 5.1 Slope details of Attappady region
Slope (in degrees)
0 – 10.67
10.67 – 18.74
18.74 – 27.11
27.11 – 36.92
36.92 – 73.55

Area (in percent)
Area (in sq. km)
22.47
167.4015
54.41
405.3545
11.23
83.6635
5.61
41.7945
6.24
46.488
Source: ASTER DEM, Version II
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Fig: 5.1
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Fig: 5.2
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5.1.2 Elevation details of landslides and flood hit areas of Attappady region
Elevation is another terrain factor that triggers landslides. This factor influences the
landslide occurrence in a directly proportional manner. As the relative elevation of the area
increases, the vulnerability of a landslide increases. Thus, in areas with a higher elevation, there
is a greater possibility of landslide occurrence, than in the lower ones. The given elevation map
of Attappady, shows that the general elevation ranges from 60m to 2400m (Table: 5.2). The
higher elevation areas are mainly concentrated towards the North and North-Western parts that
constitute 14.48 % of total study area. It is observed that landslide hit areas lies between the
elevations of 1200m to1600m. Increases in elevation which leads to instability of materials
attached to the terrain combined with triggering factors like rainfall or weathering accelerates,
down slope movement of materials. Pudur Panchayath is severely affected by landslides during
the 2018 floods and almost all landslide hit areas are located at an elevation of 600m to 900 m
(Fig: 5.3 and 5.4).

Table: 5.2 Elevation details of Attappady region
Elevation
60 – 600
600 – 900
900 – 1200
1200 – 1600
1600 – 2400

Area (in Percent)
7.01
38.67
20.79
19.02
14.48
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Area (in Sq. km)
52.2245
288.0915
154.8855
141.699
107.876
Source: ASTER DEM, version II

Fig: 5.3
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Fig: 5.4
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5.1.3 Geology details of landslides and flood hit areas of Attappady region
Lithology of an area determines land stability. Attappady lies in the AttappadyMettuppalayam shear zone. The rocks are of pre-Cambrian origin and belong to horn blende
gneiss,

biotite

gneiss,

Metaultramafite,

Pink

Granite

and

gneiss,

Amphibolite/Hornblendegranulite, biotite schist and charnokite in which Charnockite and
Charnockite Gneiss shares 34.73 percent of total area. Presence of strong, stable and hard rocks
imparts stability to the slope, making them less susceptible to landslide. The natural strength
of rocks can be affected by the presence of joints, fractures, extent of weathering etc.
Charkonite and Charnokite gneiss is mainly found in Pudur Panchayathh Charnokite contain
black hyperthenes, which is an accessory 1 mineral. It plays an important role in triggering
landslide (Arunkumar.M, et al, 2013). Besides, Charnockites are easily exposed to weathering
and anthropogenic activities and highly susceptible to landslides (Table 5.3).
On slopes underlain by more resistant coarse-grained intrusives, hard and dense
sedimentary and metamorphic rocks, shallow overburden are usually coarse grained and low
in clay-sized particles. Such materials have low cohesion and are most likely to develop slope
movements of the debris avalanche and debris flow types. The Geological classification of the
study area is given in the table and figures below (Fig: 5.5 and 5.6);
Table: 5.3 Geology details of Attappady region
Geology

Area (in percent)

Area (in Sq. km)

9.63
34.73
12.43
4.39
0.19
15.99
11.99

71.7435
258.73
92.6035
32.7055
1.4155
119.1255
89.3255

Biotite-hornblende gneiss
Charnockite-Charnockite gneiss
Metaultramafite
Garnet-Biotite gneiss
Calc Silicate
Hornblende-Biotite gneiss
Hornblende-Biotite Schist and
gneiss
Pink Granite and gneiss
Amphibolite/Hornblendegranulite

10.49
78.1505
0.13
0.9685
Source: Geological quadrangle map, GSI.
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Fig: 5.5
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Fig: 5.6
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5.1.4. Soil details of landslides and flood hit areas of Attappady region
The soils of the area are highly eroded in nature and less productive with textural classes
varying from sandy loam to loamy sand in the upper reaches and clay to clay loam in valleys.
Predominantly the soils are well drained to moderately well drained, except in valley areas that
are less drained. The available water holding capacity is low in general and it ranges from 2.1
to 18cm/100cm soil depth. The shear strength of the soil column due to downward gravity pull
is critically important. Infiltrated pore water pressure when increased reduces the shear strength
of the soil. Reduction in shear strength is a factor causing landslides. Two benchmark soil types
identified in Attappady are Agali and Utharampallam. Agali type of soil is found along the
valleys and are loamy in texture. Utharampallam group of soils are clayey in nature.
Utharampallam soil share 74.52 percent of Pudur panchayathh and is more prone to landslides.
The soil types are shown on the table and maps given below (Table: 5.4 and Fig: 5.7 and 5.8).
Table: 5.4 Soil details of Attappady region
Soils
Agali, Anakatty
Uthrampallam,
Paruthimala

Area (in percent)
25.48
74.52

Area (in Sq. km)
189.826
555.174

Source: Department of soil survey and conservaion, Thiruvananthapuram
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Fig: 5.7
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Fig: 5.8
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5.1.5. Geomorphology details of landslides and flood hit areas of Attappady region
Geomorphology is a scientific study of landform features that mainly constitutes its
origin, nature and processes of formation. The main geomorphological features of the study
area are moderately dissected hills and valleys of structural origin - highly dissected hills and
valleys of denudational origin and anthropogenic origin. Highly dissected structural hills and
valley are prominent in the study area (Table 5.5). It covers 67.38 percent and are more prone
to landslides than that of denudational origin surface features. Landslide hit areas like Edavani,
Aralikkonam, and Bhutayar falls in the zone of highly dissected structural hills and valleys
with Charnockite basement. Geomorphology details of Attappady region is given below (Fig:
5.9 and 5.10).
Table 5.5 Geomorphology details of Attappady region
Geomorphology
Moderately Dissected Structural Hills and
Valleys
Pediment-PediPlain Complex

Area (in percent)
10.64

Area (in Sq. km)
79.268

3.67

27.3415

Highly Dissected Denudational Hills and
Valleys
Highly Dissected Structural Hills and
Valleys

18.29

136.2605

67.38

501.981
Source: bhuvan.nrsc.gov.in
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Fig: 5.9
43

Fig: 5.10
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5.1.6. Drainage density details of landslides and flood hit areas of Attappady region
From the point of view of slope stability, the parallel drainage pattern is very critical as
it indicates high slopes. Further, this pattern generally comprises of first order streams forming
the source region of a drainage basin. Such areas are zones of considerable erosion and slope
retreat.
Drainage density is a major component that determines topographical features of an
area. It also directly and indirectly affects landslides. Drainage density is a factor which is
indicative of perviousness of strata, rainfall, vegetation and stream incision. All these factors
are directly related to mass movement. High drainage density is an indication of impervious
strata, high rainfall, less vegetation and active stream incision. The stability of slopes may be
adversely affected by streams due to erosion and undercutting at the foot of slopes. Slope failure
may also cause along joints, bedding, and exfoliation plains. The stream density of Attappady
block is divided into five categories ranging from 0.00029 sq. km to 0.00211sq km which is
depicted in the given table and maps (Table: 5.6 and Fig: 5.11., 5.12, 5.13 and 5.14).
Table: 5.6 Drainage density details of Attappady region
Drainage density
0 – 0.00029
0.00029 – 0.000612
0.000612 – 0.000927
0.000927 – 0.001275
0.001275 – 0.00211

Area (in percent)
7.97
15.68
26.34
33.28
16.71
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Area (in Sq. km)
59.3765
116.816
196.233
247.936
124.4895
Source: Topographical map, SoI

Fig: 5.11

46

Fig: 5.12
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Fig: 5.13
48

Fig: 5.14
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5.1.7. Land use details of landslides and flood hit areas of Attappady region
Land use is a major factor that influences landslides. It refers to changes in the usage
of land during a period. Changes added by anthropogenic activities cause rapid changes in the
stability of slopes. Activities like deforestation, unscientific cultivation practices, urbanization,
land reclamation etc. influence the incidence of landslides. Areas with sparse vegetation are
more prone to landslide in contrast to densely vegetated areas due to more erosion. Chances of
landslide depend upon the amount of water infiltrated to geomorphological unstable slopes
with loose soil and weak rocks. Land cover pattern controls the action of climatic factor like
rain, affecting the rate of erosion. Land use exerts a significant influence upon slope behaviour.
The land cover types of this area is divided into five types viz, water bodies, forest, agricultural
lands, barren/waste land, build-up lands. Scrub lands and barren rocky lands are included in
Barren/ waste land category and it accounts for about 37.93 percent. Forest and agricultural
lands accounts for about 30.78 percent and 30.89 percent respectively.
Land use is an indirect indicator of slope stability. The effect of weathering and erosion
is more in areas of sparse vegetation. Agriculture in steep slope increases the susceptibility of
landslide. Plantation agriculture is practised along the slopes in Attappady. Anthropogenic land
disturbance in the region started with the large-scale migration of settlers from the plains
seeking a better fortune in the hills. This resulted in the clearance of most of the natural cover,
replanting it with other crops. In some extremely steep areas, root anchoring may be the
dominant factor in maintaining slope equilibrium of an otherwise unstable area. Land use and
the pattern of cultivation significantly affect the rate of infiltration of surface water during rainy
season. Rate of infiltration of water is more when the top soil is loosened by cultivation. Given
tables and maps shows the land use of study area (Table: 5.7 and Fig: 5.15 and 5.16)

Table: 5.7 Land use details of Attappady region
Land use
Barren/ Waste lands
Agricultural Land
Forest
Built Up
Water bodies

Area (in percent)
Area (in Sq. km)
37.93
282.5785
30.78
229.311
30.89
230.1305
0.32
2.384
0.08
0.596
Source: LANDSAT 8, OLI, March 09, 2019
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Fig: 5.15
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Fig: 5.16
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5.1.8 Landslide hit areas and susceptibility zones
Landslide hazard zonation helps in identifying strategic points and geographically
critical areas prone to landslides. In hilly regions, landslides constitute one of the major hazards
that cause losses to lives and property. Landslide analysis is a complex analysis, involving
multitude of factors and it needs to be studied systematically in order to locate the areas prone
for landslides. One of the main advantages of the use of GIS technology is the possibility of
improving hazard occurrence models, by evaluating their results and adjusting the input
variables. Another aspect is the possibilities to store, treat, and analyze spatiotemporal data.
The landslides generally cause loss of life as well as damage to homesteads, fertile
Farm lands, biodiversity, roads, railway lines, bridges, as well as destroying and displacing
telephone and power lines. In regions like Attappady, where the population density is
comparatively less, the preventive measures taken for the recurring landslides are relatively
low. When landslides and other disasters occur, the people get isolated. The collapse of
communication and transport systems under such adverse situations often make the life of
people in Attappady miserable. Poor populations in marginal areas are especially at risk and
vulnerability is increased by rapid and uncontrolled expansion of agriculture and settlements
in landslide-prone areas.
From this study it is evident that the North, North-East, and Southern regions of
Attappady is block panchayathh are more prone to landslide. It is to be noted that the vast
majority of landslide prone areas falls in the Agali panchayathh and that to along the left bank
of the river Bhavani. Insights into the agricultural and geomorphic scenario of this area evokes
new dimension in landslide studies. The geomorphic system, formed by highly dissected
structural hills and valleys combined with the agricultural practices, sporadically changes the
land stability once the triggering mechanism, such as rainfall starts operating upon them. The
structural hill system in Attappady is impregnated with numerous palaeo landslide scars. The
areas of highly dissected structural hills and valleys that help in development of thick column
of soil rich in clay due to tropical weathering, the high incidence of rainfall combined with
intensive agriculture together results in the accumulation of debris materials during mass
movements.
Rainfall, the most important triggering mechanism in landslide occurrence in the study
area, has high influence over the highly fragile geomorphic system. During the peak monsoon
period, the water infiltrates and causes a decrease in shear strength either by reducing the
apparent soil cohesion or through the increase of pore water pressure at the potential slip
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surfaces. Thampi et al. (1998) on their studies on landslides in Western Ghats concluded that
intense rainfall exceeding 200 mm in 24 hours can trigger debris flow in vulnerable slopes.
Extreme weather events associated with the seasonal heavy rainfall is the principal
causes of landslide. It is to be noted that among the crucial variables identified, selective classes
such as highly dissected structural hills and valleys with slope between 10˚ to 30°, having an
elevation ranging between 600 to 1200 metres, moderate drainage density, and intensely
cultivated agricultural land were marked with a maximum incidence of landslides and have
high influence in the landslide susceptibility zonation maps prepared. Agricultural land use in
Attappady is characterized by multiple land use patterns in typically marginal, stressed
agricultural ecosystems. These systems range from pure agriculture with cultivation of inferior
cereals to plantain, coconut and cotton.
In the study area, a total of six landslide incidences were recorded during the field
survey. Of these two landslides fall in the debris flow type, that is most common in Western
Ghats. The remaining four, belong to the minor rock slide type. Out of these two debris flows
hit areas, one incidence points fall spatially over the high and susceptibility zones. They are
the ones occurred at Abbanuru, and Bommiyanpadi. Heavy rainfall, higher slope combined
with agricultural practices initiated these landslides. The remaining one debris flow incidence
occurred at Pattanakal which is in medium susceptible area and is the result of erosional activity
of the stream. The minor rock slides that occurred in attappady are due to the slope instability
caused by road cuttings. Even though the aerial extent of these rock slides is comparatively
less, its impact on transport and communication lines was profound.
The impact of a landslide can be extensive, including loss of life, destruction of
infrastructure, damage to land and loss of natural resources. Landslide material can also block
rivers and increase the risk of floods. Landslides have a devastating effect on farmers’
livelihoods as they can prevent access to land for years, destroy seed and food stocks and will
commonly result in the loss of livestock and standing crops.
It is evident from the table that slope and land use are the two parametres that triggered
landslides in Attappady block. Vast majority of the landslides in the study area occurred in
high and very high slopes, ie slopes ranging from 15˚ - 30˚ and 30˚ to 45˚.Slopes above the 45˚
do not recorded any landslide event, since they are mostly barren rock surfaces. The other major
parameters that influence the landslides in Attappady are a Relative relief of 600 to 800 metres,
the presence of charnokite/charnokite gneiss, highly dissected structural hills and valleys, and
Barren/waste land. The only landslide that occurred in the forest area is near Aralikonam.
Disaster assessment evaluation and susceptibility zones are given in tables below (5.8 and 5.9).
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The given maps show the landslide susceptibility in all three Panchayathhs (Fig: 5.17, 5.18 and
5.19).
Table: 5.8 Disaster assessment evaluation
Name of Affected Places

Latitude

Longitude

Spot 1
Spot 2
Spot 3
Spot 4
Spot 5
Spot 6

11°05'46.30" N
11°05'33.43" N
11°05'32.15" N
11°05'46.26" N
11°09'1.60" N
11°07'8.76" N

76°34'9.35" E
76°34'5.88" E
76°34'2.84" E
76°34'9.31" E
76°37'37.73" E
76°35'44.97" E

Area in (Sq.
m)
585
690
610
560
420
495

Source: Field Survey

Table: 5.9 Landslide Susceptibility Zone Mapping of Attappady region
Susceptibile Area (in percent)
Places

High

Medium

Low

Pudur

11.94

86.92

01.14

Agali

3.18

91.98

3.18

Sholayur

1.04

96.34

2.62
Source: Field Survey
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Fig: 5.17
56

Fig: 5.18
57

Fig: 5.19
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5.1.9 Flood affected areas in Attappady
Flood in the study area was mainly confined to the river banks. The places badly
affected by flood are Aralikonam, Chinnaparambu, Kallamala, Jellippara, Daivakund,
Dhonikund, Kattekkad, Chitoor, Nakkupathi, and Vitiyur. Of these Kallamala and
Chinnaparambu is located along the bank of a tributary of Nelli Puzha River. While Kallamala
is located upstream, Chinnaparambu is located downstream. Jellippara, Daivakund,
Dhonikund, and Nakkupathi is located on the banks of a tributary of Seruvani River. Chittur is
located on the banks of Seruvani River and Vitiyur on the banks of Bhavani River. The height
of overflow of these streams and rivers are given in the table below (Table: 5.10). The following
maps shows flood hit zones of Attappady block and the affected panchayathhs respectively
(Fig: 5.20, 5.21, 5.22, 5.23and 5.24).
Table.5.10 Flood affected areas in Attappady
Sl. No
1
2
3
4
5
6
7
8
9

Location
Chinnaparambu
Kallamala
Jallippara
Daivakund
Dhonikund
Kattekkad
Chitoor
Nakkupathi
Vitiyur

Height of over flow in
meters (from normal flow)
3
2.8
3.2
3.5
3.5
2.5
4
2.4
2.8
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Flooded banks in meters
(from the normal flow)
48
26
38
42
36
26
35
32
29
Source: Primary data

Fig: 5.20
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Fig:5.21
61

Fig: 5.22
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Fig: 5.23
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Fig: 5.24
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5.1.10 Significant findings of the geographical study
Agali and Pudur are the two panchayaths which are badly hit by the flood and landslide
during the monsoon rains in 2018. Many families were evacuated from 21 wards of Agali
panchayath and housed in the relief camps set up at the Model Residential School in Mukkali,
the Government Lower Primary School at Kookampalayam and a hostel in Kottiarkandi. Harsh
terrain and landslides made it difficult to transport relief material to the area. The main road
connecting Mannarkad to Attappady was blocked due to landslides for several days.
Connecting Mannarkkad with Coimbatore and Ooty, the road is the only link for the aborigine
community of Attappady to the outer world. The landslides and flood can get reactivated
anytime in the near future, especially during the monsoon season. A crisis situation demands
the intervention and assistance of experts from different fields in order to ensure a quick and
effective recovery. Effective and timely disaster response is the need of the hour. The disaster
response must involve emergency search, rescue and relief measures taken in anticipation of,
during and immediately in the aftermath of a disaster to ensure that the effects of the disaster
are minimized. Effective disaster response requires trained manpower to deal with complex
situations where effective and speedy handling can reduce the impact of a disaster on human
life and property. It is necessary to continuously undertake measures to build capacity amongst
those handling responses and creating awareness amongst people.
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5.2 Assessment of floral diversity
The vegetation of any ordinary land consists of a vast number of distinct kinds of plants,
small and large, simple and complex etc. Plants are sorted into five main Divisions. They are
Thallophytes, Bryophytes, Pteridophytes, Gymnosperms and Angiosperms. Many of the
Thallophytes are water-growing plants, such as Algae; most of them grow only where abundant
moisture is present. The Bryophytes require external liquid water for completing their life
cycle. The present study has been carried out during early summer. It focused mainly on
distribution of Pteridophytes and Angiosperms. Anil Kumar (2015) has reported 2 out of the 3
indigenous gymnosperms of Kerala from Attappady. In the present survey Gymnosperms were
not reported from the study area.
5.2.1 Distribution of angiosperms
A. Habit-wise distribution: About 251 plant species belongs to 201 Genera, 75 families are
identified during the period of study. Most of the plants are common. A few were found to be
invasive. The majority of angiosperm species belong to Asteraceae followed by Fabaceae.
Table 5.11. Habit distribution of angiosperms
Plant habits

Number of species

Herbs

110

Shrubs

60

Trees

51

Climbers

30
Source: Primary data

Figure 5.25: Representation of plant habit in disaster prone areas of Attappady
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B. Location-wise distribution: The major flood and landslide affected areas of Attappady
are mainly in the Agali and Pudur. The study area covered riparian vegetation, residential
area, ever green forest and deciduous forest. The table below provides list of plants along
with their distribution (Table 5.12).
Table 5.12. Distribution of angiosperms in disaster prone areas of Attappady

Panamaravayal

Abbannur

Chemmannur

Thannichode

Veetiyoor

Kattekkade

Chittur

Thavalam

Aralikkonum

Sambarkode

Edavany

Thudukki

Jellipara

noSl no

Species

Kallamala

Study areas

NYMPHAEACEAE Salisb.
1

Nymphaea caerulea Savigny

×

ARISTOLOCHIACEAE Juss.
2

Aristolochia indica L.

×

×

PIPERACEAE Giseke
3

Piper nigrum L.

×

×

×

×

×

LAURACEAE Juss.
4

Cinnamomum zeylanicum Blume

5

Litsea wightiana (Nees) Hook. f.

×
×

ANNONACEAE Juss.
6

Annona reticulata L.

×

×

MYRISTICACEAE R.Br.
7

Myristica fragrans Houtt.

×

ARACEAE Juss.
8

Colocasia esculenta (L.) Schott

×

×

×

×

×

PANDANACEAE R.Br.
9

Pandanus canaranus Warb.
ASPARAGACEAE Juss.

10

Asparagus racemosus Willd.

12

HYPOXIDACEAE R.Br.
Curculigo orchioides Gaertn.
ARECACEAE Bercht. & J.
Presl nom.cons.
Areca catechu L.

13
14
15

Borassus flabellifer L.
Caryota urens L.
Cocos nucifera L.

11

×
×

×

×

×

×

×

×

×

×
×

×
×

×

×
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×

×
×

16

COMMELINACEAE Mirb.
Commelina diffusa Burm.f.

×

×

×

PONTEDERIACEAE Kunth

19

Monochoria vaginalis (Burm.f.)
C. Presl
BROMELICEAE Juss.
Ananas comosus (L.) Merr.
CYPERACEAE Juss.
Cyperus difformis L.

20

Cyperus digitatus Roxb.

21

Cyperus nutans Vahl

22

Cyperus pangorei Rottb.

×

23

Fimbristylis bisumbellata
(Forssk.) Bubani

×

17
18

24

25

Kyllinga nemoralis (J. R. Forst.
& G. Forst.) Dandy ex Hutch. &
Dalziel
JUNCACEAE Juss.
Juncus prismatocarpus R.Br.

×
×

×
×
×

×

×

×

×

×

×

×

×

POACEAE Barnhart
26

Bambusa bambos (L.) Voss

×

×

27

Coix lacryma-jobi L.

×

×

28

Cynodon dactylon (L.) Pers.

×

29

Eleusine coracana (L.) Gaertn.
Eragrostis unioloides (Retz.)
Nees ex Steud.
Leersia hexandra Sw.

30
31

35

Ochlandra sp.
Paspalum conjugatum P. J.
Bergius
Pennisetum polystachion (L.)
Schult.
Saccharum spontaneum L.

36

Zea mays L.

32
33
34

×

×

×

×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×
×
×
×
×
×

×
×

×

×

×

HELICONIACEAE Vines
37
38

39

40
41

Heliconia rostrata Ruiz & Pav.
MUSACEAE Juss.
Musa paradisiaca L.
ZINGIBERACEAE Martinov
Elettaria cardamomum (L.)
Maton
MENISPERMACEAE Juss.
Cyclea peltata (Lam.) Hook.f. &
Thomson
PAPAVERACEAE Juss.
Argemone mexicana L.
RANUNCULACEAE Juss.

×
×

×

×

×

×

×

×

×
×
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×

×

×

×
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Clematis gouriana Roxb. ex DC.

×

×

43

×

×

48

Naravelia zeylanica (L.) DC.
AMARANTHACEAE Juss.
Achyranthes aspera L.
Alternanthera bettzickiana
(Regel) G. Nicholson
Alternanthera paronychioides
A.St.-Hil.
Alternanthera sessilis (L.) R.Br.
ex DC.
Amaranthus spinosus L.

49

Amaranthus viridis L.

50

Chenopodium album L.

51

Cyathula prostrata (L.) Blume

44
45
46
47

×
×

×

×

×

×

×

×

×

×

×

×

×

×
×
×

×
×

×
×
×

CARYOPHYLLACEAE Juss.
52
53
54
55
56
57
58
59

Drymaria cordata (L.) Willd. ex
Schult.
MOLLUGINACEAE Hutch.
Glinus lotoides L.
Mollugo pentaphylla L.
PLUMBAGINACEAE Juss.
Plumbago zeylanica L.
POLYGONACEAE Juss.
Persicaria barbata (L.) H. Hara
Persicaria chinensis (L.) H.
Gross
Persicaria glabra (Willd.)
M.Gomez
VITACEAE Juss.
Leea indica (Burm. f.) Merr.

×

×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×

×

62

Oxalis corniculata L.
CLUSIACEAE Lindl.
Garcinia gummi-gutta (L.) Roxb.
EUPHORBIACEAE Juss.
Acalypha indica L.

63

Croton bonplandianus Baill.

64

Euphorbia heterophylla L.

65

Euphorbia hirta L.
Euphorbia pulcherrima Willd. ex
Klotzsch
Euphorbia thymifolia L.

61

66
67
68
69
70
71

Homonoia riparia Lour.
Macaranga peltata (Roxb.)
Mull.Arg.
Mallotus philippensis (Lam.)
Mull.Arg.
Manihot carthaginensis (Jacq.)
Mull.Arg.

×

×
×

×

×
×

×

×

OXALIDACEAE R.Br.
60

×

×

×

×

×

×

×

×
×

×
×

×
×

×

×

×
×

×

×
×
×
×

×
×

×

×

×

×

×
×

69

×

72

Manihot esculenta Crantz

73

Ricinus communis L.

74

Tragia involucrata L.

75

Trewia nudiflora L.

×

×
×

×

×

×

×

×
×

×

MALPIGHIACEAE Juss.

77
78

Hiptage benghalensis (L.) Kurz
PHYLLANTHACEAE
Martynov
Phyllanthus amarus Schumach.
& Thonn.
Phyllanthus emblica L.

79

Phyllanthus reticulatus Poir.

80

Phyllanthus urinaria L.
PODOSTEMACEAE Rich. ex
Kunth
Dalzellia zeylanica (Gardner)
Wight
SALICACEAE Mirb.

76

81

82
83

86
87

Bauhinia malabarica Roxb.

88

Butea monosperma (Lam.) Taub.

89

Caesalpinia mimosoides Lam.

90

Cajanus cajan (L.) Millsp.

91

Crotalaria pallida Aiton

92

Crotalaria verrucosa L.

93

Dalbergia latifolia Roxb.

94

Erythrina variegata L.

95

85

×

×

×

×

×

×

×
×

×

×

×

×
×

×

×
×
×
×

×

×
×

×

×

×

×

×

×
×

×

×

×

×

×
×

×

×

Gliricidia sepium (Jacq.) Walp.

×

×

×

96

Indigofera longiracemosa Baill.

×

97

×
×

99

Indigofera tinctoria L.
Leucaena leucocephala (Lam.)
de Wit
Mimosa diplotricha Sauvalle

100

Mimosa pudica L.

×

101

Mucuna monosperma Wight

102

Mucuna pruriens (L.) DC.
Pithecellobium dulce (Roxb.)
Benth.
Pongamia pinnata (L.) Pierre

104

×
×

×

103

×
×

×

98

×

×

Salix tetrasperma Roxb.
CUCURBITACEAE Juss.
Luffa cylindrica (L.) M. Roem.
Momordica charantia L.
Mukia maderaspatana (L.) M.
Roem.
FABACEAE Lindl.
Acacia caesia (L.) Willd.

84

×

×
×

×
×

×

×

×

×

×

×
×

×

×
×

×

×

×

×

×

×

×

×

×

×

×

×

×
×

70

×

×

×

105

Prosopis juliflora (Sw.) DC.

106

Senna auriculata (L.) Roxb.

107

Senna occidentalis (L.) Link

108

Senna tora (L.) Roxb.
CANNABACEAE Martinov
Trema orientalis (L.) Blume

109

×

×
×

×

×

×

×

×
×

×

×

×

×

×

×

×

×

×

×

×

×

111

MORACEAE Gaudich.
Artocarpus altilis (Parkinson ex
F. A. Zorn) Fosberg
Artocarpus heterophyllus Lam.

112

Artocarpus hirsutus Lam.

113

Ficus benghalensis L.

×

114

Ficus hispida L.f.

×

115

Ficus racemosa L.

110

×

×
×
×

×

×
×

×

×

ELAEGNACEAE Juss.
116

Elaeagnus indica Servett.

×

×

URTICACEAE Juss.
117

Laportea interrupta (L.) Chew

118

Pouzolzia bennettiana Wight

119

Pouzolzia zeylanica (L.) Benn.

×
×
×

COMBRETACEAE R.Br.
120

Terminalia catappa L.

121

Terminalia cuneata Roth
LYTHRACEAE J.St.-Hil.
Ammannia baccifera L.

122

×

×

×

×
×

×

×

MELASTOMATACEAE Juss.
123
124

Osbeckia muralis Naudin
MYRTACEAE Juss.
Psidium guajava L.

×
×

125

Syzygium aromaticum (L.) Merr.
& L. M. Perry

×

126

Syzygium cumini (L.) Skeels

×

127

×

128

Syzygium jambos (L.) Alston
ONAGRACEAE Juss.
Ludwigia perennis L.

129

Ludwigia peruviana (L.) H. Hara

×

×

×

×
×

×
×

×
×

×

×

×
×

BRASSICACEAE Burnett
130

Brassica nigra (L.) K. Koch

131

Cardamine hirsuta L.

×

×
×

CAPPARACEAE Juss.
132
133

Crateva magna (Lour.) DC.
CARICACEAE Dumort.
Carica papaya L.

×
×

×
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×

×

×
×

134

CLEOMACEAE Bercht. & J.
Presl
Cleome burmannii Wight & Arn.

×

135

Cleome viscosa L.

×

MALVACEAE Juss.
136

Abutilon indicum (L.) Sweet

137

Fioria vitifolia (L.) Mattei

138

Grewia hirsuta Vahl

139

Grewia tilifolia Vahl

140

Helicteres isora L.

×

×

141

Hibiscus hispidissimus Griff.

×

×

142

Hibiscus rosa-sinensis L.

×

143

Sida acuta Burm.f.

×

144

Sida cordifolia L.

145

Sida rhombifolia L.
Sterculia guttata Roxb. ex G.
Don
Theobroma cacao L.
Thespesia populnea (L.) Sol. ex
Correa
Triumfetta rhomboidea Jacq.

146
147
148

×

×

×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×

×

×

×

×

×

×

×
×

×

×

×

×
×

×

×
×

×

×
×

×

×

×

×

×

×

×

×

×

151

Urena lobata L.
ANACARDIACEAE R.Br.
Anacardium occidentale L.

152

Mangifera indica L.

×

150

×

×

×

149

×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×

×

×

×

×

×

BURSERACEAE Kunth
153

Garuga pinnata Roxb.

×

×

×

MELIACEAE Juss.
154

Azadirachta indica A. Juss.

155

Cipadessa baccifera (Roth) Miq.

156

Melia dubia Cav.
RUTACEAE Juss.
Citrus maxima (Burm.) Merr.
Glycosmis pentaphylla (Retz.)
DC.
Murraya koenigii (L.) Spreng.
SAPINDACEAE Juss.
Cardiospermum halicacabum L.
PRIMULACEAE Batsch ex
Borkh.
Maesa indica (Roxb.) A. DC.
BORAGINACEAE Juss.
Heliotropium indicum L.

157
158
159
160

161
162
163
164

×

×
×

×

×

×
×
×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×
×

×

×
×

Trichodesma indicum (L.) Lehm.
APOCYNACEAE Juss.
Alstonia venenata R.Br.

×
×
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×

165

Asclepias curassavica L.

166

Calotropis gigantea (L.) Dryand.
Hemidesmus indicus (L.) R. Br.
ex Schult.
Ichnocarpus frutescens (L.) W.T.
Aiton
Thevetia peruviana (Pers.) K.
Schum.
Wrightia tinctoria R.Br.

167
168
169
170

×

×

×

×

×
×
×
×
×

GENTIANACEAE Juss.
171

Canscora diffusa (Vahl) R.Br. ex
Roem. & Schult.

×

×

×

RUBIACEAE Juss.

173

Dentella repens (L.) J. R. Forst.
& G. Forst.
Coffea arabica L.

×

174

Gardenia jasminoides J. Ellis

×

175

Ixora coccinea L.

×

×

176

Mitracarpus hirtus (L.) DC.

×

×

177

179

Oldenlandia corymbosa L.
Oldenlandia diffusa (Willd.)
Roxb.
Richardia scabra L.

180

Rubia cordifolia L.

172

178

×
×

×

×

×

×

×

×

×
×
×

×

×
×

×

185

ACANTHACEAE Juss.
Asystasia gangetica (L.) T.
Anderson
Crossandra infundibuliformis
(L.) Nees
Eranthemum capense L.
Hygrophila schulli M. R.
Almeida & S. M. Almeida
Justicia adhatoda L.

186

Justicia betonica L.

187
188

Rhinacanthus nasutus (L.) Kurz
LAMIACEAE Martinov
Thunbergia alata Bojer ex Sims

189

Clerodendrum infortunatum L.

190

Colebrookea oppositifolia Sm.

191

Hyptis capitata Jacq.

192

Hyptis suaveolens (L.) Poit.

×

193

Leucas angularis Benth.

×

194

Leucas aspera (Willd.) Link

195

Ocimum tenuiflorum L.
Orthosiphon thymiflorus (Roth)
Sleesen
Tectona grandis L.f.

181
182
183
184

196
197

×

×

×

×
×

×

×

×

×
×

×

×

×

×
×

×

×
×

×

×
×

×

×

×

×

×
×
×
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×

×

198
199
200
201
202

LINDERNIACEAE Borsch, Kai
Mull., & Eb.Fisch.
Lindernia anagallis (Burm.f.)
Pennell
Lindernia antipoda (L.) Alston
Lindernia caespitosa (Blume)
Panigrahi
Lindernia crustacea (L.) F.
Muell.
Lindernia hyssopoides (L.)
Haines

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

LENTIBULARACEAE Rich.

211

Utricularia lazulina P. Taylor
OLEACEAE Hoffmanns. &
Link
Chionanthus mala-elengi
(Dennst.) P. S. Green
Jasminum caudatum Wall. ex
Lindl.
PLANTAGINACEAE Juss.
Mecardonia procumbens (Mill.)
Small
Scoparia dulcis L.
Stemodia verticillata (Mill.)
Hassl.
VERBENACEAE J.St.-Hil.
Lantana camara L.
Stachytarpheta jamaicensis (L.)
Vahl
CONVOLVULACEAE Juss.
Cuscuta reflexa Roxb.

212

Hewittia malabarica (L.) Suresh

213

Ipomoea cairica (L.) Sweet

214

Ipomoea carnea Jacq.

215

221

Ipomoea hederifolia L.
Ipomoea staphylina Roem. &
Schult.
Merremia hederacea (Burm. f.)
Hallier f.
Merremia vitifolia (Burm. f.)
Hallier f.
HYDROLEACEAE R.Br. ex
Edwards
Hydrolea zeylanica (L.) Vahl
SOLANACEAE Juss.
Brugmansia suaveolens (Humb.
& Bonpl. ex Willd.) Bercht. & J.
Presl
Capsicum annuum L.

222

Lycopersicon esculentum Mill.

223

Solanum americanum Mill.

×

224

Solanum torvum Sw.

×

203

204
205

206
207
208
209
210

216
217
218

219

220

×

×
×

×
×

×

×

×

×

×

×

×

×

×

×

×

×

×

×
×

×

×

×
×

×

×

×
×

×
×
×
×
×

×

×

×
×
×

×

×

×

×

×

×

×
×
×

×
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×

×

×

×
×

×

×

225

ASTERACEAE Bercht. & J.
Presl
Acmella calva (DC.) R. K. Jansen

×

×

228

Ageratum conyzoides (L.) L.
Artemisia nilagirica (C. B.
Clarke) Pamp.
Bidens pilosa L.

229

Bidens sulphurea (Cav.) Sch.Bip.

230

236

Blumea axillaris (Lam.) DC.
Chromolaena odorata (L.) R. M.
King & H. Rob.
Conyza bonariensis (L.)
Cronquist
Crassocephalum crepidioides
(Benth.) S. Moore
Eclipta prostrata (L.) L.
Emilia sonchifolia (L.) DC. ex
DC.
Galinsoga parviflora Cav.

237

Gnaphalium polycaulon Pers.

238

Mikania micrantha Kunth

×

×

×

239

Parthenium hysterophorus L.

×

×

×

240

Sigesbeckia orientalis L.

241

Sphaeranthus indicus L.
Sphagneticola trilobata (L.)
Pruski
Spilanthes radicans Jacq.

226
227

231
232
233
234
235

242
243
244
245
246
247
248
249

Synedrella nodiflora (L.) Gaertn.
Tithonia diversifolia (Hemsl.)
A.Gray
Tridax procumbens (L.) L.
Vernonia cinerea (L.) Less.
Vernonia divergens (DC.)
Edgew.
Xanthium strumarium

×

×

×

×

×

×

×

×

×

×
×

×

×

×

×

×

×

×

×

×

×

×

×

×
×
×

×

×

×

×

×

×
×

×

×
×

×

×
×

×

×
×
×

×
×

×

×

×

×

×
×
×

×

×

×

×

×
×

×

×

×
×

×

×

×

×

×

×

×

×

×

×

×
×

×

×
×

×

×

×
×

×

×

COMPANULACEAE Juss.
250

Lobelia alsinoides Lam.

×

APIACEAE Lindl.
251

Centella asiatica (L.) Urb.

×

×

×

×

Source: Primary data
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5.2.2 Distribution of pteridophytes
Pteridophytes (pteron=feather, phyton=plants) are also known as ‘vascular cryptogams’
and they are the most primitive vascular plants on earth beginning their life during the Silurian
and Devonian periods. Pteridophytes comprise a group of plants formed by two lineages
Lycophyta and Monilophytes (Smith et al., 2006). Pteridophytes are placed between
Bryophytes and higher vascular plants ie., Gymnosperms and Angiosperms. The identified
pteridophytes are given below (Table 5.13).
Table: 5.13. Checklist of pteridophytes

1
2

3
4
5
6

PTERIDACEAE
Adiantum philippense L.
Pteris praetermissa T. G.
Walker
SALVINIACEAE
Azolla pinnata R.Br.
THELYPTERIDACEAE
Cyclosorus hispidulus
Cyclosorus parasitica
WOODSIACEAE
Diplazium esculentum (Retz.)
Sw.

×
×

Panamaravayal

Abbannur

Chemmannur

Thannichode

Veetiyoor

Kattekkad

Chittur

Thavalam

Aralikkonam

Sambarkode

Edavany

Species

Thudukki

Sl.
N
o.

Kallamala
Jellipara

Study area

×

×

×
×

×
×

×
×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

EQUISETACEAE
7

Equisetum ramosissimum Desf.

8

MARSILEACEAE
Marsilea minuta L.
POLYPODIACEAE

9

Microsorum membranaceum
(Don)Ching

10

11

12

LOMARIOPSIDACEAE
Nephrolepis hirsulata (G.
Forst) C. Presl
DENNESTEAEDTIACEAE
Pteridium revolutum (Blume)
Nakai
SELAGINELLACEAE
Selaginella vaginata Spring

×
×

×

×

×

×

×

×

×

×

×

×

Source: Primary data
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Descriptions of pteridophytes
1. Adiantum philippense L.
Family: Pteridaceae
Rhizome erect or sub erect, covered with persistent leaf bases. Petiole scaly at base, pinkishbrown, polished above. Leaves simply pinnate, bearing leaflets usually with a terminal pinnule.
Sori linear, dark brown.
2. Azolla pinnata R. Br.
Family: Salviniaceae
Rhizome flimsy, thin, short and cylindrical. Leaves two-lobed, aerial, dorsal lobe fleshy
containing mucilaginous cavities filled with blue-green algae, anabaena azollae.
3. Cyclosorus hispidulus (Decne.) Holttum
Family: Thelypteridaceae
Rhizome erect, covered by golden brown scales. Petiole light brown, scales similar to that of
rhizome, four angled. Leaves simply pinnate. Basal leaflets progressively reduced, margin
lobed. Sori rounded, median on veins.
4. Cyclosorus parasitica (L.) H.Lev.
Family: Thelypteridaceae
Rhizome long creeping, clothed by brown hairs. Petiole base brown, clothed by scales similar
to that of rhizome. Leaves simply pinnate, soft, triangular. Leaflets pinnatifid, lower lobes
larger, reduced, leaflet absent. Sori round, median on veins.
5. Diplazium esculentum (Retz.) Sw.
Family: Woodsiaceae
Rhizome erect. Petiole polished above, tufted. Leaves bipinnate. Leaflets lobed, terminal one
larger, basal leaflets progressively reduced towards apex. Sori dark brown, linear along veins.
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6. Equisetum ramosissimum Desf.
Family: Equisetaceae
Rhizome long, creeping, branched, dark brown, rooting at internodes. Aerial stem 1-1.5m tall,
branched, dark green, polished, ridges and furrows present. Leaves minute, scaly at the nodes.
Cones terminal, sporophylls peltate, closely packed.
7. Marsilea minuta L.
Family: Marsileaceae
Rhizome long creeping, four leaflets arranged at the tip of the petiole in clover leaf model.
Sporocarps bean shaped brown bisporangiate, present with long stalk produced in clusters.
8. Microsorum membranaceum (Don) Ching
Family: Polypodiaceae
Rhizome short creeping. Petiole jointed, yellowish-green. Leaves in two dorsal rows on the
rhizome, membraneous, shining, margins wavy. Sori scattered between the lateral veins.
9. Nephrolepis hirsulata (G. Forst) C. Presl
Family: Lomariopsidaceae
Rhizome erect with thick roots from the base, scaly above. Petiole yellowish-brown, scaly
beneath, less above. Leaflets sessile, progressively reduced towards apex, hairs beneath, less
above. Sori dark brown, kidney-shaped, sub marginal, margins wavy.
10. Pteridium revolutum (Blume) Nakai
Family: Dennestaedtiaceae
Rhizome long creeping, densely covered with dark brown hairs. Petiole scattered, dark brown
to black and hairy at the base. Leaves tripinnate, deltoid. Leaflets progressively reduced
towards apex. Sori linear, covered by the reflexed margin of the pinnules.
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11. Pteris praetermissa T.G. Walker
Family: Pteridaceae
Rhizome short, suberect, cylindrical with tuft of roots. Petiole green. Leaves bipinnate, green,
herbaceous. Leaflets 4-6 pairs, pale green. Sori brown, linear, sub marginal except at base and
apex, sporangial capsule globose.
12. Selaginella vaginata Spring
Family: Selaginellaceae
Stem erect, growing in tufts, green, but turn brownish-grey when dry. Branches short.
Rhizophores present throughout. Leaves dimorphic except at the strobilus. Strobilus terminal,
solitary, sporophylls isomorphic, spiral, megaspores and microspores present.
5.2.3 Distribution of lichens
Lichens are the simplest form of plants consisting of a symbiotic association of a fungus (the
mycobiont) with a photosynthetic partner (Photobiontic), usually either a green algae or
cyanobacterium. The algal partner synthesizes food by photosynthesis and shares with fungal
partner and in turn the fungus gives protection to the algae. Lichens are considered as pollution
indicators. Its identification was one among the difficult tasks of this work. Experts in the field
of taxonomy of Lichens were consulted for proper identification (Table 5.14.).
Table 5.14. Checklist of lichens
Sl. No.
1

Name of the Species
Arthothelium

Family
Arthoniaceae

2

Chrysothrix

Chrisothricaceae

3

Cryptothecia

Arthoniaceae

4

Diorygma

Graphidaceae

5

Dirinara

Caliciaceae

6

Glyphis

Graphidaceae

7

Graphis

Graphidaceae

8

Lecanora

Lecanoraceae

9

Parmotrema austrosinense

Parmeliaceae

10

Parmotrema stuppeum

Parmeliaceae
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11

Pertusaria

Pertusariaceae

12

Phaeographis

Graphidaceae

13

Pyrenula

Pyrenulaceae
Source: Primary data

5.2.4 Invasive Species
Invasive species is a term applied to non-native plant species which have colonized
natural areas and dominate the vegetation composition of the colonized areas. Invasive species
have been shown to adversely impact native biodiversity and ecosystem processes in complex
ways (Coautti & Maclsaac, 2004). Invasive plant species alternative plants and animal
populations, communities and can even modify nutrient cycling within invaded environments
(Didham et al., 2005, Strayer et al., 2006, Didham et al., 2007). Highly disturbed riparian areas
facilitate the succession of invasive species instead of native plants. The identified invasive
species along the riparian areas in Attappady are given below (Table 5.15).
Table 5.15. Distribution of the identified invasive species in Attappady region
Sl. No.

Species name

Family
Verbenaceae

1

Lantana camara L.

2
3
4
5

Parthenium hysterophorus L.
Chromolaena odorata (L.) R. M. King & H.
Rob.
Mikania micrantha Kunth
Sphagneticola trilobata (L.) Prusk.

6

Mimosa diplotricha Sauvalle

Asteraceae
Asteraceae
Asteraceae
Asteraceae
Fabaceae
Source: Primary data
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5.2.5 Endemism and conservation status
Table 5.16. Endemism and conservation status
Name of the plant

Conservation status

Family

Dalbergia latifolia Roxb. *

Indo- Malesia

Fabaceae

Alstonia venenata R.Br.

Endemic to Peninsular India

Apocynaceae

Endemic to Peninsular India

Oleaceae

Endemic to SWG

Lauraceae

Osbeckia muralis Naudin

Endemic to WG

Melastomaceae

Pandanus canaranus Warb.

Endemic to Peninsular India

Pandanaceae

Chionanthus mala–elengi
(Dennst.) P.S. Green
Litsea wightiana (Nees)
Hook.f.

*Vulnerable as per IUCN

Source: Primary data

5.2.6 Major plant populations affected by flood
It has been found from field observations and questionnaire survey, the populations of
Crateva magna, Terminalia cuneata, Pongamia pinnata, Bambusa bambos, Cryptocoryne
retrospiralis, Trewia nudiflora are the major species affected by the flood and landslides
5.2.7 Soil microflora
Table 5.17. Estimation of soil microfloral population

Sl.
No.
1
2
3
4
5
6
7

Location

Jellipara
Kallamala
Thanichode
Veettioor
Panamaravayal
Kattekkad
Chemmanoor

Bacteria (cfu/ml)
Average
population
Affecte Unaffec
d
ted
6
32×10
6×106
45×106 185×106
82×106 230×106
18×106
6
5×10
218×106
9×106
120×106
6
1×10
70×106

Fungi (cfu/ml)
Average population
Affected
27×102
110×102
5×102
24×102
92×102
19×102
14×102
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Unaffect
ed
24×102
58×102
42×102
23×102
130×102
36×102
30×102

Actinobacteria
(cfu/ml) Average
population
Affecte Unaffecte
d
d
4
7×10
3×104
8×104
10×104
1×104
2×104
3×104
2×104
5×104
18×104
4
1×10
Source: Primary data

Comparative analysis of soil microflora in flood affected and unaffected areas was
carried out and colony forming units of bacteria, fungi and actinobacteria were estimated.
Comparing the population of bacteria in affected and unaffected regions, it is observed
to be high in unaffected region of Kallamala, Thannichode, Panamaravayal, Kattekkad and
Chemmannur. In Jellippara, bacterial population is high in the affected area. Colony forming
units of bacteria were absent in the sample collected from the unaffected region of Veetiyoor.
In Jellippara, Kallamala and Veetiyoor, fungal population is high in affected region
than the unaffected region. It is high in the unaffected regions of Thannichode, Panamaravayal,
Kattekkad and Chemmannur.
Actinobacteria is reported to be high in the affected region of Jellippara and in the
unaffected regions of Kallamala, Veetiyoor and Panamaravayal. Colony forming units of
Actinobacteria were absent in the sample collected from the unaffected regions of
Thannichode, Kattekkad and Chemmannur.
Statistical analysis of the samples has shown significant difference in the presence of
Fungi and Actinobacteria (p= 0.05) in affected and unaffected localities. The difference in the
bacterial colonies were statistically non-significant.
5.2.8 Significant findings of the floral study:
● About 251 species of angiosperm have identified during the period of study.
● The majority of angiosperm species are represented by Asteraceae family followed by
Fabaceae.
● Edavani and Thudukki areas are comparatively rich in biodiversity.
● 51 trees, 60 shrubs, 110 herbs and 30 climbers were identified.
● 12 pteridophyte species and 13 lichens were also reported from the flood hit localities.
● Farmers met a huge loss during the flood and crop loss is listed it in the agricultural
loss and damage section of the report.
● There is decrease in the total cover of vegetation.
● Invasive species are initial colonizers.
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5.3 Assessment of faunal diversity
Attappady consists of three Panchayaths ie., Agali, Pudur and Sholayur. Sholayur falls
under the rain shadow region thereby having very minimal damages caused by flood and
landslide. Hence, based upon the reports and data from the Panchayaths, the study area for the
present work was focused in various flood and landslide-hit areas of Agali and Pudur.
Among the study areas visited, Thudukki, Edavani, Veetiyoor and Chemmannur were
most diverse and Abbhanoor, the least diverse.
The study revealed the presence of 215 identified species under 88 families and
186 genera which included Butterflies, Odonates, Other Insects, Fishes, Amphibians, Reptiles,
Birds, and Mammals. Also, few Earthworms, Shelled and Shell-less Molluscans were also
recorded.
The diversity of larval host plants of butterflies in the study area were documented
and a total of 75 species were recorded.
Lantana camara, Chromolaena odorata, Mikania micrantha, Sphagneticola trilobata,
Alternanthera bettzickiana and Asclepias curassavica were the common nectaring plants
recorded.
Crateva magna, Pongamia pinnata and Bambusa bambos were the host plants which
had maximum casualties.
5.3.1 Faunal diversity record
Butterflies
Butterflies being a relevant group of insects considered as Biodiversity indicators and
habitat richness, they were one of the major faunal categories studied in the present work. Out
of the 327 species reported from Kerala, a total of 74 species belonging to 5 families, 52 genera
were recorded from the study area. The diversity included 8 species from Hesperiidae, 16 from
Lycaenidae, 28 from Nymphalidae, 13 from Pieridae and 9 from Papilionidae.
High altitude species were represented by Udara akasa, Eurema laeta and Prantica
nilgiriensis. Jamides celeno, J. bochus, Delias eucharis, and Hebomoia glaucippe were the
most common butterflies noted in the study. J. bochus were the most abundant species
observed.
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Jamides celeno was observed only in its Dry Season Form. DSFs of Hasora chromus,
Ypthima huebner, Y. baldus, Appias indra and Cepora nerissa etc. were also recorded.
Among the recorded species, 4 were endemic. Graphium teredon and Troides minos
are endemic to South India, Papilio dravidarum endemic to Western Ghats, and Pachliopta
hector endemic to Peninsular India and Sri Lanka.
Fourteen of the recorded species belonged to the various Schedules of Wild Life
Protection Act of India. Hypolimnas missippus is included in Schedule I and II, Pachliopta
hector is included in the Schedule I. Jamides alecto, Lampides boeticus, Euchrysops cnejus,
Parantica aglea, Athyma ranga, Neptis jumbah, Appias albina, A. lyncida, A. indra, and
Cepora nerissa, belonged to the Schedule II. Borbo cinnara and Euploea core comes under
Schedule IV species.
Of the list, Troides minos, Papilio polymnester and Papilio helenus are the first, second
and third largest butterflies of India respectively. Freyeria putli is the smallest and Zizula hylax
is the second smallest butterfly in India.
Egg laying of butterflies like Hasora chromus, Lampides boeticus, Zizina otis, Junonia
hierta, Hebomoea glaucippe, Appias lyncida and Troides minos were recorded. Egg of
Hebomoea glaucippe and caterpillar stage of Neptis jumbah, Ariadne ariadne, and Papilio
demoleus were observed.
Nectaring and mating were also recorded. Mud puddling was observed in Thudukki,
Edavani, Panamaravayal, Sambarkode and Veetiyoor. No directional or migrational flight was
observed.
The diversity of larval host plants of the study area was documented and a total of 75
species were recorded.
Lantana camara, Chromolaena odorata, Mikania micrantha, Sphagneticola trilobata,
Alternanthera bettzickiana and Asclepias curassavica were the common nectaring plants
recorded.
Crateva magna, Pongamia pinnata and Bambusa bambos were the host plants affected
by the flood.
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Moths
A total of six species belonging to nine genera under five families like Geometride,
Crambidae, Nolidae, Crambidae, and Erebidae were recorded. The day flying Nyctamera
coleta was the most observed. Erebid caterpillars were also recorded.
Insects
Twenty-six insect species belonging to total 28 families and 40 genera were identified
from the study area. Apis florea, Dysdercus sp. nymph and members of Acrididae, Tetrigidae
and Gerridae in both adult and nymphal stages were the most observed. Lycosid spiders were
also seen in plenty.
Birds
A total of 67 species of birds belonging to 31 families and 49 genera were recorded out
of the 500 reported from Kerala (Praveen, 2015).
Gracula relegiosa, Merops orientalis, Pycnonotus jocosus, Dicrurus macrocercus,
Leptocoma zeylonica and Motacilla cinerea were the commonest birds found. Juvenile and
adults of Hirundo smithii and flocks of Erythrina erythrina were noted.
Leptocoma minima, Anthus nirghiriensis, Psittacula columboides, and Dendrocitta
leucogastor are endemic to Western Ghats.
Anthus nilghiriensis, is Vulnerable according to the IUCN Red List and all the other
recorded birds belonged to the Least Concern (LC) category.
54 of the recorded birds belonged to the protected category of WPA Act of India. Halia
sturindus, Milvus migrans and Gracula relegiosa belonged to the Schedule I category, Gallus
sonneratii belonged to Schedule II and all others belonged to the Schedule IV category.
Halia sturindus, Milvus migrans, Gallus sonneratii and Gracula relegiosa are included
in the Appendix II of CITES.
Odonates
The study revealed the diversity of 20 Odonate species belonging to 14 genera under 6
families

like

Calopterygidae,

Chlorociphidae,

Coenagrionidae,

Platycnemididae,

Protoneuridae, and Libellulidae were recorded from the studied riparian habitats of Attappady.
Trithemis festiva and Diplacodes trivialis were the species commonly found.
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For Trithemis aurora and Diplacodes trivialis, the transitional sub-adult form was also
observed. Egg laying was observed in Pseudogarion rubriceps and Rhinocypha bisignata.

Reptiles
A total of 7 species belonging to 7 genera under 3 families, Agamidae, Scincidae and
Colubridae were recorded from the study area. Ptyas mucosa is protected under Schedule II
and Ahaetulla nasuta under Schedule IV of WPA.
Amphibians
Duttaphrynus melanosticus and Clinotarsus curtipes of Bufonidae were the amphibian
species recorded. C. curtipes is Endemic to Western Ghats and is Near Threatened (NT).
Tadpoles of C. curtipes aggregated in large numbers were seen in almost all streams
and rivers. In Edavani area, eggs and mating pairs of Duttaphrynus melanosticus in amplexus
were very common to see.
Fishes
The recorded species of fishes included three members, Haludaria fasciata and
Dawkinsia filamentosa of Cyprinidae and Schistura sp. of Nemachellidae. All three are
endemic to Western Ghats.
Mammals
Mammalian individuals recorded from the study were Macaca radiata from family
Cercopithecidae, Ratufa indica and Funambulus palmarum from Sciuridae, Pteropus
giganteus from Pteropodidae, and Elephas maximus from Elephantidae.
All recorded species except Elephas maximus are under the Least Concern (LC)
category of IUCN. Macaca radiata and Ratufa indica are protected under Schedule II of WPA
and Pteropus giganteus under Schedule V.
Elephas maximus is Endangered (EN), protected under Schedule I of WPA and
included in the Appendix I of CITES. Other domesticated mammals are Cow, Buffallo, Goat,
Donkey, Goat and Cat.
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The diversity of major faunal categories studied is consolidated below (Table 5.18).

Table 5.18: Diversity of fauna
Faunal category

No: of families

No: of genera

No: of species

Butterflies

5

52

74

Moths

5

9

6

Odonates

6

14

20

Other insects

28

40

26

Fishes

2

3

2

Amphibians

1

2

2

Reptiles

3

7

7

Birds

31

49

67

Mammals

7

10

10

Total

88

186

215

Source: Primary data

Fig 5.26: Diversity of fauna
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5.3.2 Endemic species record
A total of 12 endemic species belonging to various ranges were recorded, four in
butterflies, four in birds, one amphibian and three fishes (Table 5.19).
Table 5.19: Endemic species
Sl.no

Species

Endemic range

Butterflies
1

Graphium teredon

South India

2

Papilio dravidarum

Western Ghats

3

Troides minos

South India

4

Pachliopta hector

Peninsular India, Sri Lanka

Birds
5

Leptocoma minima

Western Ghats

6

Anthus nilghiriensis

Western Ghats

7

Dendrocitta leucogastor

Western Ghats

8

Psittacula columboides

Western Ghats

Amphibians
9

Clinotarsus curtipes (Jerdon, 1854)

Western Ghats

Fishes
10

Haludaria fasciata (Jerdon, 1849)

Western Ghats

11

Dawkinsia filamentosa

Western Ghats

12

Schistura sp

Western Ghats
Source: Primary data
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5.3.3 IUCN status of the faunal diversity
The International Union for Conservation of Nature (IUCN) maintains the Red List of
Threatened Species, an inventory of the extinction risk and conservation status of the world’s
species.
A total of 102 out of the 215 species recorded were under the Least Concern (LC)
category of IUCN. Elephas maximus is Endangered (EN), Anthus nilghiriensis is Vulnerable
(VU) and Clinotarsus curtipes is a Near Threatened (NT) species (Table 5.20).
Table 5.20: IUCN status of species in Red list
Least concern

Near threatened

Endangered

Vulnerable

(LC)

(NT)

(EN)

(VU)

Butterflies

5

-

-

-

Odonates

20

-

-

-

Fishes

3

-

-

-

Amphibians

1

1

-

-

Reptiles

4

-

-

-

Birds

65

-

-

1

Mammals

4

-

1

-

102

1

1

1

Faunal category

Total

Source: Primary data

5.3.4 Species protected under the Wildlife Protection Act of India
Indian Wildlife (Protection) Act of 1972 amended up to 2011 forms the legal framework
for conservation of flora and fauna in India through different Schedules.
Among the diversity recorded, 6 of the species are protected under Schedule I, 14
under Schedule II, 62 under Schedule IV and Pteropus giganteus under Schedule V (Table
5.21).
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Table 5.21: Species protected under WPA of India
Schedule I

Schedule II

Schedule IV

Schedule V

(Sch I)

(Sch II)

(Sch IV)

(Sch V)

Butterflies

2

11

2

-

Amphibians

-

-

1

-

Reptiles

-

-

1

-

Birds

3

1

58

-

Mammals

1

2

1

1

Total

6

14

62

1
Source: Primary data

5.3.5 Species included in the appendices of Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES)
The three Appendices of CITES form the legal framework through which a species in
the international trade can be confiscated and action taken on the trader.
Five of the species such as Asian elephant, Elephas maximus, and four birds among
the diversity recorded from the flood-hit areas of Attappady, were categorized under the
Appendix I and II of CITES respectively (Table 5.22).
Table 5.22: Species included in the Appendices of CITES
Appendix I

Appendix II

Elephas maximus

Gallus sonneratii

-

Gracula relegiosa

-

Haliastur indus

-

Milvus migrans
Source: Primary data
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5.3.6 Checklists of each faunal category
A family wise checklist of each faunal category namely butterflies, odonates, other
Insects, birds, fishes, amphibians, reptiles, and mammals are presented. Each species is detailed
with its scientific name, English common name, Malayalam regional name, endemic range,
IUCN status, CITES Appendix and WPA Schedule if present. Significant or interesting feature
if any is also included. In case of butterflies, the probable host plant list and the spotted host plant
list is also included for the comparison of host plant diversity in the area (Table: 5.23, 5.24, 5.25,
5.56, 5.27, 5.28).
5.3.7 Significant findings of the study


A total of 215 identified species under 88 families and 186 genera are recorded from
the flood-hit regions of Attappady.



Seventy five species of larval host plants of butterflies were recorded.



The conservation and endemic status of every taxon recorded has been documented.
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TABLE 5.23: CHECKLIST OF BUTTERFLIES OF ATTAPPADY
SL.
NO

SCIENTIFIC NAME

COMMON
NAME

REGIONAL
NAME

PROBABLE HOST
PLANT

SPOTTED
HOST
PLANT

Common Banded
Awl

നാട്ടുവരയൻ
ആര

Pongamia pinnata, Ricinus
communis, Heynea trijuga

Pongamia
pinnata, Ricinus
communis
Helicteres isora,
Urena lobata,
Triumfetta
rhomboidea
Brachiaria sp,
Bambusa
bambos

FAMILY
HESPERIDAE
1

Hasora chromus (Cramer,
[1780])

2

Caprona ransonnettii
(Felder 1868)

Golden Angle

സുവർണ്ണപ്പരപ്പൻ

Helicteres isora, Urena lobata,
Triumfetta rhomboidea

3

Iambrix salsala (Moore,
[1866])

Chestnut Bob

ച

Brachiaria mutica, Bambusa
arundinacea, Phoenix lourierii,
Phoenix acaulis

െംകുറുമ്പൻ
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IUCN STATUS/
WPA/
SIGNIFICANT
FEATURE

4

Notokrypta curvifascia
(Felder & Felder, 1862)

Restricted Demon

5

Aeromachus pygmaeus
(Fabricius, 1775)

Pygmy Scrub
Hopper

Cheilocostus speciosus, Alpinia
calcarata, Curcuma spp,
Hedychium coronarium,
Kaempferia rotunda, Elettaria
cardamomum, Mranta
arundinacea

Elettaria
cardamomum

Ischaemum indicum and other
Grasses

Ischaemum
timorense

ശര ശലഭെം

Arundo donax, Axonopus
compressus, Brachiaria mutica,
Oryza sativa, Pennisetum
glaucum, Setaria glauca,
Setariasp, Setaria verticillata,
Sorghum halepensis, Sorghum
nitium, Sorghum vulgare

Oryza sativa,
Pennisetum
polystachyon

Bambusa striata, Bambusa
wamin, Saccharum
officinarum, Saccharum
spontaneum

Bambusa
bambos,
Saccharum
spontaneum

പുള്ളിച്ചാത്തൻ

ിന്ന പുൽച്ചാടൻ

6

Borbo cinnara (Wallace,
1866)

7

Telicota bambusae
(Moore, 1878)

Dark Palm Dart

കകര ശലഭെം

8

Taractrocera maevius
(Fabricius, 1793)

Common Grass
dart

പുല്ലൂളി ശലഭെം

9

Pelopidas sp.

Rice Swift
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Sch IV

FAMILY
LYCAENIDAE

10

11

12

Cheritra freja (Fabricius,
1793)

Leptotus plinius
(Fabricius, 1793)

Jamides bochus (Stoll,
[1782])

Common Imperial

Zebra Blue

Dark Cerulean

ചവള്ളി വാലൻ

Xylia xylocarpa,
Mangifera indica,
Lepisanthes tetraphyla,
Cinnamomum sp, Saraca
asoka, Moullava spicata,
Symplocos racemosa

Mangifera indica,
Cinnamomum
zeylanicum

സീബ്ര നീലി

Albizia lebbek,
Indigofera sp, Sesbania
bispinosa, Mimosa sp,
Dyerophytum indicum,
Plumbago zeylanica

Mimosa pudica,
Mimosa
diplotricha,
Plumbago
zeylanica,
Indigofera sp.

കരിെം
ചപാട്ടുവാലാട്ടി

Butea monosperma,
Cajanus cajan,
Flemingia strobilifera,
Crotalaria retusa,
Pongamia pinnata, Xylia
xylocarpa

Butea
monosperma,
Cajanus cajan,
Crotalaria
pallida,
Pongamia
pinnata
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LC

Migratory

13

Jamides celeno (Cramer
[1775])

Common Cerulean

ചപാട്ടുവാലാട്ടി

Pongamia pinnata,
Butea monosperma,
Abru sprecatorius,
Vigna radiata, Saraca
asoka, Xylia xylocarpa

14

Jamides alecto (C. Felder,
1860)

Metallic Cerulean

കാട്ടു
ചപാട്ടുവാലാട്ടി

Elletaria cardamomum,
Zingiber sp.

15

Catochrysops strabo
(Fabricius, 1763)

Forget-me-not

നീലകൻ

Flemingia strobilifera,
Desmodium sp.,
Schleichera oleosa
Butea monosperma,
Crotalaria retusa, Vigna
radiata, Pisum satium,
species of peas and
beans

16

Lampides boeticus
(Linnaeus, 1767)

Pea Blue

പട്ടാണി നീലി

17

Pseudozizeeria maha
(Kollar, [1844])

Pale Grass Blue

പുൽ നീലി

18

Zizeeria karsandra
(Moore, 1865)

Dark Grass Blue

ഇരുളൻപുൽ
നീലി
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Pongamia
pinnata, Butea
monosperma

Elletaria
cardamomum

Sch II
Pest of Cardamom

Butea
monosperma,
Crotalaria pallida

Sch II
Migratory

Oxalis
corniculata

Amaranthus viridis, A.
spinosus, Zornia
gibbosa, Polygonum
plebeium, Tribulus
terrestris, Glinus
lotoides

Amaranthus
viridis, A.
spinosus, Zornia
gibbosa,
Persicaria, Glinus
lotoides

19

Zizina otis (Fabricius,
1787)

Lesser Grass Blue

ച

റുപുൽ നീലി

Alysicarpus vaginalis,
Desmodium
heterophyllum, Sesbania
bispinosa, Zornia
gibbosa, Lathyrus sp.,
Vicia spp.
Hygrophila auriculata,
Phaulopsis dorsiflora,
Ruellia simplex,
Nelsonia canescens,
Strobilanthus spp.,
Lantana camara, Vicia
spp.

Hygrophila
schulli, Lantana
camara

20

Zizula hylax (Fabricius,
1775)

Tiny Grass Blue

21

Freyeria putli (Kollar,
[1844])

Oriental Grass Jewel

രത്ന നീലി

22

Everes lacturnus (Godart,
[1824])

Indian Cupid

മണിമാരൻ

Desmodium spp.,
Trifolium spp.

Acacia caesia,
Butea
monosperma

Glycosmis
pentaphylla

ിന്നപ്പുൽ നീലി

Second smallest
butterfly in India

Smallest butterfly
in India

23

Euchrysops cnejus
(Fabricius, 1798)

Gram Blue

പയർ നീലി

Butea monosperma,
Desmodium oojeinense,
Paracalyx scariosus,
Pisum sativum, Vigna
cylindrica, V. trilobata,
several cultivated
species of grams and
beans, Acacia spp.

24

Neopithecops zalmora
(Butlwer, [1870])

Quaker

പാണലുണ്ണി

Glycosmis pentaphylla
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25

Udara akasa (Horsfield,
[1828])

White Hedge Blue

ചവള്ളി നീലി

Persicaria chinensis

Persicaria
chinensis

വരയൻ കടുവ

Asclepias curassavica,
Marsdeniaroylei,
Holostemm Aadakodien,
H. annulare, Stephanotis
sp., Oxystelma
esculentum, Cerpegia
sp., Tylophora sp.

Asclepias
curassavica

എരിക്കുത്പ്പി

Asclepias curassavica,
Calotropis gigantea,
Cryptolepis dubia,
Carallumaum bellata,
Ceropegia sp.,
Cynanchum sp., Frerea
indica., Pergularia
daemia

Asclepias
curassavica,
Calotropis
gigantea,

FAMILY
NYMPHALIDAE

26

27

Danaus genutia (Cramer,
[1779])

Danaus chrysippus
(Linnaeus, 1758)

Striped Tiger

Plain Tiger
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28

Tirumala limniace
(Cramer, [1775])

Blue Tiger

നീലക്കടുവ

Cosmostigma cordatum,
Dregea volubilis,
Asclepias curassavica,
Tylophora indica,
Calotropis procura,
Holostemma adakodien,
Heterostemma sp., Hoya
virdifolia, Vllaris
solanacea

29

Tirumala septentrionis
(Butler, 1874)

Dark Blue Tiger

കരിനീലക്കടുവ

Cosmostigma cordatum,
Dregea volubilis,
Vallaris heynie

30

Parantica aglea (Stoll,
[1782])

Glassy Tiger

ചത്ളിനീലക്കടു
വ

Calotropis gigantea,
Cryptolepis dubia,
Ceropegia sp.,
Tylophora indica

31

Parantica nilgiriensis
(Moore, 1877)

Nilgiri Tiger

നീലഗിരി കടുവ
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Asclepias
curassavica,
Calotropis
gigantea

Calotropis
gigantea

Sch II

32

Euploea core (Cramer,
[1780])

Common Crow

അരളി ശലഭെം

Typhlora indica,
Cryptlepis dubia,
Cryptolepis sinensis,
Hemidesmus indicus,
Ficus benghalensis, F.
racemosa, F. relegiosa,
Streblus asper,
Holarrhena pubescens,
Ichnocarpus frutescens,
Nerium sp., Carissa
caranda, Mimusops
elengi

Hemidesmus
indicus,
Ichnocarpus
frutescens, Ficus
benghalensis, F.
racemose

Eleusine
coracana, Oryza
sativa,
Brachiaria, Zea
mays

33

Melanitis leda (Linnaeus,
1758)

Common Evening Brown

കരിയില ശലഭെം

Crytococcus spp.,
Eleusine spp., Apluda
spp., Oplismenus
composiyus, Oryza
sativa, Setaria barbata,
Rottboelliacochin
chinensis, Brachiaria
mutica, Panicum spp.,
Sorghum spp., Zea spp.
Axonopus compressus,
Miscanthus sp.

34

Mycalesis perseus
(Fabricius, 1755)

Common Bushbrown

ത്വിടൻ

Oryza spp., Oplismenus
composiyus

Oryza spp.

35

Mycalesis patina Moore,
1857

Glad-eye Bushbrown

പൂങ്കണ്ണി

Oryza sp.

Oryza sp.
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Sch IV
LC

36

Orsotriaena medus
(Fabricius, 1775)

Medus Brown

കറുപ്പൻ

Brachiaria mutica,
Imperata sp., Oryza
sativa, Grass sp.

Brachiaria sp.,
Oryza sativa,
Grass sp.

37

Ypthima asterope (Klug,
1832)

Common Threering

മുക്കണ്ണി

Cynodon sp., Other
grasses

Other grasses

38

Ypthima huebneri Kirby,
1871

Common Fourring

നാൽക്കണ്ണി

Axonopus compressus,
Grasses

Grasses

39

Ypthima ceylonica
Hewitson, 1865

White Fourring

ചവള്ളി
നാൽക്കണ്ണി

40

Ypthima baldus
(Fabricius, 1775)

Common Fivering

പഞ്ചകനബ്ത്ി

Grasses

Grasses

Passiflora sp.

41

Acraea terpsicore
(Linnaeus, 1758)

Tawny Coster

ത്ീച്ചിറകൻ

Adenia hondala,
Passiflora edulis, P.
subpeltata, P. foetida,
Modecca palmata,
Turnera subulata

42

Cupha erythmanthis
(Drury, [1773])

Rustic

വയങ്കത്ൻ

Flacourtia indica, F.
montana, F. jangomas,
Glocidion sp.

Flacourtia
jangomas

Common Leopard

പുലിചത്തയ്യൻ

Flacourtia montana, F.
indica, Xylosms
longifolia, Salix
tetrasperma, Smilax sp.

Salix tetrasperma

Blackvein Sergeant

ഒറ്റവരയൻസാർ
ജന്റ്

Olea dioica, Chionathus
mala-elengi

Chionathus malaelengi

43

44

Phalanta phalantha
(Drury, [1773])
Athyma ranga Moore,
[1858]
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Sch II

45

46

Neptis hylas (Linnaeus,
1758)

Neptis jumbah Moore,
[1858]

Common Sailer

Chest-Streaked Sailer

ചപാന്തച്ചുറ്റൻ

Mucuna pruiensis, M.
monosperma,
Desmodium gangeticum,
Flemingia sp., Lthyrus
sp., Canavalia gladiata,
Dalbergia latifolia,
Paracalyx scariosus,
Psudarthria viscida,
Abrus precatorius,
Bombax ceiba, Ceiba
pentandra, Elaeocarpus
sp, Triumfetta
rhomboidea, Helicteres
isora, Xylia xylocarpa,
Vigna sp., Nothapodytes
nimmoniana, Urena
lobata

Urena lobata,
Triumfetta
rhomboidea,
Helicteres isora,
Dalbergia
latifolia, Mucuna
pruiensis, M.
monosperma

ഇരുവരയൻ
ചപാന്തച്ചുറ്റൻ

Nothapodytes
nimmoniana, Moullava
spicata, Xylia xylocarpa,
Microcos paniculata,
Bombax ceiba, Mallotus
philippensis

Mallotus
philippensis
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Sch II

47

Ariadne merione (Cramer
[1777])

Common Castor

48

Ariadne ariadne
(Linnaeus, 1763)

Angled Castor

49

Junonia iphita (Cramer,
[1779])

Chocolate Pansy

50

Junonia lemonias
(Linnaeus, 1758)

Lemon Pansy

ആവണകച്ചാപ്പൻ

ിബ്ത്കൻ

ക

ാകേറ്റ്ശലഭെം

പുള്ളിക്കുറുമ്പ
ൻ
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Typhlora indica,
Cryptlepis dubia,
Cryptolepis sinensis,
Hemidesmus indicus,
Ficus benghalensis, F.
racemosa, F. relegiosa,
Streblus asper,
Holarrhena pubescens,
Ichnocarpus frutescens,
Nerium sp., Carissa
caranda, Mimusops
elengi

Ichnocarpus
frutescens,
Hemidesmus
indicus, Ficus
benghalensis,
F.racemosa

Tragia involucrata, T.
plukinetii, Ricinus
communis

Ricinus
communis, Tragia
invoiucrata

Tragia involucrata, T.
plukinetii, Ricinus
communis

Ricinus
communis, Tragia
invoiucrata

Hygrophila auriculata,
Justicia neesii, J.
procumbens,
Lepidagathis cuspidata,
L. prostrata, Nelsonia
canescens, Sida
rhombifolia, Corchorus
capsularis

Hygrophila
schulli, Justicia
adothoda, Justicia
betonica, Sida
rhombifolia

51

52

53

Junonia hierta (Fabricius,
1798)

Hypolimnas bolina
(Linnaeus, 1758)

Hypolimnas misippus
(Linnaeus, 1764)

Yellow Pansy

Great Eggfly

Danaid Eggfly

മഞ്ഞനീലി

Barleria cristata,
Barleria cuspidata,
Hygrophila auriculata

Hygrophila
auriculata,

LC

വൻ ച

Elastostema cuneatum,
Laportiea interrupta,
Abutilon sp., Hibiscus
sp., Sida rhombifolia,
Portulaca oleracea,
Phaulopsis imbricata

Laportiea
interrupta,
Abutilon indicum,
Hibiscus rosasinensis, Sida
rhombifolia,

Female mimics
Common Crow

Asystasia lawiana,
Barleria cristata,
Justicia betonica,
Abelmeschos sp.,
Abutilon sp, Hibuiscus
sp., Portulaca oleracea

Justicia betonica,
Asystasia
gangetica,
Abutilon indicum,
Hibuiscus rosasinensis

Sch I and II

Caesalpinia spp., Cassia
fistula, C. tora, C.
obtusifolia, Moullava
spicata, Delonix regia,
Senna tora, Albizia spp.,
Acacia spp.,
Pithecellobium dulce,
Calliandra calothyrsus,
Sesbania bispinosa,
Smithia sp.

Senna tora,
Caesalpinia spp.,
Acacia spp.

ച

ാട്ടശലഭെം

ാട്ടശലഭെം

FAMILY PIERIDAE

54

Eurema hecabe
(Linnaeus, 1758)

Common Grass Yellow

മഞ്ഞപ്പാപ്പാത്തി
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55

Eurema blanda
(Boisduval, 1836)

Three-Spot Grass Yellow

മുചപ്പാട്ടൻമഞ്ഞ
പ്പാപ്പാത്തി

Caesalpinia spicta, C.
bonduc, Cassia spp.,
Delonix regia, Moullava
spicata, Bauhinia
purpurea, Albizia spp.,
Pithcellobium dulce

56

Eurema laeta (Boisduval,
1836)

Spotless Grass Yellow

ചപാട്ടില്ലാ
മഞ്ഞപ്പാപ്പാത്തി

Chamaecrista pumila

ത്കരമുത്തി

Cassia fistula, Senna
auriculata, S.
occidentalis, S. tora, S.
allata, Sesbania
bispinosa, S.
grandiflora, S. sesban,
Gnidia glauca

Senna auriculata,
S. occidentalis, S.
tora,

Senna tora,
Butea
monosperma,
Bauhinia
malabarica

57

Catopsilla pyranthe
(Linnaeus, 1758)

Mottled Emigrant

58

Catopsilla pomona
(Fabricius, 1755)

Common Emigrant

മഞ്ഞത്തകരമുത്്
ത്ി

Cassia fistula, Senna
siamea, Senna tora,
Bauhimia racemosa,
Butea monosperma

59

Ixias pyrene (Linnaeus,
1764)

Yellow Orange Tip

മഞ്ഞചച്ചമ്പുള്ളി
ശലഭെം

Capparis sepiaria, C.
divaricata

60

Hebomoia glaucippe
(Linnaeus, 1758)

Great Orange Tip

ച

Capparis moonii, C.
rotundifolia, C. spinosa,
C. zeylanica

ഞ്ചിറകൻ
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Caesalpinia,
Bauhinia
malabarica

LC

61

Leptosia nina (Fabricius,
1793)

Psyche

ചപാട്ടുചവള്ളാട്ടി

Capparis sepiaria, C.
spinosa, C. zeylanica,
Cleome rutidosperma,
Cleome viscosa,
Crataeva magna,

62

Appias albina (Boisduval,
1836)

Common Albatross

ആൽരകബ്ടാസ്ശല
ഭെം

Drypetes oblongifolia,
D. roxburghii, D.
venusta

63

Appias lyncida (Cramer,
[1777])

Chocolate Albatross

നീർമാത്ള
ശലഭെം

Capparis cleghornii,
Crataeva adansonii, C.
relegiosa, Maytenus sp.

64

Appias indra (Moore,
1857)

Plain Puffin

ചവള്ള പഫിൻ

Drypetes oblongifolia,
D. roxburghii

Sch II

നാട്ടുപാത്ത

Cadaba fruticosa,
Capparis decidua, C.
sepiaria, C. roundifolia,
C. zeylanica, C. baducca

Sch II

വിലാസിനി

Dendrophtoe falcata,
Helicanthes elasticus,
Macrosolen parasiticus,
Viscum spp.

65

66

Cepora Nerissa
(Fabricius, 1775)

Delias eucharis
(Drury,1773)

Common Gull

Common Jezebal
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Cleome viscosa,
Crataeva magna,

Sch II

Crataeva magna

Sch II

FAMILY
PAPILIONIDAE

67

Graphium teredon (C. &
R. Felder, 1865)

Southern Bluebottle

നീലക്കുടുക്ക

Miliusa tomentosa,
Uvaria sp., Polyalthia
longifolia, Persea
macrantha,
Cinnamomum
camphora,
C.macrocarpum.
C.malabatrum,
Alseodaphne
semicarpifoli, Litsea
glutinosa, Litsea
wightiana

68

Papilio dravidarum
Wood-Mason, 1880

Malabar Raven

മലരാർ റാവൻ

Glycosmis pentaphylla

Glycosmis
pentaphylla

നാരകക്കാളി

Aegle marmelos,
Atlantia racemosa,
Citrus medica,
C.aurantifolia,
C.maxima, C.limon,
C.documana, Glycosmis
pentaphylla, Murraya
koenigii, Triphasia sp.,
Xanthoxylumrhetsa

Citrus maxima,
Glycosmis
pentaphylla,
Murraya koenigii

69

Papilio polytes Linnaeus,
1758

Common Mormon

106

Cinnamomum
zeylanicum,
Litsea wightiana

Endemic to South
India

Endemic to
Western Ghats

70

71

72

Papilio polymnestor
Cramer, [1775]

Papilio Helenus
Linnaeus, 1758

Papilio demoleus
Linnaeus, 1758

73

Troides minos (Cramer,
[1779])

74

Pachliopta aristolochiae
(Fabricius, 1775)

75

Pachliopta hector
(Linnaeus, 1758)

Blue Mormon

Red Helen

Lime Butterfly

കൃഷ്ണ ശലഭെം

Atlantia racemosa,
A.wightii, Citrus
maxima, C.limon,
C.documana, Glycosmis
pentaphylla,
Paramignya monophylla

ുട്ടിക്കറുപ്പൻ

Xanthoxulumrhetsa,
Z.ailanthoides,
Z.ovalifolium, Toddalia
asiatica, Clausena sp.,
Melicopelunu-ankenda,
Atlantia racemosa

നാരക ശലഭെം

Aegle marmelos, Citrus
medica, Glycosmis
pentaphylla, Murraya
koenigii, Hesperethus
acrenulata

Citrus maxima,
Glycosmis
pentaphylla

Third largest
butterfly of India.

Citrus maxima,
Glycosmis
pentaphylla,
Murraya koenigii

Common pest of
lemon plants.

Female of this
species is the
largest butterfly of
India. Endemic to
South India

Southern Birdwing

ഗരുഡ ശലഭെം

Aristolochia tagala,
Thottea siliquosa

Aristolochia
indica

Common Rose

നാട്ടുകറാസ്

Aristolochia tagala,
A.indica, A.bracteolata,
Thottea siliquosa

Aristolochia
indica

Aristolochia tagala,
A.indica, Thottea
siliquosa

Aristolochia
indica

Crimson Rose

ക്കര ശലഭെം

Source: Primary data
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State Butterfly of
Maharashtra.
Second largest
butterfly of India.

Schedule I Species.
Endemic to
Peninsular India &
Sri Lanka.

TABLE 5.24: MOTHS OF ATTAPPADY
FAMILY GEOMETRIDAE
1

Traminda convectaria Walker, 1861

Red-spotted Blood vein

FAMILY CRAMBIDAE
2

Conognethes punctiferalis (Guenee, 1854)

Durian fruit borer/ Yellow
Peach Borer

3

Agathodes ostentalis (Geyer, 1837)

Coral tree moth

FAMILY NOCTUIDAE
4

Chrysoduxis chalcites (Esper, 1789)

Tomato Looper

FAMILY EREBIDAE
5
6
7

Utethesia sp.
Euproctes sp.
Spilosoma sp.

8

Nyctemera coleta (Stoll, 1782)

Tiger moths
Tussock moths
White Tiger moth or Marble
White moth

FAMILY NOLIDAE
9

Eligma narcissus (Cramer, 1775)

Alianthus defoliator
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TABLE 5.25: CHECKLIST OF ODONATES OF ATTAPPADY
SL.NO SCIENTIFIC NAME

COMMON NAME

REGIONAL NAME

LIFE
IUCN
STAGE STATUS

FAMILY CALOPTERYGIDAE (Glories)
1

Neurobasis chinensis (Linnaeus, 1758)

Oriental Green Wing /
Stream Glory

പീലിത്തുമ്പി

Adult

LC

2

Vestalis gracilis (Rambur, 1842)

Clear-winged Forest Glory

ച

Adult

LC

3

Vestalis apicalis Selys, 1873

Black-tipped Forest Glory

ുട്ടിച്ചിറകൻ
ത്ണൽത്തുമ്പി

Adult

LC

4

FAMILY CHLOROPHICIDAE (Rubies)
Rhinocypha bisignata Hagen in Selys, 1853

Stream Ruby

നീർമാണികയൻ

Adult

LC

5

Libellago lineata (Burmeister, 1839)

Indian Yellow-lined Gem or
River Heliodor

ത്വളക്കണ്ണൻ

Adult

LC

Adult

LC

Adult

LC

Adult

LC

റിയ ത്ണൽത്ുമ്പി

FAMILY COENAGRIONIDAE (Marsh Darts)
6

Agriocnemis pygmaea (Rambur, 1842)

Pigmy Wisp/ Pygmy Dartlet

നാട്ടുപുൽ

ിന്നൻ

7

Ischnura rubilio Selys, 1876

Western Golden Dartlet

മഞ്ഞപ്പുൽമാണികയൻ

8

Pseudogarion rubriceps (Selys, 1876)

Orange-faced Sprite

ച

മ്മുഖപൂത്താലി

FAMILY PLATYCNEMIDIDAE (Bush Darts)
9

Copera marginipes (Rambur, 1842)

Yellow Bush Dart/ Yellow
Feather Leg

മഞ്ഞക്കാലി പാൽത്തുമ്പി

Adult

LC

10

Copera vittata (Selys, 1863)

Variable Featherlegs/ Blue
Bush Dart

ച

Adult

LC
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ങ്കാലി പാൽത്തുമ്പി

FAMILY PROTONEURIDAE (Bamboo Tails)
11

Prodasineura verticalis (Selys, 1860)

Red Stripped Threadtail or
Black Bambootail

കരിചഞ്ചമ്പൻ മുളവാലൻ

Adult

LC

FAMILY LIBELLULIDAE (Skimmers)
12

Acisoma panorpoides (Rambur, 1842)

Asian-Pintail/ Bulb-bodied
Skimme/ Trumphet-Tail

മകുടിവാലൻ

Adult

LC

13

Diplacodes trivialis (Rambur, 1842)

Blue Ground Percher/ Ground
Skimmer

നാട്ടു നിലത്തൻ

Adult
and Subadult

LC

14

Orthetrum chrysis (Selys, 1891)

Red-faced Skimmer/ Red
Marsh Hawk

ച

Adult

LC

15

Orthetrum glaucum (Brauer, 1865)

Asian-Skimmer/ Blue Marsh
Hawk

നീല വയാളി

Adult

LC

16

Orthetrum sabina (Drury, 1770)

Green Skimmer/ Green-Marsh
Hawk

പച്ച വയാളി

Adult

LC

17

Orthetrum pruinosum (Burmeister, 1839)

Common Red Skimmer /
Crimson-Tailed Marsh Hawk

പവിഴവാലൻ വയാളി

Adult

LC

18

Trithemis aurora (Burmeister, 1839)

Crimson Dropwing/ Crimson
Marsh Glider

സിന്ദൂര

Adult
and Subadult

LC

19

Trithemis festiva (Rambur, 1842)

Indigo Dropwing/ Black
Stram Glider

കാർത്തുമ്പി

Adult

LC

20

Crocothemis servilia (Drury, 1770)

Oriental Scarlet/ Ruddy
Marsh Skimmer

വയൽത്തുമ്പി

Adult

LC

ന്തവിടൻ വയാളി

ിറകൻ

Source: Primary data
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TABLE 5.26: CHECKLIST OF INSECTS OF ATTAPPADI
SL.NO

SCIENTIFIC NAME

COMMON NAME

FAMILY ACRIDIDAE (Grasshoppers and locusts)
1
2
3
4
5
6
7
8

Oxya fuscovittata (Marschall, 1836)
Spathosternum parsiniferum (Walker, 1871)
Trilophidia annulata (Thunberg, 1815)
Xenocatantops humilis (Serville, 1838)
Phlaeoba sp.
Diabolocatantops innotabilis (Walker, 1870)
Chitaura indica (Uvarov,1929)
Acrida exaltata (Walker, 1859)

Rice Grasshopper

FAMILY TETTIGONIDAE (Bushcrickets or Katydids)
9

Conocephalus melanus (Haan, 1843)

FAMILY TETRIGIDAE (Groundhoppers or Pygmy Grasshoppers)
Nymphs and adults were observed

FAMILY PYRGOMORPHIDAE
10
11

Attractomorpha crenulata (Fabricius, 1793)
Attractomorpha annulata (Thunberg, 1815)

Tobbacco Grasshopper

FAMILY GRYLLIDAE (Crickets)
12

Acheta sp.

Field Cricket
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FAMILY APIDAE (Bumble bees and Honey bees)
13

Apis florea (Fabricius, 1787)

Dwarf Honey Bee

FAMILY GERRIDAE (Water Striders)
14

Ptilomera sp.

FAMILY PYRRHOCHORIDAE (Fire coloured Beetles)
15

Dysdercus sp.

Cotton strainers/ Red Cotton Bugs

FAMILY CRABRONIDAE (Wasps)
16

Auplops sp.

Spider Wasp

FAMILY FORFICULIDAE (Earwigs)
Earwigs were observed active at night

FAMILY RHYPAROCHROMIDAE
True bugs or Seed bugs

FAMILY BIBIONIDAE (Flies)
17

Plecia sp.

March flies

FAMILY FULGORIDAE (Fulgorid Planthoppers)
19

Dichoptera sp.

FAMILY SCOLIIDAE (Scoliid Wasps)
20

Campsomeriellacollaris (Fabricius, 1775)
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FAMILY VESPIDAE
Vespid wasps

FAMILY SCUTELLERIDAE (Jewel bugs)
21

Chrysocoris sp.

FAMILY CHRYSOMELIDAE (Leaf Beetles)
22
23
24
25

Chalaenosoma sp.
Aulacophorafoveicolis Lucas, 1849
Altica sp.
Monolepta signata (Olivier, 1808)

Pumpkin beetle
Flea beetle
White Spotted Leaf Beetle

FAMILY TIPULIDAE (Craneflies)
26

Tipula sp.

FAMILY ECTOBIIDAE (Cockroaches/ Wood C0ckroaches)
27

Blatella asahinahi Mizukubo,1981

Asian Cockroach

FAMILY DELPHACIDAE (Plant hoppers)
28

Nialparvata lugens (Stal, 1854)

Brown Planthopper

FAMILY TABANIDAE (Horse flies)
29

Tabanus sp.

FAMILY COCCINELLIDAE (Lady Bugs)
30
31

Coccinella transversalis (Fabricius, 1781)
Menochilus sexmaculata (Fabricius, 1781)

Transverse lady beetle
Six Spotted Zig Zag Ladybird
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32

FAMILY APHIDIDAE
Aphis nerii Boyer de Fonscolombe, 1841

Yellow aphids

33
34
35

FAMILY FORMICIDAE
Camponotus sp.
Oecophylla smaragdina Fabricius, 1775
Leptogenys sp.

Carpenter ants
Weaver Ants/ Green Ants
Army ants

36

FAMILY MANTIDAE
Heirodula sp.
FAMILY MYRMELEONTIDAE (Antlions)
Antlion fly

37
38

SPIDERS
FAMILY ARANEIDAE
Argiope catenulate Doleschal, 1859
Neoscona mukerjei Tikader, 1980

39
40
41
42

FAMILY LYCOSIDAE
Lycosa mackenizei Garvely, 1924
Lycosa tista Tikader, 1970
Pardosa pseudoannulata (Bosenberg& Strand, 1906)
Pardosa sp.

Grass Crop Spider
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Pond Wolf Spider

FAMILY SALTICIDAE (Jumping Spiders)
43

Hyllus semicupreus (Simon,1885)

44

Hasarius sp.

45
46

Heavy Bodied Spider/ Semi-coppered
Heavy Jumper

FAMILY SPARASSIDAE (Huntsman Spiders)
Heteropoda venatoria Linnaeus, 1767

Giant Crab Spiders/ Cane Spider

Heteropoda sp.
Harvestman Spiders

Order Opiliones

Source: Primary data
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TABLE 5.27: CHECKLIST OF BIRDS OF ATTAPPADI
SL.NO

SCIENTIFIC NAME

COMMON NAME

REGIONAL
NAME

IUCN
STATUS

WPA/
CITES

മാടബ്പാവ്,
അമ്പലബ്പാവ്

LC

Sch.IV

അരിബ്പാവ്

LC

Sch.IV

LC

Sch.IV

FAMILY COLUMBIDAE
(Pigeons)
1

Columba livia Gmelin, JF, 1789

Rock Pigeon

2
3

Columba livia domestica Gmelin, 1789
Streptopelia chinensis (Scopoli, 1786)

4

Treron pompadora (Gmelin, 1789)

Feral pigeon
Spotted dove
Pompadour Green Pigeon/
Grey- fronted Green Pigeon

ാരവരിയൻ
ബ്പാവ്

FAMILY PHASIANIDAE
(Patridges, Pheasants, Grouses)
5

Gallus sonneratii Temminck, 1813

Grey Junglefowl

കാട്ടുകകാഴി

LC

Sch.II/
App II

LC

Sch.IV

LC

Sch.IV

LC

Sch.IV

FAMILY CUCULIDAE (Cuckoos)
6

Centropus sinensis (Stephens,1815)

Greater Coucal

ച

7

Eudynamys scolopaceus (Linnaeus,
1758)

Asian Koel

നാട്ടുകുയിൽ

8

Hierococcyx varius (Vahl, 1797)

Common Hawk Cuckoo
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കമ്പാത്ത്

കപക്കുയിൽ

ENDEMIC
RANGE

FAMILY RALLIDAE
9

Amaurornis phoenicurus (Pennant,
1769)

White-breasted Waterhen

കുളക്കോഴി

LC

Sch IV

FAMILY ARDEIDAE (Herons)
10

Ardeola grayii (Sykes, 1832)

Indian Pond Heron

കുളചക്കാക്ക്

LC

Sch.IV

11
12
13
14

Bulbulcus ibis (Boddaert, 1783)
Ardea alba Linnaeus, 1758
Ardea intermedia (Wagler, 1829)
Egretta garzetta (Linnaeus, 1766)

Cattle Egret
Great Egret
Intermediate Egret
Little Egret

കാലിമുണ്ടി

LC
LC
LC
LC

Sch.IV
Sch.IV
Sch.IV
Sch.IV

ചപരുമുണ്ടി
ച

റുമുണ്ടി
ിന്നമുണ്ടി

FAMILY
PHALACROCORACIDAE
(Cormorants)
15

Microcarbo niger (Vieillot, 1827)

Little Cormorant

ച റിയ
നീർക്കാക്ക

LC

Sch.IV

കൃഷ്ണപ്പരുന്ത്,

LC

Sch I/
App II

LC

Sch /
App II

FAMILY ACCIPITRIDAE (Kites,
Hawks and Eagles)
16

Halia sturindus (Boddaert, 1783)

Brahminy Kite

17

Milvus migrans (Boddaert, 1783)

Black Kite

ക്കിപ്പരുന്ത്
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FAMILY PICIDAE
(Woodpeckers)
18

Picus chlorolophus Vieillot, 1818

19

Chrysocolaptes lucidus (Tickell, 1833)

Lesser Yellow-naped
Woodpecker
Greater Golden-backed
Woodpecker/ Greater
Flameback

മഞ്ഞപ്പിടലി
മരെംചകാത്തി

LC

Sch IV

വലിയ
ചപാന്നിമരെംക
ച ാത്തി

LC

Sch IV

FAMILY RAMPHASTIDAE
(Toucans and Barbets)
20

Psilopogon viridis (Boddaert, 1783)

White-cheeked barbet

ിന്നക്കുട്ടുറുവ
ൻ

LC

Sch IV

21

Psilopogon haemacephalus (Statius M
uller, 1776)

Coppersmith Barbet

ച

LC

Sch IV

മ്പുചകാട്ടി

FAMILY MEROPIDAE (Bee-eaters)

22

Merops orientalis Latham, 1801

Green Bee-eater

നാട്ടുകവലിത്ത
ത്ത

LC

23

Merops leschenaultI Vieillot, 1817

Chestnut-headed Bee-eater

ച ന്തലയൻ
കവലിത്തത്ത

LC

Common Kingfisher

ച റിയ
മീൻചകാത്തി

LC

FAMILY ALCEDINIDAE
(Kingfishers)
24

Alcedo atthis (Linnaeus, 1758)
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Sch IV

25

Halcyon smyrnensis (Linnaeus, 1758)

White-throated kingfisher

മീൻചകാത്തി
ച്ചാത്തൻ

LC

Sch IV

FAMILY PSITTACULIDAE (Old
World Parrots)
26

Psittacula columboides (Vigors, 1830)

Malabar Parakeet or Bluewinged Parakeet

നീലത്തത്ത

LC

Sch IV

27

Psittacula krameri (Scopoli, 1769)

Rose-ringed Parakeet

കമാത്ിരത്തത്ത
. നാട്ടുത്ത്ത

LC

Sch IV

Scarlet minivet or Orange
minivet

ത്ീക്കുരുവി

LC

Sch IV

മഞ്ഞക്കിളി

LC

Sch IV

LC

Sch IV

FAMILY CAMPEPHAGIDAE
(Minivets and Cuckooshrikes)
28

Pericrocotus flammeus (Forster, JR,
1781)

FAMILY ORIOLIDAE (Orioles,
Figbirds and Allies)
29

Oriolus kundoo Sykes, 1832

Indian Golden Oriole

30

Oriolus xanthornus (Linnaeus, 1758)

Black-hooded Oriole

മഞ്ഞകറുപ്പൻ

FAMILY DICRURIDAE
(Drongos)
31

Dicrurus macrocercus Vieillot,1817

Black Drongo

ആനറാഞ്ചിപ
ക്ഷി

LC

Sch IV

32

Dicrurus leucophaeus Vieillot,1817

Ashy Drongo

കാക്കത്തമ്പുരാ
ൻ

LC

Sch IV

33

Dicrurus aeneus Vieillot,1817

Bronzed Drongo

ലളിത്ക്കാക്ക

LC

Sch IV
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Endemic to
WG

34

Dicrurus paradiseus (Linnaeus, 1766)

Greater Racket-tailed Drongo

35

Dicrurus caerulescens (Linnaeus, 1758)

White-bellied Drongo

കാടുമുഴക്കി
കാക്കരാജൻ

LC

Sch IV

LC

Sch IV

FAMILY LANIIDAE (Shrikes)
36

Lanius cristatus Linnaeus, 1758

Brown Shrike

ത്വിടൻ
ഷ്ബ്ൈക്ക്

LC

FAMILY CORVIDAE (Crows and
Jays)
37

Dendrocitta vagabunda (Latham, 1790)

Rufous treepie

ഓലഞ്ഞാലി

LC

Sch IV

38

Dendrocitta leucogastr Gould, 1833

White-bellied Treepie

കാട്ടുഞ്ഞാലി

LC

Sch IV

39

Corvus splendens Vieillot, 1817

House Crow

കപനക്കാക്ക,
കാവത്ിക്കാക്ക

LC

Sch IV

40

Corvus macrorhynchos Wagler, 1827

Large-Billed Crow or Indian
Jungle Crow

രലിക്കാക്ക

LC

Sch IV

Pale-billed Flowerpeckeer

ച ചങ്കാക്കൻ
ഇത്തിക്കണ്ണിക്ക
ുരുവി

LC

Sch IV

മഞ്ഞകത്തൻകി
ളി

LC

Sch IV

LC

Sch IV

Endemic to
WG

FAMILY DICAEIDAE
(Flowerpeckers)
41

Dicaeum erythrorhynchos (Latham,
1790)

FAMILY NECTARINIIDAE
(Sunbirds)
42

Leptocoma zeylonica (Linnaeus, 1766)

Purple-rumped Sunbird

43

Leptocoma minima (Sykes, 1832)

Crimson-backed Sunbird
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ച റുകത്ൻകിള
ി

Endemic to
WG

FAMILY IRENIDAE (Fairy Blue
Birds and Leafbirds)
Irena puella (Latham, 1790)
Chloropsis jerdoni (Blyth, 1844)

44
45

Asian-fairy Bluebird
Jerdon's leafbird

ലളിത്
നാട്ടിലക്കിളി

LC
LC

Sch IV
Sch IV

FAMILY PASSERIDAE (Sparrows,
Snowfinches and allies)
Passer domesticus (Linnaeus, 1758)

46

House sparrow

അങ്ങോടികുരു
വി

LC

Sch IV

FAMILY MOTACILLIDAE
(Wagtails and Pipits)
47

Motacilla cinerea Tunstall, 1771

Grey Wagtail

വഴികുലുക്കി

LC

Sch IV

48

Motacilla maderaspatensis Gmelin, JF,
1789

White-browed Wagtail

വലിയ
വാലുകുലുക്കി

LC

Sch IV

Anthus nilghiriensis Sharpe, 1885

Nilgiri Pipit

VU

Sch IV

LC

Sch IV

LC

Sch IV

49

മലവരമ്പൻ,
പുകല്ലാളിയൻ

FAMILY FRINGILLIDAE
(Finches, Euphonias and Hawaiian
honeycreepers)
50

Erythrina erythrina (Pallas, 1770)

കറാസക്കുരുവി

Common Rosefinch

FAMILY CISTICOLIDAE
(Cisticolas)
തുന്നോരൻ

51

Orthotomus sutorius (Pennant, 1769)

Common Tailorbird
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Endemic to
Western
Ghats

FAMILY HIRUNDINIDAE
(Swallows)
കമ്പിവാലൻ

52

Hirundo smithii Leach, 1818

Wire-tailed Swallow

കബ്ത്ിക

LC

FAMILY PYCNONOTIDAE
(Bulbuls)
കരിമ്പൻ

53

Hypsipetes leucocephalus (Gmelin,
1789)

Square-tailed bulbul

54

Pycnonotus jocosus (Linnaeus, 1758)

Red-whiskered Bulbul

55

Pycnonotus cafer (Linnaeus, 1766)

Red-vented Bulbul

56

Acritillas indica (Jerdon, 1839)

Yellow-browed bulbul

കാട്ടുരുൾരുൾ
ഇരട്ടത്തലച്ചി
നാട്ടുരുൾരുൾ
മഞ്ഞച്ചിന്നൻ

LC

Sch IV

LC

Sch IV

LC

Sch IV

LC

Sch IV

LC

Sch IV

FAMILY TIMALIIDAE (Scimitar
Babblers and Allies)
57

Pomatorhinus horsfieldii Sykes, 1832

Indian Scimiter Babbler
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ക

ാലക്കുടുവൻ

FAMILY LEIOTHRICHIDAE
58

Turdoides affinis (Jerdon, 1845)

Yellow billed babbler or
White-headed Babbler

59

Turdoides striata (Dumont, 1823)

Jungle babbler

60

Sitta frontalis Swainson,1820

Velvet-fronted Nut Hatch

പൂത്താങ്കീരി

കരിയിലക്കിളി
ഗൗളിക്കിളി

LC

Sch IV

LC

Sch IV

LC

FAMILY STURNIDAE (Starlings
and Mynas)
61

Acridotheres tristis (Linnaeus, 1766)

62

Acridotheres fuscus (Wagler, 1827)

63

Gracula relegiosa (Linnaeus, 1758)

നാട്ടുഷ്മന

LC

Sch IV

കിന്നരിഷ്മന

LC

Sch IV

Southern Hill Myna

കാട്ടുഷ്മന

LC

Sch I/
App II

Common Myna

FAMILY MUSCICAPIDAE
(Robins, Chats and Flycatchers)
64

Copsychus saularis (Linnaeus, 1758)

Oriental Magpie Robin

മണ്ണാത്തിപ്പുള്ള്

LC

Sch IV

65

Muscicapa dauurica Raffles, 1822

Asian brown flycatcher

ത്വിട്ടു
പാറ്റപിടിയൻ

LC

Sch IV

66

Muscicapa muttui (Layard, EL, 1854)

Brown-breasted flycatcher

മുത്തുപ്പിള്ള

LC

Sch IV

67

Larvivora brunnea Hodgson, 1837

Indian Blue Robin

നിലത്തൻ

LC

Sch IV
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Table: 5.28: CHECKLIST OF REPTILES, AMPHIBIANS, FISHES AND MAMMALS OF ATTAPPADI
SL.NO SCIENTIFIC NAME

COMMON NAME

REGIONAL NAME

IUCN
STATUS

WPA/
ENDEMISM
CITES

REPTILES
FAMILY AGAMIDAE
1

Calotes rouxii Dumerii & Bibron, 1837

Roux's Forest Lizard

കറാക്സിൻചറ ഓന്ത്

LC

2

Psammophilus dorsalis (Gray, 1831)

South Indian Rock
Agama

പാറകയാന്ത്

LC

3

Calotes versicolour (Daudin, 1802)

Oriental Garden Lizard

ഓന്ത്

NE

4

Draco dussumieri Dumeril & Bibron, 1837

South Indian Flying
Lizard/Draco

പറകയാന്ത്

Common Keeled Skink

അരണ

LC

LC

FAMILY SCINCIDAE
5

Eutropis carinata (Scheider, 1801)

FAMILY COLUBRIDAE
6

Ahaetulla nasuta (Bonnaterre, 1790)

Common Vine Snake

പകച്ചാല പാമ്പ്

NE

Sch IV

7

Ptyas mucosa (Linnaeus, 1758)

Indian Rat Snake

കച്ചര

NE

Sch II

LC

AMPHIBIANS
FAMILY BUFONIDAE
8

Duttaphrynus melanosticus (Schneider,
1799)

Common Asian Toad

ച

9

Clinotarsus curtipes (Jerdon, 1853)

Bicoloured frog/ Malabar
frog

കാട്ടുമണവാട്ടി
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ാറിത്തവള

NT

Sch IV

Endemic to
WG

FISHES
FAMILY CYPRINIDAE
10

Haludaria fasciata (Jerdon, 1849)

Nilgiri Melon Barb

നീലഗിരി
വാഴയ്ക്കാവരയൻ

LC

Endemic to
WG

11

Dawkinsia filamentosa (Valenciennes, 1844)

Filament Barb

പൂവാലിപ്പരൽ

LC

Endemic to
WG

Loaches

ചകായ്മ

LC

Endemic to
WG

Bonnet macaque

നാടൻ കുരങ്ങ്

LC

Sch II

മലയണ്ണാൻ

LC

Sch II

അണ്ണാറക്കണ്ണൻ

LC

Indian Flying Fox

ഇന്തയൻ പഴവവ്വാൽ

LC

Sch V

Asian/ Indian
Elephant

ആന

EN

Sch I/
App I

FAMILY NEMACHELLIDAE
12

Schistura sp.

MAMMALS
FAMILY CERCOPITHECIDAE
13

Macaca radiata (E. Geoffroy, 1812)

FAMILY SCIURIDAE
14

Ratufa indica (Erxleben, 1777)

15

Funambulus palmarum (Linnaeus, 1766)

Malabar Giant
Squirrel/ The Indian
Giant Squirrel
Three-stripped Palm
Squirrel

FAMILY PTEROPODIDAE
16

Pteropus giganteus (Brunich, 1782)

FAMILY PROBOSCIDAE
17

Elephas maximus Linnaeus, 1758
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DOMESTICATED MAMMALS
FAMILY BOVIDAE
19
20
21

Bos taurus (Linnaeus, 1758)
Bubalis bubalis (Linnaeus, 1758)
Capra aegagrus hircus (Linnaeus, 1758)

Cow
Water Buffalo
Goat

പശു

Donkey

കഴുത്

Dog

നായ

Cat

പൂച്ച

എരുമ
ആട്

FAMILY EQUIDAE
21

Equs africanus asinus (Linnaeus, 1758)

FAMILY CANIDAE
22

Canis lupus familiaris (Linnaeus, 1758)

FAMILY FELIDAE
23

Felis catus domesticus Erxleben, 1777

Source: Primary data
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5.4 Assessment of Agrobiodiversity
Land usage pattern and practice of crop rotation creates patches of land. Paddy,
coconut, areca nut, tapioca, banana, ginger, turmeric, vegetables, etc are cultivated in these
patches. Plantation crops like coffee, cardamom, clove etc. are cultivated on the southern and
western slopes. The eastern slopes are predominantly under dry land agricultural crops, which
include chamai, sorghum, ragi, groundnut, sunflower etc. Both in the eastern and Western
slopes, wherever irrigation facilities are available, sugar cane, cotton etc. are cultivated. The
extent of the damage depends on the specific crop, its growth stage, the duration of flooding,
and temperatures during flooding. Damage occurs because flooded soils are quickly depleted
of oxygen, and most crops require oxygen for normal metabolism, growth and development.
Without oxygen, the plant cannot perform critical life – sustaining functions such as respiration,
water uptake, root growth etc. Under flooded conditions, stomata in affected plants close and
may remain closed for long periods, resulting in reduced respiration, transpiration and
photosynthesis. Plants may be slow to recover when water recedes.
Flooding usually causes soil nitrogen losses and long- term impacts on the crop are
often related to disease infection.

In addition, waterlogging leads to accumulations of

compounds that are toxic to plants when in high concentrations. Secondary data provided by
the Panchayath and Krishibhavan indicates the overall impact of flood on crop cultivation. In
affected areas, the crop yield will be reduced and in recovered areas, some plantations which
survived will mature with reduced production.
Flood had considerable impact on the agriculture of Kallamala, Agali, Pudur and
Padavayal villages. 81.4491 Hectare of crop land seemed to be affected. Pepper, banana,
nutmug and fruit bearing coconut and arecanut are the crops affected.
Table 5.29: Agricultural damages caused by flood
Agali (No. of

Pudur (No. of

affected crops)

affected crops)

Banana bunched

4145

16755

2

Coconut bearing

148

-

3

Arecanut bearing

1149

-

4

Pepper

310

-

5

Nutmug bearing

26

24

Sl. no.

Crop

1

Source: Primary data
127

5.5 Comparative analysis of the physico-chemical parameters of the soil
5.5.1 Analysis of chemical parameters
Table: 5.30: Soil nutrient analysis in the flood affected areas
Parameter

Unit

Mean

Standard error

Range

pH

-

6.31

0.062440716

0.69

EC

dS/m

0.0562

0.007807516

0.1

OC*

%

0.6262

0.199301068

2.09

N*

Kg/ha

116.76

5.570711413

62.72

P

Kg/ha

33.2854

1.106190542

153.09

K*

Kg/ha

243.90

129.987

1757.28

Na*

Kg/ha

627.37

164.7607821

2216.48

B

Mg/kg soil

0.9469

0.030411871

0.45

S

Mg/kg soil

5.2754

1.127851893

12.38

Ca*

Mg/kg soil

2530.5

0.40790459

4993.75

Mg*

Mg/kg soil

361.48

64.3325475

850.13

Cu

Mg/kg soil

7.7362

2.068894744

22.15

Zn

Mg/kg soil

2.1162

0.239758702

3.1

Fe*

Mg/kg soil

178.71

3.426154486

433.79

Mn

Mg/kg soil

35.9405

0.691138538

81.93

Pb

Mg/kg soil

0.1846

0.02220496

0.3

Ni

Mg/kg soil

0.15

0.029829427

0.35

Cr

Mg/kg soil

BDL

BDL

BDL

Cd*

Mg/kg soil

0.0631

0.029829427

0.05
Source: Primary data
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Table: 5.31: Soil nutrient analysis in the unaffected areas
Parameter

Unit

Mean

Standard error Range

pH

-

6.2531

0.081669671

1.04

EC

dS/m

0.1023

0.02696436

0.38

OC*

%

1.4246

0.166700874

2.06

N*

Kg/ha

166.9315

10.47466648

150.53

P

Kg/ha

39.2677

14.2623797

175.9

K*

Kg/ha

448.8862

128.2998

1743.76

Na*

Kg/ha

1282.4308

194.5606794

2492.72

B

Mg/kg soil

1.0038

0.025508251

0.38

S

Mg/kg soil

2.9754

0.418824019

4.56

Ca*

Mg/kg soil

4341.9038

0.333781722

4456.25

Mg*

Mg/kg soil

994.6746

210.7608764

2208.37

Cu

Mg/kg soil

8.48

2.78852309

36.42

Zn

Mg/kg soil

3.1885

0.719583969

9.81

Fe*

Mg/kg soil

50.2992

11.34731937

157.1

Mn

Mg/kg soil

40.2445

4.917010123

57.9

Pb

Mg/kg soil

0.1769

0.01216197

0.1

Ni

Mg/kg soil

0.2277

0.042096797

0.58

Cr

Mg/kg soil

BDL

BDL

BDL

Cd*

Mg/kg soil

0.0769

0.004584662

0.06
Source: Primary data

Among the chemical parameters of soil studied, Chromium was found below detectable
level in all the affected and unaffected localities.
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5.5.2 Analysis of soil texture
Table: 5.32: Soil texture analysis in flood affected areas
Texture

Mean

Standard error

Range

Clay*

14.9292

1.075104701

15

Silt*

1.9231

0.287824158

3

Sand*

83.1477

1.317478852

18
Source: Primary data

Table: 5.4 Soil texture analysis in the unaffected areas
Texture

Mean

Standard error

Range

Clay*

19.0831

1.273321315

14

Silt*

5.8462

0.830875052

10

Sand*

75.0708

1.717781168

20
Source: Primary data

Site-wise variation of all the variables under consideration is discussed below with
corresponding statistical analysis. It is found that chemical parameters such as Organic carbon
(OC), Nitrogen (N), Sodium (Na), Potassium (K), Magnesium (Mg), Iron (Fe), Cadmium (Cd),
Manganese (Mn) and soil texture parameters like clay, silt and sand vary significantly.
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5.5.3 Site-wise analysis of soil parameters
Table: 5.33: pH
Site

Affected

Unaffected

Panamaravayal

6.03

6.05

Idavani

6.24

5.88

Thavalam

6.36

6.41

Jellipara

6.56

6.47

Aralikonam

6.04

6.21

Thudukki

6.51

5.85

Vettiyur

6.64

6.89

Thanichodu

6.15

6.42

Chittur

6.42

6.22

Kattekad

6.36

6.12

Kallamala

6.14

6.04

Chemmannur

6.58

6.59

Abbannur

6.72

6.14
Source: Primary data

Fig: 5.27: pH
pH
7
6.8
6.6
6.4
6.2
6
5.8
5.6
5.4
5.2

Affected
Unaffected

Source: Primary data
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that the pH does not vary
significantly.
Soil pH is a measure of soil acidity or alkalinity. It is an important indicator of soil
health and suitability for plant growth. pH ranging from 6 to 7.5 is suitable for plants. It affects
the crop yields, nutrient availability and soil microbial activity. pH at the extremes cause
deficiency of many nutrients.
pH in all the places indicates a slightly acidic nature. pH in Idavani, Jellipara, Thudukki,
Chittur, Kattekad and Kallamala is slightly high whereas Panamaravayal, Thavalam,
Aralikonam, Vettiyur, Thanichodu, Chemmanur and Abbanur have shown a lower value.
Table 5.34: Electrical conductivity (dS/m)
Site

Affected

Unaffected

Panamaravayal

0.04

0.11

Idavani

0.07

0.06

Thavalam

0.03

0.09

Jellipara

0.09

0.10

Aralikonam

0.05

0.05

Thudukki

0.04

0.08

Vettiyur

0.04

0.13

Thanichodu

0.13

0.4

Chittur

0.07

0.15

Kattekad

0.04

0.03

Kallamala

0.03

0.06

Chemmannur

0.05

0.05

Abbannur

0.05

0.02
Source: Primary data
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Fig 5.28: Electrical conductivity

Electrical conductivity
(dS/m)

Electrical conductivity
0.45
0.4
0.35
0.3
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0.2
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0.1
0.05
0

Affected
Unaffected

Source: Primary data
The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that the Electrical conductivity (EC)
does not vary significantly.
Electrical conductivity is the measure of salinity of the soil and is the major indicator
of soil health. This affects the crop yields, crop suitability, plant nutrient viability and activity
of soil microbes. It also influences key soil processes and emission of green house gases like
NO2, CH4 and CO2. The high salinity can hinder the plant growth and affects the soil water
balance.
Thanichodu is found to have the highest EC both in affected and unaffected sites. High
EC is observed in the affected areas like Idavani, Kattekad, and Abbannur compared to the
unaffected areas. Panamaravayal, Thavalam, Jellippara, Thudukki, Vettiyur, Thannichod,
Chittur and Kallamala had shown low EC in affected areas. No variation is observed in
Chemmannur and Aralikkonam.
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Table 5.35: Organic Carbon (%)
Site

Affected

Unaffected

Panamaravayal

1.12

1.33

Idavani

0.67

2.76

Thavalam

0.42

0.94

Jellipara

0.48

0.7

Aralikonam

1.79

2

Thudukki

2.12

2.15

Vettiyur

0.09

0.88

Thanichodu

1.21

1.73

Chittur

0.07

1.52

Kattekad

0.04

0.79

Kallamala

0.03

1.18

Chemmannur

0.05

1.36

Abbannur

0.05

1.18
Source: Primary data

Fig 5.29: Organic Carbon
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that the Organic Carbon (OC) vary
significantly.
Soil organic carbon is the carbon that remains in the soil after partial decomposition of
any materials produced by living organisms. It is the main component of soil organic matter
and as such constitutes the fuel of the soil. Its reduction or loss results in negative impact in
soil health, food production and exacerbated climate change.
Every affected site shows a decrease in OC level. Thudukki is the place with the least
variation.
Table: 5.36: Nitrogen (Kg/Ha)
Site

Affected

Unaffected

Panamaravayal

87.81

175.62

Idavani

100.35

238.34

Thavalam

125.44

163.07

Jellipara

137.98

137.98

Aralikonam

137.98

175.62

Thudukki

112.90

175.62

Vettiyur

100.35

150.53

Thanichodu

112.90

137.98

Chittur

150.53

200.7

Kattekad

87.81

137.98

Kallamala

112.90

188.16

Chemmannur

112.90

87.81

Abbannur

137.98

200.7
Source: Primary data

135

Fig 5.30: Nitrogen
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that the Nitrogen (N) vary
significantly.
Nitrogen is the most abundant element in the atmosphere and the most limiting crop
nutrient. It is a major inevitable macronutrient as it is the part of chlorophyll and is required for
the production of amino acids that are the building blocks of proteins. The deficiency of
nitrogen results in the stunting of plants and yellowing of leaves.
The level of nitrogen was low in all affected areas except in Chemmannur and
Jellippara. The value of Nitrogen is halved in the affected area than that of the unaffected in
Pnamaravayal. Chemmannur has higher nitrogen content in affected area and there is no
variation in Jellippara.
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Table: 5.37: Phosphorus (Kg/Ha)
Site

Affected

Unaffected

Panamaravayal

13.12

18.49

Idavani

50.64

20.13

Thavalam

18.78

67.16

Jellipara

159.60

6.63

Aralikonam

16.60

13.39

Thudukki

14.90

8.58

Vettiyur

28.35

181.19

Thanichodu

23.37

104.24

Chittur

20.88

42.92

Kattekad

17.02

11.89

Kallamala

44.39

10.37

Chemmannur

18.55

20.2

Abbannur

6.51

5.29
Source: Primary data

Fig 5.31: Phosphorus
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that the Phosphorus (P) does not
vary significantly.
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Phosphorus promote root growth and winter hardiness, stimulate tillering, improve
water use efficiency and grain yield and, hasten maturity. Deficiency of phosphorus results in
purpling of leaf and reduces yield by delaying maturity, stunting growth and restricts energy
utilization by the plants.
According to this study seven out of thirteen sites had shown high phosphorus content
in affected areas. The concentration of Phosphorus is drastically high in affected than in
unaffected area. The other five localities, i.e., Thavalam, Vettiyur, Thanichodu, Chittur,
Chemmannur and Panamaravayal had shown lower Phosphorus content in the affected area.
Table 5.38: Potassium (Kg/Ha)
Site

Affected

Unaffected

Panamaravayal

59.36

316.96

Idavani

198.24

154.56

Thavalam

98.56

733.6

Jellipara

249.76

357.28

Aralikonam

137.76

555.52

Thudukki

100.80

584.64

Vettiyur

95.20

1848

Thanichodu

1792

104.24

Chittur

99.68

193.76

Kattekad

59.36

163.52

Kallamala

124.32

294.56

Chemmannur

34.72

386.4

Abbannur

120.96

142.24
Source: Primary data
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Fig 5.32: Potassium
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The data does not follow normal distribution and hence it was subjected to Mannwhitney U test and it is found that Potassium (K) vary significantly.
Potassium regulates water usage in plants, translocates sugar, takes part in formation of
starch, provides resistance against diseases, strengthens the stem, helps in photosynthesis,
regulates the opening and closing of the stomata and aids in protein synthesis. It increases size
and quality of fruits, nuts, grains, and vegetables and its deficiency results in the necrosis and
poor root system.
Except in Idavani and Thannichodu, all the affected areas are observed to have a lower
Potassium content in the affected area. Its concentration is 94.84% lower in the affected area
of Vettiyur compared to the unaffected area.
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Table: 5.39: Sodium (Kg/Ha)
Site

Affected

Unaffected

Panamaravayal

165.76

883.68

Idavani

396.48

333.76

Thavalam

337.12

1708

Jellipara

921.76

1540

Aralikonam

399.84

1596

Thudukki

943.04

1596

Vettiyur

384.16

2632

Thanichodu

2352

1848

Chittur

913.92

139.28

Kattekad

253.12

398.72

Kallamala

249.76

1000.16

Chemmannur

135.52

1512

Abbannur

703.36

1484
Source: Primary data

Fig: 5.33: Sodium
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that Sodium (Na) vary significantly.
There is a considerable variation in the concentration of Sodium in all the studied areas.
Idavani, Thannichodu and Chittur had shown higher Sodium content in affected areas. All other
sites had shown comparatively low level of Sodium in the affected areas. Chemmannur is
observed to have 91.04% difference. Panamaravayal and Thavalam had around 81% and,
Vettiyur had 85.40% difference in the affected area.
Table: 5.40: Boron (mg/kg soil)
Site

Affected

Unaffected

Panamaravayal

0.93

1.02

Idavani

0.83

1.02

Thavalam

0.99

0.79

Jellipara

0.94

0.98

Aralikonam

0.89

1.08

Thudukki

0.91

0.98

Vettiyur

0.96

1.08

Thanichodu

1.17

0.91

Chittur

0.94

1.01

Kattekad

0.93

1.04

Kallamala

1.07

0.94

Chemmannur

0.72

1.17

Abbannur

1.03

1.03
Source: Primary data
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Fig: 5.34: Boron
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that Boron (B) does not vary
significantly.
Boron plays a role in the differentiation of meristematic cells. It is also involved in
regulating the metabolism of carbohydrates in plants. Its deficiency results in the inhibition of
cell expansion and death of meristems.
The affected areas of Thavalam, Thannichodu and Kallamala show a higher value and
all other sites show a lower value than the unaffected areas.
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Table: 5.41: Sulphur (mg/kg soil)
Site

Affected

Unaffected

Panamaravayal

12.41

1.14

Idavani

7.42

1.9

Thavalam

3.28

4.72

Jellipara

3.59

1.84

Aralikonam

4.29

1.96

Thudukki

1.59

5.7

Vettiyur

3.06

5.61

Thanichodu

2.51

3.65

Chittur

4.47

2.79

Kattekad

2.11

1.66

Kallamala

1.56

2.11

Chemmannur

13.94

3

Abbannur

8.35

2.6
Source: Primary data

Fig: 5.35 Sulphur
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that the Sulphur (S) does not vary
significantly.
The soil macronutrient Sulphur is a component of amino acids and have a key role in
protein synthesis. Sulphur help to resist disease and aids in growth.
The quantity of sulphur in Panamaravayal and Chemmannur is greatly high in the
affected area compared to the unaffected area. It is high in Idavani, Jellipara, Aralikonam,
Chittur, Kattekkad, and Abbannur also. Thavalam, Thudukki, Vettiyur, Thanichodu and
Kallamala shows a lower value in the affected regions.
Table: 5.42: Calcium (mg/kg soil)
Site

Affected

Unaffected

Panamaravayal

1906.25

6020

Idavani

1770

3942.5

Thavalam

1968.75

1563.75

Jellipara

2248.75

4250

Aralikonam

4141.25

5825

Thudukki

4860

3706.25

Vettiyur

1220

3530

Thanichodu

5463.75

4957.5

Chittur

1931.25

5765

Kattekad

1562.5

3613.75

Kallamala

2100

3910

Chemmannur

470

4860

Abbannur

3253.75

4501.25
Source: Primary data
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Fig: 5.36: Calcium
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that the Calcium (Ca) vary
significantly.
Calcium is vital for plants as it helps in growth and development of cell wall. Its
deficiency in plants is associated with reduced height, fewer nodes, and less leaf area.
Calcium is observed to be the most prominent element among the nutrients analysed in
the soil from all sites. Thavalam, Thudukki and Thanichodu has a higher Calcium content and
all other sites show a lower value in the affected areas. The value of Calcium in the affected
area of Chemmannur is 90.3% lower than that of the unaffected area.
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Table: 5.43: Magnesium (mg/kg soil)
Site

Affected

Unaffected

Panamaravayal

375

2373.5

Idavani

253.75

754.63

Thavalam

390.5

414.88

Jellipara

318.13

177.13

Aralikonam

632.25

1254.5

Thudukki

158.75

1963.25

Vettiyur

164

778.5

Thanichodu

1014.13

362.38

Chittur

255.25

543.75

Kattekad

378

636.5

Kallamala

307

625

Chemmannur

208.38

661.25

Abbannur

244.13

2385.5
Source: Primary data

Fig: 5.37: Magnesium
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that Magnesium (Mg) vary
significantly.
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Magnesium is one of the most important nutrients, involved in many enzyme activities
and the structural stabilization of tissues.
Jellipara and Thanichodu are high in Magnesium concentration and rest of the places
have a lower value in the affected sites. Abbannur shows the lowest concentration in the
affected area. Quantity of magnesium is drastically high in Thannichodu.
Table: 5.44: Copper (mg/kg soil)
Site

Affected

Unaffected

Panamaravayal

14.26

5.15

Idavani

20.73

1.29

Thavalam

2.8

3.2

Jellipara

24.82

4.5

Aralikonam

5.79

1.48

Thudukki

3.24

18.78

Vettiyur

3.11

10.71

Thanichodu

3.15

3.81

Chittur

3.4

6.29

Kattekad

5.36

37.71

Kallamala

8.32

11.1

Chemmannur

2.92

3.78

Abbannur

2.67

2.44
Source: Primary data

Fig: 5.38: Copper
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that Copper (Cu) does not vary
significantly.
The main function of copper is to activate enzymes in the plants and in production of
chlorophyll and seed.
Panamaravayal, Idavani, Jellipara, Aralikonam and Abbannur had a higher value and
rest all places have lower soil copper content. Drastic variations are seen in the affected areas
of Idavani and Kattekad compared to the unaffected area.
Table: 5.45: Zinc (mg/kg soil)
Site

Affected

Unaffected

Panamaravayal

1.9

3.19

Idavani

1.9

2.34

Thavalam

1.12

1.61

Jellipara

4.22

1.78

Aralikonam

3.47

1.2

Thudukki

1.72

2.05

Vettiyur

1.47

3.82

Thanichodu

2.69

11.01

Chittur

2.01

4.81

Kattekad

1.6

1.23

Kallamala

1.77

3.51

Chemmannur

1.55

3.19

Abbannur

2.09

1.71
Source: Primary data
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Fig: 5.39: Zinc
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that Zinc does not vary significantly.
Zinc is the micronutrient that plays a vital role in controlling the synthesis of Indole
Acetic Acid, an important plant growth regulator. It is also important to enzyme systems.
Concentration of Zinc is in the affected areas of Jellippara, Aralikkonam and Abbannur
have higher values in the affected areas and, low in all other places. Thannichod has 75.5%
lower value than unaffected area.
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Table: 5.46: Iron (mg/kg soil)
Site

Affected

Unaffected

Panamaravayal

331.75

33.06

Idavani

199.25

32.18

Thavalam

48.99

48.06

Jellipara

171

79.34

Aralikonam

466

8.65

Thudukki

101.72

34.33

Vettiyur

177.75

28.45

Thanichodu

71.42

53.17

Chittur

163

165.75

Kattekad

302

74.96

Kallamala

112.14

22.42

Chemmannur

146

59.74

Abbannur

32.21

13.78
Source: Primary data

Fig: 5.40: Iron
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that Iron (Fe) vary significantly.
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Iron is an essential nutrient for plants as they are required for the formation of
chlorophyll and it is an activator for respiration, photosynthesis and symbiotic nitrogen
fixation.
Among the 13 sites studied, all sites except Chittur had a lower content of Iron in the
affected areas. Concentration of Iron in Panamaravayal and Aralikkonam is drastically high in
affected areas
Table: 5.47: Manganese (mg/kg soil)
Site

Affected

Unaffected

Panamaravayal

35.636

46.54

Idavani

44.5

31.339

Thavalam

9.99

24.59

Jellipara

31.75

25.32

Aralikonam

80.75

32.72

Thudukki

8.65

29.21

Vettiyur

34.75

49.96

Thanichodu

85.75

70

Chittur

40.5

78

Kattekad

43.37

49.36

Kallamala

29.05

20.1

Chemmannur

3.82

35

Abbannur

18.71

31.04
Source: Primary data
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Fig: 5.41: Manganese
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that Manganese (Mn) does not vary
significantly.
Manganese is a micronutrient that assists iron in chlorophyll formation and acts as an
activator of enzymes. Its deficiency is associated with iron deficiency.
Idavani, Jellippara, Aralikkonam, Thannichodu and Kallamala show a higher value in
the Manganese concentration and all other sites have a lower concentration. Chemmannur is
found to have highest variation of 89.08% after flood.
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Table: 5.48: Lead (mg/kg soil)
Site

Affected

Unaffected

Panamaravayal

0.1

0.1

Idavani

0.1

0.2

Thavalam

0.1

0.1

Jellipara

0.2

0.2

Aralikonam

0.2

0.2

Thudukki

0.2

0.1

Vettiyur

0.1

0.2

Thanichodu

0.2

0.2

Chittur

0.2

0.2

Kattekad

0.4

0.2

Kallamala

0.2

0.2

Chemmannur

0.2

0.2

Abbannur

0.2

0.2

Source: Primary data
Fig: 5.42: Lead
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The data does not follow normal distribution and hence it was subjected to Mannwhitney U test and it is found that Lead (Pb) does not vary significantly.
Lead is a heavy metal that is considered to be a major contaminant of the soil as they
are toxic to both plants and animals. In case of plants, it strongly inhibits seed germination,
root and plant growth, seedling development, transpiration and chlorophyll production.
Concentration of Lead in the affected areas of Idavani and Vettiyur is halved when
compared to the unaffected sites. In Thudukki and Kattekkad, the quantity has doubled. All
other sites show no variation in its concentration.

Table: 5.49: Nickel (mg/kg soil)
Site

Affected

Unaffected

Panamaravayal

0.35

0.28

Idavani

0.1

0.3

Thavalam

0.11

0.21

Jellipara

0.1

0.06

Aralikonam

0.41

0.64

Thudukki

0.09

0.2

Vettiyur

0.1

0.15

Thanichodu

0.19

0.11

Chittur

0.09

0.37

Kattekad

0.06

0.13

Kallamala

0.09

0.09

Chemmannur

0.11

0.21

Abbannur

0.15

0.21
Source: Primary data
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Fig: 5.43: Nickel
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that Nickel (Ni) does not vary
significantly.
Nickel is another micronutrient that is a component of enzyme urease, for the
conversion of urea to ammonia in plant tissue and is important in overall nitrogen metabolism.
Kallamala has no variation, Panamaravayal, Jellippara and Thannichodu had a higher
concentration of Nickel and in all other sites there is a lower content.
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Table: 5.50: Cadmium (mg/kg soil)
Site

Affected

Unaffected

Panamaravayal

0.06

0.08

Idavani

0.04

0.08

Thavalam

0.04

0.04

Jellipara

0.06

0.06

Aralikonam

0.06

0.1

Thudukki

0.05

0.07

Vettiyur

0.06

0.08

Thanichodu

0.08

0.09

Chittur

0.07

0.09

Kattekad

0.06

0.06

Kallamala

0.07

0.07

Chemmannur

0.08

0.09

Abbannur

0.09

0.09
Source: Primary data

Fig: 5.44: Cadmium
Cadmium
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that Cadmium (Cd) vary
significantly.
It is released into the environment by power stations, heating systems, metal-working
industries or urban traffic. It is widely used in electroplating, pigments, plastic stabilizers and
nickel-cadmium batteries. It is recognized as an extremely significant pollutant due to its high
toxicity and large solubility in water. It can alter the uptake of minerals by plants through its
effects on the availability of minerals from the soil or through a reduction in population of soil
microbes.
Compared to the unaffected areas, the level of Cadmium is not high in any of the
affected sites.

It has lower value in Panamaravayal, Idavani, Aralikonam, Vettiyur,

Thanichodu, Chittur, Thudukki and Chemmannur. Thavalam, Kattekkad, Kallamala, Jellipara
and Abbannur show no variation in soil cadmium concentration.
Chromium
Chromium is a naturally occurring element in rocks and soil. Chromium in high amount
is toxic for both plants and animals. It interferes with the photosynthetic and respiratory
processes and, water mineral uptake mechanisms. Various enzymatic activities related to starch
and nitrogen metabolism are decreased by its toxicity. It causes DNA and oxidative damage by
destruction of membranous lipids.
Chromium is reported to be in a below detectable level in all affected and unaffected
sites.
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Table: 5.51: Clay (%)
Site

Affected

Unaffected

Panamaravayal

11.16

24.16

Idavani

11.16

14.16

Thavalam

15.16

16.16

Jellipara

18.16

20.16

Aralikonam

16.16

14.16

Thudukki

14.16

16.16

Vettiyur

12.16

18.16

Thanichodu

14.16

14.16

Chittur

14.16

18.16

Kattekad

14.16

18.16

Kallamala

14.16

20.16

Chemmannur

13.16

26.16

Abbannur

26.16

28.16
Source: Primary data

Fig: 5.45: Clay
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that Clay vary significantly.
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Clay size particles are the source of most of the chemical properties of soil. They are
responsible for the retention of many of the plant nutrients in the soil, such as calcium,
magnesium, potassium, trace elements and some of the phosphorus. Clays react with the
breakdown products of organic matter to stabilize the humous in the soil. Soil without clay
particles can be very infertile.
Quantity of clay is high only in Aralikkonam. Clay content in Panamaravayal and
Chemmannur is almost halved. All other sites had a slightly lower content.
Table: 5.52 Silt (%)
Site

Affected

Unaffected

Panamaravayal

1

8

Idavani

1

4

Thavalam

1

2

Jellipara

4

8

Aralikonam

2

8

Thudukki

1

6

Vettiyur

2

10

Thanichodu

2

6

Chittur

2

0

Kattekad

2

4

Kallamala

2

6

Chemmannur

1

4

Abbannur

4

10
Source: Primary data
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Fig: 5.46: Silt
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The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that Silt vary significantly.
The silt particles have limited ability to retain plant nutrients, or to release them to the
soil solution for plant uptake. Because of the spherical shape, silt also retains a large amount
of water, but it releases the water readily to plants. Silt soils are generally considered very
fertile for the growth of plants, largely due to their water characteristics and ease of cultivation.
Silt content is high only in Chittur compared to the unaffected area. The quantity of silt
is low in all other sites.
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Table: 5.53: Sand (%)
Site

Affected

Unaffected

Panamaravayal

87.84

67.84

Idavani

87.84

81.84

Thavalam

83.84

81.84

Jellipara

77.84

71.84

Aralikonam

81.84

77.84

Thudukki

84.84

77.84

Vettiyur

85.84

71.84

Thanichodu

83.84

79.84

Chittur

83.84

81.84

Kattekad

83.84

77.84

Kallamala

83.84

73.84

Chemmannur

85.84

69.84

Abbannur

69.84

61.84
Source: Primary data

Fig: 5.47: Sand
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Source: Primary data
The data is found to be in normal distribution and is confirmed using KolmogorovSmirnov test. The data was subjected to T test and is found that Sand vary significantly.
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Sand particles are essentially small rock fragments, and as such, have little or no ability
to supply grass with nutrients or to retain them against leaching. It is well known that sandy
soils are droughty soils because they retain little water when wetted. Nevertheless, what water
is retained is released to plants easily. When rain or irrigation occurs, the water readily
penetrates the soil surface, the excess moves through rapidly and the soil remains well aerated.
Sand content has a higher value in all the affected areas.
5.5.5 Significant findings of the soil study


Soil parameters like Organic carbon, Nitrogen, Sodium, Potassium, Magnesium,
Calcium, Iron, Cadmium, Clay, Silt and Sand vary significantly and is confirmed
statistically.



Comparing each soil parameter in the affected area with the unaffected area, electrical
conductivity and concentration of Organic carbon, Nitrogen, Phosphorus, Potassium,
Sodium, Magnesium, Calcium, Copper, Zinc, Manganese, Boron, Lead, Cadmium,
Nickel, Clay and Silt have a lower value. pH and the concentration of Sulphur, Iron,
and Sand is found to have a higher value. Chromium is below the detectable level in
every area
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6. Environmental Impacts
Natural calamities like flood and landslide can cause potential environmental and
economic impacts which could be positive or negative. This chapter elaborates impacts of
flood on the flora, fauna and soil quality of Attappady.
6.1 Impact of flood on soil
Soil has its unique nature and composition depending upon the landscape and
topography. It has direct or indirect implications on all other biotic and abiotic factors of the
environment. Specific and optimum range of the physical, chemical and textural parameters is
essential for the diversity and development of flora, fauna and microbes. Deficiency or toxicity
of minerals and heavy metals adversely affect the biotic factors. Edaphic factors have a crucial
influence on the agriculture and productivity of a region.
Flood has inflicted a substantial variation in the soil parameters of the affected areas
which could be due to erosion and deposition associated with flood. Quantity of clay and silt
have decreased and sand has increased post flood. These changes affect the soil aeration and
water holding capacity. Presence of pollutants and non-essential heavy metals are also revealed
in the study. The study has also revealed a considerable impact on the population of fungi and
Actinobacteria in the riparian areas. Immediate actions are to be taken to retain the soil health
for the wellbeing of life in all forms.
6.2 Impact of flood on riparian ecosystem
On short-term scales, riparian vegetation may be expected to reflect the impact of a
flood via two processes: (1) the destruction of pre-existing vegetation by the flood and (2) the
colonization by new vegetation of substrate either cleared or deposited by the flood. Increased
flooding might have resulted in the arrival of more seeds of additional species to the riparian
zone, thereby potentially facilitating the shifts in riparian plant species composition.
During each field visit, interaction with the local inhabitant’s revealed information
about the pre-existed vegetation in the flood affected areas. Bunches of Bamboo and trees like
Pongamia pinnata, Terminalia cuneata and Crateva magna etc. were found damaged and
fallen down along the riverside. Locations of Cryptocoryne retrospiralis were found to be
deposited with sand.
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6.3 Impact of flood on Biodiversity
6.3.1 Flora
Flood is likely to affect plant communities, but further vegetation changes are hard to
predict due to time constrains and hence the lack of data. Within the existing vegetation and
the deposited seeds, a distinct gradient in species composition was expected.
Weather conditions following flooding are often just as important to plant survival as
conditions during flooding. Prolonged saturation of soil will further stress oxygen-starved
roots. Cool temperatures allow root and seedlings diseases to progress while plant growth is
minimized. On the opposite extreme are hot and windy conditions following flooding. Rapid
soil drying under these conditions can cause crusting that restricts plant growth. Continued
drying of soil is especially stressful if prolonged soil saturation has resulted in root die-back or
severely limited root system expansion.
6.3.2 Fauna
Assessing the habitat and the faunal diversity recorded, there seem have no observable
biodiversity loss in the areas studied. Some larval host plants of butterflies like Crateva magna,
Pongamia pinnata, and Bombusa bambos had the major casualties. This may have a declining
impact on the number of respective butterfly species. Hesperiids and some Nympalids like
Bush-browns were comparatively less than usual. It can be due to the drying up of their
hostplant-grasses.
Other faunal categories such as birds, mammals etc. would usually move to safer places
during calamities and would return when sufficient ground cover establishes.
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7. Conclusion
Attappady, a land of 74590 hectares is itself home to a variety of habitats from
evergreen to dry deciduous forests nurtured by river Bhavani and its tributary Siruvani. To its
western and eastern sides lie the Buffer Zone of Silent Valley National Park and SiruvaniMuthikulam Hills, where biodiversity studies are done extensively. But when it comes to floodhit areas of Attappady region, there are no specific studies. BMC reports and PBR weren’t
much available too.
This present study could perhaps be the first of its kind in Attappady region which
focuses on the biodiversity of the flood-hit areas.
Two panchayaths of Attappady has been affected by flood and landslides. The flood
affected and landslide hit areas were mapped using geoinformatics tools. Landslide
susceptibility zones were identified. Measures to mitigate landslide in future are listed in the
suggestions.
The floristic studies revealed that there is considerable diversity of vascular plants. 251
angiosperms and 12 pteridophytes were reported. Apart from this, 13 lichens were also
identified. The populations of Bambusa bambos, Crateva magna, Pongamia pinnata,
Cryptocoryne retrospiralis and Trewia nudiflora are affected by flood. There are signs of early
dominance by invasive species.
The faunal studies have revealed the diversity of 215 identified species belonging to 88
families and 186 genera under different faunal categories. Seventy-five species of larval host
plants of butterflies have also been recorded.
Since floristic and faunal diversity has been documented in a short period, there is scope
for further exploration in other seasons.
Flood associated erosion and deposition have caused a noteworthy alteration in the soil
parameters of the flood-hit areas of Attappady. Statistical analyses have confirmed the
significant variation of Organic carbon, Nitrogen, Sodium, Potassium, Magnesium, Calcium,
Iron, Cadmium, Clay, Silt and Sand.
With further detailed studies, Soil quality index can be determined and relevant
measures can be taken to nourish and balance the soil parameters according to the prevalent
land uses.
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8. Suggested Interventions

8.1 Suggestions for managing landslides and flood
There is a need to develop programmes to minimize risks associated with landslides.
Strategies to manage landslide risk should include maintenance of an up-to-date landslide
inventory, permanent monitoring of natural processes, research on natural phenomena, and
Geomorphological mapping. Estimation of risk is based on identification of landslide hazards
and estimation of consequences if landslides do occur. Developing risk mitigation options and
planning their implementation is the next logical step, followed by monitoring to facilitate
programme improvement. Zoning of potential landslide areas according to risk, together with
regulations excluding some activities and requiring geotechnical evaluation for others, are the
most common measures for mitigating landslide risk. Zoning backed by regulation is a
fundamental component of disaster management and an important basis for promoting safe
human occupation and infrastructure development in landslide-prone regions.
Each major landslide is a case history in itself because the factors causing the landslide and
their interplay differ from former events. That is the reason why case histories will continue to
be of paramount importance in developing effective procedures to minimize the landslide
impact optimizing the balance between safety and economy. Each event will contribute new
observations and conclusions from which we can gain experience and which progressively
improve our knowledge. Much progress has been made in developing techniques to minimize
the impact of landslides, although new, more efficient, quicker and cheaper methods could well
emerge in the future.
Control of landslides in upland areas requires an integrated approach. Tree planting
alone will not solve the problem of increasing incidence of landslides and erosion. There also
needs to be landscape-level planning of land use, good land management practices in cropping,
grazing and forestry, careful road construction, terracing and other contour-aligned practices
in fields and plantations, and participation of local communities. Within agricultural and other
areas, individual slopes with unstable soils or perched water tables in topographic depressions
are best left as forest, or reforested if already cleared, due to the high risk of landsliding. One
of the best approaches to enhancing slope stability, while also promoting biodiversity
conservation, involves restoration of upland forest ecosystems. A greater diversity of forest
species improves slope stability through more complete use of available rooting zones.
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Inclusion of fruit trees or species that provide products without the need for felling can also
support socio-economic needs.

8.1.1. Soil slope stabilization
Stability increases when ground water is prevented from rising in the slide mass by;


Directing surface water away from the landslide,



Draining ground water away from the landslide to reduce the potential for a rise
in ground-water level.



Covering the landslide with an impermeable membrane, and (or) minimizing
surface irrigation. Slope stability is also increased when weight or retaining
structures are placed at the toe of the landslide or when mass (weight) is
removed from the head of the slope.

Planting or encouraging natural growth of vegetation can also be an effective means of
slope stabilization. The stability of any slope will be improved if certain actions are carried out.
To be effective, first one must identify the most important controlling process that is affecting
the stability of the slope; second, one must determine the appropriate technique to be
sufficiently applied to reduce the influence of that process. The mitigative prescription must be
designed to fit the condition of the specific slope under study. Most slope engineering
techniques require a detailed analysis of soil properties and a sound knowledge of the
underlying soil and rock mechanics.
An example of one means of slope stabilization is the use of retaining walls. Retaining
walls are structures built to support a soil mass permanently. They also are used whenever
space requirements make it impractical to slope the side of an excavation, or to prevent
sloughing of loose hill slope soils onto roads or property. Retaining walls are also used to
prevent or minimize toe erosion by river scour or to retard creep. They cannot, however, be
used to stop landslides from occurring. Several basic types of wall are timber crib, steel bin,
pile, cantilever, sheet pile, plastic mesh, and reinforced earth. Each of these types has
advantages in certain situations.

8.1.2. Plastic mesh reinforcement
There are numerous synthetic soil reinforcement materials on the market, and one
example is a reinforcement material of plastic polymer stretched to form a lightweight, high-
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tensile-strength grid. The grid acts similarly to reinforcing mesh in concrete, adding strength
to the shear strength of the soil.
These types of materials have been used to reduce the amount of ballast needed over
soft ground by increasing the bearing capacity of the subsoil. These types of grids also have a
number of possible applications in slope stabilization, including soil strength reinforcement,
soil drainage improvement, and retaining-wall construction.
Stream channel linings
Channel linings are another way of stabilizing a stream or creek channel and the sides
of the stream or creek. The lining is usually slush grouted with high-quality concrete, preferably
reinforced by steel fibre mat to resist abrasion. Protruding boulders are set in the concrete to
dissipate the energy of water flow.
Channel linings can reduce the incidence and volume of debris flows (fig. C6). They are also
effective in maintaining channel alignment upstream from a bridge and for protecting the
abutments. Channel linings are most effective if applied over the entire reach of an unstable
channel.

8.1.3. Small check dams
Check dams are small, sediment-storage dams built in the channels of steep gullies to
stabilize the channel bed. They are commonly used in Europe and Japan to control channelized
debris-flow frequency and volume. A less common use of check dams is to control ravelling
and shallow slides in the source area of debris slides.
Channelized debris flows are associated with channel gradients over 25 degrees and obtain
most of their volume by scouring the channel bed. Check dams serve three purposes when
installed in the channels.


Mitigate the incidence of failure by reducing the channel gradient in the upper
channel.



Reduce the volume of channel-stored material by preventing down cutting of
the channel with subsequent gully sidewall destabilization and by providing
toe support to the gully slopes.



Store debris-flow sediment, when installed in the lower part of the channel.
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8.1.4. Drainage techniques
Ground water probably is the most important single contributor to landslide initiation.
Not surprisingly, therefore, adequate drainage of water is the most important element of a slope
stabilization scheme, for both existing and potential landslides. Drainage is effective because
it increases the stability of the soil and reduces the weight of the sliding mass. Drainage can be
either surface or subsurface. Surface drainage measures require minimal design and costs and
have substantial stability benefits. They are recommended on any potential or existing slide.
The two objectives of surface drainage are to prevent erosion of the face, reducing the
potential for surface slumping, and to prevent infiltration of water into the soil, thereby
reducing ground-water pressures. Subsurface drainage also is effective but can be relatively
expensive. It is therefore essential that ground water be identified as a cause of the slide before
subsurface methods are used. The various methods of drainage include the following:


Site levelling
Smoothing the topography of the slide surface can prevent surface water from ponding

or connecting with the ground water. Any depressions on the slope that might retain standing
water must be removed. Infilling and sealing large cracks in the soil surface by grading the soil
mass are beneficial and prevent surface water from reaching the failure plane.


Ditches and drains
Surface drainage can be through either surface ditches or shallow subsurface drains.

Surface drainage is especially important at the head of the slide, where a system of cut-off
ditches that cross the headwall of the slide, and lateral drains to lead runoff around the edge of
the slide are effective. Ditch gradient should be at least 2 percent, to ensure rapid flow away
from the unstable area.
The simplest type of subsurface drain is the lateral trench constructed above an unstable
slope. Drainage trenches are economical only for shallow soils overlying bedrock or hard
impermeable till. The trenches should be excavated to the base of the shallow soil to intercept
any ground-water flow along the failure plane. They are backfilled with coarse gravel to
prevent sloughing of the ditch sidewalls. An improvement is to use drainpipe and then backfill
the area with coarse gravel.


Drainpipes
Horizontal drainpipe is a widely used device for landslide prevention in highway

construction. It is most effective when installed during initial excavation. Because of the long
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lag times to lower ground-water tables, the drains are effective only if the pipe is carefully
installed, the failure surface is intersected, and the pipe actually drains the soil. As most slopes
have varying soil and hydraulic and geometric conditions, drainage systems must be
individually designed. After drilling has been carried out to the desired depth and the casing
installed, the latter is cleared of soil, and sections of slotted PVC drainpipe are covered with
filter cloth, then pushed into the casing and coupled together. The casing is then withdrawn and
screen is installed over the end of the drain. Drain holes must be thoroughly cleaned of drill
cuttings and mud. Uncleaned holes may be only 25 percent effective.
8.1.5. Timber crib
Timber crib walls are box structures built of interlocking logs and backfilled with coarse
aggregate. They work by intersecting the critical sliding surface, thus forcing the potential
failure surface to a deeper, less critical depth. The structure must be able to withstand: (1)
shearing, (2) overturning, and (3) sliding at the base. It must, therefore, be strongly built by
burying to sufficient depth and extending beyond the critical failure plane. Crib walls are only
effective where the volume of soil to be stabilized is relatively small. They are most efficient
where a thin layer of unstable soil overlies a deeper, more stable layer of soil. Crib wall
structures should have a volume equal to 10 to 15 percent of the volume of the soil to be stabilized. This relatively small volume provides little counterweight support at the toe; therefore,
virtually the entire resistance to failure comes from the strength of the crib.
8.1.6. Reinforced earth wall
Reinforced Earth is a patented system for constructing fills at very steep to vertical
angles without the use of supporting structures at the face of the fill. The system uses horizontal
layers of flexible metal strips within the fill to form a composite earth-metal system with high
strength.
8.1.7. Gabion walls
Gabions are wire mesh, boxlike containers filled with cobble-sized rock that are 10 to 20
centimeters. A gabion retaining wall can also be constructed from stacked gabions. Gabion
walls usually are inexpensive and are simple and quick to construct. Due to their flexibility,
they can withstand foundation movement, and they do not require elaborate foundation
preparation. Because of their coarse fill, they are very permeable and thus provide excellent
drainage.
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Gabion walls work because the friction between the individual gabion rows is very high,
as is the friction between the basal row and the soil underneath. When failure occurs, it is
almost always in the foundation soil itself. Three-tiered walls up to 2.5 meters high can usually
be constructed without consulting any detailed engineering analysis. Higher walls are very
heavy by nature of their added bulk and need larger base foundations and possibly counter forts
for bracing of the wall. Gabion walls built on clay soils require counterforts, which can be
constructed as gabion headers extending from the front of the wall to beyond the slip circle.
The counterforts serve as both structural components and as drains.
8.1.8. Piles
Large-diameter piles can be placed into the toe of a slope to form a closely spaced
vertical pile wall. Pile walls are normally used as a preexcavation restraint system—the cut
slope excavation takes place in front. Whereas large-diameter concrete pile and culvert pile
walls have been used successfully on highways, wood or steel piles that are small in diameter
have not. For most earth or rock movement, wood piles are not adequate to provide enough
shearing resistance. They are suitable only where the volume of soil to be stabilized is small.

8.1.9. Slope stabilization using vegetation
Seeding with grasses and legumes reduces surface erosion, which can under certain
conditions lead to landslides. Planting with shrubs adds vegetative cover and stronger root
systems, which in turn will enhance slope stability. If not controlled, surface erosion and small,
shallow slope failures can lead to larger problems that cannot be controlled. Large-scale erosion
requires applied engineering technology to correct and control. The terms “bioengineering”
and “biotechnical slope protection” refer to the use of vegetation as slope protection to arrest
and prevent slope failure and surface erosion.
A slope made as stable as possible before seeding will be of benefit in making the slope
resistant to future erosion and failure. Controlling surface-water drainage, removing cut-bank
overhangs, reducing slope angles, and benching all should be done before seeding begins.

8.1.10. Mulching
Mulch is a nonliving material spread over the soil surface to provide protection from
surface erosion by rain and retention of soil moisture. Various types of mulches will work—
straw, grass fibers, wood fibers, seaweed, and paper products.
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8.1.11. Biotechnical slope protection
This type of slope protection is used to reduce the environmental consequences of
landslide-mitigation measures. When used for landslide remediation or mitigation,
conventional earth-retaining structures made of steel or concrete usually are not visually
pleasing or environmentally friendly. These traditional “hard” remedial measures are
increasingly being supplanted by vegetated composite soil/structure bodies that are
environmentally friendlier. This process has come to be known as biotechnical slope
protection. Common biotechnical systems include geonets anchored by soil nails that hold in
place soil seeded with grass and geocells with seeded soils in the interstices.

8.2 Recommendations


Biodiversity Management Committee (BMC) should be formed in Agali, Pudur and
Sholayur at the earliest and timely maintenance should be undertaken.



Altered dynamics of riparian ecosystem has promoted the establishment and spread of
invasive plant species in the flood hit areas. Restoration of riparian zone after alien
species invasion is a tedious process and it takes time. Methods like planting or sowing
indigenous riparian species along with clearing of alien invasive species must be done
to recover the native vegetation.



Riparian ecosystem enrichment can be done by planting riparian species like
Anthocephalus cadamaba, Ochreinuclea missionis, wild Mango, Bamboo, Pandanus
species, Ochlandra species, pongamia pinnata, Crateva magna, Trewia nudiflora,
Terminalia cuneata, Homonoia riparia, Salix tetrasperma etc.



Planting grasses with deep root system like Vetiveria zizanioides, some other locally
available native species (Bauhinia variegate, Ipomoea aquatic etc.) can help preventing
erosion.



Bio-centric and sustainable restoration programmes and projects are to be undertaken
with a multi-dimensional perspective focusing on the environmental and economical
viability.



Regular monitoring has to be done from the grass-root level to manage the natural and
anthropogenic degradation of the identified areas.



Educating and involving the local people to implement sustainable agricultural and
life practices conserving the native biota.
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9. Ambiguities in the study


Time constraint was a major limitation for the work to conduct more specific and
detailed analyses of the data.



Ephemeral species couldn’t be included since the period of study was just of three
months.



Study of migratory animals and other faunal categories wasn’t possible in this limited
period of study.



Lack of proper baseline data was a major crisis for pre and post flood comparison of
data and inference.
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Plate 1: News reports of flood-2018
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Plate 2: Flooded areas in Attappady region, 2018
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Plate 3: Flooded areas in Attappady region, 2018

189

Plate 4: Affected riparian areas
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Plate 5: Affected riparian areas
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Plate 6: Lichens
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Plate 7: Lichens

Graphis

Lecanora
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Plate 8: Pteridophytes

Azolla pinnata R. Br.

Pteridium revolutum (Blume) Nakai

Cyclosorus parasitica (L.) H. Lev.

Diplazium esculentum (Retz.) Sw.

Equisetum ramosissimum Desf.

Marsilea minuta L.
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Plate 9: Angiosperms from the flood-hit areas of Attappady

Nymphaea caerulea Savigny

Borassus flabellifer L.

Commelina diffusa Burm.f.

Monochoria vaginalis (Burm.f.) C.Presl

Cyperus difformis L.

Cyperus pangoeri Rottb.
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Plate 10: Angiosperms from the flood-hit areas of Attappady

Kyllinga nemoralis (J.R.Forst. &
G.Forst.) Dandy ex Hutch. & Dalziel

Juncus prismatocarpus R.Br.

Pandanus canaranus Warb.

Coix lacryma-jobi L.

Paspalum congugatum P.J.Bergius

Saccharum spontaneum L.
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Plate 11: Angiosperms from the flood-hit areas of Attappady

Argemone mexicana L.

Alternanthera bettzickiana (Regel) G.Nicholson

Alternanthera sessilis (L.) R.Br. ex
DC.

Plumbago zeylanica L.

Persicaria chinensis (L.) H. Gross

Oxalis corniculata L.
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Plate 12: Angiosperms from the flood-hit areas of Attappady

Croton bonplandianus Baill.

Euphorbia heterophylla L.

Mallotus philippensis (Lam.) Mull.Arg.

Trewia nudiflora L.

Dalzellia zeylanica (Gardner) Wight

Butea monosperma (Lam.) Taub.
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Plate 13: Angiosperms from the flood-hit areas of Attappady

Caesalpinia mimosoides Lam.

Gliricidia sepium (jacq.) Walp.

Crotalaria pallida Aiton

Mucuna monosperma Wight

Pongamia pinnata (L.) Pierre

Prosopis juliflora (Sw.) DC.
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Plate 14: Angiosperms from the flood-hit areas of Attappady

Elaeagnus indica Servett.

Ammannia baccifera L.

Ludwigia perennis L.

Ludwigia peruviana (L.) H.Hara

Brassica nigra (L.) K.Koch

Crateva magna (Lour.) DC.
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Plate 15: Angiosperms from the flood-hit areas of Attappady

Abutilon indicum (L.) Sweet

Helicteres isora L.

Cipadessa baccifera (Roth) Miq.

Melia dubia Cav.

Glycosmis pentaphylla (Retz.) DC.

Heliotropium indicum L.
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Plate 16: Angiosperms from the flood-hit areas of Attappady

Calotropis gigantea (L.) Dryand.

Canscora diffusa (Vahl) R.Br. ex Roem.
& Schult.

Oldenlandia diffusa (Willd.) Roxb.

Richardia scabra L.

Eranthemum capense L.

Hygrophila schulli M.R.Almeida &
S.M.Almeida
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Plate 17: Angiosperms from the flood-hit areas of Attappady

Rhinacanthus nasutus (L.) Kurz

Colebrookea oppositifolia Sm.

Leucas angularis Benth.

Lindernia anagallis (Burm.f.) Pennell

Lindernia antipoda (L.) Alston

Lindernia caespitosa (Blume) Panigrahi
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Plate 18: Angiosperms from the flood-hit areas of Attappady

Lindernia crustacean (L.) F.Muell.

Lindernia hyssopioides (L.) Haines

Utricularia lazulina P.Taylor

Chionanthus mala-elengi (Dennst.)
P.S.Green

Stemodia verticillata (Mill.) Hassl.

Stachytarpheta jamaicensis (L.) Vahl
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Plate 19: Angiosperms from the flood-hit areas of Attappady

Cuscuta reflexa Roxb.

Hewittia malabarica (L.) Suresh

Ipomoea carnea Jacq.

Ipomoea staphylina Roem.& Schult.

Merremia hederacea (Burm.f.)

Hydrolea zeylanica (L.) Vahl
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Plate 20: Angiosperms from the flood-hit areas of Attappady

Brugmansia suaveolens (Humb. &
Bonpl. ex Willd.) Bercht. & J.Presl

Drymaria cordata (L.) Willd. ex Schult.

Bidens pilosa L.

Blumea axillaris (Lam.) DC.

Conyza bonariensis (L.) Cronquist

Eclipta prostrata (L.) L.
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Plate 21: Angiosperms from the flood-hit areas of Attappady

Galinsoga parviflora Cav.

Sphaeranthus indicus L.

Spilanthes radicans Jacq.

Tithonia diversifolia (Hemsl.) A.Gray

Vernonia divergens (DC.) Edgew.

Lobelia alsinoides Lam.
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Plate 22: Common riparian plants

Persicaria glabra (willd.) M.Gomez

Persicaria barbata (L.) H.Hara

Asclepias curassavica L.

Salix tetrasperma Roxb.

Homonoia riparia Lour.

Hiptage benghalensis (L.) Kurz.
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Plate 23: Common invasives

Parthenium hysterophorus L.

Chromolaena odorata (L.) R.M.King &
H.Rob.

Lantana camara L.

Mikania micrantha Kunth

Mimosa diplotricha Sauvalle

Sphagneticola trilobata (L.) Pruski
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Plate 24: Butterflies of Attappady

Image 1: Hasora chromus - Egg laying

Image 2: Caprona ransonnettii

Image 3: C. ransonnettii – Open wing

Image 4: Iambrix salsala

Image 6: Aeromachus pygmaeus

Image 5: Notokrypta curvifascia
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Plate 25: Butterflies of Attappady

Image 7: Borbo cinnara

Image 8: Telicota bambusae

Image 10: Pelopidas sp.

Image 9: Taractrocera maevius

Image 11: Cheritra freja

Image 12: Leptotus plinius- Male
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Plate 26: Butterflies of Attappady

Image 13: Leptotus plinius- Female

Image 14: Jamides bochus

Image 15: J. celeno – Dry Season Form

Image 16: Catochrysops strabo

Image 17: Lampides boeticus

Image 18: L. boeticus - Egg laying
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Plate 27: Butterflies of Attappady

Image 19: Pseudozizeeria maha

Image 20: P. maha

Image 21: Zizina otis

Image 22: Z. otis - Egg laying

Image 24: Freyeria putli

Image 23: Zizula hylax
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Plate 28: Butterflies of Attappady

Image 25: Everes lacturnus

Image 26: Euchrysops cnejus

Image 27: E. cnejus - Egg

Image 28: Udara akasa

Image 30: Melanitis leda

Image 29: Danaus chrysippus
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Plate 29: Butterflies of Attappady

Image 31: Mycalesis sp. – Dry Season Form

Image 32: Mycalesis sp. - Dry Season Form

Image 33: M. patina

Image 34: Orsotriaena medus

Image 35: Ypthima huebner

Image 36: Y. huebner - Open wing
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Plate 30: Butterflies of Attappady

Image 37: Ypthima ceylonica

Image 38: Y. baldus

Image 39: Phalanta phalantha

Image 40: Athyma ranga

Image 42: N. hylas - Closed wing

Image 41: Neptis hylas - Open wing
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Plate 31: Butterflies of Attappady

Image 43: Neptis jumbah

Image 44: N. jumbah - Caterpillar

Image 45: Junonia lemonias

Image 46: Junonia hierta

Image 47: Hypolimnas bolina - Open wing

Image 48: H. bolina - Closed wing
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Plate 32: Butterflies of Attappady

Image 50: a) Eurema blanda and b) E.hecabe Females Mud Puddling

Image 49: Hypolimnas misippus

Image 51: Eurema laeta

Image 52: Ixias pyrene

Image 53: Hebomoia glaucippe

Image 54: Appias lyncida
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Plate 33: Butterflies of Attappady

Image 55: Appias indra

Image 56: Cepora nerissa

Image 57: C.nerissa – Dry season form

Image 58: Delias eucharis

Image 59: a) Papilio polytes and b) P. demoleus
- Mud Puddling
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Image 60: Troides minos

Plate 34: Moths of Attappady

Image 14: Euproctes sp.

Image 13: Chrysoduxis chalcites

Image 16: Agathodes ostentalis

Image 15: Traminda convectaria

Image 18: Conognethes punctiferalis

Image 17: Nyctemera coleta
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Plates 35: Odonates of Attappady

Image 1: Neurobasis chinensis

Image 2: Vestalis gracilis

Image 4: Rhinocypha bisignata

Image 3: Vestalis apicalis

Image 5: Rhinocypha bisignata - female

Image 6: Libellago lineata
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Plates 36: Odonates of Attappady

Image 7: Agriocnemis pygmaea

Image 8: Ischura rubilio

Image 9: Pseudogarion rubriceps

Image 10: Copera marginipes

Image 11: Copera vittata

Image 12: Copera sp. teneral
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Plates 37: Odonates of Attappady

Image 13: Prodasineura verticalis

Image 14: Diplacodes trivialis - male

Image 15: Diplacoes trivialis - Sub-adult

Image 16: Orthetrum chrysis

Image 17: Orthretum glaucum - male

Image 18: O.glaucum - female
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Plates 38: Odonates of Attappady

Image 19: Orthretum sabina - male

Image 20: O. sabina - female

Image 21: Orthretum pruinosum

Image 22: T.aurora - Sub-adult

Image 23: Trithemis festiva

Image 24: Crocothemis servilia
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Plate 39: Insects of Attappady

Image 1: Oxya fuscovittata

Image 2: Spathosternum prasiniferum prasiniferum

Image 3: S.prasiniferum

Image 4: Trilophida annulata

Image 6: Phlaeoba sp

Image 5: Xenocatantops humilis humilis
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Plate 40: Insects of Attappady

Image 7: Xenocatantops - nymph

Image 8: Chitaura indica

Image 9: Conocephalus melanus - nymph

Image 10: Diabolocatantops innotabilis

Image 11: Attractomorha annulata

Image 12: A. crenulata
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Plate 41: Insects of Attappady

Image 14: Apis florea

Image 13: Acheta sp.

Image 15: Ptliomera sp.

Image 16: Dysdercus sp. - nymph

Image 17: Auplops sp.

Image 18: Plecia sp.
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Plate 42: Insects of Attappady

Image 19: Dichoptera sp.

Image 20: Campsomeriella collaris

Image 21: Chrysocorsis sp.

Image 22: Chrysocorsis sp. - nymph

Image 23: Chalaenosoma sp.

Image 24: Aulacophora foveicolis
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Plate 43: Insects of Attappady

Image 25: Altica sp.

Image 26: Monolepta signata

Image 27: Tipula sp.

Image 28: Blattella asahinai

Image 29: Nilaparvata lugens

Image 30: Tabanus sp.
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Plate 44: Insects of Attappady

Image 31: Aphis nerii

Image 32: Coccinella transversalis

Image 33: Menocholis sexmaculata

Image 34: Componotus sp.

Image 36: Leptogenys sp.

Image 35: Oecophylla smaragdina
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Plate 45: Spiders of Attappady

Image 1: Agriope catenulata

Image 2: Neocona mukherjei

Image 3: Lycosa mackenziei

Image 4: Lycosa tista

Image 6: Pardosa sp.

Image 5: Pardosa pseudoannulata
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Plate 46: Spiders of Attappady

Image 7: Pardosa sp.

Image 8: Hasarius sp.

Image 9: Hyllus semicupreus

Image 10: Heteropoda venatoria

Image 11: Heteropoda sp.

Image 12: Harvestman spider, Order Opiliones
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Plate 47: Birds of Attappady

Image 1: Streptopelia chinensis

Image 2: Treron pompadora

Image 3: Hierococcyx varius

Image 4: Picus chlorolophus

Image 6: Merops leschenaulti

Image 5: Merops orientalis
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Plate 48: Birds of Attappady

Image 8: Pericrocotus flammeus

Image 7: Alcedo atthis

Image 10: Dendrocitta leucogastr

Image 9: Dicrurus aeneus

Image 12: Leptocoma zeylonica - Female

Image 11: Leptocoma zeylonica
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Plate 49: Birds of Attappady

Image 13: Irena puella

Image 14: Motacilla cinerea

Image 16: Anthus nilghiriensis

Image 15: Motacilla maderaspatensis

Image 18: Erythrina erythrina - Female

Image 17: Erythrina erythrina - Male
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Plate 50: Birds of Attappady

Image 19: Hirundo smithii

Image 20: H.smithii - Juvenile

Image 21: Hypsipetes leucocephalus

Image 22: Pycnonotus jocosus

Image 24: Pomatorhinus horsfieldii

Image 23: Pycnonotus cafer
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Plate 51: Birds of Attappady

Image 25: Turdoides affinis

Image 26: Argya striata

Image 27: Sitta frontalis

Image 28: Gracula indica

Image 29: Muscicapa dauurica

Image 30: Muscicapa muttui
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Plate 52: Amphibians of Attappady

Image 55: Duttaphrynus melanosticus

Image 56: D. melanosticus

Image 58: Clinotarsus curtipes - Tadpoles

Image 57: D. melanosticus - Eggs

Image 59: D. melanosticus

Image 60: D. melanosticus
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Plate 53: Reptiles of Attappady

Image 61: Psammophilus dorsalis

Image 62: Calotes versicolour

Image 63: P.dorsalis - Female

Image 64: C. versicolour

Image 65: C. versicolour

Image 66: Calotes rouxii
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Plate 54: Fishes of Attappady

Image 68: H. fasciata

Image 67: Haludaria fasciata

Image 69: Schistura sp

Image 70: Dawkinsia filamentosa
Mammals of Attappady

Image 72: Macaca radiata

Image 71: Equs africanus asinus

Image 73: Pteropus giganteus
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